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FOREWORD
Rainwater harvesting (RWH) and recharging of groundwater is
emerging as a sustainable strategy to cope with the increasing
pressure on scarce freshwater resources. It is imperative that
RWH practices have to be promoted nation-wide for a secure
water future of our country. Even as efforts are on way to
overcome water shortage through conventional approach of
abstracting freshwater from rivers and underground aquifers,
rooftop rainwater harvesting practices in urban areas is gaining
significance as an approach to supplement the traditional water
supplies. In this document, an attempt has been made to
explain the concepts and practices for rainwater harvesting. We
hope, this document will be useful for design and installation of
rainwater harvesting and utilization systems.

( Dilip Biswas )

'Parivesh Shawan', C.B.D.-cum-Office Complex, East Arjun Nagar, Delhi - 110032
Grams : 'CLEENVIRON'. Fax : (011) 2204948. Telex: 031-66440 PCON IN. E-mail : root%cpcb@emet.in

CONTENTS
Page No.
1.

Introduction

1

2.

The Impending Freshwater Crisis

2

3.

Strategies to Augment Freshwater Resources

3

4.

Rainwater Harvesting

4

5.

Rooftop Rainwater Harvesting

5

6.

Artificial Recharge (AR)
Harvested Rainwater

7.

Simple AR
Systems

Methods

for

for

Utilization

of
13

Household

RWH
23

8.

Costs of AR Structures

27

9.

RWH Scheme at CPCB, Delhi

28

10.

Concluding Remarks

35

11 .

Bibliography

35

1.

INTRODUCTION

•

Development of human societies is heavily dependent
upon the availability of freshwater in adequate quantities and
with suitable qualities. All sources of freshwater on earth
originate from rainfall. As accumulated surface run-off, rains
feed the flows of most of the non-perennial rivers. When the
surface run-off infiltrates into subsoil, it forms groundwater. As
the groundwater level increases, it oozes out as springs.
Perennial springs are the fountainheads of many surface water
bodies such as lakes, streams and perennial rivers.
Total supply of freshwater on earth far exceeds human
demand. However, many regions of the world constantly' face
scarcity of water. Not very long ago, in some of the current
water scarce regions, it was thought that water is abundantly
available. Water scarcity is caused due to both quantitative as
well as qualitative reasons. Quantitatively, availability of water
in time and space is not equally distributed. Hence, there are
problems of water in wrong place, or at the wrong time, and in
wrong quantities. Poor quality freshwater limits its beneficial
uses causing scarcity. For example, water for potable purposes
and some industrial uses require highest quality, whereas
marginal quality water can be used only for irrigation purposes.
Even the irrigational use of water suffers when salinity exceeds
tolerable limits of agricultural crops.
Increasing population together with intensifying
urbanization and industrialization affects availability of
freshwater both quantitatively as well as qualitatively. Larger
population increase quantitative demand for freshwater.
Urbanization and industrialization contribute to the deterioration
of quality of freshwater due to discharge of pollutants, thereby

•

jeopardizing the quantitative availability. Water resource
managers and water-use planners in many corners of the world
have projected that within next two decades, total availability of
freshwater will fall short of needs if the current trend continues
unabated.
In an era of growing scarcity, environmental deterioration
and capital constraints, the conventional approach of
continuously expanding supplies is not well suited. In view of
diminishing availability, a secure and sustainable water future
can be realized only through managing the ever-increasing
demands, rather than ceaselessly striving to meet them through
exploitation of limited freshwater sources. Non-conventional
water resource management strategies that lead to rational use
of already available water and augmentation of existing
freshwater sources are, therefore, the need of the hour.
2.

THE IMPENDING FRESHWATER CRISIS

In India, both surface run-off and groundwater form
important sources of freshwater. The Central Water
Commission has estimated the total annual surface run-off of
India as 188 million hectare-metres (m.ha.m). However, only
36% (68 m.ha.m) of the total run-off is put to use, due to
limitations posed by physiography and of the present state of
technology to economically harness water sources . In addition
to the surface water sources, according to the Central
Groundwater Board, the utilisable groundwater is about 45
m.ha.m. Thus, the total annual utilisable water resource of the
country is estimated as 113 m.ha.m.
While the quantitative availability of country's freshwater
remains fairly constant, the demand for water for various

•

developmental purposes such as drinking, industrial , irrigation
etc. , is on the rise. The demand dur ing the year 2000 (75
m.ha.m) has been we ll within the availability. However, a
projection by the Ministry of Environment and Forests indicates
that the annual demand will increase to 105 m.ha.m by the year
2025. This means that from the second quarter of the current
century, not only that all available water resources of the
country will have to be utilized , but new sources also have to be
identified to keep pace with the increasing demand . If adequate
and appropriate water resource management strategies are not
formulated , the declining availability of utilizable freshwater
sources may debilitate all future developmental efforts of the
country.
3.

STRATEGIES TO AUGMENT FRESHWA TER
RESOURCES

A glance at the potential water resources of the country
shows that any strategy to increase the use of surface run-off
from the current 36% could greatly enhance the freshwater
availability. For example, the projected increase of 1.9 m.ha.m
in the demand for domestic purposes during the next 25 years
can be satisfied with a mere 1% increase in the utilization of the
available surface run-off of the country.
It is possible to create live storage of surface run-off
through construction of med ium or large sized dams/ reservoirs
to . cater for the increas ing demand . Apart from the
controversies surrounding the construction of dams , such a
strategy will have following conceptual disadvantages : (i) it
seeks to drain the run-off far away from actual point of use (for
example , the urban areas) , and hence , leads to large capital
expend itures (besides the cost of dams) in transporting water

•

from storage reservoirs back to the point of use; and (ij) it
allows deterioration of water quality due to accumulation of
pollutants during run-off, thus creating the need for installing
expensive water treatment systems.
The other major source, groundwater, is already
extensively utilized in the cities of India, so much so, its overexploitation is causing land subsidence, seawater intrusion and
increased concentration of harmful chemicals such as fluorides,
chlorides, nitrates, sulphides and heavy metals. Hence, any
strategy to increase groundwater yield to be sustainable on
longer terms should attempt to augment its availability both
qualitatively as well as quantitatively.
A non-conventional approach that is gaining significance
as an effective long-term strategy for supplementing traditional
sources of freshwater supplies is the harvesting and utilization
of rainwater. Rainwater can be considered as a source of
freshwater supply in regions where the rainfall is characterized
by short heavy rainy periods with long intervals of no rainfall, as
in our country. Strategies promoting widespread and effective
harvesting and utilization of rainwater can help to surmount the
impending national water crisis without significantly relying
upon conventional freshwater sources.

4.

RAINWATER HARVESTING

Rainwater harvesting (RWH) refers to collection of rain
falling on earth surfaces for beneficial uses before it drains
away as run-off. The concept of RWH has a long history.
Evidences indicate domestic RWH having been used in the
Middle East for about 3000 years and in other parts of Asia for
at least 2000 years. Collection and storage of rainwater in

..

earthen tanks for domestic and agricultural uses is very
common in India since historical times. The traditional
knowledge and practice of RWH has largely been abandoned
in many parts of India after the implementation of dam and
irrigation projects. However, since the early 90s, there has
been a renewed interest in RWH projects in India and
elsewhere.
Rainwater harvesting can be done at individual
household level and at community level in both urban as well
as rural areas. At household level, harvesting can be done
through roof catchments, and at community level through
ground catchments. Depending on the quantity, location and
the intended use, harvested rainwater, it can be utilized
immediately or after storage. Other than as a water supply,
RWH can be practiced with the objectives of flood control and
soil erosion control.
4.1

Components of RWH systems

A
•
•
•

RWH system has three components :
the catchment;
the collection system; and
the utilization system.

i) Catchment: Catchment refers to the prepared surface area

the runoff from which is collected. Catchment can be the rooftop area of households, buildings or designated ground area. If
the surface is impervious and smooth, the runoff occurs
immediately. If the surface is pervious, the run-off occurs only
after the surface is saturated. Several factors affect runoff,
which include:

•
•

•

•

•

intensity of rainfall- the more the intensity, the more and
sooner the runoff
duration (the length of time) of rainfall - the longer the
duration, the more will be the water available for
harvesting
timing of rainfall- during the first rainfall, more water is
used up in wetting or percolating the catchment, and the
runoff will be more if a second rainfall occurs soon after
the first
the surface characteristics - in harder catchment area
with smooth surface the runoff will be more.

ii) Coll ection system: This refers to the arrangement made for
collecting and storing the rainfall with minimal quantitative loss.
In general, collection channel/ pipe covering the catchment,
and a storage structure if the water is not used immediately,
constitute the collection system. Collection systems are
installed in such a way that runoff is collected and stored by
gravity. The storage structure can vary from a small container/
tank for household uses through a natural depression/pit on the
landscape with grass or plants to a large masonry/cement
concrete tank.
ii i) Utilizati on system : This is the arrangement required to
make use of the collected rainwater for gainful purposes.
Utilization systems differ depending on the intended use of
rainwater or the objective of rainwater harvesting. It generally
includes a distribution system that directs water to the point of
use. This may be a hose, a channel, pipes, perforated pipes or
drip irrigation system. If gravity flow is not possible, an electric
pump may also be the part of distribution system. If rainwater is
to be used for irrigation of a landscape, then the collection
system itself can be designed as a distribution system that

•

diverts rainwater towards this area. For RWH systems with
flood control objectives, this may involve a runoff distribution
network with elaborate open channels, gates and diverters to
direct the water from one area to another.
4.2

Planning and design of RWH systems

The estimation of quantity of water that can be harvested
is the first step in planning and design of RWH systems. The
quantity depends on the area of catchment and the annual
average rainfall of the region. For a totally self-sufficient water
harvesting system, the amount of water harvested and the
water demand of the utilization activity must be in balance.
Storage with adequate capacity plays a major role in this
equation by making rainwater available in the dry months. More
often than not, RWH systems that have to store water though
result in larger water saving, they also higher construction
costs. Experience in India and other countries indicate that in
many cases, the cost of storage has been higher than the cost
of water. Therefore, the objectives of utilization of harvested
rainwater have to be clearly identified at the stage of planning
an RWH system.
Supply of rainwater can be estimated from the monthly
average rainfall data available from the local meteorological or
public works department, and texture and extend of the
catchment area. The surface texture affects the runoff
coefficient and hence the quantity. The rainwater yield from a
catchment is given by:
Monthly Yield (m'') = Average monthly rainfall (cm) x Area of
the catchment (m2 ) x Runoff coefficient for the catchment
surface x 10-2

•

Typical runoff coefficients for different types of catchment
surfaces are presented in Table 1.
Table 1. Runoff coefficients of cathcment surfaces

Surface type
Roof:
Metal, gravel, asphalt, shingle,
fiber-glass, asbestos, concrete

Coefficient
High
Low
0.95

0.90

Pavement:
Concrete, asphalt
Gravel, brick

1.00
0.70

0.90
0.25

Ground surface:
Hard flat ground without vegetation
Hard flat ground with vegetation

0.75
0.60

0.25
0.15

Lawns:
Flat, sandy soil
Flat, heavy soil

0.10
0.20

0.05
0.15

Demand for water is estimated based on the type of use
envisaged of the collected rainwater. If it is for domestic nonpotable use, 70-80% of monthly per capita water consumption
can be used to calculated the demand. In case of use as
irrigation water, the plant requirements after taking due care of
monthly evapo-transpiration rates can be used. In India,
depending on the season and the region, the evapotranspiration rates vary from 5mm to 10mm per day.

To estimate the storage capacity requirement, a water
balance statement for a each month of a calendar year has to
be prepared and the cumulative excess water (supply minus
demand) available at the end of each month calculated. The
highest cumulative excess water will be the required capacity
for the storage tank.
4.3

Benefits of rainwater harvest ing

Development and augmentation of freshwater supplies
through installation of RWH systems will offer following benefits
compared to conventionai strategies:
•
•

•

•
•

•
•

They provide relatively high quality water (in most areas),
soft and low in minerals at low costs;
Direct capturing of rainwater significantly reduces our
reliance on water from dams/ reservoirs and canal systems.
This will exert less pressure on national water storage
capacity at macro-level and can potentially reduce the need
to expand dams or build new ones;
Capturing rain water reducE!s the flow of storm water and
minimizes the likelihood of overloading storm water
systems in the neighborhood;
Reduces soil erosion and flooding typically created by
storm water run-off in urban areas of India;
Encourages households and institutions to be equipped
with an on-site and decentralized water supply of reliable
quality;
Reduces silting and contamination of waterways from
polluted surface run-off; and
Helps to create mass awareness and appreciation for
conservation of water resources;

5.

ROOFTOP RAINWATER HARVESTING

Large urban centers are the single largest users of
freshwater for domestic purposes. They alsohappen to be one
of the prime factors contributing towards the freshwater crisis.
In urban areas, the surface run-off generated during storms
gathers considerable amount of point and diffused source
pollutants in the form of chemicals, organic and mineral matters
and microorganisms, impairing the quality of surface water
bodies. Low water quality reduces the availability of water
resources for specific uses. Further, ill-planned and
uncontrolled urban sprawl loads to loss of catchment areas and
permeable open surfaces, which serve as groundwater
recharge areas, affecting thereby the groundwater potential.
A majority of cities and towns in India face acute scarcity
of water in terms of both quantity and quality. Local
governments often tackle water scarcity by identifying new and
deeper aquifers or supplying through tankers and pipelines
brought from distant sources. Such solutions are both
unsustainable as well as expensive. Instead, rainwater of
reasonable quality can be collected using the roof top areas
that can be stored to provide individual households with
adequate supplies in water-scarce rural areas. Harvesting
rainwater for human use would be the most appropriate
technology in areas that do not have adequate water supply to
serve the community with continuous and reliable service.
Properly and maintained roofs are the best choice as a
collection surface, because their location protects the water
from pollution, which is typical in ground-level collection
surfaces. With rooftop rainwater collection, pollutants can be
reduced by 80 to 90%. Rainwater from the roofs of buildings
can be easily collected also in cities and towns as well, and not

just in rural areas. Thus, in large cities and towns, it is possible
to replace substantial portion of freshwater requirement by
harvesting rainwater.
A number of rooftop RWH systems have been
developed and adopted in India and abroad. In water-scarce
regions, more often than not, the harvested rainwater is stored
and used for domestic purposes, either directly or after
preliminary treatment (such as screening). However, costs of
storage tanks often become a constraint for adopting this type
of usage. Plastic storage tanks are generally too expensive for
RWH, especially in rural areas. In some other developing
countries, it has been reported that their cost is 2 or 3 times
that of brick or ferro-cement tanks of similar capacity. Another
disadvantage posed by plastic tanks is that they have a low
proportion of their cost in the form of local labour contribution,
which may be an important feature of subsidized propagation of
RWH in rural areas.
In some African countries, recycled plastic containers
such as fruit-juice tanks are used as storage tanks for domestic
RWH. Low-cost vinyl bladders were reported from Australia.
Vinyl bladders, as both inflatable mould and subsequent liners
to fibre-resin tanks have been reported to be used in Bahamas.
Ferro-cement tanks, GI sheet tanks and properly lined brick
masonry tanks are also considered as low-cost storage options.
While femo -cement and brick masonry tanks are not water
tight, undesirable taste is imparted to stored water due to
rusting in case of GI sheets, leading to their failure.
In case of storage and domestic uses, a common
question that arises is about the quality of stored water. It has
been reported that water could and is being stored cleanly for

months or years in RW tanks. Experimental verifications in
India showed maintenance of good quality even after 180 days
of storage, as did in South Africa after 2 years. However, such
long storage time will require regular cleaning of RW tanks, roof
surfaces and of maintaining tanks dark and sealed.
Apart from the storage tanks, collection gutters,
downpipes and filters constitute about 20% of the cost of
normal rooftop RWH systems. These components are often
poorly made or not maintained, and therefore constitute the
main form of early system failure. in countries like East Africa
and Sri Lanka.
5.1

Issues

A number of issues may affect the widespread adoption
of rooftop RWH systems in India. These include:
1) Economics and Technology - research and design needs
to improve the cost-effectiveness of RWH, for example for:

Economically optimizing the size of system components
•

minimizing the quantity or quality of materials needed to
create any given volume of water storage
developing
catchment

new

designs

for tanks,

instruments

to

guttering
assist

and

•

developing measuring
system management

RWH

•

establishing the environmental and economic benefits of
reducing extraction of domestic water from distant point
sources

2) Water Quality and Health - the impact of RWH on health
such as:
•

the likely causes of low RW quality (physical , chemical,
biological) and assessing its impact on health
• actual RW quality as a function of user behaviour,
system design and environmental conditions
devis ing new techn iques for reducing turbidity and
pathogens , and improving the taste
understanding the links between RWH and the
prevalence of disease vectors like mosquitoes and
identifying cost-effective and sustainable vector control
measures
3) Water Policies, Regulations and Attitudes that affect
tak ing -up of RWH projects on wider scales , including:

•

6.

current policies , priorit ies , rules and concerns of key
stakeholders
RWH popularisation and dissemination techniques
the optimal role of RWH alongs ide other water supplies
in different regions of the country
A RTIFICIA L RECHARGE (AR) FOR UTILIZATION OF
HARVESTED RAINWATER

In trop ical semi -arid country like India, one of the main
issues of rainwater harvesting arises as a resu lt of rainfall
patterns . India has short but intense rainy period followed by
long dry per iods. Most of the annual rainfall occurs in four
monsoon months . This will pose serious constraints on the type
of usage the rainwater can be put to. Constructing large local
storage facil ities with adequate capacities for water supply to
last throughout the year may cause both space and financial

constraints . Additionally, protecting the quality of harvested
rainwater during storage from extraneous contaminations also
will be an issue to be adequately taken care of. In urban areas
that already have substantial population covered by organized
water supply, households may not be motivated to install
rainwater harvesting systems, firstly due to the lack of space for
constructing storage facilities; secondly, due to the financial
requirements involved; and lastly to avoid the hassles of
operating and maintaining the rainwater utilization systems .
Utilization of harvested rainwater for livestock and
irrigation purposes will also involve proper maintenance of
collection areas (microbasins) and piping/canal systems with
permanent vegetation cover to filter sediment and refuse. The
storage reservoir should be drained with the first rainfall to
eliminate summer concentrations and should be kept clean and
weeded. All these require high level of user involvement with
continuous efforts for the upkeep of the system.
A cost-effective way of storing the harvested rainwater
would be to use it to replenish the groundwater adopting what
are called artificial recharge (AR) methods. Groundwater
recharge, in general, refers to natural replenishment of an
aquifer by percolation of surface run-off, stream flows, or
melting snow into the ground. Rainwater harvesting and AR
promises to be a potential solution for effectively increasing the
utilization of surface run-off, and hence, to augment the
freshwater supplies in urban areas at lower costs. Artificial
recharge of rainwater will also help to qualitatively improve
contaminated groundwater aquifers by reducing the
concentration of pollutants through dilution effects.

Artificial recharge is a process in which water is
introduced into groundwater aquifers by anthropogenic means.
For decades now, AR has been adopted in many arid and
semi-arid countries, where the evaporation rate is high, and
hence the need for alternative water storage methods to
surface storage. Israel and the United States (particularly
California) have been world leaders in large-scale AR
operations. Other countries where AR is extensively adopted
are Australia. South Africa, Japan, Germany, Switzerland ,
Netherlands, Canada, Great Britain and Jamaica. In Sweden,
about 25% of the drinking water supply is obtained from water
stored underground using artificial recharge methods.
6.1

Artificial recharge methods

Artificial recharge can be done either through surface
spreading or via well injection to allow water to join
groundwater.
Surface distribution techniques

Surface distribution techniques are the most common method
of AR. Surface spreading involves an entrapment area over a
highly permeable vadose zone (the unsaturated soil zone
above the groundwater table) and aquifer. A portion of surface
material is generally removed from the base of the recharge
entrapment area to expose underlying, more permeable
material. Surface spreading operations are limited to areas
overlying unconfined aquifers or those with a layer of relatively
thin (0-1 Om) , less permeable surface material. The types of
surface spreading operations can be categorized as on-stream
and off-stream facilities.

On-stream systems
• Dams and weirs - A dam or a weir is constructed in a river
or stream, over a highly permeable area in the unsaturated
zone. The pooling of rainwater over a recharge zone allows
a greater rate of infiltration when compared to a flowing
stream (Figure 1). Dams or weirs can be particularly useful
in ephemeral streams to maintain a constant head of water
recharging the aquifer throughout the year.

Less permea ble surfa l'c ms te tial
l)lmluraitd Z;lHC

Less permeable aquife r b a~. c

Figure 1. Recharge weir or dam

In Jawaharlar Nehur University (JNU) and Indian Institute of
Technology, Delhi, check dams have been constructed
across natural rainwater drainage courses to facilitate
recharge of an estimated 76,000 m3 of rainwater per year.
•

Canals and channels - A canal is constructed over
permeable surface regions of an aquifer (Figure 2). A
recharge canal can serve as an AR facility as well as part of
a water distribution system.

Less permeable surface material
Unsaturated zone

Water Table
Saturated zone (Aquifer)
Less permeable aquifer base

Figure 2. Recharge channel or canal
On-stream systems contain recharge water that is often
flowing, which can maintain very fine sediments, such as
clays, in suspension. This reduces the amount of
clogging in the base of the facility and allows water with
a higher turbidity, to be recharged. Natural events
causing higher stream discharge or flooding can also
clean these facilities.
Off-stream systems

•

Recharge basins/pits/ponds - A depression is made in
the ground, or an area is surrounded by an embankment
to create a water detention zone (Figure 3). Construction
is usually a combination of shallow excavation, which
exposes sediments, soil or rocks with a higher
permeability,
surrounded
by
an
embankment
constructed from the excavated material. Sometimes, a

gravel filled trench also is included in the basin (Figure
4). The larger the detention area over a permeable
recharge medium, the greater is the volume of potential
recharge. A minimum depth of water is required in the
recharge facility in order to maintain a sufficient head of
water and recharge rate.

Figure 3. Recharge basin, pit or pond

This method of recharge is widely adopted in
Maharashtra and is known by the name percolation
tanks. In Jalgaon district, 6 large percolation tanks have
been constructed recharging about 680,000 rrr' of
rainwater per annum, benefiting 545 hectares of land. In
Amravathi district, about 300,000 m3 of water is
recharged using three percolation tanks, with a benefited
area of about 280 hectares.

Figure 4. Recharge basin, pit or pond with gravel filled
trench
Recharge trenches
Recharge trenches work on the
same principle of the recharge basins . A long narrow
excavation
is
constructed
exposing
underlying
permeable mater ial (Figure 5). Recharge trenches are
usually constructed on a smaller scale than that of large
recharge basins and hence facilitate a simple excavation
procedure.

L: n\(: : u r ;-;! l~,j

W a ter Table

Figure 5. Recharge trench
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In Lodhi Garden, Delhi, recharge trench technique has
been adopted for rainwater harvesting. The garden
spread over an area of 36 ha generates an estimated
25,000 m3 of storm runoff. Three recharge trenches are
installed around an existing lake to utilize the runoff.
Injection techn iques

Injection techniques are used as an alternative to surface
spreading operations when a zone with low permeability, within
the unsaturated zone, impedes the recharge of wastewater to a
designated aquifer. A cased recharge well or bore is generally
used to penetrate a zone with low permeability. The open or
perforated section at the base of the well allows infiltration into
the designated recharge medium (aquifer or vadose zone).
Injection facilities have similar construction practices to that of
well extraction facilities. The types of injection facilities are
summarized as follows:
•

Injection well - This is a hole, large in diameter (> 1 m) that
is constructed through a zone with low permeability,
between the surface and the recharge target. The hole is
cased around the outside to prevent collapsing. An area at
the base of the recharge well should be exposed to the
recharge unit to allow water to infiltrate. Both historically
proven and modern construction techniques and materials
can be utilized to develop a recharge well.

•

Injection bore - A hole is drilled through a zone with low
permeability into an aquifer. Casing is placed in the drill hole
to prevent the sides from collapsing. A screen or perforation
is placed at the bottom of the casing to allow water to
infiltrate from the injection bore into the saturated zone. A

screen or perforation may not be necessary if the recharge
formation is consolidated and unlikely to collapse. The area
around the screen may also need to be separated from the
surrounding unit with a gravel pack.
•

Vadose zone well - Vadose zone wells are constructed
with similar specifications to that of gravity fed injection
wells (Figure 6). The recharge is directed into the vadose or
unsaturated zone and not directly into the aquifer. An
advantage of recharging into the vadose zone will be the
soil-aquifer treatment as the recharged water infiltrates
through the vadose zone. Vadose zone wells can also be
appropriate adoptedare a method of bypassing a zone with
low permeability near the surface , while still benefiting from
many of the filtration properties of SAT.
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Figure 6. Gravity fed vadose well and bore

Techniques for injection are summarized below:
•

Gravity fed injection facilities
In this type of operation
the rainwater to be recharged is channelized to fill the wells
or bores, which is then allowed to infiltrate into the aquifer
under gravity flow conditions (Figure 7). This technique is
suitable when limited land area is available for recharge ,
and the aquifer is deep and overly ing impermeable strata .
This techn ique has been tested in various places such as
Jalgaon district , Maharashtra (3,800 m3 /year) , liT (830 m3
/year) ,d President's estate both in Delhi, office building of
the Reserve Bank of India, Jaipur (3050 m3/ year).
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Figure 7. Gravity fed injection well and bore; pressurized
injection bore

•

Pressurized injection facilities
Injection water is
pumped into the recharge unit under pressure. A recharge
bore is used as the casing can be sealed at the surface and

attached to a pumping device in order to maintain pressure
(Figure 7). A pressure injection system normally delivers a
greater recharge rate than a gravity fed system of similar
scale.
SIMPLE AR METHODS
SYSTEMS

7.

FOR HOUSEHOLD RWH

Adoption of rooftop rainwater harvesting followed by its
storage through artificial recharge methods at household level
could be a viable strategy to locally tackle the growing water
scarcity problem that is prevalent in most of the towns and
cities of India. Artificial groundwater recharge methods can be
adopted in urban areas where:
•
•
•
•
•

Groundwater level occurs at a depth of 5m or more;
Permeable strata is available at shallow or moderate
depth;
Groundwater quality needs improvement ;
There are possibilities of saline water intrusion in coastal
areas; and
Evaporation rate from surface storage will be very high.

The AR techniques described in the previous section are
more suitable for large-scale RWH projects with huge
catchment area. They may also be appropriate for institutional
campuses with ·Iarge rooftop as well as open surface area.
Many simple and low-cost AR techniques have been developed
and practiced to encourage households to adopt RWH practice .
The methods prescribed for adoption at household levels are
mostly the simplified forms of the AR techniques described
earlier. These include:

1.
2.
3.
4.

use of abandoned or in-use dug wells;
use of abandoned or in-use hand pumps;
use of recharge pits; and
use of recharge trenches

Abandoned or in-use dug wells: Dry and unused or in-use
wells in the residential houses can be used as rainwater
recharge structure (Figure 8). If abandoned well is to be used, it
is essential to clean the bottom surface of all fine deposits. The
rooftop rainwater has to be guided through a pipe to the bottom
of the well or below the water level to avoid scouring of the
bottom and entrapment of air bubbles in the aquifer. It is
preferable to make the collected rainwater silt-free by passing it
through a silt trap (gully trap) before recharge. Periodic
chlorination is recommended to avoid bacteriolog ical
contamination.
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Figure 8. Dug wells for artificial recharge

Abandoned or in-use hand pumps: In this case, hand pump
(abandoned or in-use) is adopted as the rainwater recharge
structure . The rooftop rainwater is diverted to the suction pipe
of the hand pump through a small diameter pipe (50 mm or 100
mm) as shown in Figure 9. A gate valve would require to be
fitted with the rainwater conveyance system to avoid entry of air
into the suction pipe. A small collection tank in the rainwater
conveyance system can act as silt trap as well as a balancing
tank. During recharging period (rainy days), the water extracted
from the hand pump should be used after boiling or
chlorination.
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Figure 9. Artificial recharge through hand pumps
Recharge pits: Recharge pits are useful when the harvested
rainwater is to be fed to shallow aquifer (4 to 8 m) (Figure 10).

At household level, recharge pits are generally constructed 1 to
3 m sides and 2 to 3 m deep. The pits can be of any shape, i.e.
circular, rectangular or square. After excavation, the pits are
refilled with coarse gravel, pebbles and boulders. The fillings
can function as a roughing filter to remove suspended
impurities, if any, in the collected rainwater.

Figure 10. Recharge pit

Recharge trenches: Recharge trenches can be adopted when
permeable soil strata is available at shallow depths (less than
1.5 m). These are trenches of shallow depths (0.5 m to 1.5 m)
and 0.5 to 1 m wide. As in recharge pits, the trenches also are
filled with coarse gravel, pebbles and boulders. Recharge
trenches are constructed along the boundary walls of
households, or across the landscape where open space is
available (Figure 11).

RECHARGE TRENCH FILLED
WITH BOULDERS

Figure 11. Recharge trench

8.

COSTS OF AR STRUCTURES

The costs of each recharge structures will vary from
place to place depending on the area of catchment, peak
intensity of rainfall considered for design of such structures,
type of soil strata and geographical formations .

However,

based on the suitability of recharge structures for different types
of

soil

stratal

geographical

formations ,

and

also

their

recommended locational applicab ility as discussed in the
previous sections , costs of recharge structures will be in the
range presented in Table 2.

Table 2. Costs of artificial recharge systems

Recharge structure

Approximate cost (Rs.)

2,500 - 5,000
Recharge pit
3,000 - 10,000
Recharge trench
1,500 - 2,500
Recharge through hand pump
5,000
- 10,000
Recharge through dug well
30,000 - 60,000
Recharge well
40,000 - 80,000
Recharge shaft
Source : Rainwater harvesting and artificial recharge
Central
Groundwater
Board
groundwater,
UNESCO,2000.
9.

to
&

RWH SCHEME AT CPCB, DELHI

The National Capital Territory of Delhi covers an area of
1485 km2 and its current estimated population is approximately
135 lakh. Water resources in Delhi have been continuously
under severe pressure due to increase in population and
industrial activities. Inadequate supply of treated water has
resulted in widespread and excessive pumping of groundwater,
particularly in blocks of Najafgarh, Mehrauli, Kanjhawla and in
the City, leading to its depletion. Data of Central Groundwater
Board indicate that during 1960 - 2000, groundwater levels
have declined by 2 - 6 m in parts of Alipur and Kanjhawla, by
10m in Najafgarh, and by about 20 m in Mehrauli. Extensive
adoption of RWH practices that replenish groundwater with
harvested rainwater would help to arrest the declining trend and
restore the groundwater levels in Delhi. As estimated below,
RWH has the potential to contribute about 10% of the total
water requirement of the NCT of Delhi:

• Current estimated population of NCT of Delhi
lakh

135

• Per capita water requirement (the CPHEEO
liters/day norm for megacities - 150 Ipcd)

200

• Annual water supply requirement for NCT of Delhi
million m3

985

• Annual average rainfall in NCT of Delhi
• Available rooftop area in the NCT of Delhi
km2
• Potential supply through rainwater harvesting
million m3

: 700 mm
140

90

In keeping with the strategy to promote water resource
management and conservation through rainwater harvesting
and artificial recharge, a simple RWH and AR system within the
premises of Parivesh Bhawan, the headquarters building of the
Central Pollution Control Board in Delhi, has been installed.
The schematic plan of the RH and AR system adopted in
Parivesh Bhawan is presented in Figure 12. The RH and AR
system at Parivesh Bhawan is a demonstration project that
exemplifies RWH techniques for extensive application under
similar conditions .
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Figure 12. Schematic of the RWH & AR system
(not to scale)
8.1

Design criteria and details

For assessment of quantity of rainwater that can be
harvested , estimation of roof catchment area and the rainfall
are required. The roof top catchment area available for
rainwater collection at Parivesh Bhawan has been calculated
from the building drawing as below:

i) Open terrace at the top of the building

1250 m2

ii) Terrace of the central bridge at 4th floor
Total roof catchment area

From data published by the Meteorological Department of
India, the annual average rainfall in Delhi has been adopted as
720 mm. The total quantity of rainwater that can be harvested
annually is estimated as:

= catchment

area x annual rainfall x
Runoff coefficient

=

1400 m2 x 720 x 10-3m x 0.95

=

960 m3/year

For the design of artificial recharge system , critical rainfall
scenario has to be considered. The rainfall data of Delhi over
the previous four decades indicates that on an average, there
are 27 rainy days in a year. However, about 75% of the rains
occur within a period of three months (July - September) , with
maximum rainfall during the month of July, which accounts for
30% of total annual rainfall. Even during the rainy months,
rainfall may be occurring only for a few days.
For the purpose of assessment of critical rainfall scenario, it
has been assumed that out of 27 rainy days in a year, the
number of rainy days inthe critical month of July will be in the
same proportion as the quantum of rainfall during the month.
That is, 30% of the 27 rainy days will fall in the month of July.
With this assumption , the (maximum) quantity of rainwater that

will be harvested and utilized for groundwater recharge during
the critical month been calculated as below:
Average rainfall during the month
of July

: 30% x 720 = 216 mm

ii)

No. of rainy days in July

: 30% x 27 = 8 days

iii)

Critical rainfall
safety factor 2)

i)

iv)

per

day

(with
: (216/8)

Maximum quantity of rainwater
harvested in

a rainy day of July

= 1400

x2

= 54

mm

:catchment area x
rainfall x 0.95
x 54 x 10-3 x 0.95

Because of the highly permeable, alluvial soil strata, a gravel
filled artificial recharge pit combined with gravity-fed injection
bores has been envisaged as the recharge structure for
Parivesh Bhawan. The details of the recharge system installed
are schematically presented in Figure 13.
The recharge pit has been filled with two layers of coarse
gravel filling (bottom 40 mm boulder layer and top 20 mm
gravel layer) with 40% voids, which acts also as a roughing
filter to effect primary level treatment to the collected rainwater
before recharge. The depth of gravel bed is 1.2 m, and a
maximum free water depth of 0.15 m is considered.
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Figure 13. Schematic of the recharge pit combined with
gravity fed injection bore wells (not to scale)

The equivalent liquid depth in the trench
m

= (0.4 x 1.2) m + 0.15
= 0.63 m.

Therefore,
Area of the trench required for spreading
/ liquid depth

= Volume

of rainwater

= 72/0.63 = 114 m2
Based on the area available at the location selected for
the recharge pit, the size of the trench has been fixed as 11 m x
7.5 m x 1.5 m. Additional area requirement has been offset by
providing five gravity fed injection bore wells of 0.20 m diameter
each. The bore wells are encased with slotted PVC pipes of
0.15 m diameter for structural support and prevention of
clogging. The depth of peripheral bore wells from the bottom of
the trench is 2.7 m. The depth of the central bore well is 3.7 m
at which level groundwater table found in this area. The
encasing of the middle bore will be projected through and
above the gravel bed to provide ventilation and as the access
pointfor drawing groundwater samples for quality analysis and
for measuring variat ions in the groundwater level.
The injection bores will increase the recharge capacity of
the trench by about 50%. The additional recharge capacity so
obtained can take care of abnormal exigencies , and any future
expansion of catchment area. By ensur ing faster rate of
infiltration, the injection wells will also help minimize
evaporation losses of the harvested rainwate r.
The tota l cost of the RWH system is Rs. 2.75 lakh, which
includes the cost of collectior system and the recharge
structure. Out of this, the cost of the recharge system has been
only Rs. 60,000.

10.

CONCLUDING REMARKS

Rainwater harvesting is emerging as a viable long-term
strategy to tackle the increasing pressure on freshwater
resources of our country. Harvesting rainwater to utilize directly
for beneficial uses such as potable or non-potable domestic
uses, livestock drinking and' irrigation would be the most
appropriate objective, However, high level of physical and
financial involvement required on the part of community or
household to properly run and maintain systems to facilitate
such uses may pose practical constraints in wider adoption
RWH practices. While some type of financial incentives can be
devised to overcome the constraints, it is advisable to adopt a
step-by-step strategy through promotion less-taxing RWH
practices such as artificial recharge to demonstrate the benefits
thereby bringing greater awareness of the community. With
greater awareness among the communities, it will be easier to
disseminate and promote RWH practices that require higher
user involvement.
11.
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