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he Centre for Science and Envir‘onmentfi‘s a public
Tinterest research and advocacy organisation, which
promotes ~ environmentally-sound -and  equitable
development strategies. The Centre’s work over the past
17 years has led it to believe and argue, both nationally
and internationally, that participation, equity and
community-based natural fresoufce management
systems alone will lead the nations of the world towards
a durable peace and development.

As a public interest organisation, the Centre
supports and organises information flow in a way that
the better organised sections of the world get to hear the
problems and perspectives;of,ihgIess organised.
Environmental issues. are ,seeri in 'anf anthropocentric
persbective that seeks o bring /abﬁérurt_ changes i the
behaviour!of human societies thrdugh appropriate
governaht:‘e systemé, hur/nan-/'natur/e interactions,

and the use of science and technology.

Though the public awareness programmés of the
Centre have been its key strength and focus of work, it
has endeavoured 10 move into associated areas of work
like policy research and advocacy in the past: years.
Learning from the people and from the innovations of
the committed has heiped the Centre 1o spread the
message :‘regarding environment without its normal
association with doom and gloom. Rather, the effort of
the Centre is to constantly search for people-based
sofutions and Create a climate of hope.

The Centre
continue to be, editorially independent of interest groups,

has always been, and will
governments, political parties, international agencies and
funding sources. CSE never accepts funding to push a
donor's viewpoint. All its outputs are available for public

dissemination.
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INTRODUCTION

he Centre for Science and Environment (CSE) has been

involved in raising awareness about the need of community-
based water management for & number of years. Unless people
are involved from individual households, farmers and industrialists
to urban and rural communities ~ we feel that it will be very
difficult to meet the looming water crisis. A water crisis that has
come about because rain, as a source of water has been ignored.
The - potential of rain to meet water demands is tremendous.
Theoretically, the average rainfall of 100 mm of rain falling on one
hectare of land in arid regions like Jaisalmer can yield up to cne
million litres of water.

As a technological solution CSE is therefore promoting the
concept of community and"pousehold-based water harvesting
as this decentralised technology can be adopted by all
concerned and also promo_te: -a participatory paradigm of water
management.

Our efforts include the publication of the widely acclaimed book on
traditional water harvesting systems, Dying Wisdom: Rise, Fall and
Potential of India’s Traditional Water Harvesting Systems, released
in 1997. In October 1998, we had an international conference on
Potential of water harvesting: traditions, policies and sccial mobili-
sation. One of the outcomes of this has been the establishment of
a National Water Harvesters' Network to bring the like-minded
together. '

An indicator of the success of our campaign has been the requests
that we have been deluged with regarding implementation of water
harvesting in urban areas. What is more encouraging to us is the
fact that people are now concerned gbout water management and

- availability and are willing to play an active role in managing water

and meeting their demands. To reach a wider audience, we
decided to publish a series a manuals on water harvesting as well
as conduct training workshops.

Urban Water Harvesting

This manual has been compiled with the objective of presenting
the basics required for undertaking water harvesting. The manual
is made in 7 simple form so that it can be used even by ordinary
householders, apart from architects, engineers and other
professicnals interested in implementing water harvesling.

Apart from various methods and techniques for water harvesting, a
few case studies of water harvesting systems designed by CSE in
Delhi have been.cited so that establishments with similar conditions
can take up water harvesting on the same lines. This manual
presents methods suitable mainly for singular building/establish-
ment level — residences, institutions and industries. The scope of
water harvesting can be extended to a locality/community level by
incorporating various such singular units into a group.

As one will gather through the manual, broadiy there are two
approaches to harvesting water — storing of water for direct use or
recharging of groundwater. Since recharging of groundwater is
more feasible for the climatic condition of Delhi, more attention has
been paid to the groundwater recharging aspects of water
harvesting.

This manual is by no means comprehensive, since thers are no
fimits 1o innovation in techniques that can be applied. The manuai
is seen as just a beginning; we plan to update it over time
corresponding {o the development and fine-tuning of the existing
methods of water harvesting.

We welcome comments, additions and corrections to be inciuded
in future editions.

Anil Agarwal
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CHAPTER 1

ll

THE URBAN WATER CRISIS

I ndia has more than 250 million city-dwellers even though the rate
of urbanization is among the lowest in the world. The percentage
of urban dwellers in {ndia keeps increasing - from 10.8 per cent in
1801 to 17.3 per cent in 1951 and 25.7 per cent in 1991, Rural-
urban migration and high demographic natural increase in cities
wili-further increase the proporticn to more than 50 per cent of the
total population by 2020,

Mumbai, Calcutta and Delhi already have more than 10 million
inhabitants while more than 23 Indian cities have a population
above a million. In most of these cities, the water supply sector is
faced with a number of problems and constraints. Freshwater
sources are being heavily expicited to meet the demands of the
urban populance. _

As surface water sources fail to meet rising demands, ground-
water reserves are tapped, often to unsustainable levels. Almost all
cities depending on groundwater are faced with the rapid depletion
of their water tables. In Ahmedabad, the water table has gone
down by more than 90 m since 1965°.

In addition to QU‘e}ntity. the country also faces problems of water
quality. Overextractign of groundwater in Chennai has ied to salini-
ty intrusion in the cpastal aquiters. Chennal had to bring water from
the surrounding rural areas, leading to rural-urban conflicts.

The water crisis in Delhi

The city of Delhi is almost perpetually in the grip of a water crisis,
more so during the. dry season when serious water shortages affiict
the city. A large number of residents depend on groundwater to
augment the municipal supply. Deihi has no right over the Yamuna
and is supplied by surface water from the Yamuna and the dam on
river Beas from its neighbouring states (see graph 1.1).

The population of Delhi, according to the 1991 census, was
9.42 million, which is expected to cross 14 million by 2001 . Against
the present requirement of about 3324 million litres/day (MLD), the
installed capacity is only 2634 MLD (see graph 1.2°.

Source of Delhi's water supply r Status of water supply in Dethi
1% 4300
=== 35001 324
19% 8 5 3000 2634
3 25001
%)
53% £ 2000
E 1500
AT% =
= 1000+
500
{3 Bhakra Beas Management Board and regeneralion v
Demand of Supply of
of Yamuna . water water
- W Uttar Pradesh B Haryanz & Groundwaler

Graph 1.1 Souices of Delhi's water supply Graph 1.2 Gép in demand and supply of
water in Delhi

Although the average water consumption in Delhi is estimated at
240 litres per capita per day (Ipcd), the highest in india, the figure
is not indicative of an adequate supply to every resident since the
water supply in Delhi is far from being uniformly distributed. The
New Delhi Municipal Corporation (NDMC) and Dethi Cantonment
areas get an average supply of above 450 lpcd, while areas in
Narela and Mehrauli zones get less than 35 Ipcd®.

The gap between the supply and demand of water has resulted
in large-scale development (read, over-extraction) of groundwater.
This has led to serious problems with both quantity and guality of
groundwater,

Unsustainable groundwater use

Delhi-ites are a major groundwater-dependent community. Of the
water supplied by the municipaiity, approximately 11 per cent
comes from groundwater reserves. However, it is difficult to
establish the total quantity of groundwater extracted, because a
large number of private tubewells dug by households and the
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industrial sector for their own supply are unaccounted for in the
official figures. Many water tanker and bottled water companies are
drawing and selling groundwater.

Unpianned and uncontrolied extraction of groundwater has dis-
turbed the hydrological bafance, leading to decline in productivity
of wells, rise in energy requirement and deterioration in quality of
water. _

There has been a widespread drop in the groundwater table in
Delhi, especially in the south and southwestern localities of Delhl.

(_.., .

UNDEHSTANDING GROUNDWATER

r strg%ns of. wator' msrde the. grou'rrd Watenm !he ground
1 ! mter-partrculate spaoes) of the sorl or Tock th,at forn

“Figure 1.1 Understanding groundwater

Urban Water Harvesting

Iar to *water ‘being stored in‘a“sponge = it'is not V|5|ble “but-can be
out’ r drawn oui) A srmdle expenment to- understand the narure

The water table has depleted by 2 10 8 m in the past decade®.
The lack of regulation related to private or individual extraction
of groundwater aggravates this situation. In addition to overex-
ploitation of groundwater, the uncontrolled disposal of effluents
and sewage in the city has contaminated the groundwater to
alarming levels. Studies conducted by Central Ground Water
Board in Delhi revealed that groundwater in most parts of Deini s
contaminated with fluoride and nitrate and is unfit for drinking
without treatment.

The sorl o, rock formatrons in the earth that contarn water are calied ground
water aqurfers. Below a certain depth in the ground, the earth is saturated (sat-
uration is a state in which all the free spaces or interstices are filled with water).
This level is referred to as the groundwater level. This level may be just below
the ground level or many hundred metres below ground level. In the Delhi area, -
groundwater levels vary between 3 to 60 metres below ground level.

How is groundwater formed?

When rain falls on thésdrfaoe of the earth, some amount of water percolates
through the soil and moves downwards under the: effect of gravity. When

~water moves through the soil, it is said to be infiltrating, because it gets

filtered in the process of passing through the pores of the soil. Groundwater
aquifers are formed over many years, as infiltration from successive rains
joins the existing groundwater. :

What is groundwater d'epletion?

Heavy extraction of groundwater leads to an imbalance in the groundwater
reserves as the withdrawal of water is more than the recharge. This leads to

' depletron of the groundwater resources. Depth to water table from the surface

increases and wei s become dry.
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CHAPTER 2

THE CONCEPT OF WATER HARVESTING

Definition of water harvesting

In scientific terms. water harvesting refers to collection and
storage of rainwater and also other activities aimed at harvestling
surface and groundwater, prevention of lcsses through
evaporation and seepage and all other hydrological studies and
engineering interventions, aimed at conservation and efficient
utilization of the limited water endowment of physiographic unit
such as a watershed. :

In general, water harvesting is the activity of direct collection of
rainwater. The rainwater collected can be stored for direct use or
can be recharged into the groundwater.

Rain is the first form of water that we know in the hydrological
cycle, hence is a primary source of water for us (see figure 2. 1).

Rivers, lakes and groundwater are all secondary sources of
water. In present times, we depend entirely on such secondary

' Rain —
@b LE- 2] :
e« Primary source
"ﬂll ’fj%'f' : d'
;g
MAR ‘a
F //
]
i
! r———Secondary sources

Figure 2.1 Where does all our water come from?

sources of water. In the process, it is forgoiten that rain is the
ultimate source that feeds all these secondary sources and remain
ignorant of its value. Water harvesting means o understand the
value of rain, and to make optimum use of rainwater at the place
where it falls.

Need for water harvesting

We get a lot of rain, yet we do not have water. Why? Because we
have not reflected enough cn the value of the raindrop. The annu-
al rainfall over India is computed (o be 1,170 mm {46 inches). This
is higher compared to the global average of 800 mm {32 inches)®,
However, this rainfall occurs during short spells of high inlensity,
Because of such intenstties and short duration of heavy rain. most
of the rain falling on the surface tends to flow away rapidly, leaving
very little for the recharge of groundwater. This makes most parts of
India experience lack of water even for domestic uses.

lronically, even Cherrapunji which receives about 11,000 mm of
rainfall annually suffers from acute shortage of drinking water. This
is because the rainwater is not conserved and allowed tc drain
away. Thus it does not matter how much rain we gel. if we don't
capture or harvest it.

This highlights the need to implement measures to ensure that
the rain falling over a region is tappec as fully as possible through
waler harvesting, either by recharging it into the groundwater
aquifers or storing it for direct use.

How much water can he harvested?

The total amount of water that is received in the form of raintail over
an area is called the rainwater endowment of that area. Ou: of this,
the ameount that can be eifectively harvested i1s calied the water
harvesting polential.

Water harvesting potential = Rainfall {mm) x Ccliection efficiency

Tha Dangept n! Watsr Harvesting



The collection efficiency accounts for the fact that all the
rainwater falling over an area cannot be effectively harvested,
because of evaporation, spiflage etc. Factors like runoff coefficient
{see box: Runoff coefficient on p 10} and the first-flush wastage {see
box: First-flush device on p9) are taken into account when estimat-
ing the collection efficiency.

The following is an illustrative theoretical calculation that
highlights the enormous potential for rainwater harvesting. The
same procedure can be applied to get the potential for any plot of
land or rooftop area, using rainfall data for that area.

Consider a building with a flat terrace area of 100 sg. m.
The average annual rainfall in Delhi is approximately 600 mm
(24 inches). In simple terms, this means that if the terrace floor is
assumed to be impermeable, and all the rain that falls on it is
retained without evaporation, then, in one vyear, there will be
rainwater on the terrace floor 1o a height of 600 mm.

= 100 sg. m. {120 sq. yd.)
= (0.6 m (600 mm or 24 inches)
= Area of plot x Height of rainfall

Area of plot
Height of rainfall
Volume of rainfall
over the plot

100 sg. m. x 0.6 m
60 cu. m. (60,000 litres)

1

Assuming that only 60% of th;e total raintall is effectively
harvested,

Volume of water harvested
= 36,000 litres {60,000 litres x 0.6}

This volume is about twice the annual drinking water

requirement of a 5-member family. The average daily drinking water
requirement per person is 10 litres”.

lrban Water RHarvesting

Amount of rainfail = Volume of water received
fcum)

Area of catchment X
{sq.m)

Figure 2.2 How much water do we gl in the form of rain?

The case of Delhi

Delhi has an annual average rainfall of 611.8 mm. However,
recharge to groundwater is limited because of decreasing
availability of permeable soil surfaces due 1o the existence of roads
and buildings.

As a result of poor recharge and heavy extractiocn of groundwa-
ter, groundwater levels in Delhi have declined by as much as 8
metres in the past decade. Groundwaler can be a sustainable
scurce of water only if it is ensured that the amount of water
withdrawn from the groundwater aquifers is compensated by
recharging an equal amount of rainwater into the ground. Water
harvesting provides the means to recharge the groundwater,
thereby maintain the balanced situation of the resaurce,

Rainwater harvesting has a huge potentiai in Belhi. The
illustrative calculation for water harvesting potential for a single
building, can also be applied to the city as a whole. With an area of
1,486 sq. km;, the rainwater harvesting potential of Delhi comes to
be about 807 billion litres annually. This is equal to about 270 days
of water requirement for the entire city.

The entire annual raintall is received cver a pericd of 27 days, 80
per cent of which falls in the period between July 1o September. The
rainwater therefore has to be harvested during this short period.
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CHAPTER 3 == o
HOW TO HARVEST RAINWATER
Broadly, rainwater can be harvested for two purposes: Elements of a typical water harvesting system

Stored for ready use in containers Calchment

above ground or below ground

RAINWATER

Charged into soil for withdrawal later
(groundwater recharging)

Conduit

Y

Storage facitity

Figure 3.3 tlements of typical water harvesting system

v » 1. Catchments

The catchment of a water harvesting system is the surface which
receives rainfall directly and contributes the water to the system. !t
can be a paved area like a terrace or courtyard of a building, or an
unpaved area like a lawn or open ground. Temporary structures like
sloping sheds can also act as catchments.

2. Conduits

Conduits are the pipelines or drains that carry rainwater from the
catchment or rooftop to the harvesting system. Conduits may be of
any material like polyvinylchloride (PVC). asbeslos or galvanized
iron {G!), materials that are commonly available.

ﬂ o o __How To Harvest Rainwater

Figure 3.2 Rainwater can be recharged into the ground
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RUNDFF

Hunoff is the term apphed to the water that flows away from a catchment after
fallmg on its surface in the form of rain. Runoff can be generated from both

paved and unpaved catchmeni areas of bunldmgs

;Rsofmp Tunoff -

i

3a. Storage facility B

Rainwater can be stored in any commonly used storage containers
like RCC, masonry or plastic water tanks. Some maintenance
measures like cleaning and disinfection are reguired o ensure the

quality of water stored in the container.

purpose.

Runoff

_ Flgure 3.5 Runoff from a smocth tiled  Figure 3.6 Runoff from a surface

sur{__ace covered with grass

the tiled sudace ofa terrace ‘would flow as runoff while only 10 per cent of the
rainfall on a wooded or grassy area would flow, the rest being retained on the

surface and getting percolated into the ground. .

‘From the point of view of quality, runoff can be divided into two types: runoff

from paved surfaces (e.g., roofs and courtyards) and runoft from unpaved
surfaces (e.g., lawns and playgrounds). Quality of runoff from paved surfaces
is better since runoff from unpaved surfaces may have bacterial or other
contamination. if water is to be stored for drinking purposes, i is
‘advisable that only runoff from paved surfaces is used for the

3b. Recharge facility

Alternative to storing, rainwater may be charged inlo
groundwater aguifers. This can be dore through any su
structures like dugwells, borewells.
recharge pits.

F‘b'

recharge trenches and




Methods of harvesting water

As iilustrated on p5, there are two Dbroad approaches 1o

harvesting water:
1. Storing rainwater for direct use
2. Recharging groundwater aguifers

PART 1: Storing rainwater for direct use

Rooftop harvesting has been practiced since ages, and even today
it is practiced in many places throughout the world. In some cases,
the rooftop harvesting system is little more a split pipe or bamboo
directing runoft from the roof into an old oil drum placed near the
roof {see figure 3.7).

Rooftop catchmeni

/
L— Channels

Storage drum

A

.

Figure 3.7 A simple water harvesting system

In Ahmedabad, which has a climate similar to that of Deihi,
traditional rainwater harvesting tanks which store drinking water
can be seen even today in scme old houses (see figure 3.8 on p8).

[

i

- SHOULD WATER BE STORED OR SHOULD {T BE RECHARGED?

- The decision whether to store or recharge water depends on the rainfail

pattern of a particular region. For example, in places like Kerala and
Mizoram, rain falls throughout the year, barring a few dry periods. in such
places, one can depend on a small domestic-sized water tank for storing

~ rainwater, since the period between two spells of rain is short.
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f Graph 3.1 Comparison between rainfall pattern of Aizawl and Delhi

On the_other.hahd, ih dry areas like Dethi, Rajasthan and Gujarat, the total

- annual rainfall occurs only during 3 or 4 months of monsoon. The water :
- collected during the‘monsoon has to be stored throughout the year; which -

- means that huge volumes of storage containers would have to be provided.

In Delhi; it is more: feasible to use rainwater to recharge groundwater -
- aquifers rather than for storage.

Hiow To Karves! Rainwaies
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Figure 3.8 Rainwaler can be stored in Eﬂderground tanks as in this traditional rainwater
harvesting system in Ahmedabad '

Generally, runoff from only paved surfaces is used for storing, since
it is relatively free of bacteriolegical contamination. Drainpipes that
collect water from the cafchment (rooftop) are diverted io the
storage container. Figure 3.1 on shows a typical water harvesting
system.

To prevent leaves and debris from entering the system, mesh
filters should be provided at the mouth of the drain pipe {see figure
3.9). Further, a first-flush device (see box: First flush devices on p9)
should be provided in the conduit before it connects to the storage
container. if the stored water is 10 be used for drinking purposes, a
sand filter should also be provided {see box: Disinfecting water at
domestic level on p11) :

I

Urban Water Harvesting

Coarse mesh (grill)
prevents passage
of debris

Figure 3.9 A grill prevents debris from entering the drainpips

-

An underground RCC/masonry tank can be used for storage of the
rainwaler. The tank can be installed inside the basement of a
building (see figure 3.8} or outside the building. Pre-fabricated
tanks such as PVC can be installed above the ground.

Each tank must have an overflow system for situations when
excess water enters the tank. The overflow can be connected to the
drainage system.

Design of storage tank

The quantity of water stored in a water harvesting system depends
on the size of the catchment area and the size of the storage tank.
The storage tank has to be designed according io the water
reguirements, rainfall and catchment availability.



RUNOFF COEFFICIENT

' Runotf coefficient is the factor which accounts for the fact that all

the rainfall falling on a catchment cannot be coliected. Some

. rainfall will be lost from the catchment by evaporation and reten-
- tion on the surface itself. N

Ta§1e31 Run;iff coefficients for various surfaces

*

T

Tyrpe of c.a'tchm‘ent

Cuéttibients

Roof Catchments
-Tiles
s - Corrugated metal sheets

o8- 6'9‘“"'

i

0.7~ 09

Ground surface covenngs

- Concrete O 6.: 0 8
t~ - Bnck pavemem ‘0. 5 06
. Untreated ground catchments ‘ BRI
! - Soil on slopes less than 10 per cent 0.0-0.3
‘- Rocky natural catchments s 02-05.

i

Source Pacey, Arnold and-Cullis, Adnan 1.989 Rainwater Harvesting: The coffection of rainfall
: and runoff i rura.‘ dreag, ntermediate Technotogy Fublications, London, pg. 55"
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Quality of stored water

Rainwater collected from rooftops is free of mineral pollutants like
fluoride and calcium salts which are generally found in groundwa-
ter. But, it is likely to be contaminated with these types of pollutants:

1. Air pollutants
2. Surface contamination (e.g., silt, dust)

Urban Water Harvesting

Measures to ensure water quality

All these types of contaminations can be prevenied to a large
extent by ensuring that the runoff from the first 10-20 minutes of
rainfall is flushed off.

Most of the debris carried by the water from the rooftop like
leaves, plastic bags and paper pieces is arrested by the grill at the
terrace outlet for rainwater. Remaining contaminants jike silt and
blow dirt can be removed by sedimentation (settlement} and
filtration (see box: Disinfecting water at a household level on p12).

Contrary to popuiar belief, water quality improves over time
during storage in the tank because impurities settle in the tank if the
water is not disturbed. Even pathogenic (harmful} organisms
gradually die out due lo storage.

Additionally, biclogical contammation can De removed by
disinfecting the water. Many simple methods of aisinfection are
available which can be done at a domestic level (see box:
Disinfecting water at a household level on p17).

Specifications for drinking water are given by iS: 10500 and
World Health Grganisation (WHO).

PART 2: Recharging groundwater aquifers

Varicus kinds of recharge structures are possibie which can ensure
that rainwater percolates in the ground instead of draining away
from the surface. While some structures promote the percoiation
of water through soil strata at shallower depth (e.g.. recharge
trenches, permeable pavements), others conduct waler to greater
depths from where it joins the groundwater {e.g., recharge wells).

At many locations, existing features like wells, pits and tanks can
be modified to be used as recharge structures, eliminating the
need to construct any structures afresh.

A few commonly-used recharging methods are explained here.
Innumerable innovations and combinations of these methods are
possible.



FIHST—FLUSH DEVICE

Design parameters for storage tanks:
1. Average annuai rainfall

2. Size of the catchment

3. Drinking water requirement ,

Suppose the system has o be designed for meeting drinking water
requirement of a 5-member family living in a building with a rooftop
area of 100 sq. m. Average annual fainfall in the region is 600 mm
(average annual rainfall in Delhi is+611 mmy). Daily drinking water
requirement per perscn (drinking and cooking) is 10 litres.

We shall first calculate the maximum amount of rainfall that can be
harvested from the rooftop:

Foliowing details are available:

Area of the catchmeni (A) = 100 sg. m.
Average annual rainfall (R} =611 mm (0.61 m)
Runoff coefficient {C) = 0.85

Annual water harvesting potential from 100 sq. m. roof
=AxRxC

100 x 0.6 x 0.85

=51 cu. m. {51,000 iitres)

The tank capacity has {o be designed for the dry period, i.e., the
period between the two consecutive rainy seasons. With a mon-
soon extending over four months, the dry season is of 245 days.

Drinking water requirement for the family (dry season)
=245x5x10
= 12,250 litres

As a safety factor, the tank should be built 20 per cent larger than
required, i.e., 14,700 litres. This tank can meet the basic drinking
water requirement of a 5-member family for the dry period,

wru How Ts Harvest Rainwatar
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DISINFECT]NG WATER AT A HOUSEHOLD LEVEL
Boiling b -

Boifing is a very effective method of purmcatlon and very smpie to carry out.
" Boiting water for 10 to 20 minutes ls enough to remove a!l biclogical
contammants S : S R . :

Chemlcal Dlsmfeohon

| Ch!onnahon IS done,‘ A nh stabl

CaOClgl \@p&

} a Chlorinatmn %‘ ¢ ; : S
gged bleachang powdero(caicmm nypochiorite -

é._:waler safe for dnnk:ng purposes About 1gm (approxl-

of bactena ang m

i enough to %smiect 20 Ittres (a bucketful) of water
PN 4 p;!"' ‘;(

h Sand filters
' Sand fiiters. have oommonly available sand as fiter: media.. Sand filters are
| easy and cheap to. .construct. These filters can be empioyed for treatment of

i water to effectively: femovo turbldlty (suspended ‘pamcles l:ke sﬂt and clay} o

colour and microorganisms from the wate

ori an lim ‘;;th rination can kill all types .

’ ~————— 10 cm gravel layer

] -———— 10 ¢ charcoal layer

e——— 25 cm sand fayer

| ———— 25 oM gravel layer

20 cm gravel layer ———w{2

30 om sand layer ———a-{ =

20 cm gravel layer —— - TP

Porous bed ————a-EX

i

Figurs 3.13 A simple sand filter which can be constructed at a domestic level

¢. Ceramic filters. _ |
These filters are manufactured commercially on a wide scale. Most of the :
water purifiers available in the market are of this type. -



1. Borewells / dugwells

Figures 3.14 and 3.15 show typical systems of recharging wellis
directly with rooftop runcff. Rainwater that is collected on the
rocttop of the building is diverted by drainpipes to a settlement or
filtration tank, from which it flows into the recharge well {borewell or
dugwell). .

if a borewell is used for recharging, then the casing {outer pipe)
of the borewel! should preferably be a siotted or perforated pipe so
that more suriace area is available for the waler t0 percolate.
Developing a borewell would increase its recharging capacity
{developing is the process where water or air is forced into the well
under pressure to loosen thg soll strata surrounding the bore to

make it more permeable).

Settlement 1ank

Figure 3.14 Recharge assembly for borewsll

If a dugwell is used for recharge, the weli lining shouid have
openings (weep-holes) at regular intervals to aflow seepage of
water through the sides. Dugweiis shouid be covered to prevent
mosguito breeding and entry of leaves and debris. The botiom of
recharge dugwells should be desiited annuaily to maintain the

intake capacity.

Filtratior tank

R P——
'Recharge dugwell

Figure 3.15 Recharge assembly for dugwelt with raaftop runoft

Precautions should be taken 1o ensure that physicai matter in the
runoff like silt and floating debris do not enter the well since it may
cause clogging of the recharge structure. It is preferred that the
dugwell or borewell used for recharging be shaliower than the
water table {see figure 3.17 on p13). This ensuwres that the water
recharged through the well has a sufiicient thickness of soif
medium through which it has to pass before it joins the groundwa-
ter {see box. Understanding groundwater on pZ}. Any old weil
which has become defunct can be used for recharging, since the
depth of such wells is above the water tevel,

Quality of water recharged
The quality of water entering the recharging wetlls can be ensured

by providing the following elements in the systen
1. Filter mesh at entrance point of rooftop drains
2. Settlement chamber

3. Filter bed
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Figure 3.16 Recharge assembly for dugwell with runcff from ground areas (non-rooftop)

Design parameters for settiement tank
For designing the optimum capacity of the tank. following aspects
have 1o be considered:

1. Size of the catchment
2. Intensity of rainfall
3. Rate of recharge

Since the desilting tank also acts as buffer tank, it is designed such
that it can retain a certain amount of rainfall, since the rate of
recharge may not be comparable with the rate of runoff. The
capacity of the tank should be enough to retain the runoff occurring

~«————+— Depth of s0il megium
available for infittration

Groundwater level

— —— - et L T

Figure 3.17 Recharge wells should preferably na shallower thar the waler latle

from conditions of peak rainfall intensity. In Belhi. peak hourly rain-
fall is 80 mm (based on 25 year frequency)s_ The rate of recharge
in comparison to runoff is a critical factor. However, since accurate
recharge rales are not available without detailed geohydrological
studies. the rates have to be assumed. The capacity of recharge
tank is designed to retain runoff from at feast 15 mirutes rairfall of
peak intensity (For Dethi, 22.5 mm/hr. say, 25 mm)".

Suppose the following data is available:

Area of rooftop catchment (A) = 100 sq. m.

Peak rainfall in 15 min (r) =25 mm (0.025 m}
Runoff coefficient (C) =085

Then, capacity of =AxrxC

= 100 x 0.025 x 0.85
= 2125 cu. m_ {2,125 litres)

desilting tank

*Accarding to CGWB norms

. How e Harvest Rainwater
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SETTLEMENT TANK

| Settiement tanks are used to remove sit and other ﬂoatmg smpurmes from
i ralnwater A settiement tank is like an ordinary storage container having pro-
s forinflow (brmglng water fromf-the catchment) autflow” (carrymg

%erfto the "recharge weﬂ) anq erﬂow?A' setﬂement tank can’ have-an

ed bottom surface to aliow-‘s dsng water to percolate, mto the soul

E
§

; Apart from removing sdt from the water the desdtmg chamber acts lee a:
i buﬁer in the system. In case of excess rainfall, the rate of recharge,
j cuaﬂy of boreweiis may not maich the rate of ramfali In such situations, -
i 1’ne desultmg chamber holds the €X0885 amount of water tnl zt is soaked up

by the recharsge structure T

Options for seitlement tank ,'
Any container with adequate capacity of storage can be used as a

settlement tank. Generally, masonry or concrete underground
tanks are preferred since they do not occupy any surface area
(see figure 3.18). Old disused tanks can be modified to be used as

settlement tanks {see Case Study 3 on p23).

For overground tanks, pre-fabricated PVC or ferrocement tanks can
be used. Pre-fabricated tanks are easier to install, compared 1o
masonry and concrete tanks {see figure 3.19).

2. Recharge pits

A recharge pitisapit 1.5 mﬁs m wide and 2 mto 3 m deep. The
excavated pit is lined wdl'e a brick/stone wall with openings
{weep-holes) at regular intervals. The top area of the pit can be
covered with a perforated cover (see figure 3.20 on pi5).

The method for designing a recharge pit is simifar to that for a

settlement tank.

SR ot i S res i
e **agg_ﬂggg.,gu;{u';

e

Recharge horewsil

-
Underground
settlement tank

FIGURE 3.18 Underground masanry selitement tank

3. Soakaways

A socakaway is a bored hole of up to 30 cm diameter drilled in the
ground to a depth of 3 to 10 m. The socakaway can be dritled with
a manual auger uniess hard rock is found at a shallow depth. The
borehole can be left unlined if a stable soil formation like clay is pre-
sent. In such a case. the scakaway may be filled up with a filter
media like brickbats.In unstable formations like sand. the soakaway
should be lined with a PVC or MS pipe to prevent collapse of the

Overground fillegtion /
seitlament tank

«— Racharge borawell

Fitter media

Figure 3.19 Overgound PVC settiernent tank

E'mln

SER LT



)
1

IS | S . _ _ e viin L e

\ vertical sides (see Case Study 1 on p19). The pipe may be
f slotted/perforated to promote percolation through the sides.

- A small sump is built at the top end of the soakaway where some

amount of runoff can be retained betore it infiltrates through the

soakaway. Since the sump also acts like a buffer in the system, it

has to be designed on the basis of expected runoff as described

for settliement tanks.

RCC slabwith  From catchmen!
, manhole
L ]
I\
Perforated /
o :E‘ ———— honeycombed
= 1] brickwork
. E L~ _J -
u SO
o
&
- —
«—15-3m—>»
IS ~ 30 cms filter media
¥ . - i
EI:: Qe o O ; d'i:_"b-.

Figure 3.20 Location of recharge pit in a building area and detailed section of pit

4. Recharge trenches

Recharging through recharge trenches, recharge pits and
sqakaways is simpler compared {0 recharge through wells. Fewer
precautions have to be taken o maintain the quality of the rainfall
runoff. For these type of structures, there is no restriction on the
type of catchment from which water is to be harvested. i.e., both
paved and unpaved catchments can be tapped.

A recharge trench is simply a continuous 'rench excavaled in
the ground and refilled with porous media like pebbles, boulders

RCC slab with
manhole

% Q ~—— Fiiter bed sump
B0 cm x B0 cm x B0 cm

Srickbat fitler madia

10 mdegp ——————~—m]
Ny

~a—— fprehnie (150 - 300 mm dia)

sased with sloited pipe

-l —

Figure 3.21 Location of soakaways in a build'ng area with Cetaited seclion of soakaway
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or brickbats (see figure 3.22). A recharge trench can be 0.5 m to
1 mwide and 1 mto 1.5 m deep. The length of the recharge trench
is decided as per the amount of runoff expected. The recharge
trench should be periodically cleaned of accumulated debris to
maintain the intake capacity.

In terms of recharge rates, recharge trenches are relatively less
gffective since the soil strata at depth of about 1.5 metres is less

permeable.

Desigh of a recharge {rench
The methodology of design of a recharge trench is similar to that for
designing a setliement tank. The difference is that the water

Perforated cover

Brickbat filter media’

Figure 3.22 Recharge pit constructed along periphery of building and delailed section
of recharge pil

holding capacity of a recharge french is less than its gross
volume because it is filled with porous material. A factor of loose
density {voids ratio) of the media has !¢ be appled to the
equation.

Using the same method as used for design of settlement tank:
Area of rooftop catchment {A) = 100 sg. m.

Peak rainfall in 15 min (r} =25 mm (0.025 m)

Runoft coefficient (C) = (.85

Voids ratio (O) = (0.5 (assumed)’

Required capacity of recharge tank
={AxrxC)/D
= (100 x 0.025 x 0.85)/0.5
= 4.25 cu. m. {4.250 litres)

The voids ratio of the filler material varies with the kind of materiai
used, but for the commonly-used materials like brickbats, pebbles
and gravel .a voids ratic of 0.5 may be assumed.

In designing a recharge trench, the length of the trench is an
important factor. Once the required capacily is calculated as
fllustrated above, length can be calculated by considering a fixed

depth and width.
5. Permeable Surfaces

Unpaved surfaces have a greater capacity of retaining rainwater on
the surface. A paich of grass would retain a large proportion of the
rainwater falling on it, yielding only 10-15 per cent as runoff {see
figure 3.6 on p6). A considerable amount of water retained on such
a surface will naturally percoiate in the ground Such surfaces
contribute to the natural recharge of groundwater,

If paving of ground surfaces is unavoidable. one may use
pavements which retain rainwater and aliow it to percolate into the

ground (see figure 3.23 on p17).
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Hollow concrete
"paving blocks

Clay bricks

Sand filled in joints Sand filled in joints

Figure 3.23 Permeable Pavements
Special precautions

Whether the harvested water is used for direct usage or for
recharging the groundwater, it is of utmost importance to ensure
that the rainwater collected is free of any poilutants that might be
added to rainwater from the atmosphere or the catchment. While
pclluted water directly used for consumption would have a imme-
diate impact on health, poliuted water recharged into the ground-
water would cause long-term problems of aqguifer poliution.
Damage done to aguifers by recharging polluted water is irre-
versible.

Most of the precautions to ensure rainwater guality have been
described earlier in the manual. Here, all the measures have been

summarised:

1. At the calchment level

* Keeping the catchment clean

» Using gratings to trap debris at the catchment itself

s Paving the catchment with ceramic tiles, stone tiles or other
such non-erosive materials

2. At the conduit level

¢ Provision of first-flush to drain runoff from initial spefi of rain
3. Before recharging

s Allowing for sedimentation of the water

* Filtering the water

In establishments like industries, it is very necessary to ensure that
the catchment surfaces are free of chemical wastes, fuels,
lubricants etc. While physical and bicicgical impurities in water can
be easily removed by desedimentation and filtration, it is difficuti to
remave chemical impurities.

Cost of water harvesting

Typically, installing a water harvesting system in an building would
cost between Rs 2,000 to 30,000 for buildings of about 300 sgq. m.
It is difficult to make an exact estimate of cost because it varies
widely depending on the availability of existing structures like wells
and tanks which can be modified to be used for water harvesting.

The cost estimate mentioned above is for an existing building.
The cosis would be comparatively less if the system were
incorporaled during the construction of the building itself.

Some basic rates of construction activities and materiais have
been given here, which may be helpiul in calcuiating the total cost
of a structure. The list is not comprehensive and cantains only
important activities meant to provide a rough estmate of the cost
(see table 3.2 on p18).

Scale of water harvesting

Most methods described in this manual are applicable at a
singular building or establishment level. However, the same
principles can be applied for implementing water harvesting at a
larger scale, say, a residential colony or an institutional cluster. To
an extent, the nature of structures and design parameters remain
the same; the physical scale and number of structures may

[ 17 e HiOW T Harvest Rainwaler
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E Tahle 3.2 Approx:mate costs of common |tems or wark in.
water harvesting :

increase corresponding to the size of catchment.
To controi the total amount of runoff received oy a large-scal

system, the catchment can be subdivided intc smaller part

A locality-level water harvesting system Mlustrated n figure 3.24;
shows how the runoff from individual houses can-be deall wnh'at:f;
the building-level itself, while rematning runoff from the stormwaler?
drain {which drains water from roads and open areas) can bel’
harvested by constructing recharge struclures in common areas

_Activi!y Unit Rate (Rs.)
+Excavation in'soils * -+ zéu;m 65.0Q -
11000

‘emforced cement concrele (1:2 &J

,e\htering and ,shutterihéi e 3

l plplng
: 00 mm d:ameter
150 mm dlameter

10‘mm diameter
‘ po mm,dlameter

fMakmg shallow soakaway{:n ' S
ft soil {with 150 mm diameter PVC casmg) i

=

Maklng deep recharge boreweil
usmg mechanical rotary drilling -

i

Urban Water Harvesling

130000

Common
stormwater
drains

Individual recharge /
storage structure
Recharge / storage structure

for runcif from common areas

Figure 3.24 Tzoping stormwater drains in a comminnity-ley

el syslem
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CHAPTER 4

(ASE STUDIES S

1. Centre for Science and Environment, New Delhi

Case Background

The total area of the Centre for Science and Environment (CSE) =
building is 1,000 sg. m. The office gets most of its water supply .t X

from groundwater ‘through its borewell. The water harvesting X g
system was instailed in the buiiding in June 1999. >

— Abandcnad boreweld

Ao
Al
[

Check bund

Underground
waler tank

Recharge trough

under front gate . . . o
Figure 4.1.1 The waler harvesting system ir: the building

m ) N ___Gase Studies




Measures taken for water harvesting

A major porticn of the rainwalter is recharged into the groundwater
aguifers. A small amount is stored in an underground tank for
fow-guality uses. Annual water harvesting potential at CSE is
366,600 litres. A combinati‘o!n of methods used for harvesting the
rainwater ensure that most gf the rainwater falling over the building
area is recharged or stored (see figure 4.1.1 on p19).

The cost of instailing the system was Rs. 36,000.

a. Recharging of abandoned horewell

Rainwater from the rear portion of the terrace is led through a
vertical drainpipe to the 45 m deep abandoned borewell An
aluminum grating prevents debris from entering the borewell, The
borewell and the sump on top are filled with filter media of
brick-bats to trap debris {see figure 4.1.2).

o Broken bricks
filter media

Supporting ——->|

1
brick wall _T L
} 1

~——— 45 m deep abandoned
borewell

Figure 4.1.2 Detail of abandoned borewell recharging

Urban Water Harvesting

h. Soakaway

Thirteen soakaways have been construcled around the buiiding. 4

spakaway is a vertical shaft of 150 mm (8") diameter bored in the
ground to a depth of 30 feet and cased with a PYC pipe. The moul
of the shalt is covered with an inverted earthen pot with a small hol:
to preveni the enlry of debris into the shafi. A small sump s
construcied around the {op o the shalt, which :s {illed with with a
fitter media of brickbats to prevent entry of debris. A perforated
RCC cover is placed on top of sump to ailow the entry of rainfal
runoff (see figure 4.1.3).

%j 1 ! Inveried earinen pal

covering the borehole

-

Supporting
brick wall

vl

[]
L

—— 0m{301{) —»

j=s

— Broken bricks filter
macia
~w—— 150 mm dia borehole
with PVC casing

Broxen bricks
fi'ter media

Figure 4.1.3 Detail of soakaway

c. Rainwater storage tank
The front facade of the building has terraces projecting out at
varicus floors. The rainwater drainpipes from aif terraces arg

U 60 1 1 1 10 O %M’QJMWLM
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connected in series sa that the runoff from these terraces falls into
the pond in the frant of the building. When this pond overflows,
water flows to the underground tank of 8,500 litre capacity. Water
from this rainwater storage tank is used for low-quality uses like
gardening.

d. Recharge trough

Three soakaways have been constructed in the trough under the
entrance gate, which is covered with an iron grill. The runoff flowing
out through the entrance is collected in this trough and gets
recharged through the scakaways.

“e. Raising of slormwater drains

Openings of the municipal stormwater drains within the campus
area have been raised slightly above the groung level, so that
rainwater does not drain away (see figure 4.1.4).

~——————Mouths of stormwater
drains have been
e raised above ground
— leve! to prevent water
from draining away

Ground level ————__ e —

Figure 4.1.4 Details of stormwater drains

2. Rashtrapati Bhavan, New Delhi
Case Background

In November 1998, Presideni K R Narayanan invited CSE to
suggest measures to harvest water at the Rashtrapati Bhavan. An
advisory commitiee was set up by CSE, which developed a plan for
water harvesting al the Rashtrapati Bhavan. The impiementation of
the scheme is being undertaken by the Central Public Works
Department (CPWD) and Cenlral Ground Water Board (CGWB).
The Presidential Estate covers an area of 133 hectares (1.33 sq.
km.}. The water requirements of the presidefitial estate are huge
since there are about 7,000 people residing in the estate.
Approximatelty 3.000 people visit the presidential premises
everyday. The Mughal Gardens in the estate require a lot of water.
The total demand is about 2 million litres of water per day (730
million litres per year). This demand is met through the New Delhi

. Municipal Corporation supply and the estate's own borewells.

Since about 35 per cent of the water requirements are being met
through groundwater sources, there had been an alarming decline
of groundwater leveis in the estale. Levels have gone down by
2 to 7 m in the past decade, with cne well running dry.

Measures taken for water harvesting

The rainwater endowment of the area is 811 millions litres annually.
Estimated cost of installing the system is Rs. 20 lakh (work on some
compaonents of the system was still underway in dMay 2000).
Following measure have been pianned for the estale (see figure
4.2.1 on p22).

a. Rainwater storage tank

Rainwater from the northern side of roof and paved areas
surrounding Rashtrapati Bhavan is diverted to an underground
storage tank of 1 lakh litre capacity for low quality use.

Case Studies
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Recharge shafts

Staff residential area
]
Swimming Pool —

Recharge wells

1 fakh litre capu:y

underground storage tank «

Abandoned well

Figure 4.2.1 Scheme for water harvesting

h. Well recharging

Overflow from. the 1 lakh litre capacity rainwater storage tank
mentioned above is diverted to two dugwells for recharging.
Rainwater from the southern side . of the roof is diverted for
recharging a dry open well. Rainfall runcff from the staff residential
area is also diverted to the dry well. Water passing into the recharge
well is passed through a desiiting tank to remove poliutants. The @
lakh litre capacity swimming pool in the estate is planned to be

Urban Water Harvesting

SITE PLAN

connected to the dry dugwell, so that during periodic emptying of § o
the pool, water can be used for recharging instead of being drained § +
away. >

¢. Recharge shaft. i : L J

15 m deep recharge shafts will be constructed in the staff residen- § Y

tial area. Rainwater available from rooftops, roads and parks will be g : .

used for recharging. . B ¥
g J e



d. Johad

A johad is a crescent-shaped bund which is built across a sloping
catchment to capture the surface runofi. Water accumulating in the
johad percolates in the soil to augment the groundwater. Johads
have traditionally been used in Rajasthan for harvesting water. A
johad is planned to be constructed near the Mughal Gardens.

3. Residence at Vasant Vihar, New Dethi
Case Background

The area of the property is about 500 sg. m., with a rooftop area of
300 sq. m. (600 sq. yd.). A private borewell in the building is the
only source of water to the house.

The building also has an 45 m deep abandoned borewell in its
area, which had run dry in November 1999.- A new 100 m deep
borewell was established adjacent to the new one.

Measures taken for water harvesting

The dry borewell présent in the building provides an excellent
opportunity for recha‘rging the groundwater (see figure 4.3.1)
Annua! water harvesting potential from the rooftop is 109,000 iitres,

The cost of installing this system was Rs 33,000.

a. Recharging of abandoned borewell
Runoff from the rooftop is discharged into the dry borewell To
ensure that suspended impurities in the water do not enter the
borewell, the water is passed through a settiement tank of aboul
7500 litres capacity (see figure 4.3.2 on p24).

An unused underground tank located near the borewell has
been modified 1o be used as a settiement tank. All the rainwater
drainpipes leading from the terrace are connected to the
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Figure 4.3.1 Scheme for waler harvesting

underground settlement tank. The bottom of the iank has been ielt
unpaved and lined with a bed of brick-bats io ailow the percoiation
of standing water in the tank.
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4. Institute of Economic Growth, New Delhi - Proposed scheme for w
//]/ : Although the water @
Case Background . purposes, the quall&
/ < e et limits. The quality
/ A ) The Institute of Economic Growth located in the Delhi University :  reécharging the grouggw
watee powmace & AT | PO 2 I area, has a campus area of about 3 ha. The campus houses both the concentration of Nar:
/ ' A 15 e / the official buildings and residential quarters. . Totalwater harvestinggp
22 setion ’ﬁ’" The campus had been facing water problems since the the |
V- 4 / water supply received from the municipal corporation is foundto be Estimated cost of in@@ll
rowrmos e /*/ mawasl Y inadequate. The groundwater in the area cannot be used for ' tation was yet 10 bestar
! consumptive purposes since it shows high levels of sulphates, Ff
///// y. flucrides and hardness. Water from three borewells (see figure % a. Recharge horewelli
4.4.1)in the campus is used for low quality uses like gardening and ¢  Runoff from rooftops™of
PLAN flushing. Daily water requirement is approximately §5,000 litres °  about 2,200 sq. m. gyl
{annual requirement of 20 miliion litres). ©  passing through settlen

) e The 150 mm diam@er
e extracting water for_nc
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Figure 4.3.2 Deails of recharge barewell and seftiement tank Figure 4.4.1 Scheme of water harvesting Figure 4.4.2 Details of §@a
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Proposed scheme for water harvesting
Although the water from the boreweil was found unfit for drinking . .

purposes, the quality was only slightly worse than permissible 5931 7. /J/ A AT
limits. The quality of such groundwater can be improved by T o oo oo ole o l o 9 £
. - =T o 0 LA
recharging the groundwater as recharged rainwater tends to dilute | o ojo ofo oo oJ o /. M }
the concentration of harmful salts and minerals in the groundwater. I Yo ole olo olo o /A - Rt
Total water harvesting potential of the site is 10.46 million litres. | Aoole’o ! 2o le ) % goo, DaNnaLE
Estimated cost of installing the system is Rs. 1.7 lakh. (implemen- § / M R i so0 K bog T Bae
tation was yet to be started in May 2000}. |o o 360 MM THESAND LAYER
‘l 4% o ° A 230 vt T, B K
a. Recharge borewells % o oM R /1
Runoff from rooftops of three buildings encompassing an area of 1 7 7 7 7 7 4 L4
about 2,200 sqg. m. will be diverted to the existing borewells after " 20 PLAN
passing through settlement tanks of about 15,000 litres capacity. — 2000 >

The 150 mm diameter borewells, which are already in use for
extracting water for non-drinking purposes, are 10-12 m deep

{see figure 4.4.4 on p26). 6o ¥ 606 A BEC

MANHOLE (OVERS
b. Recharge trenches and recharge pits . 500 MM THE.

. . - LATER
Runoff from ground catchments like the playground and lawns will oA . Ln;?,ﬁ
be recharged through recharge trenches and recharge pits. *
3
r-.
|
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Figure 4.4.2 Delails of recharge trench Figure 4.4.3 Details of recharge pit
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5. Gapps Industries, Gurgaon

Case Background

The factory complex having an area of approximately 3 heclares
consists of 4 industrial buildings and a commoen effluent treatment

plant.

The daily requirement for water for both industrial and consumptive
use in the factory is approximately 110,000 litres {annual
requirement of 40.15 million litres). Borewells installed in the main
area of the factory yield water with high content of dissolved solids
{salts), making it unsuitable for use in the industrial processes. The
tactory has to get its water supply from a borewell installed at a

distant location.

Note: T
ETP : effiuent Ireatment piant J
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Figure 4.5.1 Scheme for water harvesting

Proposed scheme of water harvesting

Water harvesting can provide a long-term soilution both to the
problem of groundwater quantity and guality. Various measures
have been taken to harvest water (see figure 4.4.1). Groundwater
recharging can be instrumenta!l in reducing the concentration of
salts in the groundwater by dilution. The total water harvesling
potential of the site is 8.78 million litres annually. Estimated cost of

! Note:
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installing the system is Rs. 2.13 lakh {impiementation was yet o be
started in May 2000).

a. Recharge dugwel!

An open area of ‘about 0.6 ha has been identified as a catchment
for dugweli recharging. A 10 m deep recharge dugwell of 2.5 m
diameter is proposed to be constructed at the lowest point of the
catchment. A filter bed will be made on the outer perimeter of the
well. Water accumulated near the well will seep into the filter bed
and enter the well through perforated PVC pipes laid at the bottom
of the filter bed {see figure 4.5.2 on p27).

b. Recharge borewells

The rooftop runoff from all the four buildings, encompassing an
area of about 5000 sq. m., can be used to directly recharge the
groundwater through borewells. Four separate 150 mm diameter
borewells of 9 m depth will be used for recharging. One existing
borewell will be used for recharging.

The rainwater Hrain-pipes from the roofs of the buildings will be
diverted to the borewells after passing through filtration tanks. The
tanks are of 35,000 to 50,000 litres capacity. :

A diversion valve will be provided before the pipe enters the
desilting chamber. This valve will be operated to allow the initial
runoff from the first showers of the season to flow away, so that
dust and debris accumulating on the terrace does not enter the
recharging system (see figure 4.5.3 on p28).

¢. Recharge trenches and recharge pits

Most of the other open areas in the campus apart from the build-
ings can be used as catchments by constructing simple recharge
structures like recharge trenches and recharge pits at suitable
locations (see figire 4.4.2 and 4.4.3 on p25) These locations are
decided by identi'fying low-lying areas where water accumulates.

29 I

6. The Sri Ram Schooi, New Delhi

Case Background

The area of the school campus is about 8,000 sg. m. The school
depends entirely on its private borewell for water supply drawing
groundwater from a depth of 45 m.

Proposed scheme for water harvesting

The total water harvesting potential of the school is 1.89 miilion
litres annually. Rainfall runoff is divided in two categories - rooftop
runoff and ground runoff. While the entire rooftop runoff is
recharged through recharge borewells, the ground runoff is
recharged through surface structures like recharge trenches and
pits (see figure 4.6.7).

Estimated cost of installing the system is Rs. 70,000. (implementa-
tion was underway in May 2000) '

PLATYT G RO ND\

Figure 4.6.1 Scheme for waler harvesting

SITE PLAN
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Figure 4.6.2 Details of recharge borewell and filtration tank
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a. Recharge horewells

Runocff from the rooftop of about 1,000 sq. m. will be diverted to a
recharge borewell after passing through a filtration-cum-buffer tank
of about 21,250 litre capacity. A recharge borewell of 200 mm
diameter and depth of 30 m will be drilled for the purpose. The
recharge borewell will be cased with a slotted pipe (MS or PVC) to
allow horizontal seepage also {see figure 4.6.2).

b. Recharge trenches and recharge pits
Runoff from ground catchments like the playground will be
recharged through recharge trenches and recharge pits which will
be constructed at suitable {ocations.

c. Recharge trough and soakaways

A huge amount of surface runcff flows cut through the building
through a service gate on the side of the buiiding. A recharge
trough is proposed to be built under the gate, with soakaways at
the bottom of the trough (see figure 4.6.3).
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FREQUENTLY ASKED QUESTIONS |8

1. If I use rainwater from my rooftop to recharge the groundwater, will the
benefits not disperse to other water users in the neighbourhood?

Groundwater is not static and cannot be lgcalised to the area where
it is recharged. in natural conditions, rate of groundwater flow
varies widely, sometimes being as low as a few mm/day. Nature of
groundwater flow also varies. In Delhi; for example, the vertical
hydraulic conductivity of the soil formations is more than the
" horizontal hydraulic conductivity, which means that the rate of
vertical (downward) passage of water through soil pores or rock
fissures is more than the rate of horizontal flow.

In the presence of wells in an area, the flow of groundwater may
be influenced by the welis in the close proximity. Generally,
" buildings which have recharge structures and also extraction wells
in the same area can influence, and benefit from, the recharged
groundwater to a greater extent. ' '

Recharge water wili invariably benefit groundwater users in the
neighbourhood 1o some exients. The benefits could be more
equitably distributed if water harvesting is taken up at a
community-level with each user playing an active role in recharging
the groundwater. \

t
2. What is the cost of constructing water harvesting facilities ?

Typically, installing a water harvesting system in an building would
cost between Rs 3,000 to 30,000 for buildings of total plot area of
about 300 sq. m. Some basic rates of construction activities have
been given on p18 which may be helpful in calculating the total
cost of a structure.

3. How can | test the water if it is fit for use?

Various water testing kits are sold at affordable prices by
governmental and non-governmental agencies. In Delhi, these kits
are available at:

Urban Water Harvesting

a. Development Alternatives

B-32, Tara Crescent, Quiab Institutional Area,
New Defhi~ 110 016 :
Tel: 696 7938, 656 5370, 685 1158

Price: Rs. 4000/-

b. Central Pollution Control Board
Parivesh Bhavan

CBD-cum-office compiex,

East Arjun Nagar,

Shahadra, New Delhi — 110 032
Tel: 244 7014, 2222 073, 2222 071
Price; Rs. 1000/-

Water samples are also analysed by numerous private testing
agencies. Testing a sampie for some essential tests recommended
IS 10500 costs approximately Rs. 1200 .

4. How can | treat water to render it safe for drinking?

Various measures can be taken at a household level to treat water:
Boiling

Boiling is a very effective method of puriﬁbation and very simple to
carry out. Boiling water for 10 to 20 minutes is enough to remove al
bioclogica! contaminants.

Chemical Disinfection

a. Chigrination

Chlorination is done with stabilised bleaching powder {calcium
hypochiorite - CaOCly) which is a mixture of chlorine and lime.

Chlorination can kill all types of bacteria and make water safe for
drinking purposes. About 1 gm (approximately 1/4 tea spoon) of

¢
l E

bleaching pofie
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Chiorine tablegaatl
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Filtration
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bleaching powder is sufficient o treat 200 litres of water.

b. Chiorine tablets
Chiorine tables are easily available in the markel. One tabiet of 0.5
g ts enough to disinfect 20 litres (a bucketfulj of water.

Fiitration

a. Charcoal water filter

A simple charcoal filter can be made in a drum or an earthen pot.
Tre filter is made of gravel, sand and charcoal, ali of which is
easily available. ’

Gravel N e )=y ™
P et e

Charcoal
Sand

Composivan of a sang filter

compositicn of a charcoal filter

b. Sand filters

Sanc filters have commonly available sand zs filter media. Sand
fiters are easy and cheap to construct. Trese fitters can be
emp'oyed for treatment of water 1o effectivelv remove turbidity
(suspended parlicles like silt and clay). colour and microorganisms
from the water.

c. Ceramic filters
These filters are manufactured commercially on a wide scale. Most
of the water purifiers available in the market are of this type.

5. Should 1 store the rainwater in conlainers, or should I recharge it into the
groundwater aquifers?

The decision whether.to store or recharge water depends on the
rainfall pattern of a particular region. For exampie, in places like
Kerata and Mizoram, it rains throughout the year, barring a few dry
periods. In such places, one can depend on a small domestic-
sized water tank for storing rainwater. since the pericd between two
spells of rain is short.

In dry areas like Delhi, Rajasthan and Gujarat. the total annual
rainfalt occurs only during 3 or 4 monihs of monscon. The water col-
lected during the monsoon has to be stored throughout the year;
which means that huge volumes of siorage containers would have
1o be provided. Since ¥t is not possible to create such huge con-
tainers in urban areas which tend 0 be short of extra space.
recharging is preferred in such situations. However. at individua
levels, these tanks can be constructed.

33 R e . Frequentiy Asked Questions
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B GLOSSARY OF TERMS o

Aquifer (also calied groundwater aquifer; any underground
formation of soil or rock which can vieid waler

Artificial recharge: any man-made scheme cr fzcility that adds
water to an aquifer s artificial recharge system

Borewell: small-ciameter wells which are generaily deeper than
open wells

Dug well: traditionally used large-diameter wells. Defined pre-
cisely as pits excavated in the ground until the water tabfe is
reacted. supported on the sides by RCC / bricks / stone walls.
Diarmelers could vary from 0.6 metres onwards.

Grommdwater: the waler retained in the intergranular pores of soil
or lisggres of rock below the walter table is calfed groundwater

Masanry: a wall or other structure made using building blocks like
cricksar stone with a binding material ke cement or lime

Op 2n well: same as dug well. These ~elis were kept cpen in ear-
ser zzys for manual withdrawal of watsr. Today. with electrical or
Aie: =t petrol pumps, these can pe fully covered.

R -l runoff is the term applied to the water that flows away from
- face-after falling on the surlace in the form of rain

fodwarge: the process of surface water (from rain or reservoirs)
= - g the groungwater aquifer

Wane table: the level of water withrt intergranuiar pores of soif
o+ . sures of rock, below which the peres of the host are saturated

srer Harvesting
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CSE Publications

STATE OF INDIA'S ENVIRONMENT

First Citizens' Report-1382 (SOE-1)
Hardbound Rs. 290 US §12
Paperback Rs. 190 US 310

Second Citizens’ Report-1384-85 {SOE-2}
Hardbound Rs. 490 US 318
Paperback Rs. 290 US §12

Third Citizens’ Report-1991 (SOE-3)
Floods, Eloodplains & Environmental Myths
Hardbound Rs. 200 US $12

Paperback Rs. 190 US $10

Fourth Citizens’ Report-1997 {SOE-4)

Dying Wisdom: Rise. Fall and Potential of India’s
Tracktional Water Harvesting Systems
Paperback As. 290 US 512

Hindi Rs. 100

Citizens Fifth Report-1999 (SOE-5)
(Under reprint)

Part ; National Overview

Part ¥: Statishcal Database

Towards Green Villages
A Strategy for Environmentally Sound and
i Aural

Participatory Development

Paperback Hindi Rs. 3¢ US $5

Global Environmental Negotiations-l (GEN-1)
Green Politics

(Under repriat)

Towards a Green World

Should Global Environmental Management be
built on Legal Corventions or Human Rights?
Paperback Rs. 200 US $10

The Price of Forests

Proceedings of a Seminar on the Economics
of the Sustainable use of Forest Resources
Hardbound Rs. 180 US $22

The Challenge of the Balance
Enviranmental Economics in India,Proceedings of the Nationa!
Environment and Economics Meeting Hardbound Rs. 590 US §22

GLOBAL WARMING
In an unequal World
A case of environmental coloniglism Rs. 30 US $6

Children’s Story Books
Chipko Rs. 20 US §5
The Chilika Lake adventure Rs. 65 US $¢

STATE OF THE ENVIRONMENT SERIES

The Curse of the White Gold (SOE Series-1)
Paperback Rs. 75 US &7

Protection of Nature Parks
Whose Business? (SOE Serigs-2}
Paperback Rs. 75 US $7

Siow Murder: The Deadly Story of Vehicular Poliution in India
{SOE Series-3) Hardbound Rs. 390 LIS $19
Paperback Rs. 75 US §7

Homicide by Pesticides
What Poliution does to our Bodies (SOE Series-4)
Paperback Rs. 75 US &7

WEALTH OF THE NATION ViDEQ SERIES
The Living Word
32 mins Pal VHS Rs. 750 US $25

Harvest of Rain
48 mins Pal VHS Rs. 750 US $25

Thar: Secrets of the Desert

52 mins Pal VHS Rs.750 US §25
The Village Republic

50 mins Paf VHS Rs. 750 1JS $25

Set of 4 cassetles As. 2,500 US $90 Add Rs. 50 US 820
as postage and handiing charge

Our Ecological Footprint
(An Ervironment Educafion Manual for School Teachers)
As. 80 US $8

DIRECTORIES

& Natural Resource Links: A Direciory of Government
departments and institutions dealing with India’s natural resource
Papesback Rs. 490 US $18

wm Indo Gangetic Links: A Direciory of environmental experts in
the Indo Gangetic Plains Paperback Rs. 65 US $6

w Health Links: A Directory of experts on enviconmental health
Paperback Rs. 65 US $6

m Water Links-2: A Directory of individuals and organisations
invoived in water harvesting in india and overseas
Paperback Rs. 140 US $10

Payment tor all foreign ordess 1o be made ONLY by credit card or bank transfer to Account No. 320143055 of Centre for Science and Environment at American Express Bark Lid.,

Harniliop Housa, Block A, Canniaught Place, New Dehi-110001 INDIA

<

CENTRE FOR SCIENCE AND ENVIRONMENT
Pl i a public interest research organisation dedicated to disseminate information about sdience and environmen:
4 41, Tughlakabad Institutional Area, New Dalbi - 110 062 Tel: 91-11-608 6399, 608 3394, 608 1110
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hen the environment & degraded, the mast vuinerable are the poor. Be

it poliution by industy of drying up of water Sources. it was while
{rying to understang the plight of the aural poor during the 1987 drought that
CSE came across something that still escapes Indian policy-makers.

Several drought-afiected villages of the mostly arid siate of Rajasthan,
where government refief was nowhere 1o be seen, were doing quite well for
waler.

These villages had traditional systems to harvest the litle that rains duzing the
mensoon and store it for fimes of scarcity. Time-tested sysiems. Traditions that

understood that a!l water comes from faig, 2 simple fact that Still eludes most water
planners.

Further researct: revealed that india has had a piethora of such systems

for millennia. Each one varied fromh the oler, in accordance with local needs.

Thinking on waler was a5 decentralised as rainfalt. All defails worked out. No
paperwork. Ng project proposals.

CSE came out with these findings in Dying #isdom, the citizens’ fouth
repart in the Staie of the Environment series. This marked a watershed in the Indian
civil society's undarstanding of the water crisis. Gr the creation ol a water crisis that
wasn't

The immense success of Dying Wisdom led to a national conference on
waler harvestng with emphasis on. technolpgies, poiicy and social
mobilisation. The conference was inaugurated by K R Narayanan, the
President of india. He was so impessed by the polential of rainwater
harvesting that fie instiucted his officials to harvest rainwater for the 1.33-s0
km President’s Estate. CSE, along with a team of experts, hias suceessfully
instatied the systern i the Estate which taptures 103 miltion fitres of water

———

per year, as well as recharges the groundwater. Recommendations of the
conterence led to the formation of the Nztional Water Harvesters™ Network
with CSE as the centrat secretariat. The network proviges a common platiorm
to those interested in finding a lasting sofution to waler scarcity.

The primary aim is to make the management of waler everybody's
business. To ensure that this managemen’  not a centralised issue that the
Stale has to deal with. '

The network aims to promote waier Rarvzsting in both rural and vrban areas
Catch Water, the network’s bimonthly newsletst encourages people i cities and
villages o calch rain where it fals. To decentrz'ise water thinking. The aetwork has
also established Technical Services for design g rainwaler harvesting systems in
the urban sector

The rallying peint of CSE's campaign 27 water management has always
been decentralisalion. Thats why we crzafed the slogan "Make Water
Everybody's Business’. We are happy - note that the World Water
Commission found it meaningful and mzde it their slogan: Make Water
Everybody’s Responsibitily.

Waler is crucial. i we can manage it. -2 rest will foliow. CSE has been
very cansistent in promoting good polit 23 efforts to manage water and
pushing those who are yet o calch up. It -= clear that good electoral futuse
lies in sensibie land and water managemer-. At the same time, we highlight
meaninghs! microexperiences sponscred Ty the communities and NGOs
spreading the good word alf the time.

CSE urges everyone I join its endeavour i make water everybody's business.
All over the planet.
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