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Sr. No. State/UT District City
3 Madhya Pradesh Agar Malwa Agar (HQ)
2 Madhya Pradesh Agar Malwa Nalkheda (NP)
3 Madhya Pradesh Agar Malwa Susner (NP)
4 |Mmadhya Pradesh Barwani Barwani (HQ)
5 Madhya Pradesh Barwani Pansemal (NP}
6 Madhya Pradesh Dewas Dewas (M Corp.) (HQ)
7 Madhya Pradesh Dewas Sonkatch (NP)
8 mMadhya Pradesh Dhar Badnawar {NP)
9 |Madhya Pradesh Dhar Dhar (M) (HQ)
10 |Mmadhya Pradesh Indore Depalpur (NP)
11  |Madhya Pradesh Indore Indore (M Corp.) (HQ)
12  |Madhya Pradesh indore Sawer (NP}
13  |Madhya Pradesh Mandsaur Bhanpura (NP)
14 |Madhya Pradesh Mandsaur Malhargarh (NP}
15  |Madhya Pradesh Mandsaur Mandsaur (M) (HQ)
16 |Madhya Pradesh Manrdsaur Sitamau (NP)
17 |Madhya Pradesh Neemuch Jawad (NP)
18 |Madhya Pradesh Neemuch Neemuch (M) (HQ)
19 |Madhya Pradesh Rajgarh Narsinghgarh (M}
20 |Madhya Pradesh Rajgarh Rajgarh (HQ)
21 |Madhya Pradesh Rajgarh S Sarangpur (M) 4]
22  |Madhya Pradesh Ratlam Alot (NP)
23 IMadhya Pradesh Ratlamn Jaora (M)
24  |Madhya Pradesh Ratlam Piplada (NP}
25 |madhya Pradesh Ratlam Ratlam (M Corp.) (HQ)
26 |Madhya Pradesh Shajapur Pankhedi{Kalapipal)
77 |Madhya Pradesh Shajapur Shajapur (M) {HQ)
28 |Madhya Pradesh Ujjain Badnagar (M)
29 |Madhya Pradesh Ujjain Ujjain (M Corp.) (HQ)
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In a progressive society it is natural that demands of water remain on the rise.
In this context the issues are varied and complex in our country, because in [ndia there
are remarkable variation in the availability of water on account of the regional rainfall
and geography. Alongwith, the increasing population and urbanization are having
telling effect on the availability and quality of water.

In this situation the activity of artificial recharge to ground water is an
indispensable measure which is substantially beneficial, as this will help store the
surplus rainwater in the form of ground water and in turn arrest the decline of water
level and degradation of the quality. All the same it is ecofriendly.

Since eighth plan the Central Groung Water Board has carried out intensive
studies on the effectiveness of different techniques of artificial recharge to ground
water. This compilation contains some of the techniques that are suited to different
geographic and geologic condition. This would help boost the activity of artificial
recharge to ground water in Freshwater Year 2003.

Chairman

Central Ground Water Board
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RAIN WATER HARVESTING TO AUGMENT GROUND WATER RESOURCES

1.0 Rain water harvesting is the technique of collection and storage of rain water at
surface or in sub-surface aquifers, before it is lost as surface run-off, The
sugmented resource can be harvested in the time of need. Artificial recharge to
ground water is 2 process by which the ground water reservoir is augmented at
rate exceeding that under natural conditions of replenishment.

2.0 NEED

= To overcome the inadequacy of waters to meet our demands.
= To arrest decline in ground water levels,

= To enhance availability of ground water at specific place and time and utilize rain
water for sustainable development.

= To increase infiltration of rain water in the subsoil which has decreased drastically
in urban areas due to paving of open area.

= To improve ground water quality by dilution.
= To increase agriculture production.
= To improve ecology of the area by increase in vegetation cover, etc.

3.0 ADVANTAGES

+= Cost of recharge to sub-surface reservoir is lower than surface reservoirs.

= The aquifer serves as distribution system also.

= No land is wasted for storage purpose and no population displacement is involved.
= Ground water is not directly exposed to evaporation and pollution.

= Storing water underground is environment friendly.

= [t increases the productivity of aquifer.

= [t reduces flood hazards.

= Effects rise in ground water levels.

« Mitigates the effects of drought.

« Reduees soil erosion.
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LURBAN AREAS

In urban areas, rain water available from roof tops of buildings, paved and
unpaved areas goes waste, This water can be recharged to aquifer and can be
utilized gainfully at the time of need. The rain water harvesting system needs
to be designed in 2 way that it does not occupy large space for collection and
recharge system. A few techniques of roof top rain water harvesting in urban
areas are described below,

ROOF TOP RAIN WATER HARVESTING THROUGH RECHARGE PIT

In alluvial areas where permeable rocks are exposed on the land surface or at
very shallow depth, roof top rain water harvesting can be done through
recharge pits.

The technique is suitable for buildings having a roof area of 100 sq.m. and are
constructed for recharging the shallow aquifers.

Recharge Pits may be of any shape and size and are generally constructed 1 to
2 m. wide and 2 to 3 . deep which are back filled with boulders (5-20 cm),
gravels (5-10mm) and coarse sand (1.5- 2mm) in graded form. Boulders at the
bottom, gravels in between and coarse sand at the top so that the silt content
that will come with runoff will be deposited on the top of the coarse sand
layer and can easily be removed. For smaller roof area, pit may be filled with
broken bricks/ cobbles,

A mesh should be provided at the roof so that leaves or any other solid waste /
debris is prevented from entering the pit and a desilting /collection chamber
may alsa be provided at the ground to arrest the flow of finer particles to the
recharge pit,

The top layer of sand should be cleaned periodically to maintain the recharge

rate. i
By-pass arrangement be provided before the collection chember to reject the

first showers.
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(i) ROOF TOP RAIN WATER HARVESTING THROUGH RECHARGE TRENCH

- Recharge trenches are suitable for buildings having roof area of 200-300 sq.
m. and where permeable strata is available at shallow depths.

- Trench may be 0.5 to | m wide, | to 1.5m. deep and 10 to 20 m. long
depending upon availability of water to be recharge.

- These are back filled with boulders (5-20cm), gravel (5-10 mm) and coarse
sand (1.5-2 mm) in graded form — boulders at the bottom, gravel in between
and coarse sand at the top so that the silt content that will come with runoff
will be coarse sand at the top of the sand layer and can easily be removed.

ar A mesh should be provided at the roof so that leaves or any other solid
waste/debris is prevented from entering the trenches and a desilting/collection
chamber may also be provided on ground to arrest the flow of finer particles to

the trench.

r By-pass arrangement be provided before the collection chamber to reject the
first showers,

r The top layer of sand should be cleaned periodically to maintain the recharge
rate.

-
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ROOF TOP RAIN WATER HARVESTING THROUGH EXISTING
TUBEWELLS

In areas where the shallow aquifers have dried up and existing tubewells are
tapping deeper aquifer, roof to rain water harvesting through existing tubewell
can be adopted to recharge the deeper aquifers.

PVC pipes of 10 cm dia are connected to roof drains to collect rainwater. The
first roof runofT is let off through the bottom of drainpipe. After closing the
bottom pipe, the rainwater of subsequent rain showers is taken through a T to
an online PYC filter. The filter may be provided before water enters the
tubewells. The filter is | =1.2 m. in |ength and is made up of PVC pipe. It's
diameter should vary depending on tHe area of roof, 15 em if roof area is less
than 150 sg m and 20 cm if the roof area is more. The filter is provided with a
reducer of 6.25 cm on both the sides. Filter is divided into three chambers by
PVC screens so that filter material is not mixed up. The first chamber is filled
up with gravel (6-10mm), middle chamber with pebbles (12-20 mm) and last
chamber with bigger pebbles (20-40 mm).

If the roof area is more, a filter pit may be provided. Rainwater from roofs is
taken to collection/desilting chambers located on ground. These collection
chambers are interconnected as well as connected to the filter pit through pipes
having a slop of 1:15. The filter pit may vary in shape and size depending
upon available runoff and are back-filled with graded material, boulder at the
bottomn, gravel in the middle and sand at the top with varying thickness (0.30-
0.50m) and may be separated by screen. The pit is divided into two chambers,
filter material in one chamber and other chamber is kept empty to
accommodate excess filtered water and to monitor the quality of filtered water.
A connecting pipe with recharge well is provided at the bottom of the pit for
recharging of filtered water through well.
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ROOF TOP RAIN WATER HARVESTING THROUGH TRENCH WITH
RECHARGE WELL

In areas where the surface soil is impervious and large quantities of roof water
or surface runoff is available within & very short peried of heavy rainfall, the
use of trench/ pits is made to store the water in a filter media and subsequently
recharge to ground water through specially constructed recharge wells.

This techniques is ideally suited for arca where permeable horizon is within
Im below ground level.

Recharge well of 100-300 diameter is constructed to a depth of at least 3 to 5
m below the water level. Based on the lithology of the area well assembly is
designed with slotted pipe against the shallow and deeper aquifer.

A lateral trench of 1.5 to 3m width and 10 to 30 m length, depending upon the
availability of water is constructed with the recharge well in the centre.

The number of recharge wells in the trench can be decided on the basis of
water availability and local vertical permeability of the rocks.

The trench is backfilled with boulders, gravels and coarse sand to act as a filter
media for the recharge wells.

I fthe aquifer is available at greater depth say more than 20 m, a shallow shaft
of 2 to 5 m diameter and 3-5 metres deep may be constructed depending upon
availability of runoff. Inside the shaft a recharge well of 100-300 mm dia is
constructed for recharging the available water to the deeper aquifers. At the
bottom of the shaft a filter media is' provided to avoid choking of recharge

well,
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In rural areas, rain water harvesting is taken up considering watershed as a

unit. Surface spreading techniques arc common since space for such systems is
available in plenty and quantity of recharged water is also large. Following
techniques may be adopted to save water going waste through slopes, rivers, rivulets
and nalas.

(i)

ar-
o
ar

(i)

RAIN WATER HARVESTING THROUGH GULLY PLUG

Gully Plugs are built using local stones, clay and bushes across small gullies
and streams running down the hill slopes carrying drainage to tiny catchments
during rainy season.

Gully Plugs help in conservation of sail and moisture.

The sites for gully plugs may be chosen whenever there is a local break in
slope to permit accumulation of adequate water behind the bunds.

RAIN WATER HARVESTING THROUGH CONTOUR BUND

Contour Bunds are effective methods to conserve soil moisture in watershed

for long duration.
These are suitable in low rain fall areas where monsoon run off can be

impounded by constructing bunds on the sloping ground all along the contour
of equal elevation.

Flowing water is intercepted before it attains the erosive velocity by keeping
suitable spacing between bunds.

Spacing between two contour bunds depends on the slope the area as the
permeability of the soil. Lesser the permeability of soil, the close should be
spacing of bunds.

Contour bunding is suitable on lands with moderate slopes without involving
terracing.
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RAIN WATER HARVESTING THROUGH GABION STRUCTURE

This is a kind of check dam commonly constructed across small streams to
conserve stream flows with practically no submergence beyond stream course.
A small bund across the stream is made by putting locally available boulders
in a mesh of steel wires and anchored to the stream banks.

The height of such structures is around 0.5 m and is normally used in the
streams with width of less than 10 m.

The excess water over flows this structure storing some water to serve as
source of recharge. The silt content of stream water in due course is deposited
in the interstices of the boulders in due course and with growth of vegetation,
the bund becomes quite impermeable and helps in retaining surface water run
off for sufficient time after rains to recharge the ground water body.
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RAIN WATER HARVESTING THROUGH PERCOLATION TANK

Percolation tank is an artificially created surface water body, submerging in its
reservoir a highly permeable land so that surface runoff is made to percolate

and recharge the ground water storage.

Percolation tank should be constructed preferably on second to third order
steams, located on highly fractured and weathered rocks, which have lateral
continuity down stream.

The recharge area down stream should have sufficient number of wells and
cultivable land to benefit from the augmented ground water.

The size of percolation tank should be governed by percolation capacity of

sirata in the tank bed. Normally percolation tanks are designed for storage
capacity of 0.1 to 0.5 MCM. It is necessary to design the tank to provide a
ponded water column generally between 3 & 4.5 m,

The percolation tanks are mostly earthen dams with masonry structure only for
spillway. The purpose of the percolation tanks is to rm:harg:: the ground water
storage and hence seepage below the 'seat of the bed is permissible. For dams
upto 4.5 m height, cut off trenches are not necessary and keying and benching
between the dam seat and the natural ground is sufficient.

O

EVAIMTATION
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RAIN WATER HARVESTING THROUGH CHECK DAMS /' CEMENT
PLUGS /! NALA BUNDS

Check dams are constructed across small streams having gentle slope. The
site selected should have sufficient thickness of permeable bed or weathered
formation to facilitate recharge of stored water within short span of time.

The water stored in these structures is mostly confined to stream course and
the height is normally less than 2 m and excess water is allowed to flow over
the wall. In order to avoid scouring from excess run off, water cushions are
provided at downstream side.

To harness the maximum run off in the stream, series of such check dams can
be constructed to have recharge on regional scale.

Clay filled cement bags arranged as a wall are also being successfully used as
a barrier across small nalas. At places, shallow trench is excavated across the
nala and asbestos sheets are put on two sides. The space between the rows of
asbestos sheets across the nala is backfilled with clay. Thus a low cost check
dam is created. On the upstream side clay filled cement bags can be stacked in
a slope to provide stability to the structure.
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RAIN WATER HARVESTING THROUGH RECHARGE SHAFT

This is the most efficient and cost effective technique to recharge unconfined
aquifer overlain by poorly permeable strata,

Recharge shaft may be dug manually if the strata is of non-caving nature. The
diameter of shaft is normally more than 2 m.

The shaft should end in more permeable strata below the top impermeable
strata. It may not touch water table.

The unlined shaft should be backfilled, initially with boulders/ cobbles
followed by gravel and coarse sand.

In case of lined shaft the recharge water may be fed through a smaller
conductor pipe reaching up to the filter pack.

These recharge structures are very useful for village ponds where shallow clay
layer impedes the infiltration of water to the aquifer.

It is seen that in rainy season village tanks are fully filled up but water from
these tanks does not percolate down due to siltation and tubewell and dugwells
located nearby remains dried up. The water from village tanks get evaporated
and is not available for the beneficial use.

By constructing recharge shaft in tanks, surplus water can be recharged to
ground water. Recharge shafts of 0.5 to 3 m. diameter and 10 to 15 m. deep
are constructed depending upon availability of quantum of water. The top of
shaft is kept above the tank bed level preferably at half of full supply level.
These are back filled with boulders, gravels and coarse sand.

In upper portion of 1 or 2 m depth, the brick masonry work is carried out for
the stability of the structure.

Through this technique all the accumulated water in village tank above 50%
full supply level would be recharged to ground water. Sufficient water will
continue to remain in tank for domestic use after recharge.
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(vi) RAIN WATER HARVESTING THROUGH DUGWELL RECHARGE

* Existing and abandoned dug wells may be utilized as recharge structure after
cleaning and desilting the same.

- The recharge water is guided through a pipe from desilting chamber to the
bottom of well or below the water level to avoid scouring of bottom and
entrupment of air bubbles in the aquifer.

i Recharge water should be silt free and for removing the silt contents, the
runoff water should pass either through a desilting chamber or filter chamber.

@ Periodic chlorination should be done for controlling the bacteriological
contaminations.
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(vur) GROUND WATER DAMS OR SUB-SURFACE DYKES

’ Sub surface dyke or under-ground dam is a subsurface barrier across stream
which retards the base flow and stores water upstream below ground surface,
By doing so, the water levels in upstream part of ground water dam rises
saturating otherwise dry part of aquifer,

@ The site where sub-surface dyke is proposed should have shallow impervious
layer with wide valley and narrow out let.

@ After selection of suitable site, a trench of 1-2 m wide is dug across the
breadth of stream down to impermeable bed. The trench may be filled with
clay or brick/ concre e wall upto 0.5m. below the ground level,

o For ensuring total imperviousness, PVC sheets of 3000 PSI tearing strength at
400 to 600 gauge or low-density polythene film of 200 gauges can also be
used to cover the cut out dyke faces.

@ Since the water is stored within the aquifer, submergence of land can be
avoided and land above the reservoir can be utilized even after the
construction of the dam. No evaporation loss from the reservoir and no
siltation in the reservoir takes place. The potential disaster like collapse of the
dams can also be avoided.




TOTAL WATER ON EARTH

3% (37.5 mill, cu. kms.)
Freshwater

97% (1320 mill. cu. kms.)
" in Oceans (Saline Water)

Of the total water on earth only 3% constitutes freshwater. Rest is saline water in the
oceans.

DISTRIBUTION OF FRESH WATER ON EARTH

11% grountiwater :
upto 800 m. 1% in lakes, rivers and
. sireams etc.
11% groundwater
#®=below 800 m. S~
‘- =
— ~T7% in glaciers &
2 ic caps.

1 1% of the total freshwater on earth is groundwater available upto a
depth of 800m which can be extracted for use.

Mindless extraction and over exploitation of very small guantity of this
precious nature resource has caused a rapid depletion and deterioration

in its quantity and quality both.
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FOREWORD

Shortage of water for industrial and domestic use and even for drinking

__purpose is a cause of concern through o Ut The world s pecially | n d eveloping and
~ under developed countries. Indiais already experiencing water shorlage and the

problem will become very acute in the near future unless preventive measures are

taken on a substantial scale. Rain Water Harvesting and Conservation is needed
on a massive scale. A comprehensive treatise on this crucial topic is need of The -

“hour.  Although™ guidelines have been issued from time to time by various

organizations it is for probably the first time that the existing guidelines have been
compiled at one place in a user friendly manual. :

The Gowt. of India is laying emphasis for rain water harvesting and
conservation, it has therefore been felt necessary that the officers of CPWD should
also have easy and ready access to such guidelines issued by the
Department/Ministry on this subject and to enable them to take tmely and
appropriate action. The publication of this Manual fulfils this important requirement.

Even though the “Rain Water Harvesting & Conservatlon” Manual has
been compiled basically for the use in CPWD it may also be useful to a large number
of Govemment O rganisations and Public S ector Undertakings. | am sure this will
herald an era of water conservation and the peril of water shortage will bé suitably

contained.

This Mariual is a resuit of combined efforts of a large number of officers.
| would like to express my appreciafion to the guidance given by Shri HK. Munjal,

ADG(TD) and the effots pit in by the Committee consisting of
Shri NM.D. Jain, E.D., CSO, Shr C.B. Lal, C.E,, (SPG) Project, Shri AK. Sinha,

S.E. CSC, Shri Ashok Khurana, SE., CPWD, Shri Abhai Sinha, Director, CSO,
CPWD.

The manual is one more step on the path of technical excellence to

which CPWD is perpetually committed. Q‘;‘;
</ :);_':2—“'::..._ %

(Er.Krishan Kumar)
Director General (Works)

New Delhi.
Dated:11.06.2002.



PREFACE

There is an increasing trend towards construction of buildings for
residential as well as non residential purposes in urban areas and making the open
areas as pucca for parking etc. This frend has decreased drastically infiltration of
rain water into the sub soil and recharging of ground waler has diminished due to
over development which has depleled the aquifers. Surface water is inadequate to
meet our demand and we have to depend on ground water. Thus there is need to
recharge the ground water. The artificial recharging of ground water is a process by
which ground water reservoir is augmented at a rate exceeding that obtained under
natural condilions. The artificial recharge techniques enhance the sustainable yield
in area and utilizes the rainfall runoff which otherwise goes to sewer or storm water
drains. The conservation and storage of access surface water for future
requirements is necessary because these requirements often change within a
season or a pericd so the basic purpose of artificial recharging of ground water is to
restore supplies from aquifiers depleled due to excessive ground water
development. Rain water harvesting can be done by storage of rain water on
surface for future use and recharging of ground water. The “Consultancy
Services Organisation” CPWD has brought out a Manual entitled “Rain Water
Harvesting & Conservation™ which is a compilation of guidelines for optimum
utilization of Rain Water, The Rain water Harvesting & Conservation is nothing but
means understanding the importance of rain and to make optimum use of rain

water at the place where it fails.

It has been possible to bring out this Manual on account of efforts of Shri
N.M.D. Jain, ED[CS0), Shri Jagmohan Swarup, Director (CS0O), Shri Abhai Sinha,
Director (CS0) and their team (Shri P.S. Bassi, EE(CSO), Shri Rajesh Kumar,
Architect (CS0) & Shri PP Mohanakumaran, PA to Dir (CSO)I.

= --"'Jj-‘“f:)
&ff“ﬂ]’gﬁz
Er.H.K. Munjal)

Addl. Director General(TD)

New Delhi.
Dated: 11.06.2002
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CHAPTER 1
INTRODUCTION

In spite of astonishing achievements in the field of Science & Technology, nalure
remains to be a mystery. for human beings. Though water is also being obtained
through desalination, artificial ra by cloud seeding eto. in some of the developed
countries, the shorlage of waler even for drinking purpose is a perpetual phenom-
enon_throughout_the world, especially in developing and underdeveloped coun-
Tries. India is likely to experience "Waler Stress’ from the year 2007 onwards it will
be perlinent to shift the thrust of the policies from ‘Water Development’ to “Sustain-
able Water Development’. A vital element of this shift in strategy is the increasing

importance of Water Harvesting and Artificial Recharge of Ground Water.

Countries like Slovakia, Israel, use water about 4-5 times before disposing ofl
however, in india it I8 used only onca before being disposed. This is certainly not
avery encouraging situation. RSt | LT

The never-ending exchange of water from the atmosphere to the oceans and back
agsain is known as the_hydrologic cycle, This cycle is the source of all forms of
precipitation (hail, rain, sleet and snow), and thus of all water. Pracipitation stored
in streams, Lakes, and soil evaporates while water stored in plants transpires 'mr

form clouds, which store the water in the atmosphers. anptes
4

Making the most sfficient use of our State's limited gnd._.precicusgtrgs;-mpaa is
essential. This includes using appliances and plumbing fixtures that cOnserve water,
“not wasting water and taking advanlage of alfernative water sources such as grey
water reuse and rainwater harvesting. =

Water is essential for life_and plays a major role in creating earth’s climate, By

modifying land use, the proportion of the different pathways, evaporation, percolation

.and run off change. A change in evaporation from a region has impacts upon

climate. Changes in percolation change ground water availability, both for humars,
and natural springs and streams. Changes in run off will change stream flow and
erosion patterns, which in turn modifies the sediment load of stream.

Rain Water Harvesting & Conservation, is the aclivity of direct collection of Rain

Water. The conservation of Rain Waier so collected can be stored for direct use or
can be re-charged into the Ground Water. The main goal is to minimize flow of
[Rain Water through Drains./ Nallahas to the Rivers withou! making any use of the
same. It is a known fact that the Ground Water level is depleting and going down
‘and down in the last decades. Thus Rain Water Harveting & Conservation aims al
optimum utilization of the natural resource, that is, Rain Water, which is the first
form of water that we know in the hydrological cycle and hence is a primary source
of water forus. The Rivers, Lakes and Ground Water are the secondary sources of
water. In presenttimes, in absence of Rain Water harvesting and conservation, we
depend entirely on such secondary sources of water and in the process it is forgotten

that rain is the ultimate source that feeds to these sacondary sources. The value of
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this important primary source of water must not be lost. Raln Water Harvesting &
Conservation means to understand the value of rain and to make optimum

use of Rain Water at the place where it falls.

The _g_@ﬁcual recharge to ground water is a process by which the ground water
reservoir is augmented at a rate exceeding that obtained under natural comditions

“of replenishment. Any man made scheme or facility that adds water o an aguifer

may be considered to be an artificial recharge system. Theoretically this will imply
that the vertical hydraulic conductivity is high, while the honzonial hydraulic

conductivity is moderate.

[in Artificial recharge techniques normally address to following issues:

() To enhance the sustainable yield in areas where over development has
depleted the aquifer.

(i) To utilize the rainfall runoff, which is going to sewer or storm water drain.

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

(iv) Surface water is inadequate to meet our demand and we have to depend on
ground water.

_ (v) Due to rapid urbanization, infiltration of rainwater into the sub soil has

decreased drastically and recharge of ground water has diminished.

(vi) To arrest seawateringress.
(vii) To impreve the vegetation cover and reduce flood hazard

(viii} To raise the waterlevels in wells and bore wells that are drying up.To remove
bacteriological and other impurities from sewage and waste water so that

water is suitable for reuse.

(ix) To improve the quality of existing Ground Water through dilution.

(x) To reduce power consumption.

The basic purpose of artificial recharge of Ground Water is to resiore supplies from
aquifers depleted due to excessive Ground Water development.

There are two main techniques of rainwater harvesting:

(i) Storage of rain water on suiface for future use

(i) Recharge to ground water

Rain Water Harvesting from Roofs Consists of collecting, storing and putting to use
rooftop rainwater from houses or any construction is rooftop rainwater harvesting.

Rainwater harvesting can also be collecting, filtering and recharging Ground Water
through percolation pits, open wells or bore wells.

1he sub-surface reservoirs are very attractive and technically feasible alternatives
for storing surplus monsoon run off, the sub-surface reservoirs can store substantial
quantity of water. The sub-surface geological formations may be considered as *
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Warehouse ' for storing water that come from sources located onthe land surface.
Besides suitable litho logical conditions, other considerations for creating sub-surface
storages are favorable geological structures and physiographic units, whose
dimensions and shape will allow retention of substantial volume of water in porous
and permeable formations. The sub-surface reservoirs, located in suitable hydro
geoclogical situations, are environment friendly and economically viable proposition.
The sub-suriace storages have advantages of being free from the adverse effects
like inundation of large surface area, loss of cultivable land, displacement of local
population, subsitantial evaporation losses and sensitivity to sarthquakes. No
gigantic structures are needed to store waler.

The storage of rainwater on surface is a iraditional technique and structures used
were underground tanks, ponds, check dams, weirs etc. Recharge to ground
water is a new concept of rain water harvesting and the structures generally used

are:
The Need: Rain Water Harvesting and Conservation can be understood by the fact
that even CHIRAPUNJI, which receives about 11000 mm rain fall annually, suffers
from acute shortage of drinking water due to the reasons that Rain Water is not
harvested and conserved and is allowed to drain away.

The annual rainfall over India is computed to be 1.170 mm, which is much high_er
than the global average of BOO mm. However, this rainfall in India occurs during

‘short periods of high intensity and because of such high intensity and short duration

most of the rain falling on the surface tends 1o flow away fast leaving little scope for
re-charging of Ground Water resulting thereby lack of water in most part of the

country even for domestic uses.

Itis needed to implement measures to make sure that Rain Water falling over a
region is tapped to the maximum possible extent through Rain Water harvesting
and conservation, either by recharging it into the Ground Water resources or storing

it for direct use.

(a) Pits, (b) Trenches, (c) Dug Welis, (d) Hand pumps, (e) Recharge wells.
() Recharge shafts, (g) Lateral shafts with bore wells, (h) Spreading techniques.

All these structures with their specifications and situations where these are io be
used are detailed in chapter No.5

The Govt of India has also realized the importance and necessity of rain water
harvesting so Ministry of Urban Development & Poverty Allevialion has issued
Gazette Notification of making suitable provision in the building bye-laws 1983 to
ensure that the buildings that are erected in Delhi provide for the water harvesting
through storing of rain water run off to recharge underground aquiler. The copy of

the Gazette Notification is as on page -

The Miristry of Environment & Forest, Govi of India has also issued notification for
Rain Water Harvesting with draft proposal. The copy of the notification dated 6"

Oct. 2000 is on page -
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The copy of the Gazette Notification issued by Ministry of Urban Development & Poverty
Alleviation vide No.N-11011/9/98-DDVI(P1.)/DDIB dtd 28" July, 2001 regarding
modifications / additions to the building bye laws 1983 Is as under:-

NOTIFICATION

S.0.—Whereas the issue of making suitable provision in the Building Bye laws 1983 to
ensure that the buildings that are erected in Delhi provide for the water harvesting through
storing of rain water runoff to recharge underground aquifers has been under the

consideration of the Government.

Whereas the following modifications/additions which the Central Govemment proposed
to make in the Building Bye-laws, 1983 in this regard were published for publicinformation
vide Public Notice dated 20" June, 2001 and were advertised in the leading newspapers
on 30.6.2001. In all five objections/suggestions were received and they were examined
by a Committee under the convenorship of Chief Planner of Town and Country Planning

Organisation.

Whereas after thorough consideration of the report Central Government has decided
to make the following Modifications/additions in the Building Byelaws, 1983.

Now, therefore, in exerciss of the powers conferred by sub-section (2) of Section 11A
of Delhi Development Act, 1957, the Central Government hereby makes the following
modifications/additions to the Building Bye-laws, 1983 with etfect from the date of publication

of this notification in the Gazette of India.

MODIFICATIONS
1. Clause 22.4 Part — Il (Structural Safety and Services) of the Building Bye-laws,
1983.

2. 22.4.1 Water harvesting through storing of water runoff including rain water in all
new buildings on plots of 100 3q. mtrs and above will be mandatory. The plans
submitted to the local bodies shall indicate the system of storm water drainage
along with points of collection cof rain water in surface reservoirs or in recharge
wells. These provisions will be applicable as per the Public Notice (s) of Central

Cround Water Authority issued from time to time.

3. 22.4.2 All 'buildrngs having a minimum discharge of 10,000 litres and above per
day shall incorporate waste water recycling system. The recycled water should be

used for hoﬂlcultu;al purposes.

Note: These modifications/amendments will be applicable from the date of
Notification.

(No.N-11011/9/98°00WP1) DDIB)
Sd/-

(Devendra Kumar Goal)

Under-Secretary to the Gowvt of India



Annexure - A

Certificate: The following certificate is to be submitted along with the building
drawings while submitting the plans.

3. Certified that the building plans submitted for approval satisfy the water harvesting
reguirements as well as minimum anticipated discharge of waste water as stipulated
under clause 22.4.1, 22.4.2 and the information given therein is factually correct to
the best of our knowledge and understanding.

Signature of owner with date Signature of Architect with date

Name in Block Letters Name in Block letters

Address Address
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Copy of the Draft Gazette Notification of dated 6.10.2000 proposed to be issued Ministry
of Environment & Forests regarding Rain Water Harvesting in Hilly Region is as under:

NOTIFICATION

S.0 916(E)—The following notification which the Central Government proposes to issue
in exercise of the powers conferred by sub-section (1) read with clause (v) of sub-section
(2) of section 3 of the Environment (Protection) Act, 1986 (29 of 1986) is hereby published
as required under sub-rule (3) of rule 5 of the Environment {Protection) Rules, 1986 for
information of all persons likely to be affected thereby and notice is hereby given that the
said draft notification will be taken into consideration after the expiry of a period of sixty
days from the date on which copies of the Gazette of India containing this notification are

made available to the public.

Any person desirous of making any objection or suggestion in respect of the said
draft notification may forward the same in writing for consideration of the Central :
Government within the period so specified to the Secretary to the Government of India,
Ministry of Environment and Forests, Paryavaran Bhawan, CGO complex, Lodhi Road,

New Delhi = 110003.

DRAFT PROPOSALS

It is proposed to issue a notification to protect and improve the quality of environment
in the Himalayas, which would include the States of Arunachal Pradesh, Jammu & Kashmir,
Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura, and Districts of Dehra Dun,
Haridwar, Alinord, Pithoragarh, Chamoli, Pauri Garhwal, Nainital, Uttar Kashi, Udham Singh
Nagar, Rudra Prayag, Bageshwar, Tehri Garhwal and Champawat of Uttar Pradesh and
Darjeeling district of West Bengal in the scope of this notification.

In order to ensure environmenially sound development of hill towns, the following
rastriction and conditions are proposed for all future activities in the areas in the Himalayan
region.

Location Planning In Urban Areas in Hills

(i) Noconstruction should be underiaken in areas having slope above 30 orareas
which fall in hazard zones or areas falling on the spring lines and first order
streams identified by the State Governments on the basis of available - scientific

gvidence.

(i) Construction should be permitled in areas with slope between 10 to 30 or spring
recharge areas or old landslide zones with such restrictions as the competent
locai authority may decide.

(iii) Tourist resorts, cornmercial complexes and institutional buildings should be
located in areas with surplus water and electricity so as not to affect the rights of
existing users without their prior consultation.

(iv) Where cutting in an area causes ecological damage and slope instability in
adjacent areas, such cuttings shall not be undertaken unless appropriate

measures are taken to avoid such damages. .

(v) An integrated development plan may be prépared taking into consideration
environmental and other relevant factors including ecologically sensitive areas,
hazard zones, drainage channels, steep slopes and fertile land. Areas rich in
ground water may not be diverted for construction activities.



RAIN WATER HARVESTING

(i)

(ii)

(iii)

(iv)
{v)
(i)

(vii)

All buildings to be constructed in future in urban areas should have provision for
roof top rain water harvesting commensurate with its plinth area with minimum
capacity of 5 KL for plinth area above 200 sqm , 2KL for plinth area of 200 sqm
or balow in case of - residential buildings and minimum capacity of 0.01 cum per
sqm of plinth area in case of commercial and institutional buildings such as tourist
complexes, hotels, shopping complexes, and Government buildings.

Provided that minimum standards for commercial and institutional buildings shall
also apply to such buildings in areas not coverad within the limits of urban areas.

Where minimum standards have already been laid down by the State
Governments, such standards shall take precedence.

The institutional and commercial buildings should not draw water from existing
water supply schemes which adversely affects water supply to local villages or

settlements.

Inrural areas rain water harvesting should be undertaken through such structures
as percolation tanks and storage tanks and any other means.

Spring sanctuary development should be undertaken in the spring recharge zones
lo augment spring water discharge. :

Rain water collected through storm water drains should be used to clean the
wasle disposal drains and sewers.

Ground water aquifer recharge structures should be constructed wherever such
structures do not lead to slope instabilities.

HILL ROADS
Instructions to be issued by the State Governments for construction of Hill Roads:

i)

(ii)

(iii)

(iv)

For construction of any road in the Himalayan region of more than 5 km (including
extension/widening of existing roads) length where the same may not be tarred
reads and environmental Impact assessment is otherwise not required,
environmental impact assessment should be carried out in accordance with
instrirctions to e issued for this purpose by the State Governments.

Frovisions should be made In the design of the road for treatment of hill slope
instzbilities resulting from foad cutting, cross drainage works arid culverts using
bioengineering and other appropriate techniques by including the cost of such
measures is the cost estimate of the proposed road.

Provisions should also be made for disposal of debris from capstruction sites in
appropriate manner at suitable and identified locations so as not to affect the
ecology of the area adversely, further, the durnped matarial should be treated
using bio engineering and other appropriate techniques and the cost of such
measures should be included in the cost estimate of the proposed road.

Wherever hot mix plants are used they should be set up at least 2 km away from
setllements and minimum area of 200 sqm surrounding the site should be devoid

of vegetation.
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No stone giiarrying should be carried out without proper overall management
and treatment plan including rehabilitation plan and financial provision for
rehabilitation of the site should be included in the cost of the management plan.

All hill roads should be provided with adequate number of road side drains and
these drains shall be kept free from blockage for runoff disposal in the event that
this is not done and this fact leads to damages that could otherwise have been
prevenied, the persons responsible should be liable for prosecution/damages,
further, the cross drains shall be treated suitably using Hnenginaaﬁng and other
appropriate technologies so as to minimize slope instability.

The runoff from the road side drains should be connected with the natural drainage
system In the area

Fault zones and historically land slide prone zones should be avoided during
alignment of a roads, where for any reason it is not possible to do so notice
should be given providing full justification and the construction should be camiad
out only after sufficient measures have been taken to minimize the associated

risks.

MNotice should be given about all fault zones and land slide zones along the
roads indicating the beginning and the end of such areas.

Ridge alignment should be preferred to valley alignment
Alignment should be selected so as to minimize loss of vegetal cover
South or South west alignment should be preferred to avoid moist areas

Appropriate design standards should be followed while designing the roads
inciuding mass balancing of cut and fill and avoidance of unnecessary cutting.

Encouragemeni should be provided for use of debris material for local
development.



2.1

2.2
2.2.1

2.2.2

i

2.2.4

2.2.5

2.2.6

2.2.7

2.4

CHAPTER 2
RAIN WATER HARVESTING

Rain Water Harvesting can be defined as activity of direct collection of Rain Water
and slorage of Rain Water as well as other activities aimed at harvesting and
conserving surface and Ground Water, prevention of loss through evaporation and
seepage and other hydrological studies and engineering inventions aiming at most
efficient utilization of the Rain Water towards best use for the humanity.

Glossary of Terms:

Aquifer {also called ground water aquifer) any underground formation of soil or
rock which can yield water.

Artificial recharge: Any man made scheme or facility that adds water to an aquifer
is artificial recharge system -

Bore well: Small diameter wells, which are generally deeper than open wells,

Dug Wells: Traditionally used large diameter wells. Defined precisely as pits
excavatad in the ground until the water table is reached, supported on the sides by
RCC/Bricks/Slones Walls, Diamsters could vary from 0.6 metres onwards.

Ground Water: The water retained in the intergranular pores of soil or fissures of
rock below the water table is called ground water

Masonry: A wall or other structures mads using building blocks like bricks or stone
with binding materials like cement or lime.

Open Wells: Same as dug well. These wells were kept open in earlier days for
manual withdrawal of water. Today, with electrical or diesel/petrol pumps, these

can be fully covered.

Runofii: Runoif is the term applied to the water that flows away from a surface afier
falling on the surface in the form of rain

Recharge: The process of surface water (from rain or reservoirs) joining the ground
water aguifer

Water Table: The level of water within it granular pores of soil or fissures of rock,
below which the pores of the host are saturated.

Central PWD has been constructing and maintaining very large number of
government buildings and there is enormous scope for the departiment to contribute
towards this process of Rain Water harvesting and conservation.

The decision whether to store or recharge water depends on the rainfall pattern of
a particular region. In a region where rain fall through out the year, barring a few
dry periods, in such situations a small domestic sized water tank for storing rainwater
can be used. Since the period between two spells of rain is short.

9
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In other region where total annual rain fall occurs only during three to four months
of monsoon, the water collected during monsocon has to be stored throughout the
year which means that huge volumes of storage container are required so it is
feasible to use rain water to recharge ground water aquifers rather than for storags.

Quantity of Rain Water & General Arangemen?

The quantity of Rain Water, which can be harvested depends upon the annual
rainfall, the area of the plot (catchment area) and soil characteristics. The amount
of water infiltrated into the soil varies with the condition of soil surface and tha
moisture content of the soil at the time of rainfall. The total amount of water infiterad
depends on the infiltration opportunity time, which depends mainly on the slops of
the land and the field structures like contour bunds, terraces and other structures,
which tend to hold the runoff water over long periods cn the land surface.

Rainfall data for major cities are as given on the next page Table No.1 (source
Climatological tables of observations in India (1951-1980).

Artificial Recharge Structures for Surface Run Off.
Ditch and furrow method (Refer Drawing No.01)

In areas with irregular topography, shallow, flat- bottomed and closely spaced ditches
or furrows provide maximum water contact area for recharge water from source
strearn or canal. This technique requires less soil preparation than the recharge

basins and is less sensitive to silting.

Lateral ditch pattern (Refer Drawing No.01)

The water from stream is diverted to the feeder canal/ditch from which smaller
ditches are made in right angles. The rate of flow of water from the feeder canal to
these ditches is controlled by gate valves. The furrow depth is kept according to
the topography and also with the aim that maximum wetted surface is available
along with maintenance of uniform velocity. The excess water is routed to the main

stream through a return canal along with residual sili.
Percolation tanks (PT) Spreading, Basin (Refer Drawing No.02)

These are the most prevalent structures in India as a measure 1o recharge the
ground water recervoir both in alluvial as well as hard rock formations. The efficacy
and feasibility of these structures is more in hard rock formations where the rocks
are highly fractured and weathered. Inthe states of Maharashtra, Andhra Pradesh,
Madhya Pradesh. Karnataka and Gujrat, the percolation tanks have been
constructed in plenty in basaltic lava flows and crystalline rocks. Percolation tanks
are also constructed to recharge deeper aquifers where shallow or superficial
formations are highly impermeable or clayey with certain modification,

While taking decision on construction of percolation tanks following points should
be kept in mind.

() In semi arid region the storage capacity of percolation tanks should be
such that the water should percolate to ground water reservoir before
onset of summer because during summer season evaporation losses

would be higher.
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Mo stone guarrying should be carried out without proper overall managemeant
and treatment plan including rehabilitation plan and financial provision for
rehabilitation of the site should be included in the cost of the management plan.

All hill roads should be provided with adequate number of road side drains and

these drains shall be kept free from blockage for runoff disposal in the event that
this is not done and this fact leads to damages that could otherwise have been

pravented, the persons responsible should be liable for prosecution/damages,
further, the cross drains shall be treated suitably using bloengineering and other
appropriate technologies so as to minimize slope Instability. -

The runoff from the road side drains should be connected with the natural drainage
system In the area -

Fault zones and historically land slide prone zones should be avoided during
alignment of a roads, where for any reason it is not possible to do so notice
should be given providing full justification and the construction should be carried
out only after sufficient measures have been taken to minimize the associated

risks.

Notice should be given about all fault zones and land slide zones along the
roads indicating the beginning and the end of such areas.

Ridge alignment should be preferred to valley alignment
Alignment should be selected so as to minimize loss of vegetal cover
South or South west alignment should be preferred to avoid moist areas

Appropriate design standards should be followed while designing the roads
inciuding mass balancing of cut and fill and avoidance of unnecessary cutting.

Encouragemeni should be provided for use of debris material for local
development. :



RAIN WATER HARVESTING
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(i}

(iii)

(iv)

(v)

(i)

(vi)

All buildings to be constructed in future in urban areas should have provision for
roof top rain water harvesting commensurate with its plinth area with minimum
capacity of 5 KL for plinth area above 200 sqm , 2KL for plinth area of 200 sgm
or below in case of —residential buildings and minimum capacity of 0.01 cum per
sqm of plinth area in case of commercial and institutional buildings such as tourist
complexes, hotels, shopping complexes, and Government buildings.

Provided that minimumstandards for commercial and institutional bulldings shall
also apply to such buildings in areas not coverad within the limits of urban areas.

Where minimum standards have already been laid down by the State
Governments, such standards shall take precedence.

The institutional and commercial buildings should not draw water from existing
water supply schemes which adversely affects water supply to local villages or

setilemeants,

Inrural areas rain water harvesting should be undertaken through such structures
as percolation tanks and storage tanks and any other means.

Spring sanctuary development should be undertaken in the spring rechiarge zones
lo augment spring water discharge. .

Rain water collected through storm water drains should be used to clean the
waste disposal drains and sewers.

Ground water aquifer recharge structures should be constructed wherever such
structures do not lead to slope instabilities.

HILL ROADS
Instructions to be issued by the State Governments for construction of Hill Roads:

(i)

(ii)

(i)

(iv)

For construction of any road in the Himalayan region of more than 5 km (including
extension/widening of existing roads) length where the same may not be tarred
reads and envircnmental Impact assessment is otherwise not required,
environmental impact assessment should be cerried out in accordance with
instructions to e issued for this purpose by the State Governments.

Provisions should be made In the design of the road for treatment of hill slope
instabilities resulting fromroad cutting, cross drainage works arid culverts using
bicengineering and other appropriate techniques by including the cost of such
measures is the cost estimate of the proposed road.

Provisions should also be made for disposal of debris from copstruction sites in
appropriate manner at suitable and identified locations so as not to affect the
ecology of the area adversely, further, the duraped matarial should be treated
using bio engineering and other appropriate techniques and the cost of such
measures should be included in the cost estimate of the proposed road.

Wherever hot mix plants are used they should be set up at least 2 km away from
setllements and minimum area of 200 sqm surrounding the site should be devoid

of vegetation.
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No stone cuerrying should be carried out without proper overall management
and treatment plan including rehabilitation plan and financial provision for
rehabilitation of the site should be included in the cost of the management plan.

All hill roads should be provided with adequate number of road side drains and
these drains shall be kept free from blockage for runoff disposal in the event that
this is not done and this fact leads to damages that could otherwise have been
prevented, the persons responsible should be liable for prosecution/damages,
further, the cross drains shall be treated suitably using hinenglnearing and other
appropriate technologies so as o minimize slepe Instabiiity.

The runoff from the road side drains should ha connected with the natural drainage
system In the area

Fault zones and historically land slide prone zones should be avoided during
alignment of a roads, where for any reason it is not possible to do so notice
should be given providing full justification and the construction should be carried
out only afier sufficient measures have been taken to minimize the associated

risks.

Notice should be given about all fault zones and land slide zones along the
roads indicating the beginning and the end of such areas.

Ridge alignment should be preferred to valley alignment
Alignment should be selected so as to minimize loss of vegetal cover
South or South west alignment should be preferred to avoid moist areas

Appropriate design standards should be followed while designing the roads
inciuding mass balancing of cut and fill and avoidance of unnecessary culting.

Encouragemeni should be provided for use of debris maiarlal for local
development.
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The percolation tank should be provided in the catchment where
submergence area are smaller and such submergence area should be in

un-cultivatable land.
Percolation tank should be located in highly fractured and weathered rock

for speedy re-charge. In case of alluvium soil, the boundary
formation(natural bunds) is ideal for locating percolation tank.

The aquifer to be recharged should have sufficient thickness of permeable
Zone to accommodate the recharge.

The percolation tank should be provided in a region where sufficient number
of wells and cultivatable land is there, to take advantage of rech arge water,

Normally 50% of total quantum ﬁf rain fall in catchment area should be
considered to beside the number and size of percolation tanks.

Suitable provision in the form of waste weir or spill - way to be made to
allow the flow of surplus water which is in excess of maximum capacity of

percolation tank in a particular day.

To aveid erosion of embankment due to ripple action stone pitching to be
provided up to high flood level in up stream side.
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Table No. 1—Ralnfall Data for Major Citles

[Source Climatological tables of abservations in India (1951-1980)
by Indian Metrological Department].

5. Clty Annual rain fall B.No. City Annual rain fall

No. {mm){R) (mm)(R)
A-1Class

1 Mumbal 2146.6 a8 Solapur 750.8

2 New Delhl (Safdarjung) 797.3 e Thiruvananthapuram 1827.7

3 New Delhl (Palam) 794.0 40 Tiruchirappali 880.2

A-Class
4  Abhmedabad 803.4 41 Varanasi 1025.4
5 Bamakre 870.0 42 Vishakhapatnam g968.8
C-Class X

6 Calcutta 1641.4 43  Porblalr 31688

7 Chennal 13332.8 44 'Dibrugarh 2588.7

B Hyderabad 812.5 45 Tezpur 1768.3

B-1Class ]

g Bhepal 11457 46 Chapra 1028.3
10 Indara 1008.3 47 Jamshedpur 1320.7
1 Jaipur 673.9 48 tduzaffarpur 1239.8
12 Kanpur B32.6 49 Bhuj 413.6
13 Lucknow 1621.5 50 Karnal 814.1
14 Ludhiana ) 752.3 51 Simla 1424.8
15 Nagpur 1112.7 52 Bidar 981.1
16  Plne 721.7 53 Hoshangabad 1225.9
17  Surat 1208.4 E4 Ratlam 10335

B-2 Clas=

18 Agra 7176.5 55 Ujiain 9341
19 Allahabad 1017.7 56 Kolhapur 11385
20 Amritsar 681.2 57 Imphal 13531
21 . Aurangabad 688.05 58 Shilflong 2050.5
22  Barell 1071.9 59 Kohima 1856.0
23 Chandigarh 1059.3 &0 Bhubaneshwar 1542.2
24 Coimbatore 631.0 61 Cuttack 14753
29 Gorakhpur 1228.1 62 Fathankot 131%8.0
26 Guwahati 1717.7 63 Alwar T74.6
27  Gwallor 899.0 64 Vellure 1004.4
28 Jabalpur 1331.6 65 Agartala 2178.6
29 Kochi 3228.3 66 Aligarh 7816
30 Kota 761.4 &7 Dehradun 23154
3 Madurai 873.3 68 Roorkee 1156.4
32 Mecnut 801.0 69 Darjiling 2667.1
33 Masik 703.0

34 Patna 1003.4

35  Rajkot 726.9

36 Ranchi h 1431.6

37  Salem 1014.0

> ®
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Sample Calculation for Quantity of Rain Water which ¢an be harvested

How much water can be harvested

The total amount of water i.e. received in the ferm of rainfall over an area Js called
the rainwater endowment of that area. Qut of this the amount that can be effectively

harvested is callad the rainwater harvesting potential.

Rain water harvesting potential = Rain fall (mm) x collection efficiency
Annual rain fall of any city / place (Say) 600 mm (Ref Table No.1)
Area of Roof Catchment 100 Sqm

Height of rain fall 0.6m

Vol. Of rain fall over the plot = Area plot x height of rain fal
Rain water endowment of that area = 100 Sgm x 0.6 m = 60 cum

=60,000 litres (Say ‘A")
Sample calculation for effectively harvested water from total rainfall

(i) Considering roof catchment is having tile finish so coefficient for roof
surface can be adopted as 0.85 (Ref Table No.2)

(i)  Another constant coefficient for evaporation, spillage and first flush wastage
can be considered as 0.80 (for all situations)

Statistically and approximately only effectively harvested water quantity may be
considered as = Rain Water endowment of that area ('A") x 0.80 x
Surface efficient (to be obtained from Table No.2)

60,000 x 0.80x0.85

40,800 litres

This volume is about twice the annual drinking water requirernent of a 5 member
family. The average drinking water is required per person per day is 10 litres.

The collection efficiency accounts for the facts that all the rain water falling over an
area cannot be effectively harvested because of evaporation, spillage ete. Faclor
like run off coefficient as stated for various types of roof and land surfaces etc. as
shown in Table No.2 and the first flush wastage i.e. first spell of rain is flushed out,
evaporalion and spillage does not enter the system so a constant co-efficient of
0.80 may be adopted for all situations. This is done because the first spell of rain
carries with it a relatively larger amount of pollutenants from the air and catchment

surface.
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TABLE No. 2
RUNOFF CO-EFFICIENT OF YARIOUS SURFACES

1. Roof Catchment Co-efficient
11 Tiles D.E_-EI.E
1.2 Corrugated metal sheets . : _. 0.7-0.9
2. QGround Surface Covering l
2.1 Untreated Ground Catchments
2.1.1 Soil on slope less than 10% 0.0-0.3
2.1.2 Rocky material catchment 0.2-0.5
2.1.3 Business Area
2.1.3.1 Down town 0.70- 0.95
2.1.3.2 Neighbourhood 0.50-0.70
2.2 Residential Complexes in Urban Areas
2.2.1 Single family 0.30 - 0.50
2.2:2 Multiunits,detached : 0.40 - 0.60
2.2.3 Multiunits, attached 0.60-0.75
2.3 Residential Complexes in Suburban Areas Apartments 0.50- 0.70
2.4 Industrial
2.4.1 Light 0.50 - 0.70
2.4.2 Heavy 0.60 - 0.90
2.5 Parks, cemeteries 0.10-0.25
2.6 Play grounds 0.20 - 0.35
2.7 Railroad yard 0.20 - 0.35
2.8. Unimproved Land Areas 0.10-0.30
2.9 Aspheltic or concrete pavement 0.70 - 0.95
2.10 Brick pavement 0.70 - 0.85
2.11 Lawns, sandy soil having slopes
2,11.1 Flat 2% 0.05-0.10
0.10-0.15

2.11.2 Average 2 to7%
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- 5 i Steep 7% 0.15-0.20
2.12 Lawns, clayey scil having slopes

2.12.] Flat 2% 0.13-0.17
2.12.2 Average 2 to7% 0.18-0.22
2.12.3 Steep 7% 0.25 - 0.35
2.13 General Driveways and walls 0.15-0.30

(Source ASCE and WPCF 1989)

Whereas the use of the runoff coefficients implies there is a constant ratio of rainfall
to runoff, the actual ratio will vary over the course of a storm due to condition of the area
and the variability of the rainfall patiarn. A common practice is to use average coefficients
for various types of areas and assumed that the coefficients will be constant throughout

the duration of the storm.
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CHAPTER 3
ROOF TOP RAIN WATER HARVESTING

Domestic Rain Water harvesting or rocf top Rain Water harvesting is the technique
through which Rain Water is caplured from roof catchments and stored intanks/
reservoirs/Ground Water acquifers. It consists of conservation of rocf top Rain
Water in urban areas and utilizing it to augment Ground Water storage by artificial
recharge. It requires connacting the outlet pipe from roaf top to diver collected
watar to existing well/tube well/bore well or a specially designed well.

The details of such sample schematic arrangements under few typical type of
colonies have been shown in Drawing No.03 to OB for general quidance.

The approximate volume of waler available for harvesting with respect te reof top
area and annual rain fall of that area has been shown in Table No .3 on page -
or designing the Rain Water Harvesting Structures

Roof Top Rain Water Harvesting & Conserving Systems, both small and large
are comprised of six basic components as described below:

(i) Catchment Area/Roof: Surface upon which rain falls

(i) Gutters and Downspouts: transport channels from catchment surface to
slorage

(iii) Leaf Screens and Roof Washers: Systems lhat remove contamination
and cebris.

(iv) Cisterns or Storage Tanks: where collecled Rain Water is stored
(v} Conveying: the delivery system for treated Rain Water, either by gravity
or pump

(vi) Water Treatment: filters and egquipment and additives to settle, filter and
disinfest.

The system invelves collecting water that falls on zinc, asbestos or tiles roof of a
house during rain storms, and conveying it by an Aluminium, PVC wood or
plastic drain or collector to a nearby covered storage unit or cistern. Rain
Water yield varies with the size and texture of the catchment area. A smoother,
cleaner and more impervious roofing material contributes to better water quality

and greater quantity.
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TABLE NO.3

AVAILAEBILITY OF RAIN WATER THROUGH ROOF TOP
RAIN WATER HARVESTING

TV T wanioneTT E T T

Rainfalllmm) 100 200 300 400 500 600 800 1000 1200 1400 1600 1500 2000

Roof top Harvested Water from Roof Top (cum)

area (Sqm)
20 16 32 4B 64 B 96 128 16 19.2 224 256 288 a2
30 4 48 72 %5 12 44 192 M BB 36 B4 432 48
40 32 64 96 128 16 192 256 32 B4 448 512 STE 64
50 R (et I | R SO T T T Il Tos” T LS Sy Y (et
60 48 96 144 192 24 288 38.4 48 576 672 768 B64 S
70 56 11.2 168 224 28 336 44.8 S6 67.2 78.4 8946 1008 112
BO 64 128 192 256 32 B4 S1.2 64 768 894 1024 1152 128
50 72 144 216 W8 % 42 576 72 864 1008 1152 1296 144
100 e ¥ 24 32 4 48 64 80 9% 112 128 144 160
150 12 24 34 48 &0 72 96 120 144 168 192 216 240
200 % 32 48 64 80 9 128 160 152 224 256 188 1320
250 0 40 60 80 100 120 160 200 240 280 320 360 400
300 M 48 72 9% 120 144 192 240 288 336  3B4 432 480
400 . S ¥ | 9 128 160 192 256 320 384 448 512 576 &40
500 40 80 120 160 200 240 320 400 480 560 640 70 ROO
1000 80 160 240 320 400 4B0 640 BOO 960 1120 1280 1440 1500
2000 160 320 480 640 000 960 12B0 1600 1920 224G 2560 2880 3200
3000 240 480 720 950 1200 1440 1920 2400 2880 3360 3B40 4320 4800

(Extract from CGWR Guide) Central Ground Water Board

The broad idea about the particular dia of pipe which will be required to cater

3.5
the certain roof surface area for given average rate of rain fall in millimeter per
hour is shown in Table No. 4is on page -
TABLE NO.4
SIZING OF RAIN WATER PIPES FOR ROOF DRAINAGE
;Na. Diameter i Average rate of Raio Fall {mm pn:r”hm.r}l e
of pipe
(mm)
50 75 100 125 150 200
Roof Area (Sqm)

(i) 50 13.4 89 6.6 5.3 4.4 33
(ii &3 241 16.0 12.0 9.6 8.0 6.0
(iii) 75 40.8 27.0 20.4 16.3 13.6 10.2
(iv) 100 BS.4 57.0 427 342 28.5 213
(v) 125 . . 80.5 £4.3 53.5 40.0
{vi) 150 - . B3 62.7

(Extract from SP-35)
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This Table will help in determining the number of pipes of particular dia are required
for given roof surface area and average of rate of rain fallin millimeter per hour for
that area. :

The graph No.1 shown on page No. gives fair idea about amount of peak
precipitation may likely to happen ( shown in Y - axis ) for different duration of rain
falls shown in curved lines with respect to recurrence intervals shown in the years
(along X - axis). This will give idea about peak rain fall intensity for a particular
station for which settiement time are to be designed for 15 minutes duration of
peak rain falls. ' -

' 9 € € LUV I D& E€E LD

€ ¢

DD I )

O QG &£ O

=5 X8 o'



4.1

4.2

L e e Bz

CHAPTER -4
DESIGN OF STORAGE / SETTLEMENT TANKS

Design for Storage Tanks

The quantity of water stored in a water harvesting system depends aon size of the
catchment area and the size of the storage tanks. The storage tanks has to be
designed according to the water requirements, rain fall and catchment availability.
The rain water is to be stored for drinking purpose in a situation shown in para 2.4

Basic Data
(i) Avg annual rainfall
(i) Size of catchment
(i) Drinking water requirements

Suppose the system has to be designed for meeting drinking water r.equirBMBnt of
a 5 member family living in a building with a roof top area of 100 Sqgm. Avg.
annual rain fall is 600 mm. Daily drinking & cooking water requirement parperson

is 10 litres,

We shall first calculate the maximum amount of rain fall that can be narvested from
roof top. : '

100 Sgm

600 mm

0.85 (Ref Tabla No.2)
0.80 (Ref Para 2.9)

Area of Roof top

Average annual rain fall

Runoff co-efficient for tiles surfacs (typical case)
Co-efficient for evaporation, spillage and first
flush etc. annual water harvesting potential from

nuw nn

100 Sqm roof top = (Area of roof top) x (Annual rain falls in matre) x (Run off
coeflicient 1o be obtained from Table No.2) x (Constant co-efiicient Refer Para

2.8)
=100 x .60 x .85x0.80 = 40.8 cum = 40,800 litres

The tank capacily has to be designed for dry period i.e. the period between two
consecutive rainy season. With monsoon extending over 4 months the dry season

is of 245 days has been considered.

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

As a safety factor, the tank should be built 20% larger than required i.e. 14700
litres = (1.2 x 12250)

This tank can meet the basic drinking & cooking water requirement of a 5 member
family for the dry period.

19
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Design parameters for settlement tank

Settlement tanks are used to remove silt and other floating impurities from rain
water. Settlement tank is like an ordinary container having provision for in flow,
out flow and over flow. Settlement fank can have an unpaved bottom surface to
allow standing water fo percolate into the soil. Apart from removing silt from water
the desilting chamber acts like a buffer in the system.

For designing the optimum capacity of the tank following aspects have to be
considered: : ; :

(i) Size of catchment
(i) Intensity of rainfall
(i) Rate of iecharge

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 run off. The capacity of tank should be enough to retain the run
off occurring from conditions of peak rain fallintensity. In Delhi peak hourly rain fall
90 mm. The rate recharge in comparison to run off is a critical factor. However,
since accurate recharge rate are not available without detailed Geo-hydrological
studies. The rates have to be assumed.

The capacity of recharge tank is designed to retain runoff for atleast 15 minutes
of rainfall of the peak intensity {for Delhi 22.5 mm/ per 15 minutes say 25 mm per

15 minutes)

Suppose the following data is available

Surface Area of roof top catchment (A) 100Sgm
Peak rainfall in 15 min {r) 25 mm
Runoff co-efficient (C) 0.85

Then capacity of tank = A x r x C =100x0.025x0.85 =2.125 cum = 2,125 litres.

To obtain indicative peak rain fall for various statlions 'the basic rain fall data for
that station may be collected from Indian Metrological Office and refer para 3.5 and
Graph No.1 { from which peak rain fall for different duration of rain fall can be
obtained for given recurrence interval in years and this recurrence interval can be
related to the expected life of settiement tank structure.

Options for settlement 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. For over ground tanks pre-fabricated PVC or ferro
cement tanks can be used and prefabricated tanks are easier to install so it should

‘be preferred.
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CHAPTER - 5
RE-CHARGE STRUCTURE AND ITS DESIGN

Re-charge structures :

The basic purpose of artificial recharge of Ground Wateris to restore supplies from
aquifers depleted due to excessive Ground Water development and usage.

Detailed knowledge of geological and hydrological features of the area is necessary
for adequately selecting the site and type of recharge structures. In particular, the
features parameters and data to be considered are: geological boundaries,
hydrological boundaries, inflow and outflow of water, storage capacity, porosity,
hydraulic conductivity, transmissivily, natural discharge of springs, water resources
available for recharge, natural recharge, water balancs, lithology, depth of aquifer,
tectonic boundaries. The aquifer best suited for artificial recharge are those aquifers
which absorb large quantity of water and do not release the same to quickly.

The various type of recharge structures are :
(i) Recharge Through Abandoned Dug Well
(ii) Recharge Through Hand Pump
(iii) Recharge pit
(iv) Recharge Through Trench
(v) Gravity Head Recharge Tube Well
(vi) Recharge Shaft

DESIGN GUIDELINES:

in genéral the recharge structures are designed with total volume as twice the
peak discharge as detailed below:

ABANDONED DUG WELL (Ref Drawing No9 & 10)
(i) A dry/unused dug well can be used as a recharge structure

(i) The recharge water is guided through a pipe to the bottomn of well or
below the water level to avoid scouring of bottom and entrapment of air

bubbles in the aquifer.

(i) Before using the dug well as recharge structure, its boitom should be
cleaned and all the fine deposits should be removed

(iv) Recharge water should be silt free as far as possible. -

(v) It should be cleaned annually preferably.



(vi)
(vil)

(viii)
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It is suitable for large building having the roof area more than 1000 Sgm

Cost Rs.5000 to Rs.8000 as per prevailing rates in the year 2000 in
Delhi.

The run off of 1 rain should not be allowed to go percolate to the rain
water harvesting structure and allowed it to go to the drain by making
suitable by-pass arrangement in water carrying pipe systems.

5.3.2 ABANDONED / RUNNING HAND PUMP (RefDrawing No.11)

®
(i)

(iii)
(iv)
(v)

(vi)

(vii)

An abandoned/running hand pump can be used for recharge

The structures are suitable for the small building having the roof area upto
150 Sgm

Water is diverted from rooftop to the hand pump through pipe of 50to 100
mm dia

For running hand pump a closing valve is fitted in conveyance system
near hand pump to avoid entry of air in suction pipe

Recharge water should be silt free

The run off of 1 rain should not be allowed to go percoiate to the rain
water harvesting structure and allowed it to go to the drain by making
suitable by-pass arrangement in water carrying pipe systems.

Cost Rs.1500/- to Rs.2500/- as per prevailing rates in the year 2000 in
Delhi.

5.3.3 RECHARGE PIT (Ref Drawing No.12)

0]
(ii)
(iif)
(iv)
(v)
(vi)
(vii)

(viii)

(ix)

Recharge pits are constructed for recharging the shallow aquifer.
These are constructed generally 1 to 2m wide and 2 to 3 m deep
Afier excavation, the pits are refilled with pebbles and boulders

Water to be recharged should be silt free as far as possible.
Cleaning of the pit should be done annually preferably.

It is suitable for small buildings having the roof top area upto 100 Sgm
Recharge pit may be of any shape i.e. circular, square or rectangular.

The run off of 1 rain should not be allowed to go percolate to the rain
water harvesting structure and allowed it to go to the drain by making
suitable by-pass arrangement in water carrying pipe systems.

If the pit is of trapezoidal shape, the side slopes should be steep enough
to avoid silt deposition.
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Cost Rs.2500/- to Rs.5000/- as per prevailing rates in the year 2000 in
Delhi.

5.3.4 RECHARGE TRENCH (Ref Drawing NO.13& 14)

0

(if)
(iii)
(iv)

(v)
(vi)
(vii)

Itis constructed when. permeable strata of adequate thickness is available
at shallow depth

It is a trench of shallow depth filled with pebbles and boulders
These are constructed across the land slope
The trench maybe 0.5to 1 m wide 1 to 1.5

m deep and 10 to 20 m long depending upon the availability of land and
roof top area

It is suitable for the buildings having the roof area of 200 to 300 Sqm
Cleaning of trench should be done periodically.
Cost Rs.5000 - 10,000/- as per prevailing rates in the year 2000 in Delhi,

5.3.5 GRAVITY HEAD RECHARGE WELL (Ref Drawing No15 TO 19)

(i)

(iiy

(i)

(iv)

(v)

{vi)

(vii)

(viii)

(ix)

Bore wells/tube wells can be used as recharge structure

This technique is suitable where

(a) Land avallability is limited

(b) When aquifer is deep and over laid by impermeable strata (clay)
The roof top Rain Water is channelised to the well and

recharges under gravity flow condition .

Recharge water should be silt free as far as possible.

The well can also be used for pumping

Most suitable for the areas where Ground Water levels are deep

The number of recharging structures can be determined in limited area
around the buildings depending upon roof top area and aquifer
characteristics. :

The run off of 1* rain should not be allowed to go percolate to the rain
water harvesting structure and allowed it to go to the drain by making
suitable by-pass arrangement in water carrying pipe systems.

Cost Rs.50,000/- to Rs.80,000/- as per prevailing rates in the year 2000
in Delhi.
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TABLE NHO. 5
Roof Arca Total Rainfall  Vol. Available Type of Structure recommended for recharpe
Sqm Volume lor for recharge
considering #0% Cum
Drelhi.
Alluvial Area Hard Rock Area
50 an 24 Recharge pit‘hand Recharge pit/hand
. pump pump
100 &0 48 o o
150 20 72 o
200 120 9 Trench Trench/hand pump
300 180 144 . .
400 240 192 Gravity head recharge Gravity head recharge
well well
500 300 240 " .
600 260 288 . -
800 480 184 r
1000 600 480 "
1500 00 720 Recharge
shafe/dug well
2000 1200 F60 = y
2500 1500 1200 Recharge shalt/
dug well
3000 1800 1440 . -
4000 2400 1920 - .
5000 3000 2400 A .
{ Source : Central Ground Water Board )

(il Withreference to the local conditions of the area, further identify the most
appropriate techniques of artificial recharge suitable at various sites/
locations on the basis of total available volume of rainwater which can be
harvested and the location of available aguifer. whether it is at shallow
depths i.e. 6 to B melers from ground level or at sufficient depths i.e.
more than 8 meters from ground level.

(i) Determine the number of each type of arlificial recharge structure needed
to achieve the quantitative targets. The recharge structure should be
designed with volume of water it may store for equivalent of 24hours rainfall
and surface area of run-off for which the recharge structure has been
considered, withoutgiving any allowance for percolation during this period
of 24 hours.

(iv) Forindividual structure at different locations ,finalise the design

specifications from the details given in case studies. If required ,the
necessary advice from local Geological Department or Central Ground

Water Board may be obtained.
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(v) Finalise the design of the conveyance system required to bring the source
waler to the recharge structure site and the treatment required in the
form of settlement tanks.

(vi) Plan the required monitoring system to evaluate the effi iciency of recharge
scheme and ensure regular maintenance of recharge structures before
onset of monsoon every year.

In a given plot attempt should be made to keep the maximum plot area as katcha
area which allows rain water for percolation to ground water.

The rain water from seasons first rain should normally not be used for percolation
to recharge structure because it contains pollutants from the air and catchment
surface. For such water suitable arrangement for by-pass in pipe system should
be introduced.

A suitable provision should be made il possible to allow rain water to percolate 1o
ground water after passing it through settlement tank because such rain water
contains silt which is deposited on sand bed and reduces the percolation rales.

The recharge structure should be made on a plot at the places of lower levels /
elevations so that rain water may flow lowards it under normal gravitation flow.

On a vast and sloppy land patch, the contour bunds preferably of mud with height
varying from 15 cm to 30 cm should be made to store run off temporarily over the
katcha land area, thus allowing more time for percolation of water to the ground
water and arresting the flow of run off to the drains / sewers.

For recharge of run off from roads suitable arrangements in the foot path by
introducing some katcha area should be made.

In large residential and office complexes the drive ways, pucca path and areas
should had some katcha area which may facilitate rain water 1o percolate to ground

water.

Ideal conditions for rain water harvesting and artificial recharge to ground water
Artificial recharge techniques are adopted where:

() Adeguate space for surface storage is not available specially in utban
areas.

(i) Waterlevel is deep enough (more than 8 mtr) and adequate sub- surface
storage is available.

(i) Permeable strata is available at shallow/moderate depth upto 1010 15.
mir.

(iv) Where adequate quality of surface water is available for recharge to ground
water

(v) Ground water quality is bad and our aim is to improve it

(vi) Where there is possibility of intrusion of saline water especially in coastal
area.
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SITE PLAN

Drg-04: Scheme for water harvesting

Note:
UGWT : underground woder
tank.

¢ : diameter
DT : downtake
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(vii) Where the evaporation rate is very high from surface water bodies,

5.6.10 The decision whether to store or recharge rain water depends on the rain fall
pattern of a particular region.

(i) Itthe rain fall period between two spells of the rain is shorti.e. two to tour
months, in such situation a small domestic size water tank for. storing

rain water for drinking and cooking purpose can be-used.

(i) In other regions where total annual rain fall occurs only during 3 to 4
months of monsoon and the period between two such spells is very large
.e. 7 to 8 months, soitis feasible to use rain water to percolate to the
ground water aquifers rather than for storage which means that huge

volumes of storage container are required.
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Graph No.1: Rain Fall intensity - Curation ~ Frequency Relationship
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Drg-19: Details of recharge borewell & settiement tank
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Case No. 1

CHAPTER - 6 :
CASE STUDIES

SPG Project at Dwarka (Papan Kala), New Delhi.

6.1.0 The Rain Water Harvesting & Conservation Techniques have been successfully
executed in recently completed SPG Project at Dwarka, New Delhi. The details of
items executed and the drawings followed are attached in Annexure - (Case
Studies). Salient features of Arificial recharge to ground water are as under:

(i)
(ii)
(iii)
(iv)
(v)

Averaga Annual rain fall 611.8 mm

Total area 47.5 Hectre

Depth to water level 5.75 m bagl

Water available for recharge . 1124189 cubic metre/annum
Expected recharge 80,000 cubic metre/fannum

6.1.1 Aims & Objectives:

The main objectives of the schemes are as follows:

(i)

(ii)
(iii)

(iv)

(v)
(vi)

Augment the ground water recharge through surplus water available in
the area.

To arrest the rate of decline of ground water levels,
To Monitor the effect and rate of ﬁraund water recharge

To develop the technology for arlificial recharge is specially in urban areas
and also quantify the volume of recharged water.

To evaluate cost benefits of various recharge techniques adopted

To create awareness in the society for proper management of ground
walter resources.

6.1.2 Avaitability of water

Total area complex = 47.4BHectare

Average annual rain fall is = 611.8 MM

Total! run off available for

recharging the ground water = 112419Cubicmetre per annum

Expected run off at hourly Rain

fall intensity of 40mm / hour is

7350.068Cubic metre

51
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Runotf at
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5 Area Type Area In Sgm Normal Flun_nii Total rur-1.nﬂ'
No. rain fall in co-efficient available in hourly rain
mitr. Year cubie mtr/  fall intensity
Annum of 40 mm /
hour
1 Rool Top o227 0B118 0.20 30403.09 1988172
2 Roads 55559 0.6118 0.80 27192.80 1777.888
3 Paved Area 50000 0.6118 0.85 26001.50 1700.00
4  Parks & Green 314000 0.6118 0.15 2BB15.78 1884.00
Behs
Total; 4747B6 11241916 7350.06
The ground water occurs in sandy silt horizon and predominantly kankar horizon
which are potential aquifer zones in the area.
6.1.3 Type of artificial recharge structures proposed

Recharge trenches cum recharge wells are proposed. The design of these
struclures are given in Drawing No.23.

Recharge wells will be used for pumping wherever recharge source water is not
available.

The pumping may take care of cleaning the silt which may enter the well during
recharge.

6.1.4 Benefits of scheme:

0
(ii)

(iif)
(iv)

r

6.1.5

(i)
(i)
{iii)
(iv)
)

(vi)
(vii)

Proper utilisation of available run off

Arresting dedline ground water and intrusion of brackish water in fresh
water aquifers

Saving in energy for lifting of water.

To provide the sustainability to sum extend to the existing near by ground
water structures.

Attributes of Ground Water:

There is more ground water than surface water
Ground water is less expensive and economic source
Ground water is suslainable and reliable source of water supply ,

Ground water is relatively less vulnerable to pollution, high bacteriological
purity, free of pathogenic organism, needs little treatment before use

Ground water has no turbidity and colour, universally available
Ground water source can be instantly developed and used

Ground water has distinct health advantage as an alternative for lower
sanitary surface water.
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(viii) There is no conveyance losses in ground water based supplies
(ix)  Ground water has low vulnerability to drought ;
(x) Ground water is key to life in arid and semi - arid regions

(xi) Ground water is source of dry weather flow in rivers and streams.

Case No. 2 Scheme for Artificial recharge to ground water atNH IV area, Faridabad

6.2.1

6.2.2

(Haryana)
Normal annual Rain fall 564.3 mm
Normal Monsoon Rainfall 487.4 mm in on an average 21.8 days
Geological formation - aliuvial and quartzite

Depth to water level - About 26 mir below ground level.

Furpose:
(I) Torecharge the available runoff which accumulates around quarters and
creates incanvenience to the residents

(ll) To arrest the decline of the ground water levels in the area

(iii) To create awareness in the society for proper management of rain water
through harvesting.

(iv) Hydrology — The area is characterized by alluvial under |ain by quartzite.
Sand mixed with hampers in alluvium acts as very good repository for
ground water. Depth to water level in the area is about 26 m below ground
level. )

Availability of surface water:

The annual normal rain fall of the area is 564.3 mm, out of which 487.4 mm occurs
during monsoon periodin on an average 21.8 days. The runoff availability for each
block, playground and for markel area is assessed as below:

—

S.No. Area Description Area contributing Runoff avallability
run off (sgm) [eubic mhetre)

1 Type -1V Qrs 189.04 x 35=6616 90x35=3150

2 Type V Qrs | 312.82x13=4067 150%13=1950

3 Type VI Qrs 459.5x4=1838 220x4=880

4 Piay Ground 151500 E000

5 Market area 6050 1700

Total 170071 136ED
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Thus about 13680 cum runoffis available annually for recharge to ground water.

6.2.3 Artificial recharge structures:

The structures should be constructed only at those places where water accumulates
during monsoon period The proposed recharge structures may be constructed at
lower elevations keeping the topography into consideration.

6.2.4 Benefits of scheme:

() Proper utilisation of the available run off which accumulates around the
quarters

(i) Toincrease soil moisture
(ii) Sustaining the green areas
(iv) Arresting the declining ground water leve!

(v) Provide sustainability to the existing ground water absorption structures
in the area.

Structures |, 2,3 ( Ref. Drawing No. 24 to 26) Recharge pit with Bore

Structure — 4 (Lateral shaft with bore wells) (Ref. Drawing No.27)

Case No. 3 Salient feature of artificial recharge at Sewa Bhawan, RK Puram,

New Delhi.
Average Annual rain fall 712.2 mm
Average Monsoon rain fall 605.2 mm
Geological formation Older alluvial
Depth to water level 16 — 20 m bgl.
Water available for recharge 4500 cum
Cxpecled recharge 4000 cum
Recharge structures proposed 4 recharge trench with injection wells.

Eee Drawing No.28 & 29.

Case No. 4 Sallent Features of Artificial Recharge proposal at HUDCO Place,
Andrews Ganj, New Delhi.

1 Total Campus area 11.61 hectare
2  Normal Annual rainfall 712.2 mm

3 Normal Mnﬁsonn rain fall 605.2 mm

4 Geological formation Alluvium
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Depth to water level
Water available for recharge

Recharge structure proposed

@ =~ @&

Specification of Filter Material
a) Coarse Sand

b) Gravel

c) Boulders

9 Depth & Dia of Recharge wells

10 Design of Recharge wells

About 24 m bgl
50350 cum
Trench cum bore wells - 7
(See Drawing No.30 & 31).
1.5t0 2 mm size
S10 10 mm size
Rounded and 5 to 20 cm
32m & 12" (303 mm)

5. No. Depth range

Assembly

1. 0.00 to 0.,50 m agl

303 mm dia MS blank pipe

2. 0.00 to 1.5 m bgl 303 mm dia MS blank pips

4. 1.5 to 2.5 m kgl 303 mm dia slot pipe of 3 mm size

4, 2.5to 10.00 m byl 303 mmdla M.S. blank plpe

5. 10.00 to 18.0U0 m byl 303 mm dia MS slot pipe of 1.59 mm size
6. 1E.00 to 20.00 m bgl 303 mm dia blank pipe

7. 20.00 10 30.00 m byl 303 mm dia slotted pipe of 1.59 mm size

8 30.00 10 32.00 m byl 303 mm dia blank plpo with bail plug

The main objectives of the scheme :

() To augmentthe ground water recharge through surplus water available

in the area.

{I)  To arrest the deciine of the ground water levels in the area.

() To create awareness in the society for proper management of ground

water resources.

Hydrology

The area is a plain country having a

very gentle northerly slope. The general

elevation of the areais 214 mir above Mean Sea level. The area is underlain by
alluvial soil consisting of mostly clay silt mixed with kankar with occasional Badarpur
Sand and Gravel. The thickness of alluvial layer varies between 70 mir — 10(1 mtr
below G.L. Depth of water level in the area is about 24 mtr. Bgl.
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Availability of surface Water

Structure Areain Runoff
No. ‘"S_qm Cum
{1 11772 5220.00
2 9300 4251.00
3 13273 = 3618.00
4 9640 4486.00
5 11250 5045.00
6 11250 5046.00
7 49615 22684.00
Total 116100 50350.00

Artificial recharge structure

To harness the available runoff, 7 recharge trench cum bore wells are proposed.
The location and design of these structures are given in Drawing No. 30 to 31.

Benefits of the Scheme
(i Proper utilisation of available run off
(i) To increase soil moisture
(i) To sustain green areas
(iv) To arrest the declining ground water level

(v} To provide sustainability to the existing ground water abstraction structures
in the area.

Case No. 5 Ground Water recharging works at Dewas

6.5.1

Recharging of ground water 1able depends upon the rain intensity total rainfall,
coefficient of permeability of so0il and time available for run water to percolate into
the ground. The rainfall is very limited soil is very impervious, percolation of rain
water is very limited. As per report of CGWB rate of vertical percelation is 0.3 cm/
day hence it is essential 1o make previous vertical drains or to tape rain water
direct to the ground water table for recharging. The existing soil was black cotton

soil.
Harvesting of Roof Water (RefDrawing No.32)

Roof drainage pipe connected to pipes and these pipes connected to tank or tube
wells. The PVC/RCC pipes of varieus dia have been used based on surface area
of roofs. When Water taken to the land no filtration has been done, when outletis
connected to the tube well, a filter bed of sand and aggregate has been used for
filtration of water and bottom of the filter bed has been connected to the tube well.



6.5.2

6.5.3

o7

Drain Water Harvesting (Ref Drawing No.32)

To tap rain water from drains, the katcha drains connected to designed filter around
a bore well. The bore well has 150 mm dia, 45 mtr deep perforated pipes:

Construction of tanks having sand piles at bottom (Ref Drawing No.33)
Tank size 60 mtrs x 50 mtr x 1.6 mtr and 90 mtr x 60 mir x 1.5 mir.
Sand piles at bottom of dia - _ 300 mm of Depth 3.5 mtr at a

Spacing @ S mtr either direction.



58
_BOULDERS 10 - 20cm
ol e i e il I
Mes b f
/ — b~ 0-23m Thick
203mm dia horewell |4 Brickwall
bpzaces b 5 i) e —H—305mm dia
o) : hore i
am : Im 10m + Im ==
Fy
Il i £ & il
RC.C- PIPE 12 m
1- :
PLAN
—‘hfb‘-
G Tcm lh;ck d1tnchuh[z slab
L PN TR e i T PR T T T =D Ld
e “ -_:1-_ Rt
€1 —~ BOULDERS AL
el —_—— 0:-2m -L T
aEUT e e ST ?:-.";l"f-fi i 3 1.m
COARSE SAND ——gipe * o 0 ,’”" e pity T o s 3
1-5 -~ 20mm LY I—-—l LT - c. *LE "",':-"::r’l-".-_[ {“— e G_;Sm
GRAVEL S -0mm-] COTRA r*ﬂ«}"‘ *g;ﬁﬁgﬁm_?’ﬂl s 0 5m
BOULDERS [ H b AN
10-20cm ‘ 1-200mm dio MSpipe '

}

203mm johnson V screen
] (\/mm size)

x

Slotled pipe 3mm Slat
size
305mm dia MS pipe
1] 20m

14 30Smm dia jhonson
Vwire screen(imm size)

T JD!T'L

| 32m
smm dig M .S- bar
OFENING

ME S H 50 X50mm

CCP,rNIYDEECAADEE L N1

SECTION
A
05m | ! :::J
_l_ o € g dia RC-C-PIPE
INLET C C112:e

Drg-23: Sian of recharge trench cum recharge wells

000 eNneee

B

b
i



COARSE S5AND -

15— 2mm
GRAYELS S-WUmm

BOULDERS

59

0-23m THK. WALL

5- 20 CM

50mm DIA BORE FILLED WITH

GRAVELS 3-6mm

SECTION

Drg-24: Structure - 1 (recharge pit with bore)
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Drg-27; Structure — 4 (lateral shaft with bore wells)
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RAIN WATER HARVESTING
Introduction
Rainwater harvesting is a technique recognized to conserve naturally available
pure water through rainfall. In view of scarcity of potable water largely seen in
most of tae Metropolitan towns and also in areas not frequented by adequate
rainfall, a necessity has been felt by the Govt of India to conserve natural water
resource by this technique. Accerdingly Central Govt has issued modifications in
Unified Building Byelaws 1983 vide notification issued vide no 11001 1/9/93-
DDV (Pt) DDIB dated 28.7.2001 (Annexure) making Rainwater Harvesting

mandatory for buildings on plot size of 100 sqm. and above,

Definition

Rainwater harvesting is a system to
Recharge the acquifer by rainwater through an artificial system at a rate more

than that obtained under conditions of natural replenishment and/or
- Collect and store rain water.

=

Artificial Recharge of the Aquifer.

Techniques employed are:

Pits

Recharge pits are constructed for recharging the shallow aquifers. These are
constructed 1 to 2m. wide and 2 to 3 m. deep which are back filled with boulders,

gravels and coarse sand.

Trenches
These are constructed when the permeable strata is available at shallow depths,

Trench may be 0.5 tol m. wide, 1 to 1.5 m. deep and 10 to 20 m. long depending
on the availability of water and the permeability of soil strata. These are back

filled with filter materials,

Dug Wells

Existing dug wells may be utilized as recharge structure and water should pass
through filter media before putting into dug well,

Hand Pumps

The existing hand pumps may be used for recharging the shallow/deep aquifers, if
the availability of water is limited. Water should pass through filter media before
diverting it into hand pumps.

Recharge Wells

Recharge wells of 100 to 300 mm. diameter are generally constructed for
recharging the deeper aquifers and water is passed through filter media to avoid

choking of recharge wells.

Recharge Shafts
For recharging the shallow aquifers, which are located below clayey surface,

recharge shafis of 0.5t0 3 m. diameterand 10 to 15 m. deep are constructed and
back filed with boulders, gravels & coarse sand.
Lateral Shafts With Bore Wells
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For recharging the upperas well as deeper aquifers lateral shafis of 1.5t0 2 m.
wide & 10 to 30m. long depending upon availability of water with one or two
bore wells are constructed. The lateral shafts are back filled with boulders,

gravels & coarse sand.

Spreading
When permeable strata starts from top then this technique is used. Spread the
water in streams/Nalas by making check dams, nala bunds, cement plugs, gabion

structures or a percelation pond may be constructed.

Collect and Store Rain Water
Underground or Surface storage tank connected to the roof top or similar water

collection system with piping and storage pit through graded filter and charcoal,
The under ground or surface water storage tank, to store treated rainwater, could
also be connected with the water supply and distribution system as an alternative

scurce of supply.

Criteria Necessitating Rain Water Harvesting
Artificial Recharge of the Aquifer.

Under any one or more of the following conditions, rain water harvesting by

artificial recharge can be resorted to:
Ground water table is continuously getting lowered in identical months of the year

when compared with past.

The source of supply is ground water drawn from tube wells or dug wells.
Quality of ground water is poor and it needs to be improved by artificial recha:gc
This 1s also necessary where pnsqzbzlztjr of intrusion of saline water is there, as is
the case in coastal regions.

Permeable acquifer is available at shallow to moderate depth.

Depth of ground wafer table from the natural ground level from stmcmmI
considerations is more than

a. 3 metres in case of load bearing construction,

D. 5 metres in case of framed construction with single basement

c. 8 metres in case of framed constructions with double basement

Sufficient depth of pround water table (more than 8 metres) for sub surface
storage is available.

Where rate of evaporation is very hlgh as 15 the case 1n dry and arid areas.
Adequate space for surface storage is not available, which is more common in

urban areas.

Collect and store rain water:
Under the following circumstances, the rainwater could be collected and stored

for future use,

Depth of ground water table is very deep.

Quality of ground water is very poor and unfit for human consumption,
Simultaneously, it is also assessed that recharge to the ground water reservoir is
not likely to improve its quality due to the nature of sub soil strata.
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Annual rainfall is far lower than the requirement of water for human
consumption.

Enough rooftop area or clean water collection system is available.

Sufficient rainwater storage capacity that could be provided either 1n the form of
impervious surface or underground tank or ground surface Storage system in the
form of impervious check-dams, ponds, etc

Data for Design of Artificial Recharge of the Aquifer
Follewing data is generally essentially required for design of system of artificial rechar ge of

the aquifer.

i. Average annual rainfall

1i, Average monsoon rainfall.

i1, Period of monsoon.

1v. Maximum hourly rate of rainfall

v, Bore log of sub soil with soil properties at least up to the lowest
ground water table,

Vi. The depth of ground water level during the leanest season.

Vil. Possible recharge structure types, as stated in para 3.0 above, that

could be provided.
viii.  Contoured lay out plan of the area.
Ix. Chemical analysis of available ground water during leanest season.,

Design of Artificial Recharge of the Acquifer

The rain water harvesting system by artificial recharge of the aquifer shall be
designed based on design data given in para 5.0 above and other considerations
discussed herein above. The design shall be carmed out considering that the
system shall recharge the ground water without further contamination due to
impurities and dissolved chemicals, if any, due to sources other than from rain.
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Ground Water and Related Invesugations Sectional Commitice, WRD 3

FOREWORD

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Ground
Water and Related [nvestigations Sectional Commitiee had been approved by the Water Resources Drivision

Council.

Rainwater harvesting is an option which has been adopted in many parts of the world where due 1o increase in
population coaventional water supply systcm has failed to meet the needs of the people. The term “Water Harvesting
connoles collection and storage of rminwater and also other activities aimed at harvesting surface water, prevention
of loss through evaporation and seepage.

Natural recharge to ground water has reduced due lo shrinkage of apen area consequent 1o increased urban
activities. Ground water levels have registersd & marked decline, unplanned disposal of waste has resulted in
deterioration of ground water qualily. In view of the gap between demand and su pply there is an utmost need for
adopting roof top rainwater harvesting and augmenting ground water storage.

The eompaosition of the Committee responsible for the formulation of this standard is given in Annex A,

For the purpose of deciding whether a particular requirement of this standard is complied with, the final value,
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 1S 2 - 1960
"Ruies for rounding off numerical values (revised)'. The number of significant places retained in the rounded off
value should be the same as that of the specified value in this standard. :

o~



IS 15797 : 208

Indian Standard

ROOF TOP RAINWATER
HARVESTING — GUIDELINES

1 5COPE

This standard lays down guidelines for roof twp rain-
waler harvesting.

1REFERENCE

The following standard contains provision, which
through reference in this text constitules provision of
this standard, At the time of publication, the edition
indicated was valid. All standards are subject to revision
and parties to agreements based on this standard are
encouraged to investipate the possibility of applying
the most recent edition of the standard piven below:

IS No. Title
14476 (Pan 6) : Test pumping of waler wells — Code
1998 of practice: Part 6 Special tesls

JGENERAL

Roof top rainwater collection is one of the solutions
for solving or reducing the problem of water
availability, where there is inadzquate ground waler
supply and surface sources are either lacking or
insignificant. In this system, rainwater falling on roafs
of houses and other buildings is collected through a
syslem of pipes and semi-circular channels of
galvanized iron or PYC and stored in tanks suitably
located on the ground or underground for direct use or
for recharging ground waler aquifers. Urban housing
complexes/residential buildings and institutional
buildings have large roof area and are amendable for
rainwater harvesting. This practice is in vogue at the
individual houschold level in remote hilly areas with
high rainfall and in some semi-arid areas in the plains,

4 ADVANTAGES OF ROOF TOP RAINWATER
HARVESTING

a)  One ol the appropsiale options for augmenting
pround waler recharge/storage in urban areas,
where natural recharge has been considerably
reduced due to increased urban activities and
not much land is available for implementing
any other artificial recharge measure. In rural
areas also, roof top rminwater harvesting can
supplement the domestic requirements.

b) Rainwater runoff, which otherwise flows
through sewers and storm drains and is
wasted, can be harvested and utilized.

¢} Helps in reducing the frequent drainage
vongestion in urhan areas where fas1 rate of
urhanization has reduced availability of open
surfaces.

dy  Recharging of aquifers with harvested water
improves the quality of ground water through
dilution,

¢} The harnessed ruinwater can be utilized when
needed at the time and place of scarcity.

f1 The siructures required for harvesting are
simple, economical and Eco-friendly.

g} In coasial areas over extraction of ground
water leads 1o saline water ingress. Therefore,
recharging of ground water aguiler in such
areas helps to control saline water ingress.

h)  Storing of harvested water under grousd
through aquifer recharge, wherever feasible,
15 advantlageous as such storage is not exposed
lo evaporation and pollution. Aquifers serve
as a distribution system as well supplying
water when required.

3 FACTORS DETERMINING TYPE/SYSTEM
OF RAINWATER HARVESTING

5.0 There are many faclors that determine the total
quantity of rainwater that can be harvested in a
particulur area and the sysiem that would be
appropriate for efficiently harvesting this quantity.
Some of these are given in 5.1 to 5.5,

5.1 Rainlall Quantity

The total volume of rainwater available from any reof
top surface is a product of total rainfall and the surface
area of coliection. A runofl coefficient is usually
applied to account for infiltration, evaporation and
other losses and it varies from 0.8 to 0.95. In order o
estimate the average annual/monsoon runoll from
rooftop area in any location, the average annual/
monsoon rainfall data for the location need 1o be used
andusing Tables | and 2, the water availability for Nt
and sloping roof can be worked out.

£2 Rainfall Patiemn

Rainfall pattern as well as total rainfall, will eften
determine the feasibility of a rainwater harvesting
system. In areas where rainfall occurs regularly in most
parts throughout the year, implies that the storage
requirement is low and hence the system cost will be
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Table 1 Water Availability for a Given Roof Top Area and Rainfall (For Flat Rools)
(Clause 5.1)

3l Roaf Aainfall, mm

No. Top I i —
Ares 100 200 300 400 500 600  EO0 1000 1200 1400 1600 1800 2000
m .

Water availabiliny (m')
(8} L I L R A ¥ (12 113 (14) {15}

{1 () {3 {4) {3) i6) (M
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Table 2 Water Availability for a Given Roof Top Area and Rainfall (For Sloping Rools)
(Clause 5.1)

81 Hoal Raiafall, mm
Ne.  Tep — R —
ﬁ;g‘ 100 200 300 40 500 600 BO0 100D 1200 1400 1600 1 800 2000

Water availabiliey [m)
m @ [4) (3] (g} (7 (E) ¥ (16) (in () {13} i14) (13

76 152 228 304 18 45.6 608 76 91.2 054 1216 136.8 152

20 1.9 38 5.7 18 9.4 1.4 152 [:] 228 6.6 304 342 33
i) 30 2.9 5.7 g6 114 143 17.1 2B M3 342 95 456 51.3 57
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viii) 90 g6 171 257 M2 428 513 684 855 10246 1197 1388 1519 17l
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1} 150 143 285 428 57 7.3 ES5 114 423 171 I92.5 228 2156.4 285
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xii) 250 218 475 713 G5 11EE8 1425 150 2375 288 1325 3f0 427.5 473
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niv) 400 38 e 114 12 196G 228 M B0 456 532 GOE 684 TED
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| 900
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cormespondingly low and vice versa. Conversely, arcas 5.3 Intensity of Rainfall
where total rainfall occurs during 1-2 months, the water

collected during the monsoon has to be stored for use ~ 1he maximum intensity of rainfall will decide the peak

in remaining months throughout the year, which  flow, which is to be harvested and depending upon the

requires large storage structures as wellasarrangement  Peak flow, the gutter size for slaping roof and diameter
for some treatment. of drainage pipe has to be calculated.

[



5.4 Collection Surface Arca

For roof top rainwater harvesting, the collection area
is restricied by the size ol the roof of the dwelling unit.
Sometimes other surfaces such as terrace, balconies
and ether projections are used to supplement the rool
top collection area.

5.5 Storage Capacity
The storage tank is wsuzlly the most expensive

component of rainwater harvesting system. Hence a
careful analysis is required for design of storage tank

capacily,

& STORAGE OF WATER IN A STORAGE TANK
FORDIRECT USE

6.1 Design of System Components

A roof top catchment system has three main
components, namely, a roof, a guttering and first flush
device and a storage tank:

Roaf — In this system, only roof top is the
catchment as shown in Fig. | and Fig. 2. The
rocfing should be of galvanized iron sheers
(G.1.), aluminium, clay ules, asbestos or

)
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voncrete. In case of thatch-roof, it may be
vovered with waterprool LIXPE sheeting. The
rool should be smooth, made of non-toxic
material sufficiently large to 111l the tank with
the available rainfall conditions. Existing
reofs of houses and public buildings can be
used for a roof 1op caichment system. In some
cases enlarged or additional roofed structures
can be built.

Gurtering and First-Flush Device — Guttering
is intended 1o proteci the building by
collecting the water running of the roof and
direct it, via a downpipe, 1o the storage tank.
Guitter is provided along the edge of the roal,
It is fixed with a gentle slope towards down-
pipe. which is meant for free flow of water io
the storage tank. This may be made up of G.I.
sheet, wood, bamboo or any other locally
available material. The downpipe used should
be at least 100 mm diameter and be provided
with a 20 mesh wire screen at the inlet 1o
prevent dry leaves and other debris from
entering it. The gutler size may be worked
gut using any standard formula of hydraulics
or using Table 3.

OUTLET TO
W.PIPE OR
ASBESTOS PIPE
GUTTER
SLOPE SLOPE
A —-—-l H:' E
a 3
STORAGE TANK
O (FERRO CEMENT
OR IRON TANK)
w e 3 cum CAPACITY
: 3
A —e]
T SLore Slore T
8 B
ROOF CATCHMENT PLAN

ASBESTOS

GUTTER /

=

ASBESTOS SHEET ROQOF OR
GLSHEET ROOF OR
THATCHED ROOF COVERED
WITH POLYTHENE SHEET OR
BURNT CLAY GUTTER

VIEWY B-B

COVERED BY POLYTHEMNE
SHEET

o

Fig. 1 RatnwaTER HARVESTING SYSTEM

3
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Table 3 Diameter of Guiter and Width of (.1, Sheet
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I Provide minimum diemeter of channel of 100 men zad width of oo 176 mm.
i Dismoer no be limited 1o 300 mm and width of sheet 510 mm

For all tanks having roof catchment, the first
runofT of rainwater from the roof should be
discarded. This helps keep the water potable
because this first flush contains large
quantities of dust, leaves and other impurities.
This can also be prevented by installation of
2 gate valve at the end of down pipe at ground
level,

fank — Storage tank can be constructed
underground or above ground. The

L

underground tank may be of masonry or
R.C.C. structure suitahly lined with water
proofing materials. The surface tank may be
of G.I. Sheet, R.C.C., Plastic/HDP or
Ferrocement Tank placed al elevation on a
raised platform as shown in Fig. 3. Choice of
the tank depends on locally available materials
and space available. When the tank is
construcled underground, at least 30 cm of
the tank should remain above ground. Water
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tanks using ferrocement technology come in
different designs with volumes ranging
between 2 m*and 200 m*. For example, 2 free
standing cylindrical tank can be built in sizes
between 10m’ and 30 m, while a capacity of
up to 200 m' is possible with sub-surface
covered tanks, The latter is economical when
the capacity exceeds 50 m*.

An alternate design, avoiding framework,
imvolves erecting a circular frame made of
welded-mesh bars spaced at 15 em and
covered with chicken wire mesh (2.5 cm
gauge) onto 2 reinforced concrete base. This
is then covered on the outside with sacks or
cloth and two coals of a 1.5 cm layer of mortar
(1 part cement, 3 parts sand) and plastcred
along the inper walls (o produce the tank wall.
Two further coats of plaster are added, cne
on the outside aflter removing the sacks and
one on the inside to provide a tank wall

thickpess of § cm. A waterprool coat of

cement and water is then added to the tank’s
inner wall,

When the wall is complete, a wooden frame
is construcied inside the tank to suppon the
metal template made from old oil drums,
which forms the mould for the damed roof,
The roofis alse reinforced with weldzd-mesh
and chicken wire. For quality, the floor, walls
and the reof need to be cured by moistening
their surface for at least a week. This should
start immediately after each component is

ready.
To facilitate cleaning of the tank, an outlel pipe may
be fined and fized in the 1ank at bottom level The size
of the tank will depend upon the faclors such as daily
demand, duration of dry spell. catchment area and
rainfall.
The tank is provided with:

A manhole of 0,60 m = 0.60 m size with cover,

a)

b) Vet pipefoverflow pipe of 100 mm diameter,
and

¢} Drain pipe of 100 mm diameter at bottom.

The withdrawal of water from the underground tank is

FiG. 3 Storace of Ramwater iv a4 HDPE Tavk

4



done by installing a hand pump . In case of surface
tank. taps may be provided, The overflow pipe should
be connzcted 10 a drainfrecharge pit.

Before the tank is put into use it should be thoroughly
cleancd and disinfected with high dosage of chlorine.
Since the water should remain stored for quite a long
time, pericdical disinfection of stored waleris essential
to prevent growth of pathogenic bacteria

6.2 Site Assessment

Assessing the site conditions is the first siepiowards a
sound system design. The five main site conditions 1o
be assessed are:

a)  Awvailability of suitable roof catchment,

b) Foundation charactenstics of soil near the
house,

¢} Location of trees,

d) Estimaled runoff to be captured per unit area
of the rocl, and

e) Availability and location of construction .

material.

6.3 Estimating the Size of the Required System -

The size of the caichment area and tank should be
enough to supply sufficient water for the users during
the dry period. Assuming a full tank at the beginning
of the dry sezson (and knowing the average length of
the dry season and the average walter use), the volume
of the tank can be calculated by the fellowing formula:

V=rxn=xg

" where

V = wolumeof tank, in litres;

length of the dry season (days);

" number of people using the tank; and

g = consumplion in litres per capita per day.

f

If, for example, 20 Ipd (g) is agreed upon and a dry
period of 100 days (1) is normally not exceeded, a
storage volume of 10 m* would be required fora family
of 5 members (n).

V=100 (1) % 5 (r) x 20 (g) = 10 000 litre or 10 m*

The required caichment area (that is the area of the
roof) can be determined by dividing the volume of the
tank by the accumulated average rainfall volume (in
litres) per unit area (in m?) over the preceding wet
months and multiplying this with the runoff coeflicient,
which varies from 0.8 to 0.95 depending upon type of

roof,

6.4 General Deslgn Features
Roofl top waler harvesting systems can provide good
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quality potable water, if the design features outlined
below are taken into account:

a) Thesubstances that go into the making of the
rool should be non-toxic and chemically inert.

b) Roof surfaces should be smooth, hard and
dense since they are easier to clean and are
less likely 1o be damaged and release
materials/fibres into the waler.

c) Roof painting is not advisable since most
paints contain toxic substances and may peel
off.

d) Nooverhanging trees should be left near the
roof.

e} Nesting of birds on the roof should be
prevented.

f)  All gutter ends should be fined with a wire
mesh screen 1o keep oul leaves, ele.

g) Appropriate arrangement for discarding the
first flow of rainfall should be made.

h) Ahygienic soak away channel should be built
at water outlers and a screened overflow pipe
should be pravided.

j)  The storage tank should have a tight fitting
roof that excludes light, 2 manhole cover and
a flushing pipe at the base of the tank (for
standing tanks).

ky There should be a reliable sanitary extraction
device such as a gravily lap or a hand pump
10 avoid contamination of the waler in the
tank.

m) There should be no possibility of contaminated
wastewater flowing into the tank (especially
for tanks installed at ground level).

n)  Water from other sources, unlessitisa reliable
source, should not be emptied into the tank
through pipe connections or the manhole
COVEr.

6.5 Management and Maintenance

Roof top catchment tanks, like all water supply
systems, demand periodic managemenl and
maintenance o ensure reliable and quality water
supply. If the various components of the system are
not regularly cleaned, water use is not properly
managed, problems are not identified or necessary
repairs not performed, the roof catchment system will
cease to provide reliable and good quality water.

Following is a time table of maintenance and
managemenl requirements that can provide a basis for

monitoring and checking:
a) Duriog the rainy season, the whole system
{roof catchment, gutters, pipes, screens, first-
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flush and overflow) should be checked beflore
and after each rain and preferably cleaned
after every dry period exceeding a month.
b} At the end of the dry season and just before
the first shower of rain is anticipated, the
siorage ank shovld be scrubbed and flushed
of all sediment and debris (the tank should be
refilled afterwards with a few centimelers of
¢lean water to prevent cracking). Ensure
timely service (before the first rains are due)
of all tank fixures, including replacement of
all worn screens and servicing of the outlet
tap or hard pump.

6.6 Water Use Management

Control over the quantity of water abstracted from the
tink is important o oplimize water use. Water usc
should be managed so that the supply is sufficient 1o
last through the dry season. Failure to do so will mean
exhausting all the siored water, On the other hand,
underutilization of the water source due to severe
rutipning should also be avpided.

7 RECHARGE OF HARVESTED RAINWATER
INAQUIFERS

7.0 The runoff water collected from reof tops can
antificially recharge and augment the depleting ground
waler resources especially in the urban areas, where
the natural‘recharge has diminished considerably, The
arcas having depth to water table greater than 8 m
below ground level and underlain by permeable strata
are svitable for anificial recharge.

7.1 Design of Efficient Artificial Recharge
Structures

The design involves consideration of data on
hydrological and hydrogeological aspects and
hydrometeorological parameters. The background
information to be collecied is as given below:

a} Layout plan of the area,

b} Demarcation of the roof, paved and open
Alrcas.

¢) Delincation of storm water drains and flow
of storm water.

d) Details of the existing ground water
abstraction structures in and around the
vicinity of the project site.

¢} Computation of the runoff for recharge.

Apart from the above mentioned parameters, selection
of appropriate recharge structure depends on the
availability of space for construction of recharge
structures and invert levels of storm water drains at
inlets to recharge structures. While preparing the

recharge scheme, depth and shape of the storage facility
in recharge structure depends on the availability of
runoff, depth of storm waler drainage and space
availability in an area. The recharge scheme as prepared
may also be pot vetied by appropriate authorities and
eaperts Lo incorporate suggestions for improvement,

1.2 Recharge Structures

The most suitable recharge structures for roof 1op rain
water harvesting are:

a) Recharge pits;

b} Recharge trenches;

¢) Recharge through dry or operational
dugwells:

d) Recharge through abandoned/existing tube
wells; and

¢} Recharge wells, eic,

7.1 Recharge Pits

a) In alluvial areas where permieable rocks ars
exposed on the land surface or at very shallow
depth, recharge pits are suitable for amificial
recharge of water collected from the roof tops.

b) The technique is suitable for buildings having
a roof area of 100 m’. The recharge pits are
constructed for recharging the shallow
aquifers,

c) Recharge pits may be of any shape and size
and are generally constructed 1 to 2 m wide
and 2 to 3 m deep which are backfilled with
boulders {5-20 cm), gravels (5-10 mm), and
coarse sand (1.5-2 mm) in graded form —
boulders at the bottom, gravels in between and
coarse sand at the top so that the silt content
that will come with runoff will be deposited
on the top of the coarse sand layer and can
casily be removed. For smaller roof area, pit
may be filled with broken bricks/cobbles,

d) A mesh should be provided at the roof so that
leaves or any other solid waste/debris are
prevented from entering the pit and a desilting/
collection chamber may also be provided a1
the ground 1o arrest the flow of finer particles
10 the recharge pit.

¢} The top layer of sand should be cleaned
penodically to maintain the recharge rate.

121 Recharge Trenches

a) Recharge trenches are svitable for buildings
having rouf area of 200-300 m? and where
permeable strata is available at shallow depths.

b) Trench may be 0510 | 1n wide, 1 1o 1.5 m



c)

d)

€)

deep and 10 10 20 m long depending upon
availability of water to be recharged.

These are backfilled with boulders {5-20 cm),
gravels (5-10 mm), and coarse sand (1.5-2
mm) in graded form — boulders 21 the
bottom, gravel in between and coarse sand at
the top so that the silt content that will come
with runoff will be deposited on the wp of
the sand layer and can easily be removed.

A mesh should be provided at the roof so that
leaves or any other solid waste/debris is
prevented from entering the trench and a
desilting/collection chamber may also be
providedon ground to arrest the flow of finer
particles o the trench.

The top layer of sand should be cleaned
pericdically to maintain the recharge rate.

7.2.3 Recharge Through Dry or Operational Dig Wells
(see Fig. 4)

a)

b)

Dry/operational dug wells if exist in the area
may be ulilized as recharge structures afier
cleaning and desilting the same,

Recharge water is guided through a pipe from
desilling chamber (o the bottom of the well
or below the water level to avoid scouring of
hottem and entrapment of air bubbles in the
aquifer,
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]
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Recharge water should be silt-free. Far
remaoving the silt content, the munofl waier
should pass either through a desilting chamber
ar filler chamber.

Periodic chlorination should be done for
controlling the bacteriological contamination
in operational dug well.

Wire mesh filter should be provided just
before the inlet to avoid entry of any foreign
malenal, lree leaves, etc, in o the dug well,

7.2.4 Recharge Through Abandoned/Existing Tube
Wells (see Fig. 5 and Fig, 6)

-

a)
bl
c)

d)

Abandoned/existing tube wells may be used
a5 recharge structures.

The abandoned rube well should be properly
developed before use as recharge structure,
PVC pipes of 10 em diameter are connected
to roof drains to collect rainwater,

The hirst roof runoff is drained through the
bottom of drain pipe if exisling tube well is
used as recharge structure. Afler closing the
bottom pipe, the rainwater of suhscqucm rain
showers is taken through a ‘Tee' to an anline
PVC filter in case of small roofs, If the roof
area is larger, a filter pit may be provided.
Rainwater from roofs is taken 1o collection/
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desilting chambers located on ground. Thess
collection chambers are interconnected as
well as connected 1o the filter pit through

pipes.

¢) A connecting pipe with recharge well is
provided at the botiem of the pit for
recharging of fillered water through well.

f) Wire mesh filter should be provided just

before the inlet 1o avoid entry of any foreign
material, tree leaves, eic., in to the system.

7.2.5 Refﬁargr_' Wells (zee Fjg, 7]
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e)  Clear waler of siorape tank is diverted ta the
recharge tube well for recharge.

f}  Iuis suvitable for recharging roof top rainwater
of big buildings/locks,

g} If runoffl availability is less, then online filier

may be used in the pipe line connecting roof
water with recharge well.

7.1.5.1 Construction of recharge well

These are drilled by deploying the appropriate rig unit
or by hand boring as per the site conditions and depth
of the wbe wells,

z) In areas where the aquifers are overlain by a g : R ;
considersbl icacs of imperviows sl 5y of s it dacicrs vy ng e
DY & WE. TRUDR0E WESLORB 1S . ook .S G PVC e S B el PYC e
c{::n::rﬂnlz:rtcd for recharging the harvested rigid, light pipes in & or 9 m lengths available in all
ml," ; s : diamelters. The main advantage of PVC pipes is their

b) It is used for recharging single/multiple  \giyance o corrosion and slots of the pipes will not
aquifers. close with time. As the slotted pipes in recharge wells

<) A setdement-cum-storage tank is constructed  are in fluctuation zenes of water levels, slots of M.S.
near the tube well for seulement of st pipes may become closed due 1o rusting. The main
particles and storage of excess water. drawback of PYC pipes is that, these pipes can not be

d) Roof top water is diverted to the settlement  used in large diameter recharge wells. M.S. Pipes may
tank through pipes. be coated with bituminous coaling to avoid rusting.

INLET I' FLUSH OUT VALVE
~ RECHARGE WELL
GL ‘ GL
P | ANNULAR SPACE
o FILLED WITH PEA
] GRAVEL 3 - & mm
', ]
- = /
IMPERVIOUS LAYER / : | /
Llirirrir o'\ (s
-4‘ & L - "+ i F g o :‘.'{;" -.:‘h‘.':‘:
ot s -PERDUSFGFUM'!‘]DN e B
- . H "' .. e g l- aw .:H" o
—’f // /j, IMPEFt'u".ICJUS LM"EFI ///// /
WATER < "',,i,f,.f.:i,i,-----_..-- o] SLOTTED PIPE
TARE ST saurwe
ol .-FﬂHOUSFDH-'MﬂDH o8 %, sl
..I . - 4 .--J < ; L .'| = .' :‘.‘. .-1‘
R AT A
AP IILETID SN IS,

Fig. 7 Becuarce ThrovoH Bore WELL
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After excavation of the recharge trench/shafl or
filtration chamber is over, pipes should be rechecked
and eleaned with wire brush. Depth sounding of
recharge wells should be taken with tape to make sure
that no silt or soil has gone into the recharge wells
during the excavation of trench/shafl. Width of slots in
recharge well should be in accordance with the aguifer
system encountered. Slotted pipes should be placed
against the aquifer or dried-up aquifers encountersd
in the recharge wells. A slotted pipe at the top of the
recharge well will need to be placed 1o permit the entry
of cleanfclear water into the recharge well.

The annular space around the well assembly may be
shrouded with appropriate size of gravel. The gravel
should be washed so that it is sili-free. The recharge
tubc well should be developed by low capacity air
compressor or by bailing method as required. The well
may also be cleaned and developed by pouring the
water from outside if required. The water levels of the
tube well should be recorded and the well coverad with
cap with a provision 10 menitor the well in future. A
vent pipe of about one inch diameter is also
recommended which can act as escape for gases and
for measuring the water levels, Once the recharge
trench or shafl is constructed around the recharge tube
well, recharge wells may be developed with hand
bailers o avoid the disturbance of filler media.

1.25.2 Recharge ability rest

To test the recharge ability of the twbe well, a slug test
may be conducted [see 1S 14476 (Pan 6)).

73 Filters
Generally, the following two types of filters are used :

a) Oaline Filter

I) This filter is used when availability of
runoff as well as recharge rate of recharge
well 15 less,

2) Manufactured frem reinforced
engineering plastic material,

3) Available in various sizes and flow rates
ranging from 3 1o 25 m'h,

4) Easy to open and clean,

b)  Purpose Built Filter

1) The filter material recommended js
coarse sand of 1.5 to 2 mm size ar the
top, followed by gravel of 5 to 10 mm
size, and boulders of § 10 20 cm ar
bottom. The thickness of each layer
should be about 0.5 m. Coarse sand
should be placed at the top 5o that the siit
content that comes with runoff will be
deposited on the top of the coarse sand’

12

pea gravel and can easily be removed, For
smaller roof area the pit may be filjed
with overburnt broken bricks/cobbles,
After excavation of Tilter chamber,
boulders and gravel should be filled up
first to the foundation of wall of the
struciure.

After filling of boulder and gravel, filier
material should be covered with
polythene/jute bags to avoid spilling of
construction malerial, which may
damage the filter bed. After the
construction of walls, the polythene/jute
bags should be removed and the sand/pea
gravels filled up to the recommended
depth as per the design,

Filter media should be free from sili and
any other foreign material. Before putting
the filter material into the chamber, filter
malerial should be sieved and washed ta
remove all the finer material, During
operation the scouring effect of flow of
water into the siructire should be
checked upon 2nd if flow is disturbing
the filter media, the water can be released
near che filter media. This can be done
by providing an ‘1" shape joint in the inler
pipe in trench.

Regular inspeciion of filter material is
essential in recharge structiures. Silt
deposited on the filler media should be
cleaned regularly. Once in a year the top
5-10 cm sand/pea gravel layer should also
be scraped to maintain a constant
recharge rate through filter material.
Growth of grass or bushes hampers the
filtration rate of the chamber. The grass
and bushes should be cleared regularly.

7.4 Maintenance of Catchment A rea, Water Drains
and Recharge Structures

a) The catchrnents should be neat and clean. The
roof top/terrace of the building spaces around
the buildings sheuld not be used for dumping
of unwanted items and scrap material,

The washing machine water having heavy
dose of detergents should not be allowed to
enter into the water drains which are
connected with recharge structures.

Open water drains covered with perforated
detachable RCC slabs are best as the
maintenance of these drains is easy and
pellution, especially bactericlogical pollution.
can be avoided. If the storm water drainage is
through pipe system, provide manholes and

2)

3

4)

3)

6)

b}

c)



chambers al regular intervals as well as elose
(o the suspected silt and wasie accumulation

1S 15797 : 2008

the silt accumulated on top of the filter bed
regularly.

places within the channel. k) Precaution should be taken 1o avoid domestic
d) Protect the drainage system from ree leaves, wasle waler entering into the recharge

polythene bags, plastic bottles and pouches structures.

of eatables. 1) Recharge tube wells should be developed
¢} Put up sign boards mentioning that the pcriﬂdi::;lI]:rhyhnndba]kﬁtuau'uidclnggjng

campus of building is equipped with of the slots.

rainwater harvesting system which is being k) Before the arrival of monsoon, the roof top

recharged to the ground water system. as well as drains should be properly cleaned.

Mention the ill effects and health impacts if m) Length and placement of the slotted pipe

lhe. stc.rrm water drains are not properly should be finalized after drilling of pilot hole

maintained. Educate thestalf maintaining the for lube well.

storm water drains to keep the drzins neat n) Recharge water should be introduced into the

and clean. structure at its lowest point to prevent erosion
f) Provide wire mesh filter just belore the inlet, and disturbance of filter material,

Pravide silt check wall within the drain bed P A wire mesh should be placed atthe entrance

ataconvenient place, If more silt is expected of recharge structures,

provide check “.-'a.ll al reguiar intervals in the q) Periodic cleaning of collection chambers

storm water drains. should be carried out to remove the plastic
g) The periodic remaval of the material bags, leaves, etc, which may choke the entry

deposited on the surface be done by scraping of water recharge structures.
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£
E:-
3
E‘; Tehsil wise Rain Water Harvesting Structures in NCT Delhi
Sl Tehsil Recommended Depth of recharge | Remarks
@ No. harvesting structures | well (meter)
& District: New Delhi
1 Chanakyapuri Trench with bore 18
© 2 Connaught place Only Trench -
3 Parliament Street Trench with bore 18
ﬁ 5 District: North West
’ 4 Model Town Only Trench -
2 5 Narela Only Trench -
. s 6 SaraswatiVihar Only Trench -
District: West
. 7 Patel Nagar Trench with bore 15
8 Punjabi Bagh Only Trench -
) : 9 Rajouri Garden Trench with bore 18
i District: South West
] 10 Delhi Cantt. Trench with bore 25
11 Najafgarh Trench with bore 15
] 12 VasantVihar Trench with bore 35
: District: North East
B 13 Seelampur (North) Only Trench*
Seelampur (South) Only Trench -
@ 14 Seemapuri Only Trench -
15 Shahdara Only Trench -
B District: East
16 Gandhi Nagar Only Trench*
E 17 PreetVihar (East) Trench with bore 15
s PreetVihar (West) Only Trench -
18 VivekVihar (East) Trench with bore 15
@._ VivekVihar (West) Only Trench -
District: North
[ = Ry Civil Lines (North) Only Trench* = i 2
Civil Lines (South) Only Trench -
| 20 Kotwali No Structure
iy 21 Sadar Bazar No Structure
e District: Central
: 22 Daryaganj Only Trench*
-3 23 | Karolbagh (East) Only Trench :
Karolbagh (West) Trench with bore 15
£ 2% Pahargan) Only Trench :
District: South
la - 25 Defence Colony Trench with bore 15-35
3 26 HauzKhas Trench with bore 50
e 27 Kalkaji Trench with bore 15-45
g} * Feasible where water level is more than 5 meter below ground level.
€
E
5]




Technical design of Roof Top Rain Water Harvesting and Artificial Recharge to
Ground Water

A. Trench without Recharge well

Roof Top Highest Run-off Runoffhr Annual | Size of
Area (Sq. Rainfall Coefficient (cu. m) Runoff (cu. recharge
m) intensity m) Structure

(mtr/ hourly) (mir)
a b c d(aXbXc) e(aX0.54Xc) | LXBXH
100 0.025 0.8 2.0 43.20 1.2X1.2X1.4
200 0.025 0.8 4.0 86.40 1.8X1.5X1.5
300 0.025 0.8 6.0 129.6 2.4X1.8X1.4
400 0.025 0.8 8.0 172.8 2.7X2.1X1.4 |
500 0.025 0.8 10.0 216 3.3X2.1X1.5

Note: Normal rainfall in Delhi: 611 mm,
MNormal monsoon rainfall: 540 mm

Points to be taken into consideration for implementation of the above structures:

1. Valid for buildings without basements (Cellar) and for areas for alluvial formation
where ground water level is more than 5 meter upto 15 meter below ground level.
Buildings with basements should adopt rain water harvesting through storage tank.

2. Only the rain water from the roof top area has to be diverted to recharge structure
through connection of down pipe.

3. Before the onset of the monsoon all the catchment area (roof top) considered for
recharge is to be cleaned. The recharge structures are to be in operation during the
monsoon season only so as to avoid any contamination.

4. A mesh should be provided at the roof so that leaves or any other solid waste/debris
is prevented from entering the pit. By-pass arrangement be provided before the
collection chamber to reject the first showers.

5. The depth of the inlet pipe should be within 10 em below ground level for easy
overflow through outlet pipe that has to be conneeted to storm water drain.

6. Based on site condition length and breadth of the recharge chamber may be altered
keepings its volumetric capacity the same,

7. RCC slab thickness and reinforcement shall be dependent on structural loads. Access
manhole frame and covers to be provided.,

8. Filter media of 1.0 meter thick will be in three layers comprising of 0.4 meter thick
layer of boulders (5-20cm) at the bottom, 0.3 meter thick layer of gravels (5-10cm) in
the middle and 0.3 meter thick layer of coarse sand (1.5-2.0mm) at the top so that the
silt content that will come with runoff will be deposited on the top and can casily be
removed.

9. A 10 em thick layer of pea gravels will be provided over the coarse sand layer of the
filter media.
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10. Prior to monsoon season the top most sand layer in the pit may be scrapped and
replaces with the fresh and cleaned coarse sand.

11. Recharge chambers shall be checked and cleaned at 7 days interval or more
frequently during rainy season.

B. Trench with Recharge well

Roof Top | Highest Run-off Runoffihr Annual Size of
Area  (Sq. | Rainfall Coefficient {cu. m) Runoff  (cu. | recharge

m) intensity m) Structure

(mtr! hourly) {mitr)

a b c diaXbXc) e{aX0.54Xc) | LXBXH

100 0.025 0.8 2.0 43.20 1.0X0.5X0.5
200 0.025 0.8 4.0 86.40 1.0X1.0X1.0
300 0.025 0.8 6.0 129.6 1.0X1.0X1.0
400 0.025 0.8 8.0 172.8 1.0X1.0X1.0
500 0.025 0.8 10.0 216 2.0X1.5X1.0

9P 999 VP UV VPO D P DO D

Points to be taken into consideration for implementation of the above structures:

1. Valid for all buildings and for both alluvial and hard rock formation where ground
water level is more than 15 meter below ground level.

2. Only the rain water from the roof top area has to be diverted to recharge structure
through connection of down pipe.

3. Before the onset of the monsoon all the catchment area (roof top) considered for
recharge is to be cleaned. The recharge structures are to be in operation during the
monsoon season only so as to avoid any contamination.

4. A mesh should be provided at the roof so that leaves or any other solid waste/debris
is prevented from entering the pit. By-pass amangement be provided before the
collection chamber to reject the first showers.

5. The depth of the inlet pipe should be within 10 cm below ground level for easy
overflow through outlet pipe that has to be connected to storm water drain.

6. Based on site condition length and breadth of the recharge chamber may be altered
keepings its volumetric capacity the same.

7. RCC slab thickness and reinforcement shall be dependent on structural loads. Access
manhole frame and covers to be provided.

8. Filter media of 1.0 meter thick will be in three layers comprising of 0.4 meter thick
layer of boulders (5-20cm) at the bottom, 0.3 meter thick layer of gravels (5-10cm) in
the middle and 0.3 meter thick layer of coarse sand {1.5-2.0mm) at the top so that the
silt content that will come with runoff will be deposited on the top and can easily be

removed.

9, A 10 cm thick layer of pea gravels will be provided over the coarse sand layer of the
filter media.
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Trench with Recharge well
(Roof top area 200-300 sq. m)

Brick wall with pillars

= 1.0 m. £yt
- —F——g 4 =4  Ouliet
g
? 4" recharge well n.aom
,./: A
PLAN
(Detachable R.C.C. Slab with holes)
RN R ERRRRRRn |
— Well cap with bale I —_—
I 1_01." :: e
R —
pam
- 0.3 m.
3, 0.4 m. A
’ I a graved
2 “ oarse sand (1.5 — 2 mm.)
B
SECTION A Glavel (5— 10 mem.)
Slotted Pipe (3 mm.) - 1 m. length & {5—15¢em.) S
0
4
i
154 mm dia, Bore - _;‘:
wilh 100 mm. dia bank pipe 5 ¥
< a &
o
115
21|18
f-h
100 mm. Slotted pipe "I ” ihr
(1.68 mm slot size) E\. 4
L1 {21} m.
E. [l if’é’
l I i’t 1 m. Bail Plug
Note:

1. Based on post monsoon depth to water level, the recharge well depth will change
and should be kept 2to 3 meter above post monsoon water level.
2. The design is indicative; the actual design depends on site condition



Trench with Recharge well & De-silting Chamber
(Roof top area 300-400 sg. m)

Brick wall with pillars

Inkat
=4 Outlat
Om
PLAN
(Detachabie R.C.C. Slab with holes)
I
— . Well eap with bole —
: 1.0m {
Steps——— | ianar g 39 B il
= O - MO e _
0.3m.
Brick wall — 4 T
with PCC foting ;, 4 m.
2N
5 cm. thick boulders 2 o e sand (5 — 10 mm.)
! \'4
SECTION " Gravel (5— 10 mm.)
i
Slotled Pipe (3 mm =1 m. length b3 ; Boulder (5 — 15 cm.)
16 m.
154 mm dia. Bore
with 100 mm. dia blank pipa
100 mm. Slofled plpe
{1.582 mm sl size)
G m.
1 m. Bail Flug
Note:
1. Based on post monsoon depth to water level, the recharge well depth will change
and should be kept 2to 3 meter above post monsoon water level,
s The design Is indicative; the actual design depends on site condition
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Trench with Recharge well & De-sHting Chamber
(Roof top area 400-500 sq. m)

Brick wall with pillars

0.5 m. 1.5 m.
-—p
Infet [ o “E
_"'-—'é 5 %J—'———r Outlat
o ;
;:;Dtnm.lnn ¢ ¢
?Chlmlur ? 4" recharge well ? n.5m
[
B Y B
PLAN
{Detachable R.C.C. Slab with holes)
RN R R i
» mwrll cap with bole I e
1.0m
v — |
Steps — | MR EHEH 30 30 =TD01im
=i AR e : _
== 03m
Bnck wall —
with POC footing 4 m, i
” t glm'.-e]
5 cm. thick boulders A ! rae sand (5 — 10 mm.)
i
SECTION 7 - Gravel (5 - 10 mm.)
Shotied Pipe (3 mmef - 1 m. length ) Boulder (5 — 15 em.)
A 16m
»
5
154 mm dia. Bore A
with 100 mm. dia biank pipe ¥
F.3
100 mm, Slotied plpe
(1.59 mm slol size)
Gm.
r 3 1 m, Bai Plug
e
Note:
1. Based on post monsoon depth to water level, the recharge well depth will change

and should be kept 2to 3 meter above post monsoon water level.
2. The design is indicative; the actual design depends on site condition



Regharge Trench (Roof Top area upto 100 sq. m.)

Brick wall with pillars

i 1.2 m. 4
Inlet __ el ol v »
T /é 1.2m. Outlet
2
7 Recharge Trench
7
PLAN
(Detachable R.C.C. Slab with holes)
_.. e
== —
14m
—Tim
Lra R e e a i e ta e ek a el a e T e Te e TRt g 0.3m.
0.3 m.
04m
Pea graval
Coarse send (1.5 - 2.0 mm.)
SECTION Gravel (5= 10 mm.)
Boulder (5— 15 cm.)
(All the dimensions are inner)
Note:
1. The design is indicative; the acfual design depends on site condition
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Recharge Trench (Roof Top area 100-200 sqg. m.)

Brick wall with pillars

. 1.8 m. s
Inlet e o . —_—
— :;/, 15 =
Z Lm. Z Dutlot

Z Z

% zﬁ

% Recharge Trench Z

% 7%

PLAN
(Delachable R.C.C. Slab with holes)
—_—
—
1.5m
—Tim
—_0.3m
T 0.3m
- 0.4m.
Peaa gravel
Coarse sand (1.5 = 2.0 mm.)
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Boukder (5 = 15 cm.)
(All the dimensions are inner)
Note:

1. The design is indicative; the actual design depends on site condition



Recharge Trench with Desilting Chamber (Roof Top area 200-300 sq. m.)

0.23 meters thick brick wall with pillars
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with PCC foati Tk
Pea gravel
5 cm. thick boulders coarse sand (1.5 — 2.0 mm.)
SECTION Gravel (5 — 10 mm.)
Boulder (5 - 15cm.)
(All the dimensions are inner)
Note:
L. The design is indicative; the actual design depends on site condition
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Recharge Trench with Desilting Chamber (Roof Top area 300-400 sg. m.)

Brick wall with pillars
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Pea gravel
5 cm. thick boulders coarse sand (1.5 — 2.0 mm.)
SECTION Gravel (5= 10 mm.)

Boulder (5= 15¢cm.)

(All the dimensions are inner)

Note:

1. The design is indicative; the actual design depends on site condition.



Recharge Trench with Desilting Chamber (Roof Top area 400-500 sg. m.)

0.23 meters thick brick wall with pillars
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5 cm. thick boulders coarse sand (1.5 = 2.0 mm.)
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Boulder (5 =15 cm.)

(All the dimensions are Inner)

Note:

1. The design is indicative; the actual design depends on site condition.
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STANDARD DESIGNS
FOR
ADOPTION OF ROOF TOP RAINWATER HARVESTING
IN DELHI

CENTRAL GROUND WATER BOARD
STATE UNIT OFFICE
NEW DELHI



INTRODUCTION

National Capital Territory (NCT) Delhi covers an area of 1483 Sq. Km. The
Ground Water available in the territory is controlled by the hydrogeological situation
characterized by occurrence of alluvial formation and hard rocks such as quartzite. The
hydrogeological set up and the following distinct physiographic units further influence
the ground water occurrence: (1) Older Alluvial Plain on the eastern and western side of
the ridge. (2) Yamuna Flood Plain deposits. (3) Isolated nd nearly closed Chattarpur
alluvial basin. (4) NNE-SSW trending Quartzite Ridge.

The high rate of population growth and high level of urbanization in NCT Delhi
ha s resulted in over development of ground water resources. Thus in about 75% area of
NCT Delhi ground water levels are declining at an alarming rate of 0.40 m per annum.
In South and Southwest district the decline is high varying from 1 to 2 m/Yr. The
annual replenishable ground water resources of the State is 0.31 bem with a net annual
ground water availability of 0.29 bem. Ground water draft (as on 31® March 2009) is
0.40 bem with a stage of ground water development of 138%. Out of the 27 assessment
units (Tehsils) in the State, 20 have been categorized as over exploited, 05 semi critical
and 02 have been categorized as safe from ground water development point of view.

In view of high state of ground water development, and depletion of ground water
levels due to its over development Central Ground Water Authority (CGWA) had
notified South and South-West district vide Public Notice No. 6 of 2000 dated
15.08.2000 and imposed prohibition and restriction for construction and installation of
any structure for abstraction of ground water resources to avoid further depletion and
deterioration of ground water quality. Subsequently the Hon'ble Lieutenant Governor
had declared the whole NCT Delhi as notified on 31.03.2009 vide order No. F8
(348)/EA/Env/09/14433.

The normal annual rainfall of NCT Delhi is 611.8 mm out of which 81% of the
annual rainfall is received during the monsoon months July, August and September.
The rest of the annual rainfall is received as winter rain and as thunderstorm rain in the
pre and post monsoon months.

In order to increase the natural ground water resource rain water harvesting and
artificial recharge to ground water has become increasingly important in ground water
management. The subsurface geology, post monsoon depth to water level and declining
ground water level conditions of the State indicate that the area is suitable for artificial
recharge. The favorable aquifer zones down to depth of ground water level which is
lying unsaturated presently may be suitable recharged through rain water harvesting.

For the convenience of general public standard designs of Rainwater Harvesting
have been prepared and placed on CGWB website.

Permission to install various Artificial Recharge Structures and Recharge
wells is governed by the prevailing rules and laws in the area.
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TEHSIL MAP
NATIONAL CAPITAL TERRITORY, DELHI
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GEOLOGYIND GEOMORPHOLOGICAL MAP OF NCT DELHI |
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DEPTH TO WATER LEVEL MAP FOR RAIN WATER HARVESTING STRUCTURES |
NATIONAL CAPITAL TERRITORY, DELHI
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