
Annual availability of waste in India
2065 million tonnes human and cattle excreta.

Manurial potential in milliion tonnes
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Availability of crop and forest residues
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Present use 25-35 %

wet dung ->dried cakes ->domestic fuels

Rest 65-75 % as FYM

95 % liquid excreta -> Waste
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Water harvesting

Water harvesting is a deliberate collection,
concentration and storage of rainwater, that
runoff a natural or man made catchment
surface.
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Distribution of water

• Water in sea & oceans 97.20   %
• Water in Glaciers & Icecaps 2.14    %
• Underground Water 0.16    %
• Surface water 0.009  %
• Soil Moisture 0.005  %
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Roof Water Harvesting

Rainfall is seasonal and not evenly distributed. So
we face the fury of floods and droughts. Ever
increasing human population has escalated the
consumption of water. This has created
tremendous pressure over natural water sources
and systems. Underground water is also depleting
at an alarming level due to over extraction. We are
entering an era in which availability of fresh water
is becoming scarce.
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There are three ways in which water harvesting can
benefit a community-water harvesting enables
efficient collection and storage of rainwater,
makes it accessible and substitutes for poor quality
water.

• Firstly water harvesting helps smooth out variation
in water availability by collecting the rain and
storing it more efficiently in closed stores. In
doing so, water harvesting assures a more
continuous and reliable access to water.

• Secondly, a water harvesting system collects and
stores water within accessible distance of its place
of use.

• Thirdly, water harvesting provides an alternative
source for good quality water seasonly or even the
year round.
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POTENTIAL OF RAIN WATER HARVESTING

Augmenting domestic water need

Water that can be harvested

Supplementing irrigational need

Water required for irrigatingWater that can be harvested
from 1 sq.m. of hard roof area in
region having average  rainfall of
1000mm = 800 litres.
Therefore 24000 lts. can be
harvested in a  house having a
roof top area of 30 sq.m. (for a

Water required for irrigating

200 sq.m. of land,
considering 15 cm of water
requirement,  including losses

=30,000 ltrs.
30,000 ltrs. can be stored
in a tank having a surface arearoof top area of 30 sq.m. (for a

typical rural house) ensuring a
supply of 40 lpcd for 5 persons
for 120 days.

in a tank having a surface area

of 20 sq.m.  A depth of 1.5 m



COMMON RAIN WATER HARVESTING SYSTEMS
In-situ Rain Water Harvesting

Contour and Graded bunding

Terracing

Contour Trenching

Vegetative Measures

Tanks above ground and
Excavated tanks

Vegetative Measures

, ,

Dugout pond

LDPE Tank

Ferro cement tank

RCC Tank

Interception & Diversion of
Springs/Streams

Dams
RCC Tank

Brick/Stone masonry lined tank

Synthetic polymer tank

Diversion bunds/Channels/ Guhls

Nalla Bunding

Gully Plugs



Bunding and Terracing

Bunding : Suitable for agricultural
land having slope of 1 to 6 %.

(a) Graded – Annual rainfall of 600
mm or more & soil with poor
permeability.

(b) Contour – Annual rainfall of less
than 600 mm & light textured soil .

Cost : Rs. 4,000 to 8,500 / Ha.

Terracing : Suitable for slopy cultivable
land having slope of 16 to 33 %.

Soil depth should be good.

Cost : Rs. 25,000 to 65,000 / Ha.

Utility: Increases soil moisture and reduces erosion, and ensures
equitable soil moisture distribution.
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permeability.

(b) Contour – Annual rainfall of less
than 600 mm & light textured soil .
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Trenching and Farm Pond
Utility: Provides adequate moisture to vegetation, and stores
water for livestock and human beings.
Utility: Provides adequate moisture to vegetation, and stores
water for livestock and human beings.

Trenching : Suitable for non-agricultural
land having slope  upto 55 %.

Cost : Rs. 6,500 / Ha. (for 20% slope)

Rs. 12,000 / Ha. (for 55% slope)

Farm Pond : Suitable for rolling type
topography & larger catchments.

Low soil permeability

Cost : Depends on the earth work done
(~ Rs. 50 per cu.m.).



LDPE Lined tank

Suitability:   For middle Himalayas where the seepage losses are high.

Technology:

• Excavation of tank / pond followed by its lining with LDPE sheet ( 1000-1200 gauge ) .

• Stores water collected from roof and/or run-off, which can be syphoned or pumped out.

Storage capacity: 10cu.m to 40 cu.m depending upon (a) source of water, (b) water
requirement, (c) area available.

Utility: Best suitable for orchards, vegetable cultivation and augmenting household water
needs. Water can be filtered and purified before domestic use.

Cost: Rs. 0.40 per ltr. (without cover) to Rs.0.90 per ltr. (with cover made of corrugated GI
sheet) .
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needs. Water can be filtered and purified before domestic use.

Cost: Rs. 0.40 per ltr. (without cover) to Rs.0.90 per ltr. (with cover made of corrugated GI
sheet) .

Strengths:

• Low cost and simple construction
technique.

• Additional water can be collected from

the tank’s own roof.

• Not affected by land subsidence as it
adapts itself to any earth movement.

Limitations:

• Prone to damage by rodents,
miscreants and weathering agents.

• Difficult to repair punctured or
ruptured sheet therefore needs to be
protected from getting punctured.
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LDPE Tanks : Some Case Studies
Owner- Sri. P.N. Shivpuri

Location- Village Pandeygaon, Bhimtal

Yr. Of Construction – 1991

Catchment – Roof top

Capacity = 21,000 lts + 5,000 lts

Use- Orchard Irrigates 0.3 ha.

Owner- Mirtola Ashram

Location- Almora

Yr. Of Construction – 1970

Catchment – Roof top & Spring

Capacity = 1.75 lakh lts.

Use- Food grain cultivation

Irrigates 0.3 ha.
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Yr. Of Construction – 2001

Catchment – Roof  & Spring

Capacity = 9,000 lts.

Use- Vegetable & Nursery

Irrigates 0.04 ha.
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INTERCEPTION AND DIVERSION STRUCTURES

Dam

Constructed across
stream flows for
creating reservoirs
for various uses.

Diversion channel

Involves diversion of
stream and spring flows
through channels
(unlined and lined)  to
storage tanks.
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Gully plug / Gabion

Blockade in stream flows
for checking velocity of
run-off and increasing
water percolation.
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BENEFITS OF RAIN WATER HARVESTING

 Ensures long term Water yield.

 Provides life saving irrigation.

 Augments domestic water needs.

 Increases water in the traditional water sources.

 Recharges ground water in valleys and low lands.

 Reduces flood.

 Increases lean period flow.

RELIABLE, ECONOMICAL & POTABLE WATER
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Roof Top

Semi-circular
Conduit

Filter Mechanism

Storage Tank

Bye-pass pipe

Fig.  House coupled with a Rain Water Harvesting System



The Filter Mechanism
To keep the water free from impurities like dust
particles and leaves or any other a filter
mechanism is must for this kind of systems. A
very simple and cost effective mechanism
constituted of locally available material can be
incorporated. This is done with the help of gravels
(10 to 25 mm size), sand or fine aggregates,
coconut or jute and small boulders. Following
figure shows the arrangement of these materials.
The length and diameter of this inclined
cylindrical column is 45 inches and 30 inches
respectively of which the material thickness (17
inches) is given in the figure shown below. A
mesh is also provided at the top and bottom of
these layers.
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•
Gravel 25 mm, 3 inches

•
• Gravel 12 to 15 mm, 3 inches
•
• Sand or fine aggregates, 4 inches
•
• Coconut or jute strips, 6 inches
•
• Small boulders > 25 mm, 1 inch

Arrangement of different materials used in Filter Mechanism
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Design Features
The quantity of water that can be harvested through
roof tops can easily be estimated from the available
rainfall (mm/yr) and the size of the roof (area in sq m.
- refer table). The water falling on the roof tops is
collected in semi-circular pipe conduits and is
channelised through a vertical or inclined PVC or
cement pipe. The water flowing through this pipe is
than collected into a storage tank. The theoretical size
of the storage tank required can be easily decided from
the rainfall distribution (average rainfall) and the mean
requirements of the households. However, it is
practicable to go for a pre-determined size of the
storage tank which is dependent upon the requirement
and period of water scarcity.

The quantity of water that can be harvested through
roof tops can easily be estimated from the available
rainfall (mm/yr) and the size of the roof (area in sq m.
- refer table). The water falling on the roof tops is
collected in semi-circular pipe conduits and is
channelised through a vertical or inclined PVC or
cement pipe. The water flowing through this pipe is
than collected into a storage tank. The theoretical size
of the storage tank required can be easily decided from
the rainfall distribution (average rainfall) and the mean
requirements of the households. However, it is
practicable to go for a pre-determined size of the
storage tank which is dependent upon the requirement
and period of water scarcity.

The quantity of water that can be harvested through
roof tops can easily be estimated from the available
rainfall (mm/yr) and the size of the roof (area in sq m.
- refer table). The water falling on the roof tops is
collected in semi-circular pipe conduits and is
channelised through a vertical or inclined PVC or
cement pipe. The water flowing through this pipe is
than collected into a storage tank. The theoretical size
of the storage tank required can be easily decided from
the rainfall distribution (average rainfall) and the mean
requirements of the households. However, it is
practicable to go for a pre-determined size of the
storage tank which is dependent upon the requirement
and period of water scarcity.



Example

• Find area of roof or catchment – 100 sq m
• Estimate its runoff coefficient – 0.8
• rainfall of the area – 1000 mm
• Consider seasonal variation-

monsoon – 750 mm
winter – 250 mm

• Calculate size of tank
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RAIN WATER HARVESTING TECHNIQUES

There are two main techniques of rain water harvesting.

1. Storage of rain water on surface for future use.
2. Recharge to ground water.

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

1. Recharge pits
2. Recharge trenches
3. Recharge shaft
4. Trench with recharge well
5. Shaft with recharge well
6. Recharge through abandoned hand pumps
7. Recharge through abandoned tube well
8. Recharge well
9. Injection well
10. Percolation tank
11. Check dam
12. Gabion structure
13. Sub-surface dyke
14. Roof top rain water harvesting
15. Recharge wells/ Tidal Regulators to arrest Salinity Ingress in Coastal

Aquifers
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PRE-REQUISITES FOR GROUND
WATER RECHARGE

• FAVOURABLE HYDRO-GEOLOGICAL
SET-UP

• DEPLETED AQUIFERS

• ADEQUATE SURFACE WATER
AVAILABILITY

• NON POLLUTED CATCHMENT

• NEED FOR GROUNDWATER

• TECHNICAL FEASIBILITY AND
ECONOMY
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FACTORS TO BE CONSIDERED FOR PREPARTION
OF ARTIFICIAL RECHARGE SCHEME

HYDROGEOLOGY

SOIL COVER

NATURE OF AQUIFER SYSTEM

DEPTH TO WATER LEVELS

CHEMICAL QUALITY OF GROUND WATER

AREA CONTRIBUTING RUNOFF

HOW MUCH IS THE AREA

LAND USE PATTERN

HYDROMETEOROLOGICAL CHARACTERS

HOW MUCH IS THE RAINFALL

PATTERN OF RAINFALL
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DETAILS REQUIRED FOR FORMULATING
RAINWATER HARVESITNG SYSTEM

• LAYOUT PLAN OF THE AREA

• DETAILS OF EXISTING STORM WATER
DRAINS

• DETAILS OF EXISTING GROUND WATER
ABSTRACTION STRUCTURES
(Tubewells, Dug wells, etc.)

• EXISTING LAND USE

• OTHER DETAILS LIKE FLOODING, PONDING
AND QUALITY OF PONDED WATER
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HOW MUCH WATER CAN BE HARVESTED BY
AN AREA

R u n o f f  =  C a t c h m e n t  a r e a  *  R a i n f a l l  *  R u n o f f  c o e f f i c i e n t

G e n e r a l  v a l u e s  o f  R u n o f f  C o e f f i c i e n t
T y p e  o f  C a t c h m e n t R u n o f f  C o e f f i c i e n t
1 .  R o o f  t o p 0 . 7 5  t o  0 . 9 5
2 .  P a v e d  a r e a 0 . 5 0  t o  0 . 8 5
3 .  B a r e  G r o u n d 0 . 1 0  t o  0 . 2 0
4 .  G r e e n  a r e a 0 . 0 5  t o  0 . 1 0

D e s i g n  o f  s t r u c t u r e
  T y p e  o f  s t r u c t u r e -  d e p e n d s  u p o n  t h e  a v a i l a b i l i t y  o f  l a n d
  S i z e  o f  s t r u c t u r e -  s h o u l d  b e  b a s e d  o n  a v e r a g e

h o u r l y  m a x .  r a i n f a l l  o c c u r s  m a x i m u m  n o .  o f  t i m e s
  D e p t h  o f  s t r u c t u r e -  d e p e n d s  u p o n  d e p t h  o f  a q u i f e r  a n d

w a t e r  t a b l e .
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1 .  R o o f  t o p 0 . 7 5  t o  0 . 9 5
2 .  P a v e d  a r e a 0 . 5 0  t o  0 . 8 5
3 .  B a r e  G r o u n d 0 . 1 0  t o  0 . 2 0
4 .  G r e e n  a r e a 0 . 0 5  t o  0 . 1 0

D e s i g n  o f  s t r u c t u r e
  T y p e  o f  s t r u c t u r e -  d e p e n d s  u p o n  t h e  a v a i l a b i l i t y  o f  l a n d
  S i z e  o f  s t r u c t u r e -  s h o u l d  b e  b a s e d  o n  a v e r a g e

h o u r l y  m a x .  r a i n f a l l  o c c u r s  m a x i m u m  n o .  o f  t i m e s
  D e p t h  o f  s t r u c t u r e -  d e p e n d s  u p o n  d e p t h  o f  a q u i f e r  a n d

w a t e r  t a b l e .



1. THE INFILTRATION RATE OF SOIL

2. INFILTRATION RATE OF FILTER
MATERIAL,

3. RECHARGE RATE OF THE
TUBEWELL

4. HOURLY INTENSITY OF RAINFALL
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ENGINEERING DESIGN OF RECHARGE
TRENCH

Trenches:- These are constructed when the permeable
strata is available at shallow depths. Trench may be 0.5
to 1 m. wide, 1 to 1.5 m. deep and 10 to 20 m. long
depending upon availability of water. These are back
filled with filter materials.

Approximate cost: Rs. 5000/- to Rs. 10000/-
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ENGINEERING DESIGN OF RECHARGE SHAFT

Recharge Shafts:- For recharging the shallow aquifers
which are located below clayey surface at a depth of 10
to 15 m, recharge shafts of 0.5 to 3 m. diameter and
10 to 15 m. deep are constructed and back filled with
boulders, gravels & coarse sand. In upper portion of 1
or 2 m depth, the brick masonry work is carried out for
the stability of the structure.

Approximate Cost : Rs. 20000/- to Rs.70000-
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ENGINEERING DESIGN OF TRENCH WITH
RECHARGE WELL

For recharging the shallow as deeper aquifers, lateral
trench of 1.5 to 3 m wide & 10 to 30 m long depending
upon availability of water with one or more bore wells
drives in it may be constructed. The lateral trench is
back filled with boulders, gravels & coarse sand.

Approximate cost : Rs. 2000 – 4000 per m. run of
trench

Rs. 20000 – 35000 per recharge well
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ENGINEERING DESIGN OF SHAFT WITH  RECHARGE WELL
`

Shaft with recharge well: If the aquifer is
available at greater depth say 20 or more than 20 m,
in that case a shallow shaft of 2 to 5 m dia and 5 to
3 to 5 m deep may be constructed depending upon
availability of runoff. Inside the shaft a recharge well
of 100 to 300 mm dia is constructed for recharging
the available water to the deeper aquifer. At the
bottom of the shaft a filter media is provided to
avoid Chocking of the recharge well.

Approximate cost: Rs. 30000 – 70000/-
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ENGINEERING DESIGN OF RECHARGE
SYSTEM THROUGH ABANDONED HAND

PUMPS

Abandoned hand pump: The existing
abandoned hand pumps can also be used for
recharging the shallow / deep aquifers, if the
availability of water is limited. Rain water
should pass through filter media before
diverting it into hand pumps

Approximate cost: Rs.1500 – 2500/-
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ENGINEERING DESIGN OF RECGHARGE SYSTEM THROUGH ABANDONED
TUBEWELL

Abandoned tube well: Abandoned tubewell may be used for recharging the shallow /
deep aquifers. These tube wells should be redeveloped before use as recharge structure.
Water should pass through filter media before diverting it into recharge tube well

Approximate cost: Rs. 20000 – 30000/-



ENGINEERING DESIGN OF
ROOF TOP RAIN WATER HARVESTING

Roof top rain water harvesting: In urban areas runoff from Roof tops and
paved areas can be conserved and used for recharge of ground water. This
approach requires connecting the outlet pipes from roof top to divert the water to
either existing wells/tubewells and especially designed well. The urban housing
complexes or institutional buildings having larger roof area can be utilized for
harvesting roof top rain water to recharge aquifer system in urban areas.

Approximate cost: Rs. 30000 – 50000/-
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Roof Top Rain Water Harvesting in Urban areas
Hard rock areas

Dewas case study

Roof Top rain water harvesting was done through
1000 buildings by providing online filter free of
cost.

Other arrangements were made by the beneficiaries.

Increase in yield of tubewells and improvement in
ground water resources was recorded despite deficit
rain fall.

Peoples participation was demonstrated due to mass
awareness efforts.
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INDORE TOWN – MUSAKHERI PHED COLONY,

MADHYA PRADESH

Aquifer is Weathered/Vesicular/Fractured, jointed
Basalt.

Roof area is 2710 Sq. m and water available during
monsoon 2520 cubic meters.

Water available for Recharge is 2142 cubic meters.

Recharge is being done through large diameter (6 m.) dug
well.

Rise recorded in ground water level is 2.75 m after
monsoon.
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Artificial Recharge to Ground Water in
Golden Temple, Amritsar, Punjab

• Sarovar water over-flow (last 4 years) : 16.87 lakh
cum

• Water recharged ~ 93%
• Cost : Rs 7.27 lakh
• AR Structures : Recharge Wells (4)
• Declining rate of GW levels reduced from 0.9 m to

0.24 m
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Artificial Recharge to Ground Water through
RTRWH at Shram Shakti Bhawan, New Delhi

• Availability of Rain Water Runoff :
3325 cu m

• Recharge Structures : 3 Trench with recharge wells
• Year of construction : 2001
• Average Annual recharge : 3000 cu m
• Rise in Water Levels during August, 2003 : 1.32 to 2.43 m
• Cost of scheme :

Rs 4.10 lakhs
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Artificial Recharge to Ground Water in
President’s Estate,

New Delhi

• Surplus Water Available for Recharge :
31,300 cu m from catchment area of 1.30 sq km and Swimming Pool Water

• Recharge Structures :
Recharge through 2 Existing Dug Wells, 1 Injection Well, 1 Recharge Shaft
and Trench with 2 Recharge Wells.

• Cost of  Scheme : 12.73 lakh
• Year of Construction : 2001-02
• Rise on Water Levels during August, 2003 :

2.43 to 2.62 m
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MASTER PLAN FOR ARTIFICIAL
RECHARGE TO GROUND WATER

Geographical Area of India 3287263 Sq. Km.

Identified Area for Artificial Recharge (Excluding
Hilly Terrain)

448760 Sq. Km.Identified Area for Artificial Recharge (Excluding
Hilly Terrain)

448760 Sq. Km.

Estimated Surplus Monsoon Run off for Recharge 36,453 MCM

Development of Springs in Hilly Terrain 2700

Feasible Artificial Recharge Structures in Rural Areas 2,25, 000

Feasible Roof Top Rain Water Harvesting Structures in
Urban Areas

37,00,000


