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What is Water?

Water Is the ELIXIR of life



Facts we ignore:

That the source of all water on earth

- Is not the rivers, 

- Is not the Groundwater aquifers,

- Is not the lakes, wells or streams,

But it is the precipitation in the form of 

Rain & Snow

“ Don’t lose it, preserve it for judicious use ”



HW4
Then  Water 

Management is 

If  water is

H - How ?

W - Why ?

W - Who ?

W - When ?

W - Where ?





Problem 
Areas

Drought Prone Areas

Supply Through Railways

Supply Through Tankers



1.Source Development 
GW+SW 

3.Use of Science & Technology

2. Rise in Demand 

4.Exploitation for supply 

1.Waterlevel depletions

3.Over-exploitation of  
Groundwater

2.Deep GW sources developed 2.Drying up of aquifers

1.Deterioration of 
Water Quality

3. Inequity in supply

1. Vision to fulfill demand

2. Transportation of water

3. Cost implications/ 
System breakdowns/   
Thefts/ Interventions

Past Scenario Future Scenario

Present Scenario

Partial fulfillment 
of Demand

Fulfillment of 
Demand

Partial fulfillment 
of Demand

Solution ?

Harvesting & 
Recharge



ISO-HYTES OF GUJARAT



Hydro-geological Aspects of Gujarat



Sardar Sarovar Canal based Drinking water supply

Drought proofing of Saurashtra, North Gujarat and Kachchh



Is it:

 A Solution ?

An Alternative ?

A sustainable source ? or

A secured supply system ?

Certainly Not
Solution  for “Water Security” lies in 

“Water Harvesting, 

Conservation & 

Recharge”.



1970s'











No Crops 

If no solution….
…in 2010-2015



Urban Areas 

Roof rainwater/Storm runoff Harvesting Through

Recharge pit / trench

Tube well/ Well Recharge

Rural Areas

Check dams & Under ground check dams (UGCD)

Recharge wells/Tube wells

Nala plugging 

Percolation Tanks / wells

Roof Water Harvesting

Bore blasting to develop secondary porosity

 Recharge through trench  

How ?



Approach to be adopted

 Remote sensing studies for delineating possible 
Palaeo-channels, Fractures, lineaments and water 
potential areas,

 Geohydrological studies for assessment of various 
aquifer parameters like permeability, porosity, etc.

 Geophysical studies for assessment of subsurface 
geological configuration.

 Use of expertise of skilled geologists for ensuring 
effective procedure and proper site selection of 
recharge structures. 



Water Resource Management

Why ? (W1)

To

-Reduce Erosion

-Rejuvenate aquifers 

-Improve water quality

-Self reliance

-Help achieve source sustainability 

-Improve health conditions

-Disaster mitigation

-Saves Time, Money and Energy



Where? (W2)

 Where ground water levels are declining on regular 
basis. 

 Where substantial amount of aquifer has been de-
saturated

 Where availability of ground water is inadequate in 
lean months.

 Where due to rapid urbanization, infiltration of rain 
water into subsoil has decreased drastically and 
recharging of ground water has diminished.

 Essentially ___________ (Contamination/ 
Degradation etc.) 



Who and When? (W3 & W4))



Rainwater Harvesting 



Urban 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 a way that it does not occupy large space for
collection and recharge system.





Need for Rooftop Rain Water Harvesting

Central Ground Water Board 
assessment - 215 billion cubic meter 
surplus monsoon run off water that 
could be stored on surface or in sub-
surface aquifers through various 
methods, which otherwise goes as 
waste.



Roof top rain water harvesting structures should be 
implemented all over the country:-

To meet the ever increasing demand for water.

•To reduce the runoff, due to which storm drains 

choke. 

•To avoid flooding of roads. 

•To augment the ground water storage and control 

decline of water levels. 

•To reduce ground water pollution.

•To improve the quality of ground water.

•To reduce the soil erosion.

•To supplement domestic water requirement during 

summer, drought etc. 



Design of system components

A rooftop catchment system has four 

main components:

• a roof, 

•an outlet, 

•first flush device

•and Storage tank.



Benefits of PVC use in rooftop structures:
•No surface Corrosion 

•No protective coating 

required

•It maintains uniform 

temperatures in 

transforming fluids  

due to Low thermal 

conductivity 

•Fit for purity water 

applications.

•Can be installed at 

very low cost

•Further it is 

maintenance free 



Design considerations for rooftop system:

•Roof Substances should be non-toxic in nature.

•Roof surfaces should be smooth and strong, for easy 

cleaning 

•No overhanging trees should be left & no nesting of birds 

on the roofs 

•All outlets should be fitted with wire mesh to keep out 

leaves, etc.

•A first-flush rainfall outlet should be installed.



•The storage tank should be completely air 

tight and should  have no access to sunlight.

•There should be a reliable sanitary extraction 

device such as a gravity tap or a hand pump to 

avoid contamination of the water in the tank.

•There should not be any possibility of   

seepage of contaminated wastewater into the 

tank.



Rainfall in MM 

100 200 300 400 500 600 800 1000 1200 1400 1600 1800 2000 

Rooftop 

Area  

(M
2
) Harvested Water from Roof top (Cu. Mts.) 

20 1.6 3.2 4.8 6.4 8.0 9.6 12.8 16 19.20 22.4 25.6 28.8 32 

30 2.4 4.8 7.2 9.6 12 14.4 19.2 24 28.8 33.6 38.4 43.2 48 

40 3.2 6.4 9.6 12.8 16 19.2 25.6 32 38.4 44.8 51.2 57.6 64 

50 4 8 12 16 20 24 32 40 48 56 64 72 80 

60 4.8 9.6 14.4 19.2 24 28.8 38.4 48 57.6 67.2 76.8 86.4 96 

70 5.6 11.2 16.8 22.4 28 33.6 44.8 56 67.2 78.4 89.6 101 112 

80 6.4 12.8 19.2 25.6 32 38.4 51.2 64 76.8 89.6 102 115 128 

90 7.2 14.4 21.6 28.8 36 43.2 57.6 72 86.4 101 115 130 144 

100 8 16 24 32 40 48 64 80 96 112 128 144 160 

150 12 24 36 48 60 72 96 120 144 168 192 216 240 

200 16 32 48 64 80 96 128 160 192 224 256 288 320 

250 20 40 60 80 100 120 160 200 240 280 320 360 400 

300 24 48 72 96 120 144 192 240 288 336 384 432 480 

400 32 64 96 128 160 192 256 320 384 448 512 576 640 

500 40 80 120 160 200 240 320 400 480 560 640 720 800 

1000 80 160 240 320 400 480 640 800 960 1120 1280 1440 1600 

2000 160 320 480 640 800 960 1280 1600 1920 2240 2560 2880 3200 

3000 240 480 720 960 1200 1440 1920 2400 2880 3360 3840 4320 4800 

 



Advantages of Roof rain water Harvesting

• Provides self-sufficiency to water supply by storage of rainwater 
for direct use.

• Reduces the cost of pumping of ground water 
• In saline or coastal areas, roof rain water acts as a good quality 

water source.
• In Islands, due to limited extent of fresh water aquifers, rain

water harvesting is the most preferred source of water for
domestic use.

• In desert, where rain fall is low, rain water harvesting has been 
providing relief to people.  

• Rainwater harvesting systems are simple, cheap and can be
adopted by individuals.

• Water in Excess of storage can be diverted for groundwater
recharge to improve yield and quality



Recharge

Natural Recharge is the ability of runoff to penetrate 
in to the subsurface of its own, but suffers from the 
constraints of  soil characteristics, hydraulic 
conductivity, geomorphology, etc. This process is very 
slow and hence, necessitates a boosting activity.

Artificial Recharge to allow infiltration of maximum 
possible runoff in to the underground aquifers at an 
enhanced pace acts as the required booster.



Intense land use for various purposes, due to rapid 
population growth, has adversely affected both the 
surface and Ground water. This has resulted in:

1. Seasonal Rivers/ Streams

2. Decline in Water levels,

3. Deterioration of water quality,

4. Reduced and Uncertain yield,

5. More energy consumption for pumping,



Recharge activity has to be established as a 
movement at grass root level. This requires 

attachment of importance to following 
parameters:

Geological

Geo-morphological

Hydrological ( Drainage / Runoff)

Hydro-Geological (Aquifer/ Source 
Type)



A thorough study of the area is required including 

Rain fall

Lithology

Topography

When more than one favourable factor is available it is 
known as “Convergence of Evidence” – a chance of getting 
ample ground water

The same favourable factors are to be established 

before finalizing the site for recharge



Need for Innovative Techniques

Present available techniques can raise water column 
created by natural recharge, but over exploitation 
consume  it in no times.

This activity is already in practice and effects are evident 
in the form of quality deterioration and groundwater level 
depletion.

To avoid further degradation of the aquifer system the 

same technical innovations are available, required to 

be used for enhanced Artificial Recharge



Artificial recharge may be defined as the planned 
activity , where surface water is made to infiltrate 
the subsurface at rates higher than the natural 
recharge. 

There are many methods of artificial Recharge , 
but they may all be classified in two broad groups:

A). Conventional Methods, 

B). Non-Conventional Methods



A). Conventional Methods-
in which water from surface sources is conveyed or 
stored in-situ at places above the aquifer areas, 
where it is made to percolate and recharge the 
ground water. This includes

(I) Surface spreading Techniques –
Flooding, Ditch and furrow method, Recharge basins, Nala 
bund, Gully plug, Contour bund, percolation tanks, etc.

(II) Subsurface Techniques --
Injection Wells,  Gravity recharge wells, Connector wells, 
Recharge pits and shafts



B). Non-Conventional Methods-

These include indirect recharge methods like :

 Hydro-fracturing : used to expand and extend fracture 
system of a less yielding aquifer by applying high hydraulic 
pressure,

 Bore Blasting technique : adopted to create more storage 
space for ground water artificially in massive and crystalline 
rocks by fracturing the bed rocks. 

 Fracture Sealing Cementation Technique : This technique 
is used to arrest the migration of sub surface flow by cement 
sealing of the fractures.

 Recharge Through Dried up Tube Wells- May be used in 
failed/ abandoned tube  wells 



Lithology Topography Feasible 
Structures

Alluvial or Hard 
rock up to un-
confined 
condition

Plain area or 
gently 
undulating

•Spreading         
Pond

•Under Ground       
Check Dam

•Farm Ponds

•Check Dams

•Percolation Tanks

•Unlined Canals

•Tank in Tanks

Suitability  Criteria



Lithology Topography Feasible 
Structures

Rocky area up 
to weathered 
depth

Hard Rocks

Alluvial or Hard 
rock with 
Confined 
Aquifer

Valley Slopes

Plateau Regions

Plain area or 
Gently 
Undulating

Flood Plain 
Deposits

•Contour Bunds

•Trenches

•Recharge Ponds

•Injection Wells

•Connector Wells

Suitability  Criteria



Lithology Topography Feasible 
Structures

Hard Rocks

Alluvial or Hard 
rock

Foot Hill Zones

Forested Area

•Farm Ponds

•Recharge       
Trenches

•Under Ground 
Check Dams

Suitability  Criteria



•Topographical Details

•Rainfall data & Runoff

•Remote Sensing 

•Geological and  Geohydrological Data  

•Geophysical data

•Pre & Post Monsoon water levels

•Quality of Groundwater in the Area of interest

•Guidance maps like NRSA 



Details Required for Recharge Activity

Details Required for Source

Size & 

Shape of 

structure

Average Rainfall, runoff and 

sedimentation and investment

Topographical Map

Relief Runoff, sedimentation (rate and 

volume) surface storage, 

operational convenience 

Topographic and 

Morphological maps 

Drainage Channel treatment, surface 

storage

Topographic map

Geology Structure foundation, construction 

material ground water 

Geological maps, field 

surveys and reports 

Soils Run off estimation , 

sedimentation, proper land use 

Soil survey reports, 

field surveys 

Climate Run off soil moisture, proper land 

use 

Metrological records 

and reports 

Ground 

water

Study of ground water potential & 

development

Ground water survey, 

drilling reports



Various Water Harvesting 
& 

Recharge Structures



CHECK DAMS
Check Dam (CD) is a low weir, masonry or concrete barrier
constructed above surface across the stream having well defined
banks and a continuous flow particularly in monsoon with flatter bed
gradient.
Ideal structures for Storage of run off.
Stored water can be utilized during the dry months.
This facilitates percolation, providing opportunity for sustainable
water supply through wells and tube wells in the surrounding area. It
also helps in recharging aquifers that are depleted by wells, tube
wells etc.



Site Selection of Check Dam

1. Check Dam (CD) site should formally be selected only 

when there is enough catchments area to fill up the 

check dam at least 4 to 5 times. 

2. Proper inventory in the surrounding area is to be 

conducted to ascertain the strata

3. The bank of the stream should be fairly high and stable. 

4. Check Dam foundation should be on impervious 

formation.

5. Construction material like sand (fine aggregate), stone, 

kapchi /gravel (coarse aggregate) should be available in 

the vicinity, to reduce the cost.

contd/-



6. It should be ensured that no private or forestland is 
submerged. If necessary permission from the 
concerned is required.

7. While selecting a site, it must be ensured that the 
proposed Check Dam does not submerge any 
existing WH structure.

8. Catchments of proposed Check Dam site accurately 
located on topographical sheet (scale 1:50,000) 
should be carefully verified with site visit.

9. The bank of the stream should be fairly high and 
stable to avoid submergence of surrounding land 
use.



NALA PLUGGING

It is similar activity as Check Dams with the 
exception that they are of small dimensions and 
generally on first order streams. In addition to 
water recharge their main function is to restrict 
the soil erosion. 



UNDERGROUND CHECK DAMS(UGCD)

 It is a subsurface barrier across the stream, which holds back 
the base flow as sub surface storage.

 This increases water levels in upstream part of the structure 
by saturating the dry part of the aquifer.

 The site selected should have shallow impervious layer with 
wide valley and narrow outlet. 

 Submergence of land is avoided  evaporation loss is 
minimized. 



Gondal Rajkot



•Ascertain that the river flows frequently.
•The riverbed should consist of coarse sand for maximum storage 
capacity and recharge of wells. Water in coarse soil flows up to 100 times 
faster than in a fine soil.
•The portion beneath the riverbed should comprise of solid rock without 
any fractures. Clay can also serve to avoid the loss of stored water by 
seepage.
•Make a rough estimate of the dimensions of the storage by making use 
of simple iron rod or auger depth penetrations upstream and cross 
stream.

 

W a t e r  S a t u r a t e d  Z o n e

F l o w

D r y  Z o n e

( I m p e r v i o u s )

S u b  s u r f a c e  D a m

Site selection of a UGCD (subsurface dyke)



• A good site for the location of the dam would be the point where the 
river narrows between steep, stable banks, since here the maximum 
storage will be achieved for the minimum dam size.

• Look for a natural depression in the riverbed. Building a dam 
downstream of a natural depression in the riverbed provides a good 
basin.

• Avoid selecting sites that are subject to frequent and serious bank 
erosion and channel course changes. 

• Give preference to sites that are in a landscape zone between hills and 
plateaus. Such sites can accumulate sand transported in the water and 
runoff events will be more significant during the rainy season in such 
sites.

• The riverbed should have a slope of between one and five percent.
• Impermeable bedrock rising up towards the river bed surface provides 

a good location for a masonry ground water barrier (UGCD).



RAIN WATER HARVESTING THROUGH EXISTING TUBEWELLS

In areas where the shallow aquifers have dried up and existing tube wells 

are tapping deeper aquifers, rain water harvesting through existing tube 

wells can be adopted to recharge the deeper aquifers.

BORE WELL RECHARGE 

Fast method of recharge.

Excellent process for the 
replacement of the over 
exploited aquifers.

Boon for the areas were 
surface runoff cannot 
penetrate underground due to 
low permeable upper layers.

Quality of groundwater 
improves.  





•Replacing the top casing pipe of the
tube/bore well with a dual V-wire
screen (0.5 mm inside 0.75 mm
outside) filled with coarse sand as
filter media.

•3Mtsx3Mtsx3Mts pit is excavated
around the casing pipe of the tube
well to accommodate runoff. The pit
also acts as a settling pit and water
passes through the vertical sand
filter.

•Chemical or biological pollution
should be avoided, as it may
deteriorate the deeper aquifers.

•Proper provision for regular
maintenance is required.



2006

2005

Rise In water Level after Recharge 

Village -Tara Na Chhapra, Dehgam, Gandhinagar

The excessive runoff of very

heavy rainfall in June - 2005,

got automatically drained

into the aquifer system.

Approximately 0.80 meter

water column accumulated

on the surface during flood.

Only 200 m X 200m area

was considered under the

influence of this recharge

structure & estimation

revealed that approx.32

million liters of water was

replenished in to the aquifers

through this bore in a day.

A Case Study Village Tara Na Chhapra, 
Gandhinagar-Gujarat



Impact of Recharge on Drinking Water Supply

• Sources ( Bores) of Water Supply = 11 nos

• Villages included in group water supply scheme = 27 nos.

Description Initial 
Value

2008 2009 2010 2011 2012 2013 2015 2016

Water level  (meters) 80 62 54 51 50 52 53 51 52

Water quality (mgl)    
TDS                                                                     
Fluoride

1300
0.8

760
0.6

550
0.5

450
0.5

430
0.5

470 490 450 470



Impact of Recharge on Irrigation in surrounding area

Farmers of the 

area are taking 

sugarcane crop 

also after 25 

years due to 

sustainability 

of their 

sources.

Irrigation Sources ( Bores) 112 nos.

Villages included in Survey 3 nos.

Increase in irrigated area 20 - 25%

Increase in Production 30 - 35%



PERCOLATION TANKS

•Above surface structures formed in natural depressions to 
facilitate the Storage of run off.
•Stored water can be utilized during the dry months.
•Recharge can also be envisaged in shallow aquifers to 
rejuvenate open wells,
•Also utilizable to recharge deeper aquifers by diverting the 
excess water through recharge tube wells.
•tool for ensuring sustainable development of ground water in 
the areas of moderate water holding and water yield 
capabilities. 
•artificially created to facilitate sufficient percolation of 
impounded surface run-off to recharge the ground water. 



1. Submerged area should have fairly good permeability and 

a uniform depth of weathering. 

2. Rainfall pattern based on long term evaluation is to be 

studied .

3. Soils in the catchment area to be preferably light sandy 

type to avoid silting. 

4. The location of the tank is preferably downstream of run-

off zone.

5. The tank is to be designed by considering the percolation 

capacity of the area. 

6. Due care may be taken while designing to keep the height 

of the in-pond water column about 3 to 4.5 meters above 

the bed level. 

Site selection



Sand Stemming

Explosive Charge

(2.78 Kgs)

10 Mts.

Explosive Charge

(5.56 Kgs)

Existing Fractures 

Explosive Charge

(5.56 Kgs)

Pre blast Condition Post blast Condition
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Fractures 

developed after 

blasting

Ground Level

Bore Blast Technique

BORE BLASTING
Technology develops the
secondary porosity in the hard
and compact formations for
movement of the underground
water in large area.
Creates more storage space
for ground water artificially in
massive rocks by fracturing the
formations.









Site selection

1. Suitable grid pattern is selected for drilling of bore holes at a 

suitable site. Pattern may vary from site to site depending upon 

the geological conditions.

2. 100 to 150 mm diameter Boreholes are drilled, generally having 

a depth of about 15 to 25 meters, preferably up to the depth of 

shallow aquifer.

3. Distance between bores is decided as per site conditions and is 

generally kept at 3 to 5 meters.

4. Staggering pattern of boreholes is preferred.

5. Suitable type of explosives and explosives charge is lowered in 

to the bores that are to be blasted. Controlled blasting is 

preferred but in case of inability to do so instantaneous blasting 

is carried out.

6. Optimum quantity of Explosives should be taken as 0.15-0 to 

0.20 Kg / M3 volume of rock for hard rocks like basalt.



7. The explosives are to be packed by filling the 
borehole with sand.

8. Not more than 5 to 6 bores are to be blasted at a 
time,

9. Charging and blasting is to be carried out from the 
bore hole which is lying at the centre of the site 
and then extend in all radial directions,

10. Explosive charging in each bore is to be started 
from bottom to top with a minimum interval of 2 
meters between two Explosive charges and each 
charge is to be connected to the detonating cord 
independently,

11. Bottom charge should be more in quantity as 
compared to upper charges



Hydro-Fracturing
Initiation and propagation of new
fractures in the low yielding bores,
The existing drainage channels, where
clay is accumulated, are cleaned, widened
and extended.
Pre existing fractures are widened and
smoothened.
Increases connectivity of water bearing
fractures.
Sick Bore wells are rejuvenated.
Increased connectivity increases yield and
natural recharge process is enhanced.

Impact of Rainfall on Hydro-Fracturing Activity

Bore wells Hydrofractured 

During Drought Years

(1999-2003)

Bore wells Hydrofractured 

During Good Monsoon

(2004-2009)

Total Succe

ss

Fail % of 

Succ.

Total Succe

ss

Fail % of 

Succ.

551 362 189 65.70 3496 2989 507 85.50



Hand pump 
Recharge



Hand pump Recharge



Bore Blasting In River bed



Experiences



Exemplary Recharge Work 
(Khedbrahma, Sabarkantha-Gujarat)

Status of villages before 

recharge project

8

21

29
79

Saline Fluoride Nitrate Potable

Type of  Recharge Structure No. of  
Structures 
Completed

1 Check Dams 68

2 Under Ground C. Dams 09

3 Nala Plugging 39

4 Hydro-fracturing (126 Villages) 545 bores

5 Bore Blasting (16 Villages) 38 units





Conclusion

•The study clearly reveals that the technique of Hydro-fracturing can be 

employed to improve the yield of the seasonal sick bores. 

•Increased connectivity of the fractures will also enhance the natural recharge 

during rainy season 



•Adopt rainwater harvesting as our National policy

•Have proactive approach at grass root level

•Evolve effective legislative measures

•Scientific & cautious planning of Recharge 
activity

•Adopt suitable land use practices

•Build broad spectrum of database & disseminate  
information

•Techno-economical evaluation of all projects

•Continuous R&D is a must




