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Roof Rain Water Harvesting 
.........Drinking Water at your door step. 

 
General 
India gets 4000 billion cubic meters of water through annual precipitation, and only 
750 billion cubic metres is used. There is no water scarcity taking the average 
availability at national level. We have 1869 cubic metre per-capita per year, but 
regional imbalances exist. 
 
Rain Water Harvesting 
Nature replenishes the Groundwater Resource annually through seasonal rainfall, by 
way of infiltration through soil layers. Due to urbanization, the soil surface exposed to 
the recharge gets drastically reduced and therefore natural recharge gets 
diminished. Groundwater resources have already been extensively developed and 
therefore, any further indiscriminate development should not take place.  
 
Groundwater resource as a natural resource has the major benefit in meeting the 
emergency supplies during the water scarcity periods. In order to maintain the 
groundwater resource potential, a hydraulic equilibrium must be made between the 
availability and utilization. Measures dovetailing rain water harvesting and artificial 
recharge will augment the groundwater resource.   
 
This precious resource is available in highly irregular fashion. It is not available in 
places where and when we want it and in quantities in which we want it. Hence the 
need for Conservation, the pace of development and the great increase in population 
in the urban areas led to the exploitation of water resources to the hilt, resulting in 
the over-use of surface supplies and over exploitation of ground water.  
 
At this juncture, measures are to be taken up by various Governmental and non-
Governmental organizations as well as the public at large, so as to harvest the 
rainfall and maintain groundwater balance. Such measures will help to have reliable 
and sustainable groundwater resource for supplementing the domestic and industrial 
water supply needs of urban area.  
 
What is Water Harvesting? 
Water harvesting is the deliberate collection, concentration and storage of rainwater 
that runs off a natural or manmade catchment surface. Catchments include rooftops, 
compounds, rocky surface or hill slopes or artificially prepared impervious/ semi-
impervious land surfaces. Storage is done in tanks, lined pits, small dams or in the 
sandy beds of seasonal rivers.  
 
The amount of water harvested (collected and stored) depends on the frequency and 
intensity of rainfall, the catchments characteristics and water demand and how 
quickly and how much runoff occurs. Water harvesting has importance in countries 
with arid and semi-arid regions and remote isolated habitations in difficult terrains, 
where it may often provide the only feasible solution for and improved water supply. 
 
Why Water Harvesting? 
Depending on local environmental conditions, water harvesting may provide a 
supplementary supply, an alternative supply or the only feasible improved supply, 
especially in the rural areas. Just like other water resources, rain water harvesting is 
an option to be considered when planning an improved water supply system with a 
community. 
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Technology development in drilling and pumping methods have paved the way for a 
massive exploitation of ground water- mainly for irrigation (85 per cent) and for 
industry and domestic purposes (15 per cent).  

 
Such a rapid localized over-drawl of groundwater has not been compensated 
adequately with the recharge of the subterranean aquifers with the recharge of the 
subterranean aquifers that store water. This imbalance between the depletion of our 
groundwater resource on the one hand and the slow recharge on the other has 
resulted in the rapid depletion of the aquifers and the consequent lowering of the 
water table and quality problem like excess fluoride, Total Dissolved Solids (TDS) 
and nitrate. This gets manifested in the form of various diseases. Notwithstanding, all 
this the rural drinking water supply departments have to concentrate their efforts on 
the exploitation of ground water from different depths. To avoid all these issues it is 
worthwhile to trap water from the monsoon rain and harness it because it is needed 
most to: 
  

1. Arrest ground water decline and improve ground water levels and availability. 
2. Beneficiate water quality in Aquifers. 
3. Arrest sea water ingress. 
4. Conserve surface water run-off during monsoons.  
5. Enhance availability of ground water at the specific place and time.  
6. To reduce power consumption. 

 
Rainfall 
A thorough knowledge of the rainfall pattern and hydrology of an area is important to 
decide the type of rainwater harvesting to be adopted as well as to identify the 
location(s). Regions can be broadly classified according to rainfall figures: 
 

 Desert (0-100 mm)  
 Semi-Desert, (100-250 mm),  
 Arid(250-500mm) and 
 Semi-Arid (500-750mm).  

 
The coastal areas of the states receive high rainfall, decreasing over the interiors. 
South Gujarat received annual rainfall in the order of 1500 mm whereas the interior 
portion of Gujarat receives about 750 mm further decreasing to 400 mm over the 
extreme west and north- west.  
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Hydrology and terrain  
Runoff rates tend to rise and fall rapidly due to variable rainfall intensities, steep 
slope gradients and poor vegetation covers on slope surfaces in the arid and semi 
arid environments. 
 
Variations in slope gradient and surface type along flow-lines also contribute to this. 
So, locations with deep, coarse soils or dense vegetation may produce little or no 
run-off. Dense vegetation acts as a sponge, or, more appropriately, an intercepting 
storage as it absorbs part of the rainwater. On shallow / gentle slopes where the flow 
is slower and water more widely spread, there is a greater opportunity for infiltration 
to occur, providing a lower surface runoff. Although steeper soil-covered slopes 
generally have coarse soil with high infiltration rates, they can produce considerable 
runoff. This runoff can be utilized to fill reservoirs. It has also been observed that the 
infiltration capacity of the soil is complete after a short spell of rain. This can also 
lead to run-off as the soil is in no position to absorb any more water. Water from 
such runoffs can concentrate in galleys and fill reservoirs. 
 
Rainwater harvesting / collection System 
It has been increasingly imperative for housing project to incorporate rainwater-
harvesting system in regions both rural and urban of known potable water scarcity. 
This is a step towards ensuring availability through traditional methods of water 
tapping, in a modern way. 
 
Need for Rooftop Rain Water Harvesting 
The Central Ground Water Board has made an assessment of 215 billion cubic 
metre 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 have to be implemented all over the state/ country:- 

1. To meet the ever increasing demand for water. 
2. To reduce the runoff, due to which storm drains choke.  
3. To avoid flooding of roads.  
4. To augment the ground water storage and control decline of water levels.  
5. To reduce ground water pollution. 
6. To improve the quality of ground water. 
7. To reduce the soil erosion. 
8. To supplement domestic water requirement during summer, drought etc. 
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Advantage of Rain Water Harvesting 
1. Provides self-sufficiency to your water supply. 
2. Reduces the cost of pumping of ground water. 
3. Provides high quality water, soft and low in minerals.  
4. Improves the quality of groundwater when added as recharge. 
5. Reduces soil erosion in urban areas.  
6. The roof top rain water harvesting is less expensive.  
7. Rainwater harvesting systems are simple for adoption by individuals. 
8. These systems are easy to construct, operate and maintain.  
9. In hilly terrains, rain water harvesting is preferred.  

10. In saline or coastal areas, it provides good quality water & when recharged to 
ground water it helps in maintaining balance between the fresh-saline water 
interface.  

11. In Islands, due to limited extent of fresh water aquifers, rain water harvesting 
is the most preferred source of water for domestic use.   

12. In desert, where rain fall is low, harvested rain water is an ideal source. 
 
Roof Top Water Collection and Recharge 
Availability of rain water from roof tops is so high in the urban areas that if it is 
properly diverted and used, it helps in reducing the water scarcity problem of cities 
and towns. Commonly runoff water from roof tops are let off into the drains. Instead 
of this, the outlets can be connected through a pipe to a storage tank and over flow 
of this tank may be diverted and let into gravel filled trenches, pits or existing open 
wells/ bore wells etc., to serve as recharge points. This method is less expensive 
and very effective and if implemented in good spirit by each house/housing society, 
will help in augmenting the groundwater availability of the area.  
 
Different structures can be adopted for storage, utilizing the roof top water. 
 

 
Estimating the size of the required systems 
The actual size of the system will depend on various factors. Primarily the size will 
be influenced by the cost of the system, the amount of rainwater to be collected, 
expectations and needs of tank owners and the level of external support. 
 
The key to the solution here lies in matching the supply and demand to the 
satisfaction of the user(s) at lowest cost possible. The amount of rain and its 
distribution over the year, the size of the catchment area and the projected supply 
ultimately determine the size of the tank. Usually the worst scenario will present itself 
during the longest dry spell. The size of the catchment area and tank should be 
enough to supply sufficient water for the users during this period.  
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Assuming a full tank at the beginning of the dry season (and knowing the average 
length of the dry season and the average water use), the volume of the tank can be 
calculated by the following formula: 
 

V = (t x n x q) + et,  
Where 

V = Volume of tank (litters) 
t = length of the dry season  
n = Number of people using the tank 
q = Consumption per capita per days (litters) 
et = Evaporation loss during the dry period 

 
Since evaporation from a closed storage tank is negligible, the evaporation loss (et) 
can be ignored (=zero). This is subjective. 
 
Design Example  
If, for example, 30 LPD (q) is agreed upon and a dry period of 100 days (t) is 
normally not exceeded, a storage volume of 21 m3 would be required for a family of 7 
members (n). 

 
V=100(t) x 7 (n) x 30(q) = 21,000 litters or 21m3 

 
The required catchment area (i.e. the area of the roof) can be determined by dividing 
the volume of the tank by the accumulated average rainfall volume (in litters) per unit 
area (in m2) over the preceding wet months and multiplying this with the runoff 
coefficient, which can be set at 0.8 for galvanized iron or tiled roofs. 
 
Experience shows that with the water storage tanks next to their houses, people use 
between 20-40 liters of water per person per day (lpd). However, this may rise in 
time as people relax their water use habits because of easy access. This contrasts 
with a maximum of 10 lpd consumption levels under similar environments with 
people fetching water from distant sources. Together with the community/family, a 
decision must be taken on how the water will be used or what affordable service 
level can be provided. 
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General design features 
Rooftop water harvesting systems can provide good quality potable water if the 
design features outlined below are taken into account. 
 
Design considerations for rooftop catchment system: 

1. The substances that go into the making of the roof should be non-toxic in 
nature. 

2. Roof surfaces should be smooth, hard and dense since they are easier to 
clean and are less likely to be damaged and release materials/fibbers into the 
water. 

3. No overhanging trees should be left near the roof. 
4. The nesting of birds on the roof should be prevented. 
5. All out lets ends should be fitted with a wire mesh screen to keep out leaves, 

etc. 
6. A first-flush rainfall capacity, such as a detachable down pipe section, should 

be installed. 
7. The storage tank should have a tight fitting roof that excludes light, manhole 

cover and a flushing pipe at the base of the tank (for standing tanks). 
8. 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. 
9. There should be no possibility of contaminated wastewater flowing into the 

tank (especially for tanks installed at ground level). 
10. Water from other sources, unless it is a reliable source, should not be emptied 

into the tank through pipe connections or the manhole cover. 
 
Design of system components 
By now, it is clear that a rooftop catchments system has three main components, viz. 
a roof, an outlet and first flush device and Storage tank. 
 
The roof - The roof should be smooth, made of non-toxic substances and sufficiently 
large to fill the tank with the available rainfall conditions. Existing roofs of houses and 
public buildings can be used for a rooftop catchments system. In some cases 
enlarged or additional roofed structures can be built. 
 
Outlet and first-flush device - Outlet is intended to protect the building by collecting 
the water running off the roof and direct it, via a down pipe, to the storage tank. 
Outlet should have a uniform slope of 0.5 per cent large enough to collect the heavy 
runoff from high-intensity rain.  
 
With all roof catchments tanks, the first rainwater running off the roof should be 
discarded. This helps keep the water potable because this first flush of rainwater 
contains large quantities of leaves and bird droppings. The importance of such first 
flush devices became clear from a study undertaken in Malaysia. The study showed 
how the faucal coli form count in runoff water was reduced from 4 to 60 per litter to 
zero, as the first five litters of run-off washed a roof measuring 15 m2. 
 
The tank-  Water tanks using Ferro cement technology come in different designs 
with volumes ranging between two and 200 m3. For example, a free standing 
cylindrical tank can be built in sizes between 10 and 30 m3, while a capacity of up to 
200m3 is possible with sub-surface covered tanks. The latter is most economical 
when the capacity exceeds 50m3. 
 
The principles of construction of Ferro cement tanks involving the use of a 
corrugated iron moulds are widely adopted An alternate design avoiding frame work 
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involves erecting a circular frame made of welded-mesh bars spaced at 15 cm and 
covered with checked wire mesh (2.5 cm gauge) on to a reinforced concrete base. 
This is then covered on the outside with sacks or cloth and two coasts of a 1.5 cm 
layer of mortar (1 part cement, 3 parts sand) plastered along the inner walls to 
produce the tank wall. Two further coats of plaster are added, one on the, outside 
after removing the sacks and one on the inside to provide a tank wall thickness of 5 
cm. A waterproof of just cement and water is then added to the tank's inner wall. 
 
When the wall is 
complete, a 
wooden frame is 
constructed 
inside the tank to 
support the metal 
template made 
from old oil 
drums, which 
form the mould 
for the domed 
roof. The roof is 
also reinforced 
with weld-mesh 
and chicken wire.  
 
For quality, the 
floor, walls and 
the roof need to 
be cured by 
moistening their surface for at least a week. This should start immediately after each 
component is ready. 
 
Management and Maintenance 
Rooftop catchment tanks like all water supply systems, demand periodic 
management and maintenance to ensure a reliable and high quality water supply. If 
the various components of the system are not regularly cleaned, water use is not 
properly managed, possible problems are not identified or necessary repairs not 
performed, the roof catchment system will cease to provide reliable, good quality 
supplies. 
 
Following is a rough timetable of maintenance and management requirements that 
gives a basis for monitoring checks: 
 

• During the rainy season, the whole system (roof catchment, outlets, pipes, 
screens, first-flush and overflow) should be checked before and after each 
rain and preferably cleaned after every dry period exceeding a month. 

• At the end of the dry season and just before the first shower of rain is 
anticipated, the storage tank should be scrubbed and flushed of all sediment 
and debris (the tank should be re-filled afterwards with a few centimeters of 
clean water to prevent cracking).  

• Ensure timely service (before the first rains are due) of all tank features, 
including replacement of all worn screens and servicing of the outlet tap or 
hand pump. 
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Water use Management 
Control over the quantity of water abstracted from the tank is important to optimize 
water use. Water use should be managed so that the supply is sufficient to last 
through the dry season. In effect it will mean going back to where the user began, 
i.e. trekking long distances for poor quality water. On the other hand, under-
utilization of the water source due to severe rationing may leave the user dissatisfied 
with the level of the service provided. 
 

Availability of Rain water through Roof top Rain Water Harvesting 
Roof 
Area  
(M2) 

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

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 

 
Peak Flow from Roof top Rain water Harvesting 

Roof top 
area Sq. Mts. 

Rainfall Intensity in mm / hour 
50 100 150 200 

Peak flow in liters / Second 
20 0.28 0.56 0.83 1.11 
30 0.42 0.83 1.25 1.67 
40 0.56 1.11 1.67 2.22 
50 0.69 1.39 2.08 2.78 
60 0.83 1.67 2.50 3.33 
70 0.97 1.94 2.92 3.89 
80 1.11 2.22 3.33 4.44 
100 1.39 2.78 4.17 5.55 
200 2.78 5.56 8.33 11.11 
500 6.95 13.89 20.83 27.78 
1000 13.92 27.78 41.67 55.55 

 
PVC a positive choice of today and tomorrow: 
The use of PVC for production of pipes is one of the most dramatic success stories 
in Industry, where a new material, technology and entrepreneurship has so 
significantly fulfilled the basic need of assured availability of clean and hygienic 
water. Traditional material like steel, cast iron, stoneware or asbestos suffer from 
effect of corrosion, health hazards, cost, transportation, breakage and a short as well 
as uncertain life span while PVC pipe do not suffer from these problems and have 
gained overwhelming preference world over in a short time span. They are the 
positive choice of today and tomorrow.  
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Why PVC pipes?  
To make the system cheaper, it is advisable to adopt PVC as material to channel the 
water from the roof top. 
  

Benefits of PVC pipe – Physical properties 
Characteristics PVC Pipes CI/GI AC 

 
Specific Gravity 1.40 – 1.46 7.2 – 7.8 2 – 2.8 
Tensile Strength Kg/ Cm2 445 – 600 1400 – 4000 100 – 400 
Thermal Conductivity K 0.125700.24 70 .0.24 
Thermal Expansion 102 /C  5- 61.0 – 1.2  1.0 – 1.2 - 
Flexibility Relatively Rigid Rigid Rigid 
Available Size 20 – 315 50 – 315 50 – 315 
Dependence of working 
Stress at temp 

Negligible Negligible Yes 

Effect of low temperature Tendency to 
become brittle at 
low temp with 
possible handling 
problems 

Likely to 
burst at 
freezing 
temp 

Likely to burst 
at freezing 
temp. 

 
Main benefits of PVC: 
 Corrosion resistance 

1. No surface Corrosion  
2. No protective coating required 
3. Immune to galvanic or electrolytic erosion 
4. PVC pipes are not attacked by low or high concentration of acids, oxidizing 

agents, alkalies, Oils fats and halogens.  
 Low thermal conductivity means it maintains uniform temperatures in 

transforming fluids.  
 Energy saving, Environment friendly recyclable and Flexible.  
 Biological resistance. 

1. Fit for purity water applications. 
2. Stability of PVC pipes against rodent attack. 

 Abrasion resistance- Due to toughness and inner bore smoothness its ideal 
for abrasive resistant application.  

 Always available in wide variety of custom colors.  
 Can be installed at very low cost further more it is maintenance free (no 

painting or no coating required) and up to certain extent they are fire 
resistance.  

 The Co-efficient of thermal expansion of rigid PVC pipes is 5-6 x 10-2 per 1 
degree Celsius. This means that in a 100 feet run, the length of pipe will alter 
by 1 inch per 10 degree Celsius change in temperature. Compared to PVC 
the co-efficient of thermal expansion for CI/GI pipes is 1-2 x 10-2 per one 
degree Celsius.  

 
Utilization of dried up wells 
Lowering of groundwater levels in the last 2 to 3 years, has led to the drying up of 
many of the open wells as well as some shallow bore wells. Instead of discarding 
them, these dried up wells can be utilized as recharge wells by connecting them to 
the water outlet pipes from the roof tops. This cost effective process not only saves 
the precious rainwater going as waste, but also helps in restoring the local ground 
water availability.  
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Conclusion 
In short water harvesting is a process of collecting and concentrating runoff water 
from a runoff area into a run-on area, to be either: 
 

1. directly applied to a cropping area and stored in the soil profile for direct 
uptake by crops and trees (i.e. runoff farming) or  

2. stored in a on-farm water reservoir for future productive uses  
3. domestic consumption, livestock watering, aquaculture, irrigation 
4. Stored into the aquifer (i.e. recharge enhancement).  

 

 
 
A Noble Goal – A Common Responsibility  
Groundwater exploitation is inevitable in urban areas. But the groundwater potential 
is getting reduced due to urbanization resulting in over exploitation. Hence, a 
strategy to implement the ground water recharge, in a major way needs to be 
launched with concerted efforts by various Governmental and Non-Governmental 
Agencies and Public at large to built up the water table and make the groundwater 
resource, a reliable and sustainable source for supplementing water supply needs of 
the urban dwellers.  
 
Recharge of groundwater through storm runoff and roof top water collection, 
Diversion and collection of runoff into dry tanks, play grounds parks and other vacant 
places are to be implemented by Municipal Corporations and other Government 
Establishments with special efforts. The Municipalities / Municipal Corporation will 
help the citizens and builders to adopt suitable recharge method in one’s own house 
or building through demonstration and offering subsidies for materials and 
incentives, if possible.  
 

*************** 
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Ground water Recharge 
 

Preamble  
Water withdrawn from the subsurface (underground) has its source primarily from 
rain that infiltrates the land surface and slowly percolates to the water table. This 
process of percolation of rain water in to the underground storage (Aquifer) is called 
natural ground water recharge or simply “Recharge”. The quantity of this natural 
recharge varies with grain size of sand, slope and intensity of rainfall. If the sand is 
coarse grained, slope is gentle and intensity of rainfall is slow then there will be more 
natural recharge and in reverse condition this will be slow.    

 
Ever increasing demand of water for various uses results in withdrawal of 
Groundwater which depletes water table of the area. Hydrographs (Graphs of water 
level fluctuation verses time) taken on long term basis depicts the decline or rise in 
water level. If substantial water level declines then manmade efforts are required to 
maintain the level. Any effort for augmenting the water-level is called artificial 
recharge.  

 
Long term water-level decline indicates diminishing amounts of water in aquifer. This 
leads to several problems like reduction in well yields, intrusion of saline water in 
coastal areas, water quality problems, etc. This leads to shortfall in water availability.  

 
Proper understanding of hydrologic cycle, seepage of rain water to underground, 
water holding capability of the formation, confining and un-confining conditions of the 
subsurface, porosity and permeability of the formation etc. is the basis of 
understanding recharge.  All these phenomenons are discussed in detail as under:- 

 
Hydrologic cycle 
Precipitation, storage, runoff and 
evaporation of the earth’s water 
follow an unending sequence 
known as Hydrologic cycle. 
During this cycle the total 
amount of water in the 
atmospheres and in or on the 
earth remains the same; 
however its form may change.  
 
Water vapour in the atmosphere 
is condensed into droplets (rain) 
that fall to the earth surface. A 
portion evaporates and returns 
to the atmospheres. Another 
portion flows on ground surface 
until it reaches to a stream and 
finally to the sea.  
 
During this journey, some 
portion of water infiltrates down 
into the ground and forms 
ground water. Ground water 
returns to the surface through 
springs, seepage to streams, 
pumping from where it directly evaporates and evapo-transpiration by vegetation.  
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Thus the hydrologic cycle is completed. When sufficient water vapour again gathers 
in the atmosphere, the cycle repeats itself.  

 
Ground water 
Rain water goes down to the underground through capillaries and forms ground 
water. When it reaches underground it requires some space (voids/strata) for the 
adjustment. These voids are provided by “Aquifers”. Some forms good aquifers 
where as others are poor. The most important requirement is that the stratum must 
have interconnected opening or pores through which water can move. 

       
1. Aquifer- Geological formation which can receive, hold and transmit the water is 

known as aquifer. Sand gravel form good potential aquifers.  
2. Aquiclude-Geological formation which receive and holds the water but is not 

capable of transmitting it, is known as Aquiclude (Clay, Shale are the examples of 
Aquiclude)  

3. Aquifuse- Formations that neither receive, nor hold or transmit water are called 
Aquifuse. Compact Granite, quartzite, basalt etc. are the examples of Aquifuse.  

 
As discussed above rain water that percolates to the subsurface needs some space 
to form an underground storage. These spaces are known as voids, interstices or 
pore spaces. Interstices (pores) act as ground water conduits and are characterized 
by their size, shape, distribution, etc. These are created by geologic processes 
governing the origin of the geologic formation and are found in sedimentary and 
igneous rocks. However, if the pore spaces are not interconnected, then they may 
not facilitate the movement of groundwater. Available pore space in the formation is 
termed as porosity of the formation and the degree of interconnectivity of these 
pores is termed as permeability of the formation.    
 
Porosity 
The term porosity of a formation can thus be defined as the measure of the available 
interstices in the formation. It is expressed as the percentage (%) of void space to 
the total volume of the mass. These pores may be interconnected (like sandstone) or 
may not be connected at all (like sticky Clay).     
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Representative porosity ranges of sedimentary formations: 
 
No. Material Porosity % No. Material Porosity % 
1 Soil  50-60 

7 Fine to medium  
sand  30-35 

2 Clay  45-55 
3 Silt  40-50 8 Gravel & Sand  20-35 
4 Medium to coarse sand  35-40 9 Sandstone  10-20 
5 Uniform sand  30-40 10 Shale  1-10 
6 Gravel  30-40 11 Limestone  1-10 

  Source: Ground water Hydrology by David Todd.  
 

Permeability 
Permeability of a porous formation refers to the ease with which a fluid will pass 
through it or in other words is the degree of interconnectivity of the pore spaces. 

 

In aquifer the quantity of stored water and the level of transmission depend on their 
porosity and permeability. Fair degree of interconnectivity of pores in formations like 
sandstone means it is both porous and permeable, which means that they can both 
hold and yield water.  Formations like sticky Clay is porous but not permeable, as it 
can hold water but cannot transmit it.  
 
If the rocks are fractured or weathered, some water may be stored in these fractures 
and in weathered portions. This is called the secondary porosity of hard rock 
formation, which is limited to fractures, fissures, joints and other structural 
ambiguities. Water holding capacity depends on the degree of fractures and its 
transmission depends on the degree of interconnectivity of these fractures and joints.   
 
Unconfined aquifer  
In case of sedimentary formations, the deposition takes place in strata with variable 
thickness, material and characteristics.  In unconfined aquifers the upper most 
surface of such depositions is permeable and directly in contact with atmosphere, to 
facilitate percolation from the precipitation. Water stored in the subsurface in such 
conditions forms the unconfined aquifers. This is also known as the water table 
aquifer.   
 
A weathered formation of hard rock area also forms good unconfined aquifers. 
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Confined Aquifers 
Confined aquifers has an overlying and under lying confining layer of less 
permeability than the aquifer and has indirect connection with the atmosphere.      

 

Cone of depression  
Pumping from wells lowers the water table near a well. This is known as the cone of 
depression. The land surface overlying the cone of depression is also referred to as 
the area of influence. Groundwater flow is diverted towards the well as it flows into 
the depression cone. 

 
If the ground water storage in an area decreases and discharge (by various means) 
exceeds the natural recharge, then it can be decided that the area needs artificial 
recharge which may be achieved through planned system. This can completely 
change the ground water regimen.  
 
Groundwater Recharge 
 
Recharge is a term broadly used to replenishment of a particular resource and holds 
good for groundwater as well. Recharge to subsurface takes place when runoff is 
generated by rainfall and percolates to underground aquifer. This is a natural 
process, which takes place in accordance with the infiltration capacity of the 
available formation.  
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Need to enhance recharge 
Natural Recharge is a slow process directly dependent up on the infiltration capacity 
of the available formation, rainfall and land use of the area. Ever increasing demand 
for water has led to exploration of finite water resources with the help of latest 
scientific and technical innovations. Hydro geological knowledge and latest 
technology has been used to explore ground water resulting in exploitation of the 
groundwater reserves. However, Groundwater draft has exceeded the natural 
recharge rates thereby creating an environmental imbalance. Depletion of invisible 
ground water is very much visible in the form of dwindling water levels and 
deteriorating quality and has to be countered at a large scale by applying alternative 
management and conservation techniques. Rate of natural recharge has to be 
enhanced by human intervention to counter the imbalance. This human intervention 
is called Artificial Recharge. 
 
The term Artificial Recharge is thus an activity of transferring surface water to sub-
surface aquifers at pace that is higher than the natural process of recharge. Over 
exploitation of water resources 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,  

 
Methods of Artificial Recharge 
 
Artificial recharge may be classified in two broad groups: 
 
A) Direct Methods- water from surface sources is conveyed or stored in-situ at 
places above the aquifer areas and made to percolate and recharge the ground 
water. This includes Surface spreading Techniques and Subsurface Techniques. 
 
A-1) Surface spreading techniques include: 

1. Flooding- spreading surplus water over a large area for sufficiently longer 
periods to facilitate recharge, 

2. Ditch and furrow method- Shallow, flat bottomed ditches or furrows are 
provided for maximum contact areas of recharge. Suitable for irregular 
topographic terrain, 
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3. Recharge basins- Water is spread in recharge basins either excavated or 

enclosed by dykes. Commonly prepared parallel to stream channels, 

 
4. Runoff conservation structures- like check dam, under ground Check dam, 

Gully plug, Contour bund, and percolation tanks, etc. 
 

A-2) Subsurface techniques include: 
1. Injection Wells- are structures similar to tube wells and used to augment the 

ground water storage of a confined aquifer by pumping in treated surface 
water under pressure, 

2. Gravity recharge wells- Ordinary wells, bore wells, tube wells used for 
pumping may also be used alternately for recharge by effecting gravity inflow. 

3. Connector wells- are special types of recharge wells where deeper aquifers 
having lower piezometric head are recharged from the phreatic aquifer by a 
connector well without any pumping, 

4. Recharge pits and shafts- structures of variable dimensions are excavated to 
penetrate the less permeable formation to the permeable formation to initiate 
recharge at higher rate.  

 
B) Indirect Methods - in which the transfer of surface waters is induced or it takes 
place as a consequence of a human activity, which is not specifically aimed at 
recharging the aquifers. Locating the ground water abstraction wells near influent 
stream effects induced recharge. The second type of indirect recharge is that arising 
out of seepage from stream or canal or lake beds and return flow from irrigation. 
Infiltration galleries are also used for tapping ground water reservoir of river bed..  
 
Aquifer modification techniques are used to modify the characteristics of the aquifer 
to increase its capacity to store and transmit water. Among these prominent are: 
 

 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.  
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C) Combination of methods: 
Under certain Hydro-geological conditions a combination of above mentioned 
techniques can be employed to get the desired results. For example: 

 Recharge basin with shafts 
 Induced recharge with collector wells 
 Combination of ground water dam and collector well 
 Conservation structures in combination with bore blasting technique. 

 
Artificial recharge in urban areas can be done by: 

 Roof top rainwater collection and recharge 
 Storm runoff collection and recharge 
 Street recharge pits and trenches 
 Recharge basin / ditch cum furrow Sketch 

 
Finalizing the type of Recharge Activity 
 
As mentioned above a proper scientific approach is to be adopted for the finalization 
of the type of structure in a specific area. The recharge activity is a site specific 
activity and needs consideration of local elements in correlation with areal extent. 
 
Approach  
Selection of location for water harvesting, conservation and recharge structures is of 
great importance for their effectiveness. To achieve the optimum benefit systematic 
and scientific study of the project area is necessary. The prime objective of such 
efforts should be to establish an effective recharge system by way of creating 
suitable structures. Systematic studies of the project area included: 

 
 Remote sensing studies for delineating possible Palaeochannel, Fractures, 

lineaments and water potential areas, 
 Geo-hydrological studies for assessment of various aquifer parameters like 

permeability, porosity, etc. 
 Geophysical studies - for assessment of subsurface geological configuration. 
 Use of Ground Water Prospectus Maps, prepared by NRSA, for proper site 

selection of recharge structures, 
 Interaction with the local community to generate the basic information about 

the area and use of their local knowledge, 
 Use of expertise of skilled geologists for ensuring effective procedure and 

proper site selection of recharge structures.  
 

In addition to above use of Geographical Information System (GIS) for recharge 
activity helps plan and manage the water resources on a long term and sustainable 
basis. All the information layers can be clubbed and correlation of various 
parameters will help establish convergence of evidence that is indicative of zones 
favourable for harvesting and recharge.  
 
Monitoring of data after execution of recharge activity can also be established on 
GIS platform for analysis and finalizing course of action in future. 
 
GIS Overlays Analysis 
 
A geographic information system (GIS) may be used as it is an automatic method 
to evaluate the potential of an area for recharging ground water especially over hard 
rock regions since most information of use is derived from high resolution satellite 
imaging and aerial photo interpretation.  
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This method enables ranking the potential of an area on the basis of “Recharge 
Favorability Score” by using statistical relationship among factors that are assumed 
to be related to ground water recharge.  
 
The recharge favorability factors should be evaluated as per table below:  
   
No Recharge Favorability 

factors 
Map scale Source of Data 

A. Topographic Factors 
1 % Slope of weighted 

average slope. 
1:25,000 Digital Terrain Model 

2 Soil factors/ land surface 
altitude 

1:25,000 Topographic maps 

3 Weighted average soil 
permeability 

1:20,000 Soil Maps 

B. Geologic Factors 
4 Lineament intersection 1:25,000 Satellite; LISS III & PAN 
  Fractures trace intersection 1:50,000 Satellite images 
5 Fractures density and 

infiltration numbers 
1 to 2 Mts. 

resolution data 
High resolution Satellite data; 
LISS III, PAN & IKONOS 
imagery 

C. Geomorphologic Factors  
6 Ridge & Valley 1:25,000 Enhanced Satellite images 

e.g. ETM + image 
  Piedmont surface buried 

pediment zones of 
weathering  

1:50,000 / 
1:25,000 

Aerial photos /Satellite images 

D. Hydrologic Factors  
7 Existing surface water 

pond/tanks 
1:25,000 / 
1:50,000 

Satellite images, LISS III & 
PAN, IKONOS images 

8 Perennial character of 
streams, gaining and losing 
reaches in stream courses 

High resolution 
images 

Image/Maps/Photos 

E. Factors of Saturation 
 Saturated thickness of 

weathered zones 
High resolution 

images 
Satellite imagery 

 
Catchment 
Before planning any recharge and harvesting structure, catchment area for the same 
should be assessed carefully and accurately. For this base map should be prepared 
from topographic sheets and verified by site visit. If the catchment area is marked on 
a village map then, involve villagers and mark catchment area with their help. 
 
The catchment area is to be classified into three (3) categories: 

A. Good Catchment is represented by steep Hills or plains with little cultivation 
and moderately absorbent soil. This area generates higher run off. 

B. Average Catchment is hilly country with modest slopes, with little cultivation 
and moderately absorbent soil. This area generates moderate run off. 

C. Bad Catchment is ordinary plain flat country with cultivated sandy soils, 
which absorbs most of the precipitation and hence runoff generated is less. 
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Yield from 1 Hectare of Natural (Untreated) Catchment - Table –A 

 
Rainfall 
in mm 

Utilizable rain water 
Good Catchment Average Catchment Bad Catchment 
% Quantity M3  % Quantity M3 % Quantity M3 

20 0.080 0.160 0.060 0.120 0.040 0.080 
40 0.130 0.520 0.098 0.390 0.065 0.260 
60 0.245 1.470 0.174 1.100 0.123 0.730 
80 0.410 3.280 0.308 2.560 0.205 1.640 
100 0.700 7.000 0.525 5.250 0.350 3.500 
120 0.900 10.800 0.675 8.100 0.450 5.400 
140 1.123 17.150 0.919 12.860 0.613 8.570 
160 1.625 26.000 1.219 19.500 0.813 13.000 
180 2.120 31.860 1.590 28.620 1.060 19.080 
200 2.700 54.000 2.025 40.500 1.350 27.000 
220 3.260 71.720 2.445 53.790 1.630 35.860 
240 3.810 91.440 2.858 68.580 1.905 47.520 
260 4.450 115.700 3.338 86.770 2.225 57.850 
280 5.190 145.320 3.393 108.990 2.595 72.660 
300 5.900 177.000 4.425 132.750 2.950 88.500 
320 6.720 215.040 5.040 161.260 3.360 107.520 
340 7.750 257.380 5.678 193.030 3.785 128.690 
360 8.550 307.800 6.413 230.850 4.275 153.900 
380 9.450 369.100 7.088 276.820 4.725 184.550 
400 10.250 410.000 7.688 307.500 5.125 205.000 
420 11.050 464.100 8.288 348.070 5.525 232.050 
440 12.000 528.000 9.000 396.000 6.000 264.000 
460 12.950 595.700 9.713 446.770 6.475 297.860 
480 13.900 667.200 10.425 500.400 6.950 333.600 
500 14.700 735.000 11.025 551.250 7.350 367.500 
520 15.500 806.000 11.625 604.500 7.750 403.000 
540 16.360 882.900 12.263 662.170 8.175 441.450 
560 17.200 963.200 12.900 772.400 8.600 481.600 
580 18.000 1040.000 13.500 780.000 9.000 520.000 
600 19.000 1140.000 14.250 855.000 9.500 570.000 

 
Design Example  
Assuming that the average annual monsoon rainfall for a village is 240 mm and the 
natural catchment is flat, partly cultivated, with stiff sandy absorbent soil. Land is 
available only for one community Tank with a catchment of 2 ha. 
 
From Table A,  
it is seen that the catchment is “Average”. 
 
For 240 mm of rainfall the available rainwater = 2 x 68.58 
              = 137.16 cum 
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Calculation of runoff and storage volume 
 
Catchment Area 
The following formula helps estimate the runoff in the catchment area: 
Runoff = Rainfall x Runoff Coefficient x Catchment Area. 
 
The runoff coefficient is the proportion of rainfall that will result in runoff. The 
coefficient for rocky surfaces is approximately 0.8. Different coefficients apply for 
other types of catchment areas (see Table below) 
 

Runoff coefficient 
Table 1R 

Roof  catchments f Treated ground catchments f 
Tiles 0.8-0.9 Compact and smoothened soil 0.3-0.5 
Corrugated metal sheet 0.7-0.9 Clay/cow-dung threshing floors 0.5-0.6 
Butyl rubber 0.8-0.9 Ground surface covering Concrete 0.6-0.8 
Brick pavement 0.5-0.6 Untreated ground catchments 

Silicon-treated soil 
0.5-0.8 

Rocky natural  0.2-0.5 
Soil on slopes (< 10 %) 0.0-0.3 Plastic sheeting (gravel covered) 0.7-0.8 

f = Runoff coefficient, 
The required catchment area for a given demand can be identified as follows:  
 
Catchment Area = (Yearly Demand + Evaporation Loss/Runoff) 

 
A= (Q + e) R x f 

Where, A =  Catchment area (m2), 
Q =  Yearly demand (m3), 
e =  Annual volumetric loss to evaporation (m3),  
f =  Runoff coefficient, and  
R =  Rainfall (m.) 

 
Suitability of Artificial Recharge Method 
 
The suitability of a particular structure is based on the Hydro geological & 
topographical features of the area as outlined in Annexure I & Annexure II. 

Annexure – I 
Lithology Topography Type of Feasible Structure 

Alluvial or hard rock up to 40 
Mts. depth 

Plain area or gently 
undulating area 

Spreading pond, Ground 
water dam, Irrigation tanks 

Hard rock down to 40 Mts. 
depth. 

Valley slopes Contour bunds, trenches 

Alluvial or hard rock with 
confined aquifer (40 Mts. 
depth) 

Plain area of gently 
undulating area 

Injection wells, connector 
wells 

Alluvial or hard rock with 
confined aquifer (40 Mts. 
depth) 

Flood plain 
deposits 

Injection wells, connector 
wells 

Hard rock Foot hill zones Farm ponds, recharge 
Trenches 

Hard rocks and alluvium Forested area Subsurface dykes(UGCD) to 
avoid forest surface 

Soil cover, alluvium Highly undulating Gully plugging to stop soil 
erosion &increase  recharge 
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Broad Features for Consideration with regard to ground slopes 
 Annexure – II 

Topography Areas Feasible Methods 
Plateau area Western Ghats Pits and Shafts 

 
Highly Dissected locally Narrow areas Shafts feasible 

 
Plateau slopes (Gradient 
between 1in 10 and more) 
 

Flanking hill ranges/ 
Ghats 

 

Moderately dissected 
Plateaus, foot hills and 
piedmont regions (Gradient 
between 1in 10 to 1 in 100) 

Large tracts between 
inter basin divides, 
plateau and valley 
floors 

Contour and Nalla bunds, 
Percolation tanks, Small 
recharge basins, Ground 
water dams, etc. 
(conservation structures) 

Low lying valley 
areas(Gradient between 
1in 100 to 1 in 500) 

Valley floors of 
Godavari, Bhima, Nira, 
Krishna rivers and their 
tributaries 

Water spreading basins 
and ground water dams 
(conservation structures)  
 

 
Comparison of surface versus sub-surface reservoirs 
 
The comparison of advantages between surface and subsurface storage are given in 
the following table: 
 

Subsurface reservoirs Surface reservoirs 
 

1 Require little land area  and can 
influence large area  

Require large spaces and causes 
submergence. 

2 Slight to no evaporation loss High evaporation loss even in humid 
climate 

3 Resource can be available for 
utilization locally 

Resource utilization may require 
transportation 

4 Slight to no danger of catastrophic 
structural failure 

Ever present danger of catastrophic 
failure 

5 Uniform water temperature Fluctuating water temperature 
6 High biological purity Easily contaminated 
7 Reservoir serves as conveyance 

system 
Water has to be conveyed 

8 Water must be pumped Water may be available by gravity 
flow 

9 Water may be mineralized Water generally of relatively low 
mineral content 

10 Difficult and costly to investigate, 
evaluate and manage 

Relatively easy to investigate 

11 Recharge opportunity usually 
dependent on surplus surface flows 

Dependent on annual precipitation 

12 Recharge water may require 
expensive treatment 

No treatment required 

13 Continuous expensive treatment of 
recharge areas or wells 

Little treatment required 

14 Minor flood control value Maximum flood control value 
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Steps required to be taken 

 
A detailed survey and investigation for type and location of recharge structures, 
assessment of catchment and scientific details is to be carried out. Considering the 
limitations such as topography, high lift, scattered population, lack of communication 
etc. the types of structures may be recommended. These may be: 
 
 Traditional structures like Check dams, under ground check dams (sub-surface 

dyke), Recharge wells/Tube wells, Nala plugging, etc. 
 Nontraditional practices like Hydro-fracturing of sick bore wells and Bore blasting 

to develop secondary porosity 
 
Before initiating the process some data will be required for preparing the proposal. 
The details required and source for the same is tabled below: 
 
Details Required for Recharge Activity 
 

Details Elements Required Source 
Size & Shape 
of structure 

Average Rainfall, runoff and 
sedimentation and investment 

Topographical Map, 
Metrological records 

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, land use  Metrological records  
Ground water Study of ground water potential & 

development 
Ground water survey, 
drilling reports 

 
After detailed survey and investigation procedure, type and location of recharge 
structures are finalized. Considering the limitations such as topography, high lift, 
scattered population, lack of communication etc. the following types of structures are 
commonly recommended: 

1. Check dams, Nala plugging  
2. Under ground check dams (sub-surface dyke) 
3. Recharge wells, Recharge Tube wells/shafts 
4. Roof Water Harvesting 
5. Hydro-fracturing of sick bore wells 
6. Bore blasting to develop secondary porosity 
7. Ponds/Percolation tanks 

 
A detailed account of procedures and guideline for execution of measure recharge 
structures is given in following sections. Each structure has to be site specific and it 
has to be ensured that the type of harvesting is the best suitable structure for that 
area. For example bore blasting technique is a technique for hard rock area only and 
similarly Recharge Tube well are to be drilled up to the water level depth, for better 
results of artificial recharge. 
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Check Dam 
Check Dam (CD) is a low weir without a canal off-taking from it but affording the 
facility for Lift Irrigation and by means of percolation, providing opportunity for 
irrigation through wells and tube wells in the surrounding area. It also helps in 
recharging aquifers that are depleted by wells, tube wells etc. The rate of recharging 
the aquifer is strictly dependent on geological features of the area. 
 
A Check Dam is generally provided on a small stream or nalla having a continuous 
flow particularly in monsoon and early Rabi season. 
In saline areas, the increased quantity of fresh water recharged into the aquifer 
because of the check dam leads to an improvement in the quality of water viz. 
making it less saline. 
 
The decision whether a check dam is more suitable for surface irrigation or 
groundwater recharge is largely decided by (a) the geology and (b) the area 
surrounding the check dam. If there are wells nearby and the geology favours 
recharge, then check dam should largely be used for groundwater recharge, even 
though the option of surface irrigation for 1-2 farmers nearby may exist. 
 
Site Selection 
 
Technical: 

 Selected village should ideally be part of a Micro-Watershed (MWD) that is 
adopted for watershed treatment as a whole. 

 The stream should have a straight reach of at least 300 meter on the 
upstream and downstream of the proposed site. 

 Nearby fields should be cultivable or water supply source should be existing 
for strengthening. 

 Check Dam (CD) site should formally be selected only when there is enough 
catchment area to fill up the check dam at least 4 to 5 times, and preferably 
having some post-monsoon flow (say up to November / December end). 

 The bank of the stream should be fairly high and stable. There should be a 
difference of height between the observed flood level and the adjoining field 
level at the site where the check dam is proposed. 

 
(Note: - Where difference between highest level and the adjoining field level is not 
enough, the site should not be considered for check dam. Check dam constructed 
under such circumstances will obstruct the stream flow and will damage the field 
during high flood.) 
 

 Check Dam should be situated on hard strata of soft rock or hard rock to a 
reasonable depth. 

 For primary investigation, one can observe the upstream and downstream 
area, and visit a nearby open well and note down the strata, occurring at 
source. If there is any nearby structure that has been constructed in past one 
can contact the concerned person or a nearby farmer for collection of data 
about the foundation strata. 

 It is desirable to have good exposed rock to economize in cost. If the rock 
strip is narrow, then the check dam should be so aligned to have a good rock 
foundation on the downstream side. 

 Construction material like sand (fine aggregate), stone, kapchi /gravel (coarse 
aggregate) should be available in the vicinity. 

 (Note: - If construction material is available nearby, it can reduce the cost of 
construction and it can also accelerate speed of construction.) 
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 There should not be any submergence of private land, road or private 
property due to accumulation of water in the Check dam, as it can create a 
dispute during the excavation of the work. If is unavoidable, take prior 
permission from the respective landowner, authority etc. before proceeding. 

 Permission from the Forest Department is required for Check Dam to be 
constructed on Forest Land or forest area that comes under submergence. As 
per experience, such permission is not easy to obtain, and a lot of time needs 
to be allowed for this. At present it may be best to avoid planning Check 
Dams on Forest Land. 

 For a notified river, prior permission of the Revenue Department, through the 
District Collector, is required before doing any investigative or survey work. 

 While selecting a site, it must be ensured that the proposed Check Dam will 
not submerge, or be submerged in any other existing structure catchment 
area. 

 
Social 
There should be an explicit demand from the people of the surrounding area for the 
Check Dam, and they should be ready to participate. People should be ready for 
contribution in the construction of the Check Dam. Contribution should be for both 
capitals cost as well as for a repair & maintenance fund. 
 
People should form a Users' Group (UG) to manage the Check Dam. 
Users' group needs to make the following provisions, resolutions and agreement for 
the check dam project:  

 Formation of different committees for different work, such as construction 
committee, management committee, justice committee etc. 

 Provide a store for material. 
 Provide labour. 
 Enact strict rules regarding the use of the Check Dam. E.g. ban on lifting 

water from the storage. 
 Get the necessary permission from the Gram Panchayat (Village Panchayat). 

 
Survey and Data Collection 
 
Technical 
Proposed Check Dam site can be accurately located on topographical sheet (scale 
1:50,000). If stream is not found on topographic sheet, then, village map may be 
collected from Talati /Land Record Department (Scale 1"=660 feet or 330 feet). 
 
Catchment area should be carefully and accurately assessed from the topographic 
sheet and it should be verified with site visit. If the catchment area is marked on a 
village map then, involve villagers and mark catchment area with their help and then 
verify with site visit. 
 
The catchment area shall be classified into 3 categories: 
 

 Good Catchment  -   Steep hilly slopes 
 Average Catchment - Hilly country with modest slopes. 
 Bad Catchment -   Ordinary plain country. 
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Schematic Diagram of Check dam is given below 

 
Sectional view schematic diagram of Check dam is given below: 

 
In the upstream or downstream areas, existing or proposed check dam/water 
harvesting structure sites should also be marked on the topographic sheet and 
village map. Other hydrological, geological (foundation), performance data of such 
existing structures should be taken on record for comparison with the proposed 
Check dam design assumption. 
 
The maximum upstream side non-spill contour for the Check dam site should be 
worked out i.e. if floodwater stood at that level, there would be no-spill from sides. 
So, the upstream should be of a higher elevation and if any portion is lower, then a 
proper bund or wall for protection from high flood level should be proposed. The 
contour survey of the stream should be done and this survey should be extended up 
to 1 meter. Above the expected / observed maximum high flood level on the 
upstream. 
 
For the Check dam site, take a cross section of the stream with two meter Intervals 
and in the case of steep ground, closer intervals of up to 0.5 meter. Longitudinal 
Section of the stream on the upstream side in site should be extended beyond the 
afflux HFL and on the downstream up to 300 meters. Longitudinal Section should be 
taken at the river bed's lowest portion every 30 meters and at chainage 0 of the 
gorge portion of the proposed site. 
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Longitudinal Section of the proposed Dam site should be taken along with its 
compass bearing. For this, clear ground identification marks of the dam line viz. 
Angle points, starting chainage etc. must be marked on site. If practicable, such 
location details should be taken and shown with appropriate sketch thereof. Levels 
are to be taken every 20 meters or 30 meters depending upon the topography. Also 
additional points and levels may be taken to show important features of local 
topography correctly on maps. 
 
Location sketch of main benchmark used for the survey should be taken on record. 
Such benchmark should be outside the work area and in safe locations not likely to 
be disturbed till completion of work. It is desirable to have at least two such inter-
related benchmarks so that even if one is disturbed, the other is available for use. 
Base line (or lines) for basin contour survey must be laid out with reference to Dam 
L.S line so that they can be inter-related and plotted accurately. Their compass 
bearings should also be taken. 
 
Depending upon the size of the basin, cross section lines are to be taken on the 
base lines at distances of 20 meters to 30 meters. Levels shall be taken on a grid of 
20 x 20 meters or 30 x 30 meters, depending upon topography. Levels should 
extend to such lengths as may show GL's about 1 meter to 2 meters above the 
(expected) design H.F.L. of the Check dam site. If such higher levels are not 
available within reasonable distance executive advice may be sought for further 
guidance. After the surveys as per the above are completed they should be plotted, 
and a basin contour plan prepared accurately. If basin contours indicate the need for 
adjustment of the dam line for economy and better performance the new line should 
be fixed on the site and its new L.S. should be taken. Using contour data, the area 
capacity curve of the basin should be prepared and the volume worked out.  
 
Investigation for the foundation strata 
 
Trial Pits  
The trial pits are the most important features to decide the cost of any project. From 
trial pits, we may know the strata available for the foundation. Hence, the trial pits 
results must be carefully and correctly noted down in the field survey. Trial pits 
should be taken as per the site condition. Some guidelines are as under for taking 
trial pits at various points: 

 Body wall: Minimum of 3 trial pits, or each trial pit at 15 meters intervals, 
whichever is required as per the site situation, should be taken on the 
proposed waste weir center line. 

 Abutment wall: One trial pit should be taken for each abutment wall. 
 Toe wall or end wall: Minimum of 3 trial pits, or each trial pit at 15 meters 

intervals, whichever is required as per the site situation, should be taken on 
the proposed line of toe wall. 

 
All trial pit results should be shown in sections at their appropriate locations, or 
longitudinal (L.S.) and Cross Sections (C.S.) by 3 mm thick double line showing 
different strata by the following legend only: 
 

 Hard Rock (Parent rock cannot be loosened by a pick or bar) 
 Soft rock (Pieces can be removed with a pick or bar but with difficulty). 
 Soil and Soft Murrum (Lumps can be removed by a pick or bar easily) 
 Other strata Hard Murrum and Boulders. 
 Hard Murrum 
 Sand 
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Only in cases in which the 
rock level is below the 
formation level, the selected 
trial pit should go up to the 
hard rock. All other trial pits 
should be done up to 
formation level. Trial pit 
should be taken to the 
specified depth, or up to the hard rock level, whichever is lesser. 
 
Minimum three trial pits, one in the center of the stream and one on each bank 
where the wall or abutment of the Check dam would be located, should be taken. In 
the case where direct irrigation or water supply from the Check dam is envisaged, 
the discharge data of the stream should be taken in the months of October, January 
& December. It should be taken by use of rectangular/"v" notch. As per the site 
situation, the proposed planning should be considered accordingly.  
 
Rainfall figures from the nearby rain gauge station for a minimum 10 to 40 years 
should be collected. For the storage area (area under submergence) geological 
information should be collected to know the percolation from the storage area. This 
will help to forecast the benefits from the Check dam. Meteorological information for 
the area should be taken i.e. evaporation rate in different months, which will help in 
calculating the water availability in the Check dam. Well inventory for water levels, 
quality & quantity shall be collected 
 
Agricultural and Social 
Details about the productivity, cropping pattern planning of water supply should be 
taken from the surrounding area of the project, which will help to determine the 
benefits of the project. Details should be gathered about the poorest families in the 
village along with their source of income. The data regarding the source of drinking 
water, quality and quantity in various seasons should be taken, which can include 
the history of water in the village. 
 
A provision of a weir, with needle arrangement or without needle arrangement, is a 
matter to be decided in the context of people’s readiness to maintain the same. It is 
better to have weir with needle arrangement as against solid weir but that is to be 
decided in the context of local factors. Another alternative is to first provide a weir 
with needle arrangement, and after some years if such arrangement does not work, 
the gaps can be closed. Of course with that change high U/s HFL will be obtained, 
which may necessitate a higher free board provision right from the beginning. 
1. During the monsoon, water carries the soil particles along with its flow and due to 

these soil particles, if the Check dam has no arrangement to allow the silt going 
out from the submergence area at the river bed level, it will deposit at the 
submergence area and gradually reduce the capacity.  

2. Un-gated weirs for the drought prone area and Salinity Ingress Zone (Coastal 
Area) are suggested as the rainfall is quite erratic in nature, so that the water can 
be directly lifted from the storage area or from the surrounding recharged wells.  

3. Availability of water for construction work must be verified. Distances from the 
sources of cement, sand, coarse aggregate, stone, soil etc. must be noted along 
with the type of road on which carting will have to be done. Prevalent local labour 
wages (skilled and unskilled) along with their seasonal availability should be 
noted along with information about locally available equipment, construction 
materials and their rates. 

Catchment Area (Km2) Trial Pit depth (Meters) 
Up to 1 Up to 1.5 
1 to 5 Up to 2.5 
5 to 10 Up to 3 
10 to 25 3.5 
25 to 30 4.0 
50 to 100 5.0 
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Estimate 
In any construction activity two basic things are involved, namely, the quantity aspect 
and the quality aspect. The quantity aspect is governed by the study and analysis of 
drawings which are prepared with respect to the design of the project, and the quality 
aspect is governed through specification for materials and workmanship. The 
quantity aspect decides the quantum of work involved in the construction and helps 
quantify various materials required as well as the total labour force necessary for the 
construction work. Rate analysis will give the unit cost per item. 
 
The estimates are approximations because the actual cost of construction of the 
structure cannot be known until it is completed in all respects. In detailed estimates, 
a complete schedule of all the possible items, which are likely to occur, is prepared 
and proper unit costs are applied to these items. Thus, a detailed estimate provides 
an amount, which is very near to the final amount of the structure. The actual cost 
incurred for a particular project will be known when the project is completed in all 
respects and the necessary payments are made. 
 
Estimates are divided into three areas viz.: 

 Estimates 
 Specification 
 Rate Analysis 

 
Necessity of estimate: 

 Preliminary studies. 
 Feasibility of the project: Cost-Benefit analysis. 
 Financial aspect: Budget provision etc. 

 
General principle of Estimates: 

 Decide on the unit and count the number of such units in the proposed work. 
 Fix up the unit cost by studying the actual cost of similar existing structures 

constructed in the near past. If it later becomes necessary to change the 
actual unit cost due to variations in construction costs. The same can be 
carried out with the help of a simple device "specification and rate analysis". 

 
General Rules for Measurements: 
 

 The description of item should be self-explanatory and it should include all 
materials, labour, transport, tools, plant, temporary form work etc. 

 The dimensions should be entered in the order of length, breadth, and depth 
or height or thickness. 

 The measurements for the same item of work under different conditions 
should be recorded separately. 

 The measurements should be for the finished item of work. 
 The method of measurement should be uniform. 
 The description of item of work should completely describe the materials, 

workmanship and method of execution. 
 

Degree of accuracy 
The degree of accuracy required in computation of the quantity of any item will 
naturally depend upon its unit of measurement and its rate. For instance, the depth 
of concrete slab, when to be paid in cum, is to be measured upto an accuracy of 
0.005 m.  
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The tolerances in measurements and calculations should be as follows: 
 

For volumes 0.01 Cu. Mt. 
For areas  0.01 Sq. Mt. 
For dimensions 0.01 R Mt. 
For weights  0.1 Kilogram. 
For money  1 Rupee 

 
Measurement Sheet 

Sr. No. Item No’s Length Breadth Depth/Height Quantity 
       
       

 
Use of an Estimate: 

 To ascertain the probable time for contract 
 To control expenditure during execution 
 To estimate requirements of controlled materials 
 To frame tender document and arrange for the contract 
 To justify the investment 
 To manage the finance of the project 
 To obtain administrative approval and technical sanction for the project. 

 
Abstract 

Sr. No. Item Quantity Unit Rate Amount 
      
      

 
Specification 
The drawings of a structure will show the proportions and relative positions of its 
various parts. It is not possible to furnish the data regarding the quality of materials 
and workmanship on the drawings due to shortage of space. Hence, information 
regarding the quality of materials and workmanship is conveyed in a separate 
contract document, which is known as the "specifications" for the work. Thus, the 
combination of the "drawings" and "Specifications" will completely define the 
structure, physically as well as technically. 
 
Objectives of Specification: 

 To decide the quality of materials and workmanship. 
 To provide information and instruction for execution of the work. 
 To define the freedom to execute the work so that the end product is 

satisfactory. 
 
The detailed specification of an item of work defines the qualities and quantities of 
materials, the proportion of mortar, workmanship, the method of preparation and 
execution, and the method of measurement. The detailed specifications of different 
types of work are prepared separately, and describe what the work should be and 
how they should be executed and constructed. For better understanding "cement 
concrete 1:2:4" specification is given, as an example. 
 
Materials  
Aggregate should be clean, dense, hard, sound, durable non absorbent and capable 
of developing a good bond with the mortar. Coarse aggregate shall be of hard 
broken stone of granite, basalt or similar, free from dust, dirt and other foreign 
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matters. The stone shall be of 20 mm to 40mm size. Fine aggregate shall be of 
coarse sand consisting of hard, sharp and angular grains and shall pass through a 
screen of 5mm square mesh. Sand should be clean, free from dust and organic 
matters. Cement should be fresh and of standard I.S.I. specifications, and shall have 
the required tensile and compressive strength and fitness. 
 
Proportion:  
The proportion of concrete shall be 1:2:4 as cement sand stone ballast by volume 
unless otherwise specified. Minimum compressive strength of concrete of 1:2:4 
proportions shall be 140 kg per sq. cm. on 7 days. Stone aggregate and sand shall 
be measured by volume with boxes. Cement need not be measured by box, but 
should be checked by volume and by weight (50 Kg). All materials shall be dry. If 
damp sand is used then appropriate compensation must be made. Mixing shall be by 
machine, but for small work, hand mixing by batches may be allowed. 
 
Hand mixing  
Mixing shall be done on masonry/stone/iron or galvanized iron sheet. For concrete of 
1:2:4 proportion, first two boxes of sand and one bag of cement shall be mixed dry 
thoroughly, and then this dry mix of cement and sand shall be placed over a stack of 
4 boxes of stone aggregate, and the whole then mixed dry by turning at least three 
times to have a uniform mix. Water shall then be added slowly and gradually with a 
watering can. About 25 to 30 liters of water per bag of cement are required. To give 
a plastic mix of the required workability the whole shall be mixed thoroughly turning 
at least three times to give a uniform texture. 
 
Machine mixing 
Stone ballast sand and cement shall be put into the cement concrete mixer to have 
the required proportion. For concrete of 1:2:4 proportion, first four boxes stone 
ballast, then two boxes sand and then one bag of cement shall be put in to the C.C. 
Mixer; the machine shall then be revolved to mix materials dry and then water shall 
be added gradually, approximately 25 to 30 liters per bag of cement, to bring the 
mixture to the right consistency.  
 
The mixture should be a plastic mix of uniform colour. It requires 1.5 to 2 minute's 
rotation for thorough mixing. Mixed concrete shall be unloaded on a masonry 
platform, or on an iron sheet. Output of a concrete mixer is 15 to 20 mixes per hour, 
and not more than that. 
 
Rate Analysis 
Because of widely varying economic and labour conditions in different localities, it is 
not possible here to furnish unit prices for use in estimating each class of work. 
Furthermore, unit costs fluctuate widely in response to economic conditions and 
other factors. The estimator should familiarize himself with local conditions, probable 
changes in costs of materials and labour that may occur before actual construction 
due to economic adjustments.  
 
During periods of economic fluctuations, consideration should be given to 
construction cost indexes and trends, with an intelligent application to the particular 
project. The costs of operations such as excavation, embankment and mass 
concrete and masonry work have not risen in proportion to the increase in labour 
costs, because of improved methods and greater use of machinery and mechanical 
equipment. In fact, for some large-scale operations, unit costs have actually reduced. 
On the other hand the costs of construction operations involving a large proportion of 
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labor (for example, reinforced concrete, form work, hand excavation) have greatly 
increased. 
 
In order to determine the rate of a particular item, the factors affecting the rate of that 
item are studied carefully, and then finally a rate is decided for that item. This 
process of determining the rate of an item is termed as analysis of rate, or rate 
analysis. Purpose of Rate Analysis: 

 To determine the actual cost per unit of item 
 To examine the item for economic processes and economic uses of 

material. 
 
Factors affecting the rate analysis 
 
Materials  
The quantity of 
various materials 
required for 
construction of an 
item can be easily 
worked out by 
knowing the 
specification of 
that item. Example 
is given in the box. 
 
Labour   
The labour force required will depend on the efficiency of the labour. Hence, the 
efficiency of the labour and the wage of the labourer should be properly worked out 
before starting the rate analysis for a particular item. By knowing the numbers of 
labourer required and the wage, the cost of labour of a particular item is calculated. 
 
Task 
The capacity for doing work by skilled labour, in the form of quantity of work per day, 
is known as the work - task or turn- out of the labour. 
 
Masonry check dam 
A masonry rock catchment dam may consist of a single straight wall or a number of 
sections of differing heights or lengths, depending on the shape of the site and the 
desired size of the reservoir. Walls ranging between 2 and 6 meters in height and 10 
and 60 meters in length can be built. 
 
Site assessment 
Dams are constructed on rocky outcrops, either in rock-top slope areas or lowlands 
where individual inselbergs or depressions in the river surface are found. Sitting 
features to look for are hollows, depressions or gullies where the rock dips across 
and/or down the slope. The rock above the dip should preferably be wide and form a 
funnel towards the dip so that water will drain there.  
 
However, other types of slopes also serve as suitable catchments. Simple stone and 
mortar gutters can be extended out from the ends of the dam, recharging up and 
across the rock to channel runoff from a wider area and bring it down to the dam. 
The site for the dam and the bottom of the reservoir should be devoid of rock 
fissures of fractures that might drain to water away from the site.  
 

Sr. No. Particulars Quantity 
1 Brick work (normal size) 1350 no’s for 100  Ft3 
2 Dry mortar for brick work 30% 
3 Stone for U.C.R. 125% 
4 Dry Mortar for U.C.R. 42% 

5 1:2:4 C.C 
Ballast (Coarse aggregate) 
Sand 
Cement 

 
88% 
44% 
22% 
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Summary checklist of rock catchment site selection factors: 
 
 Dams should be built at sites that can produce a relatively high depth to surface 

area so as to minimize evaporation losses. 
 Rock surface should not be fractured or cracked, which may cause the water to 

leak away to deeper zones or beneath the dam. 
 Dam foundations must be of solid, impermeable with no soil pockets or fracture 

lines. 
 Convenient location for user groups 
 No soil erosion in the catchment area 
 Dams should be sited along the edges of depressions or directly across the lower 

ends of deep gullies into the rock. 
 
Looking down the slope of the rock, the best site corresponds with the outer edges of 
a dip, where the angle of the rock face is near horizontal, before it steeps again or 
before the soil cover begins. The foundations must be sited on almost flat, non-
weathered rock surfaces or rock surfaces sloping slightly backwards to other 
reservoirs.  
 
This ensures the dam's stability, negating the need for reinforcement and simplifying 
the design. The reservoir should preferably be deep, minimizing reservoir surface 
area so that evaporation losses are minimized. The dam should not exceed a 
maximum height of five meters for the simple masonry wall design. 
 
 
Calculation of runoff and storage volume 
 
The following formula helps estimate the runoff in the catchment area: 

 
Runoff = Rainfall x Runoff Coefficient x Catchment Area. 

 
The runoff coefficient is the proportion of rainfall that will result in runoff. The 
coefficient for rocky surfaces is approximately 0.8. Different coefficients apply for 
other types of catchment areas (Table 1R) 
 
Design Example 
Now let us calculate the catchment area for a village of 60 families, each of which 
consumes 60 liters of water daily. The number of dry days is 180. Losses through 
evaporation are estimated, assuming ep is 750mm/year and a reservoir area of 20 x 
20 = 400m2 
 
Demand  = 60X60X180=648,000 litters = 648m3 
Evaporation  = 0.750X400=300m3 
Rainfall  = 300mm=0.3m 
Runoff coefficient = 0.8 and,  
 
Catchment area = (648+300mm) / (0.3x 0.8) = 3950m2 

 
This works out to approximately 60 x 65m - a rather small rock outcrop. 
 
However, a larger or smaller catchment can still be used although the later will 
provide a lower service level. 
 
 



33 
 

Storage Volume 
To calculate the storage volume of a simple rock catchment dam, the shape of the 
reservoir is estimated in two halves, giving an approximate storage volume of: 

 
V=1/6 x L x Y x (Xa + Xb) (m) 3 

 
The real volume might be larger, but it is better to underestimate the volume 
than to overestimate it. 

 
 
Checklist for the design and construction of a rock catchment dam: 
 
 A solid foundation, to avoid potential leaks. 
 A sound construction, which, if required, can be built in stages. 
 An out-take gravity pipe and water tap point should be constructed to abstract 

water downstream from the dam. 
 The downstream side of the dam should be protected against overflow erosions. 
 Dam and catchment area size should be consistent with available labour force in 

the area. 
 The dam reservoir should be shaped to minimize evaporation losses. 
 Local construction materials should be relied on. 
 Soil erosion in the catchment should be absent or controlled by soil conservation 

methods and protected against pollution. 
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Catchment area 
In general the catchment area will constitute rocky outcrops sloping towards the 
reservoir. However, if the catchment is a rounded inselberg, with the dam to one 
side, gutters should be constructed around the inselberg to drain the water into the 
reservoir. Vegetation and all pockets of soil should be scraped off the rock.  
 
This prevents leaves from washing into the water, keeps animals at bay and 
prevents soil washing off the surface and into the reservoir during rainstorms. 
Sediments make the water turbid and can silt the storage reservoirs. To demarcate 
and protect the catchment area, a fence of live thorn bushes or sisal should be 
planted.  
 
Foundations 
Any cracks of fissures near the dam foundation and the reservoir area must be filled 
with a mix of cement and sand (ratio 1:4). The foundation should be prepared by 
removing all dirt and loose rock. Weathered rock must be chiseled away, after which 
the foundation needs to be cleaned with water and a thin layer of cement dusted 
onto the moist rock surface. Within one hour, a 3 cm thick layer of mortar (1 cement: 
3 sand) is compacted on the thin layer of cement and left with a rough surface to 
promote good bonding with the next stage of construction. 
 
Dam Wall 
The design of the stone masonry dam wall is rather straightforward. The crest is 
always 0.3 m and the relationship between the dam height (Y) and the base width 
(B) should be provided after careful study. Generally, a 2.5 m high dam, built in steps 
of 50 cm, is a good size to be completed in one dry season. If a larger dam is 
required, it is advisable to start off with a small dam and enlarge it upwards and 
outwards in stages. Another option is to build the dam of reinforced concrete, which 
sometimes may be cheaper, but involves much more experience and expertise. 
 
For the sake of hygiene and protecting the dam and catchment area, a tapping point 
should be situated below the dam, and a piping system installed. The out-take point, 
protected by a filter box, should be located at the lowest point of the reservoir. If 
necessary, the piping system may be equipped with a siphon device. A watering 
trough and a laundry slab should be built at a suitable location downstream away 
from the tapping station. This avoids polluting the water in the reservoir due to 
washing activity. 
 
Construction   
The construction of a rock catchment dam can be split up in three phases, with 
specific tasks involved in each as listed in chronological order in Table below: 
 
Tasks for rock catchment construction 

Dam site preparation Construction Catchment area 
improvement 

1.Brush clearing 
2.Boulder and soil removal 
3.Surface inspection 
4.Fissure/fracture plugging 
5.Template and builder's lines erection 
6.Foundation inspection/ roughening 
7.Material collection 
8.Planting of live fencing  

1.Draw-off pipe 
installation 

2.Dam wall 
construction 

3.Plastering 
4.Pipe, filter box & 

tapping station 
construction 

1.Removal of soil 
cover 

2.Removal of 
vegetation 

3.Filling of fissures 
4.Construction of 

catching gutters 
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Maintenance and Management 
Maintenance and management requirement are geared towards preservation of the 
quality of the stored water, optimizing water abstraction and use, and the 
identification and solution of potential leakage problems besides maintenance of the 
dam, trouble shooting etc. 
 
To avoid contamination of the water, a fence of thorn bush can be constructed 
around the catchment area or the reservoir edge to keep away people and animals. 
The rock should be clean of debris and water should always be abstracted at the 
tapping, point. If possible, the reservoir should be emptied at the end of the dry 
season for de-silting, and removal of algae. 
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Small earth Dam systems 
The small earth dams discussed in this section are semi-circular or curved banks of 
earth, generally not more than meters in height and 60 meters in length. They are 
built by manual labour and/or animal traction using donkey or ox-scoops and can be 
maintained and, if necessary, repaired, by the user community.  
 
Site assessment 
Successful earth dams need a suitable catchment and storage area where the dam 
can be built. The best catchment area is a relatively steep and rocky landscape with 
no erosion, from which runoff flows regularly into depressions and streams during 
rainstorms. The storage area should be an area where water empties into more 
gently sloping land in a wide shallow channel or a broad depression.  
 
Checklist of small earth dam site factors 
 Catchment areas with low-density livestock grazing, few agro-industries and low-

density settlements are preferred.  
 These factors minimize sedimentation and contamination by runoff water. 
 To reduce reservoir silting land clearing should be of low level without erosion. 
 The reservoir should have a high depth-to-surface ratio so as to store the 

maximum amount of water behind the smallest possible dam. 
 The dam should have a sound foundation and an impervious reservoir bed. 
 There should be sufficient runoff to fill the dam with every passing year. 
 The site must be accessible to the designated user group. 
 There should be sufficient construction material in the vicinity. 
 
Calculation of runoff and storage volume 
A detailed survey is required to estimate the size and runoff coefficient of the 
catchment area. This survey with map measurement and an analysis of aerial 
photographs, helps identify drainage divides and the area from which runoff would 
drain to the dam site. After this the plan area within can be calculated. 
 
The runoff coefficient is assumed to be 0.25 if the catchment is steep, with many 
rocky outcrops, but drops to 0.10 when the catchment is made up of gentle hills 
covered mostly with soil. Removal of vegetation during construction will affect high 
runoff. Dams may be washed away if initial higher runoff is not considered at the 
time of designing. The dam design should be such that earth excavation is deeper in 
the area adjacent to the dam, gradually turning shallow upstream of the reservoir. 
This will minimize seepage and evaporation, because the water level falls with a fall 
in the surface and the bed areas. The maximum depth should be more than two 
meters. The reservoir can be assumed to have a volume roughly equivalent to a 
diagonally sliced cylinder, and can be calculated by: 
 

V = 1/2π x W/2 x W/2 x Dm 
Where, 
  
W is the width of cross 
section of reservoir from 
one end of the dam to the 
other and  
 
Dm is the maximum depth 
of the reservoir. 
 

Maximum 
Depth         

(In Mts.) 

Approximate volume of reservoirs (m3) 
Dam length (in Mts.) 

10 20 30 40 50 
2.0 78 315 707 1257 1965 
2.5 89 393 884 1572 2455 
3.0 118 472 1060 1886 2947 
3.5 138 550 1238 2200 3438 
4.0 157 628 1415 2514 3929 
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General design features 
In designing manually constructed simple earth dams, the design features given in 
Table below must be taken into account. 
 
Checklist for the design and construction of a small earth dams: 
 
 Ensure a sound foundation to avoid seepage under the dam, which results in 

losses in storage volume & can even lead to destruction of the dam itself. 
 The dam construction must be large enough to ensure stability. 
 An out-take pipe system and water tap point should be constructed to abstract 

water downstream of the dam. 
 Construct two stone spill way to avoid over topping and erosion of the dam walls. 
 Cover the upstream wall with stones to protect it from wave and runoff damage. 
 Clay should be used as the primary construction material.  
 Care should be taken in selecting and compaction of the clay, producing an 

impervious dam and avoiding seepage. 
 The dam should be fenced off, using live thorn fencing or cut thorn bush to keep 

livestock from walking along the dam's sides and damaging the structure. 
 The size of the dam should be commensurate with the self-help labour that the 

users are willing to provide. 
 Soil erosion should be absent in the catchment area.  
 It should be controllable by simple soil conservation methods. 
 Protect the catchment area against pollution. 

 
Design of system components 
Earth dams should be built during the dry season and scheduled to be finished 
before the first rain/flow occurs. The clay material should include some sand and silt. 
Cracking clays, known as montmorillonite, found in black-cotton soils, should be 
avoided. Compacting material in the foundation trench and the dam can be done 
either by walking animals over it or by using a taper such as a heavy log with two 
handles. The soil should be moistened to help compaction. 
 
In the standard design presented here, the width of the crest section is 2 meters, 
while the dam side slopes are built with a horizontal to vertical ratio of 2:1. This 
provides should be at a height of at least one meter above the spillway/maximum 
water level. To avoid seepage of stored water beneath the dam, a 1.2 to 1.5 meter 
wide trench. 50 cm deep should be filled up with 5-10 cm layers of compacted, 
impermeable clay. It should be directly under the line of the crest of the dam.   
 
The approximate volume of the earth dam is: 

 
V = (L / 3 x 2H x H) + (L x H) m3,  

 
Where  

L = length along the crest (in Mts.) and  
H = maximum height (in Mts.) 

 
While constructing, increase the height H by a third to allow for settlement. Thus the 
volume of material needed will be roughly (V x 1.33). 
 
Two stone-protected spillways should be constructed to release excess water and 
avoid over topping of the dam. Since the dam is built of clay, it is more vulnerable to 
erosion by over topping than a masonry dam. Erosion can easily lead to dam failure. 
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In practice, spillways are situated at the ends of the dam, each being around one-
sixth of the crest length of the dam. 
 
The course of the spillway downstream should be planned carefully. It should 
discharge well clear of the dam downstream; not cut in across the downstream slope 
of the dam; be protected by a boulder-lined channel with grasses; and, have a good 
slope to ensure rapid discharge and prevent the backing up of water. For protection, 
the dam wall should be covered with stones on the upstream side to prevent damage 
by wave action. Shallow rotting, creeping grasses should be removed. 
 

 
Small earth dammed reservoirs are most suitable for livestock watering because of 
the poor quality of the water they provide. However, in some rural areas many 
people will find the water perfectly acceptable for purposes other than 
drinking/cooking and more convenient than having to travel longer distances to 
cleaner water points.  
 
Water should therefore be piped to both a tapping station and a cattle-watering 
trough at a downstream location. This also prevents people and animals from 
walking over and damaging the walls of the dam. The taps can be opened at times of 
very high runoff to increase the outflow from the dam and prevent over topping. 
 
Maintenance and Management 
The following guidelines, if followed, can go a long way to maintain the dam walls 
and ensure good quality water: 
 
 Implement erosion control techniques in the catchment area ; 
 Use silt traps in the inflow channel ; 
 Prevent bacteriological and chemical contamination of the catchment area and 

reservoirs; 
 Fence the dam and the spillways to protect them by excluding people and 

livestock; 
 The pipe and the tap should be maintained ; 
 Bank and spillway maintenance should  take place by regularly examining for 

cracks, settlement and sides ; and, 
 Cracks should be filled immediately with compacted clay, and embankment 

erosion should be rectified by planting grass and filling rills. 
 
The same practices for management of water uses applies to rock catchment dams 
as described earlier requiring supervision among the users. 
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Sub-surface barrier (UGCD) 
Sub-surface barriers are used to retain seasonal sub-surface flows and facilitate the 
abstraction of water through lined, shallow wells. The objective is to place an 
impermeable barrier-either masonry or of clay or polyurethane sheets -across the 
river bed from the surface down to an impermeable layer below. Another type, the 
raised-sand dam, can be constructed with masonry.  
 
This dam actually raises the level of the riverbed, catching sand from the upstream 
and, in the process creating a larger groundwater reservoir. The dam is raised in 
successive stages, each stage of 50 cm, to achieve this effect. This structure is also 
known as Under Ground Check dam (UGCD)  
 
The clay dam is best built where a layer of clay underlies the sandy riverbed. A 
masonry dam can be built where a bedrock layer occurs between 2 and 4 meters 
beneath the surface of the riverbed. The raised-sand dam can be built at a point 
where the bedrock is exposed, or very near to the riverbed surface, and raised in 50-
cm increments after each rainy season.  
 
Site assessment 
Ground water dams demand certain specific geographical conditions for their 
installation and satisfactory functioning. The following points provide some 
prerequisites for the location of a ground water dam. 
 
Considerations for Site selection of ground water dams: 
 Ascertain that the river flows frequently. 
 The riverbed should consist of coarse sand for maximum storage capacity and 

recharge of wells. A layer of saturated sand yields around 340 l/m3.  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. 

 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. 

 Try looking for a natural depression in the riverbed. Building a dam downstream 
of a natural depression in the riverbed provides a good basin. 

 Sites subject to channel course changes & bank erosion should be avoided. 
 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.  

 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 dam. 
 Construction materials should be locally available,  
 The site should be selected in co-operation with the local user group. 

Observation of traditional wells in the areas along the rivers can indicate the 
potential of the river and can help select a suitable site. 

 
Traditional wells are good indicators. For example, if the water level rises quickly 
after the runoff has passed and the well is once again dry or low-yielding, then this 
might indicate seepage through fractures. 
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Depending on facilities and resources, a more systematic survey could be made 
using aerial photographs, a geo-electrical survey or piezometric tests. Aerial 
photographs and maps identify locations where underlying impermeable bedrock is 
close to the surface along seasonal rivers and stream channels. Alternatively, the 
position of impermeable clay-rich soils, possibly be overlain by river sands, can be 
detected.  
 
Geo-electrical surveys can give details on the depth of riverbeds, the thickness and 
type of underlying layers and the presence of fractures. Piezometric tests map sub-
surface water conditions and flows through wet and dry periods and indicate the geo-
hydrological potential of a site. 
 
Storage volume 
It is difficult to estimate the increase in water availability; however amount of extra 
water available to users at the dam location depends on the depth, width, length and 
hydraulic gradient of the sandy bed of the river. 
 
For raised sand dams, it is possible to estimate the minimum increase in supply that 
can be expected by locally raising the sand volume in the river bed, and hence the 
water storage capacity in the civility by the formula: 
 

V=H / 2 (110H / S) x W,  
 
Where 

H = Height of dam (m) 
W = River width (m) 
S = Slope of river bed (%) 

 
Design example 
A raised sand dam 3 meters high (H=3m) at a river point where the width is 15 
meters (W=15m) and a slope of three percent (S=3%) will result in an increase of 
sand volume of: 

 
V= 3 / 2 x (300 / 3) x 15   = 2250m3 

 
Therefore, the increased sand volume consisting of saturated coarse sand and a 
porosity of some 0.34 percent can provide a storage volume of 0.34x2250=765m3 

 
Design 
Each groundwater dam has its own distinctive design and construction method. 
However, the steps involved in deciding the size and shape of a dam is relatively 
straightforward. Tables on next pages provide the main design features for 
groundwater dams. The design should consider the expected pace of construction in 
relation to the available time and the possible effects on the river. 
 
With clay and masonry ground water dams, there is little or no damming of surface 
flow. The larger part, if not the entire structure, is positioned below the riverbed 
surface, which implies construction should take place during the dry season. 
 
The design of a raised sand dam is different, as it must allow for building in stages. 
Constructing a raised sand dam to a height of two to four meters in one stage, would 
lead to the pounding of water upstream and allow fine particles to settle.  
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This has three undesirable effects: 
 

 the yield and permeability of the increased storage reservoir gets lowered, 
 the evaporation from the reservoir gets increased and 
 The recharge rates from the surface flow into the shallow aquifer will be 

considerably reduced. 
 
Table: General design features for a sub-surface clay dam 
 
 The construction of a clay dam should commence immediately after the monsoon 

and should be completed before the monsoon arrives once again. 
 Clay is the primary construction material and its careful selection and compacting 

ensures impervious dam.  
 The foundation must be sound and leak proof to avoid seepage under the dam 

that can lead to loss of stored water. 
 The dam must be two meters wide all the way down to the foundation. 
 The height of the dam depends on the depth of the clay layer. 
 Protect the top of the dam against erosion from stream forces. 
 An extension of the clay dam into the riverbanks should be made to prevent 

seepage and erosion between the riverbanks and the dam. 
 Rocks should be piled against the banks, both upstream and downstream to 

protect them from erosion. 
 The dam should be located where the riverbed is narrower and the sand layer 

becomes thinner 
 
Table: General design features for a sub-surface masonry dam 
 
 The construction of a masonry dam should commence immediately after the 

monsoon and must be completed before the next monsoon. 
 The dam should be 50 cm wide. 
 The height of the dam depends on the depth of the bedrock layer. 
 The dam should be located where impermeable bedrock rises up towards the 

riverbed surface to within less than five meters. 
 A sound foundation must be constructed to avoid seepage under the dam. 
 A spill-over apron must be constructed to protect the downstream side of the dam 

from erosion caused by flowing water, which would remove material from the 
area behind the dam. 

 The top of the dam and side walls must be protected against erosion from flowing 
water. 

 
Table: General design features for raised sand dam 
 
 The raised-sand dam is built in successive seasonal stages of 50 cm each. 
 A filter-box and draw-off pipe should be constructed as well as tapping station 

with watering through and laundry slab must be provided. 
 Do not increase the height of the dam wall until a flood has deposited a bed of 

coarse sand up to the level of the present dam wall. 
 The dam should not cause water to flood out over the riverbanks and create 

erosion. 
 30-cm thick masonry wing walls should be added once the dam wall has reached 

its maximum height. These protect the bank from erosion. 
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Schematic Diagram of Under Ground Check Dam (UGCD) 

 

 
Management and Maintenance 
The quality of water in ground water dams is generally better than water from other 
water harvesting systems since water here is stored in the ground and filtered as it 
moves through the sandy soil. However, the shallow groundwater risks 
contamination from seepage of surface pollutants. The precautions listed earlier can 
reduce the risk of contamination. 
 
Once a clay wall ground water dam is built, it demands very little maintenance. 
However, the user community should check the dam site for erosion after each large 
flood. Any erosion should be corrected by refinishing the clay wall and protecting it 
with large rocks, which cannot be moved by smaller flows. With masonry ground 
water dams, any channel erosion that might undermine or expose the dam should be 
arrested by filling it with large boulders and using silting traps to catch sandy 
material. It is a similar prescription for raised dams.  
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With the raised dam, the gravity pipe should be checked frequently along its length 
for signs of damage or leaks and the tapping station should be kept in good order. 
Also with groundwater dams there may be a need to control water use, thus 
requiring supervision, clear agreements among the users and monitoring of the 
available storage. For the latter, a piezometer may be installed which allows a 
caretaker or watchman to estimate how much water is left and if rationing has to be 
made stricter. 
 
Table: Checklist of precautions to manage and maintain water quality and 
reliability in sub-surface and sand dams: 
 
 Ensure there is no open defecation in/near the river bed upstream. 
 No tethering of donkeys at the well. 
 Check bathing/laundry upstream of the dam. 
 There must be no pit-latrines on the bank upstream. 
 There must be no unprotected wells in the riverbed near the protected well. 
 Regular maintenance of the protected well site and hand pumps must be 

assured. 
 Ensure use and maintenance of a downstream gravity out-take. 
 Avoid use of pesticides/chemicals upstream of the dam site. 
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Gully Plugging /Nala bunds 
 
It is similar activity as Check Dams with the exception that they are of small 
dimensions and generally on first order streams.  
 
Schematic Diagram of gully Plugging 

 
In addition to water recharge the main function of Gully plugs is to restrict the soil 
erosion, retain soil moisture at higher levels and reduce intensity of runoff.  
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Percolation Tank 
Percolation Tank (PT) has come to be recognized as a dependable mode not only 
for rainwater harvesting but also for augmenting ground water recharge in the hard 
rock terrain covering two-third of the country. As known, hard rock areas with limited 
to moderate water holding and water yields capabilities often experience water 
scarce situations due to inadequate recharge, indiscriminate withdrawal and 
mismanagement. In this context, percolation tanks are increasingly adopted as a tool 
for ensuring sustainable development of ground water.  
 

Schematic diagram of Percolation Tank 

 
Impounded surface run-off recharges the ground water. In general, percolation tanks 
do not have any canal net work for conveyance of water.  
 

 
It is quite popular in the states of Maharashtra, Andhra Pradesh, Madhya Pradesh, 
Tamil Nadu, Karnataka and Gujarat. The percolation tank is more or less similar to 
check dams or nala bund with a fairly large storage reservoir. A tank can be located 
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either across small streams by creating low elevation check dams or in uncultivated 
land adjoining streams, through excavation and providing a delivery canal 
connecting the tanks and the stream. Percolation tanks are artificially created 
surface water bodies, sub-merging a land area with adequate permeability to 
facilitate sufficient percolation of water. 
 
Guidelines: 

 The formations under submergence should have fairly high to high 
permeability with a uniform depth of weathering in the submergence area. For 
optimal percolation of impounded storage, the ideal condition would be 
formations with neither too low permeability (resulting in more evaporation 
loss) nor too high permeability (resulting in the rapid escape of stored water 
as surface flow downstream).  

 The nature of the catchment is to be evaluated based on String's Table for 
classification under Good, Average and Bad category. It is advisable to have 
the percolation tank in a good/average catchment. 

 Rainfall pattern based on long term evaluation is to be studied so that the 
percolation tank gets filled up fully during monsoon (preferably more than 
once). 

 Soils in the catchment area to be preferably light sandy type to avoid silting up 
of the tank bed. 

 The location of the tank is preferably downstream of run-off zone or in the 
upper part of the transition zone, with a land slope gradient of 3 to 5%. 

 The yield of a catchment area is generally from 0.44 to 0.55 MCM/Sq. Km. in 
a low catchment area. Accordingly, the catchment area for small tanks varies 
from 2.5 to 4 Sq. Km and for larger tanks from 5 to 8 Sq. Km. 

 The size of percolation tanks is governed more by the percolating capacity of 
the formation under submergence rather than the yield of the catchment. So, 
depending on the percolation capacity, the tank is to be designed. Generally, 
a percolation tank is designed for a storage capacity of 2.25 to 5.65 MCM. 

 While designing, due care may be taken to keep the height of the impounded 
water column about 3 to 4.5 meters above the bed level. It is desirable to 
exhaust the storage by February since evaporation loss become substantial 
from February onwards. It is preferable that in the downstream area would 
ensure use of recharged water. It may be ensured that the aquifer zone 
extends along the downstream side up to the benefited area for development 
through spot sources. 

 Construction-wise there is not much difference between a percolation tank 
and a minor irrigation tank, except for providing outlets for surface irrigation 
and the depth the cut-off trench. The cut-off trench is to be provided between 
full storage level on the two sides with depth limited to one fourth of the height 
between bed level and full storage level.  

 
Design Aspects 
The design of percolation tanks involves detailed consideration of the following:  

 The Catchment yield is to be calculated for long-term average annual rainfall. 
 The design of the dam is to be done on the basis of : 

(a) The topographical setting of the impounded area, to calculate the height 
and length of the dam wall, its gradient, width and the depth of the 
foundation, taking into account the nature of the underlying formation; 

(b) Details of the cut-off trench, to reduce seepage losses;  
(c) Height of stone pitching on the upstream slope to avoid erosion due to 

ripple action and on the downstream slope from rain by suitable turfing;  
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(d) Upstream and downstream slopes to be moderate so that shear stress is 
not induced in the foundation beyond a permissible limit, and 

(e) Stability of the dam. 
 Percolation tanks are normally earthen dams with masonry structures only for 

the spillway. Construction materials consist of a mixture of soil, silt, loam, clay, 
sand, gravel, suitably mixed and laid in layers and properly compacted to 
achieve stability and water tightness. The dam is not to be over-tapped, by 
providing adequate length of waste weir and adequate free board. 

 A waste weir is provided to discharge water when the dam is overflowing. 
Maximum permissible discharge from the catchment is to be calculated for 
designing of waste weirs. Once the discharge is known the length of the 
waste weir is decided depending on the volume of maximum permissible flood 
discharge and permissible flood depth from the waste weir. 

 Finally, measures indicated for the protection of catchment areas of rock 
dams hold good in the case of percolation tanks also. 

 
Evaluation studies carried out on the functioning of the percolation tanks in other 
states have indicated that a properly located, designed and constructed percolation 
tank can have an efficiency ranging from 78 to 91% with respect to recharge of 
ground water, leaving the balance for seepage losses (from nil to 8%) and 
evaporation losses (up to 8%). If the tank is filled more than once during the 
monsoon, enhancing utilization up to 150% of the storage capacity, optimal 
efficiency of the percolation tank is ensured. Generally, the zone of influence in the 
downstream side extends up to 1 km.  
 

 
 
There is a strong case for propagating percolation tanks as a tool for managing 
ground water in hard rock areas, since it serves the dual purpose of water harvesting 
and ground water recharging. Percolation tanks put into actual practice the much-
talked about integrated development of surface and ground water for their 
conjunctive use. 
 

*** 
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Gravity Recharge Tube well / Shaft 
 
Lowering of water levels has necessitated the adaptation of artificial recharge 
techniques. One of such prominent 
techniques is Bore / tube well 
Recharge technique. In this technique 
Bore wells and Tube Wells can be 
used to recharge the depleted aquifer 
zones (confined as well as 
unconfined) by effecting inflow 
through gravity.  
 
The recharge bore can be constructed 
by drilling of a bore up to the required 
depth (up to water table) or by using 
any existing bore, which has been 
used as a production bore for a 
sufficient period of time. However, the 
site of the bore should be such that 
the surplus runoff is easily diverted to 
the collection chamber constructed for 
the purpose. 
 
This technique is effective in alluvial 
as well as in rocky areas. The surplus 
runoff is required to be made silt free 
by using a proper filter media. As per 
present practice, runoff is passed 
through a filter media filled in a pit 
(4Mts. x 4 Mts.) in layers. Layers 
consist of cobbles and pebbles (30-
50mm), gravel (4-6 mm) and followed by coarse sand (1-3 mm).  
 
The filter media surrounds the top portion of the bore which has a suitable strainer to 
allow water to percolate inside the bore. 
 
However, this method has a big drawback in the form of silt load being deposited on 
the upper surface of the filter media, which does not allow effective penetration of 
water. Operation and maintenance costs are high.  
 
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.  
 
In order to replenish the dried up aquifers and to improve the quality, there is need to 
artificially recharge the aquifers by creating recharge Tube wells, in such a way that 
filtered runoff water directly starts replenishing the aquifer from depth of water level 
of the area. For this the depth of the recharge tube well shall be ensured up to the 
depth of water level. Dried up tube wells are better suited for this technique.  An 
innovation in the technique, mentioned above, is discussed below: 
 
The recharge tube well/shaft is developed on a new or existing dried up bore/ tube 
well by developing a recharge structure at the top surface and diverting the runoff to 
the structure. In this concept the filter media is a vertical sand bed between the two 
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strainer pipes. In this method runoff is diverted to recharge pit (3 x3x 3 Mts.) after 
reducing the silt load and other physical impurities. The pit which is empty also acts 
as a second settling pit and water passes through the vertical sand filter and 
recharges the aquifer at a faster rate. 
 
Procedure 

1. 3Mts. x 3Mts .x 3Mts. pit is excavated around the casing pipe of the tube well 
to accommodate runoff.  

2. Top casing up to 2.7 Mts. below ground level is removed. 
3. The removed top casing pipe of the tube well is replaced by a dual V-wire 

screen (0.5 mm screen on the inside 0.75 mm on the outer side). 
4. The inner screen is welded to the inner pipe of the tube well and the outer 

screen is grounded properly on a platform in a detachable mode for 
maintenance.   

5. The gap between two screens is filled with coarse sand as filter media. 
6. The pit also acts as a settling pit and water passes through the vertical sand 

filter.  
7. A lid with an air vent is placed at the top of the dual screen. 
8. A measuring vent to record water levels is also provided at the top cap. 

 

 
Precautions 

• Recharge Structure is to be protected by wire fencing. 
• Chemical or biological pollution should be avoided, as it may deteriorate the 

deeper aquifers. 
• Proper provision for regular maintenance is required.  
• Cleaning of the pit and dual screen shall be taken up before and after 

Monsoon. 
• Water levels and quality shall be monitored regularly. 

 
Care should be taken to avoid any chemical or biological pollution of the surface 
runoff as it may deteriorate the deeper aquifers. Proper provision for regular 
maintenance is required in both the designs. 
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In both designs recharge bore collection pit, filter pit and effective filter media is 
common. For any recharge structure filter media is the soul which should be well 
designed, otherwise rate of inflow of water to the formation will decrease 
considerably.  

 
Note:  
The purpose of recharge is to replenish the aquifer system of the area rather than 
point recharge. The recharge tube wells shall preferably be drilled in local village 
ponds. The catchment area shall be assessed before finalizing the site. If the 
structure is developed in a village pond, it shall be placed at such an elevation that 
some water remains in the pond for local use of the community 
 
Benefits 

 Fast method of recharge.  
 Excellent process for the replenishment of the exploited aquifers.  
 Water recharges the aquifer from pumping level, avoiding air lock by water in 

upper formations 
 Boon for the areas were surface runoff cannot penetrate underground due to 

low permeable upper layers and inter-bedded clay layers.  
 Quality of groundwater improves.  
 Maintenance of the structure is simple and easy. 
 The advantage of this method is that the sand filter can be cleaned by one 

back wash. 
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 The design is given below for reference.   
 

 
*** 
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Water Harvesting and Recharging in Hard Rock Area 
 
The hard rock formation such as basalt, granite, quartzite, limestone etc. occupies 
nearly 65% of the total geographical areas of the country. The basaltic rocks form 
plateau region, whereas granite rocks form hill ranges as inselbergs (an isolated rock 
hill). The aquifers in hard rocks are characterized by low permeability and low 
specific yield. In hard rock area the framework of fracture system in which 
groundwater occurs is highly variable and aquifers are of heterogeneous nature. 
 
Basalt  
Basaltic rocks of Deccan occupy the most extensive tract of Western Peninsula 
covering large part of the states of Maharashtra, Gujarat, Madhya Pradesh and 
Andhra Pradesh. Deccan basalts popularly known as Deccan Traps consist of vast 
pile of bedded lava flows. These lava beds have two distinct horizons, the lower one 
is massive and the upper are vesicular basalts.  
 
The massive part of basaltic rocks is hard and compact whereas the vesicular part is 
characterized by vesicles as cavities filled with secondary minerals. The massive 
traps are fractured and jointed at places. The weathering and fracturing of massive 
and vesicular basalts is favourable zone for surface and sub-surface storage of 
water. Well yield in plateau basalt is limited. Quality & discharge of sources varies 
over short distances. 
 
Deccan Basalt Plateau  
The Deccan basalt rocks, spread over about 5 lakh Square kilometers of West 
Central India, have plateau like topography. These rock formations comprise of 
many lava-flow beds which range in thickness from a few meters to 100 meters. 
These have two basic rock layers: 
  

1. Amygdaloidal upper rock layer  :Vesicular with bedded joints 
2. Compact lower rock layer   :upper part with columnar & vertical joints &   

 lower parts as massive & compact  
 

 
 

The individual lava-flow beds are separated at places by clay zone called “Red bole 
horizon” (Inter-trappean) which is a marker horizon that impedes the vertical 
infiltration on water.  
 
Normally a basalt plateau section has repetitive sequence of alternating vesicular 
and compact basalt lava-flow that are horizontal bedded flows. 
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Water circulation and recharge 
  
The recharge capability of basaltic rock is greatly influenced by the overlaying 
thickness, texture and structure of the soil and their location with reference to 
topography and geomorphology of landscape units.  
 
The feature of low permeability of Basalts, their multilayered occurrence, fractured 
and joined natures, vesicular character besides topographic and other geological 
features are to be normally considered in the formulation and construction of 
recharging schemes in Plateau forming basaltic rock terrain. 
 
The success of a recharge scheme will depend on a combination of various 
topographic and hydrologic situations. The following factors should receive 
consideration in the formulation of a water harvesting &recharge scheme. 
 
Table: Topographic – Hydro geological framework 
 
Hydrologic 
Considerations 

The weathered, fractured and vesicular basalts constitute 
most favorable hydraulic zones which need to be 
delineated on large scale maps.  

Topography of 
Watershed area 

The piedmont slopes constitute the best topographic 
geologic environment followed by valley floors. Highly 
dissected slopes and plateau tops are less favorable.  

Hydraulic 
conductivity of 
basaltic layers 

The weathered, jointed and vesicular portions of basaltic 
rocks have high permeability and shall constitute favorable 
places in comparison to massive basalt that are less 
suitable for recharge and percolation. 

Ground Water Table 
and fluctuation in 
levels. 

The position of water table & its value of annual 
fluctuation. 

Thickness of Soil 
cover and infiltration 
rates. 

Granular soil cover will have high infiltration rate in 
comparison to clay/black cotton soil that would impede 
infiltration and deep percolation.  

Rate of Recharge In favorable zones, fractured and vesicular basalts are 
expected to attain a recharge of 10-15% whereas in non- 
favorable zones, underlain by massive basalts the rates 
may be 2 to 3% 

 
Accordingly to topographic and geologic considerations that shall govern suitability of 
recharging works in Plateau forming Basaltic rock region are outlined below: 
 
Topography  Areas/Region Feasible method  
Plateau Area  Western Ghats  Pits, ponds and shafts 
Highly dissected plateau, 
foot hills and piedmont 
region (gradient 1 in 10 to 1 
in 100) 

Narrow areas flanking 
hill ranges and ghats 

Recharge shafts feasible 
locally. 

Moderately dissected 
plateau, foot hills and 
piedmont region (gradients 1 
in 10 to 1 in 100) 

Areas between inter 
basin divides plateau 
and valley floors.  

Recharge trenches, Nala 
bunds, contour bunds, 
percolation tanks & ground 
water dams. 

Low lying valley areas 
(gradients of 1 in 100 to 1 in 
500)  

Valley floor of rivers  Water spreading basins 
and ground water dams 
(conservation structures) 
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Granite Rocks 
 
The Weathered Zone in Granite 
Gneissic rocks have primary porosity and permeability. The jointed and fractured 
character of such rocks exhibit secondary permeability determined by the fractured 
density and fractures frequency as well as infiltration numbers, which are the product 
of these to factors. The weathering process serves to enlarge the fracture and joint 
openings. The topography, depth of weathering, degree of fracturing and jointing 
have influence on the occurrence and infiltration and recharging capabilities of such 
hard rocks. 
 
The water-table representing top of reservoirs generally lies in disintegrated rock 
materials. In the lower part of the aquifers, the water occurs in the interconnecting 
fractures by seeping through overlaying weathered material. A layer of residual soil 
and weathered rock lies in the fresh and massive rock in most places. The thickness 
of soil and weathered rock ranges from few meters to as much as 30 meters.  
 
The water tables in such rock-terrain have a hill and valley relation that more or less 
confirm with surface topography although the water table may be flatter. In such a 
terrain over hard rocks, a river could be the surface expression of water table in a 
valley but beneath a hill the water table may be 10 to 25 meters below ground 
surface. The natural movement of ground water is relatively short and is almost 
everywhere restricted to the zone underlying the topographic slope extending from a 
divide to adjacent stream.  
 
Thus a good understanding of landscape units is prerequisite to understand 
mechanism of recharge over granite hard rocks. The aerial photos and remote 
sensing imagery provide imaginative overview in the identification of features and 
selection of areas for construction of appropriate recharging structures.  

 
The fracture-trace mapping and satellite lineament mapping and the mapping of 
zones of weathering have great role in the delineation of potential sites for 
recharging of groundwater. Another factor which is of great relevance to the 
recharge mechanism in hard rock is the time and space distribution of storage.  
 
The shallow storage takes place in weathered hard rocks that occur at shallow 
depth. The deep storage is the state of ground water in aquifer whereas storage at or 
near the land surface comprises interception or detention storage on the upper part 
of vadose zone. The storage at the surface is in the form of ponds. A satellite based 
area of fracture over granite gneissic hard rock around Bangalore is shown in figure-
10.2. 
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It can be seen that the ponds have alignment along topographic depressions 
caused by rock fracture alignments.  
 
From above mentioned facts it is considered essential pre-requisite to conceptualize 
a topographic hydro geologic framework of a hard rock region before identifying and 
evaluating sites for ground water recharging & harvesting. 
 
 A generalized geologic cross section of such a terrain shall show a phenomenon of 
local flow system which has its recharge area at “topographic high” in hills occupied 
by hard rocks and its discharge area in “topographic lows” occupied by a stream. As 
a rule the regional flow shall have its recharge at the basin divide and its discharge 
areas at the valley bottom. 
 
 
The geomorphic, tectonic and geologic considerations for the suitability of a 
Recharge Scheme over crystalline hard rocks are outline below. 
 

S. 
No. 

Geomorphic Conditions Method Feasible for 
Recharging Hard Rocks 

1. Piedmont surface (a gently sloping 
plain with shallow weathered hard 
rock) 

Percolation tanks and sub-
surface dyke 
 

2. Buried piedmont on undulating plain 
having deep weathered hard rocks 
 

Infiltration dams and percolation 
ponds. 

3. Tectonic Features ; folds & faults Recharge methods feasible; 
Zone of direct infiltration 
 

4. Lineaments and fractures intersection 
in topographic low areas / valleys 
 

Sub – surface dams and 
percolation tanks. 

5. Area between dykes as vertical 
geological barriers. 

Check dams / percolation tanks. 

 
From technical point of view, though hard rock areas occupy greater part of our 
country, yet very little knowledge exists about the “Vadose Zone” that spans the 
region between ground surface and fluctuating water table. 
 
It is therefore necessary to first know the nature, movement and occurrence of 
ground water in hard rocks. Some salient characteristics of occurrence of ground 
water in hard rock are listed below:  

1. Ground water reservoir (aquifer) in hard rocks are dominantly shallow 
2. The bulk of the ground water is stored in the zone of weathering(Vadose 

Zone)  
3. Fractures and joints in hard rock formations occur as conduits for rapid 

transport of water as they do not provide large space for storage of ground 
water  

4. Lateral continuity of secondary porosity in the form of fractures and joints is 
limited 

5. The width of fractures & lineaments and weak planes narrows as depth 
increases  

6. Comparatively yield by wells and bores in hard rocks is less than wells in 
alluvial aquifers and in sedimentary rocks.  

7. Unpredictable ground water occurrence over short distances  
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Vadose Zone in Hard Rocks  
The principal ground water reservation in hard rock area therefore consists of two 
parts:  

1. “Vadose Zone” or unsaturated zone that lie between ground surface and 
water table; and 

2. The phreatic or unconfined zone that lie below the water table and above 
the confining layer or basement.  

 
The vadose/weathered zone 
is important since the 
fracture porosity of hard 
rock is as small as 1% and 
therefore fracture zone 
alone is not considered 
productive zone unless it is 
connected with recharge 
boundary. Therefore 
weathered horizons play a 
dominant role for 
consideration of water 
circulation and recharge.  
 
Enough reliable information is not available about unsaturated zone that exists over 
hard rock formations. As a matter of fact one would require a regional as well as 
large scale map of weathered formation, which is not normally available. Sporadic 
pieces of information do exist through reports of survey organizations. It is, therefore, 
essential to have a quantitative knowledge of the dynamics of water storage & water 
release mechanism from vadose zone (unsaturated zone) that is considered 
important in the formulation and implementation of artificial recharge works in water 
scarce and drought prone hard rock regions in the country. 
 
In view of the above idealization, about the shallow nature of occurrence of ground 
water, the ground water system is controlled by individual, zero order and 1st order 
watersheds, though water movement is also expected to occur between 1st & 2nd 

order basins. What is important 
therefore is to know the flow 
patterns in ground water at local 
levels in relation to dyke rocks and 
outcrop ridges. The deeper ground 
water below water table in zone or 
else is connected to a surface 
source.           
 
Exclusively from the issue of 
ground water storage, the “vadose 
zone” in hard rock is extremely 
important, because this is zone 
which during precipitation gets 

recharged and also faces maximum effects of de-saturation under conditions of 
evaporation and drainage. The volume of saturation involved in the process of 
change in saturation in vadose zone (zone of weathering) is far large then the 
changes in volume of water involved in the elastic storage of water below the water 
table. This implicates that thickness and saturation of vadose zones governs the 
quantum of runoff and base flow of weathered zone.   
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It therefore may be noted, that the dynamic resource in ground water reservoir in the 
hard rock areas is governed by the “vadose zone” through which water levels 
fluctuate. 
 
Criteria for Site location in Hard Rock area 
 
It is recommended to use invariably, the following remote sensing broad criteria 
while deciding to locate sites for recharging ground water in hard rock terrain. 
 
1. Detailed Geomorphologic 

Mapping 
Mapping and delineating of weathered zones 
and assigning of depth classes 

2. Mapping of Fractures and 
lineaments 

Identification of open and close fractures 
through digital enhancement. 

3. Compiling the drainage 
network 

Joint – trellis drainage 
Faults - trellis drainage 

4. Mapping Dyke rocks and their 
orientation 

As vertical geological barriers / permeability 
zones. 

5. Correlation of data with 
Aeromagnetic map  

Aero – magnetic anomalies and correlation 
with lineaments and faults 

6. GIS overlay Analysis  Production of area/zone maps of varying 
recharging possibilities. 

 
Methods of Recharge in hard Rock areas 
In addition to structures like Check Dam, Percolation tanks, nala Bunds etc., which 
are discussed above, indirect methods of artificial recharge are required to be taken 
up to store more water in the underground at a faster pace. 
 
Some of these indirect methods are discussed in below given sections. These 
techniques are best suited for hard rock areas, which cover around 60% of the 
country across all states. These techniques are needed to be taken up under skilled 
guidance to increase the limited water holding capacity of the hard rock formation.    
 
Bore Blasting technique 
This technique is adopted to create more storage space for ground water artificially 
in massive and crystalline rocks by fracturing the bed rocks. Selected area is 
developed by blasting the shallow bores drilled and filled with suitable explosive 
slurry in the area. 5-6 bore holes are blasted at a time. Suitable in rainfall assured 
areas. This is also known as jacket well technique as a jacket of better aquifer is 
created around a water supply well. 
 
Methodology of Bore Blasting: 
 
 After detailed Hydro-geological and Geophysical survey 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. 

 Bore holes of suitable specifications are drilled at the selected site. Generally bores 
are of 100 to 150 mm diameter and having a depth of about 10 to 15 meters, 
preferably up to the depth of shallow aquifer. 

 Distance between bores, as per site conditions, is generally kept at 3 to 5 meters. 
 Staggering pattern of bore holes is preferred. 
 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.  
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Points to be considered before proceeding for blasting: 
 Not more than 5 to 6 bores are to be blasted at a time, 
 Blasting is to be carried out in hard rock portion only, not in weathered zones, 
 Optimum quantity of class -2 slurry explosives should be taken as 0.15-0 to 0.20 

Kg / M3 volume of rock for hard rock areas like basalt. 
 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, 
 Explosive charging in each bore is to be started from bottom to top with interval of 

2 meters between the charge and each charge is to be connected to the detonating 
cord independently, 

 Bottom charge should be more in quantity as compared to upper charges, 
 Sand stemming is done to create airtight & confined conditions for each section of 

the shot hole and all detonating cord ends are taken out of the bore hole, 
 Detonating cords coming out of each shot hole are inter-connected in series and 

finally one electrical detonator is used to fire the shots instantaneously. Shot hole 
firing is done with the help of shot firing cable and electrical exploder machine. 

 
Effects of Explosives in Bore Blasting: 
 Fractures are created in all directions, extending radially from the shot hole. 
 Extension of fractures depends up on optimum quantity of explosive charge. 
 Effective radial fractures normally do not develop beyond 5 meters, which implies 

that distance between two bore holes is to be kept at less than 5 meters. 
 Charge in excess of optimum charge (0.15 to 0.20 Kg / M3) will be of no use for 

further extension of radial fractures.    
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On completion of blasting operations Source well for drinking water supply should be 
developed at a suitable site on the down slope of Bore Blasting site and Fracture 
seal cementation be carried out in the downstream of the well, if required. 

 
Methodology to be adopted: 
 
 Select  5 – 6 bores at a time, 
 Calculate depth (d) of hard 

rock, which is equal to total 
depth minus weathered 
zone, 

 Calculate volume (V)  of 
rock of each bore hole to be 
blasted, which = π r2 d, 
where ‘r’ is half distance 
between two bores and ‘d’ is 
depth of the hard rock zone, 
Calculate the amount of 
explosive ‘Q’ at the rate of 
150 grams per M3. 

 
 
 
Illustrative example: 
Total depth of bore hole = 10 Mts. 
Bore diameter   = 100 -115 mm 
Weathered zone  = 3 Mts. 
 

‘d’ = 10 – 3 = 7 Mts. 
Distance between two bores = 4 Mts. Therefore, 
 

‘r’  = 4 / 2  = 2 Mts. 
V  = π x 22 x 7  = 88 M3 

Q  = 150x88 =13.20 KGs 
 
Use 83 mm diameter class –II slurry explosive, , 
 
Weight of each bag = 2.78 KGs. Therefore, 
5 bags = 13.90 Kgs.  
 
5 bags of class – II slurry explosive are required for blasting each bore of above 
mentioned specifications. 
 
The explosive load can be distributed in three parts: 
Two bags at bottom, Two at middle level and one bag about two meters above the 
middle level. 
 
This implies load is to be distributed as below and sand stemmed properly for air 
tight conditions: 
 
5.56 KGs at the bottom of the bore hole,  
5.56 KGs at about 2 Mts. above the bottom load and 
Rest of 2.78 KGs. about 2 Mts. above the middle load. 

*** 
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Fracture Sealing Cementation Technique 
 
This technique is used to arrest the migration through a network of shallow aquifer 
from a discharging location. These measures can also be used to check saline or 
polluted water ingression. It is suitable in disintegrated rock combined with fracture 
and granular porosity. 
 

 After identifying the area a row of bore wells are drilled up to the required 
depth and quick setting cement slurry is injected at high pressure to seal the 
fractures. Two rows can be drilled, If required, with due justification.  

 The distance between two rows shall be kept at around 2 to 3 meters 
depending up on the site conditions and distance between bore holes may be 
kept at 5 to 7 meters, depending on fracture intensity. 

 100 to 150 mm diameter DTH bores shall be drilled up to the depth of the 
fractures, assessed by actual bore hole logs or by geophysical data. 

 Collapsible portion of the bore hole shall be cased with the slotted pipes and 
annular area between casing pipe and bore hole shall be grouted with cement 
mortar for perfect sealing. 

 Logs of bores shall be studied, yield, water intake capacity and static water 
level shall be recorded and all bores shall be number marked. 

 Permeability test shall be conducted before cementation, by installing one 
piezometer on the upstream side and one piezometer on the downstream 
side, approximately 80 to 90 meters from the centre of the rows.   

 
Cementation and choice of grouting materials & mixtures: 

 Though various methods of cementation are available, Grouting from top to 
bottom in two stages should be adopted. 

 Grouting materials and mixtures are cement, cement-clay, cement-bentonite, 
chemical grout (sodium silicate, silicate gel and emulsion of bitumen resin). 
The grout should be of ordinary Portland cement (OPC) slurry. 

 
Schematic Diagram of Fracture Seal Cementing (Plan View) 

 
Grouting operations: 
 Prepare cement slurry by adding cement and fresh water in 1:5 ratio (cement by 

weight and water by volume i.e. 50 Kgs. of cement with 250 litres of water), so that 
a nice thin slurry is prepared. Mixing is done in tank having agitators. 
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 Grout pump shall deliver grout at a maximum pressure of 5 Kg / Cm2. Proper 
pressure gauges should be provided to record the grout injection pressure. 

 Grouting shall be stopped if: 
 
1. Upheaval of ground surface is observed,   
2. Abnormal consumption of grout is noticed, 
3. Leakages are noticed at ground surface away from the grout hole, 

 
 In case abnormal consumption of cement slurry, the cement water ratio shall 

gradually be reduced to 1:4, 1:3, 1:2 and finally to1:1 depending up on the site 
conditions. If required, admixture i.e. bentonite may be added say 3 Kgs. per 50 
Kgs. of cement and grouting should be continued next day. Lean grout (1:5 ratios) 
is proposed to facilitate the grout to reach into very thin seams, while traveling 
more distance. If the desired pressure is not built mixture shall be thickened 
progressively to a maximum ratio of 1: 1. 

 Cement shall confirm to IS-269 of 1976. When no type is specified ordinary 
Portland cement is to be used. 50 Kgs. of cement shall be taken as equivalent to 
35 litres in volume. Grouting plant shall be capable of maintaining continuous flow 
of grout at desired range. 

 Non toxic oil shall be used for packers (suitable for 100-150 mm dia bores) or 
mechanical packers shall be used conveniently. 

 

 
 

On completion of blasting operations Source well for drinking water supply is 
developed at a suitable site on the down slope of Bore Blasting site. The yield and 
flow of groundwater to the source is facilitated by the new fractures, but to avoid 
draining out of the groundwater (base flow) Fracture seal cementation is carried out 
in the downstream of the well, if required. This creates a subsurface storage for the 
sources. 
 
Water held back in such storage also helps water percolate to surrounding aquifers 
to improve groundwater potential of the area. 
 

**** 
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Hydro-fracturing Technique 
 
The Hydro-fracturing of bore wells is a new approach to stimulate the bore well to 
improve the yield by applying the water pressure in the bore well sealed in by the 
packers thereby producing confined conditions. The basic reason of failure of bore 
wells is poor hydrostatic characteristics of fracture system. With the help of Hydro-
fracturing, the failed or poor yielding bore wells could be rejuvenated, by improving 
the tendency of terrain, adjacent to bore well to hold and transmit ground water. The 
initiation of fractures or development of weak network of fractures leads to widening 
and extending the interconnection of the fractures so that the bore well is connected 
to the aquifer and the yield is improved. Previously, the blasting of bore well was 
adopted to develop the failed bore well, but it has shown variable results with limited 
success.  
 
Hydro-fracturing 
The Hydro-fracturing is a process whereby a hydraulic pressure is applied to an 
isolated zone of bore wells to initiate and propagate fractures and or widen and 
extend existing fracture. The water under high-pressure breaks up the fissures 
cleans away the silt and other impurities and leads to contact with adjacent water 
bearing bodies. 
 
The Hydro fracturing is essentially a technique applied for stimulation of bore well, 
and adopted widely to improve the bore well yield. However, the technique 
effectively results in: 

 Initiation and propagation of new fractures in the low yielding bores,  
 The existing clogged conduits 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.  
 
Enhancement of the natural recharge process makes Hydro-fracturing an important 
tool for artificial recharge as the interconnectivity of fractures results in aquifer 
connectivity to the surround recharge zone. 
 
Steps in Hydro-fracturing 
1. The poor yielding bore well should be selected for Hydro fracturing. 
2. The litho log/Bore well completion report should be studied to decide the depth of 

packer setting. The suitability of single or double packer also be decided. 
3. If required Geophysical Survey should be carried out prior to hydro fracturing. 
4. The bore well diameter, depth and verticality should be checked with the dummy 

tool to ensure that the bore well is not collapsed and there is no restriction for 
lowering of packer. 

5. With the help of Submersible Pump pre fracturing yield test should be carried out 
and yield in liters per hour should be recorded. The pump should be lowered to 
the depth of 45 meters. 

6. The packer should be lowered to a desired depth but preferably below the casing 
pipe and bore well should be completely filled with potable water so as to remove 
air from the bore well. 

7. The packer should be inflated with the help of hydraulic hand pump. Hydraulic 
pressure applied should be between 300 to 400 bars. 
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8. Water should be injected into the bore well with the help of high-pressure water 

pump. This process will increase the pressure and reach to maximum value 
within a short time initiating new fractures, cleaning the existing fractures. Also 
closed fractures can be open up and connect to the water bearing open fractures. 
At this stage pressure will drop and water from the tanker being injected into the 
bore well will start running into the formation. This is known as propagation.  

9. The propagation time should be at least 15 to 20 minutes. After this the pressure 
will further drop to lowest value. At this stage hydro fracturing operation should be 
stopped. This completes one cycle. The process should be repeated at least for 2 
to 3 times. Then the packer should be dismantled and installed at lower depth 
and above mentioned procedure should be repeated. At least 2 to 3 packer 
settings should be tried in the same bore well. 

10. After Hydro fracturing, yield test with the help of Submersible Pump should be 
conducted at least for 2 to 3 hours and average yield in litters per hour should be 
recorded. Also any rise in water level should be recorded as final S.W.L. 

11. From the Final Yield (Post-fracturing) and initial yield (Pre-fracturing), the 
improvement ratio can be calculated as Final Yield divided by Initial Yield. e.g. 
Improvement Ratio  for final Yield of 900 & initial Yield of 300 lph = 900: 300 = 3. 

12. If required post-fracturing geophysical survey should be carried out and results 
obtained from pre and post fracturing should be co-related. 

13. If bore well becomes successful then hand/power pump should be installed. 
14. If conditions require Double packer system shall be used to increase the pressure 

in a specific zone decided on the basis of litho log. 
15. The bore well is required to be filled up completely with water before Hydro-

fracturing. 
 
Criteria for selecting Bore well for Hydro-fracturing 
 Proper pinpointing of litho logical sections with cracks, fractures and joints in the 

bore well, depth of probable yielding zones and the effect of hydraulic pressure 
on them defines the success of this technique. Sites can be finalized by 
geophysical survey before Hydro-fracturing. 

 Normally the bore wells having poor yields and bores, whose yield has reduced 
over a period, should be selected for Hydro-fracturing with proper location. 
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 The litho-logs of these bore wells should be studied in view of water struck zones 
with yield, change in the rock formation type of rock formation and physical 
parameters like fractures & joints in it. 

 The packer assembly (double or single) should be decided on the basis of 
characteristics of rock formation at a particular depth in a bore well. 

 A group of 2-3 bore wells selected for Hydro-fracturing should be made and the 
strategy for the source of water for the purpose of Hydro-fracturing for each group 
should be decided. The site of bore well hydro-fractured should be re-examined 
to assess the effect of Hydro-fracturing by carrying out geophysical survey again. 

 After finalizing the programme, the Geologists and Mechanical Engineers should 
discuss about the technical matter so that the propagation time, zone to be 
hydro-fractured etc. be decided. Engineer should see the condition of getting 
supply of water to the Hydro-fracturing unit. 
 

 
 
 The Engineer in charge shall make the requisite spare parts for the mobile 

unit for removing and re-installing the pumps available. After removing the 
pumps, if it is observed that the Washers, valves are damaged then it should 
be replaced and then only the pump should be installed. 

 The lowering of dummy tool indicates that: 
o the diameter of bore well is more than 145 mm 
o there is no obstruction in the Bore well, 
o the bore well is straight and vertical. 

 The yield test of the bore well should be taken. The pump should be lowered 
up to appropriate depth and it should be neatly throttled and yield test should 
be taken for at least 30 minutes. Some bore wells which are drilled in 
May/June may yield less at the time of drilling and if they are hydro-fractured 
during October to January, the water level may rise due to stored water in 
shallow aquifers even without Hydro-fracturing. This should be thoroughly 
studied. 

 
Discussions 
 
The technique of Hydro-fracturing is helpful in rejuvenating the poor yielding bore 
wells drilled under Rural Water Supply Programme. The successfully hydro-fractured 
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bore wells could be installed with hand pump and involves less expenditure than 
drilling another bore well to meet the drinking water needs. 
 
Thorough technical observations are necessary for ascertaining the failure of hydro-
fractured bore wells. This will help in modifying the method of Hydro-fracturing, 
selecting suitable bore wells. The over, exploitation in certain parts may likely to 
affect the successfully hydro-fractured bore well with reduction in its yield. This 
phenomenon should be critically observed. 
 
The programme of Hydro-fracturing should be adhered strictly to the technical 
parameters and should not be treated as a routine programme. Otherwise the 
expected benefits are likely to get diverted. 
 
Recommendations: 

 Hydro-fracturing technique should be applied wherever technically feasible. 
 The effect of Hydro-fracturing needs to be studied periodically as observation 

points. 
 The sustainability of working of hand pump on successfully hydro-fractured 

bore well should be monitored continuously. 
 Hydro-fracturing units should be fully utilised so as to justify the cost of the 

unit. 
 Awareness campaign should be launched regarding know-how of hydro-

fracturing technique and programme should be drawn well in advance, for the 
movement of the unit. 

 Efforts should be made to rejuvenate maximum number of bore wells by 
Hydro-fracturing instead of drilling additional new bore wells. 

 

 
 
 

***** 
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Methods of artificial recharge suitable for coastal region 
 
Salt-water intrusion into fresh groundwater formations generally results inadvertently 
from human activities. One third of world’s population is concentrated within 100 km 
from seacoast. Similarly large sources of fresh groundwater are in close proximity to 
the sea to natural bodies of saline ground water. Presence of saline water in aquifer 
may be due to several reasons like: 
 

1. Encroachment of seawater in coastal areas. 
2. Seawater that entered aquifers during past geological times. 
3. Salt in saltpans, thin beds, etc. 
4. Return flows to streams from irrigated lands. 
5. Human saline wastes. 

 
Uncontrolled development of groundwater resources leads to salinity ingress. 
Artificial recharge of groundwater plays an important role to prevent problem of 
salinity ingress. 
 

 
A normal interface between salt and fresh water is depicted above, which if not 
disturbed will not allow saline water to intrude in to the fresh water aquifer. Exploiting 
the groundwater near the interface disturbs it and results in sea water intrusion. The 
same is depicted below:  
 

 



67 
 

India has very long coastal reaches starting from Kutch in Gujarat to Konkan, 
Malabar Coastal to Kanyakumari in south to northwards along the Coromandal 
Coast to Sunderbans in West Bengal. The climatic conditions, which affect 
groundwater recharge, very considerably. 

 
Objectives of Artificial Recharge Methods in Coastal Regional  
 
The main objectives of artificial recharge in coastal aquifers are  

1. To control the intrusion 
2. To reduce rate of decline of groundwater 
3. Improvement  in groundwater quality  
4. Conservation of fresh water underground 

 
Techniques for Controlling Seawater Intrusion 

 Recharge Tanks / wells 
 Tidal Regulators/ Bandharas 
 Spreading Channels  
 Linking Canals  
 Radial Canals  

 
Tidal Regulators and Bandhara  
The seawater also travels through river estuaries for several kilometers into land and 
enable the saline water of 
sea to infiltrate into the 
ground causing further 
salinity in groundwater 
quality. It also converts the 
adjacent land saline. 
Engineering Structures like 
tidal regulators with gates on 
large recharge rivers and 
Bandharas i.e. Solid gravity 
dams on small rivers can 
check tidal water ingress 
into these rivers. In case of 
tidal Regulators the gates 
remain closed during tides. At the time of flood the gates are opened so that surplus 
water passes .Coastal bunds together with Bandhara or tidal regulator are 
constructed to prevent large areas becoming inundated due to tidal water. This type 
of structures constructed in the estuarine region can maintain land fertility and 
groundwater quality. 
 
Spreading Channel 
Spreading channels are 
preferred when exiting river 
channels are to be used as 
connecting channels from 
upstream reservoirs to 
spreading channels or 
when recharge is desired in 
narrow strip near seashore 
for creating fresh water 
barrier to stop seawater 
intrusion.  
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Linking Canal 
A canal joining two or more rivers or streams in coastal region is called Linking 
canals. Sometimes in the coastal region rainfall occurs over a small region due to 
cyclonic storms. Because of 
this rainfall there might be a 
runoff in one river and other 
nearby may run dry. If a canal 
joining these two rivers is 
constructed then runoff water 
from one river can be diverted 
to another river and recharge 
over larger area can be 
obtained .if in case both the 
rivers gets flood then also 
linking canal gets flooded and 
more area comes under freshwater recharge .These types of canals are suitable for 
areas where a porous stratum, limestone layer is situated near the upper layer  
 
Radial Canal 
Radial canals are constructed towards the landward side from the reservoir created 
by the construction of tidal regulator or bandhara in the coastal region. Slope of the 
land is towards bandhara or tidal regulator while these canals constructed towards 
landward side from the reservoir. Thus depth of these canals increases as it goes 
away from reservoir. Floodwater will flow in these canals and farmers of surrounding 
regions can take advantage of this water and irrigate their fields, thus much more 
area can be benefited.  
 
 

************** 






