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SUMMARY
 In the present scenario management and distribution of water has become centralized. People
 depend on government system, which has resulted in disruption of community participation in
 water management and collapse of traditional water harvesting system.
  
 As  the water crisis continues to become severe, there is a dire need of reform in water
 management system and revival of traditional systems. Scientific and technological studies needs
 to be carried out to assess present status so as to suggest suitable mitigative measures for the
 revival to traditional system/wisdom. Revival process should necessarily be backed by people's
 initiative and active public participation.
  
 Living creatures of the universe are made of five basic elements, viz., Earth, Water, Fire, Air and
 Sky, Obviously, water is one of the most important elements and no creature can survive without
 it. Despite having a great regard for water, we seem to have failed to address this sector
 seriously. Human being could not save and conserve water and it sources, probably because of
 its availability in abundance. But this irresponsible attitude resulted in deterioration of water
 bodies with respect to quantity and quality both. Now, situation has arrived when even a single
 drop of water matters. However. " better late than never", we have not realized the seriousness of
 this issue and initiated efforts to overcome those problems.
 System of collection rainwater and conserving for future needs has traditionally been practiced in
 India. The traditional systems were time-tested wisdom of not only appropriate technology of
 Rainwater  Harvesting, but also water management  systems, where conservation of water was
 the prime concern. Traditional water harvesting systems were Bawaries, step wells, jhiries, lakes,
 tanks etc. These were the water storage bodies to domestic and irrigation demands. People were
 themselves responsible for maintenance to water sources and optimal use of water that could
 fulfill their needs.
 3
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RAIN WATER HARVESTING
 Rainwater harvesting is the process of collecting, filtering and storing water from roof tops,
 paved and unpaved areas for multiple uses. The harvested water can also be used for potable
 purposes after testing and treatment. The surplus water after usage can be used for recharging
 ground water aquifer through artificial recharge techniques. This can also result in improving the
 quality of the ground water e.g. lower fluoride content in ground water. Rainwater harvesting
 mechanisms are designed after assessing the site conditions such as incident rainfall, subsurface
 strata and their storage characteristics, infiltration test and by building suitable structures to
 collect and store rainwater.
 Rainwater harvesting system provides a source of soft, high quality water, reduce dependence on
 wells and other sources, and, in many contexts, are cost effective. Rainwater harvesting system
 can range in size from a simple PVC tank  to a contractor designed and built sump - costing
 thousand of rupees. Rainwater system are inherently simple in form. Harvesting rainwater is not
 only water conserving, it is also energy saving since the energy input required to operate a
 centralized water system can be bypassed. 
 A range of filters for different filtration rates have also been designed using different filter
 media. 
 4
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NASA published a report on India’s depleting ground water level using their twin satellites in
 Gravity Recovery and Climate Experiment (GRACE) program.
 Highlights of the report are:
 The north Indian states of Rajasthan, Punjab and Haryana are the worst affected with
 groundwater levels reducing at the rate of one metre every three years (one foot per year).
 Ground water is pumped and consumed rapidly due to:
 o population explosion
 o rapid economic development
 o water-hungry farms
 When groundwater is rapidly consumed, recharge to the original levels by natural process
 can take months or years.
 If corrective actions are not taken, it may lead to famine due to collapse of agricultural
 output and severe potable water scarcity.
 5
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WATER FLUSHED DOWN THE DRAIN
 Only 20% of water are used for drinking , cooking
 Over 60 % of water is used for bathing, washing and flushing down the toilet.
 important that our toilet water are still 10 -12 ltr. Per each chain of the pull.
 As a result 80% of portable water ends up as waste water.
 Only 24 per cent of the wastewater generated by urban India is treated—Mumbai
 accounts for 23 per cent of the total amount produced
 The rest 76 per cent is disposed of into WATER BODIES (rivers, lakes etc)
 untreated
 These water bodies are the water sources for the cities in the down stream
 STRANGELY THE SUPPLY IS ALMOST FREE
 Water is cheapest in Delhi. 35 per KL as compared to production cost of Rs 6-7
 per Kl.
 Mumbai is in a better position, the cost for domestic supply is Rs 2.25 per KL and
 the production cost is Rs 5.74 per KL
 In Indore the cost for domestic 2.00 per KL and the production cost is Rs 9.50
 KL.
 Bangalore charges Rs 5-60 per KL and the production cost is Rs 13 per KL
 6
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WATER HARVESTING POTENTIAL OF MUMBAI
 Area – 437 sq kmts
 Annual avg .rainfall – 2000 mm
 Potential - 2394.52 MLD
 Present water supply = 2900 MLD
 Options:Storage;recycling; and recharge
 Even if we assume 70 % of the area to be developed, 50 % of it to be roofed and
 we collect 70 % of the water falling over it, the quantity of rainwater that can be
 harvested works out to 589.34 MLD. This is a sizeable quantity compared to
 water supply to Mumbai. It may also be reminded that the Middle Vaitarna
 project is for 455 MLD.
 Why harvest rainwater ?
  
 This is perhaps one of the most frequently asked question, as to why one should
 harvest rainwater. Rain water harvesting is essential because :-
 Surface water is inadequate to meet our demand and we have to depend on ground
 water.
 Due to rapid urbanization, infiltration of rain water into the sub-soil has decreased
 drastically and recharging of ground water has diminished.
 As you read this guide, seriously consider conserving water by harvesting and
 managing this natural resource by artificially recharging the system. The examples
 covering several dozen installations successfully operating in India constructed
 and maintained by CGWB, provide an excellent snapshot of current systems.
 7
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There are many reasons but following are some of the important ones.
 Because water should never be wasted and allowed to flow out of any village or
 community facing a drinking water shortage.
 Because it costs less to collect rainwater than to exploit groundwater.
 Because collecting rainwater is the only way of recharging water sources and revitalising
 dry open wells and dry hand pumps.
 Because it gives an opportunity for communities to come together and work closer. It
 allows forthe decentralised control and community management of water.
 Because traditional knowledge, skills and materials can be used to collect the water and
 no government technical assistance is required for repair and maintenance.
 Because it will provide productive employment to the rural poor in their own villages.
 When rain water harvesting?
 Rain water harvesting measures are essential when the ground water is brackish or has a
 high Iron or Flouride content.
 Rain water harvesting measures should begin four months before the monsoon is to
 arrive.
  How to harvest rainwater:
  Rainwater can be harvested in a variety of ways:
 Directly from roof tops and stored in tanks.
 Monsoon run off and water in swollen streams during the
 Monsoon and storing it in underground tanks.
 Water from flooded rivers can be stored in small ponds.
 There are basically two models associated with Rainwater harvesting:
 • Urban model
 • Rural model
 8
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Broadly there are two ways of harvesting  rainwater:
  
 (i)         Surface runoff harvesting                
 (ii)        Roof top rainwater harvesting
  
 Surface runoff harvesting:
 In urban area rainwater flows away as surface runoff. This runoff could be caught and used for
 recharging aquifers by adopting appropriate methods.
  
 Roof  top rainwater harvesting (RTRWH):
 It is a system of catching rainwater where it falls. In rooftop harvesting, the roof becomes the
 catchments, and the rainwater is collected from the roof of the house/building. It can either be
 stored in a tank or diverted to artificial recharge system. This method is less expensive and very
 effective and if implemented properly helps in augmenting the ground water level of the area.
 Components of the roof top rainwater harvesting system
  
 The illustrative design of the basic components of roof top rainwater harvesting system is given
 in the following  typical schematic diagram/
  
 The system mainly constitutes of following sub components: 
 §         Catchment
 §         Transportation
 §         First flush
 §         Filter
 The surface that receives rainfall directly is the catchment of rainwater harvesting system. It may
 be terrace, courtyard, or paved or unpaved open ground. The terrace may be flat RCC/stone roof
 9
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or sloping roof. Therefore the catchment is the area, which actually contributes rainwater to the
 harvesting system.
  
 Transportation
  
 Rainwater from rooftop should be carried through down take water pipes or drains
 to storage/harvesting system. Water pipes should be UV resistant (ISI HDPE/PVC pipes) of
 required capacity. Water from sloping roofs could be caught through gutters and down take pipe.
 At terraces, mouth of the each drain should have wire mesh to restrict floating material.
  
 First Flush
  
 First flush is a device used to flush off the water received in first shower. The first shower of
 rains needs to be flushed-off to avoid contaminating storable/rechargeable water by the probable
 contaminants of the atmosphere and the catchment roof. It will also help in cleaning of silt and
 other material deposited on roof during dry seasons Provisions of first rain separator should be
 made at outlet of each drainpipe.
 10
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Filter
  
 There is always some skepticism regarding Roof Top Rainwater Harvesting since doubts are
 raised that rainwater may contaminate groundwater. There is remote possibility of this fear
 coming true if proper filter mechanism is not adopted. Secondly all care must be taken to see that
 underground sewer drains are not punctured and no leakage is taking place in close vicinity.
 Filters are used fro treatment of water to effectively remove turbidity, colour and
 microorganisms. After first flushing of rainfall, water should pass through filters. There are
 different types of filters in practice, but basic function is to purify water.
 Sand Gravel Filter
  
 These are commonly used filters, constructed by brick masonry and filleted by pebbles, gravel,
 and sand as shown in the figure. Each layer should be separated by wire mesh.
 11
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Charcoal Filter
  
 Charcoal filter can be made in-situ or in a drum. Pebbles, gravel, sand and charcoal as shown in
 the figure should fill the drum or chamber. Each layer should be separated by wire mesh. Thin
 layer of charcoal is used to absorb odor if any.
 12
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PVC- Pipe filter
   
 This filter can be made by PVC pipe of 1 to 1.20 m length; Diameter of pipe depends on the area
 of roof. Six inches dia. pipe is enough for a 1500 Sq. Ft. roof and 8 inches dia. pipe should be
 used for roofs more then 1500 Sq. Ft. Pipe is divided into three compartments by wire mesh.
 Each component should be filled with gravel and sand alternatively as shown in the figure. A
 layer of charcoal could also be inserted between two layers. Both ends of filter should have
 reduce of required size to connect inlet and outlet. This filter could be placed horizontally or
 vertically in the system.
 Sponge Filter
 It is a simple filter made from PVC drum having a layer of sponge in the middle of drum. It is
 the easiest and cheapest form filter, suitable for residential units.
 13
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 METHODS OF ROOF TOP RAINWATER HARVESTING
 Storage of Direct use
  
 In this method rain water collected from the roof of the building is diverted to a storage tank. The
 storage tank has to be designed according to the water requirements, rainfall and catchment
 availability. Each drainpipe should have mesh filter at mouth and first flush device followed by
 filtration system before connecting to the storage tank. It is advisable that each tank should have
 excess water over flow system.
  
 Excess water could be diverted to recharge system. Water from storage tank can be used for
 secondary purposes such as washing and gardening etc. This is the most cost effective way of
 rainwater harvesting. The main advantage of collecting and using the rainwater during rainy
 season is not only to save water from conventional sources, but also to save energy incurred on
 transportation and distribution of water at the doorstep. This also conserve groundwater, if it is
 being extracted to meet the demand when rains are on.
 Recharging ground water aquifers
  
 Ground water aquifers can be recharged by various kinds of structures to ensure percolation of
 rainwater in the ground instead of draining away from the surface. Commonly used recharging
 methods are:-
  
 a)         Recharging of bore wells                
 b)         Recharging of dug wells.
 c)         Recharge pits                                   
 d)         Recharge Trenches
 e)         Soak ways or Recharge Shafts    
 f)          Percolation Tanks
 14
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Recharging of bore wells
  
 Rainwater collected from rooftop of the building is diverted through drainpipes to settlement or
 filtration tank. After settlement filtered water is diverted to bore wells to recharge deep aquifers.
 Abandoned bore wells can also be used for recharge.
  
 Optimum capacity of settlement tank/filtration tank can be designed on the basis of area of
 catchement, intensity of rainfall and recharge  rate as discussed in design parameters. While
 recharging, entry of floating matter and silt should be restricted because it may clog the recharge
 structure. "first one or two shower should be flushed out through  rain separator to avoid
 contamination. This is very important, and all care should be taken to ensure that this has been
 done."
 15
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Recharge Pits
  
 Recharge pits are small pits of any shape rectangular, square or circular, contracted with brick or
 stone masonry wall with weep hole at regular intervals. to of pit can be covered with perforated
 covers. Bottom of pit should be filled with filter media.
  
 The capacity of the pit can be designed on the basis of catchment area, rainfall intensity and
 recharge rate of soil. Usually the dimensions of the pit may be of 1 to 2 m width and 2 to 3 m
 deep depending on the depth of pervious strata. These pits are suitable for recharging of shallow
 aquifers, and small houses.
 Soak away or Recharge Shafts
  
 Soak away or recharge shafts are provided where upper layer of  soil is alluvial or less pervious.
 These are bored hole of 30 cm dia. up to 10 to 15 m deep, depending on depth of   pervious layer.
 Bore should be lined with slotted/perforated PVC/MS pipe to prevent collapse of the vertical
 sides. At the top of soak away required size sump is constructed to retain runoff before the filters
 through soak away. Sump should be filled with filter media.
  
 16
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 Recharging of dug wells
  
 Dug well can be used as recharge structure. Rainwater from the rooftop is diverted to dug wells
 after passing it through filtration bed. Cleaning and desalting of dug well should be done
 regularly  to enhance the recharge rate. The filtration method suggested for bore well recharging
 could be used.
 17
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Recharge Trenches
  Recharge trench in provided where upper impervious layer of  soil is shallow. It is a trench
 excavated on the ground and refilled with porous media like pebbles, boulder or brickbats. it is
 usually made for harvesting the surface runoff. Bore wells can also be provided inside the trench
 as recharge shafts to enhance percolation. The length of the trench is decided as per the amount
 of runoff expected. This method is suitable for small houses, playgrounds, parks and roadside
 drains. The recharge trench can be of size 0.50 to 1.0 m wide and 1.0 to 1.5 m deep.
 Percolation tanks
  
 Percolation tanks are artificially created surface water bodies, submerging a land area with
 adequate permeability to facilitate sufficient percolation to recharge the ground water. These can
 be built in big campuses where land is available and topography is suitable.
  
 Surface run-off and roof top water can be diverted to this tank. Water accumulating in the tank
 percolates in the solid to augment the ground water. The stored water can be used directly for
 gardening and raw use. Percolation tanks should be built in gardens, open spaces and roadside
 green belts of urban area.
 18
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computation of artificial recharge from roof top rainwater collection :
 Calculating rainwater collection
 Rainwater collection from roofs can be calculated using the following formulas:
 1 inch of rain on a 1,000 square feet (93 m2) roof yields 623 gallons of water; or
 1 cubic foot equals (12 inch by 12-inch (300 mm) by 12-inch (300 mm) cube) equals 7.48
 gallons; or
 1 millimeter of rain on a 1 square meter surface yields 1 litre of water.
 Factors taken for computation :
 Roof top area 100 sq.m. for individual house and 500 sq.m. for multi-storied
 building.
 Average annual monsoon rainfall - 780 mm.
 Effective annual rainfall contributing to recharge 70% - 550 mm.
 Individual
 Houses
 Multistoried
 building
 Roof top area 100 sq. m. 500 sq. m.
 Total quantity available
 forrecharge per annum
 55 cu. M 275 cu. m.
 Water available for 5 member
 Family
 100 days 500 days
  
 19
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BENEFITS OF ARTIFICIAL RECHARGE IN URBAN AREAS
 Improvement in infiltration and reduction in run-off.
 Improvement in groundwater levels and yields.
 Reduces strain on Special Village Panchayats/ Municipal / Municipal Corporation
 water supply
 Improvement in groundwater quality
 Estimated quantity of additional recharge from 100 sq. m. roof top area is 55.000
 liters.
 QUALITY
 As rainwater may be contaminated due to pollutants like microscopic germs etc., it is often not
 considered suitable for drinking without treatment. However, there are many examples of
 rainwater being used for all purposes — including drinking — following suitable treatment.
 Rainwater harvested from roofs can contain animal and bird faeces, mosses and lichens,
 windblown dust, particulates from urban pollution, pesticides, and inorganic ions from the sea
 (Ca, Mg, Na, K, Cl, SO4), and dissolved gases (CO2, NOx, SOx). High levels of pesticide have
 been found in rainwater in Europe with the highest concentrations occurring in the first rain
 immediately after a dry spell; the concentration of these and other contaminants are reduced
 significantly by diverting the initial flow of water to waste as described above. The water may
 need to be analysed properly, and used in a way appropriate to its safety. In the Gansu province
 for example, harvested rainwater is boiled in parabolic solar cookers before being used for
 drinking. In Brazil alum and chlorine is added to disinfect water before consumption. So-called
 "appropriate technology" methods, such as solar water disinfection, provide low-cost
 disinfection options for treatment of stored rainwater for drinking.
 20
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CONTAMINATION AND MAINTENANCE
 If rainwater is used for drinking, it is often filtered first. Filtration (such as reverse osmosis or
 ultrafiltration) may remove pathogens. While rain water is pure it may become contaminated
 during collection or by collection of particulate matter in the air as it falls. While rain water does
 not contain chlorine, contamination from airborne pollutants, which settles onto rooftops, may
 be a risk in urban or industrial areas. Many water suppliers and health authorities, such as the
 New South Wales Department of Health, do not advise using rainwater for drinking when there
 is an alternative mains water supply available. However, reports of illness associated with
 rainwater tanks are relatively infrequent. Rainwater is generally considered fit to drink if it
 smells, tastes and looks fine; However some pathogens, chemical contamination and sub-
 micrometre suspended metal may produce neither smell, taste and not be visible to the eye.
 Certain paints and roofing materials may cause contamination. In particular, Government advises
 that lead-based paints never be used. Tar-based coatings are also not recommended, as they
 affect the taste of the water. Zinc can also be a source of contamination in some paints, as well as
 galvanized iron or zincalume roofs, particularly when new, should not collect water for potable
 use. Roofs painted with acrylic paints may have detergents and other chemicals dissolve in the
 runoff. Runoff from fibrous cement roofs should be discarded for an entire winter, due to
 leaching of lime. Chemically treated timbers and lead flashing should not be used in roof
 catchments. Likewise, rainwater should not be collected from parts of the roof incorporating
 flues from wood burners. Overflows or discharge pipes from roof-mounted appliances such as
 air-conditioners or hot-water systems should not have their discharge feed into a rainwater tank.
 Copper Poisoning, a recent news article linked copper poisoning to plastic tanks, the article
 indicated that rainwater was collected and stored in plastic tanks and that the tank did nothing to
 mitigate the low pH. The water was then brought into homes and copper piping, the copper was
 released by the high acid rainwater and caused poisoning in humans. It is important to note that
 while the plastic tank is an inert container, the collected acid rain could and should be analyzed,
 and pH ajusted before being brought into a domestic water supply system. The solution is to
 monitor stored rainwater with swiming pool strips, cheap and available at swiming pool supply
 outlets.
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If the water is too acidic, state/county/local health officials may be contacted to obtain advice
 and precise solutions and pH limits and guidelines as to what should be used to treat rainwater to
 be used as domestic drinking water.
 Maintenance includes checking roofs and rain gutters for vegetation and debris, maintaining
 screens around the tank, and occasionally desludging (removing sediment by draining and
 cleaning the tank of algae and other contaminants).
 Rainwater tanks which are not properly sealed (secured at the top) may act as breeding grounds
 for mosquitoes
 22
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IMPLEMENTATION
 In states like Tamilnadu, Gujrat, Rajasthan, Karnataka,Kerala, New Delhi, the respective state
 Governments have taken decisive measures to start and implement rainwater harvesting
 programs to ensure adequate water supply throughout the year. Many NGO’s are also
 working in order to spread awareness about necessity of rainwater harvesting besides providing
 necessary information regarding various harvesting methods and their implementation. Some of
 the names of the NGO’s are listed below :
 Centre for Science and Environment (CSE), Delhi
 Tarun Bharat Sangh (TBS)in Alwar, Rajasthan.
 DHAN Foundation – Madurai, Tamil Nadu .
 BAIF – Pune, Maharashtra.
 RS - Ralegaon Siddhi - Ahmednagar district – Maharashtra.
 SMSF - S.M.Sehgal Foundation- Gurgaon, Haryana.
 MF - Morarka Foundation – Jaipur, Rajasthan
 DA - Development alternatives – Delhi.
 KRG Rainwater Harvesting Foundation.
 Akash Ganga Trust – Chennai.
 IN MUMBAI
 • Mumbai Municipal Corporation has made rainwater harvesting (RWH) mandatory to the
 properties having plot area more than 1000 sq. mts.
 • This condition will also be made applicable to existing buildings in near future.
 • Recycling has been made compulsory for buildings having centralised A C plants.
 BMC will supply 90 LPCD instead of 135 lpcd to ensure RWH will supplement the gap.
 23
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APPROXIMATE COST
 METHOD COST PER UNIT(IN RS)
 Open well (for chamber only) 1350
 Percolation pit 650
 Percolation pit with bore 1200
 Recharge trench 650
 Recharge trench with bore 900
 Recharge well(shallow / small) 4100
 SUCCESS STORIES
 Hero Honda Motors (Gurgaon):
 Total roof-top are = 11080 sq. m
 annual rainfall in mm = 577.8
 Total rainwater available from rainfall = 5441 metre cubic
 The water requirements for potable and non potable purposes are met by
 Four bore wells located in the factory premises The rainwater is collected through a series of
 collection chambers and interconnecting pipes and is diverted to 6 different recharge wells of
 size 3m x 2m x 3m located in the factory premise. The recharge wells are provided with recharge
 bore wells of 8 inch diameter and 40m depth. the recharge wells are filled with three layers of
 pebbles ranging from 10 mm to 100 mm which ensures efficient filteration.
 This plan was completed by the end of february, 2004 and the results are quite good as the
 ground water level has increased to 60 feet below ground level. Also, the quality of water has
 improved a lot.
 Cost incurred in this project = 12 lakhs.
 24
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BPCL Housing Complex (Noida):
 Total roof-top surface area = 13910 sq. m
 Average annual rainfall in mm = 792.4
 Total volume of rainwater harvested = 4446 metre cubic.
 water requirement is met by one bore well and is supplemented by municipal supply. Roof-top
 rain water is collected in collection chambers and diverted to recharge wells through
 interconnecting pipe-lines. Recharge wells are of the size 3m x 2m x 2m and provided with
 recharge bore of 16 m depth and 150 mm diameter. Filtering materials used are boulders, pebbles
 and coarse sand. Surface run off generated from the paved area and roads is
 harvested through two recharge trenches of size 3m x 0.6m x 0.9m constructed along the road
 side. These trenches are also provided with recharge bores of same dimension as mentioned
 above. This plan was completed by end of year 2002 and the ground water level has increased to
 56 feet below ground level.
 cost incurred in this project = 4.5 lakhs.
 26
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LETS DO SOME MATHEMATHICS
 28
 Activity Method
 adopted
 Qty used
 (ltr.)
 Method to be
 adopted
 Qty required
 (ltr.)
 Qty saved
 ( ltr.)
 Brushing Running tap
 for 5 min.
 45 Tumbler or
 glass
 0.5 44.5
 Washing Running tap
 for 2 min.
 18 Jug 2 16
 Shaving Running tap
 for 2 min.
 18 Shaving mug 0.25 17.75
 Shower Letting
 shower run
 while
 soaping,
 staying under
 shower too
 long
 90 Wet down,
 tap off, soap
 up, rinse off
 20 70
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WATER CONSERVATION TIPS
 Don’t use drinking water to clean your car/vehicles.
 • Use a broom, not a hose, to clean driveways, steps & sidewalks.
 • Don’t let the water run while brushing your teeth, washing your face or shaving.
 • Make sure that your home is leak free.
 • Clean vegetables in a pan filled with water instead of running water.
 • Avoid using the shower, use a bucket instead.
 • Place a water displacement device i.e. water filled bottles etc. to inside the flushing cistern to
 cut down on the amount of water needed for a flush.
 • Ensure that all taps are closed when not in use.
 • Never throw away ‘yesterday’s” water down the drain, there are other ways to use it.
 • When brushing your teeth, shaving, showering or washing your hands, never leave your tap
 running. Fill a glass or bowl with water and use it.
 • Adopt rain water harvesting, its safe and economical.
 SUGGESTIONS:
 Rain water can be collected where it falls. In schools and within the village, to revitalize open
 wells and handpumps at a marginal cost.
 • The community has the competence and technical capability to construct their own water
 harvesting tanks without any expertise from outside.
 • This is the only long term solution to drought proofing villages against water scarcity.
 • The community has management and control over the water not the government.
 • The construction of rain water harvesting structures is understood by all communities and can
 be replicated everywhere in the world where there is an acute drinking water shortage.
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CONCLUSION
 1. Prevents water wastage by arresting run off.
 2. Prevents soil erosion and mitigates flood.
 3. Sustains and safeguards existing water table through recharge.
 4. Increases water availability and improves water quality.
 5. Arrests sea-water intrusion and prevents salination of ground water.
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