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ABSTRACT:      India needs to evolve its own set of criteria and policies for natural, low-cost, low-maintenance waste-water treatment systems that  do not fail when there are daily and unscheduled power cuts, and do not incur prohibitive power bills, as conventional sewage-treatment plants do.  This paper suggests a list of alternative options, arranged in order of priority.  These include Waste-water minimization and Decentralised Sewage Treatment options like individual-site or neighbourhood solutions and natural waste-water treatment within storm-drains, which is by far the most desirable choice because it also provides citizens with beautiful recreational spaces at little additional cost, as at Pune.  Duckweed aquaculture is an option for perennially flowing drains.  Waste-water treatment in lakes via aerated floating gardens can also desilt them over time at no additional monetary or environmental cost.  Seasonal rivers receiving polluted waters can have constructed wetlands or non-monsoon seasonal bunds that create a series of riverbed oxidation ponds to improve water quality.  Waste-water agriculture through grass-farms, and silviculture through high-rate-transpiration plantations are described.  Finally,  fiscal incentives  and monetary policies necessary for the success of natural waste-water systems are outlined as a guide for policy-makers.   

India has begun to address the problem of cleaning up its major Rivers, one by one, and the Courts have given added impetus to this effort.  The immediate response of State or city governments is usually to plan for and install conventional Sewage Treatment Plants (STPs) for all, or major, riverside cities and towns.  Yet all over India, despite massive investments, conventional waste-water treatment has largely failed. The cost of leading waste-water via Under-Ground Drainage (UGD) to centralized plants is prohibitive, costing upto 80% of the total cost of waste-water treatment facilities.  UGD maintenance is rarely budgeted for, very expensive, and very disruptive of other infrastructure like roads or structures constructed over the UGD.  Centralised plants themselves are highly capital-intensive, energy-intensive and easily disrupted by power fluctuations.  

Most such waste-water plants in India are regularly bypassing their equipment partially or entirely, because they cannot afford to pay their electricity bills or because they cannot cope with daily and unscheduled power cuts and power fluctuations which disrupt biological processes by turning aerobic ponds into anaerobic ones.  In the 87 Municipalities I have visited so far during the last 8 years, in conventional Sewage Treatment Plants (STPs), the clarifier is mostly not working or not being operated because of high electricity costs or intermittent power supply, the oxidation ponds are choked with water-hyacinth (which is not harvested or composted so there may perhaps be little fresh uptake of sewage nutrients) and, where there are no grass farms, the foul-smelling almost-raw sewage is fed  to sugarcane or paddy farmers downstream or released into a creek or river.

What then is the answer?  We need to stop looking Westward for all our solutions, and evolve our own set of criteria and policies for sustainable, low-cost, low-maintenance waste-water treatment.   A suggested list of options, arranged in order of priority, is outlined below.

1, ON - SITE   WASTE - WATER   MINIMISATION

1.1, 80% of fresh water consumed goes out as waste-water.  80% of this, in turn, is sullage or gray water (from bathing and washing hands, clothes or utensils), which is easily re-used for gardening or car-washing etc.  That means ONLY 16 % of incoming water is black water or sewage that really needs treatment to remove odours and germs!  The costs of treating such small volumes is not prohibitive and can be easily spread among the various units in an apartment complex or commercial complex. On-site waste-water treatment honours the polluter-pays principle:  Every new construction and large multistory building should be required to do on-site waste-water management.  

1.2  In Chennai, where fresh water is scarce and expensive, a far-thinking construction group has formed the Alacrity Foundation
 to propagate such ideas and has actually implemented cost-effective on-site waste-water management, as well as rainwater-harvesting designs.  Sullage water is led via separate downtake pipes to canna-beds where bacteria in the roots purify the water in a natural way. Just  12 sft of canna-beds are required per flat with a family of four, for decentralized treatment of bathing and clothes-washing water, which can be collected downstream of the flowerbed in a sump and used on-site for gardening, car-washing or flushing.   A slightly larger area is required if kitchen water is to be added to the other wash-water.  Instead of canna-beds, the sullage water can also be led to a ground-water-recharge shallow bore along with rainwater runoff collected at the gate of a colony.  The recharged groundwater, pumped out via a similar shallow borewell or revived open-well nearby, is sufficiently purified by passage through the soil from one well to the other, to be similarly used for gardening etc.   This minimizes the need for fresh water from the city water-supply.

2,   DECENTRALISED SEWAGE TREATMENT  (DST)

DST has three advantages: 

a) It would save on the enormous cost of undergound drainage,

b) it  makes treated water available close to where it is needed and easily usable,  

c) it reduces the load of sewage that the city’s existing UGD has to carry and that the existing facilities have to treat.

But Decentralised Sewage Treatment  requires inner-city space, which is always very expensive and coveted.  So space for decentralized sewage treatment is always scarce, has not been planned for and is rarely even considered as an option.  It should be, because in all Indian cities, waste-water today flows unplanned or illegally into storm-water drains which were formerly natural water-courses.  All of these empty by gravity into their original low-lying areas or rivers or lakes which were once a city’s water-supply source, polluting them today and causing eutrophication.  At the same time, being designed for rain-water, no provision was ever made, or is today possible, for sewage treatment plants at the tail end of “storm-water” drains to handle these polluted urban flows. To solve the space problem, DST can be done either at the neighbourhood level, or within the storm-drains themselves. 

3.  NEIGHBOURHOOD WASTE-WATER TREATMENT

We are beginning to see examples of DST in colonies, campuses and small pockets of  habitation where the residents cannot hope to expect Municipal assistance in treating their waste-water and have to find their own solutions.  

Some examples:

3.1   At the Indal colony in Belgaum, waste-water from a 600-home colony is led into two long beds of canna flowers, where the plant roots act as fixed bio-filters, supporting dense populations of bacteria and organisms which use up the nutrients in waste-water and reduce its BOD.  The water is fed on alternate days into each channel, so that the soil remains aerated and does not get water-logged.  Earthworms in the soil help further, in treating this waste-water.

3.2    NRG Tech Consultants
 use vermi-composting as a way of treating waste-water, which is fed onto a bed of canna flowers.  At Karad, a 90 sq m canna-bed treats 25 cu m/day dairy effluent, also 10 mcd on 45 sq m at Sholapur.  At  Godrej’s dressed-chicken slaughterhouse at Hoskotenear Bangalore, the treatment bed itself forms a decorative garden centre-piece.   At Vizag they plan to treat 25 cu m/day for garden use at Waltair Club,  saving purchase of 7-8 tankers of water a day, At Shirdi near Nasik, the 240-seat temple toilet has 3 biogas digesters, and vermi-composting is done for dining-hall waste and used flowers. 

4.  NATURAL WASTE-WATER TREATMENT IN DRAINS

4.1,  The easiest and most successful and attractive solution to the space problem for Decentralised Sewage Treatment (DST), is to use the area of the storm-drain itself for improving waste-water quality and if possible providing recreational use of the space as well.  Given India’s poor track record of operation and maintenance of facilities, and frequent power interruptions which interfere with steady operation of conventional STPs, these DSTs should be zero-energy natural systems or low-energy-consuming solutions, requiring very low capital cost and minimal maintenance.

4.2,  An added advantage is the tremendous saving in annual desilting costs and effort.  Desilting of storm-water drains is invariably delayed or incomplete before the rains, requires a huge budget, and is often prone to financial scams in execution of work.

4.3, DST can take the form of root-zone treatment cum recreational urban garden-ribbons within storm-drains having low summer flows.  Pune’s Nala Bagh at Koregaon Park is a superb example
.  It has been described and illustrated in GATE 4/99, the December issue of German Appropriate Technology Exchange
. The OSHO Ashram, which designed and maintains this most beautiful “Taj Mahal” of gardens and waste-water treatment in India, has published a booklet
 describing how this was done through a collaboration between the State Govt which owned this land, the Pune Municipal Corporation in whose jurisdiction it lies, and the Shunyo Foundation  which conceived and funded it.

The Nala Bagh, 900m long and 60-70m wide, which lies downstream of a slum of 5000 persons, is designed to handle a normal flow of 21,000-24,000 gallons per hour, as well as peak monsoon flows of 100 times that volume without damage to the biological community of flora and fauna that naturally feed on stream pollutants along the length of the park.  Below a chain-link fence that screens out plastic bags etc, the system consists of four ponds in series and a backup expanse of wetland running parallel to the last two ponds.  The two upstream ponds, which remove 80% of suspended solids, are desilted continuously (and the material used to form landscaping hillocks in the park).  They are also stocked with gambusia to control mosquitoes. The third and fourth ponds are constructed  off-stream in serpentine fashion for optimum use of valuable space and to eliminate stagnant pockets.  They are stocked with a wide variety of flora and fauna to feed on the remaining pollutants.  Aeration is done through in-pond fountains and tiny  waterfalls with a level drop of just 20-30 cm, sufficient to aerate the flowing water, which rejoins the stream bed odour-free and relatively clear. A sand filter at this re-entry point allows use of the stream-water for sprinkler irrigation of the beautifully landscaped banks where every inch of ground is covered with greenery.  

Minimal flow is retained in the original stream-bed to preserve a wetland alongside ponds 3 and 4, which acts as a flood-plain during high monsoon flows and as a “backup” natural cleansing system in case ponds 3 and 4 need to be cleaned or repaired.  The tremendous recreational value of this exquisite stretch of once-filthy nala has to be seen to be believed.  No expense was spared for bringing in 7000 truckloads of building-excavation soil, huge rocks for landscaping, connecting village drains to sewer lines and constructing retaining walls to prevent flooding of the slum. 

4.4, The Pune Municipal Corporation (PMC)
 has created three more very cost-effective nala-parks based on this principle.  At the largest one at Sahakar Nagar, with a flow of 10-12 mld, 1.5 km out of a planned length of 4.5 km has already been completed.  At the start of the park, a fountain jets water 30 ft into the air for aeration.  Nearby, water is pumped onto a natural rocky outcrop and cascades down the jagged slope for further aeration, which is both beautiful and cost-effective.  Landscaping of the stream bed and some waste land alongside the water-course, was done at a cost of Rs 15 per sft, totaling Rs 21 lakhs.  

The entry fee to this “Ambiloda Garden” is Re 1 for adults, 50p for children, or Rs 20 for a monthly pass.  Its popularity can be gauged by the fact that PMC collects Rs 3-3.5 lakhs a year in entry fees and film-shooting charges (Rs 10,000 a day) and local functions (Rs 500/day).  This is almost enough to cover the monthly outgoings of Rs 3.5-4 lakh per annum for labour (3 men per acre) and for garden maintenance (Rs 20,000 per acre).  The cost of electricity (esp for lighting) is Rs 22,000 p.m. and civil maintenance for paths etc is a further Rs 50,000 a year.  

All this amounts to far less than the cost of maintaining a conventional STP for 10-12 mld, and provides a long and beautiful recreation area for the citizens as well.  Another 4.5 km long nala garden is planned at Kondwa to handle the 5 mld of Bhairoba Nala. Two more of ½  km each are planned on minor nalas at Kothrud.  

4.5, Every city can benefit tremendously from the Nala Bagh concept. Delhi’s “Ganda Nala” flowing through posh areas like Defence Colony should easily find a local sponsor. Gwalior’s beautifully named Son-Rekha Canal, once used for water transport but now a stinking sewer flowing through the city center, also has enough land on both banks to allow the waste-water to follow a winding path, and be developed as a linear nala-garden to beautify the city’s prime area.  One problem that needs inter-departmental coordination to do this here is that the Son-Rekha Canal, even within the Municipal limits, still comes under the administrative jurisdiction of the Irrigation Department !  That is why it has become a filthy and neglected orphan water-body.

4.6,   Pimpri-Chinchwad Municipal Corporation (PCMC)
, adjoining Pune, has cleaned up four of its polluted nalas and quarries with similar garden treatment. At one such site, preliminary treatment is done with a small-footprint Thermax
 unit upstream of a lovely garden.  One nala emptied into a quarry, creating a stagnant stinking mosquito-filled pool where slum-dwellers washing their vessels in the water found them turning black very soon.  Today the water-treatment garden within the quarry area, at the base of the nala outfall, is a lovely evening-recreation spot for the slum-dwellers nearby.  It is not essential to make this root-zone treatment via garden plants a highly capital-intensive structure with impervious nala-bed;  the natural lay of the land and good drainage will suffice in most situations.  

4.7,  One pilot model of a classic constructed-wetland treatment plant, away from a nala, is at Sainik School area in Bhubaneswar, where a garden has been developed around concrete-floored beds planted with flood-tolerant species like typha reeds or phragmites or ipomoea (be-sharam) and the waste-water used for irrigating this picnic-spot.  For water-bodies with wide banks, such reed-beds can be designed at the polluted water entry points. 

4.8,   Duckweed-aquaculture (DWA) is possible and advisable in more perennial storm-drains with large volumes of polluted water, or where high water-tables make septic tanks unsuitable.  Done along the entire nala length from start to finish, this can also provide some fish-protein nutrient to slum communities bordering the polluted storm-drains, while cleaning them up as well.  Cuttack already has a 1 mld pilot plant for DWA, and would be an ideal location for DWA along the entire length of its 15 and 17-km long major storm-drains. CIFA Bhubaneswar
 nearby can provide an aquaculturist for technical monitoring for this field-scale effort.

4.9,  Unlike the Cuttack DWA model which has first duckweed ponds which are harvested for feeding fish in downstream fish-ponds, the CIFA Director confirmed that full-flowing urban storm-drains (India’s new perennial rivers) can have duckweed on the surface and fish below feeding on it, so that management costs are minimized and slum-dwellers living along the drains, given fishing rights at the  correct season in return for protection of specific lengths of storm-drain, could have a good supplementary source of protein. Harvested fish could be kept in a clean-water community pool for “washing” for a few days before  sale.  This model will require social mobilization to be successful, perhaps with the involvement of NGOs already working in such drain-side slums, plus one city-appointed aquaculturist to oversee the health of this improved natural ecosystem.

4.10,  In Delhi (e.g. Sanjay Jheel), all over Faridabad and other flatland cities in the Gangetic plain, booster-pumps are used to move storm-drain water along the system and to transfer water from one drain to another crossing it at right angles.  Such locations can also be utilized at little extra cost for Decentralised Wastewater Treatment. The booster pumps can be fitted with a Venturi system / ejector arrangement to draw air into the pumped sewage for oxygenation, and even to lift the water a little higher to the top of a trickling bio-filter at that site.  Many firms are working on such options and can provide some technical assistance. IWWA Indian Water Works Assn can provide contacts. This installation can be done at very little additional cost at each booster-pump station, and will give some improvement in water quality, even if it is not to prescribed standards at that point, thereby giving some environmental relief to downstream residents and a cumulative clean-up effect.

4.11,  Compact DST units with a small foot-print like a UASB can also be constructed on a slab over part of the storm-drain, if the treated water can be used nearby for a car-wash or park or golf course.  Sale of water will cover the cost of such decentralized treatment.

5.  WASTE-WATER TREATMENT IN LAKES

5.1, Most urban lakes and ponds today receive highly polluted water-flows from drains.  Nutrients in the high-BOD water entering such lakes support a huge area of vegetation like water-hyacinth, which regularly dies, sinks, rots at the bottom and silts up the lake, and kills aquatic life by depriving the water of oxygen.  This eutrophication makes lakes  shallower, which prevents their self-cleaning.

5.2,  It is possible to clean up the polluted water in lakes in-situ by natural means, without wasting energy, as has been done at Thane by a Mumbai firm
 by  inoculation with suitable microbes, broadcast on the water in the form of pellets.  Long-term results of this rather costly process need monitoring.  Even after this, there was a massive fish-kill in thane’s central recreation lake, because of uncontrolled entry of sewage into the lake which deprived the fish of oxygen.  It is absolutely vital to combine decentralized treatment of lake waters with control of polluted inflows.  Surat stopped the entry of sewage into storm-drains by publishing 3 public notices to all to connect their sewage to UGD on their street, then plugging the outlets emptying into storm-drains with sand-filled bags cemented in place.  Complaints of overflowing toilets or soak-pits soon helped them pinpoint offenders, who were offered the services of municipal plumbers at cost to rectify such illegal connections.

5.3   It is even possible to desilt a lake while cleaning it up, using the simple “Lake Restorer” technology of Ocean Arks.
   The Lake Restorer is essentially an artificial  floating island, simulating the natural mats of dense vegetation like cattails, bulrush, sedge and reeds that typically extend outward from shoreline wetlands and break off during storms. As the water gets deeper, these roots no longer reach the bottom, so they use the oxygen in their root mass for buoyancy. This makes the area beneath these floating mats, and the Lake Restorer, exceptionally rich in aquatic biota. 

The Lake RestorerTM is a 2-meter band of such vegetation on a platform which encloses high-surface-area plastic media within a circular fishnet hanging from the platform which supports the growth of aquatic plants with long hanging roots.  An “airlift” pipe connected to an on-shore compressor sends ultra-fine air-bubbles up past the media and roots to oxygenate the biodegrading microbes that are anchored there.  The “airlift” creates a gentle current that lifts lake-bottom sludge up past the roots to provide food for the microbes and consume the sludge.  This attractive artificial island reduces nitrogen levels at the 15 acre Flax Pond in Massachusetts, USA which continuously receives runoff from an old landfill.  

The Lake RestorerTM  has reduced 50,000 cubic meters of sludge here in 7 years, which would otherwise have needed expensive excavation and polluted a nearby area with dumping of this silt. (This technology is also being implemented for a lake in Hawaii, a canal in China, and for treating 1.3 mgd chicken-processing waste-water in USA). 

5.4, At Dal Lake in Kashmir, the “floating garden” farmers regularly use their “piyach” weed, whose long roots go down 5-6 feet to the lake bottom and a further 2-3 feet into the mud, to create new floating gardens
. A combination of Ocean Arks’ design inputs with this generations-old local technology could be a beautiful and cost-effective way to clean up Dal Lake and similar polluted water bodies.  It is possible that even the existing floating gardens, combined with an airlift, could provide the means to both clean the Dal Lake of pollutants and to slowly and naturally deepen it.

6.  WASTE-WATER  TREATMENT  IN SEASONAL RIVERBEDS

In spite of all the above measures, it is likely that India’s rivers, most of which are highly seasonal, will continue to receive polluted waste-waters.  These flow as much from cities as from riverside industries, and the results are extremely damaging especially in low-flow summer seasons, when the expected 1:10 dilution of effluent does not take place.  

6.1   The river-banks can be planted with flood-tolerant reeds and water-plants to create natural wet-lands for improving the quality of the water that flows past their beneficial-microbe-laden root systems.  If the planting is done in staggered “berms”, the river can be naturally trained to flow in a zig-zag path that increases the time available for pollution-abatement.  An extensive model for natural waste-water treatment has been developed by the Sankat Mochan Foundation at varanasi and awaits implementation.

6.2   In severe cases, the river-bed flow may be mostly polluted water in summer for locational reasons. At Harihar, the Harihar Polyfibres factory lifts so much Bhadra River water for its factory that in summer the natural flow is practically nil, and only polluted effluent is returned to the river-bed.  This has more than once killed fish as much as 35 villages downstream, because the assumed “pollution dilution factor” of 1:10 fresh water is no longer available.  At Kanpur, the river Ganga has moved away from the city ghats, leaving 90 mld of sewage from the large Sisamau drain discharging into the nearly-empty former river-bed.  

6.3 In such cases, it would be cost-effective to build seasonal post-monsoon earthen bunds annually, so as to create one or more oxidation ponds where the  depth of the polluted water is increased to at least 1.5 - 2 meters. This will create conditions where sunlight and an increased “residence time” can be used for natural purification of the water, as is done in the polishing ponds of conventional sewage treatment plants.  The bunds can be designed to breach in the center during high-flow monsoon months, for ease of repair and renewal post-monsoon.

7.  WASTE-WATER AGRICULTURE AND SILVICULTURE

7.1, Grass-farms have been the traditional method of wastewater treatment in British India since at least a century or two.  Most Cantonment towns have huge areas set aside for grass-farms grown on city sewage.  These were a very successful eco-friendly and economically effective solution to waste-water treatment until the middle of the last century, when industrial pollutants and pesticide runoff began to enter the water stream.  These probably accumulate in the milk of animals fed this fodder-grass and thus entering the human food-chain.  Unfortunately few or no studies of this problem have been done.  The solution is simple and merely requires political and administrative will on the part of a city’s elected body and its administration:  keep industrial effluent out of sewage flows.  

7.2, Where this is difficult, High-Rate-Transpiration tree farms (HRT Plantations) could be the answer.  An example of this is at the beach in Puri, where effluent from a Court-ordered Sewage-Treatment Plant (STP) is prevented from entering a tourist swimming-beach by a huge plantation of casuarina trees.  The trees grow on ridges at a close spacing of 5ft x 3 ft. The furrows are filled with half-shells of tender coconut or coconut fiber.  These fibers provide a “fixed-film” lodging for nitrogen-eating microbes that thrive on the pollutants in effluent sent down these irrigation ditches between the trees.  Most of this water is taken up by the growing plants, and what remains is well-purified at the end of its run through the furrows.  The STP staff estimated that sale of casuarina poles for construction work, when harvested regularly after 7 years of growth, would be enough to cover much of the operating costs of this conventional STP.
8.  FISCAL INCENTIVES FOR SUSTAINABLE WASTEWATER MANAGEMENT

8.1, Bifurcation of sewage and sullage (black water and gray water) and on-site treatment and re-use of sullage in all large residential and commercial complexes and new constructions should form a mandatory part of urban plan sanctions.  Compliance can be encouraged by a rebate in property taxes for those who comply, and penalties for new buildings which do not.  The cost of such rebates would be a fraction of the cost needed to transport and effectively treat this water at a centralized location.
8.2,  Economic incentives and encouragement should be given to companies now purchasing raw water, if they instead treat and use sewage from nearby open storm-drains.  This is being done by a recycled-paper mill in Bangalore.  The  Water-Supply Boards' reluctance to permit this for fear of losing their high-priced water revenues is an extremely short-sighted approach and against the broader interest of urban residents, their environment and the nation.  

8.3, Policy guidelines are required to remove obstacles faced by industries because of “Dog-in-the-manger” attitudes of many Municipalities.  For example at Bhavnagar, which sends its raw wastewater directly into the sea via a small and a large channel, the Excel Industries plant
 set up on the small channel a 1 mld very-low-cost fixed-film bio-filter consisting of a chimney packed with fish-net ropes down which venturi-aerated waste-water was fed, overflowing in an aerating arc into a recirculation pool below the chimney.  This water, with some subsequent treatment, was good enough to use as cooling-water for the factory.  Yet when Excel offered to treat the bulk of Bhavnagar’s waste-water this way, via a short diversion drain bringing the larger channel’s waste-water to their plant, permission was refused because Bhavnagar demanded payment for permission to treat its waste-water!   As a result, till this day Bhavnagar’s raw sewage enters and pollutes the Gulf of Cambay,  while industry is forced to use good raw water, a precious commodity for farmers in such drought-prone areas.

9.   RIVER-PROTECTION  LEGISLATION

There are at least 200 locations in India where river-based industries draw large volumes from the river and discharge their effluents downstream, claiming that it meets standards.  Rather than waste time and effort (and increase the opportunities for corruption) through regular monitoring, it is necessary to pass legislation requiring all river-based industries to position their water intake DOWNSTREAM of their effluent outfalls by 2003.  

This policy, reported from Russia, is a beautifully self-regulating mechanism.  Industries claiming that their effluent is of good enough quality should be required to demonstrate this by using it themselves.  It is easy to require even existing industries to comply with such rules by a given deadline, simply by a “cross-over” of their existing intake and outflow pipes, so that intake is downstream of the effluent outflows.   Since it is easier and more cost-effective to prevent pollution rather than treat it, what usually happens is that when such legislation is enforced, the industries become zero-effluent producers instead.
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