September 2003

DESIGN & EXECUTION OF MSW CLOSURE
> >
> >AND NEW LANDFILLS
> >
> >
> >
> >A. N. Purandare (FIE), G. M. Tendulkar (Non-member)
> >
> >  Eco Designs India Pvt. Ltd.
> >
> >101, Sudarshan Apts, 21, Sheela Vihar Colony, Paud Road, Pune -
> >411038
> >
> >Phone: 020-5431008, Fax: 020-5410180, Email: ecodesigns@vsnl.net;
> >eco_designs@yahoo.com
> >
> >
> >
> >Abstract:
> >
> >
> >
> >The implementation of Municipal Solid Waste (MSW) 2000 rules
> >expects all Municipal bodies to improve, segregate and dispose of
> >the waste in a scientific manner. Open dumping of the waste is
> >the disposal method that is currently adopted by most of the
> >cities. This has led to several groundwater contamination and
> >health related problems. According to the MSW 2000 rules, these
> >sites need to be improved and a provision made for the
> >development of new landfill sites for the disposal of inert
> >matter. Prior to disposal, a series of steps need to be taken to
> >segregate and reduce the organic matter by proper methods. These
> >need to be completed by Dec 2003. This means that several new
> >landfills would have to be designed and constructed in the near
> >future. This paper describes the design of a landfill in 4
> >frequently encountered terrains and the economics of construction
> >under each of the 4 scenarios. The paper discusses the
> >construction methods, the cost for waste closure and the
> >construction of a new landfill under each scenario. The paper
> >proposes certain guidelines for the future selection of sites and
> >their impact on the overall cost of landfill construction.
> >
> >
> >
> >Background
> >
> >
> >
> >The amount of municipal solid waste (MSW) generated on a daily
> >basis is rising at an alarming pace in the cities due to rapid
> >urbanization. Most of the municipalities in India have been
> >resorting to dumping the MSW in open land and abandoned quarries.
> >This has been done due to the lack of proper allocation of land
> >for disposal and due to the lack of awareness of its impacts.
> >Open dumping not only contaminates ground water, but also leads
> >to other problems at site such as frequent fires, smoke, flies,
> >birds and bad odour. These problems have led to many
> >Municipalities and Councils to be taken to courts by the affected
> >people.
> >
> >
> >
> >As the MSW Rules have recently been enforced, there is very
> >little experience in the design and construction of landfills.
> >One of the major concerns is the lack of dependable costs of
> >construction. Since cost is the primary driving force behind any
> >large project, it is necessary to get a good estimate regarding
> >actual construction costs.
> >
> >
> >
> >This paper describes the design of a landfill in 4 frequently
> >encountered terrains and the economics of construction under each
> >of the 4 scenarios. The construction method, cost for waste
> >closure and cost of construction of a new landfill is presented.
> >The paper proposes certain guidelines for future selection of
> >sites and their impacts in the overall cost of the landfill
> >construction.
> >
> >
> >
> >It is important to note that in order to have a landfill
> >constructed, the site for the landfill needs to be selected as
> >per the site selection procedures. Firstly, several sites need to
> >short-listed. Preliminary site investigation needs to be carried
> >out for the selected sites to finally select the landfill site.
> >This is important as it gives us the base line data on which the
> >Environmental Impact Assessment can be done. After having
> >completed the site selection process, the MSW facility needs to
> >be designed, of which, the landfill is a major component.
> >
> >
> >
> >In practice, the most probable places where a landfill can be
> >located could be either of the following:
> >
> >   1.. Flat Plain land
> >   2.. Abandoned Quarry
> >   3.. Sloping areas(Hilly area)
> >   4.. On top of a disposed waste
> >Each of these terrains has its own advantage and disadvantage
> >when it comes to designing a scientific landfill.
> >
> >
> >
> >1. FLAT PLAIN LAND
> >
> >
> >
> >This type of landfill would be an ideal type, and is one of the
> >most commonly encountered types of terrains. In such a case, a
> >landfill could be constructed partly below the ground and partly
> >above the ground or totally above the ground. This is the most
> >preferred type of site since there are minimum problems related
> >to construction activities.
> >
> >
> >
> >The ground water table in the monsoon and dry seasons is the main
> >criteria to determine the depth of the landfill below the ground.
> >Care needs to be taken while designing in an area with a shallow
> >ground water table or in coastal areas. It would be advisable to
> >construct a landfill partly below and above the ground as the
> >excavated soil could be used in the forming the bunds. In case
> >there is an excess of soil it could be used as soil cover and/or
> >for the final closure of the landfill.
> >
> >
> >
> >In case the depth of the landfill below the ground surface is
> >large, special attention needs to be given in designing the
> >leachate removal system since the cost of pumping out the
> >leachate could be high, and problems associated with deep
> >plumbing chambers might arise.
> >
> >
> >
> >The type of soil would determine whether the soil would need to
> >be amended. Soil tests need to be carried out before designing
> >the landfill.
> >
> >
> >
> >2. ABANDONED QUARRY
> >
> >
> >
> >In most of the cities, these are frequently the most unused
> >places found in the outskirts of the cities. These generally
> >belong to the Government and therefore acquiring these lands are
> >also comparatively easy.
> >
> >
> >
> >There are problems associated with converting or using these
> >quarries as landfills. These are enumerated below :
> >
> >   1.. The blasting creates fractures all around the area. This
> >means more care has to be taken during designing the leachate
> >collection system as fissured rock could allow the leachate to
> >pass into the groundwater easily.
> >   2.. Blasting results into uneven floor area. At times,
> >leveling would be needed to be carried out with chiseling or
> >controlled blasting.
> >   3.. Compaction after levelling, would need to be carried out
> >properly.
> >   4.. The cracks and crevices would need to be sealed, so as to
> >avoid ingress of water from other area into the landfill.
> >   5.. The hydrogeology of the area would be an important factor
> >in deciding the direction and manner in which the leachate needs
> >to be collected.
> >   6.. Proper anchoring of the Geomembrane and Geotextiles would
> >be necessary to maintain the imperviousness of the liner
> >system.
> >
> >
> >3. SLOPING AREA (HILLY AREA)
> >
> >
> >
> >This type of terrain is mostly found in the cities that are based
> >in Hilly areas. Finding a flat area in these cities becomes very
> >difficult. Important considerations that need to be given while
> >designing a landfill in such an area are:
> >
> >   1.. The contours of the area are very important as they decide
> >the shape and stability of the landfill.
> >   2.. Steep vertical slopes are not preferred for landfills as
> >the stability of the soil is prime factor.
> >   3.. Stability of the other liner layers over the soil.
> >   4.. Stability of the protective soil over the geomembrane
> >material.
> >   5.. Requirements of soil to maintain slopes needs to be
> >optimised.
> >   6.. Diversion of the storm water has to be designed for peak
> >flows.
> >   7.. The cut and fill volumes have to be carefully regulated to
> >get minimum cost of construction.
> >
> >
> >4. LANDFILL ON TOP OF EXISTING WASTE
> >
> >
> >
> >Constructing a landfill on top of dump waste is not a preferred
> >option. It is only in extreme cases when no alternate area can be
> >made available, that this option should be thought off as an
> >alternative. If the quantity of original waste dumped at the site
> >is large, a closure system would need to be designed before a new
> >landfill could be designed overlying the existing waste. The
> >typical problems related to this type of landfill are :
> >
> >   1.. As the waste is typically dumped in a haphazard manner, it
> >would first need to be leveled. In case the height of the waste
> >dumped is very high, its stability needs to be checked.
> >   2.. There could be problems of odour, fire, smoke, litter, and
> >leachate which would need to be tackled on an individual case
> >basis.
> >   3.. As the compaction of the waste is rarely done, stability
> >of the waste with additional load due to new landfill on top has
> >to be accounted for.
> >   4.. Movement of waste for leveling is costly and time
> >consuming. Moreover, the activities have to be carried out in
> >unhygienic condition.
> >   5.. Waste has to be brought to stable slopes.
> >   6.. Settlement of waste over a period of time needs to be
> >considered, when designing and choosing the geotechnical material
> >and leachate collection system.
> >   7.. Release of Gas also has to be considered to avoid
> >bulging.
> >
> >
> >Each type of landfill has its problems as enumerated above. It is
> >the designer's job to account for all of these problems and
> >design a proper scientific landfill that would meet the MSW 2000
> >norms. Most of these problems are reflected in the calculated
> >costing since each problem would add to the cost. We have
> >designed and calculated the costs associated with all the 4 types
> >of landfill mentioned above.  The costs of these are discussed
> >below.
> >
> >
> >
> >COSTING OF VARIOUS ALTERNATIVES
> >
> >
> >1. Landfill on top of Existing waste (1 year capacity)
> >
> >It is important to note that this is a very difficult situation
> >to design & work. The stability of the waste slope is an
> >important criterion along with the compaction of the waste.
> >Settlement of waste has to be considered during designing. This
> >could be used as a temporary alternative for a short time.
> >
> >
> >
> >Cost of Landfill                                     Rs.
> >87,57,400
> >
> >Foot Print Area of the Landfill               17,605 M2
> >
> >Waste in the Landfill
> >73,194 MT
> >
> >Cost of the Landfill
> >Rs. 120/MT
> >
> >Cost of the Landfill
> >Rs. 497/ M2
> >
> >
> >
> >2. Landfill in Quarry (5 year capacity)
> >
> >
> >
> >Old abundant quarries are usually available on the out skirts of
> >the city. The problem of cracks is a major problem to tackle to
> >avoid leakage of leachate into the surrounding or from the
> >surrounding to the landfill as both are not desirable. Leveling
> >of the ground also plays an important role in costing. Due to
> >large uneven rock outcrops left in the quarry area, the same had
> >to be leveled. This is a major cost which has lead to the higher
> >per Sqm cost.
> >
> >
> >
> >Cost of Landfill                                     Rs.
> >310,00,000
> >
> >Foot Print Area of the Landfill               35,500 M2
> >
> >Waste in the Landfill
> >5,53,570 MT
> >
> >Cost of the Landfill
> >Rs. 56/MT
> >
> >Cost of the Landfill
> >Rs. 873/M2
> >
> >
> >
> >3. Landfill in Sloping area (1 year Capacity)
> >
> >
> >
> >The slopes or the contour of the area is the key factor in
> >determining the cost of the landfill. If the slopes are gradual
> >then it would be possible to keep the cost low but if the slopes
> >are steeper then the geotechnical material would have to be used,
> >which would make the cost rise substantially up to Rs. 120/MT or
> >Rs. 762/M2
> >
> >
> >
> >
> >
> >Cost of Landfill                                     Rs.
> >113,73,873
> >
> >Foot Print Area of the Landfill               22,800 M2
> >
> >Waste in the Landfill
> >1,27,750 MT
> >
> >Cost of the Landfill
> >Rs. 89/MT
> >
> >Cost of the Landfill
> >Rs. 499/ M2
> >
> >
> >
> >4. Landfill in a Flat area - Part below ground (1 year
> >capacity)
> >
> >
> >
> >The most ideal situation would be flat area with a landfill
> >partly below and partly above the ground level. The ground water
> >needs to be studied to ascertain the depths that are possible.
> >The soil details could be of additional benefits.
> >
> >
> >
> >Cost of Landfill                                     Rs.
> >76,96,530
> >
> >Foot Print Area of the Landfill               13,575 M2
> >
> >Waste in the Landfill
> >73,000 MT
> >
> >Cost of the Landfill
> >Rs. 105/MT
> >
> >Cost of the Landfill
> >Rs. 567/ M2
> >
> >
> >
> >CONCLUSION
> >
> >
> >
> >An MSW Landfill is a must for all the Corporations and Councils
> >as per the MSW 2000 rules. Selection of the landfill site is very
> >important after carrying out the EIA. Four types of lands that
> >would be available for landfills have been discussed. Each site
> >is typical in nature and would have to be designed accordingly.
> >The Flat land type of landfill has minimum problems related to
> >construction. But it is not always possible to get a flat
> >terrain. One typically lands up with a site that could not be
> >used for any other purposes. It is therefore necessary that the
> >site is properly studied prior to the actual design stage. Though
> >it is possible to construct a landfill in all the 4 types of
> >landforms mentioned above, each needs to be studied thoroughly.
> >The normal cost of constructing a landfill for the MSW 2000 norms
> >will be between Rs. 550 - 600 / M2 of landfill area.
