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This paper presents findings from an evaluation of data from landfill facilities where waste degradation processes have been accelerated due to the long-term presence of enhanced moisture availability.  Data collection was conducted on a regular basis at all facilities.  The facilities are all located at the Delaware Solid Waste Authority’s Central Solid Waste Management Center in Sandtown, Kent County, Delaware.  The data available at each facility are described below:

1. Area A/B Disposal Cells.

Waste disposal at the two cells comprising the 9-acre Area A/B was conducted between October 1980 and October 1988.  Leachate recirculation into the waste body occurred between June 1986 and March 1995.  Recirculation was achieved via vertical wells during active operation, with a leachate recirculation field added to the top area of both cells at closure.  Extensive data on: (i) waste placement and landfill construction; (ii) leachate recirculation, production, and quality; (iii) gas generation and composition; and (iv) whole-area settlement were available for the period August 1983 through December 2001. 

2. Test Cells 1 and 2.

The 1-acre test cells were constructed between August 1989 and August 1990. Leachate recirculation occurred in Cell 1 between August 1990 and October 1996 (Cell 2 was a dry control cell). Leachate was recirculated in Cell 1 via a top-area leachate recirculation field.  The test cells were dismantled between October 1996 and October 1998. Extensive data on: (i) test cell construction; (ii) leachate recirculation, production, and quality; (iii) gas generation and composition; and (iv) waste settlement were available for the period August 1989 through October 1996.  A time capsule study of waste degradation in each cell was also conducted.

Examination of data from Area A/B enabled the effects of long-term leachate recirculation at full scale on landfill waste degradation and emissions behavior to be evaluated and compared to the behavior of conventionally operated landfills.  Evaluation of data from the two test cells enabled a direct comparison between waste degradation and emissions from similarly constructed, sized, and aged leachate recirculation and conventional facilities to be made.  The efficiency of recirculation at Area A/B and Test Cell 1 was also examined.

The findings of these data evaluations should be of considerable value to landfill designers and operators who are intending to adopt leachate recirculation or bioreactor programs at their facilities.
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Landfill waste moisture is widely recognised to be a key precondition for optimal biodegradation and methanogenesis reactions to occur, accelerating the stabilisation of the waste matrix. Leachate recirculation is one way of providing such moisture and finds a number of possible injection configurations: vertical wells, horizontal trenches, infiltration ponds or a combination of these. The choice of method is determined by establishing the optimal moisture distribution in waste mass. Such determination requires multiple measurements (by probes or waste samples) at different depths around the injection zone – a prohibitive and technically difficult exercise, which at best provides results which cannot be extrapolated for the whole injection zone.

The study being conducted by the Environment Energy and Waste Research Centre of Vivendi Environment seeks to establish the validity of geophysical measurement methods. Often used to detect moisture in soils, geophysical methods, which rely on measuring electrical conductivity, have shown encouraging potential for landfill applications.

A first experiment was carried out on the ONYX Chatuzange site where several methods were tested (electrical sounding, electrical 2D imaging, electromagnetic Slingram mapping and radar profiling) to see if they could be applied on a landfill. Results showed that radar profiling was unsuitable because the wave propagation was prevented by the Geo-synthetic Clay Liner. Electrical and electromagnetic methods highlighted significant conductivity variations that could be correlated with visible water seepages on a slope. 

A second experiment was performed on the ONYX Lapouyade site during leachate injection trials. Electrical 2D imaging was set up around the injection well before and at different stages of leachate injection. Electrical methods allowed to follow the diffusion of leachate in the waste mass and to assess the influence zone of the injection well. 

These qualitative observations will be quantified in order to validate the different measurement methods over the coming three years through a PhD thesis sponsored by CREED. 
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In the management of landfill emissions biological processes have in many cases an important role. This concerns for example landfill leachate management as well as methane emissions. To evaluate and upgrade the performance of those processes more detailled information about the microbial phenomena and the selection of microbes are of importance. In this study results are shown from a full scale leachate treatment plant operating at low temperature as well as methane oxidation during cold and warm season. 

The full scale leachate treatment plant, which has been in operation over two years, operates at temperature around 15 – 20 (C during the warm season and at around 5 – 7 (C during the cold season. In case of snow melting periods the temperature can decrease to 4 (C, but the drop of temperature can be controlled in some degree with the operational parameters. Data, which has been collected from the whole operation period, shows that a complete and stable nitrification can be maintained in those very demanding conditions (temperature 4 (C, much higher salt and ammonia concentrations compared to  municipal wastewaters). This led to effort to find out, which bacteria are selected to the process and capable of this performance.    

The previous results (Pelkonen et al. 2000) showed a reasonable nitrification rate indicated as ammonium reduction or nitrate production as a sum reaction at low temperature. In practice the oxidation is a two step reaction consisting of ammonium oxidation to nitrite and then to nitrate. A more detailled characterization of the biomass showed in batch tests, which was performed at low temperature, that the nitrite oxidation rate was much higher than the ammonium oxidation, which was the rate limiting step. These two (ammonium and nitrite oxidizing) populations were analyzed with fluorescent in situ hybridization oligonucleotide probes (FISH). The results show that from the nitrite oxidizing community Nitrospira sp. was widely present being the dominating organism. This result is in agreement with recent information of nitrite oxidizers (Daims et al. 2000). It is good to know that the picture of ammonia and nitrite oxidizers in real processes has been changed recently due to the new techniques (such as FISH) available, which makes it possible to analyze the environmental samples in a more representative way. From the ammonia oxidizing bacteria the halophilic members of  Nitrosomonas could be detected. However, it is more obvious that the diversity of ammonia oxidizing bacteria is larger than that of  nitrite oxidizers and requires more effort to get a complete picture of this group. The presence of new species, not earlier described from a treatment process, cannot be omitted.  

This example shows the application of biological process in conditions, which can be considered as very demanding, and bacteria capable of the performance are of interest. That is one way to expand the application ranges of biological processes. Another example is made with methane oxidizers (MOB) at low and intermediate temperatures by using group specific identification of the MOB with FISH in a biologically active methane oxidation structure.

References:

Daims H, Nielsen PH, Juretschko S, Wagner M (2000) Novel Nitrospira-like bacteria as dominant nitrite-oxidizers in biofilms from wastewater treatment plants: diversity and in situ physiology. Water Science & Tech. Vol 41 No 4-5, pp. 85-90.

Pelkonen M, Kotro M, Wang Z (2000) Full scale performance of biological leachate treatment at low temperature. 1st intercont. landfill research symposium, Luleå 10-13.12.2000. 

Abstract #72




Session

Suggested session: Chemical and Biological Processes in Landfills

Required destination: Oral presentation

CELLULOSE BIOAVAILABILITY IN WASTE REFUSE

RODRIGUEZ Ch.1, HILIGSMAN S., 1LARDINOIS M.1, DESTAIN J.2, CHARLIER R.3, and THONART Ph. 1,2
1  Centre Wallon de Biologie Industrielle, Université de Liège, B40, B-4000 Sart-Tilman, Belgium

2 Centre Wallon de Biologie Industrielle, Faculté Universitaire des Sciences Agronomiques, Passage des Déportés, 2,  B– 5030 Gembloux, Belgium

3 Institut de Mécanique et de Génie Civil, Université de Liège, B52/3, B-4000 Sart-Tilman, Belgium
Corresponding author: Ch. Rodriguez, CWBI-Ulg, B40, B-4000 Sart-Tilman, Belgium.




 E-mail: ch.rodriguez@ulg.ac.be



 Tel : +3243663999




 Fax : +3243662862
Microbial activity in landfills is possible because favourable conditions to its development are combined. The presence of substrates and sufficient moisture content are two of these conditions.

Municipal solid waste (MSW) may be considered like lignocellulosic substrates undergoing biological degradation processes. Jointly with the bioconversion process of cellulose into biogas, a mechanism of organic matter stabilisation takes place, i.e. the humification process.

Cellulose is the most important carbon source for methanogenesis in landfills, however it is not an easily biodegradable material. In fact, cellulose and hemicellulose whose half-lives are about 15 years would contribute to 90 % of the total methane produced (Barlaz et al., 1989; Gendebien et al., 1992). Therefore, the cellulose degradation should be considered as a limiting factor for the biological activity. On that basis, several works have estimated the biodegradability of solid waste components, like cellulose, using a biochemical methane potential assay (Shelton and Tiedje, 1984; Bogner, 1990; Wang et al., 1994; Stinson and Ham, 1995; Eleaser et al., 1997). Other authors have also developed methods describing the biological reactivity and the chemical state of pre-treated wastes (Binner et al., 1999; Pichler and Kögel-Knabner, 1999). 

In our work, the problem of cellulose biodegradability has been investigated at the first stage of the organic fraction decomposition process, i.e. the enzymatic hydrolysis step. From this point of view, a new original lab test based on cellulases and hemicellulases-mediated hydrolysis has been developed to evaluate the potential of evolution of a sample by measuring the quantity of sugars liberated during the enzymatic degradation. This method allows the assessment of the cellulose biological reactivity in landfills. Moreover, the quantity of sugars liberated can express the cellulose bioavailability when it is transformed as the percentage of cellulose hydrolysed.

From this point of view, enzymatic hydrolysis has been performed on refuse samples originating from different layers of an old landfill. This enzymatic test has been compared to a BMP test. In fact, the quantity of sugars liberated by the enzymatic degradation has been compared to the methane produced by the BMP assay. The results showed a very good correlation between the two methods. 

Furthermore, the relationships between cellulose enzymatic bioavailability and cellulose or lignin contents of solid waste have been studied. In the same way, the impact of humic acids on the cellulose bioavailability has been tested with the aim to explain the lack of biological reactivity of old MSW as a protection effect of humic acids. 

These experiments have pointed out the fact that the cellulose bioavailability does not depend on the degree of lignification, however, it seems to depend weakly on the cellulose content. They have also shown that humic acids do not hamper the accessibility of cellulose. On the contrary, the results have suggested that for high humic acids contents, the cellulose degradation had been increased.

On the other hand, moisture content in landfills is considered as one of the most important factors that favours the mineralization of organic matter. In this respect, the influence of moisture content on the 3 main steps (hydrolytic, acidogenic and methanogenic steps) of the biochemical processes has been investigated in order to assess the limiting effect of the hydrolytic stage. Indeed, enzymatic kinetics of cellulose hydrolysis have been investigated on refuse samples at different water contents. In the same way, BMP tests have also been carried out at different water contents in order to follow the patterns of fatty acids and biogas production. In comparison, other BMP tests have been realised with the addition of cellulases in the culture media. 

The results showed the strong dependence of the enzymatic degradation step for the water content.  Moreover, an important decrease has been noticed in the rates of fatty acids and biogaz production when the moisture content decreases.

REFERENCES
Barlaz, M.A, Ham, R.K. and Schaefer D.M. (1990). CRC Critical Reviews in Environmental Control. 19, n°6, 557-584.

Binner, E., Zach, A. and P. Lechner. Sardinia 99, Seventh International Waste Management and Landfill Symposium, 4-8 Oct. 1999, T.H. Christensen, R. Cossu and R. Stegmann (eds.), Santa Margherita di Pula, Cagliari, Cisa, Environmental Sanitary Engineering Centre, 465-472.

Bogner, J.E. (1990). Waste Management & Research. 8, 329-352.

Eleazer, W. E., Odle, W.S., Wang, Y.S. and  M.A. Barlaz. (1997). Environ. Sci. Technol. 31, 911-917.

Gendebien, A., Pauwels, M., Constant, M., Ledrut-Damanet, M-J., Nyns, E.J., Willumsen, H-C., Butson, J., Fabry, R. and G-L Ferrero. (1992). Landfill gas. From environment to energy. Published by Commission of the European Communities. 865 p.

Pichler and Kögel-Knabner. Sardinia 99, Seventh International Waste Management and Landfill Symposium, 4-8 Oct. 1999, T.H. Christensen, R. Cossu and R. Stegmann (eds.), Santa Margherita di Pula, Cagliari, Cisa, Environmental Sanitary Engineering Centre, 395-399

Shelton, D.R. and Tiedje, J.M. (1984). Applied and environmental microbiology. 47 (4), 850-857.

Stinson, J.A. and Ham, R.K. (1995). Environ. Sci. Technol. 29, 2305-2310

Wang, Y.S., Byrd, C.S., Barlaz, M.A. (1994). Journal of Industrial Microbiology. 13, 147-153.

ACKNOWLEDGEMENTS

The study was financed thanks to a subsidy "Actions de recherche concertées (ARC)" of the Direction générale de l'Enseignement non obligatoire et de la Recherche scientifique- Direction de la Recherche scientifique- Communauté française de Belgique / French talking community of Belgium. 

Abstract #73




Session

Assessment of the long term behaviour of hazardous waste stabilised 

with hydraulic binders

M.A. Aubry**, A. Budka*, L. Lambolez-Michel*, M.C. Magnié**, I. Martin***

Arnaud_BUDKA@sitagroup.com
* SITA Tech, Route de la Chapelle Réanville, 27950 Saint Marcel, France

** Inertec, 6 Rue de Watford, 92000 Nanterre, France

*** SITA FD, 132 rue des trois Fontanot, 92758 Nanterre, France

In 1992 a regulation was written in France for hazardous waste landfilling to modify limit levels of acceptance criteria. As far as hazardous waste are not complying these criteria based on short compliance leaching tests, they have to be treated before landfilling. Two deadlines were given for application of this new regulation : April 1995 for most of the waste (including municipal and industrial solid waste incineration fly ashes, waste from chemical and metallurgical industries,…) and April 1998 for the other waste (industrial liquid waste treatment sludges, …). 

Stabilisation and solidification processes have been developed by INERTEC, a SITA group subsidiary, to meet these new requirements : they are based on hydraulic binders and other chemical reagents in order to solidify the waste and to reduce pollutant leachability down to fixed limit levels. These processes have been used at industrial scale since 1995. 

The management of hazardous waste is widely covered in new European regulation which set the concept of sustainable development. The sustainable development can be achieved by promoting recycling and energy recovery on one hand and by controlling environmental impact with an adapted management of treatment on the other hand. A new waste management methodology is also now under development in several European countries as the new EC Directive (1999) is introducing waste pre-treatment before landfilling and defining limit values to be reached after short leaching compliance tests : this new regulation is aiming at reducing environmental hazards.

In order to comply with the concept of sustainable development, the long term behaviour of these stabilised waste should be assessed.
The long term behaviour of such stabilised waste has been studied within the Research and Development Department of SITA and INERTEC subsidiary at three different scales : laboratory, on-site tests and pilot landfill.

Following ENV 12920 European Standard, several testing conditions at lab and pilot scale have been studied, completed by numerical modelling, in order to be able to predict leaching behaviour on a long term scale : 

· Definition of storage conditions : stabilised waste mainly exposed to water, as potential pollutant conveyor,

· Stabilized waste characterisation : pollutant content, physical and mechanical properties of different stabilised waste,

· Leaching behaviour in different conditions : 

· at lab scale (pH influence, leaching with different water ratio up to limit conditions close to zero on monolithic and/or crushed sample at different time and ageing scale), 

· at pilot scale (exposure to rain water, solubility controlled conditions, water renewal). A pilot landfill in operation, the CERED located in Vernon (France), is monitored accurately for leachate quality, structure behaviour of stabilised waste blocks, groundwater and run off water quality since 1996, in order to provide real scale data.

· Modelisation/interpretation step : in order to be able to define a source term that could be transferred to environment for impact assessment (step in progress now).

The conclusion of all these experiments will be presented to point out the efficiency and limit of these stabilisation processes. In the same time, the analysis of the results could lead to a best understanding of the mechanisms of pollutant release for these kind of matrix.
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In the context of sustainable development, it appears more and more important to understand and manage the evolution of the waste biodegradation within a landfill to precise the duration of the aftercare period and to define the landfill completion. Several scenarii of treatment of the organic matter could be proposed. In order to assess the efficiency of these methodologies and the duration of the needed stabilisation period, waste should be characterised on a physico chemical and biochemical point of view. 

Drillings have been undertaken at different landfill sites for which waste have been characterised properly: one landfill with leachate recirculation, one landfill of 10 years old, one landfill without recirculation,… The samples have been sorted (quantification of the fraction of plastics, wood, textile, organic matter, glass, metals, stones and residuals) and analysed for water content, solid volatils, cellulose, lignine, hemicellulose. Moreover, BMP tests (Biological Methane Potential) have also been undertaken on these samples to assess the biodegradation kinetic of each of the waste samples. These test consists in following the biogas production of samples put in landfill conditions (anaerobic conditions, temperature of the waste mass, same compaction rate, same water content, …).

Using the characterisation of the waste (sorting) and the results of the different tests undertaken, several correlations will be tried:

· comparison of the representativeness of each parameter for characterising the biodegradability state of wastes,

· estimation of the redisual potential of the sample to produce methane,

· Impact of leachate recirculation on the biodegradability state,

· Calculation of the stoechiometric and kinetics constant able to precise the needed time before landfill completion (hydrolysis constant and methane production yield).

In conclusion, the study could help to propose parameters defining the “landfill completion” and the impact of leachate recirculation on the needed time before landfill completion.

Yves_MATICHARD@sitagroup.com, Lucie_LAMBOLEZ-MICHEL@sitagroup.com,

        marie-claire.magnie@inertec.fr, Giulia_BARINA@sitagroup.com, Christine_YUSTE@sitagroup.com,

        Thierry_GISBERT@sitagroup.com

Abstract #75




Session

Title:

A prediction method for leaking landfills

Author:


Kobus Vorster

Affiliation:

Department of Civil Engineering, Technikon Pretoria, South Africa

URL:


www.landfill.co.za

e-mail:


kvorster@landfill.co.za

Mailing address:

Technikon Pretoria, Private Bag X680, Pretoria 0001, South Africa

Telephone:

+27 12 318 5120

Fax:


+27 12 318 5568

Requested presentation:
oral

Proposed topic:

Defining landfill stability and the end of post-closure monitoring

Key Words:

landfill, field capacity, leachate

ABSTRACT

The term field capacity is very often used without due regard for the rigorous definition of the term.  It is also often freely interchanged between landfills and landfill material, as if the field capacity of a landfill would equal the field capacity of the landfill material.  This practice leads to gross inaccuracies in any attempts to quantify the ability of a landfill to absorb moisture from precipitation without causing leachate to leak from the landfill.  This paper is aimed at clearing up such ambiguities, and also presents early results of an attempt to quantify the situation of the Hatherley landfill just east of Pretoria in this respect.

The paper describes the rigorous definition of field capacity of a material, as well as the ways in which it is often incorrectly interpreted.  It then proceeds to describe the laboratory tests done on some sand to determine its field capacity, as well as the measurements done on the same sand in a 4 m high test column and the correlation between the laboratory tests and the actual measurements in the column.

It then proceeds to apply the principle to an actual landfill, to enable one to calculate the maximum amount of water the landfill can be expected to hold before it would start leaking.  The installation of some TDR probes into the Hatherley landfill is described, and the first measurements are compared to the calculated situation for that landfill.

Abstract #76




Session

Development of a landfill surface cover with a capillary barrier for methane oxidation

Ben Wawra1; Tilman Holfelder1; Carsten Ott²; Lizette Fornes²

1 
Institute of  water  resources research, Darmstadt University of Technology; 
BenWawra@hrz2.hrz.tu-darmstadt.de
2 Institute WAR, Darmstadt University of Technology 
Atmospheric methane is an integral component of the greenhouse effect and landfills are one of the most important sources for it. There are bacteria that can decompose methane in natural soils. Using this potential of microbiologic activity offers a low-coast possibility to avoid methane emission. So the cover layer is used as a huge bio-filter, by creating good ambient conditions for methanotrophic bacteria. Small scale laboratory tests have shown a strong dependency of substrate and climatic condition. The oxidation rates were decreasing with temperature and humidity. Compost as substrate has the highest oxidation rates. 

In combination with the methane oxidation layer the capillary barrier system appears to be a perfect sealing. The capillary barrier system consists of a fine soil layer (capillary layer) over a coarse soil layers (capillary block). Percolating soil water is held back from passing through the interface by capillary forces. In spite of this, it is flowing under unsaturated conditions down-slope. Therefore the capillary barrier system prevents water from penetrating in the landfill on the one hand but it is also permeable for gas, which can pass through the sealing to the methane oxidation layer. The coarse texture of the capillary block may also act as a gas distribution layer to achieve a uniform feeding of the methane oxidation layer.  

Large scale flume experiments were set up in the laboratory at Darmstadt University of Technology (Germany). A 5m long sector of a landfill cover with a capillary barrier (0.4 m thickness) and a methane oxidation layer (1.2 m thickness) has been build up. The scope of investigation is to get detailed information of methane oxidation under field conditions in a realistic scale. 

Therefore different climatic conditions, like the seasonal changing temperature, temperature gradient and soil water content can be adjusted. Gas composition, humidity, gas pressure, temperature and matric potential are measured in a high vertical solution in two profiles. The in- and outflow gas- and water fluxes can be determined as well. In addition we will take soil samples for biologic analysis. 

In this presentation first results are going to be discussed.
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ABSTRACT

An evaluation of the geochemical changes in groundwater samples caused by landfill-gas effects on groundwater was performed at a landfill in southern California.  For a single sampling event, the 13C and 14C content of dissolved inorganic carbon and the tritium (3H) content of water molecules was assessed for groundwater, leachate, and landfill-gas-collection system ‘condensate’.  In addition, concentrations of standard water-quality parameters commonly used in monitoring at landfills were evaluated during the period of landfill-gas effects on groundwater and following sucessful corrective action.  The isotope parameters were compared to the landfill impacts on groundwater as total VOC concentration to evaluate whether there was evidence for leachate contributions.  The 3H (tritium) content of the water in leachate and condensate and the 13C and 14C content of the inorganic carbon in landfill-gas CO2, leachate, and gas-collection system condensate were used to characterize the fluids inside the landfill, while the same parameters were monitored in affected and unaffected monitoring wells. The number of volatile organic compounds detected in groundwater samples and their concentrations showed a general increase with the 14C and 13C content of the dissolved inorganic carbon. The groundwater that the VOC data showed to be affected by the landfill had increases in 13C and 14C.  The groundwater showed no increases in 3H accompanying increases in the 13C and 14C content of DIC.  Because the leachate water ad elevated tritium levels relative to groundwater, the lack of an increase in the groundwatre tritium level is consistent with gas and not leachate as the source of the VOCs detected in the samples. Based on the tritium/14C ratios in leachate and condensate, an increase of the order of 104 TU per pMC would be expected for effects from landfill liquids on groundwater.  Groundwater concentrations of inorganic water-quality parameters in samples that are commonly monitored at landfills were evaluated during and after the period of landfill-gas effects on groundwater.  Quarterly data from a single landfill-gas-affected well were used to evaluate the correlation of the total VOC concentration (as a measure of landfill-gas effects) with: bicarbonate alkalinity, ammonia, calcium, iron, magnesium, manganese, sodium, chloride, sulfate, and calculated total dissolved solids.  Bicarbonate alkalinity, calcium concentrations, and magnesium concentrations were shown to correlate with total VOC concentrations.  The correlation with calcium and magnesium concentrations is attributed to buffering of carbonic acid from the landfill-gas carbon dioxide by aquifer minerals.  Manganese concentrations were observed to increase with increasing landfill-gas impacts. This is attributed to reduction of manganese (IV) by methane in the landfill gas.  No detectable iron was observed during the landfill-gas effects or after successful corrective action.  There was no correlation observed between total VOC concentrations and chloride, sodium, or sulfate concentrations and ammonia was seen to be a poor indicator of landfill-gas effects on groundwater.    Based on the slope of a plot of the calcium and magnesium concentrations in mEq/L as a function of alkalinity as mEq//L, 65% of the buffering of carbonic acid can be attributed to calcium minerals and 28% to magnesium minerals.  Because some of the observed effects of landfill gas on groundwater involved interactions with aquifer or vadose-zone solids, those results could be specific to the particular geology at this site.  These results and basic chemical principles suggest that landfill-gas effects on groundwater samples could result in an increase in bicarbonate alkalinity and potentially in concentrations of calcium and magnesium, without increases in sodium or chloride concentrations.  Because municipal solid waste landfill leachate is typically characterized by concentrations of these parameters that are significantly elevated relative to background groundwater concentrations, landfill gas effects on groundwater could potentially be differentiated from leachate effects by their lack of increases in sodium, sulfate or chloride ion concentrations accompanying VOC detections.  This type of signature can be contrasted with that associated with a leachate impact, which typically produces concomitant increases in chloride, sodium, and other inorganic parameter concentrations along with VOC detections.  Differences between the changes in groundwater concentrations of commonly monitored parameters expected from landfill gas and landfill leachate could be the basis for monitoring programs that could provide data to allow for evaluation of landfill gas (as opposed to leachate) effects on groundwater through the use of routine detection monitoring data.
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   Oral presentation requested.

One means of stabilizing landfills is by ensuring that enough moisture exists for biodegradation of organic wastes in all regions of the landfill.  Organic material will then degrade quickly, and risks associated with future breaks in the landfill cap are significantly reduced.  Typically, leachate collected from the bottom of the landfill is recirculated to modify the moisture conditions and enhance biodegradation within the landfill.  However, knowing how much leachate to recirculate and where to add it is problematic.  Also, the process of adding a wide range of materials and daily cover to the landfill results in significant layering and heterogeneity.  This heterogeneity in turn causes water to short circuit and move preferentially in a landfill, a process that has been virtually impossible to measure or model.  Accurate methods for measuring the amount of water in situ would enable better implementation of leachate recirculation systems.

Unfortunately, current methods for measuring the amount of water in landfills are often inadequate, since they provide point measurements and are frequently affected by waste compaction and heterogeneity of the solid waste composition.   While it may be reasonable to assume near saturated conditions in the lower portions of the landfill where water enters gravity collection systems, preferential water movement in upper landfill sections reduces the value of point measurements.  Spatially integrated measures of the volumetric water content would overcome problems associated with point measurements in a system where water flows along preferential flow paths.  Such measures would be of tremendous benefit to landfill operators and regulatory officials.

In this research we are testing and evaluating a promising technology, recently developed by soil scientists, to characterize the volumetric water content within landfills, the amount of free water in solid waste divided by the system volume.  In this methodology two gas tracers are injected into a landfill.  One tracer is nonreactive with landfill materials, while the second partitions into and out of free water trapped within the pore space of the solid waste.  Chromatographic separation of the tracers occurs between the point of tracer injection and tracer extraction because the second partitioning tracer is retarded due to water in the landfill.  The degree of tracer retardation can be used to determine the average volumetric water content between the injection and extraction points.  This partitioning gas tracer test yields a large-scale estimate of the volumetric water content, is not affected by solid waste compaction or heterogeneity in the composition of the solid waste, and has been successfully tested in a recent field experiment in soils.  

To investigate this technology in solid waste, we conducted a series of gas tracer tests in laboratory columns containing various trash mixtures.  Both the trash composition and the amount of water contained in the trash were varied to mimic the range of conditions that might exist within municipal landfills.  Two gas tracers were flushed through the trash columns: helium, which is conservative and nonreactive with trash or water; and difluoromethane, which partitions into the water but is not reactive with other trash components.  Difluoromethane was retarded with respect to helium transport, and moment analysis of the tracer breakthrough curves was used to determine the mean travel time of the tracers and the amount of free water in the system.

Figure 1 illustrates the results from a recent series of experiments: volumetric water contents measured with the partitioning gas tracer test are plotted versus independently measured values.  The data represent 11 water content measurements in five different trash columns, where both water content and trash composition were varied.  Measured volumetric water contents were typically within 12% of actual values.  In addition, the slope of the line fitted to the data is 1.01, implying that any systematic error in these partitioning gas tracer tests was small.

We will discuss these data in more detail and will describe environmental conditions (e.g., temperature variations) that may affect the partitioning gas tracer test.  We will also discuss our planned field tests of this technology.   
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Figure 1.  Measured versus actual volumetric water content in trash columns.
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ANALYSES OF LEACHATE TREATMENT TECHNOLOGIES

 Hani Abu Qdais, Civil Engineering Department, Jordan University Of Science & Technology

P.O.Box 3030,Irbid Jordan, Email hqdais@just.edu.jo 

Despite the intensive efforts that are directed to the recycling and recovery of solid wastes, landfills remain and will remain an integral part of most solid waste management plans. One of the byproducts of the landfilling process is the generation of leachate. Once the precipitation occurs, the water percolates through the waste matrix in the landfill and several chemical and biological reactions are taking place.

As a result, organic and inorganic compounds leach out from the waste leading to the formation of high strength wastewater known as leachate. Unless managed and treated properly, leachate will lead to adverse environmental impacts such as odor and groundwater contamination.

Various methods and technologies were proposed and applied to treat the landfill leachate. These methods are ranging from simple methods, such as recirculation of leachate through the landfill, to a sophisticated process, such as combination of physical, chemical and biological processes. The applied treatment methods have various degrees of success. Some were very efficient in leachate treatment, while others were not. This variability in the treatment efficiency may be attributed to the fact that, the process designers are ignoring the temporal and spatial variation of the leachate characteristics.

This paper will review the methods of leachate treatment with a special reference to the recent trends in the treatment processes. The factors that affect the composition of leachate from a certain landfill such as, landfill age, waste composition, and climatic conditions are discussed. The impact of these factors on the selected treatment technologies are identified.

The information and analysis in this study will serve as guidelines for better decisions making in selecting the proper leachate treatment processes, so as to mitigate the adverse environmental impacts associated with the leachate generation.
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Investigation on the carbonation-humification of incineration residue and its effect on the leaching behavior of pollutants
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The ideal method for treating or disposing of incineration residue is to restore it to the natural environment by stabilization, reduction and degradation of inorganic and organic pollutants. The stabilization of pollutants means having no potential to spread, which involves the fixation of metals by carbonation and clay formation, and the stabilization of organic material by humification. The authors call this the carbonation-humification process, to distinguish it from carbonation by aging. As inorganic and organic substances may attach to the mineralogical structure through this process, the leachability of pollutants might decrease. 

In this study, we investigated the possibility of carbonation-humification of incineration residue through observations of the microstructure by SEM, and through extraction and identification of humic substances. We also confirmed its effect on the leaching behavior of pollutants by several leaching tests. The samples used in this study were incineration residues excavated from lysimeters 5 to 7 years from filling. The lysimeters were filled with (1) only fly ash, (2) only bottom ash, (3) mixtures of fly ash and bottom ash, and (4) mixtures of fly ash, bottom ash and 5% compost of municipal solid waste. We sampled in different layers of all lysimeters, and conducted all the experiments mentioned above. 

From the results of extraction and qualification of humic substances, the top layers, which were from the surface to a depth of 50-70 cm, had no odor of incineration, and some weeds had entered through the roof, and so the layers contained a lot of humic substances compared with the other layers judging from the color and optical characteristics of extracts. Especially, humification of the lysimeter filled with a little compost had progressed through all layers, not only the top layer. Thus, some quantity of organic matter such as compost appeared to have accelerated the humification of incineration residues. 

We also observed changes around a particle of fly ash by SEM and EDS. The fly ash filled with compost was surrounded with organic-rich matter, while that without compost was surrounded with calcium-rich matter resulted from incineration residue. This provided evidence of carbonation-humification on the sample with compost. 

We will investigate the leachability of pollutants in advanced layers of carbonation-humification in the near future. The leachability is expected to decrease with progression of the carbonation-humification. In the long run, we will apply all of the results in this study to accelerated mineralization technology (AMT), which is a new kind of technology for utilizing incineration residue and simultaneously prolonging the life of landfill sites. 
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Accelerated Mineralization Technology of MSW Incineration Residue for Landfill Site Renewal

MASAHIRO OSAKO and YONGJIN KIM 
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In Japan, 78% of the total amount of discharged municipal solid waste (MSW) was incinerated in 1998. Landfill sites are filled mainly with MSW incineration residue (MSWIR), and there is no longer enough landfill space to accept the huge amounts produced. In addition, uncertainty about the environmental safety of such sites after closure prevents the sites from being used efficiently. Therefore, providing sufficient landfill space has become an urgent issue. This study investigated how to ensure sufficient landfill space by renewing the sites, by applying an accelerated mineralization technology (AMT) to the MSWIR.

In this paper, we propose a new system for using the MSWIR and renewing landfill space using AMT, and consider the technological and regulatory issues involved in Japan.

  Figure 1 illustrates the outline of the proposed system. The residue generated at the MSWI plant after processing by an aging treatment with a washing process is mixed with organic materials biologically stabilized by a composting-like method, which originate from the bio-waste in MSWs. The proportion of organic materials mixed could be below around 5%. In the process of biologically stabilizing the organic materials, heat generated through thermal recovery at the MSWI plant could be efficiently used and the emitted odorants also could be deodorized by thermal decomposition in the furnace of the MSWI plant. The mixture is placed into a landfill and kept aging with biological and geochemical stabilization by various mineralogical reactions such as carbonation, humification, clay formation and so on. These reactions also prevent the leaching of heavy metals and persistent organic pollutants. The mixture filled at the landfill site is expected to be fully stabilized within a few years, after which it can be dug out and used as ordinary soil for various purposes. Thus, this system prolongs the life of landfill sites.

The application of AMT to MSWIR is expected to be a simple, low-cost, low-environmental-load technology over its lifecycle. However, regulatory issues must be taken into consideration. There are several standards regulating the recycling and utilization of MSWIR in Japan. In order to utilize it on or under the surface of ground instead of soil, the mineralized residue must meet the soil-environmental standard which is specified in a newly legislated law for controlling contaminated soil. Further investigations of environmental safety are required as soon as possible.
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ABSTRACT

Concern over the impacts of global climate change has resulted in the search for inexpensive techniques for reducing anthropogenic greenhouse gas emissions.  Methane (CH4) has global warming potential (GWP) of 23 with reference to a 100 year time horizon; i.e., over the course of 100 years, the cumulative direct effect on the atmosphere’s energy budget resulting from a one-kilogram release of methane is 23 times the direct effect of a one-kilogram release of carbon dioxide (CO2).  It is estimated to be responsible for 15% of the warming of the earth’s atmosphere to date.  Landfills are estimated to account for approximately 25% of annual anthropogenic CH4 emissions in the United States and as much as 10% of the global anthropogenic CH4 emissions.

The preferred technique for controlling landfill CH4 emissions is gas extraction.  Usually, the extracted gas is used to generate power. However, at the later stages of a gas extraction and energy recovery project, sufficient gas volumes may not be available for operation of a power plant.  At that time the collected gas is typically either released to the atmosphere or flared. Because of the global warming concerns associated with landfill gas and potentially toxic by-products of flaring, these methods are considered environmentally unacceptable.  
Recently, it has been recognized that the ability of indigenous bacteria known as “methanotrophs” to biologically oxidize CH4 may allow biofiltration to be used as a technique for treating CH4 from landfills.   Biofiltration is a relatively inexpensive biological air-pollution-control technology that uses active microbial populations attached to solid media such as compost or soil to degrade gas-phase chemicals.  Methano-biofilters (MBFs) could potentially be used to treat gas collected at a landfill facility with active or passive gas extraction systems.  The collected gas could be sent through a MBF to convert CH4 to CO2 in an environmentally benign manner.  

Methanotrophic bacteria are obligately aerobic.  Consequently the treatment efficiency of a MBF is limited by the amount of oxygen present.  MBFs may be aerated either passively or actively.   In passively aerated MBFs, oxygen is supplied to the media by diffusing down through the MBF’s surface, whereas in actively aerated MBFs, air is injected at the biofilter’s inlet.   In passively aerated MBF’s, the depth of oxygen penetration is limited to the top of the filter media due to its advective displacement by landfill gas and to its consumption by methanotrophic bacteria.   All of the research reported in literature on the use of biofilters for treating landfill methane has involved the use of passively aerated MBFs.


This paper presents information on current research at the University of Calgary on the use of aerated compost biofilters for reducing methane emissions associated with municipal solid waste landfills.  Laboratory column and batch incubation experiments were performed with leaf compost to assess maximum CH4 oxidation attainable using aerated MBFs. 

Initial results from actively aerated biofilter column experiments indicate that injecting air along with CH4 only results in CH4 oxidation rates 60% higher than those observed in passively aerated columns containing identical media.  This is lower than expected, but can be explained by the results from batch incubation experiments, which demonstrated that methane oxidation occurs at a more rapid rate under micro-aerophilic conditions than in aerophilic conditions.   This observation suggests that a more effective means of improving the oxidation efficiency may be to ensure that the O2 concentration is within the optimal range (close to 1%) at every depth of the biofilter.  This would necessitate a change to the way air is supplied to the filter media.  Instead of injecting air at the inlet, it could be injected at staged inlets at flow rates just high enough to maintain optimal O2 concentrations.
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Abstract

The vast majority of biodegradable organic solid waste produced in developing countries of South America and Asia usually ends up in landfills, where organic matter undergoes rapid anaerobic decomposition. Anaerobic biodegradation of solid waste, rich in organic matter, is known to produce large quantities of methane (CH4) and carbon dioxide (CO2). The produced gases, if not captured for beneficial purposes, usually escapes into the atmosphere via landfill surface cover. Although both CH4 and CO2 are greenhouse gases, atmospheric emissions of CH4 is more of a concern because of its higher global warming potential (GWP). Methane has 23 times the GWP of CO2 over a 100-year period. Emissions from sanitary landfills around the world are estimated to account for almost 10% of the worldwide anthropogenic CH4 emissions into the atmosphere. To date, most of the research on landfill CH4 emissions has been directed at landfills in North America and Europe. Although more than two-thirds of world population live in Asian and South America, very little is known of landfill CH4 emissions in countries within these two continents. Usual methane budget estimations for these countries rely upon gross assumptions on rate of waste generation and biodegradation kinetics.

Most landfills in Asian and South American countries are not engineered. Controlling gas emissions is one of the factors least considered. Because of the higher ambient temperatures and high organic content in the waste stream, landfill gas generation rates are considerably high. In addition, most of the countries in these two continents are fast growing economies and potentially exhibit very high rates of growth in solid waste quantities. Considering these facts, it is necessary to undertake field studies in these countries to ascertain the validity of assumptions and to obtain an accurate estimate of gas emissions from landfills in Asian and South American countries.

This paper presents data from three emissions characterization surveys conducted at two South American and one Asian landfill. Of the three surveys, the survey at Loma Los Colorados landfill was the most comprehensive and most significant. The Loma Los Colorados, an operating landfill located near Santiago, Chile, receives approximately half of the City of Santiago’s municipal solid waste stream, or about 1 million tonnes of waste, annually. The landfill is equipped with state-of-the-art leachate control systems and landfill gas collection systems. The collected leachate is re-circulated to enable operation of the landfill as a bioreactor. Two other surveys were conducted at non-engineered landfills: the Zambiza landfill in Quito, Ecuador; and Khampaeng Saen landfill in Thailand, about 100 km northeast of Bangkok.

At Loma Los Colorados landfill in Chile, a total of 230 measurements were made over the 140-hectare surface area of the landfill. The average flux of methane and carbon dioxide measured over the landfill surface were 349.2 g m-2day-1 and 751.0 g m-2day-1, respectively. In addition, four “hot spots” were identified on the landfill surface with average emissions of 10,273 g m-2day-1 CH4 and 20,953 g m-2day-1 CO2. These emissions originated from leachate pools, or wet areas in the landfill. The landfill gas extraction and control system is equipped with a landfill gas incinerator that is connected to a network of wells and several disconnected gas wells. Depth profiles of percentage gas were measured for each of the 18 disconnected gas wells, and an average flow rate was calculated from measurements at 8 gas wells. 

Our results show that in comparison to landfills in North America and Europe, the Chilean, Ecuadorian and Thai landfills generally produce higher gas quantities over shorter time periods. Considering the climatic factors, such as high rainfall, and waste composition factors such as high organic content of the waste, these observations are expected. But, there was a wide variability in the rate of emissions among the three landfills surveyed. The variability in the design and operation practices being adopted at the three landfills has a large influence on the overall landfill gas emission rates. The overall landfill gas emission rates of non-engineered landfills in Ecuador and Thailand were lower than that of the engineered bioreactor landfill in Chile, notwithstanding its gas collection system.
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Similtude in bioreactor landfill research: sizing of refuse for laboratory studies.

Kerry L. Hughes, Timothy J. Murphy and Ann D. Christy
Department of Food, Agricultural and Biological Engineering, 590 Woody Hayes Drive, The Ohio State University, Columbus, Ohio 43210. Hughes.416@osu.edu.

Telephone: 614-688-3383, Fax 614-292-9448.

Preferential flow in landfills affects the success of in situ biological treatment of the refuse because microorganisms are transported by the flow of leachate and degradation can occur only when the moisture content of the refuse exceeds 40% (m/m). One cause of preferential flow in landfills is the spatial heterogeneity of the waste. During laboratory-scale studies of waste, refuse is usually shredded to a uniform size (e.g., 2 inch minus) before use. This has the effect of homogenizing the spatial composition of the waste within the laboratory reactor and reducing the incidence of preferential flow through the refuse. To create laboratory bioreactors that more accurately represent full-scale landfills, it may be necessary to decrease the size of all refuse components by the same percentage. This reduction may be based on the ratio between the volume of the laboratory landfill and the volume of the full-scale landfill. One method of determining the method of scaling is to use the theory of similitude, which includes similarity and dimensional analysis. The ideal scaling method would maintain the spatial heterogeneity of the landfill system in small-scale experiments. In this preliminary study, a LMS 200 Laser Sensor mounted on an overhead rail was calibrated using objects of a known size. Some initial sizing studies (surface area and volume) on refuse components from standardized refuse are reported. The goal of this ongoing research is to develop a shredding protocol to create standardized refuse for laboratory studies that most accurately represents the refuse emplaced in landfills in terms of the spatial heterogeneity of the waste.
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Bioreactor Landfill Questionnaire Results

A correlation analysis of  recirculating leachate technologies and soil characteristics.

Timothy J. Murphy and Ann D. Christy
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A Bioreactor Landfill Questionnaire was used to survey the current state of the practice in the United States. Questions focused on many design considerations of recirculating leachate landfills and the operational technologies used to apply, control, and monitor landfill leachate. The following subjects were included: leachate application, containment, collection, storage, and management systems; facility construction; soil (surrounding and cover); and groundwater characteristics. The questionnaire was developed after review of the existing technical literature on bioreactor and re-circulating leachate landfill processes. The questionnaire was reviewed by: the OSU Landfill research group, independent environmental consultants, a sociologist, and waste industry personnel.  In addition, the questionnaire was tested at four independent landfills. The final version of the questionnaire was sent to landfill operators; academic researchers, consultants, and contractors who design, study, and install the technologies used in recirculating leachate landfills. A total of 550 questionnaires were sent out to potential respondents, 114 questionnaires were completed and returned, and of those, 35 had operated their facility as a recirculating leachate landfill or had performed research in these areas. Results from the questionnaire were evaluated by correlation analysis to determine whether soil type could serve as a predictor for leachate infiltration success. The Bioreactor Landfill Questionnaire results and ongoing field and laboratory research studies may identify the most appropriate infiltration techniques for specific soil types.
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U.S. Environmental Protection Agency

The priorities and initiatives of the Environmental Protection Agency’s landfill research and regulatory program over the next five years will be described. This includes municipal solid waste landfills as well as abandoned hazardous waste landfills.

Regarding municipals solid waste landfills,  EPA received extensive comments during the November 1999 review of the Federal Landfill Criteria (Landfill regulations 40CFR258) .  The majority of the comments that were received during this review suggested a reevaluation  of the design and operation of landfills from the “dry tomb” concept to one that uses moisture to accelerate decomposition. Since this time, the Agency has been examining the regulatory framework and undertaking research to evaluate the effectiveness of this approach. 

The original intent of the Subtitle D Criteria was to design and operate landfills so that moisture would be kept out through an impermeable cap and liquids would be removed at the bottom liner through a leachate collection system. EPA is now conducting research and considering revisions to the RCRA Subtitle D municipal landfill requirements in order to support more widespread application of bioreactor landfills and other emerging and promising technologies. The overall purpose for the anticipated regulatory changes is to allow more flexibility while, at the same time, protecting  human health and the environment.

For abandoned hazardous waste landfills, research is focusing in two areas: the long-term integrity and cost-effectiveness of caps and improved methods for predicting short- and long-term performance of containment systems. Research is being conducted on alternative cover designs and characterizing the emissions from landfills. This research suppors the risk management decisions for Superfund sites as well as re-development under Brownfields intiatives.

This research will show that new technologies such as bioreactors, new liner materials, covers, and monitoring methods may provide the key for deriving short and long-term environmental, regulatory, economic and societal benefits regarding waste disposal.
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(7) Abstract

Bioreactor landfills are operated at high moisture contents with leachate recirculation and stringent engineering controls for management of liquids and gases.   

Each bioreactor site poses certain unique challenges for implementation of an optimized system.   The goals of a bioreactor are to increase landfill methane production rates, to decrease the time required for stabilization of a significant portion of the solid waste, and to manage the decomposition process more like a high-solids, batch-process anaerobic digester developed in geologic materials.  Unlike digesters, bioreactor landfills are semi-open systems, where interactions with geologic materials, ground and surface water, and the atmosphere are possible.  

The Woodlawn Waste Management Facility, a former open cut copper mine 250 km south-west of Sydney has been approved as the first Commercial Australian Bioreactor. The Bioreactor is owned by Collex and will take approximately 400,000 tonnes of Sydney’s waste per annum from 2002. 

At Woodlawn, the site of former surface and underground metal mining operations, the specific challenges include acid water, existing spoils with high acid potential, and high sulfur-loading.

It is possible that high sulfate loading may either retard methanogenesis in general, or result in an internal zonation/stratification of processes, where zones of sulfate reduction are characterised by high H2S production and precipitation of metallic sulfides.   Both retardation of methanogenesis and high rates of H2S production are highly undesirable for a bioreactor landfill. 

It may be possible to suppress sulfate reduction to promote higher rates of methanogenesis by frequent monitoring of sulfate and blending of site waters to maintain low sulfate concentrations in recirculating leachate. Thus, especially for the Woodlawn bioreactor where high concentrations of sulfate are possible, it is important to establish maximum levels of allowable sulfate for leachate recirculation at Woodlawn on the basis of laboratory and pilot scale testing.
A laboratory study based on Biochemical Methane Potential Assay (BMP Assay) is conducted to assess the possibility of using local site water in the bioreactor, and to define minimum hydrogeochemical variable concentrations required to optimise waste biodegradation.

The BMP research is divided in two phases:  

Phase I: Assessing the possibility of using water available on site in the bioreactor.  A series of tests using both surface and groundwater sourced from the site to provide an immediate understanding of waste biodegradation potential and subsequent methane production using these site waters.  This has been deemed important as Collex is presently considering drawing water from these sources for use in bioreactor liquid recirculation; and

Phase II: Assessing the minimum required concentrations of hydrogeochemical parameters for optimised biodegradation of the waste.  A series of tests using distilled water that will be amended to assess the impact of the following parameters on waste degradation potential: Sulfate; Metals (in particular copper (Cu), lead (Pb), zinc (Zn), manganese (Mn), cadmium (Cd) and iron (Fe), and possibly aluminium (Al)), and pH.

The paper will present the results of the Laboratory Study.
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Leachate treatment by direct capillary nanofiltration.

Hans Woelders MSc, Essent Milieu Wijster, PO Box 5, NL-9418 ZG, Wijster,

the Netherlands, Tel +31 (0)593 563985, e-mail h.woelders@essent.nl

Essent is a multi-utility company with, as its core activities, energy production and distribution, cable communications and waste management. Essent is operating 8 landfills including the Wijster Landfill with an extended leachate treatment and LFG-utilisation.

The present leachate treatment consists of:

a. biological pre-treatment (activated sludge system/ nitrification-denitrification)

b. reverse-osmosis (tubular membranes and spiral-wound membranes)
c. evaporation plant (multi-stage flash) treating the RO-concentrate
d. discharge of the residue to former salt-mines after solidification.
The present treatment system (250,000 m3/a) needs an upgrading, while:

a. the system is expensive (all-in €18/ m3 leachate)

b. the RO-system is technically spoken no more “state of the art”
c. the high amount of residue (10,000 tonnes/a) makes the system not sustainable and dependant.

Since 2000 Essent and Norit Membrane Filtration studied on pilot plant scale the possibilities of direct nanofiltration.

The objectives of nanofiltration are:

a. reducing the amount of residue by separating the mono-valent salts (chloride, potassium and sodium) from the other components in the leachate

b. concentrating the organic compounds with heavy metals and organic micro pollutants

The concentrate of the nanofiltration (CF is 10 or higher) will be incinerated on the Essent location;  an other possibility is recirculation on the landfill, most of the components will be adsorbed. The permeate of the nanofiltration (with mono-valent salts) will be discharged to the sea.

The paper will include description of the present leachate treatment system with the drawbacks, the pilot plant research and the proposed full scale installation with costs.

Nanofiltration pilot scale research.

The research includes:

a. research with tubular modules (trans membrane pressure 20 bar, cross flow operation)

b. research with capillary modules (TMP 6 bar; semi-dead end and cross-flow operation).

Results will be presented:

a. fluxes, TMP, different concentration factors, fouling, scaling, additives, pH and runtimes

b. cleaning procedures (physical with air-flush and chemical) 

c. retention of the pollutants, qualities of influent, permeate and concentrate (COD, NKj, BOD, Cl, SO4, Ca, heavy metals, PAH, EOX).

Proposed full scale plant.

By a preliminary design of the full scale plant the overall investment costs and the operating costs will be presented; the relative low operating pressure makes the energy consumption very attractive!
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ABSTRACT

The major environmental concerns associated with landfills are usually related to the generation and eventual discharge of leachate into the environment. This is particularly true for the aftercare phase of a landfill, when impacts such as noise, dust and traffic caused by the operation of the landfill no longer are relevant. The most important aspects of disposal strategy are therefore expressed in terms of formation, fate and management of the leachate. Both the quantity and quality of the leachate formed depend upon the characteristics of the waste, the design and operation of the landfill and the climatic conditions.

Landfilling and the associated regulatory controls have generally been based on the implied assumption that the waste will become harmless in terms of emission of leachate in a relatively short time due to stabilisation and mineralisation reactions. It is often assumed that a landfill may be safely abandoned and perhaps even forgotten after a period of e.g. 30 - 50 years. This may have been true for the domestic waste produced in earlier times, but it is unverified (and unlikely if not pursued by special efforts) for the often very complex separate or mixed streams of organic and inorganic waste produced and landfilled in large quantities by modern industrial society. In addition, some of the landfilling techniques employed (e.g. the application of low permeability covers) are likely to reduce rather than increase the rate of stabilisation of the waste.

The "final storage quality" of the waste (that is the criteria determining whether or not it will be environmentally safe to leave a landfill site to itself without active leachate management and environmental protection systems), and the time needed to reach this point is generally not very well defined. Nor is it generally addressed explicitly in waste disposal legislation and guidelines. In practice, aftercare needs and the duration of the aftercare period may vary considerably and depend on waste type and design, operation and siting of the landfill.

This paper will discuss the definition of final storage quality and various landfill strategies and options aiming at reaching final storage quality within the shortest possible time-span. The paper will discuss the potential strategic advantages of separate landfilling of waste with different short-term and long-term behaviour, in particular inorganic and organic/biodegradable waste. It will also discuss the application of pretreatment of the waste as well as adjusted landfill design and landfill operation aiming to minimise the required aftercare period. The paper will focus on the leaching behaviour of various inorganic wastes in relation to disposal strategy, particularly MSW incineration residues, and field observations of landfilled waste, including a 29 year-old MSWI ash landfill, will be presented. The various long-term disposal strategies discussed will be compared to/contrasted with the options available within current European (and possibly US) legislation on landfilling.
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ABSTRACT

The EU Landfill Directive was officially adopted on 16 July 1999. It was the result of a long negotiation process, which was initiated by the European Commission in 1989. During the negotiations, which involved the Commission, the Member States, the Council of Ministers and the European Parliament, a substantial part of the discussions were focused on the principles, criteria, test methods and limit values associated with the acceptance of various types of waste at the various categories of landfills. It was not possible to reach an agreement on these issues and the matter was therefore deferred to Annex 2: “Acceptance Criteria” to the Landfill Directive.

Annex 2 outlined the principles to be followed but left the actual specification of methods, parameters and limit values to the Committee for the Adaptation to scientific and Technical Progress of EC-Legislation on Waste (generally referred to as the Technical Adaptation Committee, TAC). The TAC, which consists of representatives from the member states and the Commission and is headed by the Commission, subsequently formed a Subcommittee on the Landfill Directive consisting of representatives with specific knowledge on landfilling from the Commission and all member states. The TAC Subcommittee was, as specified in the Landfill Directive, allotted two to three years (depending on the issues) from the adoption of the Directive to carry out this rather comprehensive task.

The TAC Subcommittee commenced its work in February 2000 and finalised it in April 2002 with a proposal for Acceptance Criteria, which the Commission after internal consideration and possible amendment will submit to the TAC for formal voting on 3 July 2002. If accepted, the new Annex 2 then becomes part of the EU Landfill Directive, which will have an enormous impact on landfilling within the Europe over the next decades.

This paper presents an updated overview of the EU Landfill Directive with particular emphasis on the new Acceptance Criteria for waste to be landfilled under the EU Landfill Directive. It will present and discuss the principles and methods applied by the TAC Subcommittee (including assessments of the actual risks to the environment and scenario based modelling of leachate formation, migration and impact). The paper will also discuss the ability or inability of the Landfill Directive to ensure sustainable landfilling and point out the possibilities of individual EU member states to implement national disposal strategies aiming e.g. at minimising the necessary aftercare periods within the framework of the Directive. The paper will discuss future research needs in view of the situation after 3 July 2002.
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Introduction

In addition to methane and carbon dioxide, landfill gas contains a large number of non-methane organic compounds (NMOCs) including C-2 and higher hydrocarbons, aromatics, halogenated hydrocarbons etc. Landfill soil covers may develop a high capacity for methane oxidation by selection of methanotrophic bacteria due to elevated methane concentrations. The methanotrophs are known to co-metabolize a variety of halogenated hydrocarbons and it is therefore reasonable to believe that selected NMOCs might be degraded during transportation in landfill cover soils.

The objective of this study was to investigate attenuation mechanisms and rates, as well as net emission rates, for NMOC species at Lapouyade landfill (France). The present study was carried out as a combined field and laboratory investigation to provide the first field measurements of speciated NMOC emissions in parallel with laboratory studies of attenuation in cover soils.

Methods

The field investigation was carried out at Lapouyade landfill, which is located near Bordeaux in the western part of France. The landfill has been in operation since October 1996 and receives approximately 150 000 tons of waste per year. Pure landfill gas samples were redrawn from the inlet pipe to the flare system. Landfill gas emissions through soil top covers were measured using static flux chambers. The surface emission of methane and NMOCs was determined at two different areas at the landfill: a permanently covered and fully vegetated area (1.2 m of soil) and a temporarily covered area (35 cm of coarse sand). Soil gas profiles were determined by installing gas probes at different depths in the soil cover. The 42 NMOCs quantified in the landfill gas samples included primarily alkanes (C1-C10), alkenes (C1-C4), alkyl nitrates (C1-C4), halogenated hydrocarbons (including (H)CFCs), and aromatic hydrocarbons (BTEXs). Soil samples were incubated with methane and selected trace components in order to determine the potential for degradation. Maximal oxidation rates were calculated by applying zero-order kinetics to the data describing 90% of the mass transformation, which gave regression coefficients higher than 0.92.

Results and discussion

Landfill gas composition. The landfill gas mainly consisted of methane (49%) and carbon dioxide (32%). Of the alkanes, n-nonane and n-docane came out in relative high concentrations (up to 36 (g/L) and together constituted approximately 60% of the total alkanes included in the analysis. Similarly, methyl nitrate (up to 231 (g/L) constituted 90% or more of the total measured alkyl nitrates. In general, low concentrations of the halogenated compounds were obtained; PCE and methylene chloride were exceptions with higher concentrations of 18 and 78 (g/L respectively. The highest gas concentrations were obtained for the aromatic hydrocarbons with concentrations ranging from 20 to 144 (g/L for toluene, ethylbenzene, and xylene. Benzene was measured in much lower concentrations (<2 (g/L). 
Landfill gas surface emissions. Both positive and negative methane fluxes ranging from -0.01 to 0.008 g(m-2(d-1 were measured from the finished cell. However, high spatial variation was observed and a hot spot showing high flux (10 g(m-2(d-1) was identified. Negative methane fluxes indicates net oxidation of atmospheric methane with no landfill methane emission. A higher methane emission occurred from the temporary cell (methane flux of 78.2 g(m-2(d-1) compared to the permanently covered cell. In general the NMOCs measured in pure landfill gas were also identified in the static chambers. The NMOC fluxes from the permanently covered zone were all very small with both positive and negative fluxes in the order of 10-7 to 10-5 g m-2 day-1. The NMOCs taken up by the soil (indicated by negative fluxes) included n-heptane, n-decane, ethyne, ethylbenzene, and methyl chloride. Higher and mainly positive NMOC fluxes in the order of 10-5 to 10-4 g m-2 day-1 were obtained from the temporarily covered zone. The lower emission from the permanently covered and fully vegetated cell was attributable the thicker soil layer, which functions as microbial habitat for the methanotrophic bacteria.

Batch incubation experiments. The soil showed a relatively low capacity for methane oxidation resulting in maximal oxidation rates between 18 and 35 (g CH4/g dry soil per day. All lower chlorinated compounds were shown degradable and the degradation rates were inversely related to the chlorine/carbon ratios. For example in batch experiments with chlorinated ethylenes, the highest rates were observed for vinyl chloride and lowest rates obtained for TCE, while PCE was not degraded. Maximal oxidation rates for the halogenated aliphatic compounds varied between 0.06 and 8.56 (g /g dry soil per day. Fully substituted carbons (TeCM, PCE, CFC-11, CFC-12 and CFC-113) were not degraded in presence of methane and oxygen. Benzene and toluene were rapidly degraded giving very high maximal oxidation rates (28 and 39 (g/g dry soil per day). Maximal oxidation activity occurred in a zone between 30 to 50 cm below the surface, while the top 30 cm of soil showed very low or no activity at all. Soil gas profiles of the main components gave useful information on methane oxidation zones. Often soil gas concentrations increased over several orders of magnitude from air values taken at the ground surface to soil gas at the top of the refuse. The aromatic hydrocarbons, alkenes, and the alkanes showed similar gas profiles when plotted for the same location. This was not the case for other groups like the chlorinated methanes and ethylenes indicating that compounds within these groups had individual behavior in the soil. Simple box calculations using the maximal oxidation rates showed that the lower chlorinated hydrocarbons (DCM, DCEs and DCAs) may be totally degraded in a soil top cover with an active zone of 30 cm. Depending on the landfill gas concentration, compounds with higher chlorine substitution (ex. TCE) may not be totally oxidized due to the slower degradation rate, while fully halogenated compounds will not be degraded and instead be emitted to the atmosphere. 

Based on the emission measurements and the batch experiments conducted, a general coherence was seen between emission and biodegradation of various NMOCs. The emission was mainly composed of compounds that are not degradable or slowly degraded, while an uptake of easily degradable compounds was registered. As an example, PCE, chloroform, CFC-11 and CFC-12 were emitted, while negative emission rates were obtained for the aromatic hydrocarbons, and lower chlorinated hydrocarbons like vinylchloride, methylene chloride, and methylchloride.

This study demonstrates that landfill soil covers show a significant potential for methane oxidation and co-oxidation of NMOCs. Under certain conditions landfills may even function as sinks of not only methane but also selected NMOCs, like aromatic hydrocarbons and lower chlorinated compounds. In controlled landfills with gas collection systems proper cover design may contribute to further reduce the NMOC emission from the site. At old landfills with lower gas production, methane oxidation and co-oxidation of NMOCs in top-soils may play a very important role in reducing the emission of both methane and trace components into the atmosphere.
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Abstract


Regulations governing the disposal of solid waste in landfills specify that they must be monitored for thirty years after closure unless this period is extended by the governing regulatory authority.  Given the wide range of conditions under which refuse is buried, technical criteria, rather than a specific time period, are preferable for evaluation of when it is acceptable to terminate post-closure monitoring.  The objectives of this paper are to identify and evaluate parameters that can be used to define the end of the post-closure monitoring period and to present a conceptual framework for an investigation of whether post-closure monitoring can be terminated at a landfill.  Parameters evaluated include leachate composition and leachate and gas production.  Estimates of leachate production from closed landfills are used to assess the potential environmental impacts of a hypothetical release to surface water or groundwater.  The acceptability of gaseous releases should be evaluated against criteria for odors, the potential for subsurface migration, and greenhouse gas and ozone precursor emissions.  The approach presented here must be tested on a site-specific basis to identify additional data requirements and regulatory activity that might be required to prepare regulators for the large number of requests to terminate post-closure monitoring expected over the next twenty years.  An approach in which the frequency and extent of post-closure monitoring is reduced as warranted by site-specific data and impact analysis should provide an effective strategy to manage closed landfills.  
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Carbonation for fixation of metals in MSWI fly ash
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Abstract

Waste management is in need of a reliable and economical treatment method for metals in fly ashes from municipal solid waste incineration (MSWI). However, no state-of-the-art technique has gained wide acceptance yet. This presentation aims to assess the possibilities and limitations of carbonation as a stabilization method. Factors that were studied are the partial pressure of carbon dioxide (CO2), the addition of water, the temperature, and the reaction time. Laboratory experiments were performed applying methods such as factorial experimental design, thermal analysis, scanning electron microscopy (SEM), x-ray diffraction (XRD), and leaching assays including pHstat titration and sequential extraction. Leaching data were verified and complemented using chemical equilibrium calculations. Data evaluation was performed by means of multivariate statistics such as multiple linear regression, principal component analysis (PCA), and partial least squares (PLS) modeling. It was found that carbonation is a good prospect for a stabilization technique especially with respect to the major pollutants lead (Pb) and zinc (Zn). Their mobility decreased with increasing factor levels. Dominating factors were the partial pressure of CO2 and the reaction time, while temperature and the addition of water were of minor influence. However, the treatment caused a mobilization of cadmium (Cd), requiring further research on possible countermeasures such as metal demobilization through enhanced silicate formation.
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