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Abstract

Petroleum coke is one of the more important waste fuels being burned in fluidized beds in North America.  Typically, the coke that is burned is high in sulfur (4-6%) and extremely low in ash (<1%).  In order to remove the sulfur, limestone must be added at equivalent levels to the fuel feed.  This means that the characteristics of the ash from fluidized bed combustion ought to be dominated by the products of the limestone whose reactions can be described by the global scheme 

CaCO3 = CaO + CO2
CaO + SO2 + 1/2 O2 = CaSO4
In principle, such an ash can be expected to be composed almost entirely of CaSO4, CaO with a small fraction of fuel ash derived material and some CaCO3 produced from the recarbonation of the free lime component of the ash.  In practice this very simplistic analysis does not properly describe ashes from real fluidized bed boilers.  Most notably, up to 30-40% percent of the free lime expected in such ashes appears to be missing. Instead, it appears that there is strong evidence for significant reaction both of the aluminum and silica components in the parent limestone and of the vanadium in the petroleum coke ash to form a series of Calcium aluminosilicates and vanadates.  The V speciation is of particular significance if the ash is to be used as lime substitute, and is also important in determining whether or not the V is likely to leach from the landfill.  This study presents the results of detailed analysis of the ashes from two boilers (one firing 100% petroleum coke, and the other a 50:50 petroleum coke mixture), coupled with leaching and XRD work to identify the chemical forms in which the V is found.  The implications of that speciation in terms of disposal and utilization of the ash are also discussed.
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Abstract

Utility-scale CFBC boilers firing high sulfur fuels use an excess of limestone to capture SO2, and in the process produce a residue, which consists of a mixture of CaSO4/CaO/CaCO3 and fuel derived ash. The chemistry of the CaO is of critical importance for both the utilization and disposal of those ashes. For reutilization approaches, hydration is the suggested method for reactivating the spent sorbent for reuse in the combustor for sulfur capture, while many other utilization strategies also depend on the total CaO content of the ash. For ash disposal strategies, hydration is likewise a critical step for reducing the chemical activity of the ash and ensuring the safe deposition and long term stability of the ash disposal site. Unfortunately, in all of the previous work done on these topics, a primary hypothesis has been that the sum of the number of moles of CaO and Ca(OH)2 in the ash system is constant and independent of the hydration method. This tenet underpins attempts to study the hydration reaction using calorimetry for instance, and is key to the assessment of water needs for disposal in landfill. Unfortunately, for ashes from full-scale boilers, this hypothesis is not at all well founded. In fact, it has been shown that up to 40% or so of the CaO oxide expected, based on simple stoichiometry, is actually present in the ash as ”other calcium compounds” (OCC). Moreover, the type of hydration method and the conditions under which it is used contribute to determining he final free lime content of

the ashes. 

This study endevours to explore these phenomena using ashes from two CFBC boilers. These are the 165 MWe Point Aconi CFBC boiler owned and operated by Nova Scotia Power Inc, burning high sulfur coal and the two 100 MWe CFBC boilers owned and operated by the Nelson Industrial Steam Company

in Louisiana burning petroleum coke. 
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LANDFILLS COMPARED TO OTHER BIOMETHANATION ALTERNATIVES FOR  DISPOSAL OF MUNICIPAL SOLID WASTES.  

Don  Augenstein1, Ramin Yazdani2 and John R. Benemann1
1 IEM Inc, Palo Alto, California,  2Dept. of Public Works Yolo County, California 

MSW requiring treatment/disposal contains large amounts of organics, even with the intensive waste recycling/reuse efforts over the past quarter century.  This situation will likely remain, even with future attainment of the 50% national waste reduction goal. Thus, generation of methane from MSW, both from source separated organics and mixed MSW, is a subject of high interest. This is due to the substantial energy recoverable as methane from wastes and, also, ensuing reduction in waste volumes (which can be considered waste reduction).  A great deal of information has accumulated for over two decades about the kinetics and yields of waste to-methane processes from various MSW fractions and sources, and from cost/performance analyses performed at varying levels of detail.  

The conversion of MSW to methane, variously termed anaerobic digestion or biomethanation, has been commercialized in Europe, U.S. and elsewhere using stirred tanks, packed beds, high solids semi-batch or plug-flow processes and other in-vessel approaches. Also, landfills, including controlled and optimized "bioreactor" landfills, have been exploited for methane gas recovery  from MSW. Landfill methane now fuels about 1,000 MWe in the U.S. Comparison of alternative MSW-to-methane processes allows assessment of both their near- and long-term environmental and economic costs. Environmental "balance sheets" including both benefits and cost, suggest landfills can compare surprisingly well environmentally to waste-to-methane alternatives. For example, for given MSW feeds, landfills with designs now being implemented can recover methane as well or better than, in-vessel processes. Advantages accrue to landfills due to far longer residence times, and introduction of the highest possible amount of organics in mixed feeds or wastes.  Controlled landfills can recover close to maximum methane potential of “as-received” MSW resources. By contrast, in-vessel processes take lesser fractions of the MSW organics and recover lower amounts of the renewable energy potential of organics, particularly when considering parasitic energy consumption. In-vessel digestion kinetics also dictate incomplete conversion at economic residence times. Greenhouse gas balance sheets can also favor optimized landfill disposal with engineered methane recovery over in-vessel processes, due to greater methane emissions mitigation and the long-term photosynthetically derived C-sequestration possible in landfills.  Conversely, composting MSW residuals in-vessel can result in CO2 emissions, and transfer to land of any remnant plastics, refractory organics, and other unconverted components such as heavy metals.  Groundwater pollution from modern landfills can actually be lower than from MSW composting and land application atop permeable soil.  Furthermore, landfill mining offers long-term options for compost recovery from landfilled wastes, in particular from controlled bioreactor landfills. 

Aside from environmental considerations, landfills with methane recovery are also strongly favored economically over in-vessel biomethanation approaches.   Even with favorable assumptions, in-vessel processes show an over one-order of magnitude higher costs than advanced landfill designs.  Perhaps most importantly, in-vessel systems can typically handle only a relatively moderate fraction of intensively pre-processed MSW and, overall, do not even significantly reduce the need for ultimate MSW disposal.   Full-scale in-vessel operations are only commercially feasible using carefully segregated wastes and where mandated high tipping fees and other governmental subsidies encourage such ventures. The environmental and social costs of waste management policies should be reviewed in light of the comparable benefits of the technological alternatives for environmental MSW management, energy recovery and global warming mitigation.  
 _________________________________________________________

Submitted for consideration as presentation at Second International Landfill Research Symposium, Asheville, NC October 13-16 2002.
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Bioreactor Technology

Authors:
Robert Bachus and Jihad Jaber, GeoSyntec Consultants


Jeff Harris, Waste Management Inc.

Abstract:  Waste Management Inc. and GeoSyntec Consultants have recently collaborated on a study that would result in the development of design guidance related to bioreactor landfills.  The results of this study were recently presented in a March 2002 documented titled:  Bioreactor Landfill Design Guidance, Liquids Injection and Gas Extraction Systems, Summary Report.  The collaborative study focused on understanding the design of liquids injection and gas extraction systems for bioreactor landfills, as well as the factors that affect the design, operation, and performance of bioreactor landfills.  In particular, this study had four main objectives:

· develop a numerical model to simulate liquids infiltration into waste and to perform a parametric study to assess the affects of several parameters on the vertical and lateral movement of the wetting front in the waste mass; these parameters include: (i) pipe dimensions; (ii) infiltration trench dimensions and properties; (iii) waste hydraulic conductivity; (iv) liquids injection pressure; and (v) liquids injection time.

· develop a numerical model to study waste degradation and the accompanying gas generation mechanisms as a function of waste composition and the liquids injection history in the bioreactor environment;

· develop a numerical model to simulate gas extraction from the degraded waste and to assess the vacuum requirements in the gas extraction pipe network and the extraction schedule for a given pipe network design; and

· develop design guidance to be adopted by WM for the design of the liquid injection and gas extraction systems at bioreactor landfills.

The results of the study demonstrated the importance of matching the liquids injection piping network design to the quantity of liquids available for injection into the bioreactor.  The role of the distribution pipe diameter, distribution trench geometry and waste hydraulic conductivity was also studied and summarized.  The study also provided valuable insight regarding the importance of liquids and waste composition on the gas generation rates.  Finally, the study provided guidance regarding the extraction design and operation of the extraction pipe and blower.  The design guidance document also included a proposed design procedures that could be used in bioreactor landfill design.  Importantly, the study concluded with several specific recommendations regarding performance monitoring that can be implemented at active bioreactors.

For this symposium, the project team proposes to present the results of the study and can lead discussion with the symposium participants regarding specific project experience.  As a part of the presentation, the authors will introduce specific design elements and performance monitoring activities that are proposed and/or implemented at Waste Management facilities.
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The Delaware Solid Waste Authority (DSWA) has kept detailed records of leachate quality and quantity from its first PVC lined landfill cells A and B constructed at its Central Solid Waste Management Center (CSWMC) located at Sandown, Delaware.  Area A is a 9 acre cell constructed in October,1980 and Area B is a 18 acre cell constructed in October 1882. At the advise of Prof. Fred Pohland, Mr. N. C. Vasuki was one of the first solid waste professionals in North America to implement leachate recirculation at a landfill. Leachate recirculation was accomplished with vertical wells consisting of 4 foot diameter perforated concrete manholes filled with coarse aggregate.  During operational periods leachate was discharged at a rates ranging between 20 and 200 gpm and substantial amounts of leachate were recirculated in this manner starting in 1986.  As part of the cell closure design, leachate recirculation stormwater infiltration chambers were constructed beneath the cap.  An automated system was installed and operated until March, 1995.

Leachate quality data is evaluated using historical graphs of key indicator parameters (BOD, COD, TOC, pH, TVA) and hazardous constituents (heavy metals and VOCs) from 1984 to 2001.  The data are reviewed to determine if the stages of waste degradation fit the model presented by Pohland and Harper(1986) showing the five phases of degradation :  initial adjustment, transition, acid formation, methane formation, and final maturation.  Leachate recirculation appears to have enhanced treatment of the leachate as well as enhanced methane formation.  There appears to be a correlation in the downward trend in organic indicators and the downward trend in the hazardous constituents. When the indicators reached “stability” (i.e., an asymptote or BOD/COD ratio of 0.1) there was similar “stability” in the hazardous constituents that declined to levels at or below MCLs for the most recent 10 years of records.

Other data also are presented including settlement and gas production.  This study supports the previous lab and pilot scale work of the last 30 years that show the in-situ treatment capabilities that MSW landfills can provide for sustained leachate quality enhancement.  Although not enough leachate was added to the landfill to reach field capacity, as in the lab and pilot scale work, it appeared adequate in degrading the lower portion of the landfill.  The bottom of the landfill appears to be serving as a “trickling filter” that treats new leachate added by continued recirculation at the upper part of the cell.  This was observed by Ham (1982) and cited in Reinhart and Townsend (1997).  This aspect of the study will be discussed further in the presentation.
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Effect Of Aging on The Bioavailability of Toluene Sorbed to Municipal Solid Waste Components
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Nationally, approximately 25% of the sites on the US EPA’s National Priority List of Superfund are municipal landfills that accepted hazardous waste. The low solubility of many organic contaminants coupled with the high organic carbon content of landfills suggests that biodegradation may be limited by sorption to waste components. The overall objective of this research was to study factors controlling the bioavailability and fate of toluene sorbed to municipal solid waste (MSW) components. 


Given the complexity of the problem and the heterogeneity of solid waste, tests were conducted with the major organic solid waste components in pure form. Office paper, newsprint, high density polyethylene, poly(vinyl chloride)(PVC), and rabbit food, which served as a model food and yard waste, were selected as representative MSW components. The rabbit food, office paper and newsprint were tested in both fresh and anaerobically degraded form to study the effect of sorbent decomposition on bioavailability.  Contaminant bioavailability was tested in a batch system (Fig 1).   Initially, a waste component, i.e. decomposed newsprint, was added to a glass reactor along with 14C-toluene.  The reactor was then flame sealed and the contents sterilized by -irradiation so that the toluene/waste mixture aged without a chance for biodegradation. Aging times of 1 to 180 days were evaluated.  After aging, Pseudomonas putida F1, a well characterized toluene degrader, was added to the aged toluene-sorbent mixture and toluene bioavailability was determined by monitoring 14CO2 production over time. 14CO2 production was also monitored in sorbent-free positive controls and all tests were conducted in triplicate.  Oxygen was maintained in the test system by the addition of hydrogen peroxide that slowly decomposes to oxygen.  All tests were conducted in triplicate along with triplicate control reactors that are used to measure the toluene biodegradation rate in the absence of a solid phase sorbent.  


For all sorbents, there was a phase of rapid biodegradation after which the 14CO2 production rate decreased and ultimately stopped despite the presence of residual toluene sequestered in the solid phase. The extent of biodegradation varied markedly among sorbents and was correlated with the sorbent’s chemical characteristics. 14CO2 recovery ranged from 66.7% for toluene aged on degraded office paper for one day to 45.6% for toluene aged on PVC for 180 days. Data to illustrate the effect of aging time on the bioavailability of toluene sorbed to HDPE are presented in Fig. 2.  In general, toluene bioavailability was reduced by aging. Analysis of the solid phase at the termination of bioavailability tests revealed that 14C was present in all three major forms of humic substances; humic acid, fulvic acid and humin. High-performance size exclusion chromatography showed that 14C in humic and fulvic acid fractions was present in molecular size fractions greater than that of free toluene. Overall 14C mass balances of 95-101% were measured.  Further research is required however, to determine whether the 14C in these fractions was physically sequestered or covalently bound.
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Fig.1 Schematic of Batch Reactor for Bioavailability Test
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Fig 2 Bioavailability of toluene in the presence/absence of HDPE
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Long Term Nitrogen Management in Bioreactor Landfills

Morton A. Barlaz* and Gary R. Hater 

Landfill leachate typically contains high concentrations of ammonia-nitrogen long after it is stable with respect to both organic and metal concentrations.  Thus, the removal of ammonia from landfill leachate will be a factor in determining when an overall landfill can be considered stable.  This is likely to influence the time to the end of the post-closure monitoring period.  One scenario for ammonia removal is the aerobic treatment of leachate outside of the landfill to convert ammonia to nitrate, followed by use of the landfill as an anaerobic bioreactor for denitrification; the conversion of nitrate to nitrogen gas which is a harmless byproduct.


The objective of this research was to develop an understanding of the biological reactions that govern nitrogen cycling in landfills.  A series of reactors that was actively producing methane was fed 400 mg/L of nitrate for 19 to 59 days.  As expected, nitrate inhibited methane production during the time that the reactors were receiving nitrate.  However, the reactors recovered their methane-producing activity with the termination of the nitrate addition.  In addition, the reactors exhibited a large capacity for nitrate consumption.  Once the refuse in these reactors was thoroughly decomposed, additional nitrate was fed to evaluate the concentration of degradable organic carbon required to stimulate denitrification.  The experimental results suggest that the use of a landfill as a bioreactor for the conversion of nitrate to a harmless byproduct, nitrogen gas, is technically viable.  This concept will be tested during 2002 at a full-scale landfill operated by Waste Management in Kentucky.  
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Assessing Short-Term Temporal Variability in Global Methane Emissions from Landfills: 

Annual Estimates 1980 - 1996 
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E. Matthews, NASA Goddard Institute for Space Studies, New York, NY   USA

Abstract

Methane (CH4) is an important greenhouse gas:  the total positive climate forcing attributed to CH4 over the last 150 years is 40% that of carbon dioxide.  Moreover,  CH4  has a relatively short atmospheric lifetime (about 10 years), so that short term changes in CH4 sources affect atmospheric concentrations during decadal time frames.  In situ measurements of atmospheric CH4 since 1983 show large interannual variations, including a declining growth rate after 1990.  The atmospheric CH4  burden grew by 25-40 Tg yr-1  in the 1980’s (1 Tg = 1012 g) and continued at a slower rate of <20 Tg yr-1 during the 1990’s, except for large increases in 1991 and in 1998.  Although climate-related variations in wetland emissions can explain most of the large annual anomalies, the cause of the declining growth rate during the 1990’s is not understood.  Since the atmosphere reflects the net balance of all sources and sinks, any changes in the growth rate must be the result of changing sources, changing sinks, or both.   Methodologies are needed to quantitatively address these changes on an annual basis. 


Deciphering the interannual to decadal dynamics of the global CH4 cycle requires an understanding of the temporal behavior of individual sources and sinks.  Terrestrial CH4 sources include natural wetlands, rice production, ruminant animals, termites, wastewater treatment, fossil fuel production and consumption, biomass burning, and landfills.  The non-wetlands sources collectively account for approximately half of the annual atmospheric input of 500-600 Tg, and there is considerable uncertainty with respect to their individual magnitude and short-term variability.  

This is especially true for landfills: global CH4 emissions estimates have ranged from 9 to 70 Tg yr-1.  Estimates are based on national solid waste generation data and the fraction landfilled, the degradable organic carbon (DOC) content of the waste, the fraction of the DOC that will anaerobically decompose to biogas, the CH4 content of the biogas product, and, for some developed countries, subtractions for CH4 oxidation and CH4 recovery via pumped systems.  In general, solid waste data are lacking for many countries, the reliability of existing data for many countries is questionable, and interannual variability is not well quantified.  Unlike some of the other CH4 sources, there have been no regional multi-year field campaigns for landfill emission measurements, so that empirical models do not currently exist which are capable of predicting seasonal or annual emissions.  
In this paper we develop and apply a new proxy method to reconstruct historical estimates for annual global CH4  emissions from landfills for the period 1980-1996.  This study was part of a broader effort by NASA-GISS to assess short-term variations in emissions from all CH4 sources.  The current study relies on calculated annual per capita solid waste generation based on a surrogate variable (per capita energy consumption). A major problem with calculating annual landfill emissions is obtaining solid waste data that are reliably referenced to a given base year, especially for developing countries.  Using composited per capita solid waste from 1975-1995, we developed simple linear regression models for prediction of per capita solid waste generation using per capita energy consumption.  This surrogate reflects population and general level of affluence—the major determinants of national solid waste generation rates.   These models were applied to estimation of annual solid waste generation for all countries for the period 1980-1996 using either total population (developed countries) or urban population (developing countries).   Annual landfill CH4 emissions were estimated using a modified Intergovernmental Panel on Climate Change (IPCC) methodology.  Methane recovery was modeled by fitting historic data on total global and U.S. landfill CH4 recovery to time-dependent linear relationships.  Two scenarios for global landfill CH4 emissions using the energy surrogate were compared to two scenarios using an IPCC standard methodology.  The resulting annual estimates from all four scenarios fall into similar ranges as previous estimates (overall range of 17 - 57 Tg yr-1 for the period 1980-1996).  However, the energy surrogate scenarios result in lower overall emissions, are characterized by larger interannual variations, and document both positive and negative annual changes.  The energy surrogate approach was validated using independent international data for solid waste generation from Europe, N. America, and Japan from 1990-1996, and the calculated emissions compare favorably to recent compilations of emissions from the EU15 reported to IPCC.  The use of the surrogate variable provides a reasonable methodology for a large number of countries where data do not exist, a consistent methodology for both developed and developing countries, and a procedure that facilitates annual updates using readily available data.  
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METHANE OXIDATION IN AN ORGANIC LANDFILL COVER SOIL INCUBATED AT DIFFERENT TEMPERATURES 

G. BÖRJESSON* and B. H. SVENSSON

Department of Water and Environmental Studies, Linköping University,  

SE-581 83 LINKÖPING, Sweden

* Corresponding author. 

Email GunBo@Tema.LiU.SE, Tel. +46 13 28 22 92, Fax. +46 13 13 36 30.

Introduction

Methane oxidation is an important biological process regulating emissions of methane from landfills. This process seem to be performed only by methanotrophic bacteria, which are strictly aerobic, i.e. they consume methane only in the presence of oxygen. 

The knowledge about the extent of this process has taken several steps forward with the development of carbon isotope analysis for utilization in field studies. The method (as described by Liptay et al 1998) assumes that methanotrophs prefer methane containing the common isotope 12C and discriminate methane containing 13C. Thus, methane oxidation can be estimated through comparison of the content of 13C in emitted methane with 13C in methane in the anaerobic phase. In order to estimate the ratio between oxidized and emitted methane, knowledge is also required about how large the discrimination is, i.e. the fractionation factor ox must be determined. This is done by laboratory incubations of soils, where field conditions should be imitated as far as possible, e.g. original moisture and temperature should be kept in the soil samples.  

Since ox has been found to vary with soil type and temperatures, an experiment was set up in order to investigate parameters that could be expected to be influential for ox. Apart from the already mentioned soil moisture and temperature, the microbial community structure will be determined through PLFA (phospholipid fatty acid) analysis. This method is especially advantageous for methanotrophic bacteria since these organisms have more or less specific PLFAs (see citations in Börjesson et al. 1998). Two types of methanotrophs can be distinguished with these method, and these two types do also have separate pathways for incorporating carbon, which can be expected to result in different ox –values (Zyakun and Zakharchenko 1998). 

Material and methods

Soil samples were taken from the cover of the largest landfill for municipal solid wastein Sweden, i.e. at Filborna in Helsingborg.  The samples were taken from the most active of several subsites, where the waste had been covered for one year with a 0.6 m thick compost material, derived from a mixture of wood chips and sewage sludge. When samples were taken (28 Nov. 2001), the soil was moisty, and contained between 56 and 75% water of wet weight. The loss on ignition (550°C) was between 29 and 44% of dry weight, and pH(water) was 5.81-6.37 in the topsoil.

Soil samples were taken from two areas 5 m apart, at 10 cm intervals down to 0.40 m (area 1) and 0.50 m (area 2). Further sampling was obstructed by water pouring in. The soils were stored at +3°C.

In the laboratory, the nine soil samples were separately sieved (4 mm).  For incubations, 4 x 100 g fresh weight of each of the nine soil samples were transferred to 1L flasks with gastight screwcaps. These were incubated at 5, 10, 15 and 20°C, respectively. After one hour, 50 mL extra ambient air and 60 mL methane were added (time zero). Samples for immediate methane analysis (flame ionization detector) and for later 13C-CH4-analysis (stored in Labco exetainers) were then withdrawn with time-intervals ranging from 2 hours in the beginning and then less frequent for up to 2 months. (For more details cf. Börjesson et al. 2001).

13C-CH4 was analyzed by Anders Ohlsson (Dept. of Forest Ecology, SLU, Umeå, Sweden) according to methods described by Ohlsson and Wallmark (1999).

PLFAs in the soil samples (before and after incubations) will be extracted and analyzed as described by Börjesson (2001).
Results

Methane consumption varied between temperatures, with initial consumption rates in the range 0-2.0 µL CH4 per g dw soil and hour at 5°C, and in the range 5.6-34.3 µL CH4 per g dw soil and hour at 20°C, with the highest consumption rates found in the top soil (0-10 cm) at all temperatures.

Alpha values (ox) were in a range from 1.01386 to 1.0319, and means for ox were 1.0194±0.0049 at 5°C (n=8), 1.0202±0.0053 at 10°C (n=9), 1.0188±0.0031 at 15°C (n=9), and 1.0176±0.0030 at 20°C (n=9), with no significant differences between temperatures (Tukey-Kramer HSD-test at =0.10; analysis of variance showed prob>F=0.60).  Attempts to find correlations between ox and other parameters (consumption rates, moisture, organic matter, carbon utilization) were not successful. 

PLFA-analyses will be conducted within the next two months and presented at the symposium.

Discussion

The results further emphazises that ox is highly individual for each cover soil. The ox–values reported here, around 1.019, are somewhere in between what has been reported for other landfill covers (cf. Chanton et al. 1999). Other reports have shown that ox (the degree of C-13 discrimination) is reversely proportional to temperature (cf. Chanton and Liptay 2000). In the experiment presented here, this type of correlation could only be seen as a week tendency, which was not statistically significant. A comparison between the obtained ox values and phospholipid fatty acids could bring more light to the reasons behind this phenomenon, which is likely to be dependent on different methanotrophs being active at different temperatures. It will also be important to compare the results from this organic soil with mineral soils and soils from other landfills.
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Anaerobic Decomposition of Organic Materials in a Low Level Radioactive Waste Repository
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1Department of Environmental Science, University of Stirling, Stirling FK9 4LA, Scotland, UK; e-mail: l.f.cahan@stir.ac.uk

2 Environmental Risk Assessments, British Nuclear Fuels plc, Risley, Warrington, Cheshire WA3 6AS, UK; e-mail: paul.n.humphreys@bnfl.com

Key words: anaerobic microcosms, lignocellulose, microorganisms, repository

The principal site for the disposal of solid low level radioactive waste (LLW) in the UK is the Drigg near surface repository in Cumbria, north-west England.  The Drigg site is owned and operated by British Nuclear Fuels plc (BNFL) and has been used since 1959 for the disposal of LLW, with approximately 900,000 m3 of waste disposed to date.  The primary microbially degradable fraction in the Drigg trenches is lignocellulosic material derived from paper and wood.  The activities of the anaerobic microorganisms decomposing the organic substrate strongly influence the long term biogeochemical evolution and stability of the repository.  Hence a thorough understanding of the characteristics and behaviour of the anaerobic microbial community, and the rates and controls over lignocellulose degradation are essential when evaluating the implications of decomposing lignocellulose in LLW and in planning post closure management strategies.  The degradation of simulated LLW in laboratory microcosms is being investigated to increase understanding of the processes involved in lignocellulose decomposition under repository conditions.  Work is currently underway to quantify microbial biomass changes over time using ATP extraction and to determine changes in microbial metabolic activity using the experimental techniques -glucosidase activity and short term partitioning of a labelled organic substrate (14C-[U]-glucose) added to the waste.  The rate of organic decomposition is being determined using gas generation data and phospholipid fatty acid extraction is being used to analyse the structural composition of the repository microbial community.  In addition, solid state 13C nuclear magnetic resonance spectroscopy is being used to examine changes in the organic fraction over time.
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Waste Management/US EPA Joint Bioreactor Research Project at Outer Loop Landfill
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Abstract:

The Outer Loop landfill located in Louisville, KY is the site of a multi-year study on bioreactor landfill operations being performed by Waste Management, Inc. (WMI) and US EPA.  Two bioreactor operational techniques are under study at the site.  First, is a new landfill cell designed to operate as a staged aerobic-anaeobic bioreactor.  Second, an existing landfill has been retrofitted with adequate controls to operate as a facultative landfill bioreactor.  Treatment and control groups were established to provide statistical data quality, and consist of replicate landfill units.  Each demonstration is composed of duplicate cells.  The primary objective for both studies is to evaluate the effect each treatment has on waste stabilization and settlement relative to the controls.

Waste stabilization is being gauged using a multimedia approach in which an extensive number of parameters are being measured to characterize the quantity and quality of landfill leachate, gases and solids for each of the treatment and control cells.  Waste settlement is measured using global positioning satellite (GPS) surveying techniques.

This paper reports on the data collection efforts to date, summarizes data for treatment and control cells, and discusses the relative merit of the parameters being used to evaluate waste stabilization.
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A Stable Isotopic Technique for the Determination of Methane Oxidation in Landfill Cover Materials. (by J. Chanton).

We have developed a stable isotope approach for the determination of the percentage of methane which is oxidized by methanotrophic bacteria during passage through landfill cover soils.  The approach contrasts the δ13C values of emitted and anoxic zone methane and utilizes measurements of the isotopic fractionation factor, .  The technique has been applied in landfills in the United States, Sweden, Denmark and France.  We have observed systematic seasonal variations in cover soil oxidation, ranging from 0% oxidation in winter months to greater amounts in summer.  We have observed a variation in the extent of methane oxidation with soil type, with mulch/topsoil cover averaging 55 +/- 14% oxidation while clay soil averaged only 33 +/- 13% oxidation, in summer.  Covering landfills with additional mulch appears to attenuate methane emissions, and is a cost effect approach which could be applied to older landfills where gas recovery is not feasible.  Mulch application provides a loose non-compact substrate for bacterial attachment and offers an environment with moisture, methane and oxygen.  Our isotopic approach offers an excellent method for evaluating the effectiveness of mulch treatments.   
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Figure 1.  In the upper panel are δ13C values of methane emitted from mulch soil (open triangles), emitted from clay soil (filled triangles) and collected from within the landfill deep anoxic zone (open squares) as a function of time of year.  We calculate the % oxidation of methane from the difference between anoxic zone and emitted methane.  Percent oxidation is plotted in the lower graph, where the open symbols represent mulch soil and the closed symbols represent clay soil.  The presence of the mulch fostered methane oxidation (redrawn from Chanton and Liptay, 2000).
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Figure 2:

Figure 2.  Diagram showing the main means of CH4 escape from landfills: 1) escape through fissures and vents, which is measured through downwind plume sampling, and 2) transport through the soil cap, which is measured utilizing the chamber technique and the downwind plume sampling method.  Methane is produced in the landfill interior.  Methane oxidation, however, occurs in the outer rind of the landfill where O2 penetrates.  Values are for the 13C of CH4 in ‰.  The diminishing vertical arrows on the right hand side of the figure indicate the attenuation of the methane flux from the landfill by CH4 oxidation as the gas passes from the anoxic zone through the gauntlet of methanotrophic bacteria in the oxic soil layer.
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ABSTRACT

To achieve the most efficient and cost-effective management of greenhouse gases (GHG) at a modern sanitary landfill (i.e., the methane and carbon dioxide components of landfill gas), the landfill must be designed, developed and operated to achieve the most predictable and manageable performance.  This approach should employ natural processes common to an “organic system” and should address specific factors associated with the decomposition of municipal solid waste (MSW).

These factors include the method of waste degradation (generally anaerobic though sometimes anoxic or mixed), the rate of decay (methane generation rate ‘k’) of the landfilled biodegradables, moisture redistribution within the buried waste, waste compaction densities, waste composition (which reflects the methane generation potential ‘Lo’), and the rate of leachate production, absorption and release.  These variables must be conjunctively managed to localize and accelerate waste degradation and gas production.  

The landfill should also be managed such that the end product (biogas) becomes a natural resource; i.e., the biogas, or landfill gas (LFG), that is developed through operating the sanitary landfill as a “bioreactor” may be used to produce electricity and steam, cleaned and compressed to produce liquefied natural gas, or sold directly as fuel gas.   Moreover, the interception and recovery/utilization of GHG such as landfill-produced methane will be increasingly profitable as industry’s need for carbon credit equivalents grows.

The LFG production within a MSW landfill can be expressed through a first-order kinetics gas production model such as the US EPA’s LandGEM or by more complex, deterministic models such as the one described herein (Golder’s GoldGas).   These models are important tools that can be used to coordinate cell phasing, waste placement, compaction densities, gas interception and recovery and leachate recirculation and treatment.  This modeling permits the landfill “organism” to be effectively managed achieving efficient airspace utilization and maximum production of LFG at optimum quality for economic benefit, greenhouse gas emission control and sale of carbon credits.  
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Laboratory-scale investigation of an aerobic bioreactor operated under combined vapor extraction and air injection

1Daniels, J.L., 1Ogunro, V.O. and 1Hilger, H.A.

The prospect of accelerated stabilization of municipal solid waste (MSW) under aerobic conditions has been confirmed to a certain degree in both laboratory and field settings.  However, such stabilization is highly dependent on the optimal control and distribution of moisture and air throughout a typically heterogeneous mixture.  Moreover, the extent of this control has direct bearing on safety considerations associated with hazards such as landfill fires and slope failures. This paper describes elements of a large (( 10 m3) laboratory-scale bioreactor used to simulate the aerobic decomposition of municipal solid waste under combined air injection and vapor extraction. One of the objectives of this project is to investigate the extent to which optimal moisture, temperature and oxygen conditions can be maintained through the use of pulsed injections of a water-saturated air stream.  

1Assistant Professor, Department of Civil Engineering and Faculty Associate, Global Institute for Energy and Environmental Systems (GIEES), UNC Charlotte, Charlotte, NC 28223 USA
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Abstract

Landfill cover soils oxidize a considerable fraction of the methane produced by landfilled waste. Despite many efforts this oxidation is still poorly quantified. In order to reduce the uncertainties associated with methane oxidation in landfill cover soils, a simulation model was developed that incorporates non-Fickian diffusion of methane, carbon dioxide, oxygen and nitrogen in the soil gas phase, methane oxidation by soil microorganisms, and methanotrophic growth. The influence of soil texture and soil moisture content on gas diffusion was accounted for, as well as the influence of temperature on methanotrophic activity and affinity. The growth model was calibrated to laboratory data from an earlier study (De Visscher et al., 1999). There was an excellent agreement between the model and the experimental data. As the model is one-dimensional, flux heterogeneity is accounted for by applying it to a range of gross landfill gas fluxes. The model was applied to real landfill conditions, for a distribution of gross fluxes representative of a real landfill, for summer, spring/autumn and winter conditions representative of the Belgian climate. This led to a tentative year-round average CH4 oxidation efficiency estimate of 31% for a sandy loamy soil covering a municipal solid waste landfill producing 105 g CH4 m–2 d–1.

Reference
De Visscher A., Thomas D., Boeckx P. & Van Cleemput O. Methane oxidation in simulated landfill cover soil environments. Environ. Sci. Technol. 33, 1854–1859 (1999).
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The presentation will focus on a long term research project conducted in the years 1993 to 2001 by the Waste Management Department of the University of Essen under the supervision of the Environmental Agency (Landesumweltamt) of the province North Rhine Westphalia. The background of the project was the ongoing discussion in Germany about alternatives to waste incineration and the impetus to landfill municipal solid waste (MSW) having a low organic fraction.
The research goal was to investigate the differences between mechanical biological (mbp) and thermal pre-treated MSW in terms of both landfill and emission behavior. Aside from geotechnical parameters and settlement data, the project focused in particular on the landfill behavior of liquid and gaseous emissions. These emissions included leachate and landfill gas. 
The experimental apparatus consisted of two large-scale lysimeters. The design approximated real landfill conditions. Built on concrete foundations, the lysimeters consisted of steel silos 5.36 m in diameter and 5.13 m height. The mbp and thermal pre-treated MSW were installed to a layer thickness of 3.0 m, at a density of 1.03 t/m³ (water content 0.67) for mbp MSW and 1.33 t/m³ (water content 0.14) for the thermal pre-treated MSW.
During the course of the project, samples were taken to trace changes in organic content, to control eluates and to analyze geotechnical parameters. 
Leachates were measured in both quantity and quality. The COD concentrations for the mbp MSW ranged between 762–3,043 mgO2/L and fell between 46 and 474 mg O2/L for the thermal pre-treated MSW. High leachate alkalinity in the thermal pre-treated MSW, up to pH 12, was both expected and measured. No gaseous emissions were found in the thermal pre-treated MSW, however, a gas concentration profile was done for the lysimeter filled with mbp pre-treated MSW, allowing gas flow processes to be elaborated.
At the end of the 9-year project duration, experimental tests (respiratory activity AT4, gas formation coefficient GB21) showed the mbp waste to be stabilized, having very low biological activity. Total settlement was found to be 7.2%, corresponding to a volume reduction of 57.6 m³. By comparison, no significant biological activity or settlements were discerned in the thermal pre-treated MSW.
A further experiment studying the water balance of the mbp MSW challenged the thesis that the high installation density mbp MSW would cause high surface runoff to be observed. However, the amount of leachates collected was found to be within the range of regular MSW landfills (untreated MSW), implying that the amount of surface runoff was negligible. In fact, the measured k values were larger than expected, ranging between 8.9*10-6 and 3.2*10-5 m/s, which explains why so little runoff was observed. The gas permeability or Ko (a permeability coefficient derived from the Darcy equation for incompressible fluids) of the mbp MSW was also measured. Values for the Ko were around 7.0*10-12 m², which falls within the range reported in the literature. 
Overall, the results of the landfilled thermal pre-treated MSW were as expected, demonstrating stable geotechnical characteristics (no settlements) and emission behavior. In contrast, the landfill behavior of the mbp MSW showed much lower settlements compared to regular MSW landfills. Further, tests on leachates, including BOD, COD and TOC, found up to 90–95% less organics in mbp waste leachates as compared to leachates from regular MSW landfills - a significant result because the amount of leachate was found to be the same. The success of this long term experiment and its implications for future landfill construction and operation will be summarized. Also, in light of the geotechnical parameter water/gas permeabilities, new conclusions and techniques for leachate and gas collection systems for mbp landfills will be presented. 
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Abstract

This proposal will provide a forum for discussions of chemical and biological processes in landfills with emphasis on polyvinyl chloride (PVC)-stabilisers. The objective of this particular study was to determine whether organotin compounds used as stabilizers in PVC products are degraded to methane and carbon dioxide by the microorganisms present in landfilled municipal solid waste.

PVC-stabilizers contain mono- and dialkylated organotin compounds (alkyl: methyl, butyl or octyl), which are used to prevent colour changes during manufacture and increase the long-term stability of PVC. Organotins enter the environment via different sources and applications, for instance they have been found in both leachate effluents and gaseous emissions from landfills. Thus, the fate and origin of these compounds as well as their potential degradation products in landfills are targets for investigations forming basis for environmental risk assessments.

One important question to rise is whether the PVC-stabilizers are an important source of organotin compounds in landfill leachates. To address these questions, a lysimeter study was conducted. Three lysimeters were started containing samples of a methyltin stabilized rigid PVC foil, a butyltin stabilized construction PVC sheet, and a control lysimeter without any PVC added, respectively. On two occasions waste samples were collected from each lysimeter to serve as inocula in anaerobic biodegradation assays. These six waste inocula were used together with organotin stabilizers containing either a mono- and dimethyltin mercaptide or a mono- and dibutyltin thioester in the assays. Analysis for the residual alkylated tin compounds was done to follow the degradation over time, together with methane production in order to determine the biodegradation potential by the landfill microorganisms for the organotin stabilizers.

A partial or complete anaerobic degradation to methane and carbon dioxide was observed with time for the methyltin mercaptides and butyltin thioesters with all six inocula investigated. The methyltin mercaptides had an inhibitory effect on the degradation of the indigenous substrate supplied via the materials of all six waste inocula. However, the methane yields from the stabilizers were higher with inocula from the PVC-amended municipal solid waste lysimeters. This indicates that the microorganisms present in the PVC-amended waste had adapted to the organotin stabilizers during the lysimeter operation and, thus more efficiently degraded the organotin stabilizers. A distinct formation of both trimethyltin- and monomethyltin compounds was observed during the incubation period showing that methylation processes took place. The butyltin thioesters gave rise to a longer initial inhibitory effect on the methane formation in three of the inocula. Simultaneously with the degradation of the thioester part, a decrease of the concentrations of dibutyltin and monobutyltin was observed during the incubation period with all six inocula investigated. 

Key Words: Organotins, anaerobic biodegradation, methane, PVC-stabilizers, municipal solid waste
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ABSTRACT
Bioreactor technology has been practiced at municipal solid waste (MSW) landfills in the United States for more than 20 years.  Its benefits have been well publicized in recent years and have prompted many landfill operators to consider its appropriateness for their facility.  The result of employing bioreactor technology is the promotion of decomposition of the organic fraction of the waste in order to stabilize the landfill as quickly and thoroughly as possible.  Some of the advantages include: 

· Decreased risk to the environment - Leachate concentrations are highest during the active decomposition period and decrease dramatically once the landfill waste has stabilized.  Accelerated decomposition shortens the timeframe that high strength leachate is generated and decreases the risk of contamination occurring in the post closure period when there is a greater potential for liner failure.

· Increased capacity - Rapid settlement results from accelerated decomposition and provides additional capacity while the landfill is in operation and a more stable foundation for the capping system at the time of closure.  Leachate recirculation also provides the option of additional capacity recovery through landfill reclamation. 

· Increased potential for energy production - Methane is generated at a higher rate and over a shorter period of time than in conventional landfills.  The benefit is that energy output is higher for gas-to-energy projects and the time period required for the operation of the gas collection system is reduced.

· Leachate Management – Recirculation is a low cost means of managing leachate.  Using the field capacity of the waste to retain water in the landfill can greatly reduce offsite hauling to a treatment plant or the need of other forms of onsite treatment.  

Yet, none of the advantages can be fully realized without proper monitoring of the bioreactor operation. This presentation outlines the process of selecting monitoring criteria in light of the goals established for a specific bioreactor project and determining the best method of gathering data.  The discussion will review the current methods of monitoring being used and emphasize the need to prioritize monitoring criteria in order to balance system optimization with practical concerns such as staff expertise, staff availability and monetary limitations. The presentation will also provide a discussion of the critical monitoring issues from a solid waste regulator’s perspective based on input from regulators across the country.  
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Introduction

The evaluation of waste strength is a major issue for the design of waste slopes, above grade covers, future vertical expansions and land use, as well as seismic stability of landfills. Traditionally, failures waste slopes are not highly publicized, or published, although they are known to occur. One of few of cases reported in literature was by Eid et al (2000) in which field data indicated that strain incompatibility and progressive failure can occur between MSW and underlying materials and lead to a reduction in mobilized shear strength and failure. 

Shear Strength Parameters

Understanding changes in the shear strength of waste with decomposition is critical yet few data exist on the subject. Similar to soils, shear strength parameters normally used for waste characterization are cohesion and friction angle. Landva and Clark (1986) determined drained shear strength parameters for old refuse samples. They measured friction angles ranging from 38o to 42o and cohesion (c) ranging from 16 to 19 kPa. The samples were then stored in plastic containers for one year. Landva and Clark (1986) reported that samples underwent decomposition during storage as was evidenced by gas generation and smell. When they evaluated the strength parameters again, they found the friction angle decreased to be 33o with cohesion of 16 kPa. Landva and Clark (1986) also reported the shear strength parameters for fresh shredded refuse with a large amount of plastic waste as friction angle of 24o and cohesion of 23 kPa. They measured friction angle for samples made entirely from plastic waste to be 19o. According to the authors, the sliding between aligned plastic sheets contributed to the relatively low measured friction angle as compared typical friction angles of 38o-42o.

 Siegel et. al (1990) conducted direct shear test using 130 mm diameter and 76 to 102 mm high specimens under consolidated drained condition.  The samples were collected from depth range of 4 to 25 m. The friction angles were measured to be between 39 o and 53 o on the basis of assumed zero cohesion. Howland and Landva (1992) performed direct shear tests in a large box (432 mm x 279 mm) on 10 to 15 year old waste samples. They reported that the strength of MSW is primarily frictional in nature and found a friction angle of 33o and cohesion of 17 kPa. Gabr and Valero (1995) tested 10 to 15 year old MSW in small direct shear box (64 mm diameter and a thickness of 23 mm) and found that shear strength continued to increase past horizontal displacement levels greater than 10% of the specimen diameter. They reported friction angles ranging from 20o to 39o with cohesion ranging from 28 to 0 kPa. Gabr and Valero (1995) conducted consolidated undrained triaxial tests on the same MSW and reported an average effective friction angle of 34o and effective cohesion of 17 kPa at an axial strain of 20%. Howland and Landva (1992) back-calculated shear strength for landfills in New Jersy, California, and New York and reported the field friction angles to be between 23o to 31o and cohesion of 10 to 0 kPa.  The authors concluded that MSW is frictional in nature and the shear strength increased with increasing normal stress Manassero et al. (1997) summarized the available shear strength data and concluded that shear strength parameters are dependent on normal stress level. The author proposed three different zones for shear strength parameters on the basis of the magnitude of normal stress. 

Strength Parameters in Bioreactor Landfills

A review of published literature yielded no data on the shear strength of waste from landfills operated under high moisture conditions anticipated in bioreactor landfills. Furthermore, correlations between the extent of waste decomposition and strength properties are not available in literature despite the significance of such issue in bioreactor landfills (where increased decomposition rates lead to accelerated changes in physical and chemical properties of waste.) In this case, the change in the physical attributes and rearrangement of waste particles, the increase in void spaces, and the changes in waste stiffness will affect the shear strength.  Gabr and Valero (1995) showed that a 15% increase in moisture content resulted in a 50% decrease in waste strength. This decrease in strength was also attributed to changes associated with the physical characteristics of waste particles as decomposition takes place. 

Changes in waste shear strength parameters during waste decomposition are characterized through a preliminary testing program conducted at North Carolina State University. Waste representative of residential refuse was collected from a transfer station in Wake County, NC, and shredded to about 10 mm x 20 mm pieces. Refuse samples representing various stages of decomposition, from fresh refuse to well decomposed refuse, were generated in laboratory-scale reactors (4 liter ~ 1 gal). The reactors were operated under conditions designed to simulate decomposition in bioreactor landfills. The degree of decomposition was characterized through gas generation rates and the cellulose plus hemicellulose to lignin ratio, (C+H)/L. Tests were performed in conformance with ASTM Test Method for Direct Shear Tests of Soils under Consolidated Drained conditions (D 3080-90).

The ratio of (C+H)/L was estimated to decrease with decomposition. Shear strength parameters were experimentally estimated as a function of (C+H)/L ratio. The shearing angles were estimated to be 32o, 27o, 25o, 24o at (C+H)/L of 1.29, 0.73, 0.38 and 0.25, respectively. This shows a trend of decreasing shearing angle with increasing decomposition stage. Such trend can be explained be examining plastic and paper, as two major components contributing to shear strength of MSW. Paper content decreases with degradation as their structure matrix breaks down while plastic content, a non-degradable waste component, remains unchanged. The interface friction angles of plastic and fresh shredded paper were estimated as 19o and 33 o, respectively, as measured in this study. Therefore with increase in percentage of plastics content and decrease in percentage of fresh paper within a given sample, as degradation takes place, the shear strength of MSW is expected to decrease. These results are in concert with data by Landva and Clark (1986) where samples with large amount of plastic waste yielded relative low friction angle of 24o, as compared to 38o to 42o commonly measured for fresh MSW. 

Summary

In summary, there is a limited understanding of mechanisms affecting shear strength changes as a function of solids composition, moisture content, and waste density; parameters that change rapidly in bioreactor landfills as compared to traditional landfills. The body of literature on strength contains no work that systematically document shear strength as a function of waste decomposition. Preliminary data indicated that waste shear strength decreased with increased level of decomposition as manifested by  (C+H)/L ratio.  As decomposition of degradable material such as paper and textiles takes place, percentage of "slick interface" material such as plastic increases, which may leads to decrease in shear strength. With the presence of additional moisture, such decrease in waste shear strength can lead to instability of waste slopes during construction and post closure land use. The issue of shear strength of waste in bioreactor landfills needs to be further investigated.  
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Old landfills may emit considerable amounts of methane, carbon dioxide, trace gases and odours. However, gas flow rate and/or methane content are usually too low for energetic utilization or flaring of the landfill gas. Microbial degradation is considered an alternative treatment for the reduction of methane emissions from those sites. In this connection, a biofilter unit was developed at the Institute of Soil Science, University of Hamburg, and promisingly pre-tested, showing specific methane removal rates of up to 49,3 CH4/m3*h-1 (at 30 °C).

To gather a more solid data base on the parameters of biofilter performance, a cooperative research projekt titled „Microbial Reduction of Methane Emissions“, funded by the German Federal Ministry for Education and Research (Bundesministerium für Bildung und Forschung, BMBF), was launched in 1999 by the Institute of Soil Science (University of Hamburg), the Department of Waste Management (Technical University of Hamburg-Harburg) and Wessel Umwelttechnik Ltd. Within the frame of this project an upflow open bed biofilter plant for the purpose of methane oxidation was installed on a Hamburg harbour sludge landfill site fitted with a passive venting system in September 2000. Despite a high total organic carbon content of up to 9 % w/w, the labile organic fraction of harbour sludge is very small. For this reason harbour sludge landfills are expected to behave similar to retired landfills with respect to gas production.

Investigations include

1. fully automated monitoring of landfill gas emission behaviour (parameters gas flow rate, gas composition, pressure, temperature)

2. biofilter performance (gas emission, distribution of CH4 and O2 within the biofilter material)

3. filter material characteristics (gas permeability, water holding capacity, weathering resistence) and quality of drainage water

4. microbiological investigations (cell numbers, methane oxidation activities)

5. laboratory studies on methanotrophic activity with respect to methane concentration, temperature, water tension, salt concentration and pH-value.

The fully automated high-resolution data collection system gives detailed evidence on interrelationships between atmospheric temperature and pressure and the amount and composition of landfill gas emitted as well as the pressure by which it is released via the passive venting system. To date, results from these data may be summarised as follows:

(
Periods of landfill gas efflux into the atmosphere (via the biofilter) alternate with periods of atmospheric air influx into the landfill (via the biofilter). Direction, pressure and rate of gas flux into the biofilter react highly sensitive to the course of atmospheric pressure.Within a stable general weather situation landfill gas emission therefore exhibits a pronounced daily periodicity due to atmospheric pressure changes caused by the periodic alternation of radiation. This dependency is overruled in conditions of unstable weather situation when gas emission reacts promptly to the development of pressure highs and lows.

(
The dynamics of gas emission behaviour strongly influence the vertical distribution of methane and oxygen in the biofilter and consequently determine the position and extension of zones where methane oxidation is possible. Passively vented landfills therefore pose specific problems to the design and dimensioning of connected biofilter systems.

Investigations into biofilter performance, biofilter material and the microbiology of methane-oxidation lead to the following results:

(
Biofilter performance in 2001 varied between 67 to 100% oxidation of the methane load onto the filter. Expanded clay used as filter material proved suitable regarding gas permeability and distribution, water holding capacity and weathering resistence. Intense colonsation with microorganisms was detected by Scanning Electron Microscopy. Factors that laboratory experiments confirmed to negatively influence methane oxidation are the high salt load of the filter material (maximum electric conductivity of the drainage water reached 14 mS/cm) as a result of the manufacturing process as well its high pH-value of 8,1.

(
9 months following first biofilter operation cell numbers of methane oxidising bacteria have reached 1 ( 109 per g wet weight of filter material, which is two orders of magnitude higher than reported for natural methane-influenced habitats such as marsh soils or rice paddies. The cell numbers exhibit a clear seasonal fluctuation.

(
Laboratory experiments regarding methane oxidation kinetics revealed that the methanotrophic population shows a typical Michaelis-Menten saturation function with a maximum methane uptake rate of 1,78 µmol CH4 h-1 g wet weight-1 (at 22 °C). Temperature dependence of methane oxidation activity shows the predominance of a mesophilic community with an optimum at 38 °C. However, laboratory experiments revealed that continuous incubation at low temperatures leads to a shift of optimum towards lower temperatures. This is particularly important for biofilter systems which are integrated into the landfill cover material and which are therefore subject to lower temperatures during winter time. Optimum pH proved to be pH 7. Methane oxidation rates doubled with an increase of water tension from -16 to –6310 hPa (equals 20 and 3 % water vol/vol, respectively). This means, that even at tensions as high as –6310 hPa the filter material chosen provides sufficient water for microbial activity.

Experimental work in progress concerns the mechanism of oxygen supply to the site of microbial activity. The periodic reversion of gas flow means that O2 is regularly brought into the system by convection. It is still unclear how this contributes to methane oxidation which would otherwise be dependent on O2-influx via diffusion only. Also, the rapidly changing quantity of gas flux may mean that the diffusion time for CH4 on the one hand and O2 on the other hand is too short for the substrates to reach the site of microbial activity. 
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Methane emissions from landfills have received increased attention over the past decade as regulators have focused on opportunities to reduce emissions of gases that are responsible for global climate change.  Efforts to reduce landfill gas (LFG) emissions have led to the installation of gas collection and control systems at modern landfills in the US.  While LFG collection systems can be highly effective, there is interest in additional design features that might be used to further reduce gaseous emissions.  Recently, laboratory and field-scale tests have shown that a biologically active cover (biocover) will enhance the oxidation of methane as it evolves from a landfill.  Potentially, a biocover could be used in place of soil as an interim cover to promote the oxidation of methane not captured by a gas collection system.  

The objective of this project is to compare the emissions of methane, non-methane organic compounds (NMOCs), hazardous air pollutants (HAPs) and nitrous oxide (N2O) from landfill cells covered with soil and a biologically active cover consisting of yard waste compost. Gaseous emissions have been quantified by the use of specially designed, 1 m2, static chambers.  Triplicate chambers have been placed on both sloped and flat sections of the biocover and a sloped section of a soil cover.  This will allow comparison of gaseous emissions between sloped sections of the soil and biocovers, and an assessment of differences in emissions between sloped and flat sections of the biocover.  An additional three chambers will be used to monitor gaseous emissions from a biocover placed on a landfill cell that is operated as a bioreactor and receiving nitrate-rich leachate.  
Work to date has demonstrated that the static chambers can be used to successfully measure a methane flux from both the soil and biocover.  In preliminary tests conducted in 2001, methane fluxes of 0.12 – 20 g CH4/m2-day were measured for the soil cover while fluxes for the biocover have been 0.44 – 15.28 g CH4/m2-day.  The biocover flux decreased significantly between tests conducted in March and July, 2001.  This decrease was attributed to the fact that as the compost matured, its oxygen demand decreased, allowing for the availability of more oxygen for methane oxidation.

Three additional rounds of tests are planned for the summer of 2002.  These data are expected to validate a field technique for comparison of gaseous emissions from sections of a landfill that may have different covers, different operating strategies or even different refuse. In addition to methane flux data, stable isotope data will be collected during each field trial to document the occurrence of methane oxidation and to estimate the fraction of the total flux that is oxidized. This study represents the first large-scale test of biocovers in the US and the results are expected to demonstrate a simple technology for further reducing surface emissions from both traditional and bioreactor landfills.

Abstract #22






Session

FIGHTING H2S EMISSIONS FROM LANDFILLS
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ABSTRACT

Disagreeable smell is one of the most reckonisable problems with waste treatment and landfills, at least as seen from the nearby living public and people working on-site. Sulfur related smells is important at least on landfills. Here I report results from field and laboratory investigations from a medium size MSW landfill in Norway with pronounced H2S levels in the gas emissions and in the leachate. 

Samples distributed over the waste body have been collected by auger drilling and analysed for organic material, nutrients and sulfur compounds. A laboratory test has been set up in order to measure the effect of nitrate on sulfide production. At the same time leachate high in nitrates have been infiltrated into the waste body, and the H2S have been monitored together with methane and CO2. 

More results can be presented in a short time.
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Abstract: The conversion of landfills to landfill bioreactors through addition of moisture or leachate recirculation offers many economic and regulatory advantages.  The conversion process requires a good understanding of the microbial and chemical processes of waste degradation as well as,design and process engineering of landfills.   While progress towards a fairly good understanding of the physical and chemical processes has been made, a similar understanding of the microbial processes is still lacking.  A cooperative research project was initiated between USEPA and Waste Management Inc. to study the conversion of landfills to landfill bioreactors at the Outer Loop Landfill in Louisville, KY.   A research project was conducted to study the microbiology of waste landfilled for different lengths of time.  The microbiology of municipal landfill waste (MSW) of approximately 1 and 3-5 years of age was studied and discussed (Kavanaugh et al, manuscript currently to be submitted for publication).  The study was conducted using MSW from the Outer Loop Landfill in Louisville, KY sampled using a 3 ft  diameter core.  Core samples from surface to depths of 71-81 ft were obtained.

We are currently testing two bioreactor processes for the treatment of MSW at the Outer Loop Landfill.   Cells 5 north and 5 south will be retrofited to a facultative landfill bioreactor (FLB).   The conversion involves treatment of the leachate ammonia to nitrate and recirculation of the nitrified leachate.  Cells 7.4 A and B will be operated as a new aerobic-anaerobic landfill bioreactor (AALB).  The AALB study involves landfilling waste in shallow lifts to promote homogenization of the waste.  In addition water will be added for increasing moisture content.  Provisions for injecting air and extraction of gases will also be made.  In the current study, solid waste samples landfilled for less than two weeks from the AALB reactor study (cells 7.4 A and B) were analyzed for microbial and chemical parameters.  Waste samples sampled from 0-3ft were analyzed for five representative functional groups of microorganisms; aerobes, anaerobes, denitrifiers, sulfate reducers and methane producers. Enumerations were performed using liquid extracts of solid waste.  Volatile fatty acid concentrations (VFA) in extracts were also analyzed.  The counts of different functional groups from the waste freshly landfilled give an evaluation of the microbial inoculums going into the landfill and show the changes taking place microbially and biochemically shortly after emplacement under the AALB study.  

Characteristics of the waste landfilled for less than two weeks and changes it goes through shortly after landfilling will be the focus of the presentation.  The changes in waste shortly after landfilling will be compared with changes seen years after being landfilled.   The results from the analyses of the samples landfilled for less than two weeks shows that the production of volatile fatty acids occurs soon after landfilling and significant amounts of organic acids are produced.  While I-butyric acid was found in higher concentrations in wastes landfilled for a short time under the AALB, N-Butyric acid was found in much higher concentrations than I-butyric in older wastes.  Potential for methanogenesis exists in young waste. The populations however, are influenced by the concentrations of the fatty acids produced during the early decomposition.  Counts of aerobes and anaerobes overlap for most of the samples indicating facultative nature of the waste even early in the decomposition process.  The overlap of the aerobe and anaerobe counts together with the high concentration of VFAs indicates that fermentation of the freshly landfilled waste occurs within two weeks after being landfilled.  This is probably due to high concentrations of readily decomposable material in fresh waste.  Appreciable numbers of bacteria capable of denitrification were also recovered. A detailed discussion of the results obtained from this study and comparisons to wastes of different ages from a conventional landfill will be presented.
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Abstract

The development of truly sustainable, cost-effective solid waste management programs has always been a challenge for many in the solid waste industry. However, attempts at developing market-driven sustainable waste management (SWM) solutions have been difficult to implement for many of them have been determined to be too costly, impractical, and/or not meeting the needs of many communities.  Nevertheless, many governments still are considering forcing some of these ideas onto committees and businesses though regulation, irrespective of cost. 

However, new aerobic “bioreactor” technologies, such as those demonstrated in the US, Japan, and Europe, have demonstrated that the in-situ aerobic degradation of waste within a landfill can render the waste less harmful in a relatively short time, while making the waste more suitable for landfill mining and materials recovery and reuse in an economical manner. Additionally, aerobic processes have shown to rapidly reduce methane gas, volatile organic compounds and odors found in landfill gas (LFG), as well as eliminate offsite leachate treatment needs due to the evaporative effects of the process. This, coupled with advances in landfill mining and recycling technologies, allows for more practical, safer mining of landfills. Additionally, the US EPA has recognized that landfills which cannot economically take advantage of LFG-to-energy initiatives now have a LFG management option that also can provide other benefits.

With the aerobic approach as the foundation, smaller cells containing MSW can be constructed, (instead of large mounds of garbage) filled with waste, aerobically treated, and then mined all within a reduced landfill boundary in a few years. First, an Aerobic Landfill (AL) is applied to these smaller waste cells to rapidly degrade wastes in a controlled manner. Once stabilized, the waste is then mined and reused, thus avoiding new cell construction and landfill sitings. Combined together, the aerobic process and mining approach form the basis for a Sustainable Landfill (SL) which uses less footprint than planned.  With a SL strategy, communities and businesses can now provide for a safer, cost-effective sustainable solid waste management (as compared to conventional landfilling), and address a number of environmental, regulatory, and, economic issues related to landfills.

In the planning for Sustainable Landfill it is important to evaluate not only the costs of this approach but the benefits as well. Although energy costs to operate blowers may be more than other bioreactor approaches, the savings associated with continual cell reuse, lower site acquisitions costs, revaluation of nearby real estate, avoidance of methane and offsite leachate treatment, the reuse of compost materials, undegraded plastics, metals, and glass, the reduction of risk, and the improvement protection of the environment are important considerations in planning a Sustainable Landfill. As with any solid waste management strategy, an unbiased cost-benefit analysis should be a primary activity. Further, this approach can have a positive impact on the regulatory and political considerations of solid waste planning as well.

One of the financial summaries that will be presented is for a Sustainable Landfill planned for a landfill in the southeastern U.S. This landfill is proposing to acquire, permit, and construct an additional 189 acres (76 hectares) of land for a new landfill. Instead, it is proposed that a Sustainable Landfill be constructed, occupying only 30 acres (12 hectares) of the planned area and thereby extending solid waste management for generations. Also, included is the assumption that the landfill will have the ability to receive additional wastes at an increase of 10% per year.

Table: Financial Sustainable Landfill Summary ($M USD)

	Item
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Thru Yr 30

	Waste Placement by Landfill*
	0
	0
	0
	0
	0
	0

	Aerobic Treatment
	1.2
	0.75
	0.75
	0.75
	0.75
	(22.95)

	Landfill Mining and Cell Rehabilitation
	
	1.5
	1.5
	1.5
	1.5
	(43.50)

	Total Costs
	
	
	
	
	
	(66.45)

	
	
	
	
	
	
	

	Revenue from Add't Waste
	0.30
	0.33
	0.36
	0.39
	0.42
	16.89

	Avoided Leachate Treatment (l/yr)
	0.05
	0.05
	0.05
	0.05
	0.05
	1.50

	Avoided LFG system (159 acres) (63h)
	
	
	
	
	
	5.56

	Avoided Cell Construction (159 acre)
	
	
	
	
	
	59.63

	Avoided Closure (159 acres)
	
	
	
	
	
	15.96

	Avoided Post – Closure
	
	
	
	
	
	0.6

	Avoided Land acquisition (159 acres)
	
	
	
	
	
	1.8

	Total Savings
	
	
	
	
	
	101.94

	
	
	
	
	
	
	

	Net
	
	
	
	
	
	35.49


Notes:

*Assume that waste placement operations and profit consume revenue from tipping fees, thus a net “zero” cost

Waste receipt/ waste mining =100,000 tons per year.  

Cell Footprint - (4) 100,000 tons Cells (5 acres (2 hectares) each at 10m height), with the capacity to expand waste receipt 

Landfill Waste Placement Costs equals Landfill Revenue; therefore the net landfill profit is zero

Equipment service life = 10 years            Tip Fee = $30/ton                    Leachate Treatment Cost = $0.05 per gallon ($ 0.225 per liter)
As presented above, the Sustainable Landfill has the potential to be more cost effective than the conventional landfill.  Even more so, when one looks closely the “conventional landfill cost” analysis.  What is overlooked in the “conventional landfill cost” analysis are the long-term costs of the “landfill cycle” attitude, i.e. the continual repetition of engineering and constructing a large, lined cell, filling it with waste, and then repeating the process somewhere else (new landfill) to manage more waste, leaving in each case, all of aforementioned headaches behind.  

If one evaluates what many communities may spend over generations to handle the ever-increasing amounts of waste, new land acquisition, the overall costs of landfilling, and the costs of environmental management and/or remediation, permitting and public relations costs, the comparative costs of the Sustainable Landfill could, in actuality, be orders of magnitude lower than the “conventional landfill cost.”
This paper presents a summary of the aerobic landfill technology to date, an update on the advancement of landfill mining and recycling techniques, and sample analyses of the environmental and economic benefits of Aerobic and Sustainable Landfills.
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ABSTRACT

The objective of this paper is to introduce the study, initiated for assessing/developing technologies and investigating the feasibility of landfill reclamation, in Japan.

Japan with a population of around 125 million produced 51.5 million tons MSW and 500 million tons industrial waste in 1999.  Out of total MSW generation, 78.1% was incinerated and 6.7% directly landfilled.  74% of industrial wastes went through intermediate processing including incineration, and 6% was directly landfilled.  Ultimately landfilled portions of MSW and industrial waste were 23.4% and 12%, respectively.  After entering 1980s, the composition of landfilled waste gradually shifted to incineration residue and incombustibles.  However, earlier wastes were mostly directly landfilled, and there are many old landfills with high organic content.  Also, semi aerobic landfilling technique has gained wide spread application after mid 70s, and the majority of  the earlier landfills were anaerobic type.

Totally 2428 of MSW landfill sites existing in Japan (1997) can be classified by geographical location as follows:

	
	Number of Units
	%
	Capacity
	%

	Mountain area landfills
	1729 
	70
	297,908
	60

	Flatland landfills
	687 
	28
	71,816
	15

	Sea-based landfills

	61 
	2
	122,617
	25


A look at the distribution of the landfills according to their surface area indicates that landfills in Japan are comparatively smaller as the average area is 22,400 m2.  Landfill sites with area less than 30,000 m2 account for 85%, and those less than 10,000 m2 for 60%.  

Characteristics of landfilled material, parallel to increased incineration, is shifting towards inorganic matters.  Distribution of landfilled material in 1967, 1977 and 1994 is given below:

	%
	1967
	1977
	1994

	Incineration ash
	9.7
	26.9
	43.3

	Combustibles
	47.8
	25.7
	20.3

	Incombustibles
	42.5
	47.4
	36.4


Japan, with very high land utilization, has very little landfill capacity left, and acquiring a new landfill site is a challenging task due to objection from local residents and high land cost.  On the other hand, public concern over dioxin emissions makes it increasingly difficult to build new incineration facilities.  Some large cities such as Tokyo, Osaka and Nagoya have already moved to constructing landfills in the sea (off-shore landfills) which account for 25% of total existing volume at present.　　The land shortage requires early utilization of land after closure.　Industrial landfills have left only less than three years capacity.  Hence, landfill shortage resulted in increased illegal dumpings of industrial wastes in the 1990s, requiring the expansion of intermediate processing and landfill capacity.   Remaining capacity for MSW landfills is around 10 years.  Therefore, early stabilization and reclamation are now crucially important for combating the final disposal problem.

Following benefits, listed according to their priorities, can be expected from application of landfill reclamation in Japan;

a. Recovery of landfill space

b. Reclamation of land for other purposes

c. Elimination of high costs involved in post-closure care including future corrective actions

d. Elimination of a potential source of contamination (esp. LFG and leachate contamination at improper landfills)

e. Recovery of cover soil

f. Recovery of recyclables

g. Recovery of energy

Current drawbacks and research needs for the landfill reclamation can be listed as follows:

1. Characteristics of the landfilled materials, especially for old landfills, are not known.  A detailed characterization survey, including boring tests and test pit excavations, is necessary.

2. Technologies for enhancing the stabilization and reducing the risk during excavation should be assessed/developed.
3. Separation and processing technologies should be developed and optimized for Japanese landfills.  Although many companies have the technology for mining, they need to optimize their systems.
4. Management of excavated material is also another task.  Since most of the recent landfills contain inert material (mainly ashes and incombustibles), directly recyclable materials are not of significance.  More studies are needed for alternative ultimate uses of excavated waste.  For example, a company have developed melting process and converts the inert landfilled material to slag to produce interlocking blocks and road construction material.

5. Cost is an important factor.  Feasibility studies should be done. Owners/operators of the landfills should be convinced for the benefits of reclamation.

At present, we are contacting the local municipalities, landfill owners/operators and companies developing technologies for enhanced stabilization, risk reduction during excavation, and conversion/processing of excavated material for ultimate use.  Preliminary results will be presented and discussed.
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Lead Leaching from Cathode Ray Tubes and Computer Circuit Boards using Municipal Solid Waste Landfill Leachates
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Abstract

As rapid technology advancements in electronics have been made, a large amount of electronic equipment has become retired and obsolete.  Discarded electronics include both home consumer electronics (e.g., televisions, personal computers, ratios, VCRs and cellular phones) and commercial and industrial equipment (computers and industrial electronics).  The management of discarded electronic equipment has become one of the major issues of concern to environmental regulators in the solid waste arena. The concern is due to the toxic chemicals found in electronics, including heavy metals (e.g., lead, cadmium, barium) and organic chemicals (e.g., brominated flame retardants).  A substantial amount of discarded electronics is disposed in municipal solid waste (MSW) landfills every year.  Heavy metals, especially lead, may leach from electronics in a landfill.  A study showed that cathode ray tubes (CRTs) in televisions and computer monitors leached significant amounts of lead when subjected to the toxicity characteristics leaching procedure (TCLP), which is the test prescribed by the U.S. EPA to determine whether a solid waste is hazardous by the toxicity characteristic.  In this study, leachates were collected from actual MSW landfills in Florida and utilized as a leaching solution during a leaching test.  The objective of the research was to measure lead concentrations from THE leaching tests using actual MSW landfill leachate. In order to evaluate the predictive ability of the TCLP for lead in CRTs and computer circuit boards, the TCLP test was performed and the results were compared with the MSW leachate leaching results
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The components of a landfill that can be measured to determine waste stabilization are the liquid phase (leachate), gas phase, and solid phase (solid waste). Leachate quality and gas production rates are used as performance guidelines to monitor reactor operation. The solid phase includes the municipal solid waste (MSW) fraction which contains yard waste, food waste, and paper and paperboard products. These components contain the organic matter that are the primary source of energy for microorganisms involved in the waste stabilization process. The composition of the organic fraction is the major factor affecting methane yield. 

Methane yields can be determined using the biochemical methane potential (BMP) assay. Accurate prediction of expected methane yields requires a determination of biodegradable organic matter. The biodegradable organic matter or BMP can be estimated using organic fraction analysis.  The organic fractions include cellulose, hemicellulose, lignin, starch, sugars and nitrogenous compounds such as proteins. The organic fraction of MSW is composed primarily of cellulose, hemicellulose and lignin. Detergent fiber analysis were developed to determine the digestibility of animal forage and estimate their cellulose and hemicellulose content. More recently HPLC methods were developed for determination of cellulose and hemicellulose in landfill solid waste.  The detergent fiber analysis is a gravimetric method that can be performed for a fraction of the cost of the HPLC method. 

Organic composition analyses by HPLC and detergent fiber methods were performed on selected landfill and forage fiber samples. The detergent fiber method resulted in consistently high cellulose content in comparison to the HPLC method for the landfill samples. The detergent fiber method assumes the digestion procedure dissolves all the non-cellulosic material. However MSW contains material such as rubber, leather and plastics which are not dissolved in the digestion. This fraction increases as the material stabilizes therefore under estimating landfill stability (Fig. 1). Due to the high cost of obtaining landfill samples the HPLC method and BMP analysis are recommended for estimating landfill stability.
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Abstract

All members of the chemical group of phthalates are salts of phthalic acid and in the international literature dealing with phthalates, the chemical group seems to have been regarded as phthalic acid diesters only, although, the diesters might be degraded to phthalic acid monoesters and phthalic acid. PDEs are widely used in a range of different products such as in, cardboard, paint, ink, adhesives, perfumes, but mainly as plasticisers in polyvinyl chloride (PVC) plastics. They are not chemically bound to the products and are therefore able to migrate to the aquatic environment. Biodegradation is considered to be the most significant fate process for phthalate diesters (Staples et al., 1997) and degradation of phthalate diesters to monoesters has been shown to occur in both aerobic (Inman et al., 1984; Shelton et al., 1984) and anaerobic (Ejlertsson et al., 1996) laboratory studies. Together with the diesters also the monoesters and phthalic acid has been found in old landfills with methanogenic leachates collected from different European landfills (Jonsson et al., 2002a). Results from laboratory scale landfill simulated reactors have showed that the major transformation of diesters to monoesters and PA was dedicated the early methanogenic phase (Jonsson et al., 2002b).

In this study leachates from young landfill cells have been sampled at eight occasions during a period of two years (1998-2000). The cells have been constructed yearly i.e., 1995, 1996 and 1997, from ca. 10.000 metric tons of compacted but not grained municipal solid waste during a two months period. The well-defined starting period made it possible to study the development from acidogenic phase to methanogenic degradation by measuring pH, volatile organic acids (VFAs) and total organic carbon (TOC). 

This study present concentrations of the monoesters monomethyl, monoethyl, monobutyl, monobenzyl, mono(2-ethylhexyl) and didecyl phthalate (MMP, MEP, MbutP, MbenzP and MEHP respectively) and the diesters dimethyl, diethyl, dibutyl, butylbenzyl, and di(2-ethylhexyl) phthalate (respectively designated DMP, DEP, DBP, BBP, and DEHP), as well as phthalic acid and discuss the observed results from the laboratory lysimeter study.
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This paper presents a methodology that optimizes the selection of landfill sites in a region using linear and integer programming. The methodology can be viewed as a decision support tool that can aid local governments to find the optimum spatial distribution of all candidate MSW landfills in their region. This is achieved by accounting for the existing road network through which Municipal Solid Waste (MSW) is transported from their production centers to final disposal (landfills) and other treatment locations.

Landfill siting decisions are usually taken after comparing multiple scenarios and by using multi-criteria analyses that account for environmental, financial, technical and social criteria. Linear and integer programming aids in the faster and easier planning by accounting for all possible “combinations” of the existing scenarios.

Methodology outline
The methodology is based on the minimization of the overall cost in a system. All candidate landfill sites in a region have to be first determined however. The landfill siting step is made after using various siting criteria - that have been often discussed in the literature - and are not to be mentioned in this paper.

Solid waste production rates from all urban centers in the region, road distances and directions as well as road quality characteristics (e.g. country roads or highways, slopes, number of lanes etc.) are essential input parameters in the model.

The objective function is a function of the overall (total) cost of MSW management that comprises:

· the investment and operational cost of the collection & transportation of MSW from their production centers to the landfills (or other intermediate treatment facilities such as MRFs, compost plants, transfer stations, if included in the system) 

· the capital and operational cost of MSW disposal (or treatment). 

The objective is to minimize total cost.

Model control variables include the MSW quantities (in tons/day) transported over every possible route of the road network in the system. The objective function includes all the different cost coefficients (in €/ton) that represent differences in transportation costs due to various road surfaces, variable tipping fees etc. Economy of scale is accounted for in the model, so that large - scale systems have a lower unit management cost per ton of MSW.

Model constraints include the capacities of all MSW landfills as well as the necessary mass balances at all system nodes. The need for at least one landfill in the overall system is also included as a constraint in all cases.

The model is solved by using the Simplex method through the commercially available software LINGO7®. 

Case Study in the island of Kithira

The paper primarily focuses on presenting a case study of the aforementioned methodology in the small island of Kithira (Greece). The specific island case study included a total of 4 candidate landfill sites and a total of 13 MSW production centers. Capital and operational MSW collection / transport and disposal costs came from literature and other recent studies in Greece.

The cost of the system was finally minimized by the use of one landfill, which had been sited near the largest city of the island, while all corresponding routes from the production centers to that specific landfill were designated. The total MSW transportation / disposal cost of that solution was €2,35 million for a design MSW system life of 20 years. 

The optimum solution was double checked by originally calculating and comparing all possible scenarios that can exist for the specific – relatively small – MSW management system. In addition, a sensitivity analysis was performed for some of the input parameters. The methodology was reapplied at two different cases by assuming:

1. Paving of all country roads on the island.

2. Improving the quality of all roads in the island.

In both above cases, the same (one) landfill was designated as the optimum, however the routing was different in each case. 

The methodology presented here is considered to be a relatively simple tool that can be used by decision makers to design financially optimum MSW management systems. The siting of all candidate sites that can be used as landfills in a region (e.g. county or prefecture), however, is a precondition to apply this methodology. The tool can be used to optimize MSW systems that include other MSW treatment techniques, and not only landfilling. Caution in the use of applicable cost coefficients should be given.
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Introduction

MBP-output differs significantly from untreated municipal waste. It is much more homogeneous, has a smaller averidge grain size, low biological activity and more soil like properties. This affects the construction and operation of landfills. Based on tests and examinations done by the ISAH in the years 2000-2002 and practical experiences at 3 MBP-landfills, the properties of MBP-output are desribed. As a result advices for landfill construction and operation are given.

Legal boundary values for the deposition of MBP-output in Germany and treatment efford

· General rules for the construction / operation of landfills for MBP-output.

· Comparison of characteristic parameters before and after treatment (BOD, gas production, TOC, gross calorific value).

· Necessary treatment time.

Test results and practical experiences

Many results where seperately determined for different grain size ranges (e.g. 0-20 mm, 
0-40 mm, 0-60 mm).

· water-permeability dependant on

· grain size

· surcharge

· placement moisture

· depth (situation close to the surface)

· thickness of the compaction layers

· proctor compaction test

· degree of compaction

· depth / surcharge

· placement moisture

· thickness of the compaction layers

· compacting machine (weight / line load, bandage)

· method of compaction

· number of compactionpasses

· stability

· angle of shear

· angle of tensile

· cohesion

· oedometric modulus

· load-settlement curve

· accessibility

· surface runoff

· amount

· quality (contamination)

· leachate

· amount

· quality (contamination)

· landfill gas

· amount

· composition

Conception for constuction and operation of MBP-landfills

Based on the test results and practical experiences, advices for landfill construction an operation are given.
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ABSTRACT

In Korea, landfill has been the highest portion as a final treatment method of municipal solid waste (MSW), and 47% of total solid waste was landfilled in 2000. Also, Korea is faced with the shortage of energy and land resources, It is, therefore, essential to develop an advanced landfill method, which increases the utilization of landfill gas as well as shortens the stabilization period of closed landfill for its post reuse.

The purpose of the study is to develop a new landfill method accomplishing the followings:

- During the initial and intermediate stages of a landfill stabilization period, the rate of landfill      

 gas generation should be accelerated to raise the economic profit of the gas utilization.

- During the final stage of it, the hazard due to landfill gas and its generation rate should be

 minimized for the reuse of the landfill site as fast as possible.

Two groups of pilot-scale experiments were conducted to simulate the two different situations. First, as the initial and intermediate stages of a landfill stabilization period, we operated three lysimeters in an anaerobic condition, and filled with fresh MSW. Their experimental conditions were as follows:

  (1) Lysimeter-I : As a control, only precipitation was applied.

  (2) Lysimeter-II : In addition to precipitation, the leachate was recirculated.
(3) Lysimeter-III : In addition to precipitation, the anaerobic digestion sludge of leachate

                 was recirculated.
Second, in order to simulate the final stage of it, a little decomposed waste, which was mined from closed landfill, was used in other two lysimeters. Their experimental conditions were as follows;
(1) Lysimeter-A : In an anaerobic condition, only precipitation was applied.

(2) Lysimeter-S : In a semi-aerobic condition introduced air into the bottom of lysimeter           

              through the leachate collection pipe. only precipitation was applied.

	1Namhoon Lee

#703-113, Anyang 5-dong, Manan-gu, Anyang-shi, Kyunggi-do, 430-714 Korea

Tel : +82-31-467-0891   Fax : +82-31-467-0800   E-mail: nhlee@aycc.anyang.ac.kr(nlee@unity.ncsu.edu)


During three years of the experiment, methane gas began to generate after 530 days of the operation of the Lysimeter-I, and the averaged rate of its generation was 29.77 L CH4/kg waste. For Lysimeter-II, the methane generation started almost same time as in the Lysimeter-I, however its rate was 64.07 L CH4/kg waste. Lysimeter-III produced methane right after the injection of a digested sludge, and the rate of its generation was as high as 77.18 L CH4/kg waste. The rate indicates that about 76% of total Chemical-Oxygen-Demand (COD) released from Lysimeter-III was recovered as methane gas. These results showed that the recirculation method with the digested sludge of leachate was more efficient than the leachate recirculation method in reducing the lag time on the methane gas generation and in increasing its rate. 

In the second group of experiments, both Lysimeter-A and Lysimeter-S showed the decrease of SCODcr in leachate, however the former reactor stabilized faster than the latter in overall parameters. In addition, due to nitrification and denitrification reaction in Lysimeter-S, total nitrogen concentration in its leachate was lower than that in the leachate of Lysimeter-A. 

The results of two group experiments suggested that an anaerobic condition should be maintained in landfill by recirculating with the digested sludge of leachate during the initial and intermediate stages of landfill stabilization period, and then for the final stage the landfill should be converted to the semi-aerobic condition, which is maintained by introducing air into the bottom of landfill through the leachate collection pipes. This landfill operation method depending on stabilization stages will increase the effective utilization of landfill gas and the reuse of the landfill site, and it also reduce the release of “green house” gas to the atmosphere
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1.
Intention

At present the recognized regulations for groundwater management require that water is pumped out of the control well until the indicator parameters – in most cases temperature, conductivity and pH value – are constant, before a sample is taken. Using this method correct results can only be obtained when the complete aquifer is uniformly contaminated. This is however, due to the contamination transport in specific current sections, not usually to be expected. Wells with intake at various levels (multilevel wells) are, due to the high construction and operating costs, only employed in special cases. To eliminate this deficiency sampling methods which achieved far more exact results with the same costs were developed and tested more than 15 years ago. Unfortunately the at present recognized regulations for groundwater management are based on the insufficient well sampling procedures described above. For this reason they are here compared with the present stand of the stratified sampling technique. 

2. Application of the basis knowledge for the reconnaissance technique

The various current channels, which flow through the control wells, remain as a rule so largely separated within the well pipe, that a sharp separation through profile measurement without packers (fig. 1) is possible. The temperature proved to be the most sensitive parameter (resolution ± 0,01 oC), followed by the conductivity (resolution ± pH 0,01). To allow for a turbulence free measurement and sampling in 2 inch observation wells, streamlined thin multiple parameter probes and sampling containers (D ≤30mm) were developed, which allow stable continuous measurement and withdrawal in 25 cm steps up to a depth of  200 m (fig. 1). The withdrawal of a representative sample, including volatile substances, from the withdrawal depth determined by profile measurement can be achieved with the help of a sampling container filled under pressure with a protective gas. This container can be lowered, producing very little turbulence, down to the required sampling depth. The gas pressure is then lowered under that of the surrounding water pressure, until the water is gradually pressed through a filter into the sampling container. The protective gas pressure is then increased again. This causes the inlet valve to close and the sample can be withdrawn. The container remains sealed until the sample is analysed in the laboratory.

3.
Example of a differentiated reconnaissance of  groundwater contamination from a leaky landfill

The old body of a landfill in the North German lowland plain was constructed without sealing as a mound on loose rock. The geology in the landfill area consists of Quaternary over Cretaceous depositions. The layers of the groundwater aquifer (peat moor,  fluviatile sands and gravels, silting basin sands and drifting sands ) are altogether approx. 15 m thick and lie on a bed with very low permeability.

The results of a profile measurement of the indicator parameters (conductivity, pH, T) for a complete well in the proximity of the landfill is represented in fig. 2. All three parameters show a sharp increase over the aquifer bed. An approx. 5m layer of  landfill seapage water with obviously sharply defined stratification is evident here. From the steady temperature rise as of 10 m of depth follows however, that the  seapage water influence is also relevant here, and must be sampled separately.
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The US EPA requires the installation of gas control equipment at landfills that produce more than 50 metric tons of NMOC per year or have a design capacity of 2.5 million metric tons or 2.5 million m3. These criteria were developed based on landfill gas emission data applicable to landfills that primarily receive municipal solid waste (MSW).  The anaerobic biodegradation of MSW to methane and carbon dioxide in landfills is well established and cellulose and hemicellulose have been shown to be the principal biodegradable constituents.  However, there is substantial uncertainty associated with gas production, even from relatively well characterized landfills that receive primarily MSW.


The pulp and paper industry (P&PI) generates a number of wastes that are managed by burial in a landfill.  While some of these wastes have a significant cellulosic component, they are substantially different from the wastes typically buried in MSW landfills.  In addition, there is substantial variability in the specific wastes that are landfilled at a particular paper mill. Thus, based on differences between MSW and P&PI waste composition, there is little similarity between expected methane yields from MSW and P&PI waste.


The overall objective of this research is to measure methane yields and decomposition rates for the major components of P&PI waste that are buried in landfills.  Experimental work has been conducted in two phases.  Initial work was conducted to measure ultimate methane yields under optimal conditions in laboratory (4-L) reactors.  Reactors were incubated in a water bath at 37C.  Five residuals (wastewater treatment plant sludges) were selected for study and methane production was measured in the presence and absence of nutrient additions.  Nutrients were considered to be a potentially significant variable because paper industry residuals are often relatively low in N and P relative to MSW.  In addition, the effect of both ash and causticizing waste on methane yield were tested for one residual as such wastes are typically buried along with residuals in P&PI landfills.  All tests were conducted in triplicate.


While laboratory experiments can provide data on ultimate methane yields, they provide only a hint of the appropriate rate of decomposition under field conditions.  Thus, a set of experiments was conducted to measure decomposition rates under field conditions.  Twelve columns were buried in a P&PI industry landfill in Michigan.  Reactors were constructed from 25-cm diameter, schedule 40 PVC pipes that were closed with end caps to provide a gas tight seal.  The volume of each column is 77L.  Each column includes an inlet line for moisture addition, an outlet line for leachate sampling and an outlet for gas which is piped to an above ground storage shed.  Four residuals were tested and again, all tests were conducted in triplicate.  In addition to gas production, the temperature both inside and outside of the in situ columns was measured.  


The results of the ultimate methane yields for five P&PI residuals are presented in Table 1.  The addition of nutrients stimulated the initial rate of methane production for residuals B and D.  Amongst materials A-C, for which laboratory testing is completed, nutrients did not result in an increased methane yield although nutrients did stimulate the initial rate of methane production for Residual B.  Testing of residuals D and E was started at a later time and is still in progress.  As for Residual B, the addition of nutrients has stimulated methane production for residual D.  The results for Residual E are more surprising and also more variable.  After testing was initiated, it was determined that a biocide was added to Residual E at the paper mill for odor control.  The biocide is the suspected cause of the reduced methane yields in residual E relative to Residual D as both are similar materials.  Anaerobic toxicity tests are in progress to document the effect of the biocide.  The addition of causticizing waste, at about 20% of the wet weight of residual A, completely inhibited methane production.  The pH in the reactors containing causticizing waste plus Residual A was above 12, which undoubtedly inhibited the bacteria responsible for refuse methanogenesis.  


The composition of solids removed from each reactor have been characterized by measurement of the cellulose, hemicellulose and lignin concentration as well as their biochemical methane potential.  These data will make it possible to characterize the relationship between the concentration of degradable solids and the measured methane yield and to evaluate whether the extent of decomposition is similar to that reported for MSW and individual components thereof.  


Field reactors initiated with residuals A, B, D and E have been monitored since November, 2000.  Residual A was not field tested because the mill that produced this material has closed.  With the exception of one reactor filled with residual B, methane yields have been negligible (less than 1 L/dry kg) and the leachate pH has been suboptimal for methanogenesis.  It is expected that after a lag time, methane production will begin.  


The presentation will include an integrated analysis of the laboratory and field data and is hoped to stimulate discussion on appropriate techniques for estimating decay rates under realistic conditions.  

Table 1   Summary of Materials Tested, Ultimate Methane Yields and Status of Field Tests

	Treatment
	Description
	Days of 

Monitoring
	Methane Yield 

(L/dry kg)



	Residual A
	Combined Primary and Secondary Residual
	236
	69.9

	Residual A + Nutrients
	
	236
	59.6

	Residual A + Nutrients + Causticizing Waste
	
	N/A
	0

	Residual A + Ash
	
	200
	83.6

	Residual B
	Combined Primary and Secondary Residual
	341
	69.5

	Residual B + Nutrients
	
	341
	70.9

	Residual C + Nutrients
	Combined Primary and Secondary Residual
	342
	128.1

	Residual C
	
	342
	129.7

	Residual D*
	Primary Residual
	253
	80.3

	Residual D + Nutrients*
	
	222
	123.7

	Residual E*
	Primary Residual
	222
	42.8

	Residual E + Nutrients*
	
	222
	16.9


* Tests are still in progress
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Metro Waste Authority (MWA) in Des Moines, Iowa, is a quasi-governmental agency that manages wastes from 17 communities in Central Iowa.  One of the agency’s facilities is the Metro Park East Landfill (MPE).  The MPE receives an average of fifteen hundred tons per day of municipal solid waste and generates over five and a half million gallons of leachate annually.  Prior to April 2000, leachate management was conducted by trucking the leachate to an area wastewater treatment plant. Although trucking leachate proved effective, it was costly – at over $250,000 per year – and was viewed as a short-term solution. MWA wanted to implement a sustainable, long-term solution based on sound environmental practices, cost efficiencies and self-reliance.  MWA determined a constructed wetlands for leachate treatment provided the best long-term solution, both financially and environmentally.

The first of its kind in Iowa, the Constructed Wetlands Treatment System has proved to be an effective method of treating the highly variable landfill leachate at the MPE. The facility includes an aerated lagoon and storage lagoon, a combination of three different wetland cells, and a planted prairie of native species. After pretreatment in the aerated lagoon, the leachate is held over the winter in a storage lagoon. When the wetland cells are not completely frozen, the aerated leachate is circulated through the wetland cells and returned to the storage lagoon.  The aerated leachate from the storage lagoon receives treatment in subsurface, vertical filter, and free-water surface wetland cells. Additionally, a significant reduction in volume of treated leachate is achieved as a result of evapotranspiration through the various wetland cells. During the growing season, the treated effluent from the wetlands is applied to the planted prairie using spray irrigation technology. The prairie ecosystem provides additional treatment using a combination of naturally occurring physical, chemical and biological processes, creating a zero discharge system.

The Constructed Wetlands Treatment System was completed in April 2000 and continues to effectively treat leachate from the MPE along with providing ecological diversity and an aesthetic landscape not common to landfill sites. The system has been used to educate legislators, community leaders, local residents and students from elementary, high school and college levels. Additionally, significant data has been generated on the wetland’s effectiveness as a leachate treatment alternative.  This data establishes the viability of wetland treatment systems in the cold and highly variable climates found in Iowa. MWA’s Constructed Wetlands Treatment System has been shown to be cost-effective over other leachate treatment systems. It is estimated a savings of five million dollars will be realized over the next thirty years versus hauling the leachate off site for disposal.
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Heterogeneous mechanisms have been included in some recent models of the anaerobic decomposition of solids (1-2). The concept of a ‘reaction front’ or micro-reactor’ mechanism has also been suggested (2-5). This paper will present some quantitative estimates of the thickness of this front and hence of the probability of its occurrence in landfilled waste.

Most conventional models of the anaerobic digestion of solid substrates place the reaction zone in the liquid phase. This is undoubtedly correct for small particles in a slurry or suspension but a solid-phase mechanism is plausible for a bed of solids. Spatial separation of the successive reaction steps in a mobile reaction front could interpose a buffer zone between the acetogenic and methanogenic zones. Mass-transfer resistances in the buffer zone would moderate the acetate flux between the reaction zones. 

A heterogeneous mechanism of this sort could be more effective than a homogeneous mechanism, because the methanogenic zone would be protected from inhibitory acid concentrations and low pH. The dispersion of other metabolic intermediates and extracellular enzymes would be reduced and the disruption of syntrophic microbial communities (6) would be minimized. Once established, the reaction front would spread from particle to particle through solid-solid contact but it can only form around a seed body. 

Vavilin has predicted similar operational advantages from maldistributed seeding in slurry digesters (7-8). Such seeding might be difficult to achieve in a liquid medium but there is no such difficulty in solids.

Seeding techniques might therefore prove to be a critical determinant of the dominant mechanism in a bed of solids. The proposed heterogeneous mechanism probably dominates in waste digesters seeded with previously digested waste; the conventional homogeneous mechanism probably dominates in unseeded ‘flushing bioreactor’ landfills. This difference might be the main reason why waste stabilization is so much faster in the best digesters than it is most landfills.

However, the two mechanisms are not incompatible. If they commonly co-exist in landfills, the established models will require modification. Moreover, it might be as easy to stimulate the formation of reaction fronts in landfills as it appears to be in digesters. Comparably high seeding rates are not required: the essential criterion is the presence of seed bodies of viable size or equivalent aggregates. 

The minimum viable size is determined by the thickness of the reaction front, which forms within the seed body, before commencing its advance into the waste. Thus, estimates of this thickness would indicate both the feasibility of seeding and the probability of suitable seed bodies occurring naturally in landfills

The proposed paper will present a new mass-transfer model of the buffer layer as a means of predicting its thickness. Results for a range of values of the unknown physical constants indicate a thickness in the range 1-100 cm. The implications for seeding techniques and operational practice are discussed.
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The concept of a mobile ‘reaction front’ or a ‘micro-reactor’ mechanism in the anaerobic decomposition of solids has been suggested in several recent papers (1-4). It builds on the ‘two-particle model’ of Kalyuzhnyi et al but develops it into a more practicable and more plausible form (5). This paper will present some proposals for an experimental demonstration of the existence of such a front, for critical evaluation by colleagues.

Introduction

Most conventional models of the anaerobic digestion of solid substrates place the reaction zone in the liquid phase. This is undoubtedly correct for small particles in a slurry or suspension but a solid-phase mechanism is plausible for a bed of solids. Spatial separation of the successive reaction steps in a mobile reaction front could interpose a buffer zone between the acetogenic and methanogenic zones. Mass-transfer resistances in the buffer zone would moderate the acetate flux between the reaction zones. 

The proposed heterogeneous mechanism probably dominates in waste digesters seeded with previously digested waste; the conventional homogeneous mechanism probably dominates in unseeded ‘flushing bioreactor’ landfills. This difference might be the main reason why waste stabilization is so much faster in the best digesters than it is most landfills.

Experimental proposals

Bench-scale lysimeters of proven design (4,6) will be set up in such a way that any reaction front will form a flat plane, so that it can be more easily located in sacrificial samples. It is also expected to generate a constant-rate process. The set-up will essentially consist of a block of seed material, in contact with a block of substrate.

Four tests will be applied:

a) the steep pH gradient expected across the reaction front will be detected using an array of implanted micro-electrodes in ongoing lysimeters;

b) spot pH readings will also be taken from sections of the substrate block in sacrificial samples;

c) tests on sacrificial samples will also look for the expected methanogen growth within the substrate block in the wake of the front;

d) rate data from accurate biogas metering in ongoing lysimeters will test for constant rate and will also determine how much of the biogas output is attributable to the ‘tail’, after the constant rate period.

Tests (a) and (b) will also allow estimation of the speed and thickness of the front under the conditions used.

Existing data

Colleagues will be invited to contribute any unpublished data that they might have on file, which could shed light on the proposed mechanism, or any leads to older, published data that has been overlooked. The most useful might be the results of any studies in which the seed material was localized, in well-defined layers or seed bodies, and the biogas output was accurately metered, preferably daily. Such tests might yield kinetic data comparable with (d) above. Relevant work might have been done at bench or pilot-scale in the lab or in waste digesters or landfills. 
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Biogas produced by landfills is a renewable energy source and an excellent fuel. Since the first application in the 1970s, its utilization has grown steadily, encouraged both by environmental pressures and financial incentives. However, the utilization is limited by certain trace elements in the gas such as organic silicon compounds.  The reaction of these substances with oxygen in the gas-engine leads to the formation of SiO2 and causes corrosion of the metallic surfaces in the engine. Therefore, efficient techniques for a gas purification treatment, like freezing, liquid absorption or adsorption onto porous solids, are necessary. The engine manufacturers specify a maximum organic silicon content value of 20 mg Si/m3. Currently, no standard sampling method or analytical procedure for the determination of organic silicon compounds in biogas is available. The methods used so far vary with each individual laboratory and, thus, lead to deviating results.

The presentation demonstrates the analytical results in relation to the applied sampling and analytical methods. The investigations at Fraunhofer UMSICHT are aimed at recommending a standard analytical method for the detection and measurement of organic silicon compounds in biogas, which leads to comparable and accurate results. This would be a crucial step towards an economic utilization of biogas produced by landfills.
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Figure 1: part of a cylinder with coating of SiO2 caused by organic silicon compounds
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Abstract

Moisture and moisture flow are now widely recognised as key factors in the biodegradation of waste refuse.  This paper describes the use of coupled models of unsaturated moisture flow and biodegradation to simulate this process and the use of these models in an investigation of the biodegradation behaviour of an idealised waste column under different conditions.  The first simulation deals with the steady state infiltration of water and the second deals with leachate recirculation.

Some background 

The engineering performance of site infrastructure, cap integrity, potential void space and eventual re-use of landfill sites are dependent on the magnitude and rate of landfill settlement.  In addition to self weight and other stress induced movements, landfilled settlement comprises a significant biodegradation related effect.  Geotechnical techniques for calculating stress induced settlement are relatively well developed and have been used with some success in the case of landfilled waste.  However, whilst these techniques can be extended to account for a time dependent settlement their usefulness is limited.  Time dependent settlement is largely due to the decomposition of the solid organic phase and is governed by environmental conditions that are not accounted for in conventional settlement calculations. 

One such environmental condition is moisture, and it is now widely acknowledged that both the presence and movement of moisture have a fundamental impact on biodegradation (Anon, 1995; Reinhart & Townsend. 1998).  Such phenomena play a key role in the accelerated stabilisation of waste refuse.  This paper describes the use of two coupled numerical models - one, an unsaturated flow model, the other, an anaerobic digestion model - to provide a more realistic characterisation of waste decomposition.  Specimen simulations are then presented to show the impact of a raw moisture flux and leachate recirculation on key biodegradation variables, particularly the progress of organic decomposition.  Such information is an important input into an extended settlement model, the details of which are dealt with elsewhere (McDougall & Pyrah, 2001).
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Abstract

A high proportion of old landfill sites in Germany, containing mainly untreated municipal solid waste, are characterised by lacking a base sealing system. As a consequence, both, inorganic and organic contaminates represent a potential risk of groundwater pollution via the leachate pathway. To prevent environmental risks, high costs result from leachate and groundwater monitoring and decontamination during the after-care period as well as from investments for a cost-intensive surface sealing.

The method of enhanced air supply (aeration) of landfill waste by means of air injection wells, accelerates the biological decomposition of biodegradable organic compounds. Thus, especially organic emissions can be significantly reduced as characterised by a decreasing content of organic carbon (TOC and DOC, COD) and nitrogen compounds (Heyer and Stegmann, 1997). The advantages of an in-situ stabilisation of the landfill body encompass a significant reduction of the after-care period and reduced costs for monitoring and purification means (Cossu et al., 2001; Ritzkowski et al., 2001). Even though the quantitative stabilisation effects on organic compounds are beyond question, the knowledge about changes in the quality of organic substances (DOC, humic acids and organic matter), and thus their complexing, transport and accumulation behaviour (e.g. with regard to heavy metals) within the landfill body is still limited. 

On a laboratory scale, a study using landfill simulation reactors (volume of 120 l) was carried out, where the aeration effects on the dynamics of organic and inorganic contaminants via the leachate pathway in untreated municipal solid waste were investigated. The material used in this study was taken from an old landfill located near Klingenthal, Saxony, Germany. The landfill is situated in the mountainous “Erzgebirge” area on 900 m a.s.l. receiving an annual precipitation of 990 mm. The mean annual temperature is about 5°C. The landfill was in operation between 1977 and 1998, and therefore contains old material (before the German Reunification in 1990), which is characterised by a high ash content. Waste material deposited afterwards, (younger than 1992), embodies a high content of organic material and plastics reflecting the change in the consumer behaviour and thus in waste composition.

In landfill simulation reactors (LSR) differently old landfill material was firstly operated under anaerobic conditions to reproduce the actual emission state on the landfill, and secondly undergoes an aeration treatment to simulate changes in the redox regime. Four differently old waste materials were tested in two replications: 1) material younger than 1992, 2) material older than 1990, 3) a mix over the transition depth between waste from 1990 and 1992, 4) a mix over the entire landfill depth of 15 m. The study started in early February this year and will be conducted over the next nine months.

The main focus of this study is on a more detailed characterisation of the temporal dynamics of DOC and humic substances and on their function as co-transporters for heavy metals and organic contaminants under varying redox potentials. The measurements encompass data on the temporal emission dynamics of heavy metals, organic contaminants, such as Polycyclic Aromated Hydrocarbon (PAH), Absorbable Organic Halogen (AOX), as well as on DOC and DOC fractions (hydrophobic and hydrophilic organic acids according to XAD-fractioning by Leenheer and Huffman (1976) via the leachate pathway.

The preliminary results of this laboratory scale study emphasize the fact, that within a landfill body, waste material from different layers and thus of different age, reveal varying emission behaviours concerning organic and inorganic substances. In case of the organic C dynamics the results supply evidence for that not only the quantity of the TOC in the solid phase but the quality (stabilised/non-stabilised) is an important factor for the mobilisation behaviour of DOC. Concerning the N dynamic, the results point to different, material dependent mobilisation processes for NH4-N and transformation processes for organic nitrogen forms.

Cossu, R., Lavagnolo, M.- C., Raga, R. (2001): In situ stabilisation of old landfills: lab scale and field tests. In: Sardinia 2001, Eight International Waste Management and Landfill Symposium, CISA, Cagliari, Italy, Conference Proceedings, p. 531- 549

Heyer, K.- U., Stegmann, R. (1997): Untersuchungen zum langfristigen Stabilisierungsverhalten von Siedlungsabfalldeponien. In: Umweltbundesamt (Hrsg.): Verbundvorhaben Deponiekörper, 2. Statusseminar, 4.-5. Februar 1997, Wuppertal, S. 46-78.

Leenheer, J. A., Huffman E.W.D. (1976): Classification of organic solutes in water using macroreticular resins. J. Res. U.S. Geol. Survey, 4: 737-751.

Ritzkowski, M., Heyer, K.-U., Stegmann, R. (2001): Aerobic in situ stabilization of old landfills with the old landfill in Kuhstedt (Germany) serving as an example. In: Sardinia 2001, Eight International Waste Management and Landfill Symposium, CISA, Cagliari, Italy, Conference Proceedings, p. 577-586.
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Improving Weather Generation in HELP for Non-US Locations

M. Taulis, Lincoln Univesity, and M. Milke
, University of Canterbury

The presentation would describe our experiences in developing the Hydrologic Evaluation of Landfill Performance (HELP) program's weather options for use in Chile and New Zealand.  The HELP model estimates leachate production and leakage from landfills under various design choices.  Our experiences have implications for those who use HELP in design, regulatory, or research applications.

HELP requires daily weather inputs for precipitation, average temperature, and solar radiation.  The program can use either measured data provided by the user or simulated values generated by a stochastic weather generator.  The stochastic weather generator, WGEN, requires a number of monthly parameters.  The standard version of HELP has data and WGEN parameters for 142 continental U.S. cities.  Waterloo Hydrogeologic Inc. has developed Visual HELP with an ability to access weather data and statistics from a number of non-U.S. locations.  The WHI weather generator no locations in New Zealand, and inadequate coverage of locations in Chile.  The focus of the research was to improve weather generation abilities in HELP for Chile and New Zealand.

The presentation would describe a series of data considerations.  First, the common sources of global weather data would be given.  The problems encountered with errors in databases (even with the WHI "filtered" database) would be discussed.  The use of computer programs for filtering data for potential errors would be described.  This section would conclude with an acknowledgement that 20 years of precipitation data and 10 years of temperature and solar radiation data are minimum requirements for developing reliable WGEN parameters.  For dry climates, our results indicate that 20 years of data is not sufficient.

Results would be presented showing the sensitivity of leachate production rates to changes in each of the three weather inputs.  Leachate production is shown to be most sensitive to precipitation data, indicating that more emphasis should be placed on assuring its reliability.

The presentation would note that the WGEN program has constants particular to North America in its code, and that modifications to the program are needed to accurately simulate temperature in locations with latitudes outside the range of 30-50(.  For Chile, where latitude varies from 19( to 52(, new sets of temperature generation parameters have been found to be necessary.

Simulation results for a series of Chilean locations have highlighted the importance of the seasonality of precipitation, something also seen in research by others.  The results of this research clearly show that the amount of winter precipitation is more relevant to leachate generation than total annual precipitation. The results also show that the simulated percentage of precipitation that enters a landfill cap can be relatively constant over a wide range of Chilean climates.

The presentation would conclude with thoughts on further needs with respect to weather generation within HELP.  Key future needs seem to be better modeling of:

· extreme precipitation events, 

· evapotranspiration through use of measurement-based parameters

· adjustment factors for weather parameters at weather stations to those at landfill sites, and

· finer time-steps than daily ones.

Because the modeling of moisture movement in soils and landfill are only crudely modeled within HELP, any future improvements in weather generation need to be aim to provide consistent crudeness in HELP modeling.
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Fly ashes and air pollution control (APC) residues produced from the Incineration of Municipal Solid Wastes (MSWI) require to be treated before being landfilled in a waste disposal site. Two disposal sites, with different MSWI residue treatment methods have been investigated for their environmental impact. At disposal site 1 the MSWI residues were solidified with portland cement, at disposal site 2 with a combined extraction/solidification process, called Solatech®. Monolithic samples were collected from the top, middle and bottom of both disposal sites. 

The environmental impact has been assessed using leaching tests complemented with microscopic techniques, such as optical microscopy (petrography), and mineral phase identification using X-ray diffraction, Energy and Wavelength Dispersive Spectroscopy. The microscopic characterization is also very helpful in assessing the potential long-term environmental impact of the material. The leaching behaviour has been assessed using the Dutch standard extraction test (NEN 7341) for assessment of maximum availability, the Dutch standard leaching test for monolithic materials (NEN 7345) and pH static tests. The eluates of the leaching experiments were analysed for As, Cd, Cr, Hg, Mo, Pb, Zn, Ca, K, Na, Cl, SO4, and pH. The concentrations of As, Cd, Cr, and Hg were below the respective detection limits for most of the 8 eluates of the diffusion test (NEN 7345), and this for both treatment methods at the 2 disposal sites. 

Here, we have focused on the leaching of Pb and Zn because the leaching concentrations are above the detection limits for all 8 fractions of the leaching test for at least one of the two disposal sites, and because they demonstrate remarkable differences between the two treatment methods. In table 1 and 2 the total concentration and leachate concentrations are represented for a selected number of elements. The leaching behaviour of Pb and Zn is characterized by diffusion followed, at the end of the experiment, by apparent depletion. The Pb concentrations in the eluates of the Solatech®  samples are nearly all below the detection limits. 

Table 1: Total concentration and leaching data from the MSWI -residues solidified with cement.

	Element
	Total concentration (mg/kg)
	Max. availability

(NEN7341) (mg/kg)
	Diffusion Leaching (NEN7345) (mg/m2)

	Pb
	425 - 2750
	194 - 1032
	18 - 112

	Zn
	1100 - 4640
	1080 - 4505
	7.3 – 13.0

	K
	612 - 9221
	763 - 9767
	5980 - 77933

	Na
	612 - 4635
	563 - 4304
	5559 - 49878

	Cl
	not measured
	12968 - 54565
	141812 - 749436

	SO4
	not measured
	25711 - 40177
	362 - 906


Table 2: Total concentration and leaching data from the MSWI-residues solidified with the Solatech® process

	Element
	Total concentration (mg/kg)
	Max. availability

(NEN7431) (mg/kg)
	Diffusion leaching (NEN7345) (mg/m2)

	Pb
	1060 - 1690
	51 - 257
	< 3

	Zn
	2380 - 5180
	1738 - 3737
	2.4 – 4.3

	K
	583 - 2640
	762 - 2672
	1862 - 8464

	Na
	1920 - 4140
	1895 - 4161
	8841 - 13314

	Cl
	47900 - 70700
	2721 - 17962
	33663 - 49058

	SO4
	not measured
	28843 - 55767
	3582 – 3861


X-ray diffraction showed that in the cement solidified samples chloride, sodium and potassium are present as soluble salts of halite and sylvite. These salts are not present in the Solatech®  samples. Here, most soluble salts were removed during the extraction process. The availability of sulphates in both disposal sites is comparable, yet significantly more sulphate is leached from the Solatech® samples. The pH static tests show that the leaching of sulphates is strongly pH dependant (Fig 1a). For some of the metals, such as Pb the pH static tests also show strong pH dependence (Fig. 1b). A similar but less pronounced pH dependence was observed for Zn. 

 
[image: image7]  
[image: image8]Figure 1: pH static tests on samples from the cement solidified landfill. Amount of Pb (left) and sulphate (right) leached (mg/kg) as a function of pH.
The petrographic characterization and X-ray diffraction data showed that the degree of carbonation differs significantly between the two landfills. Especially, the samples treated with the Solatech® process are carbonated. Here, calcite is present as microcrystalline patches, and as conspicuous fibro-radial carbonate crusts approximately 60 micron thick. X-ray diffraction data confirmed that calcite was one, if not the most prominent mineral in the Solatech® samples. Other minerals detected in large quantities are the hydrated salts ettringite and hydrocalumite, also known as Friedel's salt.  

Within the cemented samples carbonation of the matrix is weak or even lacking as suggested by the abundance of portlandite. Carbonation is only pronounced in the samples from the top of the monolith. In the cemented samples portlandite, calcite, hydrocalumite and ettringite were the main minerals. This difference in degree of carbonation is also reflected in the pH of the eluates of the NEN7345 diffusion test. The eluates of the Solatech® samples are characterized by a pH of 11.0 to 11.9, while leaching of  the cement solidified samples resulted in a pH of 12.2 to 13.1. Carbonation is a process that results from the reaction of Ca(OH)2 in cement with atmospheric CO2.  Carbonation increases with time. Here, however the cemented samples were exposed to atmospheric conditions for approximately 10 years, while the strongly carbonated Solatech® samples only have been exposed to atmospheric CO2for about 5 years, so the increased carbonation of the Solatech® samples can not be attributed to longer exposure times. Carbonation must have been enhanced by the Solatech® process. 

The differences in leachate concentrations of Pb, Zn, and other elements can be largely explained by the more pronounced carbonation of the Solatech® samples. The heavy metals from the MSWI fly ash and APC residues are incorporated or adsorbed to similar phases in the two disposal sites. Apparently, the extraction that occurs during the Solatech® process mainly removes highly soluble salts of potassium and sodium chloride. The difference in leachate concentrations can thus not be attributed to speciation of the heavy metals or to the removal of highly soluble mineral phases. The pH static tests demonstrate however that a lowering of the pH due to carbonation may influence the leachability of the heavy metals from the solidified MSWI fly ashes and APC residues. 
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Abstract

This paper will present the details of construction, operation, and monitoring of a 30-acre, two million cubic meter bioreactor landfill cell at Intersan’s Sainte Sophie Landfill in Quebec, Canada (Intersan is a subsidiary of Waste Management, Inc.).  The first 10 acres of the double liner and LCS was constructed in the fall of 2000, and started receiving over 3,000 tonnes of waste per day in December 2000. The first and second layers of horizontal recirculation piping and gas collection piping have been installed and the site is scheduled to begin recirculation of liquids in fall 2001. Presently, there are over 900,000 tonnes of waste in place. The remaining 20 acres of liner and LCS were completed recently and started receiving waste in December 2001.

Design of the bioreactor cell will be summarized in the paper. Preliminary operating experience in liquid recirculation, and gas collection will be presented. 

Sensors to monitor various bioreactor performance indicators have been installed and monitored since placement of the liner in November 2000. The bioreactor monitoring program includes measurements of head-on-liner, waste temperature and moisture content, waste composition, leachate flow rate and composition, gas flow rate and composition, and settlement rates.
 Preliminary monitoring data will be presented.
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Abstract:  

This paper will describe the waste characterization study done at Intersan’s (WM subsidiary) Sainte Sophie Bioreactor Landfill located north of Montreal, Quebec. The purpose of the study is to gain a detailed understanding of the waste composition in the bioreactor areas (three 10 area areas) to allow accurate estimates of total organic and inert waste content. Results of the study will also allow researchers to correlate bioreactor performance indicators to waste composition. Bioreactor performance indicators include landfill gas flow and composition, leachate flow and quality, and waste settlement rate.
The study will consist of three separate week-long waste sampling events to account for season variation in waste stream composition. Incoming waste samples will be collected, characterized, sorted, and weighed from various types of vehicles based on the proportion of the total waste stream delivered by the various vehicle types. 

Waste organic and inert content values will be assigned to specific waste types (eg. paper, yard waste, food waste) contained in the bioreactor cells according to published information and laboratory tests on selected samples. This will allow researchers to estimate the total organic and inert content of the bioreactor areas.
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Abstract

Time domain reflectometry (TDR) is a versatile monitoring technology that has been successfully implemented in many civil engineering applications.  Using a fast-rising step voltage source, TDR interrogates transmission lines in a way that is analogous to radar.  When a transmission line experiences a “fault” at any point along its length, a voltage reflection appears on the oscilloscope screen, in the same manner that one sees “blips” on a radar screen.  One type of fault may arise when a transmission line kinks or shears locally, changing capacitance at that point.  Subsurface soil and rock deformations are commonly monitored by detecting kinks and shears in buried coaxial cables.  Another type of fault may arise when water infiltrates a transmission line, changing the dielectric constant locally.  For example, leaks in pipelines can be detected using specially constructed coaxial cables.  These two types of faults produce similar negative spikes that can be easily identified in the voltage signal.  The distance to the fault can be determined by knowing the propagation velocity of the transmission line, and the reflection magnitude can be correlated to the fault severity.

The goal of our research is to demonstrate that TDR can be employed to monitor zones of preferential flow and differential settlement within bioreactor landfills.  Although a number of environmental conditions have significant impact on the rate of biodegradation, optimum moisture content is the most important parameter for an efficient bioreactor.  Moisture content within bioreactor landfills is controlled by leachate recirculation.  As solid waste is highly heterogeneous, it is vulnerable to the development of preferential flow paths (PFPs), resulting in uneven distribution of moisture.  The presence of PFPs results in the non-uniform production of leachate in portions of the landfill far earlier than expected, thus leading to accelerated biodegradation in those portions.  Local settlement is likely to develop in regions of accelerated biodegradation.  There may be regions that do not receive moisture and do not degrade.  Thus it is important to know about the presence and density of PFPs to better manage the bioreactor in an effort to achieve uniform degradation.

Research is on going at the University of South Carolina to monitor preferential flow and local settlement over time at any point along standard, metallic coaxial cables.  This research includes a number of experimental laboratory studies.  One study used a Plexiglas tank specially constructed to allow water to permeate through soil or solid waste and drain out from the bottom.  Cables were placed horizontally at multiple elevations inside the tank to intercept vertical water flow.  In a simultaneous study, a large soil box was constructed to monitor differential settlement in soil or solid waste.  Controlled displacement of a “trap door” built into the bottom of the soil box created a subsidence, or settlement, zone above it.  Cables were placed horizontally at multiple elevations inside the soil box to monitor differential settlement.  Results from these experiments will be presented and their ramifications will be discussed.

In summary, these laboratory experiments demonstrated the feasibility of using cable TDR sensors in bioreactor landfills to monitor preferential flow paths and differential settlement.  The next step is to install and monitor these sensors in a real bioreactor landfill.
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Moisture content (MC) is a crucial parameter for degradation of solid waste in landfills. The measurement of in situ MC in landfills poses a challenging task for researchers. Most of the MC measurement techniques suffer from challenges for variation in porosity and conductivity of liquid phase, and the limitations of a specific measurement technique. A composite moisture, temperature, and gas (MTG) sensor was developed for in situ measurement of respective parameters in landfills by researchers of University of Central Florida, University of Florida and Mercer University. Moisture content is measured as a function of resistance across the granular sand matrix contained in the sensor, which has been found to correlate well with municipal solid waste (MSW) moisture content.

Earlier electrical resistance soil moisture sensors used soluble salt that served to insulate the sensor from fluctuations in salinity of external environment. The salt that was used was highly soluble calcium sulfate (gypsum). Past use of these sensors has shown that once wetted, they tend to remain wet. This newly developed sensor measures the electrical resistance of the moisture between the two electrodes in a granular insoluble media. The resistance is inversely proportional to moisture content in the granular matrix. The sensor body is an 8-in section of 2-in. diameter PVC well screen (2 in. ID, 2.375 in. OD, shown Figure 1). A slot size of 1/8 in. was used. Two solid PVC plugs were made for the top and bottom of the sensor.  A small indentation was filed in one of the edges of the top plug to allow access for the mesh wire.  A 6-in by 6.4-in rectangle of market-grade stainless steel mesh (the mesh was sized according to the particle size) was prepared.  A short piece of 18-gauge copper wire was soldered onto the long edge of the mesh near the middle.   A 7.7-in piece of #6 stainless steel threaded rod was cut.  All the PVC fittings were primed.  The bottom plug was glued into one end of the PVC slotted pipe.  The mesh was inserted into the slotted pipe with the 6-in edge running parallel to the pipe axis and with the copper wire at the top.  The #6 rod was centered and the sensor then filled with sand media to a height just exceeding that of the mesh.  The upper plug was then glued in place.   The wire and # 6 rod were attached to electrical connectors serving as the electrodes of the sensor. In order to enhance the transfer of moisture across the sensor, glass fiber wicks were provided.


Figure 1. MTG granular moisture sensor.

Initial experiments were conducted on the sensor to arrive at the optimum size of the granular matrix for the required measurement sensitivity. The conductivity of moisture was found to affect the resistance values. As the change in leachate conductivity in landfill is expected, the sensors were calibrated in laboratory for MSW, with varying moisture conductivities. It was found that there exists a minimum threshold value of about 30 to 35 % wet MSW moisture content for this sensor to measure MC. Temperature was found to have significant effect on the resistance values. A temperature compensation factor needs to be applied to the resistance reading from the sensors installed in a landfill. Field comparison of gravimetric moisture content and laboratory experiments are being carried out to improve on interpretation of data from these sensors.

These sensors were installed in cell 1 and 2 of the New River Regional Landfills in Florida. Initial field data shows a very expected trend of moisture contents in the landfill. Table 1 shows sample values of moisture content measured from the MTG sensors.

Table 1. Sample temperature, resistance, and moisture content values from the landfill.

	Monitoring location
	Temperature

(oC)
	Resistance

(k Ohm)
	Moisture Reading

( Percent wet MC) 

	Well #
	Level
	
	
	

	J4
	Lower
	55.69
	0.050
	69.50

	
	Middle
	54.35
	0.268
	64.61

	
	Upper
	45.19
	1.346
	56.95

	I9
	Lower
	50.86
	6.060
	45.87

	
	Middle
	48.90
	22.610
	31.50

	
	Upper
	42.06
	24.684
	30.34
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The New River Regional Landfill (NRRL) in north Florida is hosting a Florida Bioreactor demonstration project. The primary goal of the landfill bioreactor demonstration project is to design, construct, operate, and monitor a full-scale landfill bioreactor in Florida in a manner that permits a complete and fair evaluation of this technology as a method of solid waste management in Florida, with appropriate consideration of science, engineering, environmental and economic issues.  The basic components of the NRRL bioreactor demonstration project include: 

· A leachate recirculation system of wells installed over a ten-acre area,

· Modification of the leachate collection system to allow collection and testing of leachate from distinct areas within the landfill,

· A temporary membrane cap installed on the slopes and the top of the landfill area subjected to treatment,

· A combination air injection and gas extraction system to allow the landfill to be operated both aerobically and anaerobically (all gas emissions will be collected and characterized), and

· In situ instrumentation to permit monitoring of moisture content, temperature, gas composition, and leachate and gas flowrates; landfill surface profiling to evaluate settlement; and parallel studies to investigate head on the liner and pressure at the liner due to overlying wastes.

The traditional method of landfill bioreactor operation involves enhancing waste stabilization by anaerobic microorganisms.  Recently, increased interest has been focused on the introduction of oxygen to the landfill to create an aerobic bioreactor.  Air is typically injected into the landfill with the same devices used to extract gas or inject leachate (vertical and horizontal wells).  Aerobic bioreactors have been promoted as a method to accelerate waste stabilization and to reduce methane content in landfill gas.  Concerns that remain which prevent widespread use of this technology include the issue of landfill fires and added power costs.  The NRRL demonstration project will employ aerobic and anaerobic bioreactor practices providing an opportunity to compare and contrast technical and economic aspects.

The landfill bioreactor has been instrumented for the purpose of collecting in-situ measurements of such parameters as leachate head on the liner, waste moisture content, waste load, gas composition, and temperature of the waste.  Baseline parameters have been collected over the past several years.  Construction is expected to be completed in May with startup during summer 2002.

The startup of the anaerobic zone involves the controlled recirculation of leachate and/or other fluids (groundwater or wastewater treatment plant effluent and biosolids). Aerobic treatment will begin with controlled air injection into a small area of the aerobic zone. During the startup phase, the aerobic zone will be very carefully monitored for temperature, off-gas composition, and moisture content.  The purpose of the start-up phase is to assess responses in landfill conditions as a function of limited air or leachate injection.

This presentation will provide a description of project construction and start up operations and a summary of in-situ monitoring instrument and leachate/gas quality data obtained to date.
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The results of investigations from many old landfills in Germany show that significant emissions occur under anaerobic conditions as they normally appear in the landfill bodies. The significant emissions via the gas phase will last at least 3 decades after the closure of the landfill while leachate emissions are predicted for many decades or even centuries. By taken into consideration the surrounding of the old landfills and the type and quality of protection barriers, which are missing in most cases for the old landfills, the emissions from the these landfills may result into a significant negative impact of the environment.

By the aerobic in situ stabilisation by means of the low pressure aeration of old landfills we attempt to reduce the inventory of organic matter inside the landfill body in order to modify and to stabilise it in a way that the emission potential will be significantly reduced. This aim can be achieved by means of the aerobic degradation processes which are much faster than the anaerobic degradation. This results in a reduction f.e. in hydrocarbons as well as nitrogen in the leachate phase. In principle the same processes are installed in the old landfills that are used for the biological pre-treatment of residual waste. This process is used in Germany and many other European countries with increasing tendency. Further more the accelerated aerobic in situ stabilisation has a significant cost saving potential due to a reduction of the aftercare period. In addition there is the possibility in the modification of the cost intensive surface liner system as it is prescribed by the German Technical Guidance Municipal Solid Waste to an alternative surface cover system after the aeration measures have been terminated.

Since the second half of the year 1999 a R&D project was financed by the German Ministry of Research and Technology (BMBF) and the Landkreis Rotenburg (Wümme). Within this project the Consultants for Waste Management, Hamburg and the Technical University of Hamburg-Harburg are going to investigate the full scale application and the operation of the in situ stabilisation.

In order to demonstrate the effects of the aeration on the emission behaviour of the landfilled waste and more over to reach important indications for a successful operation of the installed aeration equipment extensive laboratory investigations in landfill simulation reactors (LSR) on waste samples taken from the old Kuhstedt Landfill have been carried out and in addition are still going on. The intermediate results of these long term investigations are presented in the paper. In general the tests show that due to the aeration biodegradable organic components are converted faster, nitrogen concentrations in the leachate can be reduced significantly but on the other hand the buffer capacity is reduced and sulphide concentrations increase interim. Apart from the effects on the leachate quality the carbon conversion and discharge via the gas phase during the aeration is increased in a considerable way.

The full scale realisation of the aeration measures at the old landfill “Kuhstedt” consist of a system of 25 gas wells. Each well can either be used for the aeration or for the extraction of the exhaust air which is treated afterwards by non-catalytic oxidation or activated carbon. After the planning and preparation phase the equipment for the aeration measures has been installed in summer and early autumn 2000. Since October 2000 gas was extracted out of the landfill body and in April 2001 the active aeration measure started. The first results from the monitoring of the gas phase, leachate and groundwater composition and temperatures in the landfill body show that the positives effects, indicated by the lab scale investigations, can also be measured in full scale. This particularly includes the changing of the milieu conditions from anaerobic to aerobic (changing of the pH- and Eh-values), the reduction of the ammonia concentration in the leachate (followed by nitrification processes, shown by the appearance of nitrite and nitrate, and subsequently denitrification in operation phases with limited aeration), in accelerated carbon discharge (compared to the former anaerobic conditions) and a significantly temperature increase (following a clear correlation between oxygen supply and the amount of biological degradable organic substance) in the landfill body.

The results of the monitoring program will be presented and compared with the results taken from the preceding lab scale investigations in order to demonstrate the potential and importance of these tests. Finally data respecting the costs of aeration measures will be presented in relation to the type of landfill to be remediated.
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Development of reliable, applicable and cost-effective measurement methods for

estimation of methane emission and methane oxidation at landfills, is an important and

frequently discussed issue. Results based on a case study of methane emissions from a

large-scale Swedish landfill are presented. The work is part of an ongoing project aiming at improving the estimate of the Swedish landfill methane budget, besides presenting a measurement technique for methane emission monitoring. A measurement strategy, integrating over the landfill surface, is applied for estimation of the total landfill methane emission. The technique is called the Time Correlation Tracer method, and is based on controlled tracer gas release in combination with time resolved concentration analysis in the downwind plume of the landfill, using FTIR spectroscopy. The methodology is shortly described, followed by a thorough discussion of the applicability and performance, addressing issues like meteorological conditions, seasonal variation, measurement precision and uncertainty. In order to obtain a measure of the gas recovery efficiency at the landfill site, both the atmospheric emission and the level of methane oxidation have to be measured simultaneously. The rate of methane oxidation at the landfill is estimated using the common technique based on a shift in isotopic carbon signature, occurring as the landfill gas is transported through the cover material into the atmosphere. Methane oxidation results from several measurement occasions, including seasonal effects, are presented.
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Legislative mandates and other factors are providing incentives for the development of a number of processes aimed at decreasing the amount of waste disposed in landfills.  Major efforts in this area have been achieved in some countries that belong to the European Union.  This paper will review the legislative changes that have been made in some industrialized countries and will present some of the latest advances in technologies for mechanical biological treatment (MBT).  Additionally, changes in waste composition affect the operation and performance of landfills.  The effect of these changes will also be discussed. 
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This paper will review the history of R&D in the field of waste management and describe the authors’ views regarding future R&D that could further improve waste management systems.  Research and development has contributed substantially to the development and improvements of modern solid waste management practices over the past 30 years.  Examples of the importance of R&D can be found in the design, operation, and performance of sanitary landfills and a wide variety of resource recovery systems.  Research and development will remain a key tool supporting waste management due to a number of reasons.  The reasons include: 1) the changing nature of the waste stream as increased waste reduction occurs and as manufacturers produce more environmentally-friendly products, 2) the need to design and operate efficient systems such that costs are minimized while performance is not compromised, 3) shifting policies and regulations related to solid waste management, and 4) new advances in waste management techniques are oftentimes identified and proven at the R&D level.  In the paper, the authors will describe needed R&D related to waste characteristics, collection, processing, and disposal, as well as to policies affecting solid waste management. 

Abstract #51




Session
FORCED AERATION UNDER A LANDFILL COVER 

H. SCHARFF *, H. OONK@ R. VROON@, H.A. VAN DER SLOOT# AND A. HENSEN #
*   Afvalzorg Deponie bv, P.O.Box 6343, 2001 HH  Haarlem, The Netherlands
     tel: ++31 23 5534 322; fax: ++31 23 5534 544; e-mail: h.scharff@afvalzorg.nl

@  TNO-MEP, P.O. Box 342, 7300 AH  Apeldoorn, The Netherlands
#  The Netherlands Energy Research Foundation (ECN), P.O. Box 1, 1755 ZG  Petten, 
   The Netherlands
ABSTRACT

On the Braambergen landfill site Afvalzorg has tried to reduce the emission of methane and odorous components by adding a layer of 0.5 m compost on top of a 0.8 m soil cover hoping this would improve oxidation. Hot spots and/or preferential pathways have caused failure to meet the objectives. Following a feasibility study into improvement options for abatement of landfill gas emissions Afvalzorg has decided to carry out a demonstration project (September 2000 to September 2002). The project aims at improved oxidation in the top layer of the waste and the covering soil. For this purpose Afvalzorg has purchased a landfill aeration plant. Apart from improving oxidation, the control measure will also aerobically convert a significant portion of the waste. This reduces the methane generation capacity of the aerated part of the waste. It also provides the possibility to generate data on another option to reduce methane emissions from landfills: removal of the methane potential through in-situ waste stabilization in aerobic landfills.

Goals

1. To demonstrate and determine the efficiency of methane emission reduction due to improved oxidation using forced aeration;

2. To obtain design criteria for forced aeration to enhance oxidation, resulting in reduced investment and operational costs in future applications;

3. To obtain information of the design and effects of forced aeration in an aerobic landfill

Equipment

At the landfill site on a surface of approximately 2 ha around 400 lances with a length of 2.5 m are inserted in the slopes of several landfill cells. The waste in these cells is to a large extent combustible waste, landfilled between 1997 and 1999. The slopes are covered with at least 1 m of topsoil, with in some areas 0.5 m of compost added. The bottom 1.5 m of the lances is perforated, through which intermittently air is introduced and extracted. The air rapidly changes the anaerobic conditions inside the waste into aerobic conditions and the emission of anaerobic degradation products (e.g. methane) is interrupted. These products will be oxidized more efficiently in the aerated layer of waste as well as in the covering soil. Thus a 2.5 m thick biofilter is created. The extracted air is treated in a biofilter. By changing the direction of the air the occurrence of preferential flow paths is limited. Also water that is removed from the “waste biofilter” is to a large extent returned. This prevents the “waste biofilter” from drying out and losing its function. 

Research approach

Reduction of methane emission by means of forced aeration can be caused by several mechanisms:

· promotion of methane oxidation by improved activity of methane oxidizing micro- organisms;

· inhibition of methane formation by introduction of oxygen;

· reduction of methane formation potential by aerobic degradation of organic material;

· very intensive gas extraction by ensuring higher suction than aeration rates.

Reduction of methane emissions is the main objective in this initiative, thus the main emphasis is on monitoring of methane emissions. Because of the small surface of the demonstration project box measurements are unavoidable. Mass balance and mobile plume measurements are carried out to check the box measurements. Measurements are carried out both before (baseline), during and after the demonstration project. The oxidation efficiency is determined by the difference between methane emission before, during and after aeration.  During aeration, gas composition data (CH4, CO2, O2) pressures and (P/T corrected) flow-rates in the aeration system are recorded. Thus methane emission of the biofilters is included. Preferential flow paths are discovered by box measurements. “Waste biofilter” samples are collected by means of drilling cores. In the boreholes porous ceramic cups are installed to periodically extract water from the waste. Although it is almost impossible to close a carbon balance by means of comparing carbon emitted with carbon loss in the waste, valuable data with respect to aerobic stabilisation, remaining methane forming potential and leaching behaviour of the waste can be derived. These data generate information on process conditions for aerobic landfills. 

Results and planning

The emission of the baseline situation has been determined in September and October 2000. Samples of the waste and the topcover have been taken in October 2000. The equipment has been installed end of October / beginning of November. The system is in operation since mid November. Methane emission measurements have been carried out in February and August 2001. One more campaign is scheduled for the summer of 2002. Also available for presentation in the paper are the results of the quality change of the pore water in the waste. The results of the difference in oxidation capacity and methane formation potential based on waste characteristics will become available after a second round of soil and waste samples scheduled for the summer 2002. These data are presented during the symposium.

Preliminary conclusions

Baseline and control emission measurements show an initial reduction of methane emissions of the entire landfill cell (5.5 ha) of approximately 40% after implementation of forced aeration and air extraction. Box measurements indicate that the reduction on the slopes (2 ha) where aeration takes place is much higher (80-90%). Data from the aeration system indicate that half to two-thirds of this reduction is caused by intensive gas extraction. The contribution of the other mechanisms will be verified in the summer of 2002.

An initial methane oxidation capacity of 2.6 l/m2/hr is determined for the top cover soil. This is in accordance with data from literature. The methane oxidation capacity decreases with increasing depth. As expected for the underlying waste the oxidation capacity is low (0.1 l/m2/hr). The oxidation as caused by landfill aeration does not appear to lead to significant increases in leachability. This implies that, apart from DOC and redox conditions, leachate quality after landfill aeration is not expected to change dramatically. 
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ABSTRACT

The static stability of ash landfills is related to the internal strength of the ash, the interface strength between landfill components, the landfill geometry, and the subgrade strength and compressibility.  The seismic stability involves these same considerations, but is also related to the dynamic response of the ash material and the characteristics of the earthquake-induced ground motion.  This presentation will present and discuss extensive geotechnical laboratory and field testing performed for the design of a 75 acre ash landfill expansion located within a seismic zone of the eastern United States.  The presentation will also illustrate the application of this data to the evaluation of ash landfill stability.

The geotechnical characterization of the ash consisted of conventional and innovative testing procedures, including the following for evaluating the landfill’s static and seismic response: (1) cone penetration testing to measure tip stress, sleeve stress, and pore pressure development; (2) seismic cone penetration testing to measure the in-place small strain modulus; (3) conventional consolidated-isotropically undrained compression triaxial tests; (4) state-of-the-art resonant column/torsional shear testing to establish modulus reduction and damping curves, and; (5) extensive interface strength testing between ash and geosynthetics.

The presentation will review global static stability for landfills performed using limit-equilibrium solutions, and cover system stability performed using established closed-form solutions.  The more complex characterization and analysis required for evaluating the seismic stability of landfills will be examined in more detail.  The presentation will illustrate the application of pseudo-static approaches for evaluating the seismic performance and will also describe more detailed analysis techniques such as non-linear dynamic analysis using programs such as SHAKE91 and FLAC.  
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ABSTRACT

Approximately one-fifth of the earth’s surface is underlain by carbonate rocks that exhibit features such as rolling hills, sinkholes, and underground caves. Such karst features develop as the carbonate rocks (e.g., limestone and dolostone) actively react with slightly acidic rainfall and groundwater. The karst development process (i.e., solutioning) creates conduit-type flow components and caves in the bedrock, as well as, voids in the cover soil due to downward soil migration.  This potential for significant ground subsidence and collapse present risk to overlying settlement-sensitive structures.

Landfills are particularly vulnerable to the risks associated with karst for the following reaons: (1) landfills are designed as grade-supported and can exert significant vertical pressures on the ground surface, and (2) landfills are designed to provide containment of the waste materials using physical barriers that are sensitive to differential movements and can be damaged by ground collapse and/or subsidence.  

The risks associated with karst-related instability can be effectively mitigated by applying geotechnical engineering.  The geotechnical aspects of landfill design in karst include: (1) characterization of conduit-type groundwater flow components, (2) evaluation of the risk of ground surface collapse, (3) evaluation of the risk of long term subsidence, and (4) determination of suitable landfill components and subgrade preparation.  This presentation will describe the engineering characteristics of karst with emphasize on the hard rocks of the Valley and Ridge physiographic province.  The presentation will also outline karst-related geotechnical aspects of landfill design and describe engineering lessons learned from several projects to illustrate both conventional and more innovative engineering analyses and solutions.
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The management of residual substances in the industrial countries at the beginning of the 21st century is characterised through End-of-Pipe techniques whose aims are in general not in agreement with a closed-circuit system, but rather with the extraction of waste from the material flow. In Germany in1997 24,05 million Mg (approx. 42%) of the 56,3 million Mg municipal solid waste was landfilled without pretreatment. EU-wide in 1998 64% of the municipal waste was landfilled.

Many of these landfills have neither a base sealing nor collecting systems for the emerging seapage water and landfill gas. A direct infiltration, of the pollutants present or synthesised in the waste, into the ground water or release into the atmosphere is uncontrolled. The landfills which have sealing systems prevent the appearance of pollutants for a certain time period but, without a pretreatment of the residual waste, however, the pollutant potential remains in the landfill body. Today's waste management problems are in this way only burdened on the following generations. The Mechanical-Biological waste treatment is able to minimise the contamination potential of the residual before it is landfilled. The seapage water concentrations and the gas formation are substantially reduced. If the mechanical-biological residual waste treatment is integrated into a overall plan for material-flow specific waste treatment, then material streams for utilisation (material and energetic) and for nature integration can be won. When the residual waste is seen as a heterogeneous substance mixture, then the utilisation potential of the residual waste can then be exploited.

The characteristics of the complete waste vary seasonally and regionally causing the waste composition to deviate within a large frequency range. The material characteristics of the specific waste streams change thereby little or even remain constant. If the separation of the residual waste into specific material streams of high quality can be achieved, the arising value substances can be utilised industrially or reintegrated in nature.

The considerations for the separation of the material streams after a biological stabilization lead to the conception of a material flow specific residual waste treatment system, with the biological stabilization as central component. This conception developed by the Institute for Landscape Construction and Waste Management of the University of Rostock, contains a waste treatment system with three separation steps. After the mechanical treatment (1st separation step) with the removal of bulky materials and contaminants comes the biological treatment (2nd separation step) which creates the conditions allowing for a further treatment. In the biological step the natural organic substances are decomposed to carbon dioxide and water as well as largely water insoluble mineral and humus substances which do not adhere to synthetic materials. The prerequisites for a third separation step are thereby fulfilled. Here the stabilized residual waste is separated to such a degree, that substance streams in industry quality can be achieved (Fig. 1). The separation can partly be carried out with available separating systems (screening, air separator) or newly developed systems (wet separation). 
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     Fig. 1: Material streams and Recycling path

Potential pollutants are concentrated in the arising fine fraction. The heavy metals can be fixed in the context of the biological treatment into the Humus substances, so that insoluble metal organic complexes are created. If the load of the fine material with organic and/or inorganic pollutants so great that a utilisation (e.g. as recultivation layer in landfills) is excluded, then it can be landfilled or treated thermally in a soil treatment plant. Through the biological treatment the material is stabilized to such a degree that, in the case of landfilling, practically no gas building or seapage water load are to be expected. The oxygen demand and gas formation could be reduced to such a degree that they were under the detection limit (AT4 <1 mg O2/g dry substance, GB21 < 5 Nl/kg). This stabilization has already been technically proofed on a large scale in Bad Kreuznach and Stendal (Germany).

After the biological treatment and material stream separation using material flow specific treatment, from the original volume (masse) only approx. 30 %, which if highly contaminated must be treated or landfilled. Through this valuable landfill volume and treatment costs are spared.
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In a interdisciplinary German Research association (DFG) research programme, supplemented by the Volkswagen foundation, the long-term effect of landfills on surface water was investigated. Sixteen institutes have been involved with the investigation of this question over a period of 20 years. The investigation of landfills was mainly carried out on 15 defined landfill sections and 4 defined sections in interstitial groundwater aquifers identical to those found under natural conditions. 

It was shown that the present understanding of the extent and duration of surface water contamination is not applicable. The emissions from landfills are considerably more extensive and potent than is at present realised. Particularly important is the recognition that anaerobic landfills which appear to be stabile are in fact only conserved in an inactive state. Through physical disturbance or diffusive penetration of oxygen, they are intensively reactivated and give off  toxic emissions. Long-term surface and groundwater contamination is particularly caused by the organic toxins from industrial products.

The self-cleansing effect of the groundwater in only partially effective in respect to organic toxins, which means that these decisive long-term pollutants can be widely dispersed.

A reactivation of the emissions can only be avoided by a biological treatment of  all slightly contaminated waste material before deposition. This treatment must at least create the preliminary requisites for stabile aerobic soil formation. All medium and heavily contaminated waste materials must undergo a thermal treatment.

The solution which at first seems to suggests itself, that is to remove the waste from the respective landfills using building construction machinery and treatment in thermal treatment plants, leads to health risks for the construction workers and residents in the neighbourhood; problems with the treatment of the undefined  mixture of domestic garbage, hazardous waste and soil; and increases the treatment costs considerably due to the costs of the construction work.

A reasonably priced solution consists in stabilising the waste in situ biologically to such an extent that the maintenance of industrial health and safety standards is thereby achieved and a into classified fraction separable and utilisable material is won (Fig. 1). The ARGE excavation has, with the completed excavation of the  Berger-Landfill, Wiener Neustadt (1 million m3, partly with considerable groundwater levels), proved that with this method the total costs of the excavation with biological treatment do not necessarily need to be higher than a  thermal treatment of a newly delivered residual waste.
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Fig. 1: Cleared Masses [Mass-%] and their Disposal Route (Data: ARGE Clearing)
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The utilization of geospatial analysis techniques were evaluated for their application for estimating the surface emission rate from spatially distributed flux chamber measurements.  The estimation of the whole surface emission rate can be problematic when there are only limited discontinuous surface chamber measurements.  The complication results from the heterogeneity in the resulting flux measurements across the surface of the landfill.  Furthermore, in order to collect an adequate number of chamber flux measurements to describe the large surface area can take several days, which could mean changes in the spatial distribution of the flux during the course of the measurements.  Commonly the arithmetic mean multiplied by the surface area has been used in past efforts due to the fact that this provides an unbiased estimate regardless of the underlying distribution.  However, this technique can over or under estimate the surface emission depending on the spatial variability and spatial extent of the higher flux regions of the surface and what percentage of this variability was captured in the measurements.   There has only been limited use of geospatial techniques for estimating the resulting surface emission from landfills.  Extreme care must be used in the application of various geospatial models due to the lack of the model’s ability to predict the spatial distribution.  Therefore, a methodology was sought that did not make any assumptions on the distribution of the flux measurements, but still allow the interpolation of discrete flux measurements to evaluate the entire surface emission rate.  The use of the site methane mass balance was used to assess the validity of the resulting surface methane flux rates. The results of field application of this technique will be presented.  
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Landfills have been cited as a primary anthropogenic source of methane to the atmosphere.  However, current models do not address the complexity of methane oxidation and the attenuating effect on emissions through the landfill cover.  Prediction of landfill emissions on a country basis has remained focused on the quantity of refuse in place versus accounting for interactions within the landfill cover.  Field and laboratory studies have shown that the landfill cover itself can oxidize a few percent to all of the methane passing through the cover soils with temperature, soil moisture, and physical properties as primary controlling variables.  The goal of this paper is to present recent modeling results on microbial degradation of organic methane compounds during transport through soil.  A better understanding is needed in the mechanisms to achieve an accurate model representation of the attenuating effect.  Modeling of methane oxidation has treated oxidation as a sink in the convection-dispersion equation (CDE).  The initial emission model that was developed (LMEM) modeled oxidation through a collision algorithm rather than through first order degradation or other (Michaelis-Menton or Monod) kinetic models.  The framework of LMEM allows for the modeling of the predicted maximum oxidation zone and can illustrate some of the limiting factors to methane oxidation (oxygen diffusion and growth media).  Currently all the soil in a node is represented by a single sphere.  Therefore, the ratio of area to volume for a 1cm3 node is 
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 is the total porosity.  For real soils, these ratios are several orders of magnitudes higher with the clayey soils having surface/volume ratios approaching 106 
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 or higher.  This emphasizes the need to increase this ratio in the model.  

Additional efforts have also involved the modifications to a calibrated heat and gaseous transport model (CHAIN-2D) to account for the microbial oxidation both kinetically and through soil collision parameters.  The advantage of this approach is that both heat and solute transport are modeled, so the effects of temperature on the oxidation rate can be examined.   In addition, moisture changes are also modeled which will be critical in the determination of the potential impact of soil moisture on overall projected oxidation rates.  Results on the effect of the oxidation on soil pH will also be presented as another potential limiting factor to methane oxidation.  
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Abstract:

Methane is one of the greatest contributors to global warming, and landfill gas (LFG) emissions are one of the largest sources of anthropogenic methane. Treatment of LFG therefore offers a great potential to reduce greenhouse gas emissions. At younger landfills, LFG can be utilised as an energy source for power and heat generation or burnt in flares. Since the quantity of LFG decreases with time, thermal treatment is not possible any more at old landfills.

In a four-year co-operative research project funded by the German Federal Ministry of Education and Research, the potential of methane oxidation in biofilters is investigated. This presentation focuses on systems using forced aeration techniques, where LFG is mixed with ambient air and introduced into the biofilter by means of a blower.

The experiments are carried out in a bench scale and a technical scale plant and in laboratory batch essays.

In the bench scale plant, biofilters with a volume of approx. 12 L each were loaded with 150 L/h of air mixed with varying concentrations of methane. Before entering the filters, the air was humidified with a scrubber. From the results of these experiments, design data for the larger technical scale plant was extracted.

Degradation rates of up to 25 g CH4 per m³ filter material and hour could be obtained at temperatures around 29 °C. However, the degradation rates dropped to 15 g/m³h with temperatures around 24 °C. This strong temperature dependency may lead to problems during winter time operation and had to be taken into account for the technical scale plant. 

Another problem that occurred with fine-grained filter materials was the accumulation of exopolymeric substances (EPS), leading to clogging of the filter material. EPS are generated by methanotrophic microorganisms and mainly consist of polysaccharides. The mechanism of EPS generation is not yet completely understood; some authors assume that they are produced in order to prevent formaldehyde accumulation in case of a lack of nutrients. 

The technical scale plant is set up at an old landfill, so the experiments can be carried out with LFG that, besides methane, also contains carbon dioxide and a variety of trace gases. The technical scale plant consists of four biofilter units, each divided into three stages. The total filter volume is about 4 m³. Based on the data of the bench scale experiments, the technical scale plant has been designed to treat approximately 12.5 m³/h of a LFG-air mixture with a methane concentration of 2 % v/v. In order to provide sufficient temperatures for the microorganisms, thermal insulation of the container, pre-heating of the inlet air, and a partial recirculation of the treated gas has been installed.

In first experiments, different filter materials were used in the technical scale plant: expanded clay, wood chips, and compost. All materials were relatively coarse grained to avoid clogging. 

Unfortunately, the coarse materials did not match the performance of the fine compost, probably due to the lower inner surface area. At present, experiments with new substrates are carried out in the bench scale plant and in the laboratory. A mixture of compost, peat and fine wood fibres showed promising results. In another filter, the degradation rates could be increased by additional gas distribution layers.

In our presentation, we will present the results of our investigations and the practical experience we gained from the operation of the different experimental plants.
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U.S. Field Test Measurement Programs for Landfill Gas

This paper will provide an overview of three ongoing field test measurement programs by the U.S. EPA’s National Risk Management Research Laboratory (NRMRL).  There is concern about potential toxics from landfills, particularly those pollutants that are persistent bioaccumulative toxics such as mercury.  Emissions of methyl- and dimethyl- mercury have been detected at municipal solid waste (MSW) landfills in some limited work that was done in Florida.  The Urban Air Toxics Strategy has identified landfills as a source to be evaluated.  In addition, other requirements under the Clean Air Act are resulting in additional evaluation of landfill gas emissions.  Credible, up-to-date data are needed on which to base these evaluations.  

The first of these field test programs is directed to get data from MSW landfills.  The type of sites to be selected will be those that are (1) representative of conventional landfilling practices in the U.S., and (2) in compliance with regulatory requirements.  Landfills have been found to emit more than 100 non-methane organic compounds (NMOCs) such as benzene, ethane, toluene, and vinyl chloride,  in addition to carbon dioxide and methane.  When landfill gas is combusted (either in flares, reciprocating engines, boilers, or turbines), emissions of nitrogen oxides, carbon monoxide, sulfur oxides, and other combustion by-products are released to the atmosphere.  The data will be used in developing emission factors for sites without gas controls in place (i.e., uncontrolled) and combustion by-products for the range of technologies in use.  

Much of the data used to develop existing emission factors are from the 1980s and early 1990s.  Given changes that have occurred to waste composition, management practices, combustion technologies, and regulatory requirements, there are questions about the representativeness of  existing data for characterizing landfill gas emissions.    It is important that credible, up-to-date emission factors are used in developing state and national emission inventories since many of the pollutants attributed to landfills can become an issue when addressing local air quality concerns.  

A partnership between EPA and the Environmental Research and Education Foundation was formed through a Cooperative Research and Development Agreement (CRADA).  This partnership provides co-funding which will allow comprehensive measurements to be conducted at 6 to 8 sites.  The input from this field test program will be used to verify industry- and state-supplied data.  Revisions to existing emission factors are to be drafted by the spring of 2003.  Any revisions or updates will undergo Agency and public review prior to publication.

The second field test program is focused on measuring mercury and fugitive gaseous emissions from a landfill bioreactor.  There has been a dramatic increase in interest in operating landfills as bioreactors.  Typically these projects have liquid additions, such as leachate, sludge and other materials, that help to make conditions more favorable so that anaerobic microorganisms degrade waste more rapidly.  Questions have been raised about the fate of mercury in landfilled waste, particularly for sites where septic sewage is being added to help provide more optimum conditions for the microbes.  Mercury is also introduced into bioreactor cells as a result of consumer and industrial waste.  Results from field measurements of total, elemental, and speciated mercury (including methyl- and dimethyl-mercury) will be reported.  

The second field test program will also evaluate potential fugitive emissions associated with bioreactors operated as a (1) “retrofit” – where in-place waste is being modified to accept liquid additions to help accelerate the decomposition rate, and (2) as “in situ” – where operation as a bioreactor occurs early on and gas collection and control is installed as part of the design.  The study includes a control.  Fugitive emissions will be evaluated at the control, retrofit, and in-situ bioreactors using  a newly developed technology of optical remote sensing with computed tomography (ORS-CT).  

The third field test program to be included in this program is for superfund landfills which typically are older MSW landfills where hazardous waste has been codisposed of.  A guidance document has been developed that addresss the air pathway concerns at these sites.  Three sites have been selected to illustrate this guidance prior to its final publication in the fall of 2002.   

This paper will provide an overview of these field test programs and available results.  This paper will undergo EPA review including peer, quality assurance, technical editorial, and administrative.  
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Modelling of the source term for a predominantly inorganic waste landfill using data obtained from laboratory-scale testing, lysimeter studies and pilot scale monitoring.

H.A. van der Sloot*, A. van Zomeren*, J.J. Dijkstra*, D. Hoede*, H. Scharff** 

* ECN, P.O. Box 1,  1755 ZG Petten, The Netherlands

** Afvalzorg Deponie B.V., Haarlem, The Netherlands

vandersloot@ecn.nl

For setting proper limit values on wastes to be landfilled, a better understanding of the processes taking place within the landfill body is needed. Not the individual wastes disposed in a site are of relevance, but rather how the wastes mutually interact leading to  concentrations in leachate from an entire cell or landfill site as a function of time. The latter is important from the operator’s perspective in relation to the necessary aftercare. The key question being: is leachate treatment required in the long-term? And if yes, what level of leachate treatment would be required or can measures be taken to eliminate the need for leachate treatment after closure?   

A proper description of the processes between wastes and within wastes in the landfill body is crucial as it can lead to less severe release than anticipated on basis of evaluating individual waste leaching and can lead to measures to control undesirable inputs into the landfill.  The kind of information that is important for any decision is a proper projection of long term behaviour with information on the concentrations to be expected from a given landfill scenario as a function of time. This creates the major challenge to apply modelling and accelerated testing in the laboratory to allow such long term prediction. 

In the framework of a Dutch national research project on sustainable landfill, laboratory experiments, lysimeter studies and a 12000 m3 pilot demonstration project are carried out in conjunction with speciation and release modelling. The waste input to the pilot cell is controlled by more stringent acceptance criteria than currently required by regulation. Samples were taken from all waste streams deposited in the cell for the laboratory testing and for filling three lysimeters with a representative waste mixture. 

The studies at field, lysimeter and laboratory scale represent different time scales through the liquid to solid ratio, to which the waste is exposed. By carrying out a pH dependence leaching test on the waste mixture information on chemical speciation can be derived through geochemical modelling. The role of dissolved organic carbon (DOC) on metal mobilisation is addressed by applying the NICA-Donnan model in ECOSAT. The relative importance of reducing conditions versus DOC mobilisation is addressed. 

The time-dependent source term for the predominantly inorganic waste landfill is modelled to provide a prediction of long-term leachate quality. This information can be used as input for contaminant transport modelling in the unsaturated and saturated zone to assess local impact, which forms the basis for management decisions on acceptance of waste and treatment of waste prior to disposal.
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Effect of landfill caps on leachate and gas production-

A review of experience in Delaware Landfills.

By

N.C.Vasuki, P.E., DEE

Delaware Solid Waste Authority
The Delaware Solid Waste Authority has constructed and operated four large scale landfills in Delaware starting in 1981. One large landfill was closed and capped with a 61-cm clayey soil layer in 1985. Leachate quality and settlement information was obtained via periodic sampling and surveys. Two smaller landfills in the southern part of the state were constructed with discrete cells varying in size. Three cells have been capped – one with soil material, one with USEPA Subtitle D type and the third with an exposed membrane cap. Landfill caps allow varying amounts of infiltration of precipitation depending upon the cap design.  The capping systems employed in each landfill will be described along with information on leachate quality and quantity, and settlement information. A recommendation for reviewing and modifying the capping regulations to allow controlled infiltration will be presented. The type of capping system employed could influence the length of the post closure period of the landfill cell and its relative stability.
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MODELLING CHEMICAL AND BIOLOGICAL PROCESSES OF SOLID WASTE ANAEROBIC DIGESTION

Vasily Vavilin

Water Problems Institute,  Russian Academy of Sciences, Gubkina str., bld. 3, 119991 Moscow, Russia (Phone.: 7 095 135 4006; Fax: 7 095 135 5415; E-mail: vavilin@hotmail.com) 

In the anaerobic digestion of the organic fraction of municipal solid waste (OFMSW), under imperfect mixing conditions, methanogenic bacteria require sites where they will be protected from rapid acidogenesis. Volatile fatty acids (VFAs), which are transferred from the acidogenic to the methanogenic areas, serve as the precursor for methane production.  However, high VFA concentrations (directly or indirectly through pH) inhibit both methanogenesis and hydrolysis/acidogenesis. Thus, mass transfer processes and adequate microbial seeding may be extremely important for anaerobic digestion of OFMSW. 

To optimize landfills as biochemical treatment systems, an adequate simulation model taking into account the chemical and microbiological processes occurring into the landfill body should be created. We developed the distributed models of solid waste anaerobic digestion in 1-D batch and continuous-flow reactors with leachate recirculation and pH adjustment where spatially separated initial biomass and waste concentrations were considered.  This approach allows to view the bioreactor as an active medium that provokes concentration waves from some area of methanogenic initiation (local VFAs depression) to the total reactor volume. OFMSW, VFAs, methanogenic biomass concentrations were included in the model as the main variables taking into account the processes of VFAs diffusion and advection. The sodium concentration was also included as the variable in order to describe pH adjustment. Two types of waste (rich and lean) were considered in the model. It was assumed that in the reactor areas around lean waste the methanogenic bacteria have a more favourabale conditions to be protected from high pH  arisen in the process of a rich waste degradation. 

The model was calibrated on published earlier laboratory experimental data on sorted and unsorted municipal solid waste, and food solid waste (Barlaz et al., 1989; Lagerkvist & Chen, 1992; Cho et al., 1995; Salminen et al., 2000; Jokela et al., 2001). According to model simulations, in order to reduce the time needed for significant solid waste reduction and methane production, the rates of hydrolysis/acidogenesis and methanogenesis should be balanced. Optimal conditions for methanogenesis is more important at the initial stage, but hydrolysis/acidogenesis is important at the final stage of digestion. 

The model shows that mass-transfer-based acceleration of methane production in the reactor is possible when the intensity of VFAs utilization in the methanogenic areas is sufficient for a complete digestion of the incoming VFAs. Otherwise, initiation  methanogenic areas will be suppressed by increasing concentration of VFAs. According to the model, OFMSW degradation and methane production were stimulated by leachate recirculation and neutralization if inhibition of methanogenesis and hydrolysis was prevented rapidly throughout the reactor volume, which could be achieved by increasing the liquid flow rate.

The obtained results emphasize the importance of considering spatial heterogeneity of the process for the analysis of solid waste anaerobic degradation in bioreactors and landfills. The model simulations showed that an initial spatial separation of rich waste and inoculum enhanced solids reduction and methane production at high waste loading if VFAs diffusion from acidogenic to methanogenic areas is not high enough. The benefit of delayed mixing conditions to accelerate solids reduction reported recently by Stroot et al. (2000).
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EVALUATION OF PHYSICAL AND CHEMICAL DATA FROM AN AERATED BIOREACTOR LANDFILL – THE WILLIAMSON COUNTY, TN, LANDFILL

L.J. Weathers1*, K. Wolfe1,2, and N. Mathis1
1Tennessee Technological University, Cookeville, Tennessee

2Civil & Environmental Consultants, Inc., Nashville, Tennessee

Historically, the means of solid waste disposal has involved land burial methods, from open dumps prior to the enactment of federal Subtitle D regulations, to “dry entombment” methods currently advocated by the US EPA.  Subtitle D requires that land disposal of municipal solid wastes involve the use of low-permeability caps to minimize moisture infiltration and, thereby, minimizing subsequent leachate volume generation. Research involving the mining of older landfills, including those with low-permeability caps, has revealed that a significant fraction of the waste mass remains relatively intact, with little evidence of biodegradation, after several years of residence time within the landfill. 

Recently, there has been a growing interest in the “treatment” of solid wastes, using biological processes that have been used to treat wastewater and industrial and hazardous wastes.  Transforming landfills into solid waste “bioreactors” is the current trend in solid waste management.  An aerated bioreactor landfill system located on the Williamson County, TN landfill site just outside of Franklin, TN was started in June 2000. The six-acre landfill area, which was operated from October 1995 to January 1998, received a total of 69,880 tons of municipal solid waste based on landfill gate records. The original mound was constructed in a truncated pyramid shape with steep sideslopes. The average waste depth is 30 feet. The site has an underlying composite liner and leachate collection system. The bioreactor is a stand-alone “unit” that is completely segregated from the influences of adjacent anaerobic waste areas. 

The objective of the Williamson County bioreactor system is to aerate and distribute moisture throughout the waste mass, even into the deep layers of waste. The bioreactor system consists of an array of vertical wells placed into the mass to facilitate the injection of compressed air, leachate (and/or make-up water from a near-by storm water collection pond), and other amendments, such as nutrients, if needed. The wells are screened at varying depths to distribute air and moisture throughout the waste. The wells are placed in a tight grid formation, which provides considerable control and flexibility in the system operation. Each well has the capability of injecting either leachate or compressed air and is equipped with dedicated thermocouples for real-time temperature monitoring. Air can be provided by up to four, 50-horsepower, 1,000-cubic-feet-per-minute blowers. Injection of leachate into the bioreactor began in June 2000. The following parameters are being monitored to assess the efficacy of the system: biochemical methane potential (BMP), cellulose, lignin, volatile solids, total solids, total Kjeldahl nitrogen (TKN), chemical oxygen demand (COD), total phosphorous, sulfate, nitrate, nitrite, total organic carbon (TOC) and pH. 

* Corresponding author. Tennessee Technological University, Department of Civil and Environmental Engineering, Cookeville, Tennessee 38505-0001; e-mail: lweathers@tntech.edu; TEL (931) 372-6539, 

FAX: (931) 372-6239.
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U.S. EPA PROJECT XL: YOLO COUNTY’S ACCELERATED ANAEROBIC AND AEROBIC COMPOSTING (FULL-SCALE CONTROLLED LANDFILL BIOREACTOR) PROJECT  
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FHC, Pebble Peach, CA

ABSTRACT

The County of Yolo Planning and Public Works Department (Yolo County), will operate its next 20-acre landfill module as a controlled bioreactor landfill to attain and demonstrate a number of superior environmental and cost savings benefits in a full-scale landfill operation. As part of this project, Yolo County has obtained regulatory flexibility from the Resource Conservation Recovery Act (RCRA) prohibition in 40 CFR 258.28 regarding Liquid Restrictions. Yolo County has also received requesting flexibility in state regulatory requirements for bottom linings based on project performance, available controls, and environmental safeguards which have been demonstrated in their smaller-scale 9000-ton test program at the Yolo County Central Landfill.  In the first phase of this 20-acre project, a 12-acre module has been constructed. This 12-acre module contains one 9.5-acre cell, which will be operated anaerobically, and a 2.5-acre cell aerobically. 

Co-sponsors of the project with Yolo County are the Solid Waste Association of North America (SWANA) and Institute for Environmental Management (IEM, Inc.).  The County is proposing to supplement the liquid addition with ground water and leachate, but would like to obtain the flexibility to possibly utilize other liquids such as gray-water from a waste water treatment plant, septic waste and food-processing wastes that are currently land applied. Liquid wastes such as these, that normally have no beneficial use, may instead beneficially enhance the biodegradation of solid waste in a landfill for this project.  
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Characteristics and treatment of residues from PCBs incineration in China

China Shenyang Research institute of environmental science

Yinglun-Zhao Xiangguo-Huang Yufeng-Zheng Guo-Chen Chongyang-Jin

Abstract: In the article we not only briefly introduce the existing situation and governmental standpoint for the administration of PCBs in China, but also include the disposal status and scheme on PCBs. At the same time , a industrial scale of 400t/a factory and incineration residues were studied which include the residues¡¯s pretreatment ¡¢final treatment¡¢characteristics and component. We re-designed a incineration factory again by experience that will be built in 2002. We improve craft and decrease the amount of PCBs¡¢POPs and Al2C3 from incineration residues. At present, we treat residues by secure overlaying and lack economic treatment technology. We think PCBs and other hazardous wast burning technology will be get notable results by China government str! ict administration, and treatment technology study on residues would be improved also.

fig. 1: Groundwater profile





fig. 2: Typical survey profiles (pH, Lf, Temp)�          from a waste deposite controlling well
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		HD1		0		80175.6		720651.6		1229719.6		1362035.2		1431998		1473212.8		1507447.68		1541544.8		1567295.08		1591671.16		1609708.48		1628893.64		1655716.64		1679502.88		1690140.84				816080.4		334114.08

		HD2		0		80000		720000		1229068		1353068		1423030.8		1464245.6		1498480.48		1532577.6		1560813.6		1585189.68		1603227		1622412.16		1649235.16		1673021.4		1683659.36				816080.4

		HD3		0		80002.4		705734.4		1216426.4		1340675.6		1400683.6		1436862.72		1468738.2		1502671		1530907		1550741.72		1569086.88		1585195.08		1609388.2		1629474.48		1637571.48				809053.2		292544.28

		blank 1		0		18078.28		403437.88		628703.08		678691.08		703327.52		714919.24				724155.2				742446.08				762627.68										286204.8

		blank 2		0		25928.08		326916.08		579646.88		637714.48		665456.2		676609.04				688456				710045.92				725802.16										325992

		After breaking				total spiked		150325.3333		dpm/uL

		HD		8565.16		8640.8		8602.98		1373035.608

				1 month		1day				54.3311969494

		total counts with solid		2789139.446		2727094.42796667		dpm

		total blank counts		1180594.716		1329061.2993		dpm

				0		2		9		20		31		44		55		79		94		118		140		163		188		236		285		308

		HD1		0		2.8745640565		25.8377759145		44.0895704144		48.8335282753		51.3419292124		52.819617969		54.0470531928		55.2695492587		56.192783127		57.0667473182		57.713445712		58.4012980181		59.3629924949		60.2158089445		60.5972154753				29.2592183288		11.9791099179

		HD3		0		2.8683542558		25.3029442831		43.6129646277		48.0677150052		50.2192029878		51.5163457338		52.6591885575		53.8757932005		54.8881484644		55.5992896742		56.2570251642		56.8345581385		57.7019626003		58.4221230795		58.7124276754				29.0072696494		10.4886932211

		blank 1		0		1.5312858642		34.1724280596		53.2530826608		57.4872198564		59.5740020236		60.5558563249		0		61.3381705157		0		62.8874642532		0		64.5969077842		0		0		0		0		24.2424259673

		blank 2		0		2.1961880439		27.6907964748		49.0978717882		54.0163759296		56.3661848542		57.310864671		0		58.3143385846		0		60.1430711469		0		61.4776730883		0		0		0		0		27.6125240594

				0		1		2		7		9		19		20		31		43		44		55		67		70		94		115		118				139		140		163		187		236		285		332

		1 day 1		0		31346				444218				1193614				1396872		1485343.6				1531895.6		1580040.4						1683190						1705320.76				1720045.68		1732127

		1 day 2		0		28934.96				416530.96				1217754.96				1385096.96		1469864.16				1524717.36		1568465.36						1638004.56						1657773.52				1672672.48		1685599.48

		1 day 3		0		28942.28				378419.88				1204147.88				1408083.48		1500547.88				1556341.08		1603084.28						1694998.28						1714672.48				1728790.76		1740790.76

		1 day		0		29741.08				413056.28				1205172.28				1396684.14666667		1485251.88				1537651.34666667		1583863.34666667						1672064.28						1692588.92				1707169.64		1719505.74666667

		1 day aging		0		0.02974108				0.41305628				1.20517228				1.3966841467		1.48525188				1.5376513467		1.5838633467						1.67206428						1.69258892				1.70716964		1.7195057467

		1day aging		0		1.0905775647				15.1463871498				44.1925394163				51.215100304		54.4627961822				56.3842355768		58.0787863605						61.3130320261						62.0656513629				62.6003127172		63.0526662015

		blank 1		0		18613.64				468677.64				741939.64				802543.24		828124.28				842218.24		852387.12						876287.76						886233.92				886233.92		886233.92

		blank 2		0		17195.56				412043.56				739099.16				800099.16		829298.64				844617.8		853355.6						877425						884826.48				884826.48		884826.48

		1 day blank		0		17904.6				440360.6				740519.4				801321.2		828711.46				843418.02		852871.36						876856.38						885530.2				885530.2		885530.2

		1 day blank		0		0.0179046				0.4403606				0.7405194				0.8013212		0.82871146				0.84341802		0.85287136						0.87685638						0.8855302				0.8855302		0.8855302

		1 day blank		0		1.3471613393				33.1332046334				55.7174752128				60.2922679655		62.3531405539				63.4596779279		64.1709573854						65.9756160579						66.6282435932				66.6282435932		66.6282435932

		1 mon 1		0				80175.6				720651.6				1229719.6		1362035.2				1431998		1473212.8				1507447.68		1541544.8				1567295.08						1591671.16		1609708.48		1628893.64		1655716.64		1679502.88		1690140.84

		1 mon 2		0				80000				720000				1229068		1353068				1423030.8		1464245.6				1498480.48		1532577.6				1560813.6						1585189.68		1603227		1622412.16		1649235.16		1673021.4		1683659.36

		1 mon 3		0				80002.4				705734.4				1216426.4		1340675.6				1400683.6		1436862.72				1468738.2		1502671				1530907						1550741.72		1569086.88		1585195.08		1609388.2		1629474.48		1637571.48

		1 month		0				80059.3333333333				715462				1225071.33333333		1351926.26666667				1418570.8		1458107.04				1491555.45333333		1525597.8				1553005.22666667						1575867.52		1594007.45333333		1612166.96		1638113.33333333		1660666.25333333		1670457.22666667

		1 month aging		0				0.0800593333				0.715462				1.2250713333		1.3519262667				1.4185708		1.45810704				1.4915554533		1.5255978				1.5530052267						1.57586752		1.5940074533		1.61216696		1.6381133333		1.6606662533		1.6704572267

		1 month aging		0				2.8703955067				25.6517113558				43.9229144706		48.4710891241				50.8605190764		52.2780258295				53.4772635865		54.6977958448				55.6804439769						56.5001338409		57.1505112668		57.8015904623		58.7318549341		59.5404527269		59.8914919461

		blank 1		0				18078.28				403437.88				628703.08		678691.08				703327.52		714919.24						724155.2										742446.08		742446.08		762627.68		762627.68		762627.68		762627.68

		blank 2		0				25928.08				326916.08				579646.88		637714.48				665456.2		676609.04						688456										710045.92		710045.92		725802.16		725802.16		725802.16		725802.16

		1 month blank		0				22003.18				365176.98				604174.98		658202.78				684391.86		695764.14						706305.6										726246		726246		744214.92		744214.92		744214.92		744214.92

		1 month blank		0				0.02200318				0.36517698				0.60417498		0.65820278				0.68439186		0.69576414						0.7063056										0.726246		0.726246		0.74421492		0.74421492		0.74421492		0.74421492

		1 month blank		0				1.8637369541				30.9316122672				51.1754772245		55.751797893				57.9700934389		58.9333604979						59.8262545502										61.5152677		61.5152677		63.0372904363		63.0372904363		63.0372904363		63.0372904363

				before		after

		HD1		8640.8

		HD2		8565.16

				8602.98
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Sheet3

				wed 2pm		wed 4pm		wed 11pm		thur 10am		thur 9 pm		fri 10am		fri 9pm		sat 12pm		sun 1pm		mon 1pm		tue 11am		wed 10am		thur 11		sat 11		mon 12		wed 11		fri 12		sun 3p		tue 3p		thur 2p		mon 10a				liquid		ba 1		ba2		ba3		ba4		ba 5

				0		2		9		20		31		44		55		70		94		118		140		163		188		236		285		332		381		432		480		527		619		715

		PVC1		0		11735.6		49916.2		39735.4		25872.9		22774.5		15566		15031.9		20406.8		16682.7		12938		13155.8		11971.2		19340.5		17825.9		14037.1		13196.8		10752.2		9643.18		8871.64		13471.9		12092.4		4882.14		17925.1		7345.29		2415.61		1454.4		935.28

		PVC2		0		20136.5		47332		31283.1		26780.6		21937.1		15279		14017.4		18510.9		15061.1		11972.5		12425.3		11395.4		18484.7		16789.4		13571.3		12142.04		9696.39		8608.57		8482.31		12784.3		11870.9		4919.38		18264.8		7319.97		2382.31		1515.94		811.59

		PVC3		0		13411.1		49172.1		37505.6		24255.8		21151.7		14209.9		14332.3		19926.4		17215.2		13481.5		13362.8		12217.5		19786.7		17717.7		13477.7		13172.8		10778.7		9128.16		7925.41		13912.5		12135.1		4845.72		18071.1		7464.65		2314.71		1442.02		800.04

		blank 1		0		6329.89		73362.9		42478.3		10281.4		7193.01		2231.74				2909.35				4091.39				3776.89																				2073.96

		blank 2		0		5469.66		74303.5		52085.2		13081.5		5147.91		4068.54				1933.53				4617.77				2659.49																				2247.79

				0		2		9		20		31		44		55		70		94		118		140		163		188		236		285		332		351		402		480		527		619		715		liquid		ba 1		ba2		ba3		ba4		ba5

		PVC1		0		46942.4		246607.2		405548.8		509040.4		600138.4		662402.4		722530		804157.2		870888		922640		975263.2		1023148		1100510		1171813.6		1227962		1280749.2		1323758		1362330.72		1397817.28		1451704.88		1500074.48		585856.8		358502		146905.8		48312.2		29088		18705.6

		PVC2		0		80546		269874		395006.4		502128.8		589877.2		650993.2		707062.8		781106.4		841350.8		889240.8		938942		984523.6		1058462.4		1125620		1179905.2		1228473.36		1267258.92		1301693.2		1335622.44		1386759.64		1434243.24		590325.6		365296		146399.4		47646.2		30318.8		16231.8

		PVC3		0		53644.4		250332.8		400355.2		497378.4		581985.2		638824.8		696154		775859.6		844720.4		898646.4		952097.6		1000967.6		1080114.4		1150985.2		1204896		1257587.2		1300702		1337214.64		1368916.28		1424566.28		1473106.68		581486.4		361422		149293		46294.2		28840.4		16000.8

		blank 1		0		25319.56		318771.16		488684.36		529809.96		558582		567508.96				579146.36				595511.92				610619.48																				248875.2

		blank 2		0		21878.64		319092.64		527433.44		579759.44		600351.08		616625.24				624359.36				642830.44				653468.4																				269734.8

				after breaking

		PVC		8551.32		8461.71		8661.3		8558.11

				1 month		1day

		total counts with solid		2789139.446		2563001.59486667		dpm

		total blank counts		1180594.716		1513272.7631		dpm

				0		1		2		7		9		19		20		31		43		44		55		67		70		94		115		118		139		140		163		187		211		235		285		332		381		403		432		451		480		499		527		547		619		691		715		cell		sorbed

		1 day 1		0		39242.48				276016.88				490830.88				602447.68		727690.88				811950.48		869128.08						1025277.28				1087259.68				1135456.88		1173912.76		1206647.8		1237695.12								1401696.32				1433095.2				1455167.36				1474194.44		1500672.36		1524713.28

		1 day 2		0		39572.04				254122.84				472460.04				588426.04		725402.04				807818.44		868105.64						1031441.64				1088670.04				1137862.04		1179486.84		1212209.8		1243302								1420288				1449784.48				1471584.6				1488970.8		1513349.92		1532434.6

		1 day 3		0		44042.4				312422				536976.4				650186.4		782000.8				865674		928501.2						1082438.8				1136784.4				1186201.6		1226928		1264988.08		1295839.44								1459268.24				1486474.32				1504629.84				1520096.32		1539467.76		1560022.32

		1 day aging		0		40952.3066666667				280853.906666667				500089.106666667				613686.706666667		745031.24				828480.973333333		888578.306666667						1046385.90666667				1104238.04				1153173.50666667		1193442.53333333		1227948.56		1258945.52								1427084.18666667				1456451.33333333				1477127.26666667				1494420.52		1517830.01333333		1539056.73333333

		1 day		0		1.5978260313				10.9580074874				19.5118531205				23.9440626138		29.0686998202				32.3246374482		34.669440255						40.8265803955				43.0837827886				44.9930858013		46.5642524657		47.9105655829		49.119966313								55.6801911292				56.8260018351				57.6327096177				58.3074362105		59.2207986282		60.0489963181

		1 day blank 1		0		19935.04				516783.04				910313.04				966833.44		997618.88				1016094.6		1026890.96						1054067.2				1061235.52				1061235.52		1061235.52		1061235.52		1061235.52								1061235.52				1061235.52				1061235.52				1061235.52		1061235.52		1061235.52

		1 day blank 2		0		20643.2				515627.2				926835.2				976596.4		1012889.76				1035412.52		1048534.16						1076940.72				1086368.64				1086368.64		1086368.64		1086368.64		1086368.64								1086368.64				1086368.64				1086368.64				1086368.64		1086368.64		1086368.64

		1 day blank		0		20289.12				516205.12				918574.12				971714.92		1005254.32				1025753.56		1037712.56						1065503.96				1073802.08				1073802.08		1073802.08		1073802.08		1073802.08								1073802.08				1073802.08				1073802.08				1073802.08		1073802.08		1073802.08

		1 month 1		0				46942.4				246607.2				405548.8		509040.4				600138.4		662402.4				722530		804157.2				870888				922640		975263.2		1023148				1100510		1171813.6		1227962		1280749.2				1323758				1362330.72				1397817.28				1451704.88				1500074.48		585856.8		601513.6

		1 month 2		0				80546				269874				395006.4		502128.8				589877.2		650993.2				707062.8		781106.4				841350.8				889240.8		938942		984523.6				1058462.4		1125620		1179905.2		1228473.36				1267258.92				1301693.2				1335622.44				1386759.64				1434243.24		590325.6		605892.2

		1 month 3		0				53644.4				250332.8				400355.2		497378.4				581985.2		638824.8				696154		775859.6				844720.4				898646.4		952097.6		1000967.6				1080114.4		1150985.2		1204896		1257587.2				1300702				1337214.64				1368916.28				1424566.28				1473106.68		581486.4		601850.4

		1 month aging		0				60377.6				255604.666666667				400303.466666667		502849.2				590666.933333333		650740.133333333				708582.266666667		787041.066666667				852319.733333333				903509.066666667		955434.266666667		1002879.73333333				1079695.6		1149472.93333333		1204254.4		1255603.25333333				1297239.64				1333746.18666667				1367452				1421010.26666667				1469141.46666667		585889.6		603085.4

		1 month		0				2.1647393818				9.1642842395				14.3522213363		18.0288296708				21.1773898283		23.3312154495				25.4050498509		28.2180608716				30.5585199247				32.3938291419		34.2555216462		35.9566006917				38.7107070444		41.2124583797		43.1765576198		45.0175861639				46.5103902159				47.8192723056				49.0277387156				50.9479821349				52.6736470195		21.0061064118		21.6226334924		95.3023869236

		1 month blank 1		0				25319.56				318771.16				488684.36		529809.96				558582		567508.96						579146.36						595511.92						610619.48				610619.48		610619.48		610619.48		610619.48				610619.48				610619.48				610619.48				610619.48				610619.48

		1 month blank 2		0				21878.64				319092.64				527433.44		579759.44				600351.08		616625.24						624359.36						642830.44						653468.4				653468.4		653468.4		653468.4		653468.4				653468.4				653468.4				653468.4				653468.4				653468.4

		1 month blank		0				23599.1				318931.9				508058.9		554784.7				579466.54		592067.1						601752.86						619171.18						632043.94				632043.94		632043.94		632043.94		632043.94				632043.94				632043.94				632043.94				632043.94				632043.94

				before		after				total spiked		150325.3333		dpm/uL

		PVC 1		8759.16		7397.21		84.4511345837		3006506.666

		PVC 2		8523.42		6687.66		78.4621665951		total counts with solid

				1397961.936		1180594.716		217367.22		2789139.446

		percent sorbed		53.5021175303						total blank counts

										1067350.536
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				liquid		AF		AC-SP		AC-SP-Ba		Ba

		HD 1		6800.67		3110.63		3005.79		1435.88		2133.08

		HD 3		6742.11		3493.76		3302.64		1484.86		2469.04

		PVC blank 1		2073.96		383.08		360.9		140.42		195.72

		PVC blank 2		2247.79

		HD blank 1		2385.04		285.93		270.01		137.86		192.42

		HD blank 2		2716.6		418.73		349.61		149.72		204.52





				CO2		cell		ba extractable

		HD 1 month		60.5972154753		29.2592183288		11.9791099179		101.835543722

		HD 1 month		58.7124276754		29.0072696494		10.4886932211		98.208390546

		HD1 1 day		63.6957734036		29.0295466268		2.83		95.5553200304

		HD2 1 day		61.953629621		31.5414622141		2.78		96.2750918351

		HD3 1 day		64.0173726781		30.0671278234		2.69		96.7745005014
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Diagramm3

		wood abrasive dust (pure)

		wood abrasive dust (mix)

		contaminated soil

		demolition waste, conrete break

		aluminum slag (pure)
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		domestic waste
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Masse-%

22 %
soilification

46 %
low price soilification

12 %
domestic waste dump

6 %
domestic waste dump

4 %
domestic waste dump

4% soil washing o. fluidized-bed combustion

3 %
demolition waste dump

3 % mineral material dump

0.4700322183

0.2156641495

0.0298379332

0.029262971

0.035188371

0.0385202036

0.0579566499

0.1235375035



Tabelle1

		Material		Behandlungsart / Entsorgungsweg		Tonnen		Masse-%

		wood abrasive dust (pure)		Vererdung zur Deponieabdeckung		414473		47.00%

		wood abrasive dust (mix)		Vererdung zur Deponieabdeckung		190172		21.57%

		contaminated soil		Mineralstoffdeponie		26311		2.98%

		demolition waste, conrete break		Bauschuttdeponie		25804		2.93%

		aluminum slag (pure)		Bodenwäsche oder Wirbelschichtofen		31029		3.52%

		aluminum slag (mix)		Hausmülldeponie		33967		3.85%

		domestic waste		Hausmülldeponie		51106		5.80%

		light fraktion		Hausmülldeponie		108935		12.35%

						881797

		Material		Behandlungsart / Entsorgungsweg		Tonnen		Masse-%

		Holzschleifstaub (Phenole)		Vererdung zur Deponieabdeckung		414473		46.96%

		Holzschleifstaub Mischfraktion		Vererdung zur Deponieabdeckung		190172		21.55%

		kontaminierte Böden (IIIa,b u. IIb, GV<5%)		Mineralstoffdeponie		26311		2.98%

		Bauschutt, Betonbruch (i u. IIa)		Bauschuttdeponie		25804		2.92%

		Asphaltbruch		Aufbereitung für Straßenbau		354		0.04%

		Aluminiumschlacke (rein)		Bodenwäsche oder Wirbelschichtofen		31029		3.52%

		Aluminiumschlacke (misch)		Hausmülldeponie		33967		3.85%

		Hausmüll		Hausmülldeponie		51106		5.79%

		Leichtfraktion		Hausmülldeponie		108935		12.34%

		Giftmüll, Fässer		Drehrohrofen		441		0.05%

						882592
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