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Work accomplished during this reporting period:

During this quarter, we focused on further developing the excel-based methodology to estimate leachate quantity and quality. For instance, typical examples landfills had been created to represent 5, 10, and 20-acre cells in three different climates and their typical leachate generation was obtained. The next step was to determine how much COD would be generated from each these landfill cells and at what concentrations. This was done because COD can be directly related to the formation of calcite, the major contributor to LCS clogging in Florida Landfills. 

In order to determine COD and BOD concentrations, a literature review was performed on several previously developed modeling equations which obtained COD concentrations with relation to age of landfill. The three examined models were Lu et al. (1984), Wigh (1979) and Lu et al. (1981). 

Lu et al. (1984 developed a relationship between leachate constituents and landfill age. They used data from field cell tests of over 50 years to develop the relationship based on the first-order rate equation: 

C = C010-kt
Where: C = final COD concentration

          C0 = predetermined COD concentration 


          k = rate constant

                        t = time since filling activities began

This relationship uses a rate constant, k, of 0.045 yr-1 for COD and 0.043 yr-1 for BOD; however, it does not take into account waste composition, rainfall, evaporation, or any other constituents so it is fairly general. Because of this, all 9 of the model landfills we have resulted in the same COD concentrations for this test. 

Wigh (1979) used calculations from three cylindrical field-scale test cells that were filled with refuse of known compositions. The resulting equation from this test was:
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Where: C = final COD concentration






 Cmax = COD concentration at maximum leachate volume






 k1, k2 = rate constants






 v = cumulative leachate volume with time






 vmax = maximum leachate volume
This is a much more accurate test because it takes into account the maximum volume of leachate generated with a correlated peak COD concentration. This equation uses k1 and k2 values of 0.00098 mm-1 and 0.0145 mm-1 respectively. While this model is great it cannot be compared to the other two discussed in this section because it is not related to time since filling activity started. 
Lu et al. (1981) uses an exponential function instead of a base-10 function. Again, nothing other than time since filling activity started is taken into account and so again, all 9 landfills will have the same results. 
Figure 1 is a graph showing the comparison between two models developed by Lu et al. (1984 and 1981) applied to a 5 acre cell in Tallahassee.  The same types of curves was obtained for all types of cells at all climates of Florida.  As can be seen, the 1984 model which uses a base-10 function highly underestimates the COD and BOD concentrations when compared to the exponential function of the 1981 model. It also seems that the 1981 relationship between BOD and COD is more comparable to those found in other literature. The 1984 relationship drops too far too quickly whereas the 1981 gradually levels off as would be expected. 
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Figure 1: COD concentrations with time based on two models.
Figure 2 shows the Wigh (1979) relationship between COD concentration and cumulative leachate generated per unit area. This relationship is a variable relationship because it will change for each of the 9 landfills depending on leachate generation. Also, as would be expected, the three relationships increase with increasing size of landfill cells. This means that the 5-acre cell has far less leachate generated, and consequently a lower COD concentration, than does the 10-acre cell and even more so the 20-acre cell. 
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Figure 2: COD concentrations with respect to leachate generated per unit area. 
The other main focus of this quarter has been on performing an extensive literature review of past leachate studies. Everything ranging from leachate quality and quantity, to variations in landfills, to regional variations within Florida as well as in other parts of the country has been studied. More importantly, all documents reviewed were incorporated into a leachate composition chapter which will eventually become a part of the final report. This chapter focused on leachate constituents such as COD, BOD, pH, alkalinity, heavy metals, calcium and carbonate. All of these will influence the formation of calcite and eventual clogging of the LCS so it is important to understand how each affects the leachate. Also, the constituents above were categorized into three landfill types: MSW only, ash monofills, and co-disposal sites that had both MSW and ash. This was crucial to understanding why exactly co-disposal leads to the absolute worst clogging as compared to the other two types of cells. 
Information Dissemination Activities: The website of the project has been updated as needed with documents such as relevant literature used in the literature review. Also a meeting with Sam Levin, the founder of S2L, Incorporated, was facilitated to get his input on the project and ask him several questions relating to LCS clogging. Since Mr. Levin deals with Florida landfills on a daily basis, he was able to give great input on the current general state of Florida landfill LCSs and how clogging of the LCS is typically dealt with. 
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A collaboration between the research team and the FDEP was developed in order to better understand leachate quality and quantity in Florida Landfills. Through this collaboration, the shortcomings of FDEP’s databases were discovered, which led to the development of “model” landfills in three different Florida climates. 
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