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Generation Curves Methodology

In order to accurately estimate clogging of leachate collection systems two things must be known about the leachate: the quantity of liquid generated in the landfill and the quality of that liquid. Both of these were investigated for landfills in Florida during this time period. The original plan of the study was to obtain leachate quantity data for Florida landfills from databases such as those maintained by the Florida Department of Environmental Protection. Unfortunately it was quickly realized that such data is not available from the FDEP, most likely because it is stored at local offices for each landfill instead of one central location. Once this was discovered, a new approach was developed. Instead of focusing on specific landfills, generation calculations were performed for three typical landfills which can be found throughout the state. 

Virtual Landfills
The three typical landfills examined here are: a 5-acre cell, a 10-acre cell, and a 20-acre cell. These are the normal sizes an operator would look to when determining how large to build a landfill. The sizes are also indicators of how much waste can be placed into each cell per day. A 5-acre cell can take in up to 500 tons per day of filling, a 10-acre cell can take in up to 2500 tons per day and finally the 20-acre cell can take in up to 5000 tons per day. 

To allow for these amounts to be placed each day, the cell must be filled in rows made up of 50 foot by 50 foot waste square blocks. A simpler way to think about this process is to picture a square pyramid being built, one block at a time. The 10-acre cell’s blocks measure 100 feet by 100 feet and the 20-acre cell’s blocks are 100 feet by 200 feet. Every block is allowed to be 7 feet high and with a final allowable height of 140 feet for the entire cell, it can be calculated that 20 rows will be placed on top of each other during the filling phase. 

The calculations for each cell were done using excel in a manner that reduced future calculations as much as possible. This means that now that each cell’s calculations are done, if a specific factor or number has to be changed, the entire workbook will update itself automatically without the user needing to do further work. To begin with, the daily waste placed into a 5/10/20-acre cell was calculated based on the dimensions specified above. Since it is known that, for example, a 5-acre cell will result in approximately 500 TPD being filled, it was acceptable that the first day’s total was 531 tons. The most important part of the daily calculations, however, were the percentages of each daily cover, interim cover, and open area. These are important because later on percolation rates will be calculated using runoff values for each type of cover. It was discovered that the average monthly cover percentages cycled through a specific pattern and thus can be extended to however many months it is desired. 

The total weight of the waste was calculated based on a 70/30 split of MSW and ash respectively. Once again, if these values needed to be changed it could be done so with ease and the workbook would update itself. This step was done to account for a typical split one would find in a modern day landfill, however many variations exist. 

Leachate Generation
Once the daily mass of trash was calculated, it was converted to monthly averages and the amount of leachate generated had to be calculated. To do this typical rainfall data was needed for Florida landfills and so the state was divided into climatic zones. The following map was used to determine typical precipitation rates for the state and it was decided that three zones would be sufficient to represent the wettest, moderately wet, and somewhat dry areas. 
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Based on these divisions, Tallahassee was selected to represent the wettest area, Jacksonville the moderately wet, and West Palm Beach the somewhat dry area. For each city, average monthly precipitation data was found. It was assumed that all precipitation would turn into leachate so evaporation was set at 0, but it should be noted that this is not typical for all landfills and can be changed. 

The leachate generated was calculated using a formula which combined cover coefficients, percentage of cell area covered with each type of cover, and precipitation amount per month. For example, on the first month of filling 5.8% of the cell was covered with a daily cover, 80.86% was completely open, and 13.33% was covered with an interim cover. Obviously open soil will allow far more water to infiltrate than soil covered with a geotextile, so the coefficients for each were assigned as follows:

	Coefficients

	Open
	1

	Daily Cover
	0.5

	Interim Cover
	0.1

	Final Cover
	0


Based on these numbers and a precipitation of 11.02 cm the following equation demonstrates leachate generated:
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The second calculation seen in the equation is a conversion factor to account for a 5 acre cell at 4046 square meters per acre. This calculation was performed for each month, with varying precipitation amounts and for each cell size. In the end all results were summed to provide the following leachate generations in meters cubed for each cell in each climate:

	 
	Climate Area 

	Landfill Size
	NW
	Central
	South

	Small
	19,771.30
	17,680.27
	19,493.17

	Medium
	25,944.81
	23,859.48
	25,802.53

	Large
	49,857.84
	46,267.88
	49,953.27


These amounts of leachate are typical for landfills of this size and can now be used to further determine the clogging potential of Leachate Collection Systems in Florida landfills. Of course it should be noted that while this method can be used as an example, every state and every landfill is different so it should be modified as needed. 

The following curves were developed for each region which compare leachate generated with time of generation. It is important to know that these curves will begin to drastically reduce after the final point because of landfill closure and final cover. However, this can be done as long as 5-10 years after the cell is full, depending on the operator’s decision. 
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Leachate Quality Data Progress
After calculating the leachate generated from each “virtual” landfill, the next step was to examine typical leachate quality available for the state of Florida. This is necessary because clogging of LCSs relies heavily on both leachate quantity and leachate quality as one cannot exist without the other. 

Working with the FDEP
The first step of this task was to meet with members of the Florida Department of Environmental Protection and discuss leachate quality data available to us. We were able to meet with Clark Moore who showed us the WACS Oracle database – a database which contains all leachate quality data from all Florida landfills where the leachate had been tested. Since this data can only be accessed by FDEP employees, Mr. Moore was kind enough to send me all of the leachate data in a zipped excel file which could then be accessed wherever needed. 

After learning about the WACS database and what everything means on it, the data had to be split up into some manageable way. To do this, the state of Florida was divided into six parts according to the already-existing district maps. The six districts are: Northwest, Northeast, Central, Southwest, South, and Southeast. From there, three county landfills were chosen from each district in an attempt to represent the most diverse areas of each. Each landfill is still in operation and takes in MSW or ash only. No C+D landfills were chosen for the purpose of this project. 

The following counties’ landfills have been selected from each district:

Northwest: Escambia, Jackson, Leon

Northeast: Columbia, Duval, Putnam

Central: Lake, Orange, Seminole

Southwest: Hillsborough, Pasco, Polk

South: Charlotte, Hendry, Highlands

Southeast: Broward, Miami-Dade, Indian River

Each of these landfills seemed to have sufficient data to allow for a thorough examination of leachate quality. The data was organized by sample collection dates which range between the early 1990s to as recent as 2013 and often occurred once every year until 2013. 

Making Sense of the Database
For every sample collection date, the chemicals found and tested in the leachate are listed as well as their values. An important thing to note is that some of the earlier data was collected and input into the system manually, so some room for error has to be given. Knowing this, if an outlier is found in earlier data it will most likely be thrown out as an error in data collection. However in 2002 the FDEP began using a new system of data input which minimizes the room for error and so all data collected after this point will be considered accurate. 

Unfortunately it was quickly discovered that this data was highly unreliable. This is due to several factors. There is currently no EPA requirements for landfills to test their leachate and report the findings to the FDEP. This means that for most of the landfills data reporting is not consistent or extensive. For example, one of the selected landfills only had three sets of leachate quality data from 1993-1995 and nothing since then. This is both surprising and alarming because a landfill changes dramatically with age and so one can only imagine the type of biological activity going on in an almost 20-year old cell. 

There were some landfills which provided consistent yearly data however even with these the data was not reliable. Most of the landfills did not measure BOD/COD content of the leachate, which is one of the most important indicators of biological activity. Again, this is alarming to anyone who is trying to better understand the inner workings of landfill leachate collection systems. 

All in all, the FDEP database had some helpful numbers but they were too few to successfully draw conclusions upon. Because of this turnout the next step was to turn to previously performed laboratory and field studies which examined leachate quality in Florida landfills. Thankfully several such studies have been performed and are reliable enough for us to use in this project. These studies will be discussed in the literature review chapter of this paper. 

The following graph shows the wide distribution of iron concentrations obtained at six county landfills. It can be clearly seen that all six landfills have completely different iron concentrations and do not seem to follow any pattern. Of course, the typical range of iron for landfills is quite large and these values fit into that range, but the pattern we were hoping to find does not exist. 
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Information Dissemination Activities: 

Continued to work on the website for the project: http://www.eng.fsu.edu/~abichou/projects/LCS%20Clogging.html
Added members to TAG:  Sam Levin and Nick Khoury
`
Figures 1a-c : Leachate generated per month at 5,10 and 20 acre cells in three locations.








