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DEP Contract No. BIO99-01: Bioreactor Landfill Project 

This report summarizes activities and progress on the Florida Bioreactor Demonstration Project for the period of September 1 to December 31, 2001. The report is divided into two sections: Accomplishments and Progress toward Project Deliverables.
1.0 ACCOMPLISHMENTS

Project accomplishments are summarized as follows: Summary of Major Accomplishments and Project Activities Calendar.
1.1 Summary of Major Accomplishments

The project team completed the activities regarding bioreactor project development, design and permitting and construction has begun. 

The project team conducted the following activities regarding bioreactor project construction and construction oversight: 

· Preparation of the site for the general contractor continued.  

· Researchers worked with the engineers and site operator to prepare for construction.

· Researchers have been involved in the construction oversight process. 

· Researchers assisted in the installation of the side slope piezometers as required by the permit.

· Researchers posted photos from the construction of the bioreactor.  These photos can be found at the project web site www.bioreactor.org.

The project team conducted the following activities regarding monitoring of bioreactor system performance:

· Researchers have conducted numerous topographic surveys of the surface of the landfill.  

· Constructed wicking-MTG sensors for testing at UCF, and initiated further laboratory testing and calibration of MTG sensors

· Collected data from the head-on-liner transducers and the MTG probes.  
· Constructed mobile field equipment for the interrogation of TDR sensors, pressure transducers, and total earth pressure sensors

· Experiments began to quantify the resistance readings measured by the sensors in terms of moisture content.

· Initiated experiments aimed at developing a TDR based phreatic-surface sensor for the measurement of leachate head on liner

· Developed preliminary plans and locations for the temperature and moisture sensor monitoring station tripod in Cell 2 at NRRL

· Monitored moisture, temperature, and gas at NRRL

· Developed plans to begin feasibility testing of in-situ nitrogen removal in landfill bioreactors

· Recorded and collected data and monitored pressure of transducers at New River Landfill Cells 2 and 3, and the Tomoka Farms Landfill

· Moved New River Cell 2 data collection station in November 2001 from its position in the northeast corner, to the northeast side-slope to accommodate the construction of Cell 4.

· Reconfigured wiring for New River Cell 2 data collection station to the same configuration as is employed in data collection systems at New River Cell 3 and Volusia County.

· Continued analysis of solid waste samples that were collected in previous reporting periods.

· Collected and compiled the results of total earth pressure cell devices located in cell 3.  

· Collected temperature and gas composition data.

Researchers worked with Polk County on a project to permit, construct and operate a bioreactor landfill.

Researchers were involved with bioreactor monitoring at the Volusia County Tomoka Road landfill.  

Researcher monitored the side-by-side pressure transducers and piezometers at Orange County Landfill 

1.2 Project Activities Calendar

The following section lists some of the major project events that took place during the reporting quarter.  It is not intended to reflect every project event.

Table 1.  Timeline of Major Bioreactor Events on Project in Quarter

September 1 through December 31, 2001

	Date
	Project Event

	September 5
	New River leachate sampling 

	September 6
	Polk county site visit

	September 5 -7
	Polk County horizontal injection lines were assembled 

	September 11-14
	Polk County horizontal injection lines were installed 

	October 19

November 2
	New River leachate sampling 

Bioreactor Pre-Construction meeting at NRRL



	November 6-7
	Extension of injection lines to edge of berm, Polk county

	November 12
	Start of construction

	November 20
	Construction meeting at site

	November 28
	Construction meeting at site

	November 30
	New River leachate sampling 

	December 5
	Construction meeting at site

	December 12
	Construction meeting at site

	December 13
	Polk county site visit to examine status of injection lines

	December 19
	Construction meeting at site

	December 27
	Gas sampling at New River 

	September-December 
	New River site preparation for contractor 


2.0 PROGRESS TOWARD PROJECT DELIVERABLES

The project’s operation plan lists nine project objectives and the deliverables associated with meeting those objectives. The progress toward meeting these deliverables is outlined as follows.

Objective 1: Design and operate the bioreactor using innovative techniques and concepts.
Deliverables for Objective 1

1. Statement of successful placement and operation of instrumentation and equipment.

Researchers installed pressure transducers in the leachate collection system of Cell 2 and 3 of the NRRL and a cell at the Tomoka Road Landfill in Volusia County to measure head of leachate on the liner. Liquid injection lines were installed in the waste above the transducer field. Earth pressure cells for measuring total waste load were installed in cell 3 of the NRRL and a new landfill cell at the Volusia County landfill.

With the cooperation of Zircon, Inc. (Dr. Chris Zeiss), researchers tested and installed TDR probes. Researchers also installed additional instrumentation as part of the main bioreactor construction.  This includes temperature thermocouples, moisture sensors, and gas sampling ports. 

The project team completed installation of pressure transducers, piezometers, and load cell at the Orange County Landfill.  

Additional instrumentation continues to be researched. Methods for installing the instrumentation sensor packs have been developed in coordination with project team members.
2. Presentation of data from instrumentation in periodic reports.

Data collected from the Cell 2 pressure transducers have been presented to the Center Advisory Board, the project team and Center Staff.  Researchers will present data collected from the pressure transducers and total load cells in the other landfill cells at future project team meetings and Center Advisory Board meetings. 

3. Establish Bioreactor Web Site.

A bioreactor project web site has been established at www.bioreactor.org.

Objective 2: Design and operate the bioreactor in a manner to control and measure the major inputs and outputs.
Deliverables for Objective 2

1. Description of inputs and outputs in periodic reports.

Measurement of inputs and outputs will begin once the bioreactor construction has been completed and operation begins. The bioreactor has been designed to collect information on the inputs and outputs using state-of-the-art techniques and concepts.

2. Presentation of data in periodic reports.

Data regarding the measured inputs and outputs will be presented as part of the normal reporting process once bioreactor operation begins. Data are currently being collected on leachate quality.

Objective 3: Evaluate the use of aerobic bioreactor landfill technology and compare 
the aerobic approach to the use of anaerobic bioreactor technology.
Deliverables for Objective 3

1. Presentation of data in periodic reports.

Data regarding the use of aerobic technology for achieving rapid landfill stabilization will be evaluated once the bioreactor construction has been completed and operation begins. The bioreactor has been designed to collect the data needed to make this evaluation. Information relating to the design of the landfill is found in the permit application to DEP. Preliminary issues regarding the use of aerobic technology are also available. Methods have been developed to evaluate and compare the two technologies. These methods include the measurement of temperature, moisture content, landfill settlement, and waste properties (methane yield). The results of these measurements from the different treatment zones will be statistically compared to assess differences.

Objective 4: Instrument the landfill bioreactor to permit in-situ monitoring of bioreactor activity and to measure previously unmeasured information (e.g. leachate head on the liner).
Deliverables for Objective 4

1. Statement of successful placement and operation of instrumentation and equipment.

Pressure transducers to measure head of leachate on the liner were successfully installed in the leachate collection system of Cells 2 and 3 of the NRRL and a new landfill cell at the Volusia County landfill. Total earth pressure cells were also successfully installed in NRRL cell 3 and the Volusia County landfill cell. Researchers installed the pressure transducer and earth pressure sensor monitoring station for the NRRL Cell 3 project and the Volusia County Landfill project. Measurement of both parameters is a technique currently not measured at other landfill sites and the results of evaluating this technology will provide greater understanding on the proper operation of landfills (both bioreactor and non-bioreactor). 

Work has also been conducted to develop instrumentation that allows in-situ measurement of moisture with a bioreactor landfill. With the cooperation of Zircon, Inc. (Dr. Chris Zeiss), researchers tested and installed TDR probes. The research team constructed and programmed a field box for monitoring moisture and temperature prior to capping of the bioreactor. Researchers also installed additional instrumentation as part of the main bioreactor construction including: temperature thermocouples, moisture sensors and gas sampling ports. 

Approximately 20% of the 128 pressure transducers at the New River Cell 2 are being used to determine head on liner on a continuing basis.

Approximately 21% of the 96 pressure transducers at the New River Cell 3 location are being used to determine head on liner on a continuing basis.

Approximately 36% of the 92 pressure transducers at the Volusia County site are being used to determine head on liner on a continuing basis.

Pressure transducer and piezometer data are being collected from the Orange County experiment site.  Side-by-side measurements are being compared to determine the validity of the pressure transducer readings.

Laboratory testing aimed at determining the validity of the pressure transducer data has also begun. Experiments include visual verification of pressure transducer readings in a clear water tank and evaluation of the effect of loads on the pressure transducers.

Researchers have collected and compiled the results of total earth pressure cell devices located in cell 3.  Researchers collected data from the head-on-liner transducers and the MTG probes.  Temperature and gas composition data have been collected.

2. Presentation of data in periodic reports.

Data collected from the Cell 2 pressure transducers have been presented in presentations to the Center Advisory Board, the project team and Center Staff. 

Additional Comment: The bioreactor has been designed to include in-situ instrumentation for measuring landfill temperature and moisture content. These devices will be installed during bioreactor construction and data collection will begin immediately after.

Objective 5: Monitor the bioreactor in a manner that measures the impact of bioreactor activities and allows for control of the waste treatment process (e.g. leachate and gas composition and generation, waste characteristics, settlement).
Deliverables for Objective 5

1. Models for use in generating protocols for controlling the waste treatment process.

The landfill has been designed to collect the data necessary to model the waste treatment process. Preliminary work on the development of such models has begun and is the research topic of some of the graduate students currently working on the project. For example, one student is examining the settlement of land filled solid waste as a function of both aerobic and anaerobic treatment. This endeavor includes compiling existing models in the literature, conducting laboratory work to gather fundamental data to address the issue, and developing plans for measuring settlement in the field. 

The landfill has been designed to collect the data necessary to generate protocols for controlling the waste treatment process. 

2. Methodology for quantifying settlement. 

The measurement of settlement of the bioreactor will begin as soon as final waste placement in the bioreactor is complete. Surface elevations will be measured using an Ashtech GPS surveying system purchased as part of the bioreactor project.  Students were professionally trained to use this equipment and field-surveying sessions were conducted. The settlement data will be completed with data collected to measure the degree of waste settlement, gas emissions, and leachate quality. 

3. Presentation of data in periodic reports.

Data regarding the degree and progress of biological treatment and landfill stabilization will be presented in periodic reports. Initial leachate data (baseline for the bioreactor) are available. The laboratory methodology for characterization of leachate, landfill gas, and solid waste has been developed. The methodologies to be used are presented in the bioreactor DEP quality assurance project plan. This plan was developed specifically to address quality control and quality assurance issues associated with collection of data from the bioreactor project.

Objective 6: Collect data through instrumentation, field monitoring, and laboratory analysis that will enable the project team to assess the success of the project, the feasibility of this technology for other sites, and to enable the future design and operation of landfill bioreactors in Florida.

Deliverables for Objective 6

1. Presentation of data in periodic reports.

The bioreactor has been designed to evaluate the use of bioreactor technology (both aerobic and anaerobic). The data collected will be used to assess the success of the various technologies evaluated. The results of such assessments will be presented in periodic reports and other publications. A series of other landfill sites have been visited (Marion, Volusia, and Polk counties).  Discussions were conducted to enlist their help in obtaining more data to assist in evaluating the feasibility of this technology for other Florida sites.

Data that has been collected by researchers includes leachate quality data, climate data, total load of land filled waste, and head on the liner. Upon operation, additional data will include waste characteristics, landfill gas characteristics, temperature, and moisture content. This data will be valuable in developing design and operation tools for implementation of bioreactor technology at other sites.

Objective 7: Develop standardized design and operation procedures for this technology.

Deliverables for Objective 7

1. Models for use in generating protocols for standard operating procedures.

The landfill has been designed to collect information necessary to develop models of this type. Conceptual models have been developed and used as part of the design of the bioreactor at NRRL. These models will be refined and modified as data is collected from the operating bioreactor, resulting in models that can be applied to bioreactor efforts at other landfill sites.

2. Standard Operating Procedures 

The landfill has been designed to collect the information necessary to develop standard operating procedures. Standard operating procedures have been developed for the operation of the bioreactor. These operating procedures will be refined and modified as necessary as experience is gained through the operation of the bioreactor. It is anticipated that these standard operating procedures will be transferable to other sites applying bioreactor technology.

3. Models for use in simulating physical, chemical, and biological processes occurring in landfill bioreactor. 

The landfill has been designed to collect the information necessary to develop models of this type. Development of such models will begin after bioreactor operation has commenced. Models of physical, chemical, and biological processes have already been developed and applied as part of the design and permit application for the NRRL bioreactor. For example, models of waste decomposition in both aerobic and anaerobic environments were applied to size the gas collection system and the air injection system. These models will be refined as data is collected for the fieldwork.

4. Presentation of data in periodic reports.

Data from the efforts referred to in deliverables 1, 2, and 3 of objective 7 will be presented in periodic reports after bioreactor operation has commenced. 

Objective 8: Further define and quantify the true costs and benefits of landfill bioreactors.

Deliverables for Objective 8

1. Methodology for preparation of cost/benefit analysis

The methods for preparation of the cost/benefit analysis will be developed during the first year of bioreactor operation. Researchers have arranged with the NRRL to record economic data pertaining to the construction and operation of the bioreactor so that a cost-benefit analysis can be conducted on bioreactor technology at this site. The same approach will be used to assess the cost/benefit analysis at other Florida bioreactor landfill sites. Existing cost/benefits examinations for bioreactor landfills in the professional literature will be used as a starting point.

2. Periodic cost/benefit projection reports throughout project 

Periodic cost/benefit reports will be presented after the bioreactor has commenced operation and the methodology for preparing such analysis has been developed.

3. Project’s Final Report to include a Cost/Benefit Chapter describing potential impact of bioreactor landfill on post-closure care costs and financial responsibility regulations.

The project’s final report will include a detailed cost analysis of bioreactor landfill technology based on information gathered during the project.

Objective 9: Provide a resource and training ground for students in the State University System, landfill operators, and engineers in Florida.
Deliverables for Objective 9

1. Schedule and description of training opportunities

A schedule and description of training opportunities will be developed following the commencement of bioreactor operations.

2. Report on the attendance and results of training opportunities

Attendance and results of training opportunities will be reported.

3. Plan for extending training after the project.
A plan for extending training after the project will be developed.

Additional comment: The bioreactor landfill project has already provided training, research, and educational opportunities to a number of students from the University of Florida and the University of Central Florida. Efforts will be made to involve students from other Universities as the project commences. Information on the proposed design and operation of the bioreactor has been presented to various state, national, and international audiences at a number of meetings. 

FISCAL CONTRACT SUMMARY—See Attachment A
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