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Executive Summary

The New York City (NYC) water supply system provides more than 1.3 billion gallons of high quality drinking water daily to approximately 8 million NYC residents and 1 million residents of southeastern New York. One of the largest water supply systems in the world, the NYC system consists of 19 reservoirs and 3 controlled lakes situated throughout a 1,969-square-mile area. The quality of NYC water depends on its watersheds. The goal of this project is to protect the water resources in these watersheds from environmental degradation and at the same time promote the economic growth of communities and the management of timber resources. 

The proposed technology is based on using modified wood fibers to absorb pollutants in surface water runoff within NYC watersheds. The major tasks are as follows:

· To evaluate a range of wood fibers, including locally available fibers (eastern hemlock, beech, red maple, and tulip poplar) for ability to absorb pollutants (sorption capacity) 

· To test selected physical, biological, and chemical modifications to increase the sorption capacity of wood fibers for specific heavy metals, residual pesticides, and nutrients (nitrate and phosphate) 

· To install and monitor demonstration filtration systems

· To assess the impact of storm water filtration technology using wood fibers

· To prepare a plan for implementing the technology in all NYC watersheds

The partners in this project are the USDA Forest Service, Forest Products Laboratory (FPL) and Northeastern Area State and Private Forestry; U.S. Environmental Protection Agency (EPA); U.S. Geological Survey; New York City Watershed Agricultural Council; New York City Department of Environmental Protection; University of Wisconsin–Madison; Cornell University; Ècole Polytechnique Federale de Lausanne; Catskill Watershed Corporation and Watershed Agricultural Council; a private engineering consultant; and Odbek Industries, Inc.

The time frame for this study is 5 years. The study will consist of three phases. Phase I will focus on research of appropriate wood fibers for filtration systems and the construction of field test equipment. In Phase II, we will install demonstration filtration systems at selected sites within the watersheds, monitor water quality and wood fiber filters, investigate additional chemical and biological processes for improving filter sorbent capacity and efficiency, and conduct a life-cycle assessment. Phase III will focus on implementing the technology in the NYC watersheds. 

The New York City Watershed Study promises to be beneficial to the communities involved and to the forest products industry. The use of locally grown wood fibers for filtration could provide a new market for forest products. Efforts toward improving utilization of the wood resource and developing new products would strengthen the local forest industry, enhance the profitability of forests as a beneficial low-density use of land, and help to maintain the overall health and long-term sustainability of the forests. 
Introduction

Background

The New York City (NYC) water supply system provides more than 1.3 billion gallons of high quality drinking water daily to approximately 8 million people who live in NYC and 1 million who live in southeastern New York. The system draws water from 19 reservoirs and three controlled lakes throughout a 1,969 square-mile total watershed. The NYC Department of Environmental Protection (DEP) operates and maintains the entire NYC water supply system. Agricultural and forested land, most of which is privately owned, collectively constitute more than 90% of the Catskill/Delaware watersheds. The DEP is working with farmers and forest landowners to maintain a traditional open-space landscape that creates rural economic opportunities while protecting the water supply. The DEP works with local partnership programs administered by two non-profit organizations, the Watershed Agricultural Council (WAC) and the Catskill Watershed Corporation. The WAC implements voluntary pollution prevention programs based on open-space protection; the largest program is the Watershed Agricultural Program, which protects both water quality and the economic viability of farming as a preferred watershed land use. The aim of the voluntary watershed program is to improve the short- and long-term economic viability of forest landownerships and the forest products industry in ways compatible with protecting water quality and sustaining the forests. 

Protecting surface water from contamination is essential for health and safety. To a great extent, pollution is the result of nonpoint sources (not related to factories or businesses); pollution includes urban and agricultural runoff. Typical pollutants are certain toxic heavy metals (primarily those associated with exhaust from cars, trucks, and other motorized vehicles), nutrients (primarily nitrate and phosphate), and byproducts from insecticides. The primary concern is phosphorus content. Various methods have been used to remove phosphorus from water, such as adding chemicals, phosphate-accumulating organisms, or light-expanded clay aggregates (clumps of clay). However, all of these methods involve moving phosphorus from the water to someplace else. The focus of the NYC Watershed Study will be to remove phosphorus from the water.

The use of locally grown wood fibers for filtration could provide a new market for forest products. Throughout New York, approximately 132 million cubic feet of logs is harvested each year for lumber, veneer, or pulpwood production. An estimated 450 sawmills annually produce approximately 550 million board feet of lumber, with an estimated market value of $271 million. Between 40% and 50% of this lumber is used within New York for the manufacture of furniture, pallets, and other products. The sawmills and wood products manufacturers generate a considerable volume of wood residues, including wood chips and roundwood. Using these residues for wood fiber filters would enhance the profitability of regional sawmills and the wood products industry. The Catskill Fund, which is administered by the Catskill Watershed Corporation, provides loans and grants to economic development projects in the NYC watersheds. This fund will likely provide a major source of capital for forest industry projects initiated by the NYC Watershed Study. 

Efforts toward improving utilization of the wood resource and developing new products would strengthen the local forest industry, enhance the profitability of forests as a beneficial low-density use of land, and help to maintain the overall health and long-term sustainability of the forests.

Feasibility

The Forest Products Laboratory (FPL) has an ongoing research program in the use of wood fibers to remove dissolved ions from water; removing these pollutants is typically the most difficult and expensive part of filtering water. The natural sorption capacity of wood fibers varies, depending upon the type of material. FPL researchers have determined that modifying the surface of the wood fiber can substantially increase its sorption capacity. Physical, chemical, and biological techniques for modifying wood fibers are being studied.

As the result of the Stewart Lake Project in Wisconsin, the FPL has developed an efficient wood-based filter, a storm-water filtration system, and monitoring technology. At Stewart Lake, wood fiber filters are being tested for their ability to remove oil, heavy metals, and organic materials from rainwater runoff. To date, three different types of filters have been identified as able to reduce soluble heavy metals and phosphorus. Results show that the system has a 30% to 40% level of efficiency. The capacity of wood fibers to remove pollutants will improve with new techniques for modifying the fibers.

Meetings with dairy farmers in Minnesota and Iowa have indicated that farmers support this kind of technology. For mega-farms in particular, the need to treat farm waste in a big issue. 

Project Objectives

The purpose of the NYC Watershed Study is to develop a technology based on using modified wood fibers to absorb pollutants from surface water runoff. Specific objectives are as follows:

1. To evaluate a range of wood fibers, including locally available fibers, for their capacity to absorb pollutants

2. To modify selected wood fibers through physical, biological, and chemical ways to increase their capacity to absorb specific heavy metals, residual pesticides, and nutrients 

3. To establish and monitor demonstration filtration systems

4. To assess the impact of storm-water filtration technology that uses wood fibers

5. To conduct a life-cycle assessment of the economic feasibility of using wood fiber filters for storm-water filtration 

6. To prepare a technology implementation plan for all NYC watersheds

Field Tests and Life-Cycle Assessment

Six filtration boxes will be installed at various locations: two in an agricultural area, two in a mixed urban–rural area, and two in an industrial area. Three boxes will be installed in the Catskill/Delaware watershed and the remaining three in the Croton watershed. The Catskill/Delaware watershed, which supplies 90% of the NYC water supply, is located west of the Hudson River in Delaware, Green, Schoharie, Sullivan, and Ulster counties. It has six reservoirs. The Croton watershed, which supplies the remainder of NYC water, is located east of the Hudson River in Dutchess, Putnam, and Westchester counties and has 13 reservoirs. The Croton watershed is relatively urbanized. 

Life-cycle assessment of the filtration boxes will be conducted in the final year (year 5) of the study. In addition to providing information on the efficacy of the filtration technology, it will allow us to estimate how much the technology will cost. 

Potential Applications for Modified Wood Fibers

For the purpose of restoring the health of the NYC watersheds, we anticipate that wood fiber filters will be used as an adjunct to existing best management practices. Other potential applications for modified wood fibers are as follows:
· To advance recirculation technology for fish farming by filtering nitrogen and phosphorus from wastewater [Note: The FPL and some members of the NYC Watershed Study Research Team are currently engaged in a preliminary research project on aquaculture, funded by the Energy Center of Wisconsin] 

· As a low-cost, efficient management practice for farmers 
· As a low-cost technology for removing soluble metals from copper mine effluent  

· To remove odor from decaying animal waste in holding ponds 

· To pretreat seawater intended for drinking water 

· To remove oil from seawater

Benefits to the Land and the Community

Two communities will be affected by the NYC Watershed Study: NYC residents and people living within the watershed areas that supply water to NYC. Support from the communities within the watersheds depends on the development of a plan that is mutually beneficial to them and NYC residents. This technology will be more cost-effective than treating the raw water supply. Application of the innovative technology may be used as a best management practice in watershed management. 

The use of locally grown wood fibers for filtration could provide a new market for forest products. The NYC Watershed Study is targeted to utilize low-grade forest products and forest wastes. At present, five New York manufacturing facilities process wood chips and roundwood directly into paper and paperboard. Another facility produces a type of hardboard while processing wood into chips. Although some out-of-state companies utilize sawmill residues and low-grade materials, the recently announced closure of a major wood pulping operation in Pennsylvania has meant the pending loss of a very important market for up to 70,000 tons of wood chips generated annually from lumber production in the Catskill region. There is a growing need to create a more diverse market for new products that can be manufactured economically and efficiently from sawmill residues and other low-grade material. 

The entire process of modifying wood fibers for use as pollutant filters—fiber selection, processing, chemical modification, mat formation, filtration system design, field testing, and generation of data—will be oriented toward involving the forest products industry in watershed management research.

Competitive Technologies

Wood fiber filters are inexpensive and capable of handling rugged situations. They are derived from a sustainable resource, are biodegradable, and are recyclable. Several research groups throughout the world are engaged in the study of wood fiber filtration substrates, but these groups lack the appropriate processing technology. 

Technologies other than wood fiber filtration technology could be used to supply potable water to NYC; for example, purification of water from the Hudson River or purification of existing water from the watersheds. Two competitive technologies for treating water—membrane technology and non-point source remediation—are described here. 

Cost is a major factor in the selection of technology. Storage, sedimentation, and filtration facilities for the NYC water supply system would be very expensive because of the enormous volume of water that flows through the system. It is unlikely that NYC will adopt another proven technology while the proposed study is being conducted. At present, NYC is building a tunnel to supplement the present aqueduct; this project is slated to take 50 years.
Membrane Technology

Ceramic or polymer materials are generally used for membrane technology. Ceramic membranes are approximately 10 times more expensive than wood fibers and are limited in their capacity to control pollution. For example, a commercial membrane technology system (plate and flame module type) costs about $1,000/m3 wastewater treated. The cost of a commercial hollow-fiber module system ranges from $100 to $600/m3 wastewater. The estimated cost for initial installation of membrane filtration for the NYC watershed is $6 to $8 billion (see NYC Watershed Web site). 

Non-Point-Source Remediation 

Different non-point-source remediation technologies are compared in Table 1. Storage and sedimentation are basically identical, with the exception that sediments are removed periodically.
 Screening is the physical removal of pollutants, and coagulation is the addition of chemicals to make the pollutants stick to each other. Floating filters are limited to substances that cannot be dissolved; media filters can potentially be used to remove any type of pollutant. In vegetable purification, either live or dead vegetation is used to purify storm water. In contact oxidation, small round or crushed pebbles are used to support the growth of pollutant-consuming organisms. The organisms attach to the pebbles and oxidize the pollutants. Pollutant-consuming microorganisms are placed in biofilters, and the pollutants are consumed or converted to less toxic substances.
Effects of Doing Nothing

The ‘do nothing’ alternative has already been addressed by the EPA. Water obtained from the reservoirs is not filtered before it is supplied to the NYC water supply system. The only treatment is disinfection. The EPA is concerned that if measures are not taken to remediate the adverse impacts of increased human activity within the watersheds, water quality will deteriorate. If the quality of the NYC water supply system does not comply with EPA standards, NYC will be required to filter the water before distribution. A water filtration plant large enough to handle the NYC water supply is estimated to cost from $6 to $8 billion. The New York State Legislature responded to the EPA warning by authorizing the expenditure of $1 billion over a 15-year period for watershed management. By contrast, the proposed water filtration technology is expected to cost $2 to $3 million.

	Table 1. Comparison of non-point-source remediation technologies

	Technology
	Advantages
	Disadvantages

	Coagulation
	Uses minimal space; less expensive than other technologies
	Could cause more pollution in the long run

	Filtration, other than wood fibers
	Effective if system has high capacity 
	Expensive; filters not recyclable

	Vegetable purification
	Low maintenance 
	High initial cost; low capacity; requires more space than other technologies 

	Contact oxidation—biofilters, charcoal
	Can be tailored to application
	Expensive

	Filtration, modified wood fibers
	Recyclable; can treat wide range of pollutants; less expensive than other technologies
	Uses too much space; low capacity; high maintenance


Challenges

Preliminary investigations by the NYC Watershed Study Research Team indicate that modified wood fibers are potentially effective as sorbents for removing ions and soluble materials from waste streams. Nonetheless, successful demonstration of this technology within the project area will depend to a great extent on the following: 

Knowledge of wood chemistry: The design of high capacity and efficient wood fiber filters requires a thorough understanding of the surface chemistry of wood fibers.

Logistics: The Research Team is represented by people situated in the Midwest and Northeast regions of the United States. Furthermore, the demonstration sites are located relatively far from Cornell University. 

Identification of demonstration sites: Sites must be located where pollutants are present and where the water flow rate can be controlled. An ideal site would be immediately downstream from a wet detention pond.

Regulatory structure: There are many layers of governmental structure within the project area. The project team will need to understand the role of each structure to ensure cooperation and assistance in the installation and monitoring of demonstration sites. 
Weather: Storm water flows vary a great deal, depending on weather conditions and storms. The adverse impact of intensive runoff needs to be considered in the design of the filtration system and the location of demonstration sites. 

Problems could occur if the demonstration filtration systems are not properly designed and installed; for example, excessive flow rate of water through the filtration box, erosion around the exterior of the box, and leaking of the box. We anticipate that all of these problems can be remedied. Risks can be minimized through careful attention to design parameters for constructing the filtration boxes. Applying a sealant to all the joints after installation can prevent leaking of the boxes.

Successful demonstration of the wood fiber filtration technology may not necessarily imply that this technology can be applied throughout the NYC watersheds. That will depend on many factors, which are difficult to access accurately at this time. Important factors are legislation to mandate high water quality and funding for installation and maintenance. 

The nature of the problem may be difficult to handle politically. Water pollution is caused by small amounts of polluted run-off from many acres of land, owned by many different entities/people. We assume that if the public is aware of a low-cost technology for improving water quality, there may be political support to install filtration systems where appropriate. We also assume that improved water quality will benefit the environment as a whole and particularly the biological communities that depend on lakes and rivers.

It is essential that local organizations participate in decisions on the siting, operation, and maintenance of the demonstration projects. Local officials will be asked to help monitor the condition of the demonstration project periodically and to inform the project team if there are any signs of problems.

Despite these challenges, the New York City Watershed Study promises to be very beneficial. The concept of storm water filtration is in the embryonic stage, and the application of wood fibers for remediation of storm water is versatile. The wood fiber resource is locally available, inexpensive, recyclable, and sustainable.

Marketing 

There is a need to find economical ways to harvest and utilize low-grade trees. Certain low-grade trees need to be removed from the forest periodically to encourage growth of higher quality species and to promote long-term sustainability of the wood resource. However, a lack of markets for low-grade material continues to depress standing timber prices, which in turn may contribute to high grading and less landowner interest in long-term forest planning. 

How much of the market can be captured by the technology for wood fiber filters will depend on research and development efforts. The current technology, which is being tested in the Stewart Lake project in Wisconsin (see Feasibility section), already has proven market value. Our goal is to perfect this technology through chemical modification of the wood fibers.

Governance

The Research Team consists of scientists and other staff from the Forest Products Laboratory (FPL), University of Wisconsin–Madison (UW) Civil and Environmental Engineering Department, and Cornell University (CU) Biological Systems Engineering. Most of the research will be conducted at FPL; FPL and UW team members will meet weekly. The FPL and UW researchers will select and modify the wood fibers, design the filtration system, and fabricate the filters. Odbeck Industries and FPL will be responsible for the formation of mats. 

The CU team members will be responsible for implementing the demonstration filtration systems and handling technical problems. Because of the distance between CU and FPL, a local person (from FPL/UW) will serve as a liaison between FPL and CU. The CU and FPL team members will handle any local issues related to the project. 

The project will be reviewed periodically by the Lignocellulosic Research Group (LRG), who focus on the study of wood fiber materials. The LRG members come from the FPL, the UW Civil and Environmental Engineering Department, and the USDA Dairy Forage Research team. 

Public partners 

· USDA Forest Service, Forest Products Laboratory—James Han, research chemist and project leader, use of wood fibers as sorbants for removal of heavy metals, oils, and grease. Mandla Tshabalala, research chemist, filtration of pesticides. Juyoung Kim, postdoctoral fellow, remediation of lakes and removal of phosphorus and nitrogen from wastewater. Beom-Goo Lee, graduate student, chemical modification of wood fibers. Soo-Hong Min, graduate student, basic filtration science and modeling.

· USDA Forest Service, Northeastern Area State and Private Forestry—Albert Todd, Chesapeake Bay Program Liaison, Annapolis, MD; Marcus Phelps, Franklin, NJ. Todd and Phelps will serve as the bridge between the New York area EPA, the U.S. Geologic Survey, and various Federal and local organizations.

· EPA—Links will be established with EPA during field testing stage (Phase II), with direct participation in Phase III. Results from Phase II will provide the basis for research proposals.
· U.S. Geological Survey—David Owens, hydraulic engineer, practical advice; previously worked with Han on detention pond in Madison, WI. Peter Murdock. 

· NYC Watershed Agricultural Council (WAC), Watershed Forestry Program—Alan White, WAC Executive Director, coordination of project activities between various governmental agencies and assessment of economic benefits of using local timber resources as raw material for fiber filters, with emphasis on species with low economic value.  

· NYC Department of Environmental Protection—Regulatory authority for compliance with water quality standards; responsible for implementing 15-year program to protect surface water quality within the project area. 

Academic Partners

· University of Wisconsin–Madison—James Park, professor of civil and environmental engineering, wastewater treatment with emphasis on removal of phosphorus.

· Cornell University—Larry Walker, professor of agricultural and biological engineering, biofiltration. Tammo Steenhuis, professor of agricultural and biological engineering, treatment of secondary wastewater for removal of phosphorus; extensive knowledge of environmental issues within NYC watersheds.

· Ècole Polytechnique Federale de Lausanne—Oliver Jolliet, professor, economic costs and environmental impact of remediation technology.

Private Partners

· Catskill Watershed Corporation (CWC) and Watershed Agricultural Council (WAC)—The CWC facilitates development within the watersheds by issuing permits for remedial measures to reduce pollution in new and existing development. It serves 8 counties and 25 townships in the Catskill Mountains. The CWC and WAC will be instrumental in siting the demonstration projects and coordinating communication with landowners and regulatory agencies. Ken Heavey, a CWC engineer located in the Catskill area, will be the primary contact for filtration sites. Justin A. Perry, a WAC forester, will be the primary forester in utilization of local wood species and processing and fabrication of forest products into the filtration system.

· Engineering Consultant—Mark E. Raabe, private consultant and registered engineer, will provide a direct link to major companies within the engineering consulting industry engaged in water and wastewater treatment. He has cooperated with FPL since 1996 in the study of modified wood fibers, providing engineering and management expertise as well as information on marketing. 

· Odbek Industries, Inc. has been working cooperatively with FPL for several months in developing nonwoven fiber mats using modified wood fibers. Odbek owners Todd Rogers and Mike Becker are familiar with design, fabrication, and marketing. Odbek will supply fiber mats for the testing phase. During implementation, we anticipate that a licensing agreement will be established with Odbek for fiber mat production and marketing.

Project Timeline

The short-term goal is reduction in certain heavy metals and phosphorus in surface water discharged from sub-watersheds selected for demonstration projects. The long-term goal is protection of NYC watersheds.

	Action
	Completion date

	Site selection
	Jan. 15, 2000

	Survey

	Mar 1, 2000

	Fiber identification and modification 
	Feb. 15, 2000

	Design of fiber mat
	Mar. 1, 2000

	Design of filter cage
	Feb. 1, 2000

	Design of filtration system
	Feb 1, 2000

	Construction of filter cages
	Mar. 1, 2000

	Construction of filtration boxes
	April 1, 2000

	Manufacture of fiber mat
	April 1, 2000

	Installation of filtration boxes
	June 1, 2000

	Monitoring
	June–Oct., 2000

	Analysis of filtration media
	June–Oct., 2000

	Maintenance
	June–Oct., 2000

	Replacement of filtration mats
	30-day cycle

	Development of implementation plan

	Year 5

	Installation of new filtration media 
(for pesticides & ammonium)
	May–June 2001

	Chemical analysis of filtration mats
	June–Oct 2001

	Continuation of installation; analysis of newly developed media
	2002–2004

	Life cycle assessment
	Year 5


Bottlenecks could result from lack of coordination and cooperation among the project team members or technical difficulties. Adverse weather conditions could also result in bottlenecks. Key sequences are likely to be associated with siting the demonstration projects, designing the filtration cages, and installing the filtration boxes. Local politics could become a factor in the demonstration phase of the project.

Financial Plan

	A. Spreadsheet by quarter or year
	
	
	
	
	

	1. Revenue
	
	
	
	
	Total
	$289,947 

	
	Sources by type
	
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	
	
	

	
	
	
	Cranberry Institute (1 year)
	
	
	
	
	
	20,500

	
	
	
	Energy Center of Wisconsin
	
	
	
	
	
	25,800

	
	
	
	Odbeck Industries, Inc. matching fund toward R & D of Dan Web Research (no licensing agreement to date)
	10,000

	
	
	
	Mark Raabe
	
	
	
	
	
	10,000

	
	
	Forest Service Funding
	
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO
	
	121,000

	
	
	
	FPL share of FS appropriation toward this project-approximation
	82,647

	
	
	Other agency funding
	
	
	
	
	
	

	
	
	
	Matching funds from the University of Wisconsin toward this projects
	10,000

	
	
	
	Matching funds from Cornell  toward this projects
	
	
	10,000

	
	
	Contributions of goods and services
	
	
	
	
	

	
	
	
	Organizational volunteers
	
	
	
	
	
	

	
	
	
	Justin A. Perry-Watershed Agricultural Council, Walton, NY
	
	

	
	
	
	Alan White- Forestry and Agricultural Development, NYCWS
	
	

	
	
	
	Ken Heavey-Engineer, Catskill Watershed Corporation
	
	
	

	
	
	
	Donation of goods
	
	
	
	
	
	

	
	
	
	Cannonsville Lumber Company, NY-Donation of local wood sample
	

	
	Activities to solicit funding
	
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	
	
	

	
	
	
	Cranberry Institute Approved
	
	
	
	
	
	

	
	
	
	Energy Center of Wisconsin Approved
	
	
	
	
	

	
	
	
	Odbeck Industries, Inc. Approved
	
	
	
	
	

	
	
	Forest Service Funding
	
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO: need business plan

	
	
	
	FPL share of FS appropriation toward Large Scale Watershed Project-approximation:

	
	
	
	
	 Approved
	
	
	
	

	
	
	Other agency funding
	
	
	
	
	
	

	
	
	
	 University of Wisconsin toward this projects: Approved
	
	
	

	
	
	
	 Cornell University toward this projects: Approved
	
	
	


	2. Expenses (2000)
	
	
	
	
	Total
	289,947

	Cost estimates by project component-Cost by organization
	
	
	

	
	Assumption of fixed costs
	
	
	
	
	
	

	
	
	Cost of permanent staff assignments
	
	
	
	
	

	
	
	
	
	Q1
	Q2
	Q3
	Q4
	year
	82,647

	
	
	
	Chemist
	15950
	15950
	15950
	15950
	63,800
	

	
	
	
	Chemist
	1408
	1408
	1408
	1408
	5,632
	

	
	
	
	Carpenter
	5393
	
	
	
	5,393
	

	
	
	
	Machinist
	989
	
	
	
	989
	

	
	
	
	Driver
	640
	
	
	
	640
	

	
	
	
	Painter
	800
	
	
	
	800
	

	
	
	
	Yard crew
	5393
	
	
	
	5,393
	

	
	Variable costs
	
	
	
	
	
	

	
	
	Detailers and temporaries
	
	
	
	
	
	41,030

	
	
	
	Chemist, FPL
	5,667
	5,667
	5,668
	5,668
	22,670
	

	
	
	
	Engineer, FPL
	3,390
	3,390
	3,390
	3,390
	13560
	

	
	
	
	benefits, 32%
	1200
	1200
	1200
	1200
	4800
	

	
	
	Research partner  costs
	
	
	
	
	
	

	
	
	
	University of Wisconsin
	
	
	
	
	
	30,000

	
	
	
	Faculty salary
	1000
	1000
	11,000
	1000
	14,000
	

	
	
	
	Grad student
	2507
	2507
	2509
	2507
	10030
	

	
	
	
	Benefits
	565
	565
	565
	565
	2260
	

	
	
	
	Travel
	
	
	
	
	2000
	

	
	
	
	Other direct expenses
	
	
	
	
	1710
	

	
	
	
	Cornell University
	
	
	
	
	
	26,500

	
	
	
	Faculty salary
	
	
	10,000
	
	10,000
	

	
	
	
	Grad student
	3750
	3750
	3750
	3750
	15000
	

	
	
	
	Benefits
	375
	375
	375
	375
	1500
	

	
	
	Mark Raabe 
	
	10,000
	10,000
	10,000
	30,000
	30,000

	
	
	Outside contractors, production of fiber mat
	
	
	
	16,500

	
	
	
	Odbeck
	6,500
	
	
	
	6,500
	

	
	
	
	Salary
	5,000
	5,000
	
	
	10,000
	

	
	
	Out of pocket for travel, materials, etc.
	
	
	
	
	31066

	
	
	
	Travel
	5,000
	4,126
	2,000
	2000
	13126
	

	
	
	
	Construction of filtration boxes
	17,940
	
	
	
	17,940
	

	
	
	Other variable costs
	
	
	
	
	
	32,204

	
	
	
	Sampling
	525
	525
	
	
	1,050
	

	
	
	
	Monitoring
	10,080
	10,080
	
	
	20,160
	

	
	
	
	Publication cost
	
	
	
	2,000
	2,000
	

	
	
	
	Supply, chemicals
	
	
	
	
	8,994
	


	XII. Financial plan "New York City Watershed Study" for the year 2001
	

	A. Spreadsheet by quarter and later by year
	
	
	

	1. Revenue
	
	
	
	
	Total
	$476,918 

	
	Sources by type
	
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	

	
	
	
	Cranberry Institute
	
	
	
	
	30,000

	
	
	
	Energy Center of Wisconsin
	
	
	
	25,800

	
	
	
	Odbeck Industries, Inc. matching fund toward R & D of Dan Web Research
	10,000

	
	
	
	Mark Raabe
	
	
	
	
	
	10,000

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO
	
	115,000

	
	
	
	FPL share of FS appropriation toward this Project-approximation
	66,118

	
	
	
	Extra funding requested by FPL on water filtration research 
	
	200,000

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	Matching funds from the University of Wisconsin toward this projects
	10,000

	
	
	
	Matching funds from Cornell  toward this projects
	
	10,000

	
	
	Contributions of goods and services
	
	
	
	

	
	
	
	Organizational volunteers
	
	
	
	
	

	
	
	
	Justin A. Perry-Watershed Agricultural Council, Walton, NY
	
	

	
	
	
	Alan White-Director of Forestry and Agricultural Development, New York City Watershed

	
	
	
	John Schwartz-New York City Department of Environmental Protection
	

	
	
	
	Ken Heavey-Engineer, Catskill Watershed Corporation
	
	

	
	
	
	Donation of goods
	
	
	
	
	

	
	
	
	Cannonsville Lumber Company, NY-Donation of local wood sample
	

	
	Activities to solicit funding
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	
	

	
	
	
	Cranberry Institute 
	
	
	
	
	

	
	
	
	Energy Center of Wisconsin 
	
	
	
	

	
	
	
	Odbeck Industries, Inc. Approved
	
	
	
	

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO: Need business plan
	

	
	
	
	FPL share of FS appropriation toward Large Scale Watershed Project-approximation:

	
	
	
	FPL water filtration: requested
	
	
	
	

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	 University of Wisconsin toward this projects: Approved
	
	

	
	
	
	 Cornell University toward this projects: Approved
	
	
	


	2. Expenses (2001)
	
	
	
	Total
	476,918

	Cost estimates by project component-Cost by organization
	
	

	
	Assumption of fixed costs
	
	
	
	
	

	
	
	Cost of permanent staff assignments
	
	
	
	

	
	
	
	
	Q1
	Q2
	Q3
	Q4
	year
	71,486

	
	
	
	Chemist
	15950
	15950
	15950
	15950
	63,800
	

	
	
	
	Chemist
	800
	800
	800
	800
	3,200
	

	
	
	
	Carpenter
	2697
	
	
	
	2,697
	

	
	
	
	Machinist
	1789
	
	
	
	1789
	

	
	Variable costs
	
	
	
	
	
	

	
	
	Detailers and temporaries
	
	
	
	
	96,000

	
	
	
	Chemist, FPL
	10,000
	10,000
	10,000
	10,000
	40,000
	

	
	
	
	Engineer, FPL
	10,000
	10,000
	10,000
	10,000
	40000
	

	
	
	
	Engineer, FPL
	4,000
	4,000
	4,000
	4,000
	16000
	

	
	
	Research partner  costs
	
	
	
	
	

	
	
	
	University of Wisconsin
	
	
	
	
	33,290

	
	
	
	Faculty salary
	1000
	1000
	11,000
	1000
	14,000
	

	
	
	
	Grad student
	2507
	2507
	2509
	2507
	10030
	

	
	
	
	Benefits
	565
	565
	565
	565
	2260
	

	
	
	
	Travel
	
	
	
	
	4000
	

	
	
	
	Other direct expenses, PC
	
	
	3000
	

	
	
	
	Cornell University
	
	
	
	
	26,500

	
	
	
	Faculty salary
	
	10,000
	
	10,000
	

	
	
	
	Grad student
	3750
	3750
	3750
	3750
	15000
	

	
	
	
	Benefits
	375
	375
	375
	375
	1500
	

	
	
	Mark Raabe 
	11,000
	11,000
	11,000
	11,000
	44,000
	44,000

	
	
	Outside contractors, production of fiber mat
	
	
	16,500

	
	
	
	Odbeck
	6,500
	
	
	
	6,500
	

	
	
	
	Salary
	5,000
	5,000
	
	
	10,000
	

	
	
	Out of pocket for travel, materials, etc.
	
	
	
	31066

	
	
	
	Travel
	5,000
	4,126
	2,000
	2000
	13126
	

	
	
	
	Maintenance
	4,485
	4,485
	4,485
	4,485
	17,940
	

	
	
	Other variable costs
	
	
	
	
	158,076

	
	
	
	Sampling
	525
	525
	
	
	1,050
	

	
	
	
	Monitoring
	3,000
	3,000
	3,000
	3,000
	12,000
	

	
	
	
	Publication cost
	
	
	2,000
	2,000
	

	
	
	
	Supply, chemicals
	
	
	
	8,994
	

	
	
	
	Ion Chromatograph
	
	
	
	50,000
	

	
	
	
	GC/MS
	
	
	
	
	60,000
	

	
	
	
	Pumps
	
	
	
	
	24,032
	


	XII. Financial plan "New York City Watershed Study" for the year 2002
	

	A. Spreadsheet by quarter and later by year
	
	
	
	

	1. Revenue
	
	
	
	
	Total
	$476,918 

	
	Sources by type
	
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	
	

	
	
	
	Cranberry Institute
	
	
	
	
	30,000

	
	
	
	Energy Center of Wisconsin
	
	
	
	25,800

	
	
	
	Odbeck Industries, Inc. matching fund toward R & D of Dan Web Research
	10,000

	
	
	
	Mark Raabe
	
	
	
	
	
	10,000

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO
	
	115,000

	
	
	
	FPL share of FS appropriation toward this Project-approximation
	66,118

	
	
	
	Extra funding requested by FPL on water filtration research 
	
	200,000

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	Matching funds from the University of Wisconsin toward this projects
	10,000

	
	
	
	Matching funds from Cornell toward this projects
	
	
	10,000

	
	
	Contributions of goods and services
	
	
	
	

	
	
	
	Organizational volunteers
	
	
	
	

	
	
	
	Justin A. Perry-Watershed Agricultural Council, Walton, NY
	
	

	
	
	
	Alan White-Director of Forestry and Agricultural Development, New York City Watershed

	
	
	
	John Schwartz-New York City Department of Environmental Protection
	

	
	
	
	Ken Heavey-Engineer, Catskill Watershed Corporation
	
	

	
	
	
	Donation of goods
	
	
	
	
	

	
	
	
	Cannonsville Lumber Company, NY-Donation of local wood sample
	

	
	Activities to solicit funding
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	
	

	
	
	
	Cranberry Institute 
	
	
	
	
	

	
	
	
	Energy Center of Wisconsin 
	
	
	
	

	
	
	
	Odbeck Industries, Inc. Approved
	
	
	
	

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO: Need business plan
	

	
	
	
	FPL share of FS appropriation toward Large Scale Watershed Project: Approved
	

	
	
	
	FPL water filtration: requested
	
	
	
	

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	 University of Wisconsin toward this projects: Approved
	
	

	
	
	
	 Cornell University toward this projects: Approved
	
	
	


	2. Expenses (2002)
	
	
	
	
	Total
	476,918

	Cost estimates by project component-Cost by organization
	
	

	
	Assumption of fixed costs
	
	
	
	
	

	
	
	Cost of permanent staff assignments
	
	
	
	

	
	
	
	
	Q1
	Q2
	Q3
	Q4
	year
	71,486

	
	
	
	Chemist
	15950
	15950
	15950
	15950
	63,800
	

	
	
	
	Chemist
	800
	800
	800
	800
	3,200
	

	
	
	
	Carpenter
	2697
	
	
	
	2,697
	

	
	
	
	Machinist
	1789
	
	
	
	1789
	

	
	Variable costs
	
	
	
	
	
	

	
	
	Detailers and temporaries
	
	
	
	
	96,000

	
	
	
	Chemist, FPL
	10,000
	10,000
	10,000
	10,000
	40,000
	

	
	
	
	Engineer, FPL
	10,000
	10,000
	10,000
	10,000
	40000
	

	
	
	
	Engineer, FPL
	4,000
	4,000
	4,000
	4,000
	16000
	

	
	
	Research partner  costs
	
	
	
	
	

	
	
	
	University of Wisconsin
	
	
	
	
	35,290

	
	
	
	Faculty salary
	1000
	1000
	11,000
	1000
	14,000
	

	
	
	
	Grad student
	2507
	2507
	2509
	2507
	10030
	

	
	
	
	Benefits
	565
	565
	565
	565
	2260
	

	
	
	
	Travel
	
	
	
	
	4000
	

	
	
	
	Other direct expenses, PC
	
	
	5000
	

	
	
	
	Cornell University
	
	
	
	
	41,500

	
	
	
	Faculty salary
	
	10,000
	
	10,000
	

	
	
	
	Grad student
	3750
	3750
	3750
	3750
	15000
	

	
	
	
	Benefits
	375
	375
	375
	375
	1500
	

	
	
	
	Travel
	
	
	
	
	15,000
	

	
	
	Mark Raabe 
	12,000
	12,000
	12,000
	12,000
	48,000
	48,000

	
	
	Outside contractors, production of fiber mat
	
	
	16,500

	
	
	
	Odbeck
	6,500
	
	
	
	6,500
	

	
	
	
	Salary
	5,000
	5,000
	
	
	10,000
	

	
	
	Out of pocket for travel, materials, etc.
	
	
	
	31066

	
	
	
	Travel
	5,000
	4,126
	2,000
	2000
	13126
	

	
	
	
	Maintenance
	4,485
	4,485
	4,485
	4,485
	17,940
	

	
	
	Other variable costs
	
	
	
	
	137,076

	
	
	
	Sampling
	525
	525
	
	
	1,050
	

	
	
	
	Monitoring
	2,000
	2,000
	2,000
	2,000
	8,000
	

	
	
	
	Publication cost
	
	
	2,000
	2,000
	

	
	
	
	Supply, chemicals
	
	
	
	8,994
	

	
	
	
	EDXA
	
	50,000
	
	
	50,000
	

	
	
	
	LC/MS
	
	60,000
	
	
	67,032
	


	XII. Financial plan "New York City Watershed Study" for the year 2003
	

	A. Spreadsheet by quarter and later by year
	
	
	

	1. Revenue
	
	
	
	
	Total
	$441,918 

	
	Sources by type
	
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	

	
	
	
	Cranberry Institute
	
	
	
	
	30,000

	
	
	
	Energy Center of Wisconsin
	
	
	
	25,800

	
	
	
	Odbeck Industries, Inc. matching fund toward R & D of Dan Web Research
	10,000

	
	
	
	Mark Raabe
	
	
	
	
	
	10,000

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO
	
	80,000

	
	
	
	FPL share of FS appropriation toward this Project-approximation
	66,118

	
	
	
	Extra funding requested by FPL on water filtration research 
	
	200,000

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	Matching funds from the University of Wisconsin toward this projects
	10,000

	
	
	
	Matching funds from Cornell Wisconsin toward this projects
	
	10,000

	
	
	Contributions of goods and services
	
	
	
	

	
	
	
	Organizational volunteers
	
	
	
	

	
	
	
	Justin A. Perry-Watershed Agricultural Council, Walton, NY
	
	

	
	
	
	Alan White-Director of Forestry and Agricultural Development, New York City Watershed

	
	
	
	John Schwartz-New York City Department of Environmental Protection
	

	
	
	
	Ken Heavey-Engineer, Catskill Watershed Corporation
	
	

	
	
	
	Donation of goods
	
	
	
	
	

	
	
	
	Cannonsville Lumber Company, NY-Donation of local wood sample
	

	
	Activities to solicit funding
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	

	
	
	
	Cranberry Institute 
	
	
	
	
	

	
	
	
	Energy Center of Wisconsin 
	
	
	
	

	
	
	
	Odbeck Industries, Inc. Approved
	
	
	
	

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO: Need business plan
	

	
	
	
	FPL share of FS appropriation toward Large Scale Watershed Project :requested
	

	
	
	
	FPL water filtration: requested
	
	
	
	

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	 University of Wisconsin toward this projects: Approved
	
	

	
	
	
	 Cornell University toward this projects: Approved
	
	
	


	2. Expenses (2003)
	
	Total
	441,918

	Cost estimates by project components-Cost by organization
	

	Assumption of fixed costs
	
	
	
	
	

	
	Cost of permanent staff assignments
	
	
	
	

	
	
	
	Q1
	Q2
	Q3
	Q4
	year
	71,486

	
	
	Chemist
	15950
	15950
	15950
	15950
	63,800
	

	
	
	Chemist
	800
	800
	800
	800
	3,200
	

	
	
	Carpenter
	2697
	
	
	
	2,697
	

	
	
	Machinist
	989
	
	
	
	989
	

	
	
	Painter
	800
	
	
	
	800
	

	Variable costs
	
	
	
	
	
	

	
	Detailers and temporaries
	
	
	
	
	104,000

	
	
	Chemist, FPL
	11,000
	11,000
	11,000
	11,000
	44,000
	

	
	
	Engineer, FPL
	11,000
	11,000
	11,000
	11,000
	44000
	

	
	
	Engineer, FPL
	4,000
	4,000
	4,000
	4,000
	16000
	

	
	Research partner  costs
	
	
	
	
	

	
	
	University of Wisconsin
	
	
	
	
	33,290

	
	
	Faculty salary
	1000
	1000
	11,000
	1000
	14,000
	

	
	
	Grad student
	2507
	2507
	2509
	2507
	10030
	

	
	
	Benefits
	565
	565
	565
	565
	2260
	

	
	
	Travel
	
	
	
	
	4000
	

	
	
	Other direct expenses, PC
	
	
	3000
	

	
	
	Cornell University
	
	
	
	
	28,000

	
	
	Faculty salary
	
	10,000
	
	10,000
	

	
	
	Grad student
	3750
	3750
	3750
	3750
	15000
	

	
	
	Benefits
	375
	375
	375
	375
	1500
	

	
	
	Travel
	
	
	
	
	1,500
	

	
	Mark Raabe 
	14,000
	14,000
	14,000
	14,000
	56,000
	56,000

	
	Outside contractors, production of fiber mat
	
	
	16,500

	
	
	Odbeck
	6,500
	
	
	
	6,500
	

	
	
	Salary
	5,000
	5,000
	
	
	10,000
	

	
	Out of pocket for travel, materials, etc.
	
	
	
	30592

	
	
	Travel
	5,000
	4,126
	2,000
	2000
	13126
	

	
	
	Construction of filtration boxes
	4,485
	4,485
	4,485
	4,485
	17,466
	

	
	Other variable costs
	
	
	
	
	102,050

	
	
	Sampling
	525
	525
	
	
	1,050
	

	
	
	Monitoring
	2,000
	2,000
	
	
	4,000
	

	
	
	Publication cost
	
	
	2,000
	2,000
	

	
	
	Supply, chemicals
	
	
	
	5,000
	

	
	
	Atomic Force Microscopy
	90,000
	
	
	90,000
	


	XII. Financial plan "New York City Watershed Study" for the year 2004
	

	A. Spreadsheet by quarter and later by year
	
	
	
	

	1. Revenue
	
	
	
	
	Total
	$451,118 

	
	Sources by type
	
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	

	
	
	
	Cranberry Institute
	
	
	
	
	30,000

	
	
	
	Energy Center of Wisconsin
	
	
	
	30,000

	
	
	
	Odbeck Industries, Inc. matching fund toward R & D of Dan Web Research
	10,000

	
	
	
	Mark Raabe
	
	
	
	
	
	10,000

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO
	
	85,000

	
	
	
	FPL share of FS appropriation toward this Project-approximation
	66,118

	
	
	
	Extra funding requested by FPL on water filtration research 
	
	200,000

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	Matching funds from the University of Wisconsin toward this projects
	10,000

	
	
	
	Matching funds from Cornell toward this projects
	
	
	10,000

	
	
	Contributions of goods and services
	
	
	
	

	
	
	
	Organizational volunteers
	
	
	
	

	
	
	
	Justin A. Perry-Watershed Agricultural Council, Walton, NY
	
	

	
	
	
	Alan White-Director of Forestry and Agricultural Development, New York City Watershed

	
	
	
	John Schwartz-New York City Department of Environmental Protection
	

	
	
	
	Ken Heavey-Engineer, Catskill Watershed Corporation
	
	

	
	
	
	Donation of goods
	
	
	
	
	

	
	
	
	Cannonsville Lumber Company, NY-Donation of local wood sample
	

	
	Activities to solicit funding
	
	
	
	
	

	
	
	Non-governmental funding
	
	
	
	

	
	
	
	Cranberry Institute 
	
	
	
	
	

	
	
	
	Energy Center of Wisconsin 
	
	
	
	

	
	
	
	Odbeck Industries, Inc. Approved
	
	
	
	

	
	
	Forest Service Funding
	
	
	
	
	

	
	
	
	Grant requested from the Large Scale Watershed Project WO: Need business plan
	

	
	
	
	FPL share of FS appropriation toward Large Scale Watershed Project :requested
	

	
	
	
	FPL water filtration: requested
	
	
	
	

	
	
	Other agency funding
	
	
	
	
	

	
	
	
	University of Wisconsin toward this projects: Approved
	
	

	
	
	
	Cornell University toward this projects: Approved
	
	
	


	2. Expenses (2004)
	
	
	
	
	Total
	451,118

	Cost estimates by project component-Cost by organization
	
	

	
	Assumption of fixed costs
	
	
	
	
	

	
	
	Cost of permanent staff assignments
	
	
	
	

	
	
	
	
	Q1
	Q2
	Q3
	Q4
	year
	70,496

	
	
	
	Chemist
	15950
	15950
	15950
	15950
	63,800
	

	
	
	
	Chemist
	800
	800
	800
	800
	3,200
	

	
	
	
	Carpenter
	674
	674
	674
	674
	2,696
	

	
	
	
	Machinist
	200
	200
	200
	200
	800
	

	
	Variable costs
	
	
	
	
	
	

	
	
	Detailers and temporaries
	
	
	
	
	104,000

	
	
	
	Chemist, FPL
	11,000
	11,000
	11,000
	11,000
	44,000
	

	
	
	
	Engineer, FPL
	11,000
	11,000
	11,000
	11,000
	44000
	

	
	
	
	Engineer, FPL
	4,000
	4,000
	4,000
	4,000
	16000
	

	
	
	Research partner  costs
	
	
	
	
	

	
	
	
	University of Wisconsin
	
	
	
	
	33,290

	
	
	
	Faculty salary
	1000
	1000
	11,000
	1000
	14,000
	

	
	
	
	Grad student
	2507
	2507
	2509
	2507
	10030
	

	
	
	
	Benefits
	565
	565
	565
	565
	2260
	

	
	
	
	Travel
	
	
	
	
	4000
	

	
	
	
	Other direct expenses, PC
	
	
	3000
	

	
	
	
	Ecole Polytechnique Federale de Lausanne
	
	
	33,000

	
	
	
	Faculty 
	
	
	20,000
	
	20,000
	

	
	
	
	Grad student
	3,000
	3,000
	3,000
	
	9000
	

	
	
	
	Travel
	
	
	
	
	4,000
	

	
	
	Mark Raabe 
	16,000
	16,000
	16,000
	16,000
	64,000
	64,000

	
	
	Outside contractors, production of fiber mat
	
	
	16,500

	
	
	
	Odbeck
	6,500
	
	
	
	6,500
	

	
	
	
	Salary
	5,000
	5,000
	
	
	10,000
	

	
	
	Out of pocket for travel, materials, etc.
	
	
	
	30056

	
	
	
	Travel
	5,000
	4,116
	2,000
	1000
	12116
	

	
	
	
	Maintenance
	4,485
	4,485
	4,485
	4,485
	17,940
	

	
	
	Other variable costs
	
	
	
	
	99,776

	
	
	
	Sampling
	525
	525
	
	
	1,050
	

	
	
	
	Monitoring
	1,000
	1,000
	1,000
	1,000
	4,000
	

	
	
	
	Publication cost
	
	
	2,000
	2,000
	

	
	
	
	Supply, chemicals
	
	
	
	5,000
	

	
	
	
	Atomic Force Microscopy
	
	
	87,726
	





Time frame: 5 years. Laboratory studies, location of demonstration projects, and construction of filter boxes are planned to be completed within the first 6 months. The filter boxes will be installed in June 2000 and testing and monitoring will proceed through October 2002. An implementation plan for using the technology within the NYC watersheds will be prepared during the final 2 years of the project.








� Y. Kato. Nonpoint source sound water recycling plan. Journal of Sewage Assoc. 35(432), 1998.
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