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Methods Employed In Performing A Feasibility Study On A 
Statewide Yardwaste Composting Program For Virginia 

by 

James Henry May 

(ABSTRACT) 

Virginia is rapidly running out of landfill space. Recycling is seen as a way to alleviate some 

of the burden on our landfills. The Commonwealth of Virginia has mandated an ambitious recycling 

goal of 10% of our municipal solid waste (MSW) by 1991, 15% by 1993 and 25% by 1995. 

Yardwaste (debris such as leaves, grass clippings and shrub and tree prunings) comprises an 

estimated 15% to 20% of the municipal solid waste going into our landfills daily. Yardwaste can be 

recycled by collecting the material, piling it into large windrows, and allowing it to decompose by 

a controlled process called composting. The finished product can then be utilized as a soil 

amendment for use by nurseries, landscapers, farmers, local and state government landscaping 

projects, and by homeowners. 

The Virginia Cooperative Extension Service at Virginia Tech was authorized to perform a 

study on the feasibility of implementing a statewide yardwaste composting program for Virginia. 

The methods involved in the study included information acquisition via a literature review, site visits 

in other states to assess technologies and a series of surveys to determine potential uses and users 

of composted yardwaste in Virginia. 

The feasibility study was presented to the Virginia Department of Waste Management in 

November, 1989 and presented as House Document No. 34 to the 1990 Session of the Virginia 

General Assembly. Several pieces of legislation, including three bills and one joint resolution are 

currently pending concerning results of the study.
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Chapter 1 

Introduction 

Solid waste management and the availability and cost of landfill space is approaching a 

national crisis. In many states, landfills are expanding faster than new space can be found to 

replace them. Landfill space in some northeast states is so scarce that solid wastes must be 

transported to other states. In a survey sent to landfill managers in Virginia, over half of the 

respondents indicated their landfill had an expected life of less than ten years. The problems 

involved in siting new landfills are many and have sparked heated debate in some communities. 

The "NIMBY" syndrome (Not In My Back Yard) is prevalent and has turned many formerly 

complacent people into activists. With landfills reaching capacity and siting of new ones so difficult, 

alternatives must be developed to deal with our wastes. State and federal administrators are 

stressing source reduction and recycling as the most likely means of alleviating the pressure on 

landfill space. However, many waste stream components do not lend themselves easily to 

separation and recycling. Technologies for separating wastes are being developed but are not 

currently in widespread use in the U.S. Voluntary recycling efforts have been successful on a limited 

basis where economic or legal incentives are provided, although recent increases in voluntary 

citizen participation in recycling programs are encouraging. Glass, aluminum, newsprint and plastic 

are the most commonly recycled household items. 
— 

Yardwaste (debris such as leaves, grass clippings and shrub and tree prunings) comprises 

an estimated 15 to 20% of the municipal solid waste (MSW) going into our nation’s landfills daily 

(3,28). Yardwaste generation rates and composition vary by season and in the peak months during 

the summer and fall, yardwaste may represent 25 to 50% of the MSW stream in some areas (28). 

Since yardwastes are a relatively clean, biodegradable material, landfilling them is unnecessary,
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wasting valuable landfill space. They lend themselves easily to be separated at their point of origin 

(source separation) as they are usually bagged separately from household trash or raked to the 

curb in front of the house in suburban neighborhoods. 

In some areas of the U.S., composting of these materials as a means of recycling has been 

done for a number of years. It is estimated there are 800 to 1,000 yardwaste composting facilities 

in the U.S. (14). Many communities have begun looking at alternatives to landfilling yardwastes due 

to the rising tipping fees and an increased environmental concern. In fact, several states have 

already passed legislation prohibiting some or all of their yardwaste from disposal at landfills (13). 

In January, 1989, the Virginia General Assembly passed House Joint Resolution No. 395 

(Appendix B) requesting a study by the Department of Waste Management on the feasibility of 

developing and implementing a statewide program for composting yardwastes. The Virginia 

Cooperative Extension Service was contracted to perform the study which was carried out from 

July, 1989 to November, 1989. The study, entitled "The Feasibility of A Statewide Yardwaste 

“Composting Program for Virginia" was completed in partial fulfillment of the requirements for a 

Master of Science degree in Horticulture at Virginia Polytechnic Institute and State University. It was 

presented to the Governor and General Assembly of Virginia in January, 1990, and is included here 

as Appendix C. 

The Need for the Study 

According to results from a national survey, Virginia disposes of nearly 7.3 million tons of 

MSW annually in landfills at an average cost of just under $20 per ton (14). An estimated 15 to 20 

percent of this is yardwaste: thus, approximately one million tons of yardwaste, equal to four to five 

million cubic yards, are placed in landfills. Based on this volume of yardwaste and the average 

tipping fee, landfill space valued at twenty million dollars is being used annually for disposal of an
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easily recyclable material. However, diverting yardwaste from landfills requires alternative 

processing and the development of uses and markets for the finished product. 

It is estimated that if all leaves and grass clippings currently placed in landfills in Virginia 

were composted, 800,000 cubic yards of compost would be generated annually. This volume could 

be reduced to approximately 600,000 cubic yards if haif of all grass clippings are left on lawns and 

even less if backyard composting were encouraged. Markets need to be developed for the 

municipal compost as this material is currently not available and has little consumer recognition. 

Supply would exceed demand under current market conditions. Agriculture is anticipated to be the 

primary market for yardwaste compost, with the nursery and landscaping industry probably the 

single largest user. Biological or sustainable farmers are also seen as a large potential market. 

State and local governments could make use of large amounts of the material. 

There are several technologies currently in use in various parts of the country, and 

assessing the appropriate technologies for use in Virginia is needed. Also, it is necessary to assess 

the potential volumes of compost that could be produced from material currently going into landfills 

to develop appropriate markets. | 

Virginia is diverse in its geography and population densities, and technologies used in one 

area of the state may not be appropriate in another area. For example, areas with a large suburban 

population may need a more sophisticated level of technology due to the large volume of 

yardwastes produced. More rural areas may be able to contract with farmers to accept the 

yardwastes for composting, using a low to intermediate level of technology. 

Purpose 

The purpose of the study was to determine the feasibility of developing a statewide program 

for composting yardwaste. The study included technology assessment, current yardwaste volume 

and management practices, potential utilization and markets for the finished product and
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recommendations for programs needed to implement a composting policy in Virginia. The study 

was conducted for the Virginia Department of Waste Management (DWM) as directed by the Virginia 

General Assembly pursuant to House Joint Resolution No. 395. 

Study Objectives 

The objectives of the feasibility study were as follows: 

¢ assess the potential applicability of various technologies for composting 

yardwastes to the state of Virginia 

¢ determine the current practices for yardwaste management in Virginia 

¢ identify potential uses and users of yardwaste compost 

¢ estimate the volumes and types of yardwastes available for composting 

e identify the regulatory, legislative and educational programs that need to be 

revised and/or implemented 

Methods 

The study consisted of a review of the literature; site visits to yardwaste composting 

facilities; and development, administration and summarization of three surveys. 

Literature Review 

A computerized literature search was conducted at V.P.I. & S.U. utilizing the AGRICOLA 

system and information available from the National Agricultural Library in Beltsville, Maryland. The 

literature review is divided into the following sections: 

¢ Composting Principles 

¢ Composting Studies and Surveys



¢ Leaf Collection and Composting 

¢ Horticultural Uses of Compost 

Composting Principles 

Research has been done for many years on composting of sludges, manures and other 

agricultural wastes and foodwastes. However, it was not until work was done at Rutgers University 

in the mid 1980’s that research focused on municipal leaf or yardwaste composting. Strom and 

Finstein (27) identified the four levels of technology for leaf composting, although all of the 

technologies involved were adapted from sludge composting technologies (15). Work was done 

elsewhere on sludge composting (19) but was adapted to yardwaste composting because the 

principles of windrowing, particle size and thermal properties apply to both types of material. 

In Europe, composting has been an accepted way of waste disposal since the end of World 

War Il. The principles involved in the process of composting are basically the same no matter what 

the material. A paper published from research done at the University of Birmingham, UK, details 

these principles (4). 

Composting Studies and Surveys 

In 1988, Glenn (13) reported per capita annual MSW generation of one ton, tipping fees 

ranging from $0 to over $185 per ton, and many states running out of landfill space. New Jersey, 

for example, passed the Statewide Mandatory Source Separation and Recycling Act which banned 

the landfilling of leaves in 1988 (1). Other states have implemented programs to differing degrees, 

including California, Michigan, Minnesota, Massachusetts, Oregon, Maryland, Nebraska and Texas 

(28). Municipal yardwaste composting systems are gaining in popularity as a means of disposal, 

with 800 to 1,000 in operation in the U.S. New Jersey leads with 185 compost facilities, next is 

Michigan with 100, then Minnesota, Massachusetts, Pennsylvania, Wisconsin, and Connecticut, each
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of which have 30. Many states also have leaf utilization programs where leaves are either directly 

applied to agricultural land or used as animal bedding (13). 

In Michigan, a study of 46 of the municipal leaf collection and composting systems reported 

on five segments of their programs: site collection, collection design, equipment and personnel 

requirements, composting techniques and markets (9). Using plastic bins was reported as preferred 

over plastic bags in a yardwaste collection and composting pilot project in Michigan (6). 

A study conducted by the U.S. EPA in 1988 of eight yardwaste composting facilities (28) 

was used to identify yardwaste facilities to visit for this study. 

Solid waste recycling, including yardwaste composting, has been significantly increased by 

legislative actions including landfill surcharges, reimbursements, grants for equipment and tighter 

environmental standards (22). 

Leaf Collection and Composting 

There are several methods of leaf pick up and composting. Some communities have 

residents bag their leaves separately from the rest of the trash for special pick up, while others have 

been given grants to purchase vacuum trucks and require that residents rake leaves to the curb 

(23). When Scarsdale, NY started its successful leaf collection and composting system in 1967, it 

was decided curb collection by the highway department using vacuum trucks would be the most 

practical solution (20). Davis, California contracts with a private waste management company to 

pick up yardwaste utilizing a pincer bucket (the "Claw*) developed in Davis (12). However, only a 

small percentage of the yardwaste is actually composted, the majority is stockpiled and made 

available for resident use. 

The amount of yardwaste produced in any community varies widely from one part of the 

country to another. EPA estimates of 18% of the annual total MSW being yardwaste are widely 

accepted (28). The variation in the amount of yardwaste generated throughout the year is dramatic.
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Grass clippings are generated in the greatest volumes from late spring to early fall. For example, 

Omaha, Nebraska estimates that approximately 50% of the residential waste picked up by its crews 

during the summer is grass (13). Most leaves are collected in the fail, with a significant but lesser 

amount collected in the spring. It is not unusual for leaves in some communities to represent 15 

to 20% of the total solid waste stream throughout the entire year, rising to between 60 and 80% of 

the waste generated in the fall (13). 

There are currently four defined levels of technology when composting leaves. Strom and 

Flower (25) classified yardwaste composting procedures into these four levels of technology based 

on equipment and resource requirements, composting time, land area requirement and quality of 

the finished product. The technologies are described in detail in the Feasibility Study (Appendix C). 

Briefly, a low level of technology utilizes a front-end loader to pile the leaves into windrows and to 

turn the windrows several times a year to facilitate decomposition. This technology will produce a 

finished compost in 16-18 months, therefore, there must be sufficient land area to handle at least 

two years’ worth of leaves. Approximately one acre of land is required for every 4,000 cubic yards 

of incoming yardwaste (26). 

Intermediate level technology requires the purchase of a windrow turning machine for more 

frequent turning of the leaves and produces a finished compost in six months or less. Pregrinding 

of the material is not necessary using either low or intermediate technology. However, it is 

recommended that the finished compost be screened before being marketed to remove rocks, cans, 

glass and other trash. These two levels of technology are probably the most appropriate for this 

state, but there are two other levels that will be mentioned here. 

The minimal level of technology requires, as its name implies, very little in the way of 

management. The leaves are placed in piles and turned only once a year. This technology is really 

just a method of stockpiling leaves and is not recommended for Virginia localities. It can take up 

to three years to produce a finished compost, which is substandard at best. Considerable odor
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problems can be encountered using this level of technology, as anaerobic decomposition begins 

a short time after the piles are formed. | 

At the other technological extreme is the high level or static-pile method, which was adapted 

from sludge composting. The leaves are formed into windrows on top of plastic pipes with holes 

through which air is forced to maintain a high oxygen content and control the temperature of the 

composting material by exhausting the heated air. After six weeks of treatment, the pipes are 

removed and the piles are turned on a weekly basis. While this method can produce a finished 

compost in only three months, the costs involved preclude its use in municipal leaf composting. 

As recently as 1986, Rutgers researchers recommended only three levels: minimal, low and 

high (25). In 1987, however, a fourth intermediate level was added which included use of a windrow 

turning machine, a piece of equipment utilized in large operations of greater than 80,000 cubic yards 

of leaves (26). 

Horticultural Uses of Compost 

Yardwaste compost may be a suitable substitute for costly organic potting media 

components such as peat moss. Peat is a non-renewable organic resource that is a major 

component in potting mixes. A cost comparison shows peat costing $18 to $20 a cubic yard (11), 

while high quality yardwaste compost is typically sold for $6 to $10 a cubic yard (7,29), a 

considerable savings. Although it costs more than that to produce compost, the savings of avoided 

landfilling costs must be considered. 

A survey of landscape contractors in Brooklyn, NY indicated that 89% of the respondents 

were interested in composting their landscape wastes and that 66% were interested in using 

yardwaste compost in their landscape businesses (21). 

It is recommended that potting soil mixes contain not more than 25 to 30% compost, due 

to the possibility of volume reduction of the potting soil after a year (10). Not much work has been
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done on yardwaste compost, but a study with composted sludge and composted plant wastes 

shows a significant increase in growth of Marigolds (Tagetes erecta var. Lemondrop) when grown 

in a medium containing 50% vermiculite and 0%, 10%, 20% and 30% compost, with the remainder 

comprised of peat moss. At 40% and 50% compost levels, decreased plant growth was noted, likely 

caused by excess NH4-N, soluble salts and high pH (5). Bark compost has been shown to 

effectively suppress certain fungi responsible for damping off and root rot when used as a 

component in potting mixes for greenhouse crops (16,17). A greenhouse operation in Ohio has 

been using a 50% mix of bark compost for growing its mums, poinsettias and cyclamens (18). They 

have been able to completely eliminate the fungicidal drench on the crops. Research at Ohio State 

(17) has proven the Pythium suppressing capability of the compost in soil mixes and work is being 

done to find compost mixes that will be effective against Rhizoctonia, Fusarium and Phytophthora 

root rot diseases (18). 

Site Visits 

Ten yardwaste compost facilities around the country were identified through the literature 

review as appropriate to visit. These were selected to provide examples of the variety of designs, 

management practices, and technologies which are used in yardwaste composting programs in the 

U.S. The sites were selected to include examples of a diverse group of programs as well as the role 

of the private sector in operating yardwaste compost facilities. 

Criteria included: 

¢ varied sizes of operations 

* small town and metropolitan settings 

¢ diverse composting technologies 

* public and private ownership
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Half of the sites are privately owned. Several of the sites specialized in recycling woody 

wastes, others leaves only, and several a combination of all types of yardwastes. Site visits were 

made in July and August, 1989 and included stops in the states of Minnesota, Washington, Oregon, 

California, New Jersey, Maryland and Virginia. Each site visited is discussed in the Feasibility Study, 

Appendix C. 

Surveys 

Surveys targeting three specific groups were developed to determine the amount of 

compostable yardwaste produced, the current practices for disposal of the material, the perceived 

uses of compost, and interest in composting, especially by the private sector. Three groups were 

identified to receive these surveys: Virginia Nursery Operators, Virginia Landfill Managers and 

Virginia Cooperative Extension Agents in agriculture. Details of the results of each survey are 

included as chapters 2, 3 and 4 of this thesis. Copies of the surveys are included as Appendix A. 

Virginia Nursery Operators 

All registered nursery operators in Virginia were sent a survey designed to determine: 

¢ their current uses and sales of materials similar to compost 

e interest in using or selling compost 

¢ interest in operating a compost facility 

Results and discussion of the survey were prepared as an article for journal publication and 

are included in Chapter 2 of this thesis. 

Virginia Cooperative Extension Agents in Agriculture 

A survey was sent to all Extension Agents in Agriculture to determine their perceptions of: 

* current yardwaste management in their locality
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¢ potential uses of yardwaste compost by homeowners, 

nursery operators, local government and farmers 

¢ local government interest in composting/recycting 

¢ citizen participation in backyard composting 

¢ potential for privitization of compost facilities 

¢ the need for public education on the subject 

Results and discussion of the survey were prepared as an article for journal publication and 

are included in Chapter 3 of this thesis. 

Virginia Landfill Managers 

Virginia landfill managers were surveyed to determine: 

¢ the projected life of the landfill 

* amount of MSW accepted per week and tipping fee 

* percentage of MSW that is yardwaste 

¢ current collection and disposal methods for yardwaste 

* perceived feasibility of composting in their locality 

Results and discussion of the survey were prepared as an article for journal publication and 

are included in Chapter 4 of this thesis.



Chapter 2 

The Response of Nursery Operators 
to a Survey on Yardwaste Compost 

Introduction 

Solid waste management and the availability and cost of landfill space is approaching a 

serious national crisis. Suggested recycling goals have been set at the national level by the 

Environmental Protection Agency (EPA), and several states, including Virginia, have mandated 

recycling goals even more ambitious than federal requirements. In Virginia, landfills must reduce 

the volume of intake by recycling 10% of their waste volume by 1991, 15% by 1993 and 25% by 

1995 (24). 

A study to determine the feasibility of implementing a yardwaste composting program in 

Virginia was authorized by the General Assembly and performed by the Virginia Cooperative 

Extension Service at Virginia Polytechnic Institute and State University for the Virginia Department 

of Waste Management starting in July, 1989 (24,30). A portion of the study focused on the nursery 

industry and its potential involvement in producing and using yardwaste compost. 

Yardwastes (i.e. debris such as leaves, grass clippings, and brush and tree prunings) are 

estimated to comprise an average of 15% to 20% of the municipal solid waste (MSW) in the 

Commonwealth (24). The total annual MSW volume in Virginia is 7.3 million tons (14). Using the 

conservative estimate of 15%, approximately one million tons of yardwaste is potentially available 

for composting. Of the three types of yardwaste, leaves are the most suitable for composting. 

Grass clippings are high in nitrogen and moisture content and tend to decompose too rapidly to 

be composted in large volumes. They are better suited for backyard composting or can simply be 

left on the lawn after mowing. Woody wastes, such as shrub and tree prunings, are typically 

shredded for use as mulch. 

12
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Eliminating yardwaste from landfills through municipal and private sector composting or 

related recycling would allow Virginia to meet its 1993 recycling goal. Since yardwastes are a 

relatively clean, biodegradable material, landfilling them is unnecessary, inefficient and wastes 

precious landfill space. 

The tipping fee, or cost to landfill refuse, can vary widely. In Virginia this cost can be as 

high as $150.00 per ton, with a state average of just under $20.00 per ton (24). This cost is 

expected to rise dramatically in the next few years as landfill space becomes more scarce. 

Municipalities could save considerable landfill space and money by contracting with private firms 

to do the composting. The cost to produce a ton of finished compost ranges from $12.00 to $20.00 

per ton which can be covered fully by a tipping fee paid by the municipality to the private 

contractor. It takes 4 to 5 cubic yards of incoming yardwaste to equal a ton. The material 

undergoes a 70% to 80% volume reduction during the composting process as well as a weight loss 

attributed to moisture losses and gaseous losses due to microbial metabolism (19). For each ton 

of incoming yardwaste, approximately one cubic yard of finished compost is generated. That cubic 

yard of finished compost will actually have a final weight of between one-half and three-quarters of 

a ton (2,21). Compost is typically sold by the cubic yard in a price range of $6.00 to $10.00 per 

cubic yard, which would be profit for the compost contractor (28). 

When finished, yardwaste compost is a dark, crumbly material with texture and properties 

similar to peat moss. Due to its low nutrient value it is not considered a fertilizer but rather an 

excellent soil conditioner. It increases the soil’s water holding capacity, improves tilth and increases 

the cation exchange capacity (CEC). These properties make it well suited for use by the nursery 

industry as a soil amendment in beds or field-grown crops, as a substitute for peat moss, and as 

a potting soil extender. 

Compost compares favorably in its cost also. A cubic yard of compost costs $6.00 to 

$10.00 while a cubic yard of peat moss can cost $18.00 to $20.00 and potting soil mix can be
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$40.00 to $65.00 a cubic yard (11). 

Increasingly, private sector businesses, particularly nurseries or landscaping firms that have 

a ready market for the finished product, are providing municipalities with yardwaste processing 

services. New Jersey, Oregon, Washington, and Minnesota have active private composting 

programs in place. Portland, Oregon has contracted with two large private firms to accept 

yardwaste for composting and resale (2). Middlebush Compost, Inc. in New Jersey is a private 

company with a facility capable of handling over 100,000 cubic yards of yardwaste annually. The 

finished material is marketed to nurseries and landscape contractors as fast as it can be produced 

(29). 

Farms are also successful sites for composting operations. Woodhue Ltd. farm in New 

Jersey accepts leaves and other yardwastes from several communities for a fee less than the 

current landfill tipping fee. A windrow turning machine is used to shred, aerate and fluff the 

composting yardwaste. The finished material is then screened and field-applied on the farm as a 

soil amendment (28). 

Materials and Methods 

A survey was developed and mailed to all registered nursery operators in Virginia following 

guidelines of the Total Design Method (TDM) by Dillman (8), a proven survey methodology. The 

questionnaire was designed to determine: 1) the types and amounts of organic materials currently 

in use by the nursery industry, 2) the types and amounts of organic materials currently offered for 

sale, 3) the operators’ interest in using or selling composted yardwaste, and 4) their interest in 

operating a compost facility. A copy of the survey is included in Appendix A. While the answers 

to the survey were strictly confidential, an optional section was included for respondents to receive 

additional information as it becomes available on yardwaste composting.
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The 476 surveys were sent out by first class mail on July 28, 1989. One week later, a 

follow-up postcard was sent to remind those who had not yet sent in their completed survey to do 

So as soon as possible, and to thank those who had already responded. The postcard included 

a telephone number to call to request another copy of the survey, or to have questions answered. 

Due to time and budget constraints, no other reminders were sent out. The data was entered on 

computer and only responses received in the first five weeks were used in data analysis. A 31% 

response rate was achieved. 

Results and Discussion 

Uses of Compost 

Survey results indicate that a number of organic matter sources currently in use could be 

replaced by yardwaste compost. 

« Fifty-six percent of the respondents felt it could be used as an extender in potting soil 

mixes. A major component of most potting mixes is peat moss. Over 94,000 cubic yards of potting 

soil and 36,000 cubic yards of peat moss are used by the respondents per year. Replacement of 

these materials with yardwaste compost represents a large potential market. 

¢ Fifty-four percent of the respondents felt that yardwaste compost could be | used in 

production of field-grown crops as a soil amendment. Over 9,000 cubic yards of organic materials 

are used by the respondents annually for this purpose. 

* Twenty-one percent felt it could be used as a substitute for other organic materials in 

lawn establishment and renovation. 

« The respondents offer for sale over 144,400 cubic yards of organic materials per year. 

One-third (83%) of the respondents were interested in selling bulk compost and 39% would be
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interested in selling it in a bagged or baled form. 

e Over two-thirds (67%) of the respondents were interested in using yardwaste compost 

if it were available at prices below comparable materials, and 61% stated they would travel up to 

30 miles to get the compost. 

Based on survey results, it is estimated that if all the yardwaste produced in Virginia were 

composted, there is not currently enough demand in the nursery industry for the finished material. 

However, experiences in other states indicate actions that can be taken to help ensure a wide 

market for the compost. One important action would be requiring state government and 

encouraging local governments to use yardwaste compost when available and competitively priced. 

House Joint Resolution No. 170, introduced in the Virginia General Assembly in January, 1990 

recommends such action (Appendix B). 

In addition, a public education program needs to be implemented that includes 

establishment of pilot programs and demonstration sites at nurseries on privatization of compost 

facility operation. Nursery operators and landscape contractors are seen as the primary private 

sector producers and users of yardwaste compost. Education of the nursery industry is therefore 

essential to the implementation of a statewide yardwaste compost program. The demonstration 

sites could also serve to educate the nurseries’ customers on the uses of compost at home. 

Through public education to increase use by the public it is estimated that markets can be 

developed for all yardwaste compost produced in Virginia. 

Some of the answers given in the survey indicated a lack of understanding of the properties 

of, and uses for, yardwaste compost by the nursery operators. Although partially decomposed 

yardwaste compost makes an excellent muich, the grinding and screening involved in processing 

yardwaste compost on a large scale causes it to have a texture resembling peat moss which is too 

fine to be used as a mulch. Forty-eight percent of the respondents, however, listed this as a
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potential use. This lack of understanding may stem from the fact that there are currently few large- 

scale yardwaste composting operations in Virginia. 

There is an encouraging amount of interest in yardwaste composting among the nursery 

operators surveyed. Sixty-seven percent asked to be placed on a mailing list to receive additional 

information as it becomes available. 

Compost Facilities 

A potential for increasing interest in compost facility management by the nurseries was 

identified by the survey also. 

¢ Thirty percent of the respondents were interested in operating a compost facility if a 

satisfactory contract could be arranged with a nearby locality or solid waste management firm. A 

provision to establish a low interest loan fund for private yardwaste composting would encourage 

involvement. 

« Seventy-two percent of those interested in operating a compost facility had adequate land 

available for a facility and 74% have tractors or front-end loaders that would be necessary to turn 

the compost windrows. 

e Seventy-eight percent of the respondents felt that regulations might influence their 

interest and 30% of those felt that regulations would definitely influence their interest in operating 

a facility. Regulations governing composting vary from state to state, and in Virginia the regulations 

for general refuse or refuse mixed with sludge currently apply to yardwaste. Simplified regulations 

specifically for yardwaste compost are being developed for implementation in the near future.
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Significance to the Nursery Industry 

Organic matter is needed in most horticultural enterprises and can add to the expense of 

many landscaping jobs. Yardwaste compost is an economical soil amendment that can be 

produced and marketed for less cost than comparable materials. Nurseries and landscape 

businesses are natural locations for compost facilities, as much of the finished product could be 

used “in-house” for a potting soil mix extender, in field-grown nursery crops as a soil amendment 

and in lawn establishment and renovation. Operating a facility would allow nurseries to supplement 

their income at a traditionally slow time of year by accepting leaves from municipalities in the fall 

for a tipping fee. Working in cooperation with municipalities, the nursery industry could play a major 

private sector role in the implementation of a yardwaste composting program.



Chapter 3 

The Response of Virginia Cooperative Extension Agents 
in Agriculture to a Survey on Yardwaste Composting 

introduction 

Over 80% of the yardwaste (debris such as leaves, grass clippings, and shrub and tree 

prunings) collected in Virginia is currently landfilled (24). It is estimated that one million tons of 

yardwaste (approximately four to five million cubic yards) is disposed of in this manner annually. 

The leaves lend themselves easily to large scale, or municipal, composting. However, the grass 

clippings are high in nitrogen and moisture content and tend to decompose too rapidly to be 

composted in large volumes. They are better suited for backyard composting or simply left on the 

lawn to return nitrogen to the soil. The woody portion of yardwaste can be chipped and used as 

mulch or in processed wood products. 

If all of the leaves collected were composted, assuming an 80% volume reduction, over 

600,000 cubic yards of compost would be produced per year. Given current usage estimates, 

supply would exceed demand. However, if public education programs are implemented on uses 

of compost it is estimated that all the compost produced could be utilized. 

Virginia landfills are under state mandate to recycle 10% of their waste volume by 1991, 15% 

by 1993 and 25% by 1995. According to estimates from other states and Virginia landfill waste 

stream inventories, 15% to 20% of the municipal solid waste (MSW) going to landfills consists of 

yardwaste (24). Diverting this portion of the waste stream from landfills through municipal and 

private sector composting and other related recycling would allow Virginia to meet at least its 1993 

goal. 

Extension agents are in the unique position of having first-hand knowledge of how Virginia 
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nursery operators, farmers and home gardeners would use a material such as yardwaste compost. 

Some agents are involved in or aware of local programs for composting. : 

As part of a feasibility study performed for the Department of Waste Management at the 

request of the Virginia General Assembly, agents were asked to participate in a survey on yardwaste 

composting and potential uses for the material. The results of the survey were instrumental in 

formulating recommendations on needed public educational programs, pilot projects and 

encouraging local and state governments to use yardwaste compost. Several pieces of legislation 

are before the current session of the General Assembly on yardwaste compost. 

The Survey Method 

A survey was developed at Virginia Tech and sent to 125 Virginia Cooperative Extension 

Agents - Agriculture. The survey was designed to determine the agents’ perceptions of: 1) current 

yardwaste management in their locality, 2) citizen participation in backyard composting, 3) local 

government interest in composting/recycling, 4) potential uses of compost by homeowners, nursery 

operators, local government and farmers, 5) potential for privatization of compost facilities and 6) 

need for public education programs. A copy of the survey is included in Appendix A. 

The survey was mailed during the first week of August, 1989. A postcard was mailed one 

week later to thank those who had responded and to remind those who had not returned the survey 

to do so. 

Results and Discussion 

Management of Yardwaste 

Seventy-two percent of the Extension Agents in Agriculture, in areas of the state with
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populations totalling nearly 3.4 million people, responded to the survey. Seventy-four percent of the 

respondents stated that their locality has a separate leaf collection program. Of those, 70% dispose 

of the leaves by landfilling. Six percent stockpile the leaves for later landfilling, and only 8% 

compost the leaves in some form. Nearly one-third (32%) have a giveaway program, although only 

21% of those give away more than half of the leaves collected. Bulk disposal of grass clippings at 

the landfill is allowed by 88% of the localities represented. However, 79 % of the agents feel that 

less than one-quarter of the residents in their area remove grass clippings from their lawns. This 

is encouraging because grass clippings are difficult to compost successfully in large quantity and 

are better left on the lawn or composted in the backyard. Eleven percent of the households in the 

agents’ localities participate in backyard composting. A public education program on backyard 

composting could increase this number substantially. 

Thirty-two percent of the respondents were aware of local government interest in initiating 

yardwaste recycling plans in their area, and 8% of those already had a formal committee or plan 

in place. 

Uses of Compost 

Virginia has few municipal yardwaste compost facilities in operation, therefore most people, 

including agents, are not familiar with the properties of compost and some misconceptions about 

its uses exist. The agents’ perceptions of the uses of yardwaste compost by homeowners, 

nurseries, local governments and farmers are included in Table 1. According to the table, the 

number one perceived use is as a mulch, followed by soil amendment, organic nutrient source and 

use in lawn establishment. 

Yardwaste compost, when produced on a large scale, is a dark, crumbly material, similar 

in texture to peat moss. Due to the grinding and screening in processing, it is too fine to be used 

as a suitable mulch. Most people, familiar with backyard leaf composting, where partially
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�d�e�c�o�m�p�o�s�e�d� �l�e�a�v�e�s� �a�r�e� �u�s�e�d� �a�s� �a� �m�u�l�c�h�,� �a�s�s�u�m�e� �t�h�a�t� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �h�a�s� �t�h�e� �s�a�m�e� �t�e�x�t�u�r�e� 

�a�n�d� �e�r�r�o�n�e�o�u�s�l�y� �c�o�n�s�i�d�e�r� �i�t� �a� �m�u�l�c�h�i�n�g� �m�a�t�e�r�i�a�l�.� 

�Y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �i�s� �a�l�s�o� �v�e�r�y� �l�o�w� �i�n� �m�a�c�r�o�n�u�t�r�i�e�n�t� �c�o�n�t�e�n�t� �a�n�d� �w�o�u�l�d� �n�o�t� �b�e� �o�f� �m�u�c�h� 

�v�a�l�u�e� �a�s� �a� �n�u�t�r�i�e�n�t� �s�o�u�r�c�e�.� �I�t� �d�o�e�s�,� �h�o�w�e�v�e�r�,� �c�o�n�t�a�i�n� �m�a�n�y� �o�f� �t�h�e� �t�r�a�c�e� �o�r� �m�i�c�r�o�n�u�t�r�i�e�n�t�s�.� �I�t� �i�s� �a�l�s�o� 

�a�n� �e�x�c�e�l�l�e�n�t� �s�o�i�l� �c�o�n�d�i�t�i�o�n�e�r� �a�n�d� �c�a�n� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �s�o�i�l� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �w�a�t�e�r� �h�o�l�d�i�n�g� 

�c�a�p�a�c�i�t�y�,� �i�n�c�r�e�a�s�e� �t�h�e� �c�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�a�p�a�c�i�t�y� �(�C�E�C�)� �a�n�d� �i�m�p�r�o�v�e� �t�h�e� �s�o�i�l� �t�i�l�t�h�.� �S�o�m�e� �o�f� �t�h�e� 

�a�g�e�n�t� �r�e�s�p�o�n�s�e�s� �i�n�d�i�c�a�t�e� �a� �n�e�e�d� �t�o� �f�i�r�s�t� �e�d�u�c�a�t�e� �t�h�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �o�n� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f�,� �a�n�d� �u�s�e�s� 

�f�o�r�,� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�.� 

�C�o�m�p�o�s�t� �F�a�c�i�l�i�t�i�e�s� 

�F�o�r�t�y�-�f�i�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �a�g�e�n�t�s� �r�e�s�p�o�n�d�i�n�g� �f�e�l�t� �t�h�a�t� �t�h�e�i�r� �l�o�c�a�l�i�t�y� �w�o�u�l�d� �b�e� �i�n�t�e�r�e�s�t�e�d� �i�n� 

�c�o�n�t�r�a�c�t�i�n�g� �w�i�t�h� �a� �p�r�i�v�a�t�e� �f�i�r�m� �t�o� �a�c�c�e�p�t� �a�n�d� �c�o�m�p�o�s�t� �b�u�l�k� �c�o�l�l�e�c�t�e�d� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �f�o�r� 

�a� �f�e�e� �l�e�s�s� �t�h�a�n� �t�h�e� �l�a�n�d�f�i�l�l� �t�i�p�p�i�n�g� �f�e�e�s�.� �T�h�e� �a�g�e�n�t�s� �f�e�l�t� �t�h�a�t� �l�i�k�e�l�y� �o�p�e�r�a�t�o�r�s� �o�f� �s�u�c�h� �a� �f�a�c�i�l�i�t�y� �w�o�u�l�d� 

�b�e� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �f�i�r�m�s�,� �n�u�r�s�e�r�i�e�s� �o�r� �l�a�n�d�s�c�a�p�i�n�g� �c�o�n�t�r�a�c�t�o�r�s� �a�n�d� �b�i�o�l�o�g�i�c�a�l� �f�a�r�m�e�r�s�.� �L�e�s�s� �l�i�k�e�l�y� 

�w�o�u�l�d� �b�e� �g�r�e�e�n�h�o�u�s�e� �o�p�e�r�a�t�o�r�s� �a�n�d� �f�a�r�m� �a�n�d� �g�a�r�d�e�n� �s�u�p�p�l�i�e�r�s�.� 

�E�d�u�c�a�t�i�o�n�a�l� �P�r�o�g�r�a�m�s� 

�P�r�o�g�r�a�m�s� �n�e�e�d�e�d� �f�o�r� �e�d�u�c�a�t�i�n�g� �t�h�e� �p�u�b�l�i�c� �o�n� �u�s�i�n�g� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d� �b�y� 

�t�h�e� �s�u�r�v�e�y� �a�l�s�o�.� �T�w�o�-�t�h�i�r�d�s� �o�f� �t�h�e� �a�g�e�n�t�s� �f�e�l�t� �t�h�e� �n�e�e�d� �t�o� �e�d�u�c�a�t�e� �b�o�t�h� �t�h�e� �p�u�b�l�i�c� �o�n� �u�s�i�n�g� �c�o�m�p�o�s�t� 

�a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �o�n� �m�a�n�a�g�i�n�g� �y�a�r�d�w�a�s�t�e�.� �O�v�e�r� �h�a�i�f� �o�f� �t�h�e� �a�g�e�n�t�s� �(�6�2�%�)� �r�e�s�p�o�n�d�e�d� �p�o�s�i�t�i�v�e�l�y� 

�t�o� �t�h�e� �n�e�e�d� �f�o�r� �e�d�u�c�a�t�i�n�g� �t�h�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r� �o�n� �t�e�c�h�n�o�l�o�g�i�e�s� �i�n�v�o�l�v�e�d� �a�n�d� �p�o�s�s�i�b�l�e� �b�u�s�i�n�e�s�s� 

�o�p�p�o�r�t�u�n�i�t�i�e�s�.� �F�o�r�t�y�-�s�i�x� �p�e�r�c�e�n�t� �f�e�l�t� �t�h�e� �p�u�b�l�i�c� �s�h�o�u�l�d� �b�e� �e�d�u�c�a�t�e�d� �o�n� �w�a�y�s� �t�o� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�.� 

�S�e�v�e�n�t�y�-�f�i�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �f�e�l�t� �t�h�e� �m�o�s�t� �e�f�f�e�c�t�i�v�e� �e�d�u�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m� �o�r� 

�a�c�t�i�v�i�t�y� �w�o�u�l�d� �b�e� �d�e�m�o�n�s�t�r�a�t�i�o�n�s� �a�n�d� �p�i�l�o�t� �p�r�o�g�r�a�m�s� �o�n� �l�a�r�g�e� �s�c�a�l�e� �c�o�m�p�o�s�t�i�n�g� �t�e�c�h�n�o�l�o�g�y�.� �T�w�o�-� 

�t�h�i�r�d�s� �f�e�l�t� �t�h�a�t� �b�r�o�c�h�u�r�e�s� �f�o�r� �h�o�m�e�o�w�n�e�r�s� �w�o�u�l�d� �b�e� �e�f�f�e�c�t�i�v�e�,� �f�o�l�l�o�w�e�d� �b�y� �p�u�b�l�i�c�a�t�i�o�n�s� �o�n
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�t�e�c�h�n�o�l�o�g�i�e�s�,� �p�r�e�s�e�n�t�a�t�i�o�n�s� �t�o� �t�h�e� �n�u�r�s�e�r�y� �a�s�s�o�c�i�a�t�i�o�n�s�,� �f�i�e�l�d� �d�a�y�s�,� �p�r�e�s�s� �r�e�l�e�a�s�e�s� �a�n�d� �s�e�m�i�n�a�r�s�.� 

�T�h�e� �l�e�a�s�t� �e�f�f�e�c�t�i�v�e� �m�e�t�h�o�d�s� �f�o�r� �d�i�s�s�e�m�i�n�a�t�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �i�d�e�n�t�i�f�i�e�d� �w�e�r�e� �t�h�e� �m�o�s�t� �h�i�g�h� �t�e�c�h�,� �t�h�a�t� 

�i�s�,� �r�a�d�i�o� �a�n�d� �T�V�,� �v�i�d�e�o� �t�a�p�e�s�,� �s�l�i�d�e� �s�e�t�s� �a�n�d� �l�a�s�t�l�y�,� �t�e�l�e�c�o�n�f�e�r�e�n�c�e�s�.� 

�C�o�n�c�l�u�s�i�o�n� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�T�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �w�i�l�l� �b�e� �a� �m�a�j�o�r� �s�o�u�r�c�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �f�o�r� 

�e�d�u�c�a�t�i�n�g� �t�h�e� �p�u�b�l�i�c� �o�n� �p�r�o�d�u�c�i�n�g� �a�n�d� �u�s�i�n�g� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�,� �a�s� �w�e�l�l� �a�s� �o�n� �u�s�i�n�g� �c�o�m�p�o�s�t� 

�p�r�o�d�u�c�e�d� �o�n� �a� �l�a�r�g�e� �s�c�a�l�e�.� �B�u�t�,� �i�n� �o�r�d�e�r� �t�o� �e�n�s�u�r�e� �a� �s�u�c�c�e�s�s�f�u�l� �s�t�a�t�e�w�i�d�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� 

�p�r�o�g�r�a�m�,� �w�e� �m�u�s�t� �b�e� �c�e�r�t�a�i�n� �t�h�e� �a�g�e�n�t�s� �t�h�e�m�s�e�l�v�e�s� �a�r�e� �k�n�o�w�l�e�d�g�e�a�b�l�e� �o�f� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �a�n�d� �u�s�e�s� 

�f�o�r� �t�h�i�s� �m�a�t�e�r�i�a�l� �b�e�f�o�r�e� �t�h�e�y� �p�a�s�s� �a�l�o�n�g� �i�n�f�o�r�m�a�t�i�o�n� �t�o� �t�h�e� �p�u�b�l�i�c�.� �T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� 

�p�r�o�v�i�d�e� �t�r�a�i�n�i�n�g� �o�p�p�o�r�t�u�n�i�t�i�e�s� �t�o� �t�h�e� �a�g�e�n�t�s� �o�n� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�.� 

�O�n�e� �o�f� �t�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�r�o�m� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �s�e�n�t� �t�o� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �w�a�s� 

�a�i�m�e�d� �a�t� �e�s�t�a�b�l�i�s�h�i�n�g� �p�i�l�o�t� �p�r�o�g�r�a�m�s� �a�t� �s�e�v�e�r�a�l� �l�o�c�a�t�i�o�n�s� �a�r�o�u�n�d� �V�i�r�g�i�n�i�a�,� �t�o� �b�e� �c�o�n�d�u�c�t�e�d� �j�o�i�n�t�l�y� 

�b�y� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �a�n�d� �t�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e�.� 

�P�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �t�h�e�s�e� �p�r�o�g�r�a�m�s� �w�i�l�l� �g�i�v�e� �t�h�e� �a�g�e�n�t�s� �a� �w�o�r�k�i�n�g� �k�n�o�w�l�e�d�g�e� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� 

�s�y�s�t�e�m�s� �f�r�o�m� �c�o�l�l�e�c�t�i�o�n� �t�o� �d�i�s�t�r�i�b�u�t�i�o�n� �t�o� �t�h�e� �p�u�b�l�i�c�.� �T�h�i�r�t�y�-�s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�e� �a�g�e�n�t�s� �s�t�a�t�e�d� �t�h�e�y� 

�w�o�u�l�d� �l�i�k�e� �t�h�e�i�r� �l�o�c�a�l�i�t�y� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �s�i�t�e� �f�o�r� �a� �p�i�l�o�t� �p�r�o�j�e�c�t�.� 

�A�n�o�t�h�e�r� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �c�a�l�l�e�d� �f�o�r� �e�s�t�a�b�l�i�s�h�i�n�g� �d�e�m�o�n�s�t�r�a�t�i�o�n� �a�n�d� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� 

�p�r�o�g�r�a�m�s� �o�n� �u�s�e�s� �o�f� �c�o�m�p�o�s�t� �a�t� �t�e�n� �a�d�d�i�t�i�o�n�a�l� �l�o�c�a�t�i�o�n�s� �a�r�o�u�n�d� �t�h�e� �s�t�a�t�e�.� �I�t� �i�s� �f�e�l�t� �t�h�a�t� �a�g�e�n�t�s� �w�i�l�l� 

�p�l�a�y� �a� �m�a�j�o�r� �r�o�l�e� �i�n� �c�o�o�r�d�i�n�a�t�i�n�g� �t�h�e�s�e� �p�r�o�g�r�a�m�s�.� �I�n� �s�o�m�e� �c�a�s�e�s� �a�g�e�n�t�s� �a�r�e� �a�l�r�e�a�d�y� �a�c�t�i�v�e� �i�n� 

�c�o�o�r�d�i�n�a�t�i�n�g� �c�o�m�p�o�s�t�i�n�g� �a�c�t�i�v�i�t�i�e�s� �i�n� �t�h�e�i�r� �a�r�e�a�.� �P�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �o�n� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �a�s� �w�e�l�l� 

�a�s� �p�u�b�l�i�c�a�t�i�o�n�s� �o�n� �c�o�m�p�o�s�t�i�n�g� �w�e�r�e� �a�l�s�o� �r�e�c�o�m�m�e�n�d�e�d�.



�2�4� 

�T�a�b�l�e� �1�.� �A�g�e�n�t�s �� �P�e�r�c�e�p�t�i�o�n�s� �o�f� �U�s�e�s� �o�f� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t� 
�b�y� �V�a�r�i�o�u�s� �G�r�o�u�p�s� �(�R�a�n�k�e�d� �i�n� �o�r�d�e�r� �o�f� �p�e�r�c�e�i�v�e�d� �u�s�e�)�.� 

�L�o�c�a�l� 
�U�s�e� �H�o�m�e�o�w�n�e�r� �N�u�r�s�e� �v�t�_�_� �F�a�r�m�e�r� 

�M�u�i�c�h� �1� �1� �1� �2� 

�S�o�i�l� �A�m�e�n�d�m�e�n�t� �2� �3� �3� �1� 

�L�a�w�n� �E�s�t�a�b�l�i�s�h� �4� �5� �4� �*� 

�O�r�g�a�n�i�c� �N�u�t�r�i�e�n�t� �3� �2� �2� �3� 

�P�o�t�t�i�n�g� �M�i�x� �*� �4� �5� �*� 

� � 

�(�*� �n�o�t� �a�s�k�e�d� �f�o�r� �t�h�i�s� �g�r�o�u�p�)



�C�h�a�p�t�e�r� �4� 

�T�h�e� �R�e�s�p�o�n�s�e� �o�f� �V�i�r�g�i�n�i�a� �L�a�n�d�f�i�l�l� �M�a�n�a�g�e�r�s� 
�t�o� �a� �S�u�r�v�e�y� �o�n� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t� 

�i�n�t�r�o�d�u�c�t�i�o�n� 

�V�i�r�g�i�n�i�a� �i�s� �f�a�c�i�n�g� �a� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �c�r�i�s�i�s�.� �A�s� �m�o�r�e� �l�a�n�d�f�i�l�l�s� �r�e�a�c�h� �c�a�p�a�c�i�t�y�,� 

�m�a�t�e�r�i�a�l�s� �m�u�s�t� �b�e� �r�e�c�y�c�l�e�d� �o�r� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �w�a�s�t�e� �s�t�r�e�a�m� �t�o� �s�a�v�e� �v�a�l�u�a�b�l�e� �l�a�n�d�f�i�l�l� �s�p�a�c�e�.� 

�R�e�c�y�c�l�i�n�g� �h�a�s� �b�e�e�n� �s�u�c�c�e�s�s�f�u�l� �o�n� �a� �l�i�m�i�t�e�d� �b�a�s�i�s� �w�h�e�r�e� �e�c�o�n�o�m�i�c� �o�r� �l�e�g�a�l� �i�n�c�e�n�t�i�v�e�s� �a�r�e� �p�r�o�v�i�d�e�d�,� 

�b�u�t� �l�a�r�g�e� �s�c�a�l�e� �v�o�l�u�n�t�a�r�y� �r�e�c�y�c�l�i�n�g� �i�s� �s�t�i�l�l� �i�n� �i�t�s� �i�n�f�a�n�c�y�.� �V�i�r�g�i�n�i�a� �h�a�s� �m�a�n�d�a�t�e�d� �a�m�b�i�t�i�o�u�s� �g�o�a�l�s� �o�f� 

�r�e�c�y�c�l�i�n�g� �1�0�%� �o�f� �t�h�e� �w�a�s�t�e� �s�t�r�e�a�m� �b�y� �1�9�9�1�,� �1�5�%� �b�y� �1�9�9�3� �a�n�d� �2�5�%� �b�y� �1�9�9�5�.� 

�Y�a�r�d�w�a�s�t�e� �(�d�e�b�r�i�s� �s�u�c�h� �a�s� �l�e�a�v�e�s�,� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�n�d� �s�h�r�u�b� �a�n�d� �t�r�e�e� �p�r�u�n�i�n�g�s�)� �c�o�m�p�r�i�s�e� 

�a�n� �e�s�t�i�m�a�t�e�d� �1�5� �t�o� �2�0�%� �o�f� �t�h�e� �M�S�W� �g�o�i�n�g� �i�n�t�o� �V�i�r�g�i�n�i�a� �l�a�n�d�f�i�l�l�s� �d�a�i�l�y�.� �T�h�e� �t�o�t�a�l� �a�n�n�u�a�l� �M�S�W� �v�o�l�u�m�e� 

�i�n� �V�i�r�g�i�n�i�a� �i�s� �7�.�3� �m�i�l�l�i�o�n� �t�o�n�s�.� �E�v�e�n� �i�f� �o�n�l�y� �1�5�%� �o�f� �t�h�i�s� �i�s� �y�a�r�d�w�a�s�t�e�,� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� �m�i�l�l�i�o�n� �t�o�n�s�,� 

�o�r� �f�o�u�r� �t�o� �f�i�v�e� �m�i�l�l�i�o�n� �c�u�b�i�c� �y�a�r�d�s�,� �o�f� �t�h�e� �M�S�W� �i�s� �m�a�t�e�r�i�a�l� �t�h�a�t� �c�a�n� �e�a�s�i�l�y� �b�e� �r�e�c�y�c�l�e�d�.� �I�t� �i�s� �a�p�p�a�r�e�n�t� 

�t�h�a�t� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �m�a�y� �b�e� �a� �k�e�y� �c�o�m�p�o�n�e�n�t� �i�n� �a�c�h�i�e�v�i�n�g� �c�o�n�s�i�d�e�r�a�b�l�e� �s�o�u�r�c�e� �r�e�d�u�c�t�i�o�n� 

�i�n� �a� �s�h�o�r�t� �p�e�r�i�o�d� �o�f� �t�i�m�e�.� �T�h�e� �f�i�n�i�s�h�e�d� �c�o�m�p�o�s�t� �c�o�u�l�d� �b�e� �u�s�e�d� �b�y� �h�o�m�e�o�w�n�e�r�s�,� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s�,� 

�l�o�c�a�l� �a�n�d� �s�t�a�t�e� �g�o�v�e�r�n�m�e�n�t�,� �a�n�d� �e�v�e�n� �a�s� �a� �l�a�n�d�f�i�l�l� �c�o�v�e�r�.� �O�f� �t�h�e� �t�h�r�e�e� �t�y�p�e�s� �o�f� �y�a�r�d�w�a�s�t�e�,� �l�e�a�v�e�s� 

�a�r�e� �t�h�e� �m�o�s�t� �s�u�i�t�a�b�l�e� �f�o�r� �c�o�m�p�o�s�t�i�n�g�.� �G�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�r�e� �t�o�o� �h�i�g�h� �i�n� �n�i�t�r�o�g�e�n� �a�n�d� �m�o�i�s�t�u�r�e� �t�o� �b�e� 

�c�o�m�p�o�s�t�e�d� �s�u�c�c�e�s�s�f�u�l�l�y� �a�n�d� �t�h�e�i�r� �d�e�c�o�m�p�o�s�i�t�i�o�n� �i�n� �l�a�n�d�f�i�l�l�s� �c�a�n� �l�e�a�d� �t�o� �l�e�a�c�h�a�t�e� �p�r�o�b�l�e�m�s�.� �T�h�e� 

�V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �i�s� �t�r�y�i�n�g� �t�o� �e�n�c�o�u�r�a�g�e� �h�o�m�e�o�w�n�e�r�s� �t�o� �l�e�a�v�e� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� 

�o�n� �t�h�e�i�r� �l�a�w�n�s� �o�r� �c�o�m�p�o�s�t� �t�h�e�m� �i�n� �t�h�e�i�r� �b�a�c�k�y�a�r�d�.� �T�h�e� �w�o�o�d�y� �w�a�s�t�e�s� �c�o�u�l�d� �b�e� �s�h�r�e�d�d�e�d� �a�n�d� �u�s�e�d� 

�a�s� �m�u�l�c�h� �o�r� �r�e�s�o�u�r�c�e� �d�e�r�i�v�e�d� �f�u�e�l� �(�R�D�F�)�,� �a�l�t�h�o�u�g�h� �m�a�r�k�e�t�s� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �d�e�v�e�l�o�p�e�d�.� 

�O�t�h�e�r� �s�t�a�t�e�s�,� �i�n�c�l�u�d�i�n�g� �N�e�w� �J�e�r�s�e�y�,� �W�a�s�h�i�n�g�t�o�n�,� �O�r�e�g�o�n�,� �M�a�r�y�l�a�n�d�,� �M�i�n�n�e�s�o�t�a� �a�n�d� 

�W�i�s�c�o�n�s�i�n�,� �u�t�i�l�i�z�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �a�s� �a� �m�e�a�n�s� �o�f� �a�l�l�e�v�i�a�t�i�n�g� �t�h�e� �l�a�n�d�f�i�l�l� �c�r�u�n�c�h�.� �N�e�w� �J�e�r�s�e�y�,� 

�f�o�r� �e�x�a�m�p�l�e�,� �p�a�s�s�e�d� �a� �s�t�a�t�e� �l�a�w� �b�a�n�n�i�n�g� �l�e�a�v�e�s� �f�r�o�m� �l�a�n�d�f�i�l�l�s� �(�1�)�.� �A� �s�i�m�i�l�a�r� �l�a�w� �h�a�s� �b�e�e�n� 

�2�5



�2�6� 

�_� �r�e�c�o�m�m�e�n�d�e�d� �i�n� �V�i�r�g�i�n�i�a� �(�2�4�)�.� �S�i�m�p�l�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�t�a�t�e� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �l�a�w�s� �i�n� �s�o�m�e� �o�f� �t�h�e�s�e� 

�s�t�a�t�e�s� �h�a�s� �a�l�l�o�w�e�d� �t�h�i�s� �t�r�a�n�s�i�t�i�o�n� �t�o� �c�o�m�p�o�s�t�i�n�g� �t�o� �m�o�v�e� �v�e�r�y� �q�u�i�c�k�l�y�.� 

�T�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �w�a�s� �c�o�n�t�r�a�c�t�e�d� �b�y� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� 

�W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �t�o� �s�t�u�d�y� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �s�t�a�r�t�i�n�g� �a� �s�t�a�t�e�w�i�d�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �s�y�s�t�e�m� �i�n� 

�t�h�e� �C�o�m�m�o�n�w�e�a�l�t�h� �(�3�0�)�.� �A�s� �p�a�r�t� �o�f� �t�h�e� �s�t�u�d�y�,� �a� �s�u�r�v�e�y� �w�a�s� �d�e�v�e�l�o�p�e�d� �a�n�d� �s�e�n�t� �t�o� �a�i�l� �l�a�n�d�f�i�l�l� 

�m�a�n�a�g�e�r�s� �i�n� �V�i�r�g�i�n�i�a� �t�o� �d�e�t�e�r�m�i�n�e�:� 

�*� �a�m�o�u�n�t� �o�f� �M�S�W� �a�c�c�e�p�t�e�d� �p�e�r� �w�e�e�k� 

�¢� �p�r�o�j�e�c�t�e�d� �l�i�f�e� �o�f� �t�h�e�i�r� �l�a�n�d�f�i�l�l� 

�*� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�S�W� �t�h�a�t� �i�s� �y�a�r�d�w�a�s�t�e� 

�¢� �t�i�p�p�i�n�g� �f�e�e� 

�¢� �c�u�r�r�e�n�t� �c�o�l�l�e�c�t�i�o�n� �a�n�d� �d�i�s�p�o�s�a�l� �m�e�t�h�o�d�s� �f�o�r� �y�a�r�d�w�a�s�t�e� 

�*� �p�e�r�c�e�i�v�e�d� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �c�o�m�p�o�s�t�i�n�g� �i�n� �t�h�e�i�r� �l�o�c�a�l�i�t�y� 

�A� �c�o�p�y� �o�f� �t�h�e� �s�u�r�v�e�y� �i�s� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�T�h�e� �s�u�r�v�e�y�s� �w�e�r�e� �s�e�n�t� �t�o� �t�h�e� �m�a�n�a�g�e�r�s� �o�f� �1�8�9� �l�i�c�e�n�s�e�d� �l�a�n�d�f�i�l�l�s� �i�n� �V�i�r�g�i�n�i�a� �i�n� �A�u�g�u�s�t�,� �1�9�8�9�.� 

�A� �4�9�%� �r�e�s�p�o�n�s�e� �r�a�t�e� �w�a�s� �a�c�h�i�e�v�e�d�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

�T�w�e�n�t�y�-�s�e�v�e�n� �p�e�r�c�e�n�t� �o�f� �t�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s� �r�e�s�p�o�n�d�e�d� �t�h�a�t� �t�h�e�i�r� �l�a�n�d�f�i�l�l� �h�a�s� �a�n� �e�x�p�e�c�t�e�d� 

�l�i�f�e� �o�f� �t�h�r�e�e� �y�e�a�r�s� �o�r� �l�e�s�s�.� �O�v�e�r� �h�a�l�f� �(�5�2�%�)� �r�e�s�p�o�n�d�e�d� �t�h�a�t� �t�h�e�i�r� �l�a�n�d�f�i�l�l� �h�a�s� �a� �l�i�f�e� �e�x�p�e�c�t�a�n�c�y� �o�f� �t�e�n� 

�y�e�a�r�s� �o�r� �l�e�s�s�.� �O�f� �t�h�o�s�e� �w�i�t�h� �l�e�s�s� �t�h�a�n� �t�e�n� �y�e�a�r�s�,� �1�6�%� �h�a�v�e� �n�o� �c�u�r�r�e�n�t� �p�l�a�n�n�i�n�g� �a�c�t�i�v�i�t�i�e�s� �f�o�r� �a� �n�e�w� 

�s�i�t�e�,� �4�4�%� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �s�o�m�e� �p�l�a�n�n�i�n�g� �a�c�t�i�v�i�t�i�e�s�,� �3�6�%� �h�a�v�e� �s�e�l�e�c�t�e�d� �a� �n�e�w� �s�i�t�e� �a�n�d� �a�r�e� �i�n� �s�o�m�e� 

�p�h�a�s�e� �o�f� �d�e�s�i�g�n� �a�n�d� �o�n�l�y� �4�%� �h�a�v�e� �t�h�e� �n�e�w� �l�a�n�d�f�i�l�l� �c�o�m�p�l�e�t�e�d� �a�n�d� �r�e�a�d�y� �f�o�r� �u�s�e�.� 

�T�h�e� �t�i�p�p�i�n�g� �f�e�e�s� �i�n� �V�i�r�g�i�n�i�a� �r�a�n�g�e� �f�r�o�m� �$�0� �t�o� �$�1�5�0� �p�e�r� �t�o�n�,� �w�i�t�h� �a� �m�e�a�n� �o�f� �$�1�9�.�6�3� �p�e�r� �t�o�n�.� 

�T�h�i�s� �a�v�e�r�a�g�e� �f�e�e� �i�s� �e�x�p�e�c�t�e�d� �t�o� �r�i�s�e� �d�r�a�m�a�t�i�c�a�l�l�y� �i�n� �t�h�e� �n�e�a�r� �f�u�t�u�r�e� �a�s� �l�a�n�d�f�i�l�l� �s�p�a�c�e� �b�e�c�o�m�e�s� �m�o�r�e



�2�7� 

�s�c�a�r�c�e�.� 

�E�i�g�h�t�y�-�s�e�v�e�n� �p�e�r�c�e�n�t� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �l�a�n�d�f�i�l�l� �m�o�r�e� �t�h�a�n� �7�5�%� �o�f� �t�h�e�i�r� �M�S�W�.� �I�n�c�i�n�e�r�a�t�i�o�n� 

�i�s� �t�h�e� �n�e�x�t� �m�o�s�t� �c�o�m�m�o�n� �m�e�a�n�s� �o�f� �d�i�s�p�o�s�a�l�,� �w�i�t�h� �1�3�%� �i�n�c�i�n�e�r�a�t�i�n�g� �m�o�r�e� �t�h�a�n� �h�a�l�f� �o�f� �t�h�e�i�r� �M�S�W�.� 

�O�n�l�y� �9�%� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �r�e�c�y�c�l�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t�.� �N�o� �r�e�s�p�o�n�d�e�n�t�s� �c�o�m�p�o�s�t� �m�o�r�e� �t�h�a�n� �1�0�%� 

�o�f� �t�h�e�i�r� �M�S�W�.� 

�T�h�e� �s�u�r�v�e�y� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �o�n�l�y� �9�%� �o�f� �t�h�e� �M�S�W� �i�n� �V�i�r�g�i�n�i�a� �i�s� �y�a�r�d�w�a�s�t�e�,� �w�h�i�c�h� �i�s� �f�a�r� �b�e�l�o�w� 

�t�h�e� �1�5� �t�o� �2�0�%� �p�r�o�j�e�c�t�i�o�n� �f�r�o�m� �o�t�h�e�r� �p�u�b�l�i�s�h�e�d� �s�o�u�r�c�e�s� �(�1�3�,�2�4�)�.� �I�t� �i�s� �f�e�l�t� �t�h�a�t� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� 

�p�e�r�c�e�n�t�a�g�e� �f�r�o�m� �t�h�e� �V�i�r�g�i�n�i�a� �s�u�r�v�e�y� �r�e�f�l�e�c�t�s� �o�n�l�y� �t�h�e� �b�u�l�k� �o�r� �c�u�r�b�s�i�d�e� �c�o�l�l�e�c�t�e�d� �y�a�r�d�w�a�s�t�e� �a�n�d� �d�o�e�s� 

�n�o�t� �r�e�p�r�e�s�e�n�t� �t�h�e� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �t�h�a�t� �a�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �b�a�g�s�.� 

�T�h�i�r�t�y�-�t�w�o� �p�e�r�c�e�n�t� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �h�a�v�e� �a� �s�e�p�a�r�a�t�e� �b�u�l�k� �c�u�r�b�s�i�d�e� �c�o�l�l�e�c�t�i�o�n� �p�r�o�g�r�a�m� �f�o�r� 

�l�e�a�v�e�s�.� �T�h�e� �l�e�a�v�e�s� �a�r�e� �e�i�t�h�e�r� �l�o�a�d�e�d� �i�n�t�o� �t�r�u�c�k�s� �w�i�t�h� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r�s� �o�r� �v�a�c�u�u�m� �t�r�u�c�k�s�.� �T�h�e� 

�l�e�a�v�e�s� �a�r�e� �m�u�c�h� �e�a�s�i�e�r� �t�o� �h�a�n�d�l�e� �a�n�d� �c�o�m�p�o�s�t� �w�h�e�n� �t�h�e�y� �a�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �t�h�i�s� �m�a�n�n�e�r� �a�n�d� �b�a�g�s� 

�a�r�e� �n�o�t� �i�n�v�o�l�v�e�d�.� �D�i�s�p�o�s�a�l� �i�n� �a� �l�a�n�d�f�i�l�l� �i�s� �b�y� �f�a�r� �t�h�e� �m�o�s�t� �p�o�p�u�l�a�r� �f�o�r�m� �o�f� �l�e�a�f� �d�i�s�p�o�s�a�l�,� �w�i�t�h� �7�6�%� �o�f� 

�t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �u�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�.� �S�e�v�e�n� �p�e�r�c�e�n�t� �s�t�o�c�k�p�i�l�e� �l�e�a�v�e�s� �f�o�r� �l�a�t�e�r� �u�s�e� �b�y� �t�h�e� �l�o�c�a�l�i�t�y�.� 

�S�i�x� �p�e�r�c�e�n�t� �u�s�e� �a� �p�u�b�l�i�c� �g�i�v�e�a�w�a�y� �p�r�o�g�r�a�m� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �l�a�n�d�f�i�l�l� �d�i�s�p�o�s�a�l� �t�o� �h�a�n�d�l�e� �a� �p�o�r�t�i�o�n� 

�o�f� �t�h�e�i�r� �l�e�a�v�e�s�.� 

�G�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�r�e� �a� �r�e�a�l� �p�r�o�b�l�e�m� �f�o�r� �w�a�s�t�e� �c�o�l�l�e�c�t�o�r�s� �b�e�c�a�u�s�e� �t�h�e�y� �a�r�e� �h�e�a�v�y�,� �w�e�t� �a�n�d� 

�i�n� �v�e�r�y� �l�a�r�g�e� �q�u�a�n�t�i�t�i�e�s� �i�n� �t�h�e� �s�u�m�m�e�r�.� �T�h�e�y� �a�r�e� �u�s�u�a�l�l�y� �p�l�a�c�e�d� �a�t� �t�h�e� �c�u�r�b� �i�n� �b�a�g�s�,� �b�u�t� �s�o�m�e� �a�r�e� 

�b�u�l�k� �c�o�l�l�e�c�t�e�d�.� �G�r�a�s�s� �c�l�i�p�p�i�n�g�s� �p�l�a�c�e�d� �i�n� �l�a�n�d�f�i�l�l�s� �c�o�n�t�r�i�b�u�t�e� �t�o� �p�r�o�b�l�e�m�s� �w�i�t�h� �o�d�o�r�s�,� �s�e�t�t�l�i�n�g� �a�n�d� 

�l�e�a�c�h�a�t�e� �d�u�e� �t�o� �t�h�e�i�r� �h�i�g�h� �n�i�t�r�o�g�e�n� �a�n�d� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�.� �L�a�r�g�e� �v�o�l�u�m�e�s� �o�f� �c�l�i�p�p�i�n�g�s� �a�r�e� �d�i�f�f�i�c�u�l�t� 

�t�o� �c�o�m�p�o�s�t�,� �w�h�i�c�h� �i�s� �w�h�y� �i�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �t�h�e�y� �b�e� �l�e�f�t� �o�n� �l�a�w�n�s� �o�r� �c�o�m�p�o�s�t�e�d� �i�n� �b�a�c�k�y�a�r�d�s�.� 

�T�w�e�n�t�y�-�n�i�n�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �t�o� �t�h�e� �s�u�r�v�e�y� �h�a�v�e� �a� �s�e�p�a�r�a�t�e� �c�u�r�b�s�i�d�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �g�r�a�s�s� 

�c�l�i�p�p�i�n�g�s� �a�n�d� �8�6�%� �o�f� �t�h�e� �l�a�n�d�f�i�l�l�s� �a�l�l�o�w� �b�u�l�k� �d�i�s�p�o�s�a�l� �a�t� �t�h�e�i�r� �s�i�t�e�.� �E�i�g�h�t�y�-�o�n�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�r�e�s�p�o�n�d�e�n�t�s� �c�u�r�r�e�n�t�l�y� �l�a�n�d�f�i�l�l� �a�l�l� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� �T�h�e� �r�e�m�a�i�n�d�e�r� �u�s�e� �o�t�h�e�r� �m�e�t�h�o�d�s� �o�f� �d�i�s�p�o�s�a�l� �s�u�c�h� 

�a�s� �s�t�o�c�k�p�i�l�i�n�g� �a�n�d� �g�i�v�e�a�w�a�y� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �l�a�n�d�f�i�l�l�i�n�g�,� �b�u�t� �n�o�n�e� �l�i�s�t�e�d� �c�o�m�p�o�s�t�i�n�g�.



�2�8� 

�O�v�e�r� �t�h�r�e�e�-�f�o�u�r�t�h�s� �(�7�6�%�)� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �a�r�e� �a�w�a�r�e� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �s�y�s�t�e�m�s� 

�i�n� �o�t�h�e�r� �s�t�a�t�e�s� �a�n�d� �3�4�%� �o�f� �t�h�e� �m�u�n�i�c�i�p�a�l�i�t�i�e�s� �h�a�v�e� �e�s�t�a�b�l�i�s�h�e�d� �a� �g�r�o�u�p� �t�o� �s�t�u�d�y� �a�l�t�e�r�n�a�t�i�v�e� �u�s�e�s�,� 

�s�u�c�h� �a�s� �c�o�m�p�o�s�t�i�n�g�,� �f�o�r� �y�a�r�d�w�a�s�t�e�.� �T�h�i�r�t�y�-�o�n�e� �p�e�r�c�e�n�t� �f�e�l�t� �i�t� �w�a�s� �l�i�k�e�l�y� �t�h�a�t� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� 

�w�a�s� �f�e�a�s�i�b�l�e� �i�n� �t�h�e�i�r� �l�o�c�a�l�i�t�y� �a�n�d� �t�h�e� �s�a�m�e� �p�e�r�c�e�n�t�a�g�e� �f�e�l�t� �l�o�c�a�l�i�t�i�e�s� �w�o�u�l�d� �b�e� �i�n�t�e�r�e�s�t�e�d� �i�n� 

�c�o�n�t�r�a�c�t�i�n�g� �w�i�t�h� �a� �p�r�i�v�a�t�e� �c�o�m�p�o�s�t�i�n�g� �f�i�r�m� �t�o� �a�c�c�e�p�t� �t�h�e�i�r� �l�e�a�v�e�s� �f�o�r� �a� �f�e�e� �l�e�s�s� �t�h�a�n� �t�h�e� �t�i�p�p�i�n�g� �f�e�e�.� 

�T�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s� �f�e�l�t� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �u�s�e�s� �f�o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 

�e� �m�a�k�e� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e� �p�u�b�l�i�c� �(�7�5�%�)� 

�*� �c�o�m�m�u�n�i�t�y� �l�a�n�d�s�c�a�p�i�n�g� �(�4�0�%�)� 

�¢� �s�e�l�l� �t�o� �p�r�i�v�a�t�e� �n�u�r�s�e�r�i�e�s� �/�l�a�n�d�s�c�a�p�e�r�s� �(�4�0�%�)� 

�*� �p�a�r�k�s� �a�n�d� �g�o�l�f� �c�o�u�r�s�e�s� �(�2�9�%�)� 

�C�o�n�c�l�u�s�i�o�n� 

�T�h�e� �a�m�o�u�n�t� �o�f� �l�a�n�d�f�i�l�l� �s�p�a�c�e� �b�e�i�n�g� �u�s�e�d� �e�a�c�h� �y�e�a�r� �f�o�r� �d�i�s�p�o�s�a�l� �o�f� �l�e�a�v�e�s� �a�n�d� �t�h�e� �p�r�o�b�l�e�m�s� 

�o�f� �s�e�t�t�l�i�n�g�,� �o�d�o�r�s� �a�n�d� �l�e�a�c�h�a�t�e� �p�r�o�d�u�c�t�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�i�s� �d�i�s�p�o�s�a�l� �m�e�t�h�o�d� �m�a�k�e�s� �c�o�m�p�o�s�t�i�n�g� 

�o�f� �y�a�r�d�w�a�s�t�e�s� �a�n� �a�t�t�r�a�c�t�i�v�e� �o�p�t�i�o�n�.� �T�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s� �a�r�e� �a�w�a�r�e� �o�f� �t�h�e�s�e� �p�r�o�b�l�e�m�s� �a�n�d� 

�r�e�s�p�o�n�d�e�d� �v�e�r�y� �f�a�v�o�r�a�b�l�y� �t�o� �t�h�e� �i�d�e�a� �o�f� �c�o�m�p�o�s�t�i�n�g�.� �L�i�k�e� �m�o�s�t� �o�f� �t�h�e� �p�u�b�l�i�c�,� �t�h�e�y� �a�r�e� �n�o�t� 

�c�o�m�p�l�e�t�e�l�y� �f�a�m�i�l�i�a�r� �w�i�t�h� �l�a�r�g�e� �s�c�a�l�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �o�v�e�r� �t�h�r�e�e�-�f�o�u�r�t�h�s� �o�f� �t�h�e�m� �a�s�k�e�d� �t�o� �b�e� �p�l�a�c�e�d� 

�o�n� �a� �m�a�i�l�i�n�g� �l�i�s�t� �t�o� �r�e�c�e�i�v�e� �f�u�r�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �a�s� �i�t� �b�e�c�o�m�e�s� �a�v�a�i�l�a�b�l�e�.



�C�h�a�p�t�e�r� �5� 

�S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� 

�S�u�r�v�e�y� �C�o�m�p�a�r�i�s�o�n�s� 

�C�o�m�p�a�r�i�s�o�n�s� �o�f� �t�h�e� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �s�u�r�v�e�y�s� �s�e�n�t� �t�o� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �a�n�d� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s�,� 

�s�h�o�w� �s�i�m�i�l�a�r�i�t�i�e�s� �i�n� �s�e�v�e�r�a�l� �o�f� �t�h�e� �r�e�s�p�o�n�s�e�s�.� �W�h�e�n� �a�s�k�e�d� �a�b�o�u�t� �d�i�s�p�o�s�a�l� �m�e�t�h�o�d�s� �o�f� �l�e�a�v�e�s�,� �7�0�%� 

�o�f� �t�h�e� �a�g�e�n�t�s� �a�n�d� �7�6�%� �o�f� �t�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s� �r�e�s�p�o�n�d�e�d� �t�h�a�t� �t�h�e�i�r� �l�o�c�a�l�i�t�y� �l�a�n�d�f�i�l�l�e�d� �t�h�e�m�.� �S�e�v�e�n� 

�p�e�r�c�e�n�t� �o�f� �t�h�e� �a�g�e�n�t�s� �a�n�d� �s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s� �r�e�s�p�o�n�d�e�d� �t�h�e�i�r� �l�o�c�a�l�i�t�y� �s�t�o�c�k�p�i�l�e�d� 

�t�h�e� �l�e�a�v�e�s� �f�o�r� �l�a�t�e�r� �u�s�e�.� �O�n�l�y� �s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s� �u�s�e� �s�o�m�e� �t�y�p�e� �o�f� �p�u�b�l�i�c� �g�i�v�e�a�w�a�y� 

�p�r�o�g�r�a�m� �f�o�r� �l�e�a�v�e�s�,� �w�h�i�l�e� �3�2�%� �o�f� �t�h�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �f�e�l�t� �t�h�e�i�r� �l�o�c�a�l�i�t�y� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �s�u�c�h� �a� 

�p�r�o�g�r�a�m�.� �E�i�g�h�t�y�-�s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�e� �l�a�n�d�f�i�l�l�s� �a�l�l�o�w� �b�u�l�k� �d�i�s�p�o�s�a�l� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�t� �t�h�e�i�r� �s�i�t�e�,� �w�h�i�l�e� 

�t�h�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �f�e�l�t� �t�h�a�t� �8�8�%� �o�f� �t�h�e�i�r� �l�o�c�a�l� �l�a�n�d�f�i�l�l�s� �a�l�l�o�w�e�d� �t�h�i�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s�,� �3�4�%� �o�f� �t�h�e� �m�u�n�i�c�i�p�a�l�i�t�i�e�s� �h�a�v�e� �e�s�t�a�b�l�i�s�h�e�d� �a� �g�r�o�u�p� �t�o� 

�s�t�u�d�y� �a�l�t�e�r�n�a�t�i�v�e� �u�s�e�s� �f�o�r� �y�a�r�d�w�a�s�t�e�,�s�u�c�h� �a�s� �c�o�m�p�o�s�t�i�n�g�,� �w�h�i�l�e� �t�h�e� �a�g�e�n�t�s� �f�e�l�t� �t�h�i�s� �n�u�m�b�e�r� �t�o� �b�e� 

�3�2�%�.� �T�h�i�r�t�y�-�o�n�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �l�a�n�d�f�i�l�l� �m�a�n�a�g�e�r�s� �f�e�l�t� �t�h�a�t� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �w�a�s� �f�e�a�s�i�b�l�e� �i�n� �t�h�e�i�r� 

�l�o�c�a�l�i�t�y�,� �w�h�i�l�e� �4�5�%� �o�f� �t�h�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �f�e�l�t� �i�t� �i�s� �f�e�a�s�i�b�l�e�.� 

�T�h�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �a�r�e� �m�u�c�h� �m�o�r�e� �o�p�t�i�m�i�s�t�i�c� �a�b�o�u�t� �t�h�e� �a�m�o�u�n�t� �o�f� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� 

�g�i�v�e�a�w�a�y� �p�r�o�g�r�a�m�s� �a�n�d� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �e�s�t�a�b�l�i�s�h�i�n�g� �a� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� �i�n� �t�h�e�i�r� 

�l�o�c�a�l�i�t�y�.� �O�t�h�e�r�w�i�s�e�,� �t�h�e� �r�e�s�p�o�n�s�e�s� �t�o� �t�h�e� �s�u�r�v�e�y� �q�u�e�s�t�i�o�n�s� �a�r�e� �v�e�r�y� �s�i�m�i�l�a�r�,� �w�h�i�c�h� �i�n�d�i�c�a�t�e�s� �t�h�e� 

�v�a�l�i�d�i�t�y� �o�f� �t�h�e� �s�u�r�v�e�y�s�.� 

�A�l�s�o�,� �i�n� �c�o�m�p�a�r�i�n�g� �t�h�e� �r�e�s�p�o�n�s�e�s� �t�o� �t�h�e� �s�u�r�v�e�y�s� �f�r�o�m� �t�h�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �a�n�d� �t�h�e� �n�u�r�s�e�r�y� 

�o�p�e�r�a�t�o�r�s�,� �w�e� �s�e�e� �s�e�v�e�r�a�l� �s�i�m�i�l�a�r�i�t�i�e�s� �i�n� �e�a�c�h� �o�f� �t�h�e�i�r� �p�e�r�c�e�i�v�e�d� �u�s�e�s� �f�o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �b�y� 

�h�o�m�e�o�w�n�e�r�s�.� �I�n� �r�a�n�k�i�n�g� �t�h�e� �p�e�r�c�e�i�v�e�d� �u�s�e�s� �b�y� �t�h�e�i�r� �c�u�s�t�o�m�e�r�s�,� �t�h�e� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �f�e�l�t� 
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�3�0� 

�y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �c�o�u�l�d� �b�e� �u�s�e�d� �e�f�f�e�c�t�i�v�e�l�y� �a�s�:� �1�)� �m�u�l�c�h�,� �2�)� �p�o�t�t�i�n�g� �m�i�x�,� �3�)� �s�o�i�l� �a�m�e�n�d�m�e�n�t�,� �4�)� 

�l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/�r�e�n�o�v�a�t�i�o�n�,� �a�n�d� �5�)� �n�u�t�r�i�e�n�t� �s�o�u�r�c�e�.� �T�h�e� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �f�e�l�t� �t�h�a�t� �h�o�m�e�o�w�n�e�r�s� 

�c�o�u�l�d� �u�s�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�a�y�s�:� �1�)� �m�u�l�c�h�,� �2�)� �s�o�i�l� �a�m�e�n�d�m�e�n�t�,� �3�)� �n�u�t�r�i�e�n�t� 

�s�o�u�r�c�e�,� �a�n�d� �4�)� �l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/�r�e�n�o�v�a�t�i�o�n�.� �A�g�a�i�n�,� �t�h�e� �s�i�m�i�l�a�r� �r�e�s�p�o�n�s�e�s� �t�o� �t�h�e�s�e� �q�u�e�s�t�i�o�n�s� 

�i�n�d�i�c�a�t�e�s� �t�h�e� �v�a�l�i�d�i�t�y� �o�f� �t�h�e� �d�a�t�a�.� 

�L�e�g�i�s�l�a�t�i�v�e� �A�c�t�i�o�n� 

�T�h�e� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �w�a�s� �p�r�e�s�e�n�t�e�d� �t�o� �t�h�e� �G�o�v�e�r�n�o�r� �a�n�d� �t�h�e� �1�9�9�0� �S�e�s�s�i�o�n� �o�f� �t�h�e� �V�i�r�g�i�n�i�a� 

�G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �a�s� �H�o�u�s�e� �D�o�c�u�m�e�n�t� �N�o�.� �3�4� �i�n� �J�a�n�u�a�r�y�,� �1�9�9�0�.� �F�o�u�r� �p�i�e�c�e�s� �o�f� �l�e�g�i�s�l�a�t�i�o�n� 

�(�A�p�p�e�n�d�i�x� �B�)� �w�e�r�e� �i�n�t�r�o�d�u�c�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �s�t�u�d�y�,� �i�n�c�l�u�d�i�n�g�:� 

�*� �H�o�u�s�e� �J�o�i�n�t� �R�e�s�o�l�u�t�i�o�n� �N�o�.� �1�7�0�,� �w�h�i�c�h� �u�r�g�e�s� �s�t�a�t�e� �a�g�e�n�c�i�e�s� �t�o� �u�s�e� �y�a�r�d�w�a�s�t�e� 

�c�o�m�p�o�s�t� �i�n� �p�l�a�c�e� �o�f� �o�t�h�e�r� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l�s�.� 

�¢� �H�o�u�s�e� �B�i�l�l� �N�o�.� �9�7�2�,� �w�h�i�c�h� �e�x�e�m�p�t�s� �f�a�r�m�e�r�s� �a�n�d� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �w�h�o� �a�c�c�e�p�t� �f�o�r� 

�c�o�m�p�o�s�t�i�n�g� �l�e�s�s� �t�h�a�n� �5�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �a�n�n�u�a�l�l�y� �o�f� �y�a�r�d�w�a�s�t�e� �f�r�o�m� �s�t�a�t�e� 

�r�e�g�u�l�a�t�i�o�n�s� �g�o�v�e�r�n�i�n�g� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�i�e�s�.� 

�«� �H�o�u�s�e� �B�i�l�l� �N�o�.� �9�7�3�,� �w�h�i�c�h� �g�i�v�e�s� �l�o�c�a�l�i�t�i�e�s� �a�u�t�h�o�r�i�t�y� �t�o� �p�r�o�h�i�b�i�t� �p�l�a�c�e�m�e�n�t� �o�f� �l�e�a�v�e�s� �a�n�d� 

�g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �i�n� �l�a�n�d�f�i�l�l�s� �a�f�t�e�r� �J�a�n�u�a�r�y� �1�,� �1�9�9�5�.� 

�¢� �H�o�u�s�e� �B�i�l�l� �N�o�.� �9�7�4�,� �w�h�i�c�h� �a�m�e�n�d�s� �a�n�d� �r�e�e�n�a�c�t�s� �s�e�c�t�i�o�n�s� �o�f� �t�h�e� �C�o�d�e� �o�f� �V�i�r�g�i�n�i�a� �r�e�l�a�t�i�n�g� 

�t�o� �r�e�a�s�o�n�a�b�l�e� �e�x�e�m�p�t�i�o�n�s� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �f�a�c�i�l�i�t�i�e�s� �f�r�o�m� �c�e�r�t�a�i�n� �r�e�g�u�l�a�t�i�o�n�s� 

�g�o�v�e�r�n�i�n�g� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �w�a�s�t�e� �a�n�d� �t�o� �e�s�t�a�b�l�i�s�h� �a�n� �e�x�p�e�d�i�t�e�d� �a�p�p�r�o�v�a�l� �p�r�o�c�e�s�s� 

�f�o�r� �s�u�c�h� �f�a�c�i�l�i�t�i�e�s�.� 

�T�h�e� �a�c�t�i�o�n�s� �o�f� �t�h�e� �V�i�r�g�i�n�i�a� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �r�e�v�i�e�w� �o�f� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� 

�s�e�n�t� �t�h�e�m� �b�y� �t�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �d�e�f�i�n�i�t�e� �n�e�e�d� �f�o�r� �a� 

�s�t�a�t�e�w�i�d�e� �p�r�o�g�r�a�m� �f�o�r� �c�o�m�p�o�s�t�i�n�g� �y�a�r�d�w�a�s�t�e�.� �C�a�r�e�f�u�l� �a�n�d� �d�e�l�i�b�e�r�a�t�e� �e�x�e�c�u�t�i�o�n� �o�f� �a� �c�o�m�p�o�s�t�i�n�g� 

�p�r�o�g�r�a�m� �w�i�l�l� �i�n�s�u�r�e� �t�h�a�t� �V�i�r�g�i�n�i�a� �h�a�s� �a� �p�l�a�n� �t�h�a�t� �i�s� �w�o�r�k�a�b�l�e� �a�n�d� �l�a�s�t�i�n�g�.



�3�1� 

�F�u�t�u�r�e� �A�c�t�i�o�n� 

�T�h�e� �a�u�t�h�o�r� �i�s� �c�u�r�r�e�n�t�l�y� �w�o�r�k�i�n�g� �o�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �"�V�i�r�g�i�n�i�a� �Y�a�r�d�w�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �M�a�n�u�a�l�"�,� 

�i�n� �c�o�o�p�e�r�a�t�i�o�n� �w�i�t�h� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t�,� �w�h�i�c�h� �w�i�l�l� �b�e� �a� �g�u�i�d�a�n�c�e� 

�d�o�c�u�m�e�n�t� �f�o�r� �u�s�e� �b�y� �m�u�n�i�c�i�p�a�l�i�t�i�e�s� �a�n�d� �p�r�i�v�a�t�e� �c�o�n�c�e�r�n�s� �i�n� �p�l�a�n�n�i�n�g� �a�n�d� �i�m�p�l�e�m�e�n�t�i�n�g� �a� �y�a�r�d�w�a�s�t�e� 

�c�o�m�p�o�s�t�i�n�g� �f�a�c�i�l�i�t�y�.� �T�h�e� �m�a�n�u�a�l� �i�s� �s�c�h�e�d�u�l�e�d� �t�o� �b�e� �a�v�a�i�l�a�b�l�e� �i�n� �S�u�m�m�e�r�,� �1�9�9�0�.
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�3�2� 

�L�i�t�e�r�a�t�u�r�e� �C�i�t�e�d� 

�A�n�o�n�y�m�o�u�s�.� �1�9�8�8�.� �C�o�m�p�o�s�t�i�n�g�:� �R�e�c�y�c�l�i�n�g ��s� �E�a�r�t�h�y� �C�o�u�s�i�n�.� �R�e�c�y�c�l�e�n�e�t� �G�a�z�e�t�t�e�.� �A�s�s�o�c�i�a�t�i�o�n� 
�o�f� �N�e�w� �J�e�r�s�e�y� �R�e�c�y�c�l�e�r�s�,� �A�b�e�s�c�o�n�,� �N�J�.� 

�A�n�o�n�y�m�o�u�s�.� �1�9�8�9�.� �A� �U�s�e�r�s� �G�u�i�d�e� �t�o� �Y�a�r�d� �D�e�b�r�i�s� �C�o�m�p�o�s�t�.� �M�e�t�r�o� �P�o�r�t�l�a�n�d�.� �P�o�r�t�l�a�n�d�,� �O�R�.� 

�A�n�o�n�y�m�o�u�s�.� �1�9�8�8�.� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �M�u�n�i�c�i�p�a�l� �S�o�l�i�d� �W�a�s�t�e� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s� �1�9�6�0�-�2�0�0�0�.� 
�U�p�d�a�t�e�.� �E�P�A�/�5�3�0�-�S�W�-�8�8�-�0�3�3�.� �O�f�f�i�c�e� �o�f� �S�o�l�i�d� �W�a�s�t�e�,� �U�.�S�.� �E�.�P�.�A�.�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� �2�0�4�6�0�.� 

�B�i�d�d�l�e�s�t�o�n�e�,� �A�.�J�.� �a�n�d� �K�.�R�.� �G�r�a�y�.� �1�9�8�5�.� �C�o�m�p�o�s�t�i�n�g�.� �C�o�m�p�r�e�h�e�n�s�i�v�e� �B�i�o�t�e�c�h�n�o�l�o�g�y�.� �E�d�i�t�o�r�-�i�n�-� 
�c�h�i�e�f� �M�u�r�r�a�y� �M�o�o�-�Y�o�u�n�g�.� �p�p� �1�0�5�9�-�1�0�7�0�.� 

�B�u�g�b�e�e�,� �G�.�J�.� �a�n�d� �C�.�R�.� �F�r�i�n�k�.� �1�9�8�9�.� �C�o�m�p�o�s�t�e�d� �w�a�s�t�e� �a�s� �a� �p�e�a�t� �s�u�b�s�t�i�t�u�t�e� �i�n� �p�e�a�t�-�l�i�t�e� �m�e�d�i�a�.� 
�_� �H�o�r�t�s�c�i�e�n�c�e�.� �2�4�(�4�)�:�6�2�5�-�6�2�7�.� 

�D�e�a�n�,� �L�.� �a�n�d� �M�.� �W�o�l�l�e�n�w�e�b�e�r�.� �1�9�8�9�.� �C�u�r�b�s�i�d�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� 
�o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �3�0�.� �N�o�.� �1�.� �p�p� �4�8�-�5�0�.� 

�D�e�r�r�,� �D�.�A�.� �a�n�d� �P�.�S�.� �D�h�i�l�l�o�n�.� �1�8�8�9�.� �M�i�n�i�m�i�z�i�n�g� �t�h�e� �c�o�s�t� �o�f� �l�e�a�f� �c�o�m�p�o�s�t�i�n�g�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� 
�o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �3�1�.� �N�o�.� �4�.� �p�p� �4�5�-�4�8�.� 

�D�i�l�l�m�a�n�,� �D�.�A�.� �1�9�7�8�.� �M�a�i�l� �a�n�d� �T�e�l�e�p�h�o�n�e� �S�u�r�v�e�y�s�,� �T�h�e� �T�o�t�a�l� �D�e�s�i�g�n� �M�e�t�h�o�d�.� �J�o�h�n� �W�i�l�e�y� �&� 
�S�o�n�s�,� �N�e�w� �Y�o�r�k�,� �N�Y�.� 

�F�i�e�d�l�e�r�,� �D�.�M�.� �1�9�8�8�.� �C�o�l�l�e�c�t�i�n�g�/�c�o�m�p�o�s�t�i�n�g� �l�e�a�v�e�s� �i�n� �M�i�c�h�i�g�a�n�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� 
�R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �2�9�.� �N�o�.� �9�.� �p�p� �5�4�-�5�5�.� 

�F�l�a�n�n�e�r�y�,� �R�.�L�.� �a�n�d� �F�.�B�.� �F�l�o�w�e�r�.� �1�9�8�6�.� �U�s�i�n�g� �L�e�a�f� �C�o�m�p�o�s�t�.� �N�e�w� �J�e�r�s�e�y� �C�o�o�p�e�r�a�t�i�v�e� 
�E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e�.� �R�u�t�g�e�r�s� �U�n�i�v�e�r�s�i�t�y�,� �C�o�o�k� �C�o�l�l�e�g�e�,� �N�e�w� �B�r�u�n�s�w�i�c�k�,� �N�J�.� 

�E�.�C�.� �G�e�i�g�e�r�,� �I�n�c�.� �1�9�9�0�.�  ��E�v�e�r�y�t�h�i�n�g� �f�o�r� �t�h�e� �G�r�o�w�e�r�"� �C�a�t�a�l�o�g�.� �H�a�r�l�e�y�s�v�i�l�l�e�,� �P�A�.� 

�G�e�r�t�m�a�n�,� �R�.� �1�9�8�5�.� �D�i�v�e�r�t�i�n�g� �d�e�b�r�i�s� �f�r�o�m� �t�h�e� �l�a�n�d�f�i�l�l�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� �V�o�l�.� 
�2�6�.� �N�o�.� �7�.� �p�p� �3�2�-�3�3�.� 

�G�l�e�n�n�,� �J�.� �1�9�8�8�.� �E�n�c�o�u�r�a�g�i�n�g� �y�a�r�d� �w�a�s�t�e� �u�t�i�l�i�z�a�t�i�o�n�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� �V�o�l�.� 
�2�9�.� �N�o�.� �8�.� �p�p� �4�9�-�5�2�.� 

�G�l�e�n�n�,� �J�.� �a�n�d� �D�.� �R�i�g�g�l�e�.� �1�9�8�9�.� �W�h�e�r�e� �d�o�e�s� �t�h�e� �w�a�s�t�e� �g�o�?� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� 
�R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �3�0�.� �N�o�.� �4�.� �p�p� �3�4�-�3�9�.� 

�H�i�g�g�i�n�s�,� �A�.�J�.� �1�9�8�2�.� �V�e�n�t�i�l�a�t�i�o�n� �f�o�r� �s�t�a�t�i�c� �p�i�l�e� �c�o�m�p�o�s�t�i�n�g�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� 
�R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �2�3�.� �N�o�.� �7�.� �p�p� �3�6�-�4�1�.� 

�H�o�i�t�i�n�k�,� �H�.�A�.� �a�n�d� �H�.�A�.� �P�o�o�l�e�.� �1�9�7�9�.� �F�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �q�u�a�l�i�t�y� �o�f� �c�o�m�p�o�s�t�s� �f�o�r� �u�t�i�l�i�z�a�t�i�o�n� �i�n� 
�c�o�n�t�a�i�n�e�r� �m�e�d�i�a�.� �I�n�t�e�r�n�a�t�i�o�n�a�l� �P�l�a�n�t� �P�r�o�p�a�g�a�t�o�r�s� �S�o�c�i�e�t�y�.� �V�o�l�.� �2�9�.� �p�p� �4�9�5�-�5�0�4�.
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�H�o�i�t�i�n�k�,� �H�.�A�.� �1�9�8�6�.� �B�a�s�i�s� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �o�f� �s�o�i�l�b�o�r�n�e� �p�l�a�n�t� �p�a�t�h�o�g�e�n�s� �w�i�t�h� �c�o�m�p�o�s�t�s�.� �A�n�n�u�a�l� 
�R�e�v�i�e�w� �o�f� �P�h�y�t�o�p�a�t�h�o�l�o�g�y�.� �2�4� �p�p� �9�3�-�1�1�4�.� 

�L�o�g�s�d�o�n�,� �G�.� �1�9�9�0�.� �P�l�a�n�t� �p�r�o�t�e�c�t�i�o�n� �t�h�r�o�u�g�h� �c�o�m�p�o�s�t�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� 
�V�o�l�.� �3�1�.� �N�o�.� �1�.� �p�p� �5�2�-�5�4�.� 

�M�e�a�r�s�,� �D�.�R�.�,� �M�.�E�.� �S�i�n�g�l�e�y�,� �G�.� �A�l�i� �a�n�d� �F�.� �R�u�p�p�.� �1�9�7�5�.� �T�h�e�r�m�a�l� �a�n�d� �p�h�y�s�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� 
�c�o�m�p�o�s�t�.� �E�n�e�r�g�y�,� �A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t�.� �E�d�i�t�o�r� �W�.�J�.� �J�e�w�e�l�l�.� �p�p� �5�1�5�-�5�2�7�.� 

�R�i�c�e�,� �J�.�E�.� �1�9�8�8�.� �L�e�a�f� �b�a�g�g�i�n�g� �v�s�.� �c�u�r�b� �c�o�l�l�e�c�t�i�o�n�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� �V�o�l�.� 
�2�9�.� �N�o�.� �1�.� �p�p� �3�0�-�3�1�.� 

�R�i�c�h�a�r�d�,� �T�.� �a�n�d� �G�.� �F�e�r�e�n�z�.� �1�9�8�8�.� �C�o�m�p�o�s�t�i�n�g� �l�a�n�d�s�c�a�p�e� �w�a�s�t�e�s�.� �G�r�o�u�n�d�s� �M�a�i�n�t�e�n�a�n�c�e�.� 
�S�e�p�t�e�m�b�e�r�,� �1�9�8�8�.� 

�S�c�h�a�u�e�r�,� �D�.� �1�9�8�6�.� �S�o�l�i�d� �w�a�s�t�e� �r�e�c�y�c�l�i�n�g� �a�i�d�e�d� �b�y� �s�t�a�t�e� �i�n�i�t�i�a�t�i�v�e�s�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� 
�R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �2�7�.� �N�o�.� �4�.� �p�p� �4�4�-�4�8�.� 

�S�c�h�a�u�e�r�,� �D�.� �1�9�8�6�.� �L�e�a�f� �a�n�d� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� 
�V�o�l�.� �2�7�.� �N�o�.� �9�.� �p�p� �2�4�-�2�6�.� 

�S�i�m�p�s�o�n�,� �T�.�W�.� �a�n�d� �J�.�H�.� �M�a�y�.� �1�9�9�0�.� �T�h�e� �F�e�a�s�i�b�i�l�i�t�y� �o�f� �a� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �P�r�o�g�r�a�m� �f�o�r� 
�V�i�r�g�i�n�i�a�.� �V�i�r�g�i�n�i�a� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y�.� �H�o�u�s�e� �D�o�c�u�m�e�n�t� �N�o�.� �3�4�.� �J�a�n�.� �1�9�9�0�.� 

�S�t�r�o�m�,� �P�.�F�.�,� �F�.�B�.� �F�l�o�w�e�r�,� �M�.�H�.�P�.� �L�i�u� �a�n�d� �M�.�S�.� �F�i�n�s�t�e�i�n�.� �1�9�8�6�.� �R�e�c�o�m�m�e�n�d�e�d� �m�e�t�h�o�d�s� �f�o�r� 
�m�u�n�i�c�i�p�a�l� �l�e�a�f� �c�o�m�p�o�s�t�i�n�g�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �2�7�.� �N�o�.� �1�0�.� �p�p� �4�8�-�5�2�.� 

�S�t�r�o�m�,� �P�.�F�.� �1�9�8�8�.� �O�p�t�i�o�n�s� �f�o�r� �m�u�n�i�c�i�p�a�l� �l�e�a�f� �c�o�m�p�o�s�t�i�n�g�.� �B�i�o�c�y�c�l�e�,� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� 
�R�e�c�y�c�l�i�n�g�.� �V�o�l�.� �2�9�.� �N�o�.� �1�0�.� �p�p� �3�8�-�4�3�.� 

�S�t�r�o�m�,� �P�.�F�.� �a�n�d� �M�.�S�.� �F�i�n�s�t�e�i�n�.� �1�9�8�9�.� �L�e�a�f� �C�o�m�p�o�s�t�i�n�g� �M�a�n�u�a�l� �F�o�r� �N�e�w� �J�e�r�s�e�y� �M�u�n�i�c�i�p�a�l�i�t�i�e�s�.� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�c�i�e�n�c�e�s�.� �C�o�o�k� �C�o�l�l�e�g�e�,� �R�u�t�g�e�r�s� �U�n�i�v�e�r�s�i�t�y�,� �N�e�w� �B�r�u�n�s�w�i�c�k�,� �N�J�.� 

�T�a�y�l�o�r�,� �A�.�C�.� �a�n�d� �R�.�M�.� �K�a�s�h�m�a�n�i�a�n�.� �1�9�8�8�.� �S�t�u�d�y� �a�n�d� �A�s�s�e�s�s�m�e�n�t� �o�f� �E�i�g�h�t� �Y�a�r�d�  ��W�a�s�t�e� 
�C�o�m�p�o�s�t�i�n�g� �P�r�o�g�r�a�m�s� �A�c�r�o�s�s� �T�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�.� �U�.�S�.� �E�n�v�i�r�o�n�m�e�n�t�a�l� �P�r�o�t�e�c�t�i�o�n� �A�g�e�n�c�y�,� 
�W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� 

�V�a�s�t�a�n�o�,� �M�.� �1�9�8�9�.� �O�p�e�r�a�t�i�o�n�s� �M�a�n�a�g�e�r�,� �M�i�d�d�l�e�b�u�s�h� �C�o�m�p�o�s�t�,� �I�n�c�.� �S�o�m�e�r�s�e�t�,� �N�J�.� �P�e�r�s�o�n�a�l� 
�c�o�m�m�u�n�i�c�a�t�i�o�n�.� 

�V�i�r�g�i�n�i�a� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y�.� �1�9�8�9�.� �H�o�u�s�e� �J�o�i�n�t� �R�e�s�o�l�u�t�i�o�n� �N�o�.� �3�9�5�.� �J�a�n�u�a�r�y�,� �1�9�8�9�.� �R�i�c�h�m�o�n�d�,� 
�V�A�.
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�A�p�p�e�n�d�i�x� �A�.� �S�u�r�v�e�y�s� �S�e�n�t� �t�o� �V�i�r�g�i�n�i�a� �N�u�r�s�e�r�y� �O�p�e�r�a�t�o�r�s�,� �V�i�r�g�i�n�i�a� 
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�T�O�:� �V�i�r�g�i�n�i�a� �N�u�r�s�e�r�y� �O�p�e�r�a�t�o�r�s� 

�F�R�O�M�:� �T�.� �W�.� �S�i�m�p�s�o�n�,� �A�s�s�o�c�i�a�t�e� �P�r�o�f�e�s�s�o�r�,� 
�S�a�i�l�-�E�n�v�i�r�o�n�m�e�n�t�a�l� �Q�u�a�l�i�t�y� 

�J�i�m� �M�a�y�,� �G�r�a�d�u�a�t�e� �R�e�s�e�a�r�c�h� �A�s�s�i�s�t�a�n�t�,� �H�o�r�t�i�c�u�l�t�u�r�e� 

�W�e� �a�r�e� �c�u�r�r�e�n�t�l�y� �c�o�n�d�u�c�t�i�n�g� �a� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �f�o�r� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� 
�M�a�n�a�g�e�m�e�n�t� �a�t� �t�h�e� �r�e�q�u�e�s�t� �a�f� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �l�a�r�g�e� �s�c�a�l�e� 
�c�o�m�p�o�s�t�i�n�g� �o�f� �y�a�r�d� �w�a�s�t�e� �(�p�r�i�m�a�r�i�l�y� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�)�.� �C�u�r�r�e�n�t�l�y� �m�u�c�h� �o�f� �t�h�i�s� 
�m�a�t�e�r�i�a�l� �i�s� �c�o�l�l�e�c�t�e�d� �a�n�d� �b�u�r�i�e�d� �i�n� �l�a�n�d�f�i�l�l�s� �u�s�i�n�g� �v�a�l�u�a�b�l�e� �l�a�n�d�f�i�l�l� �s�p�a�c�e�.� �W�o�r�k� �d�o�n�e� �i�n� 
�o�t�h�e�r� �s�t�a�t�e�s� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e�s�e� �m�a�t�e�r�i�a�l�s� �c�a�n� �b�e� �c�o�m�p�o�s�t�e�d� �i�n�t�o� �a� �l�o�w� �n�u�t�r�i�e�n�t� �v�a�l�u�e� 
�c�o�m�p�o�s�t� �w�i�t�h� �p�h�y�s�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �s�i�m�i�l�a�r� �t�o� �p�e�a�t� �o�r� �c�o�m�p�o�s�t�e�d� �s�e�w�a�g�e� �s�l�u�d�g�e�.� �T�h�e� 
�m�a�t�e�r�i�a�l� �w�i�l�l� �b�e� �m�a�d�e� �f�r�o�m� �l�e�a�v�e�s� �w�i�t�h� �s�o�m�e� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �o�r� �a� �h�i�g�h�e�r� �n�i�t�r�o�g�e�n� �o�r�g�a�n�i�c� 
�w�a�s�t�e� �(�s�u�c�h� �a�s� �p�o�u�l�t�r�y� �l�i�t�t�e�r�)� �a�d�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �c�o�m�p�o�s�t�i�n�g� �r�a�t�e� �a�n�d� �n�u�t�r�i�e�n�t� �c�o�n�t�e�n�t�.� �[�I�n� 
�s�o�m�e� �s�t�a�t�e�s�,� �l�o�c�a�l�i�t�i�e�s� �h�a�v�e� �c�o�n�t�r�a�c�t�e�d� �w�i�t�h� �p�r�i�v�a�t�e� �s�e�c�t�o�r� �b�u�s�i�n�e�s�s�e�s� �(�s�u�c�h� �a�s� �n�u�r�s�e�r�i�e�s�)� 
�t�o� �d�o� �t�h�e� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�.� �T�h�e� �c�o�n�t�r�a�c�t� �f�e�e� �i�s� �s�u�f�f�i�c�i�e�n�t� �t�o� �p�r�o�v�i�d�e� �a� �p�r�o�f�i�t� �t�o� �t�h�e� 
�c�o�m�p�o�s�t� �o�p�e�r�a�t�i�o�n� �b�u�t� �i�s� �g�e�n�e�r�a�l�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� �c�o�s�t� �t�o� �f�a�n�d�f�i�l�l� �t�h�e� �y�a�r�d� �w�a�s�t�e�.� �T�h�e� 
�c�o�m�p�o�s�t�e�r� �t�h�e�n� �h�a�s� �t�h�e� �f�i�n�i�s�h�e�d� �m�a�t�e�r�i�a�l� �t�o� �u�s�e� �o�r� �m�a�r�k�e�t�.� 

�O�u�r� �s�t�u�d�y� �w�i�l�l� �h�e�l�p� �d�e�t�e�r�m�i�n�e� �b�o�t�h� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �m�a�k�i�n�g� �t�h�e� �c�o�m�p�o�s�t� �a�n�d� �o�f� 
�d�e�v�e�l�o�p�i�n�g� �u�s�e�s� �o�r� �m�a�r�k�e�t�s�.� �W�e� �a�r�e� �a�l�s�o� �i�n�t�e�r�e�s�t�e�d� �i�n� �a�s�s�e�s�s�i�n�g� �p�r�i�v�a�t�e� �s�e�c�t�o�r� 
�i�n�v�o�l�v�e�m�e�n�t� �i�n� �b�o�t�h� �t�h�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �m�a�r�k�e�t�i�n�g� �o�f� �t�h�e� �m�a�t�e�r�i�a�l�s�.� �A�s� �a� �n�u�r�s�e�r�y� 
�o�p�e�r�a�t�o�r�,� �y�o�u� �a�r�e� �p�o�t�e�n�t�i�a�l�l�y� �a� �u�s�e�r�,� �w�h�o�l�e�s�a�l�e�r� �a�n�d�/�o�r� �r�e�t�a�i�l�e�r� �o�f� �t�h�e� �m�a�t�e�r�i�a�l� �a�n�d� �y�o�u� 
�m�a�y� �h�a�v�e� �t�h�e� �i�n�t�e�r�e�s�t� �a�n�d� �m�e�a�n�s� �t�o� �d�e�v�e�l�o�p� �a� �c�o�m�p�o�s�t� �s�i�t�e�.� 

�W�e� �n�e�e�d� �t�o� �k�n�o�w� �y�o�u�r� �o�p�i�n�i�o�n�s� �o�n� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �p�o�t�e�n�t�i�a�l� �u�s�e�s� �f�o�r� 
�t�h�e� �m�a�t�e�r�i�a�l�.� �P�l�e�a�s�e� �a�n�s�w�e�r� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �o�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�g�e�s� �a�n�d� �r�e�t�u�r�n� �i�t� �t�o� �u�s� 
�i�n� �t�h�e� �e�n�c�l�o�s�e�d� �s�e�l�f� �a�d�d�r�e�s�s�e�d�,� �s�t�a�m�p�e�d� �e�n�v�e�l�o�p�e�.� �A�l�l� �a�n�s�w�e�r�s� �w�i�l�l� �b�e� �s�t�r�i�c�t�l�y� �c�o�n�f�i�d�e�n�t�i�a�l�.� 
�I�t� �s�h�o�u�l�d� �t�a�k�e� �y�o�u� �l�e�s�s� �t�h�a�n� �1�5� �m�i�n�u�t�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �w�i�l�l� �e�n�a�b�l�e� �u�s� �t�o� �r�e�c�o�m�m�e�n�d� �t�o� �t�h�e� 
�G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �a� �s�o�u�n�d� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� �t�h�a�t� �w�i�l�l� �s�a�v�e� �V�i�r�g�i�n�i�a� 
�l�o�c�a�l�i�t�i�e�s� �m�i�l�l�i�o�n�s� �o�f� �d�o�l�l�a�r�s�.� �I�t� �w�i�l�l� �a�l�s�o� �p�r�o�v�i�d�e� �y�o�u� �a�n� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �l�e�a�r�n� �m�o�r�e� �a�b�o�u�t� 
�a� �p�r�o�d�u�c�t� �t�h�a�t� �m�a�y� �s�a�v�e� �y�o�u� �m�o�n�e�y� �a�n�d�/�o�r� �p�r�o�v�i�d�e� �a� �p�r�o�f�i�t�a�b�l�e� �a�d�d�i�t�i�o�n� �t�o� �y�o�u�r� �b�u�s�i�n�e�s�s�.� 

�W�e� �t�h�a�n�k� �y�o�u� �i�n� �a�d�v�a�n�c�e� �f�o�r� �y�o�u�r� �a�s�s�i�s�t�a�n�c�e� �w�i�t�h� �t�h�i�s� �p�r�o�j�e�c�t�.� 
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�P�a�r�t� �A�.�C�u�r�r�e�n�t� �u�s�e� �o�f� �c�o�m�p�o�s�t�-�l�i�k�e� �m�a�t�e�r�i�a�l�s� 

�1�.� �I�s� �y�o�u�r� �n�u�r�s�e�r�y� �o�p�e�r�a�t�i�o�n�:� �a�)� �w�h�o�l�e�s�a�l�e� �b�)� �r�e�t�a�i�l� �c�)� �r�e�w�h�o�l�e�s�a�l�e� 

�2�.� �P�l�e�a�s�e� �c�h�e�c�k� �b�e�l�o�w� �a�l�l� �t�h�e� �t�y�p�e�s� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �s�o�u�r�c�e�s� �y�o�u� �u�s�e� �a�n�d� �e�s�t�i�m�a�t�e� �t�h�e� �v�o�l�u�m�e� �y�o�u� 
�u�s�e� �p�e�r� �y�e�a�r�.� 

�A�n�n�u�a�l� �U�s�e� �A�n�n�u�a�l� �U�s�e� 
�E�s�t�i�m�a�t�e� �E�s�t�i�m�a�t�e� 

�M�a�t�e�r�i�a�l� �(�c�u�b�i�c� �y�a�r�d�s�)� �M�a�t�e�r�i�a�l� �(�c�u�b�i�c� �y�a�r�d�s�)� 
�_�.� �a�)� �p�e�a�t� �m�o�s�s� �_�.� �&�)� �a�g�e�d� �s�a�w�d�u�s�t� 
�_�_�.�.� �6�)� �s�l�u�d�g�e� �c�o�m�p�o�s�t� �_�_�.� �f�)� �s�h�r�e�d�d�e�d� �b�a�r�k� 
�_�_�_�_� �©�)� �M�a�n�u�r�e� �c�o�m�p�o�s�t� �_�_�.� �9�)� �c�o�m�m�e�r�c�i�a�l� 
�_ �� �G�)� �l�e�a�f� �c�o�m�p�o�s�t� �p�o�t�t�i�n�g� �m�i�x� 

�_�_�_� �h�)� �o�t�h�e�r� �(�i�d�e�n�t�i�f�y�)� 

�3�.� �C�h�e�c�k� �b�e�l�o�w� �a�l�l� �t�h�e� �w�a�y�s� �i�n� �w�h�i�c�h� �y�o�u� �u�s�e� �t�h�e� �m�a�t�e�r�i�a�l�s� �f�r�o�m� �1� �a�b�o�v�e� �a�n�d� �e�s�t�i�m�a�t�e� �y�o�u�r� �u�s�e� 
�v�o�l�u�m�e�.� 
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�_�_�.� �4�)� �p�o�t�t�i�n�g� �m�i�x� �_�_�.� �d�)� �h�y�d�r�o�s�e�e�d�i�n�g� 
�_�_�.� �>�)� �f�i�e�l�d� �n�u�r�s�e�r�y� �_�_�.� �&�)� �l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/� 

�c�r�o�p�s� �r�e�n�o�v�a�t�i�o�n� 
�_�_�.� �C�)� �m�u�l�c�h�e�s� �_�_�_� �f�}� �o�t�h�e�r� �(�i�d�e�n�t�i�f�y�)� 

�P�a�r�t� �B�.� �S�a�l�e� �o�f� �c�o�m�p�o�s�t�-�l�i�k�e� �m�a�t�e�r�i�a�l�s�.� 

�"�1�,� �W�h�a�t� �t�y�p�e�s� �o�f� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l�s� �d�o� �y�o�u� �o�f�f�e�r� �f�o�r� �s�a�l�e�?� �(�I�f� �n�o�n�e�,� �g�o� �t�o� �P�a�r�t� �C�)� 
�E�s�t�i�m�a�t�e�d� �A�n�n�u�a�l� �E�s�t�i�m�a�t�e�d� �A�n�n�u�a�l� 
�S�a�l�e�s� �V�o�l�u�m�e� �S�a�l�e�s� �V�o�l�u�m�e� 

�M�a�t�e�r�i�a�l� �(�c�u�b�i�c� �y�a�r�d�s�)� �M�a�t�e�r�i�a�l� �(�c�u�b�i�c� �y�a�r�d�s�)� 
�_�_�.� �4�)� �p�e�a�t� �m�o�s�s� �e�)� �a�g�e�d� �s�a�w�d�u�s�t� 
�_�.�.� �0�)� �s�l�u�d�g�e� �c�o�m�p�o�s�t� 
�_�_�.�.� �©�)� �M�a�n�u�r�e� �c�o�m�p�o�s�t� 
�_�_�_� �d�)� �l�e�a�f� �c�o�m�p�o�s�t� 

�f�)� �s�h�r�e�d�d�e�d� �b�a�r�k� 
�g�)� �c�o�m�m�e�r�c�i�a�l� �p�o�t�t�i�n�g� 

�m�i�x� 
�h�)� �o�t�h�e�r� �(�i�d�e�n�t�i�f�y�)� 

�|� 

�2�.� �B�y� �y�o�u�r� �o�w�n� �b�e�s�t� �e�s�t�i�m�a�t�e�,� �r�a�n�k� �t�h�e� �l�i�s�t� �b�e�l�o�w� �f�r�o�m� �m�o�s�t� �c�o�m�m�o�n� �(�1�)� �t�o� �l�e�a�s�t� �c�o�m�m�o�n� �(�6� �o�r� �7�)� 
�c�u�s�t�o�m�e�r� �u�s�e� �o�f� �t�h�e� �m�a�t�e�r�i�a�l�s� �i�n� �q�u�e�s�t�i�o�n� �1�.� 
�_�_�.� �4�)� �p�o�t�t�i�n�g� �m�i�x� �_�_�_� �¢�)� �m�u�l�c�h�e�s� �_�_� �8�)� �l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/� 
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�B�L�A�C�K�S�B�U�R�G�,� �V�A� �2�4�0�6�1�-�0�4�0�3� 

�J�u�l�y� �2�8�,� �1�9�8�9� 

�T�O�:� �E�x�t�e�n�s�i�o�n� �A�g�e�n�t�s�-�A�g�r�i�c�u�l�t�u�r�e� 

�F�R�O�M�:� �T�.� �W�.� �S�i�m�p�s�o�n�,� �A�s�s�o�c�i�a�t�e� �P�r�o�f�e�s�s�o�r�,� 
�E�x�t�e�n�s�i�o�n� �S�o�i�l� �S�c�i�e�n�t�i�s�t� 

�J�i�m� �M�a�y�,� �G�r�a�d�u�a�t�e� �R�e�s�e�a�r�c�h� �A�s�s�i�s�t�a�n�t�,� �H�o�r�t�i�c�u�l�t�u�r�e� 

�R�E�:� �Y�a�r�d� �W�a�s�t�e� �C�o�m�p�o�s�t�/�C�o�m�p�o�s�t�i�n�g� �S�u�r�v�e�y� 

�W�e� �a�r�e� �c�u�r�r�e�n�t�l�y� �c�o�n�d�u�c�t�i�n�g� �a� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �f�o�r� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� 
�M�a�n�a�g�e�m�e�n�t� �a�t� �t�h�e� �r�e�q�u�e�s�t� �o�f� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �l�a�r�g�e� �s�c�a�l�e� 
�c�o�m�p�o�s�t�i�n�g� �o�f� �y�a�r�d� �w�a�s�t�e� �(�p�r�i�m�a�r�i�l�y� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�)�.� �M�u�c�h� �o�f� �t�h�i�s� �m�a�t�e�r�i�a�l� 
�i�s� �c�o�l�l�e�c�t�e�d� �a�n�d� �b�u�r�i�e�d� �i�n� �l�a�n�d�f�i�l�l�s� �u�s�i�n�g� �l�a�n�d�f�i�l�l� �s�p�a�c�e�.� �W�o�r�k� �d�o�n�e� �i�n� �o�t�h�e�r� �s�t�a�t�e�s� �h�a�s� 
�s�h�o�w�n� �t�h�a�t� �t�h�e�s�e� �m�a�t�e�r�i�a�l�s� �c�a�n� �b�e� �c�o�m�p�o�s�t�e�d� �i�n�t�o� �a� �l�o�w� �n�u�t�r�i�e�n�t� �v�a�l�u�e� �p�e�a�t�-�l�i�k�e� �m�a�t�e�r�i�a�l� 
�s�i�m�i�l�a�r� �t�o� �c�o�m�p�o�s�t�e�d� �s�e�w�a�g�e� �s�l�u�d�g�e�,� �c�o�w� �m�a�n�u�r�e�,� �e�t�c�.� 

�O�u�r� �s�t�u�d�y� �w�i�l�l� �h�e�l�p� �d�e�t�e�r�m�i�n�e� �b�o�t�h� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �m�a�k�i�n�g� �t�h�e� �c�o�m�p�o�s�t� �a�n�d� �o�f� 
�d�e�v�e�l�o�p�i�n�g� �u�s�e�s� �o�r� �m�a�r�k�e�t�s�.� �W�e� �a�r�e� �a�l�s�o� �i�n�t�e�r�e�s�t�e�d� �i�n� �a�s�s�e�s�s�i�n�g� �p�r�i�v�a�t�e� �s�e�c�t�o�r� 
�i�n�v�o�l�v�e�m�e�n�t� �i�n� �b�o�t�h� �t�h�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �m�a�r�k�e�t�i�n�g� �o�f� �t�h�e� �m�a�t�e�r�i�a�l�s�.� 

�W�e� �n�e�e�d� �t�o� �k�n�o�w� �y�o�u�r� �o�p�i�n�i�o�n�s� �o�n� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �p�o�t�e�n�t�i�a�l� �u�s�e�s� �f�o�r� 
�t�h�e� �m�a�t�e�r�i�a�l�.� �P�l�e�a�s�e� �a�n�s�w�e�r� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �o�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�g�e�s�.� �I�t� �s�h�o�u�l�d� �t�a�k�e� �y�o�u� 
�l�e�s�s� �t�h�a�n� �1�5� �m�i�n�u�t�e�s�.� �T�h�e� �r�e�s�u�l�t�s� �w�i�l�l� �e�n�a�b�l�e� �u�s� �t�o� �r�e�c�o�m�m�e�n�d� �t�o� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� 
�a� �s�o�u�n�d� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� �t�h�a�t� �m�a�y� �s�a�v�e� �V�i�r�g�i�n�i�a� �l�o�c�a�l�i�t�i�e�s� �t�e�n�s� �o�f� �m�i�l�l�i�o�n�s� 
�o�f� �d�o�l�l�a�r�s�.� �I�t� �w�i�l�l� �a�l�s�o� �p�r�o�v�i�d�e� �y�o�u� �a�n� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �l�e�a�r�n� �m�o�r�e� �a�b�o�u�t� �a�n� �a�c�t�i�v�i�t�y� �t�h�a�t� �m�a�y� 
�s�a�v�e� �y�o�u�r� �c�o�u�n�t�y� �m�o�n�e�y�,� �s�u�b�s�t�a�n�t�i�a�l�l�y� �r�e�d�u�c�e� �l�a�n�d�f�i�l�l� �s�p�a�c�e� �n�e�e�d�s�,� �a�n�d� �p�r�o�v�i�d�e� �a� 
�c�o�m�p�o�s�t� �p�r�o�d�u�c�t� �f�o�r� �c�o�m�m�e�r�c�i�a�l� �a�n�d� �h�o�m�e� �u�s�e�.� 

�W�e� �t�h�a�n�k� �y�o�u� �i�n� �a�d�v�a�n�c�e� �f�o�r� �y�o�u�r� �a�s�s�i�s�t�a�n�c�e� �w�i�t�h� �t�h�i�s� �p�r�o�j�e�c�t�.� 

�T�W�S�/�l�a�p� 

�V�i�e�g�i�n�i�a� �C�o�o�p�e�r�a�t�e� �E�x�t�e�n�s�i�o�n� �S�e�n�i�c�e� �o�r�a�g�r�a�m�s�,� �e�c�i�h�t�t�i�o�s�,� �e�n�d� �e�m�p�l�o�y�m�e�n�t� �c�o�p�o�n�i�u�n�i�t�i�e�s� �a�r�e� �e�v�e�t�l�a�b�l�e� �f�o� �a�f�l� �p�e�o�g�i�e� �t�e�g�a�r�d�i�e�s�t� �o�f� �r�e�c�e�,� �c�o�l�o�r�,� �r�e�l�i�g�i�o�n�,� �t�e�n�,� �g�e�,� �n�e�i�l�o�r�e�l� 
�o�n�g�i�n�,� �h�e�n�d�e� �a�p�,� �o�f� �p�o�b�l�i�c�a�d� �e�f�i�l�l�e�t�i�o�n�.� �A�n� �e�q�u�a�l� �D�O�p�O�A�U�A�i�t�y�/�a�f�i�i�m�a�t�i�v�e� �a�c�t�i�o�n� �e�s�n�p�t�o�y�e�r�,� �h�a�v�e�d� �i�n� �A�u�i�h�e�r�s�n�c�e� �o�f� �C�o�o�p�e�r�s�t�i�v�e� �E�x�t�e�n�t�i�o�n� �m�o�r�t�,� �A�c�t�s� �o�f� �M�e�y� �&� �a�n�d� �J�u�n�e� �3�0�,� 
�1�9�1�4�,� �a�n�d� �S�e�p�t�e�m�b�e�r� �3�0�,� �1�9�7�7�,� �I�n� �c�o�c�o�e�r�a�h�o�n� �a�a�h� �i�h�e� �U�.�S� �O�n�o�a�n�m�e�n�t� �o�f� �A�g�r�c�u�t�u�r�e�.� �J�a�m�e�s� �F�,� �J�o�h�o�v�o�n�,� �A�c�t�i�n�g� �D�i�r�e�c�t�o�r�,� �V�i�g�n�e� �C�o�n�p�e�r�a�i�i�e� �E�x�t�e�n�t�i�o�n� �S�e�m�c�e�,� �e�n�d� �A�c�t�i�n�g� 
�V�i�c�e� �P�r�o�w�a�s�t� �f�o�r� �E�v�t�e�n�t�e�o�n�,� �V�i�g�n�a� �P�o�t�y�t�e�c�h�m�e� �I�n�s�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�h�e�r�w�t�y�,� �B�l�a�c�t�a�b�u�r�g�,� �V�i�e�g�i�n�i�a�;� �C�l�i�m�o�n� �¥�,� �T�u�m�e�r�,� �A�g�m�i�n�i�s�t�i�i�a�t�o�r�,� �1�8�9�0� �E�x�t�e�n�s�i�o�n� �P�r�o�g�r�a�m�,� �V�i�g�e�n�i�a� �S�t�a�l�e� 
�U�n�i�v�e�r�s�a�y�,� �P�e�t�e�r�b�u�r�g�,� �V�i�r�g�i�n�i�a�.



�E�x�t�e�n�s�i�o�n� �A�g�e�n�t� �S�u�r�v�e�y� 
�o�n� �Y�a�r�d� �W�a�s�t�e� �C�o�m�p�o�s�t�/�C�o�m�p�o�s�t�i�n�g� 

�P�a�r�t� �A�.�D�e�m�o�g�r�a�p�h�i�c�s� �a�n�d� �C�o�n�t�a�c�t� �I�n�f�o�r�m�a�t�i�o�n� 
�.� 

�1�.� �N�a�m�e� �o�f� �C�i�t�y�/�C�o�u�n�t�y� 
� � 

� � 

�2�.� �N�a�m�e� �o�f� �A�g�e�n�t� �R�e�s�p�o�n�d�i�n�g� 

�3� 
� � 

�.� �P�o�p�u�l�a�t�i�o�n� �o�f� �C�i�t�y�/�C�o�u�n�t�y� 

�4�.� �W�h�i�c�h� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�o�u�l�d� �y�o�u� �s�a�y� �b�e�s�t� �d�e�s�c�r�i�b�e�s� �y�o�u�r� �c�i�t�y�/�c�o�u�n�t�y�?� 

�_�_� �a�)� �u�r�b�a�n� �_�_� �d�)� �s�u�b�u�r�b�a�n�-�r�u�r�a�l� 
�_�_�_� �6�)� �u�r�b�a�n�-�s�u�b�u�r�b�a�n� �_� �9�)� �r�u�r�a�l�-�s�u�b�u�r�b�a�n� 
�_�_�.� �C�)� �s�u�b�u�r�b�a�n� �_�_�.� �f�}� �r�u�r�a�l� 

�P�a�r�t� �B�.� �E�s�t�i�m�a�t�e�s� �o�f� �c�u�r�r�e�n�t� �y�a�r�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t�,� �u�s�e�s� �a�n�d� �d�i�s�p�o�s�a�l� �p�r�a�c�t�i�c�e�s�.� 

�1�.� �I�f� �y�o�u�r� �c�i�t�y�/�c�o�u�n�t�y� �h�a�s� �a� �l�e�a�f� �c�o�l�l�e�c�t�i�o�n� �p�r�o�g�r�a�m�,� �w�h�a�t� �i�s� �d�o�n�e� �w�i�t�h� �t�h�e� �l�e�a�v�e�s�?� 
�_�_� �a�)� �l�a�n�d�f�i�l�l�e�d� �_�_�_� �d�)� �g�i�v�e� �a�w�a�y� �p�r�o�g�r�a�m� 
�_�_�.� �b�)� �c�o�m�p�o�s�t�e�d� �_�_� �8�)� �o�t�h�e�r� 
�_�_�_� �C�)� �s�t�o�c�k�p�i�l�e�d� 

�2�.� �{�f� �y�o�u�r� �l�o�c�a�l�i�t�y� �h�a�s� �a� �g�i�v�e� �a�w�a�y� �p�r�o�g�r�a�m�,� �e�s�t�i�m�a�t�e� �t�h�e� �p�e�r�c�e�n�t� �o�f� �t�o�t�a�l� �c�o�l�l�e�c�t�e�d� �l�e�a�v�e�s� �t�h�a�t� �a�r�e� 
�u�s�e�d� �(�r�e�m�o�v�e�d� �f�r�o�m� �c�e�n�t�r�a�l� �s�i�t�e�)� �e�a�c�h� �y�e�a�r�.� 
�_�_�a�)� �<� �1�0�%� �_�_�_� �d�)� �5�0�-�7�5�%� 
�~�_� �b�)� �1�0�-�2�5�%� �~�_�_� �8�)� �7�5�-�9�0�%� 
�~�_�_�¢�)� �2�5�-�5�0�%� �~�_� �f�)� �9�0�-�1�0�0�%� 

�3�.� �D�o�e�s� �y�o�u�r� �l�o�c�a�l�i�t�y� �a�l�l�o�w� �b�u�l�k� �d�i�s�p�o�s�a�l� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�t� �t�h�e� �l�a�n�d�f�i�l�l�?� 

 �� �4�)� �y�e�s� �_�_�b�)� �n�o� 

�4�.� �W�h�a�t� �p�e�r�c�e�n�t� �o�f� �y�o�u�r� �h�o�u�s�e�h�o�l�d�s� �d�o� �y�o�u� �t�h�i�n�k� �r�e�m�o�v�e� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �f�r�o�m� �t�h�e�i�r� �l�a�w�n�s�?� 
�_�_�_� �a�)� �0�-�1�0�%� �_�_�_� �d�)� �5�0�-�7�5�%� 
�_�_�_� �b�)� �1�0�-�2�5�%� �_�_�.� �8�)� �7�5�-�1�0�0�%� 
�_�_�_� �C�)� �2�5�-�5�0�%� 

�5�.� �F�o�r� �h�o�u�s�e�h�o�l�d�s� �t�h�a�t� �r�e�m�o�v�e� �c�l�i�p�p�i�n�g�s�,� �r�a�n�k� �t�h�e� �f�o�l�l�o�w�i�n�g� �l�i�s�t� �f�o�r� �w�h�a�t� �y�o�u� �t�h�i�n�k� �t�o� �b�e� �t�h�e� �m�o�s�t� 
�c�o�m�m�o�n� �{�i�d�e�n�t�i�f�y� �a�s� �1�)� �t�o� �t�h�e� �l�e�a�s�t� �c�o�m�m�o�n� �(�i�d�e�n�t�i�f�y� �a�s� �6�)� �m�e�a�n�s� �o�f� �d�i�s�p�o�s�i�n�g� �o�f� �c�l�i�p�p�i�n�g�s�.� 
�_�_�_� �a�)� �b�a�g� �f�o�r� �r�e�g�u�l�a�r� �g�a�r�b�a�g�e� �c�o�l�l�e�c�t�i�o�n� �_�_� �d�)� �u�s�e� �i�n� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� 
�_�_�_� �b�)� �b�u�l�k� �t�r�a�n�s�p�o�r�t� �t�o� �l�a�n�d�f�i�l�l� �_�_� �@�)� �m�u�l�c�h� �g�a�r�d�e�n� 
�_�_� �C�)� �b�a�c�k�y�a�r�d�/�w�o�o�d�l�a�n�d� �s�t�o�c�k�p�i�l�e� �_ �� �f�)� �m�u�i�c�h� �o�r�n�a�m�e�n�t�a�l�s



�4�1� 

�R�a�n�k� �t�h�e� �f�o�l�l�o�w�i�n�g� �l�i�s�t� �f�o�r� �w�h�a�t� �y�o�u� �p�e�r�c�e�i�v�e� �t�o� �b�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �(�1�)� �t�o� �t�h�e� �l�e�a�s�t� �c�o�m�m�o�n� �(�5�)� 
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�_�_�_� �b�)� �y�e�s� �-� �s�o�m�e� �i�n�t�e�r�e�s�t�/�d�i�s�c�u�s�s�i�o�n� �_�_� �@�)� �y�e�s� �-� �p�l�a�n� �i�n� �p�l�a�c�e� 
�_�_�.� �C�)� �y�e�s� �-� �c�o�m�m�i�t�t�e�e� �f�o�r�m�e�d� �t�o� �s�t�u�d�y� �_�_� �f�}� �y�e�s� �-� �r�e�c�y�c�l�i�n�g�/�c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� 

�.� �i�n� �o�p�e�r�a�t�i�o�n� 

�I�f� �y�o�u� �a�n�s�w�e�r�e�d� �y�e�s� �(�i�n� �a�n�y� �f�o�r�m�)� �t�o� �q�u�e�s�t�i�o�n� �o�n�e�,� �w�h�a�t� �t�y�p�e�s� �o�f� �y�a�r�d� �w�a�s�t�e� �r�e�c�y�c�l�i�n�g� �p�r�o�g�r�a�m�s� �d�o� 
�y�o�u� �p�e�r�c�e�i�v�e�/�k�n�o�w� �t�o� �b�e� �l�i�k�e�l�y� �f�o�r� �y�o�u�r� �l�o�c�a�l�i�t�y�?� �(�c�h�e�c�k� �a�l�l� �t�h�a�t� �a�p�p�l�y�)� 
�_�_�.�.� �a�)� �l�e�a�f� �g�i�v�e�a�w�a�y� �_�_�.� �9�)� �c�h�i�p�p�i�n�g� �w�o�o�d�y� �m�a�t�e�r�i�a�l�s� 
�_� �6�)� �l�e�a�f� �c�o�m�p�o�s�t�i�n�g� �_�_� �&�)� �o�t�h�e�r� �(�i�d�e�n�t�i�f�y�)� 
�_�_�.� �C�)� �g�r�a�s�s� �c�l�i�p�p�i�n�g� �c�o�m�p�o�s�t�i�n�g�/� 
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�1�.� �R�a�n�k� �t�h�e� �f�o�l�l�o�w�i�n�g� �l�i�s�t�s� �f�r�o�m� �w�h�a�t� �y�o�u� �t�h�i�n�k� �t�o� �b�e� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �u�s�e� �t�o� �t�h�e� �l�e�a�s�t� �l�i�k�e�l�y� �u�s�e� �f�o�r� �a� 
�g�o�o�d� �q�u�a�l�i�t�y� �l�e�a�f� �a�n�d�/�o�r� �g�r�a�s�s� �c�o�m�p�o�s�t� �m�a�t�e�r�i�a�l� �i�n� �y�o�u�r� �l�o�c�a�l�i�t�y�.� 

�a�)� �B�a�s�e�d� �o�n� �y�o�u�r� �e�x�p�e�r�t�i�s�e� �a�n�d� �e�x�p�e�r�i�e�n�c�e�,� �r�a�n�k� �t�h�e� �f�o�l�l�o�w�i�n�g� �l�i�s�t� �f�r�o�m� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �(�1�)� �t�o� �l�e�a�s�t� 
�a�p�p�r�o�p�r�i�a�t�e� �(�9� �o�r� �1�0�)� �u�s�e� �o�f� �c�o�m�p�o�s�t�e�d� �y�a�r�d� �w�a�s�t�e�.� 

�_�_�.� �h�o�m�e� �g�a�r�d�e�n� �m�u�l�c�h� �_�_�.� �l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/�r�e�n�o�v�a�t�i�o�n� 
�_�_�.� �o�r�n�a�m�e�n�t�a�l�/�f�l�o�w�e�r� �m�u�l�c�h�/�b�e�d�d�i�n�g� �_�_�.� �m�u�l�c�h�e�s� 
�_�_�.� �l�a�n�d�f�i�l�l� �r�e�v�e�g�e�t�a�t�i�o�n� �_�_�_� �o�r�g�a�n�i�c� �n�u�t�r�i�e�n�t� �s�o�u�r�c�e� 
�_�_�.� �p�o�t�t�i�n�g� �m�i�x� �_�_�_� �h�o�m�e� �g�a�r�d�e�n� �s�o�i�l� �a�m�e�n�d�m�e�n�t� 
�_�_�.� �r�o�a�d�s�i�d�e� �r�e�v�e�g�e�t�a�t�i�o�n� �o�t�h�e�r� �(�i�d�e�n�t�i�f�y�)� 

�b�)� �U�s�e�s� �b�y� �h�o�m�e�o�w�n�e�r�s� �(�R�a�n�k� �f�r�o�m� �m�o�s�t� �(�1�)� �t�o� �l�e�a�s�t� �(�6�)� �l�i�k�e�l�y� �u�s�e�)�.� 

 � �� �o�r�n�a�m�e�n�t�a�l� �m�u�i�c�h� �_�_� �l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/�r�e�n�o�v�a�t�i�o�n� 
�_�_�.� �g�a�r�d�e�n� �m�u�l�c�h� �_�_�.� �O�r�g�a�n�i�c� �n�u�t�r�i�e�n�t� �s�o�u�r�c�e� 
�_�_� �g�a�r�d�e�n� �s�o�i�l� �a�m�e�n�d�m�e�n�t� �_�_� �b�e�d�d�i�n�g� �m�a�t�e�r�i�a�l�/�m�i�x
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�c�)� �U�s�e�s� �b�y� �n�u�r�s�e�r�i�e�s�/�l�a�n�d�s�c�a�p�e�r�s�.� �(�R�a�n�k� �f�r�o�m� �m�o�s�t� �(�1�)� �t�o� �l�e�a�s�t� �(�7�)� �l�i�k�e�l�y� �u�s�e�)� 

�_�_� �p�o�t�t�i�n�g� �m�i�x� �_�_�_� �l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/�r�e�n�o�v�a�t�i�o�n� 
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�_�_� �P�u�b�l�i�c� �S�c�h�o�o�l�s� �_�_� �o�t�h�e�r� �(�i�d�e�n�t�i�f�y�)� 

�2�.�  ��T�y�p�e� �o�f� �u�s�e�s� �(�R�a�n�k� �t�h�e� �t�y�p�e�s� �o�f� �u�s�e�s� �b�y� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t� �f�r�o�m� �m�o�s�t� �(�1�)� �t�o� �l�e�a�s�t� �(�6� �o�r� �7�)� 
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�_�_� �l�a�n�d�f�i�l�l� �r�e�v�e�g�e�t�a�t�i�o�n� �_�_� �r�o�a�d�s�i�d�e� �r�e�v�e�g�e�t�a�t�i�o�n� 
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�e�)� �U�s�e�s� �b�y� �f�a�r�m�e�r�s� �(�5� �o�r� �m�o�r�e� �a�c�r�e�s� �i�n� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�g�r�o�n�o�m�i�c�,� �v�e�g�e�t�a�b�l�e� �o�r� �f�r�u�i�t� �c�r�o�p�s�)�.� �R�a�n�k� 
�f�r�o�m� �m�o�s�t� �l�i�k�e�l�y� �(�1�)� �t�o� �l�e�a�s�t� �l�i�k�e�l�y� �(�6� �o�r� �7�)� �u�s�e�.� 

�_�.�.� �o�r�g�a�n�i�c� �n�u�t�r�i�e�n�t� �s�o�u�r�c�e� �_�_� �m�u�l�c�h� �-� �v�e�g�e�t�a�b�l�e� 
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�P�a�r�t� �F�.� �U�s�e� �v�o�l�u�m�e� �a�n�d� �n�e�e�d� �f�o�r� �e�d�u�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m� 

�1�.� �D�o� �y�o�u� �t�h�i�n�k� �t�h�a�t� �t�h�e�r�e� �e�x�i�s�t�s� �a�d�e�q�u�a�t�e� �d�e�m�a�n�d� �t�o� �u�s�e� �a�l�l� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t� �t�h�a�t� �w�o�u�l�d� �b�e� 
�g�e�n�e�r�a�t�e�d� �f�r�o�m� �c�o�l�l�e�c�t�e�d� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �i�n� �y�o�u�r� �l�o�c�a�l�i�t�y�.� �A�t� �t�h�i�s� �t�i�m�e�,� �a�s�s�u�m�e� �a� 
�g�i�v�e�a�w�a�y� �p�r�o�g�r�a�m� �a�t� �a� �c�e�n�t�r�a�l� �s�i�t�e�.� 

�_�_�.� �a�.� �M�o�r�e� �d�e�m�a�n�d� �t�h�a�t� �s�u�p�p�l�y� �_�_� �d�.� �m�u�c�h� �l�e�s�s� �d�e�m�a�n�d� �t�h�a�n� �s�u�p�p�l�y� 
�_�_�_� �0�.� �a�d�e�q�u�a�t�e� �d�e�m�a�n�d� �f�o�r� �s�u�p�p�l�y� �_�_� �e�.� �a�l�m�o�s�t� �n�o� �d�e�m�a�n�d� �c�o�m�p�a�r�e�d� �t�o� �s�u�p�p�l�y� 
�_�_�.� �c�.� �s�o�m�e�w�h�a�t� �l�e�s�s� �d�e�m�a�n�d� �t�h�a�n� �s�u�p�p�l�y� 

�R�a�n�k� �e�a�c�h� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �a�r�e�a�s� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �n�e�e�d� �f�o�r� �a�n� �e�d�u�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m� �b�e�f�o�r�e� �a� �s�u�c�c�e�s�s�f�u�l� 
�y�a�r�d� �w�a�s�t�e� �r�e�c�y�c�l�i�n�g� �(�a�n�d� �s�o�u�r�c�e� �r�e�d�u�c�t�i�o�n�)� �p�r�o�g�r�a�m� �c�a�n� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �(�R�a�n�k� �n�e�e�d� �a�s� �H�i�g�h� �(�4�)�,� 
�M�e�d�i�u�m� �(�M�)�,� �L�o�w� �(�L�)�,� �U�n�i�m�p�o�r�t�a�n�t� �(�U�)�.� 

�a�.� �e�d�u�c�a�t�e� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t� �o�n� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �o�t�h�e�r� �r�e�c�y�c�l�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� 
�b�.� �e�d�u�c�a�t�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r� �o�n� �c�o�m�p�o�s�t�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s�,� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �b�u�s�i�n�e�s�s� �o�p�p�o�r�t�u�n�i�t�i�e�s� 
�c�.� �e�d�u�c�a�t�e� �f�a�r�m�e�r�s� �o�n� �p�o�s�s�i�b�l�e� �u�s�e�s� 
�d�.� �e�d�u�c�a�t�e� �l�a�n�d�s�c�a�p�e�r�s� �o�n� �u�s�e�s� 
�e�.� �e�d�u�c�a�t�e� �h�o�m�e�o�w�n�e�r�s� �o�n� �u�s�e�s� 
�f�.� �e�d�u�c�a�t�e� �h�o�m�e�o�w�n�e�r�s� �o�n� �p�r�o�p�e�r� �h�a�n�d�l�i�n�g� �o�f� �y�a�r�d� �w�a�s�t�e� �t�o� �f�a�c�i�l�i�t�a�t�e� �c�o�l�l�e�c�t�i�o�n� �a�n�d� �c�o�m�p�o�s�t�i�n�g� 
�g�.� �e�d�u�c�a�t�e� �h�o�m�e�o�w�n�e�r�s� �t�o� �n�o�t� �r�e�m�o�v�e� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� 
�h�.� �e�d�u�c�a�t�e� �h�o�m�e�o�w�n�e�r�s� �o�n� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� 

�F�o�r� �t�h�o�s�e� �i�t�e�m�s� �i�n� �q�u�e�s�t�i�o�n� �2� �t�h�a�t� �y�o�u� �r�a�n�k�e�d� �a�s� �h�i�g�h�,� �w�h�a�t� �t�y�p�e�s� �o�f� �a�c�t�i�v�i�t�i�e�s� �a�n�d� �m�a�t�e�r�i�a�l�s� �d�o� 
�y�o�u� �f�e�e�l� �w�o�u�l�d� �b�e� �m�o�s�t� �h�e�l�p�f�u�l� �i�n� �t�h�e� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �p�r�o�g�r�a�m�.� �R�a�n�k� �t�h�e� �n�e�e�d� �f�o�r� �t�h�i�s� �t�y�p�e� �o�f� 
�a�c�t�i�v�i�t�y� �a�s� �h�i�g�h� �(�H�)�,� �m�e�d�i�u�m� �(�M�)� �o�r� �l�o�w� �(�L�)�.� �(�C�h�e�c�k� �a�l�l� �t�h�a�t� �a�p�p�l�y�)� 

�a�.� �d�e�m�o�n�s�t�r�a�t�i�o�n�s�/�p�i�l�o�t� �p�r�o�g�r�a�m�s� �o�n� �l�a�r�g�e� �s�c�a�l�e� �c�o�m�p�o�s�t�i�n�g� 
�b�.� �s�e�m�i�n�a�r�s�/�w�o�r�k�s�h�o�p�s� �f�o�r� �g�o�v�e�r�n�m�e�n�t� �o�f�f�i�c�i�a�l�s� 
�c�.� �p�u�b�l�i�c�a�t�i�o�n�s� �o�n� �c�o�m�p�o�s�t�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� 
�d�.� �b�r�o�c�h�u�r�e�s� �f�o�r� �h�o�m�e�o�w�n�e�r�s� 
�e�.� �r�a�d�i�o� �a�n�d� �t�e�l�e�v�i�s�i�o�n� �s�p�o�t�s� 
�I�.� �p�r�e�s�s� �r�e�l�e�a�s�e�s�/�n�e�w�s�p�a�p�e�r� �a�r�t�i�c�l�e�s� 
�g�.� �v�i�d�e�o� �t�a�p�e�s� 
�h�.� �d�e�m�o�n�s�t�r�a�t�i�o�n�s� �o�n� �c�o�m�p�o�s�t� �u�s�a� 
�i�.� �f�i�e�l�d� �d�a�y�s� �a�t� �d�e�m�o�n�s�t�r�a�t�i�o�n� �s�i�t�e�s� 
�j�.� �s�l�i�d�e� �s�e�t�s� 
�k�.� �t�e�l�e�c�o�n�f�e�r�e�n�c�e�s� 
�I�.� �p�r�e�s�e�n�t�a�t�i�o�n�s� �t�o� �n�u�r�s�e�r�y� �a�s�s�o�c�.�,� �l�a�n�d�s�c�a�p�e�r�s�,� �e�t�c�.� �
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�I�f� �p�i�l�o�t�/�d�e�m�o�n�s�t�r�a�t�i�o�n� �s�i�t�e�s� �a�n�d� �o�t�h�e�r� �e�d�u�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m�s� �a�r�e� �e�s�t�a�b�l�i�s�h�e�d�,� �w�o�u�l�d� �y�o�u� �a�n�d� �y�o�u�r� 
�c�i�t�y� �o�r�f� �c�o�u�n�t�y� �l�i�k�e� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �l�o�c�a�t�i�o�n� �o�f� �o�n�e� �o�f� �t�h�e� �p�i�l�o�t� �p�r�o�g�r�a�m�s� �(�a� �p�o�s�i�t�i�v�e� �r�e�s�p�o�n�s�e� 
�d�o�e�s� �n�o�t� �o�b�l�i�g�a�t�e� �e�i�t�h�e�r� �y�o�u� �o�r� �m�e�)�.� 

�_�.� �a�.� �y�e�s� �_�_�_� �C�.� �m�a�y�b�e� 
�b�.� �p�r�o�b�a�b�l�y� �_�_�_� �d�.� �n�o� 

�T�h�a�n�k�s� �f�o�r� �Y�o�u�r� �A�s�s�i�s�t�a�n�c�e�]�!



�C�O�L�L�E�G�E� �O�F� �A�G�R�I�C�U�L�T�U�R�E� �A�N�D� �L�I�F�E� �S�C�I�E�N�C�E�S� 

�V�I�R�G�I�N�I�A� �P�O�L�Y�T�E�C�H�N�I�C� �I�N�S�T�I�T�U�T�E� �A�N�D� �S�T�A�T�E� �U�N�I�V�E�R�S�I�T�Y� 

� � 

�B�l�a�c�k�s�b�u�r�g�,� �V�i�r�g�i�n�i�a� �2�4�0�6�1�-�0�4�0�4� 

�D�E�P�A�R�T�M�E�N�T� �O�F� �C�R�O�P� �A�N�D� �S�O�I�L� �E�N�V�I�R�O�N�M�E�N�T�A�L� �S�C�I�E�N�C�E�S� 

�4�2�5� �S�m�y�t�h� �H�a�l�l� 

�J�u�l�y� �2�8�,� �1�9�8�9� 

�T�O�:� �V�i�r�g�i�n�i�a� �L�a�n�d�f�i�l�l� �M�a�n�a�g�e�r�s� 

�F�R�O�M�:� �T�.� �W�.� �S�i�m�p�s�o�n�,� �A�s�s�o�c�i�a�t�e� �P�r�o�f�e�s�s�o�r�,� 
�S�o�i�l�-�E�n�v�i�r�o�n�m�e�n�t�a�l� �Q�u�a�l�i�t�y� 

�J�i�m� �M�a�y�,� �G�r�a�d�u�a�t�e� �R�e�s�e�a�r�c�h� �A�s�s�i�s�t�a�n�t�,� �H�o�r�t�i�c�u�l�t�u�r�e� 

�W�e� �a�r�e� �c�u�r�r�e�n�t�l�y� �c�o�n�d�u�c�t�i�n�g� �a� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y� �f�o�r� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� 
�M�a�n�a�g�e�m�e�n�t� �a�t� �t�h�e� �r�e�q�u�e�s�t� �o�f� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �a� �s�t�a�t�e�w�i�d�e� 
�c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� �f�o�r� �y�a�r�d� �w�a�s�t�e� �(�p�r�i�m�a�r�i�l�y� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�)�.� �A�s� �y�o�u� �k�n�o�w� 
�m�u�c�h� �o�f� �t�h�i�s� �m�a�t�e�r�i�a�l� �i�s� �b�e�i�n�g� �l�a�n�d�f�i�l�l�e�d� �i�n� �V�i�r�g�i�n�i�a�.� �W�o�r�k� �d�o�n�e� �i�n� �o�t�h�e�r� �s�t�a�t�e�s� �h�a�s� �s�h�o�w�n� 
�t�h�a�t� �t�h�e�s�e� �m�a�t�e�r�i�a�l�s� �c�a�n� �b�e� �c�o�m�p�o�s�t�e�d� �i�n�t�o� �a� �l�o�w� �n�u�t�r�i�e�n�t� �v�a�l�u�e� �m�a�t�e�r�i�a�l� �s�i�m�i�l�a�r� �t�o� 
�c�o�m�p�o�s�t�e�d� �s�e�w�a�g�e� �s�l�u�d�g�e�.� �W�i�t�h� �t�h�e� �e�x�t�r�e�m�e� �p�r�e�s�s�u�r�e�s� �o�n� �l�a�n�d�f�i�l�l� �s�p�a�c�e� �a�n�d� �m�a�n�d�a�t�o�r�y� 
�s�o�u�r�c�e� �r�e�d�u�c�t�i�o�n�s�,� �c�o�m�p�o�s�t�i�n�g� �o�f� �y�a�r�d� �w�a�s�t�e� �m�a�y� �o�f�f�e�r� �i�m�p�o�r�t�a�n�t� �m�o�n�e�y� �a�n�d� �s�p�a�c�e� 
�s�a�v�i�n�g�s�.� 

�O�u�r� �s�t�u�d�y� �w�i�l�l� �h�e�l�p� �d�e�t�e�r�m�i�n�e� �b�o�t�h� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �m�a�k�i�n�g� �t�h�e� �c�o�m�p�o�s�t� �a�n�d� �o�f� 
�d�e�v�e�l�o�p�i�n�g� �u�s�e�s� �o�f� �m�a�r�k�e�t�s�.� �W�e� �a�r�e� �a�l�s�o� �i�n�t�e�r�e�s�t�e�d� �i�n� �a�s�s�e�s�s�i�n�g� �p�r�i�v�a�t�e� �s�e�c�t�o�r� 
�i�n�v�o�l�v�e�m�e�n�t� �i�n� �b�o�t�h� �t�h�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �m�a�r�k�e�t�i�n�g� �o�f� �t�h�e� �m�a�t�e�r�i�a�l�s�.� �A�s� �a� �m�a�n�a�g�e�r� �o�f� �a� 
�m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �l�a�n�d�f�i�l�l�,� �y�o�u� �c�a�n� �p�r�o�v�i�d�e� �u�s� �w�i�t�h� �e�s�s�e�n�t�i�a�l� �i�n�f�o�r�m�a�t�i�o�n� �c�o�n�c�e�r�n�i�n�g� 
�y�a�r�d� �w�a�s�t�e� �c�o�l�l�e�c�t�i�o�n� �i�n� �y�o�u�r� �l�o�c�a�l�i�t�y� �a�n�d� �y�o�u�r� �o�p�i�n�i�o�n�s� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �c�o�m�p�o�s�t�i�n�g� 
�t�h�e�s�e� �m�a�t�e�r�i�a�l�s�.� 

�P�l�e�a�s�e� �a�n�s�w�e�r� �t�h�e� �q�u�e�s�t�i�o�n�n�a�i�r�e� �o�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�a�g�e�s� �a�n�d� �r�e�t�u�r�n� �i�t� �t�o� �u�s� �i�n� �t�h�e� 
�e�n�c�l�o�s�e�d� �s�e�l�f� �a�d�d�r�e�s�s�e�d�,� �s�t�a�m�p�e�d� �e�n�v�e�l�o�p�e�.� �A�l�l� �a�n�s�w�e�r�s� �w�i�l�l� �b�e� �s�t�r�i�c�t�l�y� �c�o�n�f�i�d�e�n�t�i�a�l�.� �W�e� 
�w�i�l�l� �o�n�l�y� �c�o�m�p�i�l�e� �a�n�d� �p�r�e�s�e�n�t� �i�n�f�o�r�m�a�t�i�o�n� �a�t� �t�h�e� �p�l�a�n�n�i�n�g� �d�i�s�t�r�i�c�t� �o�r� �l�a�r�g�e�r� �g�e�o�g�r�a�p�h�i�c� �a�r�e�a�.� 
�I�f� �y�o�u� �w�o�u�l�d� �l�i�k�e� �a� �c�o�p�y� �o�f� �t�h�e� �r�e�s�u�i�t�s� �o�f� �t�h�i�s� �s�t�u�d�y�,� �b�e� �s�u�r�e� �t�o� �f�i�l�l� �i�n� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �a�t� �t�h�e� 
�e�n�d� �o�f� �t�h�e� �s�u�r�v�e�y�.� �I�t� �s�h�o�u�l�d� �t�a�k�e� �y�o�u� �l�e�s�s� �t�h�a�n� �1�5� �m�i�n�u�t�e�s� �t�o� �c�o�m�p�l�e�t�e�.� �T�h�e� �r�e�s�u�l�t�s� �w�i�l�l� 
�e�n�a�b�l�e� �u�s� �t�o� �r�e�c�o�m�m�e�n�d� �t�o� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �a� �s�o�u�n�d� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� 
�p�r�o�g�r�a�m� �t�h�a�t� �w�i�l�l� �s�a�v�e� �V�i�r�g�i�n�i�a� �l�o�c�a�l�i�t�i�e�s� �t�e�n�s� �o�f� �m�i�l�l�i�o�n�s� �o�f� �d�o�l�l�a�r�s�.� �I�t� �w�i�l�l� �a�l�s�o� �p�r�o�v�i�d�e� �y�o�u� 
�a�n� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �l�e�a�r�n� �m�o�r�e� �a�b�o�u�t� �a� �p�r�o�c�e�s�s� �t�h�a�t� �m�a�y� �s�a�v�e� �y�o�u� �m�o�n�e�y� �a�n�d� �l�a�n�d�f�i�l�l� 
�s�p�a�c�e�.� 

�W�e� �t�h�a�n�k� �y�o�u� �i�n� �a�d�v�a�n�c�e� �f�o�r� �y�o�u�r� �a�s�s�i�s�t�a�n�c�e� �w�i�t�h� �t�h�i�s� �p�r�o�j�e�c�t�.� 

�T�W�S�/�l�a�p



�-� �S�U�R�V�E�Y� �O�F� �M�U�N�I�C�I�P�A�L� 
�S�O�L�I�D� �W�A�S�T�E� �L�A�N�D�F�I�L�L� �M�A�N�A�G�E�R�S� 

�C�O�N�C�E�R�N�I�N�G� �Y�A�R�D� �W�A�S�T�E� �C�O�L�L�E�C�T�I�O�N� �A�N�D� �D�I�S�P�O�S�A�L� 
�J�U�L�Y� �1�9�8�9� 

�S�e�l�e�c�t�i�o�n� �A�.� �G�e�o�g�r�a�p�h�i�c� �L�o�c�a�t�i�o�n� 

�1�)� �N�a�m�e� �o�r� �n�u�m�b�e�r� �o�f� �p�l�a�n�n�i�n�g� �d�i�s�t�r�i�c�t� 
�(�F�o�r� �g�e�o�g�r�a�p�h�i�c� �l�o�c�a�t�i�o�n� �o�n�l�y�)� 

� � 

�S�e�c�t�i�o�n� �B�.� �L�a�n�d�f�i�l�l� �I�n�f�o�r�m�a�t�i�o�n� 

�1�}� �O�w�n�e�r�s�h�i�p� �o�f� �l�a�n�d�f�i�l�l� �i�n� �w�h�i�c�h� �y�o�u�r� �s�o�l�i�d� �w�a�s�t�e� �i�s� �d�i�s�p�o�s�e�d� 
�a�.� �P�u�b�l�i�c�l�y� �o�w�n�e�d� �a�n�d� �o�p�e�r�a�t�e�d� 
�b�.� �P�u�b�l�i�c�l�y� �o�w�n�e�d� �a�n�d� �p�r�i�v�a�t�e�l�y� �o�p�e�r�a�t�e�d� 
�c�.� �P�r�i�v�a�t�e�l�y� �o�w�n�e�d� �a�n�d� �o�p�e�r�a�t�e�d� 

�2�)� �P�r�o�j�e�c�t�e�d� �l�i�f�e� �o�f� �c�u�r�r�e�n�t� �l�a�n�d�f�i�l�l� �i�n� �y�e�a�r�s� �(�c�i�r�c�l�e� �o�n�e�)� 
�1�2�3� �4�5� �6� �7� �8� �§� �1�0�t�0�1�5� �1�6�t�o�0�2�0� �m�o�r�e� �t�h�a�n� �2�0� 

�3�)� �I�L�p�r�o�j�e�c�t�e�d� �l�i�f�e� �o�f� �l�a�n�d�f�i�l�l� �i�s� �l�e�s�s� �t�h�a�n� �t�e�n� �y�e�a�r�s�,� �c�i�r�c�l�e� �a�n�y� �o�f� �t�h�e� �s�t�e�p�s� �b�e�l�o�w� �t�h�a�t� �h�a�v�e� 
�b�e�e�n� �t�a�k�e�n� �t�o�w�a�r�d�s� �r�e�p�l�a�c�e�m�e�n�t� �o�f� �c�u�r�r�e�n�t� �l�a�n�d�f�i�l�l�.� 
�a�.� �P�l�a�n�n�i�n�g� �c�o�m�m�i�t�t�e�e�/�g�r�o�u�p� �f�o�r�m�e�d� �_� �e�.�D�e�s�i�g�n� �c�o�m�p�l�e�t�e�d� 
�b�.� �S�i�t�i�n�g� �a�c�t�i�v�i�t�i�e�s� �b�e�g�u�n� �f�.� �L�a�n�d�f�i�l�l� �c�o�n�s�t�r�u�c�t�i�o�n� �b�e�g�u�n� 
�c�.� �S�i�t�e� �s�e�l�e�c�t�e�d� �g�.� �L�a�n�d�f�i�l�l� �c�o�m�p�l�e�t�e�d�,� �r�e�a�d�y� �f�o�r� �u�s�e� 
�d�.� �D�e�s�i�g�n� �w�o�r�k� �b�e�g�u�n� �h�.�N�o� �c�u�r�r�e�n�t� �a�c�t�i�v�i�t�i�e�s� 

�4�)� �A�.�A�m�o�u�n�t� �o�f� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �h�a�n�d�l�e�d� �p�e�r� �w�e�e�k�?� �(�C�i�r�c�l�e� �o�n�e�)� �b�a�s�e�d� �o�n� �5� �d�a�y� 
�w�e�e�k� �o�r� �7� �d�a�y� �w�e�e�k�?�)� 

� � 

�a�.�0�-�1�0� �t�o�n�s� �g�.� �5�0�0�-�7�5�0� �t�o�n�s� 
�b�.� �1�0�-�2�5� �t�o�n�s� �h�.� �7�5�0�-�1�0�0�0� �t�o�n�s� 
�c�.� �2�5�-�5�0� �t�o�n�s� �i�,� �1�0�0�0�-�1�2�5�0� �t�o�n�s� 
�d�.�5�0�-�1�0�0� �t�o�n�s� �J�.� �1�2�5�0�-�1�5�0�0� �t�o�n�s� 
�e�.� �1�0�0�-�2�5�0� �t�o�n�s� �k�.� �m�o�r�e� �t�h�a�n� �1�5�0�0� �t�o�n�s� 
�f�,� �2�5�0�-�5�0�0� �t�o�n�s� 

�5�)� �T�h�e� �s�t�a�n�d�a�r�d� �t�i�p�p�a�g�e� �f�e�e� �i�s� �$� �p�e�r� �t�o�n� �o�r� 
�$� �p�e�r� �y�a�r�d� �o�r� 
� � 

�$�s� �p�e�r� �t�r�u�c�k� �o�r� 
�$� �o�t�h�e�r� �m�e�t�h�o�d� �(�d�e�s�c�r�i�b�e�)� 
� � 

�6�)� �P�e�r�c�e�n�t� �o�f� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �t�h�a�t� �i�s�:� 

�L�a�n�d�f�i�l�e�d� �a�.� �0�-�2�5�%� �b�.� �2�5�-�5�0�%� �c�.� �5�0�-�7�5�%� �d�.� �7�5�-�1�0�0�%� 
�I�n�c�i�n�e�r�a�t�e�d� �a�.� �Q�-�2�5�%� �b�.� �2�5�-�5�0�%� �c�.� �5�0�-�7�5�%� �d�.� �7�5�-�1�0�0�%� 
�C�o�m�p�o�s�t�e�d� �a�.� �0�0�-�1�0�%� �b�.� �1�0�-�2�5�%� �c�.� �2�5�-�5�0�%� �d�.� �5�0�-�1�0�0�%� 
�R�e�c�y�c�l�e�d� �a�.� �0�-�1�0�%� �b�.� �1�0�-�2�5�%� �c�.� �2�5�-�5�0�%� �d�.� �5�0�-�1�0�0�%



�S�e�c�t�i�o�n� �C�.� �O�r�g�a�n�i�c� �Y�a�r�d� �W�a�s�t�e� �I�n�f�o�r�m�a�t�i�o�n� 

�1�)� �A�.� �W�h�a�t� �p�e�r�c�e�n�t� �o�f� �t�o�t�a�l� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �d�o� �y�o�u� �e�s�t�i�m�a�t�e� �t�o� �b�e� �o�r�g�a�n�i�c� �y�a�r�d� 
�w�a�s�t�e�?� �(�L�e�a�v�e�s�,� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�,� �s�h�r�u�b� �a�n�d� �t�r�e�e� �p�r�u�n�i�n�g�s� �-� �d�o� �n�o�t� �i�n�c�l�u�d�e� 
�s�t�u�m�p�s� �a�n�d� �t�r�e�e� �t�r�u�n�k�s�)� 

�%� �o�f� �T�o�t�a�l� �A�n�n�u�a�l� 
�J�a�n�-�M�a�r� �A�p�r�-�J�u�n� �J�u�l�y�-�S�e�p�t� �Q�c�t�-�D�e�c�  ��-�_� �S�o�l�i�d� �W�a�s�t�e�_� 
�a�.� �0�-�5�%� �a�.� �0�-�5�%� �a�.� �0�-�5�%� �a�.� �0�-�5�%� �a�.� �0�-�5�%� 
�b�.� �5�-�1�0�%� �b�.� �5�-�1�0�%� �b�.� �5�-�1�0�%� �b�.� �5�-�1�0�%� �b�.� �5�-�1�0�%� 
�c�.� �1�0�-�1�5�%� �c�.� �1�0�-�1�5�%� �c�.� �1�0�-�1�5�%� �c�.� �1�0�-�1�5�%� �c�.� �1�0�-�1�5�%� 
�d�.� �1�5�-�2�0�%� �d�.� �1�5�-�2�0�%� �d�.� �1�5�-�2�0�%� �d�.� �1�5�-�2�0�%� �d�.� �1�5�-�2�0�%� 
�e�.� �o�v�e�r� �2�0�%� �e�.� �o�v�e�r� �2�0�%� �e�.� �o�v�e�r� �2�0�%� �e�.� �o�v�e�r� �2�0�%� �e�.� �o�v�e�r� �2�0�%� 

�B�.� �E�s�t�i�m�a�t�e� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �t�o�t�a�l� �y�a�r�d� �w�a�s�t�e� �t�h�a�t� �i�s�:� 

� � 

� � 

�1�)� �l�e�a�v�e�s� �%� 
�2�)� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �%� 
�3�)� �s�h�r�u�b� �a�n�d� �t�r�e�e� �p�r�u�n�i�n�g�s� �%� 

�2�)� �W�h�a�t� �p�e�r�c�e�n�t� �o�f� �y�o�u�r� �t�o�t�a�l� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �d�o� �y�o�u� �e�s�t�i�m�a�t�e� �t�o� �b�e� �s�t�u�m�p�s�,� 
�l�i�m�b�s� �a�n�d� �o�t�h�e�r� �l�a�n�d� �c�l�e�a�r�i�n�g� �w�a�s�t�e�?� 
�a�.� �0�-�5�%� �b�.�5�-�1�0�%� �c�.� �1�0�-�1�5�%� �d�.� �1�5�-�2�5�%� �e�.� �2�5�-�3�5�%� � �f�.� �3�5�%� �o�r� �m�o�r�e� 

�3�A�)� �D�o� �y�o�u� �h�a�v�e� �a� �c�u�r�b�s�i�d�e� �c�o�l�l�e�c�t�i�o�n� �p�r�o�g�r�a�m� �f�o�r� �l�e�a�v�e�s�?� �a�)� �Y�e�s� � �b�)� �N�o� 
�C�o�l�l�e�c�t�i�o�n� �p�e�r�i�o�d� �(�m�o�n�t�h�s�)� 

� � 

�3�B�)� �H�o�w� �d�o� �y�o�u� �c�u�r�r�e�n�t�l�y� �d�i�s�p�o�s�e� �o�f� �l�e�a�v�e�s�?� 
�a�.� �l�a�n�d�f�i�l�l� 
�b�.� �s�t�o�c�k�p�i�l�e� �o�n� �c�o�u�n�t�y� �l�a�n�d�s� 
�C�.� �g�i�v�e�-�a�-�w�a�y� �p�r�o�g�r�a�m� �(�p�l�e�a�s�e� �e�s�t�i�m�a�t�e� �%� �o�f� �l�e�a�v�e�s� �c�o�l�l�e�c�t�e�d� �t�h�a�t� �a�r�e� �u�s�e�d� 

�d�.� �c�o�m�p�o�s�t�i�n�g� �(�p�l�e�a�s�e� �e�s�t�i�m�a�t�e� �%� �o�f� �c�o�l�l�e�c�t�e�d� �l�e�a�v�e�s� �t�h�a�t� �a�r�e� �c�o�m�p�o�s�t�e�d� 

�e�.� �o�t�h�e�r� �(�p�l�e�a�s�e� �d�e�s�c�r�i�b�e�)� 

�4�A�)� �D�o� �y�o�u� �h�a�v�e� �c�u�r�b�s�i�d�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �o�r� �s�h�r�u�b� �p�r�u�n�i�n�g�s�?� 
�a�.� �Y�e�s� �b�.� �N�o� 

�4�A�)� �D�o� �y�o�u� �a�l�l�o�w� �b�u�l�k� �d�i�s�p�o�s�a�l� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �o�r� �s�h�r�u�b� �p�r�u�n�i�n�g�s�?� �a�)� �y�e�s� �b�)� �n�o� 

�4�B�)�  ��I�f� �y�e�s�,� �h�o�w� �d�o� �y�o�u� �d�i�s�p�o�s�e� �o�f� �c�l�i�p�p�i�n�g� �a�n�d� �p�r�u�n�i�n�g� �w�a�s�t�e�s�?� 
�a�.� �l�a�n�d�f�i�l�l� 
�b�.� �s�t�o�c�k�p�i�l�e� �o�n� �c�o�u�n�t�y� �l�a�n�d�s� 
�c�.� �c�o�m�p�o�s�t�i�n�g� �(�p�l�e�a�s�e� �e�s�t�i�m�a�t�e� �%� �o�f� �c�l�i�p�p�i�n�g�s� �t�h�a�t� �a�r�e� �c�o�m�p�o�s�t�e�d� �_�_�)� 
�d�.� �o�t�h�e�r� �(�p�l�e�a�s�e� �d�e�s�c�r�i�b�e�)



�4�7� 

�S�e�c�t�i�o�n� �D� �C�o�m�p�o�s�t�i�n�g� �F�e�a�s�i�b�i�l�i�t�y� 

�1�)� 

�2�)� 

�3�)� 

�4�)� 

�5�)� 

�6�)� 

�A�r�e� �y�o�u� �a�w�a�r�e� �o�f� �t�h�e� �u�s�e� �o�f� �c�o�m�p�o�s�t�i�n�g� �s�y�s�t�e�m�s� �f�o�r� �r�e�c�y�c�l�i�n�g� �o�r�g�a�n�i�c� �y�a�r�d� �w�a�s�t�e�s� 
�i�n� �s�o�m�e� �o�t�h�e�r� �s�t�a�t�e�s�?� 
�a�.� �Y�e�s� � �b�.�N�o� 

�H�a�v�e� �y�o�u� �e�s�t�a�b�l�i�s�h�e�d� �a� �g�r�o�u�p� �t�o� �s�t�u�d�y� �a�l�t�e�r�n�a�t�i�v�e� �u�s�e�s� �f�o�r� �y�a�r�d� �w�a�s�t�e� �(�s�u�c�h� �a�s� 
�c�o�m�p�o�s�t�i�n�g�)�?� 
�a�.� �Y�e�s� �-� �(�O�p�t�i�o�n�a�l�:� �C�o�n�t�a�c�t� �P�e�r�s�o�n� �P�h�o�n�e� �)� 
�b�.� �N�o� 

�W�h�a�t� �i�s� �y�o�u�r� �p�e�r�c�e�p�t�i�o�n� �o�f� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �i�n� �y�o�u�r� �l�o�c�a�l�i�t�y�?� 
�(�C�i�r�c�l�e� �o�n�e�)� 
�a�.� �u�n�l�i�k�e�l�y� �b�.� �p�o�s�s�i�b�l�y� �c�z�.� �l�i�k�e�l�y� �=� �d�.� �v�e�r�y� �l�i�k�e�l�y� 
�C�o�m�m�e�n�t�s� 
� � 

�D�o� �y�o�u� �t�h�i�n�k� �y�o�u�r� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t� �w�o�u�l�d� �p�a�y� �a� �p�r�i�v�a�t�e� �y�a�r�d� �w�a�s�t�e� �f�a�c�i�l�i�t�y� �a� �f�e�e� 
�t�h�a�t� �i�s� �l�e�s�s� �t�h�a�n� �y�o�u�r� �t�i�p�p�a�g�e� �f�e�e� �t�o� �t�a�k�e� �y�o�u�r� �y�a�r�d� �w�a�s�t�e� �o�n� �a� �c�o�n�t�r�a�c�t�u�a�l� �b�a�s�i�s�?� 
�a�.� �Y�e�s� �b�.�N�o� 

�W�h�a�t� �a�r�e�/�w�o�u�i�l�d� �b�e� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �u�s�e�s� �f�o�r� �c�o�m�p�o�s�t� �i�n� �y�o�u�r� �l�o�c�a�l�i�t�y�.� 
�a�.� �P�a�r�k�s� �a�n�d� �g�o�l�f� �c�o�u�r�s�e�s� 
�b�.� �C�o�m�m�u�n�i�t�y� �l�a�n�d�s�c�a�p�i�n�g� 
�c�.� �M�a�k�e� �a�v�a�i�l�a�b�l�e� �t�o� �p�u�b�l�i�c� 
�d�.� �S�e�l�l� �t�o� �p�r�i�v�a�t�e� �l�a�n�d�s�c�a�p�e�r�s�,� �n�u�r�s�e�r�y�s�,� �e�t�c�.� 
�e�.� �O�t�h�e�r�s� �(�p�l�e�a�s�e� �d�e�s�c�r�i�b�e�)� 

�D�o� �y�o�u� �t�h�i�n�k� �t�h�e�r�e� �i�s� �p�u�b�l�i�c� �l�a�n�d� �a�v�a�i�l�a�b�l�e� �f�o�r� �a� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�y�?� �(�e�s�t�i�m�a�t�e�d� �n�e�e�d� 
�i�s� �m�i�n�i�m�u�m� �o�f� �2� �a�c�r�e�s� �o�r� �a�b�o�u�t� �5� �a�c�r�e�s� �p�e�r� �2�0�,�0�0�0� �y�a�r�d�s� �o�f� �y�a�r�d� �w�a�s�t�e�)� 
�a�.� �Y�e�s� �b�.� �N�o� 

� � 

�S�e�c�t�i�o�n� �E� �R�e�q�u�e�s�t� �f�o�r� �S�t�u�d�y� �-� �R�e�s�u�l�t�s� 

�1�)� �W�o�u�l�d� �y�o�u� �b�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �r�e�c�e�i�v�i�n�g� �a� �c�o�p�y� �o�f� �t�h�e� �f�i�n�a�l� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y�?� 

� � 

� � 

� � 

� � 

�a�.� �Y�e�s� 

�N�a�m�e� �(�T�h�i�s� �i�n�f�o�r�m�a�t�i�o�n� �w�i�l�l� �b�e� �b�l�a�c�k�e�d� �o�u�t� �a�s� 
�T�i�t�l�e� �s�o�o�n� �a�s� �w�e� �a�d�d� �i�t� �t�o� �o�u�r� �m�a�i�l�i�n�g� �l�i�s�t� 
�A�d�d�r�e�s�s� �a�n�d� �w�i�l�l� �n�o�t� �b�e� �r�e�a�d�a�b�l�e� �w�h�e�n� 
�P�h�o�n�e� �r�e�s�p�o�n�s�e�s� �t�o� �s�u�r�v�e�y� �q�u�e�s�t�i�o�n�s� �a�r�e� 

�c�o�m�p�i�l�e�d�)� 
�b�.� �N�o� 

�T�H�A�N�K� �Y�O�U� �F�O�R� �Y�O�U�R� �A�S�S�I�S�T�A�N�C�E�!�!



�_� �A�p�p�e�n�d�i�x� �B�.� �L�e�g�i�s�l�a�t�i�o�n� �P�e�r�t�a�i�n�i�n�g� �t�o� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g
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�1�0� 
�1�1� 
�1�2� 
�1�3� 
�1�4� 
�1�5� 
�1�6� 
�1�7� 
�1�8� 
�1�9� 
�2�0� 
�2�1� 
�2�2� 
�2�3� 
�2�4� 
�2�5� 
�2�6� 
�2�7� 
�2�8� 
�2�9�°� 
�3�0� 
�3�1� 
�3�2� 
�3�3� 
�3�4� �|� 
�3�5� 
�3�6� 
�3�7� 
�3�8� 

�3�9� 
�4�0� 

 ��4�1� 
�4�2� 
�4�3� 
�4�4� 
�4�5� 
�4�6� 
�4�7� 
�4�8� 
�4�9� 

�5�0� 
�5�1� 
�5�2� 
�5�3� 
�5�4� 

�4�9� 

�1�9�8�9� �S�E�S�S�I�O�N� 
�L�D�9�1�1�3�5�5�9� 

�H�O�U�S�E� �J�O�I�N�T� �R�E�S�O�L�U�T�I�O�N� �N�O�.� �3�9�5� 
�O�f�f�e�r�e�d� �J�a�n�u�a�r�y� �2�4�,� �1�9�8�9� 

�R�e�q�u�e�s�t�i�n�g� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �t�o� �s�t�u�d�y� �t�h�e� �u�s�e� �o�f� �c�o�m�p�o�s�t�e�d� �y�a�r�d� 

�w�a�s�t�e� �i�n� �t�h�e� �C�o�m�m�o�n�w�e�a�l�t�h�.� 

� � 

�P�a�t�r�o�n�s ��R�o�l�l�i�s�o�n�,� �C�r�o�s�h�a�w�,� �H�a�l�l�,� �V�a�n� �Y�a�h�r�e�s�,� �C�o�o�p�e�r�,� �K�e�a�t�i�n�g�,� �W�o�o�d�s�,� �M�c�C�l�a�n�a�n�,� �D�i�l�l�a�r�d�,� 
�A�n�d�r�e�w�s�,� �M�a�r�s�h�a�l�l�,� �O ��B�r�i�e�n�,� �A�l�l�e�n�,� �Q�u�i�l�l�e�n�,� �O�r�e�b�a�u�g�h�,� �P�u�r�k�e�y�,� �M�o�r�g�a�n�,� �H�a�g�o�o�d�,� �A�l�m�a�n�d�,� 
�T�h�o�m�a�s� �a�n�d� �G�l�e�s�e�n�;� �S�e�n�a�t�o�r�s�:� �H�o�u�c�k�,� �G�a�r�t�l�a�n�,� �M�i�l�l�e�r�,� �E�.� �F�.�,� �H�o�l�l�a�n�d�,� �C�.� �A�.�,� �F�e�a�r�s�,� 
�W�a�d�d�e�l�l� �a�n�d� �M�a�r�y�e� 

� � 

�R�e�f�e�r�r�e�d� �t�o� �t�h�e� �C�o�m�m�i�t�t�e�e� �o�n� �C�o�n�s�e�r�v�a�t�i�o�n� �a�n�d� �N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s� 
� � 

�W�H�E�R�E�A�S�,� �V�i�r�g�i�n�i�a� �t�s� �f�a�c�i�n�g� �a� �c�r�i�s�i�s� �I�n� �t�h�e� �a�m�o�u�n�t� �o�f� �a�v�a�i�l�a�b�l�e� �l�a�n�d�f�i�l�l� �s�p�a�c�e�;� �a�n�d� 
�W�H�E�R�E�A�S�,� �y�a�r�d� �w�a�s�t�e�,� �i�n�c�l�u�d�i�n�g� �l�e�a�v�e�s� �a�n�d� �o�t�h�e�r� �o�r�g�a�n�i�c� �m�a�t�t�e�r�,� �r�e�p�r�e�s�e�n�t�s� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �p�o�r�t�i�o�n� �o�f� �t�h�e� �v�o�l�u�m�e� �o�f� �m�a�t�e�r�i�a�l� �w�h�i�c�h� �I�s� �b�r�o�u�g�h�t� �t�o� �l�a�n�d�f�i�l�l�s�;� �a�n�d� 
�W�H�E�R�E�A�S�,� �m�o�s�t� �l�o�c�a�l�i�t�i�e�s� �h�a�v�e� �b�a�n�n�e�d� �t�h�e� �b�u�r�n�i�n�g� �o�f� �s�u�c�h� �w�a�s�t�e�;� �a�n�d� 
�W�H�E�R�E�A�S�,� �m�e�t�h�o�d�s� �e�x�i�s�t� �t�o� �s�u�c�c�e�s�s�f�u�l�l�y� �u�s�e� �t�h�i�s� �m�a�t�e�r�i�a�l� �a�s� �s�o�i�l� �c�o�n�d�i�t�i�o�n�e�r�;� �a�n�d� 
�W�H�E�R�E�A�S�,� �l�e�a�f� �c�o�m�p�o�s�t�i�n�g� �o�f�f�e�r�s� �s�e�v�e�r�a�l� �a�d�v�a�n�t�a�g�e�s� �i�n�c�l�u�d�i�n�g� �e�a�s�e� �o�f� �s�e�p�a�r�a�t�i�o�n� �f�r�o�m� 

�t�h�e� �m�u�n�i�c�i�p�a�l� �w�a�s�t�e� �s�t�r�e�a�m�,� �f�e�w� �o�d�o�r�s� �e�m�i�t�t�e�d� �d�u�r�i�n�g� �a�c�c�u�m�u�l�a�t�i�o�n�,� �r�e�l�a�t�i�v�e� 
�i�n�e�x�p�e�n�s�i�v�e�n�e�s�s� �o�f� �t�r�a�n�s�p�o�r�t�a�t�i�o�n�,� �a�b�i�l�i�t�y� �t�o� �u�s�e� �s�t�a�n�d�a�r�d� �i�n�d�u�s�t�r�i�a�l� �e�q�u�i�p�m�e�n�t�,� �u�s�a�b�l�e� �e�n�d� 
 ��p�r�o�d�u�c�t�,� �a�n�d� �e�c�o�n�o�m�i�c� �f�e�a�s�i�b�i�l�i�t�y�;� �a�n�d� 

�W�H�E�R�E�A�S�,� �t�h�e� �C�o�m�m�o�n�w�e�a�l�t�h� �o�f� �V�i�r�g�i�n�i�a� �a�n�d� �t�s� �f�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �w�o�u�l�d� �h�a�v�e� �m�a�n�y� 
�u�s�e�s� �f�o�r� �t�h�e� �c�o�m�p�o�s�t� �w�h�i�c�h� �I�s� �p�r�o�d�u�c�e�d� �b�y� �t�h�i�s� �p�r�o�c�e�s�s�;� �a�n�d� �.� 

�W�H�E�R�E�A�S�,� �o�t�h�e�r� �s�t�a�t�e�s� �h�a�v�e� �s�u�c�c�e�s�s�f�u�l�l�y� �i�m�p�l�e�m�e�n�t�e�d� �p�r�o�g�r�a�m�s� �s�u�c�h� �a�s� �t�h�i�s�;� �n�o�w�,� 
�t�h�e�r�e�f�o�r�e�,� �b�e� �I�t� 

 ��R�E�S�O�L�V�E�D� �b�y� �t�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s�,� �t�h�e� �S�e�n�a�t�e� �c�o�n�c�u�r�r�i�n�g�,� �T�h�a�t� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� 
�W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t�,� �w�i�t�h� �t�h�e� �c�o�o�p�e�r�a�t�i�o�n� �a�n�d� �p�a�r�t�i�c�i�p�a�t�i�o�n� �o�f� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� 
�A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �C�o�n�s�u�m�e�r� �S�e�r�v�i�c�e�s� �a�n�d� �t�h�e� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e�s� �o�f� �V�i�r�g�i�n�i�a� 
�P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �a�n�d� �V�i�r�g�i�n�i�a� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �i�s� �r�e�q�u�e�s�t�e�a� �t�o� 
�s�t�u�d�y� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �a�d�o�p�t�i�n�g� �a� �p�r�o�g�r�a�m� �f�o�r� �t�h�e� �C�o�m�m�o�n�w�e�a�l�t�h� �f�o�r� �c�o�m�p�o�s�t�i�n�g� �o�f� �l�e�a�v�e�s� 
�a�n�d� �o�t�h�e�r� �y�a�r�d� �w�a�s�t�e�;� �a�n�d�,� �b�e� �I�t� 

�R�E�S�O�L�V�E�D� �F�U�R�T�H�E�R�,� �T�h�a�t� �t�h�i�s� �s�t�u�d�y� �f�o�c�u�s� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �m�a�t�e�r�i�a�l� �w�h�i�c�h� �I�s� 
�a�v�a�i�l�a�b�l�e�,� �t�h�e� �p�o�t�e�n�t�i�a�l� �r�e�d�u�c�t�i�o�n� �o�f� �s�u�c�h� �m�a�t�e�r�i�a�l� �f�r�o�m� �t�h�e� �w�a�s�t�e� �s�t�r�e�a�m�,� �t�h�e� �c�u�r�r�e�n�t� �a�n�d� 
�f�u�t�u�r�e� �u�s�e�s� �f�o�r� �t�h�e� �e�n�d� �p�r�o�d�u�c�t� �o�f� �t�h�e� �p�r�o�c�e�s�s�,� �t�h�e� �t�e�c�h�n�i�q�u�e�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �p�r�o�d�u�c�t�i�o�n�,� �t�h�e� 
�e�c�o�n�o�m�i�c� �i�m�p�a�c�t�s� �a�n�d� �b�e�n�e�f�i�t�s� �t�o� �t�h�e� �C�o�m�m�o�n�w�e�a�l�t�h�,� �p�a�r�t�i�c�i�p�a�t�i�o�n� �o�f� �t�h�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r�,� 
�a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �I�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �s�t�a�t�e�w�i�d�e� �p�r�o�g�r�a�m�.� 

�T�h�e� �D�e�p�a�r�t�m�e�n�t� �s�h�a�l�l� �c�o�m�p�l�e�t�e� �i�t�s� �w�o�r�k� �i�n� �U�m�e� �t�o� �s�u�b�m�i�t� �i�t�s� �f�i�n�d�i�n�g�s� �a�n�d� 
�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �t�o� �t�h�e� �G�o�v�e�r�n�o�r� �a�n�d� �t�h�e� �1�9�9�0� �_�S�e�s�s�i�o�n� �o�f� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �a�s� 
�p�r�o�v�i�d�e�d� �I�n� �t�h�e� �p�r�o�c�e�d�u�r�e�s� �o�f� �t�h�e� �D�i�v�i�s�i�o�n� �o�f� �L�e�g�i�s�l�a�t�i�v�e� �A�u�t�o�m�a�t�e�d� �S�y�s�t�e�m�s� �f�o�r� �p�r�o�c�e�s�s�i�n�g� 
�l�e�g�i�s�l�a�t�i�v�e� �d�o�c�u�m�e�n�t�s�.� 

� � 

� � � � 

� � � � 

�O�f�f�i�c�i�a�l� �U�s�e� �B�y� �C�l�e�r�k�s� 
�A�g�r�e�e�d� �t�o� �B�y� 

�T�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s� �A�g�r�e�e�d� �t�o� �B�y� �T�h�e� �S�e�n�a�t�e� 
�w�i�t�h�o�u�t� �a�m�e�n�d�m�e�n�t� �0� �w�i�t�h�o�u�t� �a�m�e�n�d�m�e�n�t� �0� 
�w�i�t�h� �a�m�e�n�d�m�e�n�t� �0�D� �w�i�t�h� �a�m�e�n�d�m�e�n�t� �o�O� 
�s�u�b�s�t�i�t�u�t�e� �0� �s�u�b�s�t�i�t�u�t�e� �O� 
�s�u�b�s�t�i�t�u�t�e� �w�/�a�m�d�t� �©� �s�u�b�s�t�i�t�u�t�e� �w�/�a�m�d�t� �O� 

�D�a�t�e�:� �D�a�t�e�:� 

�C�l�e�r�k� �o�f� �t�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s� �C�l�e�r�k� �o�f� �t�h�e� �S�e�n�a�t�e� � � � � 
� 
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�5�0� 

�1�9�9�0� �S�E�S�S�I�O�N� 
�L�D�1�7�6�5�5�5�9� 

�H�O�U�S�E� �J�O�I�N�T� �R�E�S�O�L�U�T�I�O�N� �N�O�.� �1�7�0� 
�O�f�f�e�r�e�d� �J�a�n�u�a�r�y� �2�3�,� �1�9�9�0� 

�U�r�g�i�n�g� �s�t�a�t�e� �a�g�e�n�c�i�e�s� �t�o� �u�s�e� �c�o�m�p�o�s�t�e�d� �y�a�r�d� �w�a�s�t�e� �a�n�d� �r�e�q�u�e�s�t�i�n�g� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� 

�W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �a�n�d� �t�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �t�o� �a�s�s�i�s�t� �l�o�c�a�l� 
�g�o�v�e�r�n�m�e�n�t�s� �i�n� �d�e�v�e�l�o�p�i�n�g� �m�o�d�e�l� �o�r�d�i�n�a�n�c�e�s�.� 

� � 

�P�a�t�r�o�n�s ��R�o�l�l�i�s�o�n� �a�n�d� �P�u�r�k�e�y� 
� � 

�R�e�f�e�r�r�e�d� �t�o� �t�h�e� �C�o�m�m�i�l�t�e�e� �o�n� �C�o�n�s�e�r�v�a�t�i�o�n� �a�n�d� �N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s� 
� � 

�W�H�E�R�E�A�S�,� �m�o�s�t� �y�a�r�d� �w�a�s�t�e�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �d�i�s�p�o�s�e�d� �o�f� �i�n� �l�a�n�d�f�i�l�l�s� �a�n�d� �a�r�e� �e�s�t�i�m�a�t�e�d� �t�o� 
�c�o�m�p�r�i�s�e� �t�e�n� �p�e�r�c�e�n�t� �t�o� �t�h�i�r�t�y� �p�e�r�c�e�n�t� �o�f� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �v�o�l�u�m�e�;� �a�n�d� 

�W�H�E�R�E�A�S�,� �m�i�n�i�m�u�m� �r�e�c�y�c�l�i�n�g� �r�a�t�e�s� �f�o�r� �s�o�l�i�d� �w�a�s�t�e� �h�a�v�e� �b�e�e�n� �s�e�t� �f�o�r� �l�o�c�a�l�i�t�i�e�s� �i�n� 
�V�i�r�g�i�n�i�a�:� �t�e�n� �p�e�r�c�e�n�t� �b�y� �1�9�9�1�,� �f�i�f�t�e�e�n� �p�e�r�c�e�n�t� �b�y� �1�9�9�3�,� �a�n�d� �t�w�e�n�t�y�-�f�i�v�e� �p�e�r�c�e�n�t� �b�y� �1�9�9�5�;� �a�n�d� 

�W�H�E�R�E�A�S�,� �c�o�m�p�o�s�t�i�n�g� �h�a�s� �b�e�e�n� �u�s�e�d� �a�s� �a� �m�e�a�n�s� �o�f� �c�o�n�v�e�r�t�i�n�g� �o�r�g�a�n�i�c� �w�a�s�t�e� �i�n�t�o� 
�u�s�e�f�u�l� �m�a�t�e�r�i�a�l� �f�o�r� �t�h�o�u�s�a�n�d�s� �o�f� �y�e�a�r�s�;� �a�n�d� 

�W�H�E�R�E�A�S�,� �s�t�a�t�e� �a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �t�h�r�o�u�g�h� �n�e�e�d�s� �f�o�r� �h�i�g�h�w�a�y�s�,� �p�a�r�k�s� �a�n�d� 
�i�n�s�t�i�t�u�t�i�o�n�a�l� �g�r�o�u�n�d�s� �m�a�y� �b�e� �t�h�e� �l�a�r�g�e�s�t� �p�o�t�e�n�t�i�a�l� �u�s�e�r�s� �o�f� �c�o�m�p�o�s�t�e�d� �w�a�s�t�e�;� �n�o�w�,� �t�h�e�r�e�f�o�r�e�,� 
�b�e� �i�t� 

�R�E�S�O�L�V�E�D�,� �b�y� �t�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s�,� �T�h�e� �S�e�n�a�t�e� �c�o�n�c�u�r�r�i�n�g�,� �T�h�a�t� �t�h�e� �G�e�n�e�r�a�l� 
�A�s�s�e�m�b�l�y� �b�y� �t�h�i�s� �r�e�s�o�l�u�t�i�o�n� �a�f�f�i�r�m�s� �t�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �i�n� �t�h�e� �r�e�p�o�r�t� �o�f� �t�h�e� �D�e�p�a�r�t�m�e�n�t� 
�o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t�,� �w�h�i�c�h� �w�a�s� �a�u�t�h�o�r�i�z�e�d� �b�y� �H�o�u�s�e� �J�o�i�n�t� �R�e�s�o�l�u�t�i�o�n� �3�9�5� �(�1�9�8�5�)�,� �t�h�a�t� 
�S�t�a�t�e� �a�g�e�n�c�i�e�s� �a�r�e� �h�e�r�e�b�y� �u�r�g�e�d� �t�o� �u�s�e� �c�o�m�p�o�s�t�e�d� �y�a�r�d� �w�a�s�t�e� �i�n� �p�l�a�c�e� �o�f� �o�t�h�e�r� �o�r�g�a�n�i�c� 
�m�a�t�e�r�i�a�l�s�.� �T�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �a�n�d� �t�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� 
�S�e�r�v�i�c�e� �a�r�e� �f�u�r�t�h�e�r� �r�e�q�u�e�s�t�e�d� �t�o� �a�s�s�i�s�t� �l�o�c�a�l�i�t�i�e�s� �i�n� �d�e�v�e�l�o�p�i�n�g� �o�r�d�i�n�a�n�c�e�s� �m�a�n�d�a�t�i�n�g� �t�h�e� �u�s�e� 
�o�f� �l�o�c�a�l�l�y� �a�v�a�i�l�a�b�l�e� �c�o�m�p�o�s�t�e�d� �y�a�r�d� �w�a�s�t�e�;� �a�n�d�,� �b�e� �i�t� 

 �� �R�E�S�O�L�V�E�D� �F�U�R�T�H�E�R�,� �t�h�a�t� �t�h�e� �c�l�e�r�k� �o�f� �t�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s�.� �t�r�a�n�s�m�i�t� �a� �c�o�p�y� �o�f� �t�h�i�s� 
�r�e�s�o�l�u�t�i�o�n� �t�o� �t�h�e� �h�e�a�d�s� �o�f� �a�l�l� �s�t�a�t�e� �a�g�e�n�c�i�e�s� �a�n�d� �o�f� �a�l�l� �l�o�c�a�l� �g�o�v�e�r�n�i�n�g� �b�o�d�i�e�s� �i�n� �o�r�d�e�r� �t�h�a�t� 
�t�h�e�y� �m�a�y� �b�e� �a�p�p�r�i�s�e�d� �o�f� �t�h�e� �s�e�n�s�e� �o�f� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y�.� 

� � 

� � � � 

� � � � 

�O�f�f�i�c�i�a�l� �U�s�e� �B�y� �C�l�e�r�k�s� 
�A�g�r�e�e�d� �t�o� �B�y� �.� 

�T�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s� �A�g�r�e�e�d� �t�o� �B�y� �T�h�e� �S�e�n�a�t�e� 
�w�i�t�h�o�u�t� �a�m�e�n�d�m�e�n�t� �0� �w�i�t�h�o�u�t� �a�m�e�n�d�m�e�n�t� �0� 
�w�i�t�h� �a�m�e�n�d�m�e�n�t� �O� �w�i�t�h� �a�m�e�n�d�m�e�n�t� �O�o� 
�s�u�b�s�t�i�t�u�t�e� �O�o� �s�u�b�s�t�i�t�u�t�e� �0� 
�s�u�b�s�t�i�t�u�t�e� �w�/�a�m�d�t� �O� �s�u�b�s�t�i�t�u�t�e� �w�/�a�m�d�t� �O� 

�D�a�t�e�:� �D�a�t�e�:� 

�C�l�e�r�k� �o�f� �t�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s� �C�l�e�r�k� �o�f� �t�h�e� �S�e�n�a�t�e� � � � � � 
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�5�1� 

�1�9�9�0� �S�E�S�S�I�O�N� 
�L�D�1�7�6�2�5�5�9� 

�H�O�U�S�E� �B�I�L�L� �N�O�.� �9�7�2� 
�O�f�f�e�r�e�d� �J�a�n�u�a�r�y� �2�3�,� �1�9�9�0� 

�A� �B�I�L�L� �t�o� �e�x�e�m�p�t� �c�e�r�t�a�i�n� �a�c�t�i�v�i�t�i�e�s� �f�r�o�m� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t�'�s� 
�r�e�g�u�l�a�t�i�o�n�s�.� 

� � 

�P�a�t�r�o�n�s ��R�o�l�l�i�s�o�n� �a�n�d� �P�u�r�k�e�y� 
� � 

�R�e�f�e�r�r�e�d� �t�o� �t�h�e� �C�o�m�m�i�t�t�e�e� �o�n� �C�o�n�s�e�r�v�a�t�i�o�n� �a�n�d� �N�a�t�u�r�a�l� �R�e�s�o�u�r�c�e�s� 

� � 

�B�e� �t�t� �e�n�a�c�t�e�d� �b�y� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�f� �V�i�r�g�i�n�i�a�:� 
�§� �2�1�.� �O�n� �a�n�d� �a�f�t�e�r� �J�u�l�y� �I�,� �1�9�9�0�,� �f�a�r�m�e�r�s� �a�n�d� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �w�h�o� �a�c�c�e�p�t� �f�o�r� 

�c�o�m�p�o�s�t�i�n�g� �l�e�s�s� �t�h�a�n� �5�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �a�n�n�u�a�l�l�y� �o�f� �y�a�r�d�w�a�s�t�e� �s�h�a�l�l� �b�e� �e�x�e�m�p�t� �f�r�o�m� �t�h�e� 
�y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �r�e�g�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�r�n�e�n�t�.� 

�§� �2�.� �T�h�e� �D�e�p�a�r�t�r�n�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �s�h�a�i�l� �e�s�t�a�b�l�i�s�h� �a� �p�r�o�c�e�d�u�r�e� �w�h�e�r�e�b�y� �s�u�c�h� 
�f�a�r�m�e�r�s� �a�n�d� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �s�h�a�l�l� �(�i�)� �n�o�t�i�f�y� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �o�f� 

�t�h�e�i�r� �i�n�t�e�n�t�i�o�n� �t�o� �o�p�e�r�a�t�e� �a� �f�a�c�i�l�i�t�y� �a�n�d� �d�e�s�c�r�i�b�e� �i�t�s� �l�o�c�a�t�i�o�n� �a�n�d� �(�i�i�t�)� �s�u�b�m�i�t� �a�n� �a�n�n�u�a�l� 

�r�e�p�o�r�t� �o�n� �t�h�e� �v�o�l�u�m�e� �a�n�d� �t�y�p�e�s� �o�f� �y�a�r�d�w�a�s�t�e� �a�c�c�e�p�t�e�d�,� �t�o� �b�e� �a�c�c�o�m�p�a�n�i�e�d� �b�y� �a� �s�t�a�t�e�r�n�e�n�t� 
�c�e�r�t�i�f�y�i�n�g� �t�h�a�t� �o�n�l�y� �y�a�r�d�w�a�s�t�e� �w�a�s� �a�c�c�e�p�t�e�d� �f�o�r� �c�o�m�p�o�s�t�i�n�g�.� 

� � 

� � � � 

� � � � 

�O�f�f�i�c�i�a�l� �U�s�e� �B�y� �C�l�e�r�k�s� 
�P�a�s�s�e�d� �B�y� �;� 

�T�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s� �P�a�s�s�e�d� �B�y� �T�h�e� �S�e�n�a�t�e� 
�w�i�t�h�o�u�t� �a�m�e�n�d�m�e�n�t� �0� �w�i�t�h�o�u�t� �a�m�e�n�d�m�e�n�t� �0� 
�w�i�t�h� �a�m�e�n�d�m�e�n�t� �O� �w�i�t�h� �a�m�e�n�d�m�e�n�t� �©� 
�s�u�b�s�t�i�t�u�t�e� �O� �s�u�b�s�t�i�t�u�t�e� �0� 
�s�u�b�s�t�i�t�u�t�e� �w�/�a�m�d�t� �O� �.� �S�u�b�s�t�i�t�u�t�e� �w�/�a�m�d�t� �O� 

�D�a�t�e�:� �:� �D�a�t�e�:� 

�C�l�e�r�k� �o�f� �t�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s� �C�l�e�r�k� �o�f� �t�h�e� �S�e�n�a�t�e� � � � � � 



�5�2� 

�1�9�9�0� �S�E�S�S�I�O�N� 
�V�I�R�G�I�N�I�A� �A�C�T�S� �O�F� �A�S�S�E�M�B�L�Y� �~� �C�H�A�P�T�E�R� �1�7� �2� 

�A�n� �A�c�t� �t�o� �a�m�e�n�d� �t�h�e� �C�o�d�e� �o�f� �V�i�r�g�i�n�i�a� �b�y� �a�d�d�i�n�g� �a� �s�e�c�t�i�o�n� �n�u�m�b�e�r�e�d� �1�5�.�1�-�1�1�.�5�:�1�,� �r�e�l�a�t�i�n�g� 
�t�o� �a�u�t�h�o�r�i�t�y� �t�o� �p�r�o�h�i�b�i�t� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� 

�{�H� �9�7�3�]� 

�A�p�p�r�o�v�e�d� �W�A�R� �2� �1� �1�8�9�0� 

�B�e� �t�t� �e�n�a�c�t�e�d� �b�y� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�f� �V�i�r�g�i�n�i�a�:� 
�I�.� �a�u�a�t� �t�h�e� �C�o�d�e� �o�f� �V�i�r�g�i�n�i�a� �I�s� �a�m�e�n�d�e�d� �b�y� �a�d�d�i�n�g� �a� �s�e�c�t�i�o�n� �n�u�m�b�e�r�e�d� �1�5�.�1�-�1�1�.�5�:�1� �a�s� 

�o�l�l�o�w�s�:� 
�§� �{�5�.�4�-�1�1�.�5�:�1�,� �A�u�t�h�o�r�i�t�y� �t�o� �p�r�o�h�i�b�i�t� �p�l�a�c�e�r�n�e�n�t� �o�f� �l�e�a�v�e�s� �o�r� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �i�n� �l�a�n�d�f�i�l�l�s�. �� 

�A�,� �A�f�t�e�r� �J�a�n�u�a�r�y� �1�,� �1�9�9�5�,� �a�n�y� �c�o�u�n�t�y�,� �e�c�t�t�y� �o�r� �t�o�w�n� �m�a�y�,� �b�y� �o�r�d�i�n�a�n�c�e�,� �p�r�o�h�i�b�i�t� �t�h�e� 
�d�i�s�p�o�s�a�l� �o�f� �l�e�a�v�e�s� �o�r� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �i�n� �a�n�y� �l�a�n�d�f�i�l�l� �w�i�t�h�i�n� �{�t�s� �j�u�r�i�s�d�i�c�t�i�o�n�,� �p�r�o�v�i�d�e�d� �s�u�c�h� 
�c�o�u�n�t�y�,� �c�i�t�y� �o�r� �t�o�w�n� �h�a�s� �i�m�p�l�e�m�e�n�t�e�d� �a� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� �w�h�i�c�h� �i�s� �c�a�p�a�b�l�e� �o�f� �h�a�n�d�l�i�n�g� 
�a�l�l� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �g�e�n�e�r�a�t�e�d� �w�i�t�h�i�n� �t�h�e� �J�u�r�i�s�d�i�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �n�o� �s�u�c�h� 
�o�r�d�i�n�a�n�c�e� �s�h�a�l�l� �c�o�n�t�a�i�n� �p�r�a�v�i�s�t�o�n�s� �w�h�i�c�h� �p�e�n�a�l�i�z�e� �a�n�y�o�n�e� �o�t�h�e�r� �t�h�a�n� �t�h�e� �i�n�i�t�i�a�l� �g�e�n�e�r�a�t�o�r� 
�o�f� �s�u�c�h� �l�e�a�v�e�s� �o�r� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� 

�8�.� �F�o�r� �p�u�r�p�o�s�e�s� �o�f� �t�h�i�s� �s�e�c�t�i�o�n�,� �t�h�e� �t�e�r�m�  ��c�o�m�p�o�s�t�i�n�g �� �m�e�a�n�s� �t�h�e� �m�a�n�t�p�u�l�a�t�i�o�n� �o�f� �t�h�e� 
�n�a�t�u�r�a�l� �a�e�r�o�b�i�c� �p�r�o�c�e�s�s� �o�f� �d�e�c�o�r�n�p�o�s�i�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �r�a�t�e� �o�f� 
�d�e�c�o�m� �p�o�s�i�t�i�o�r�.� 

� � 

�P�r�e�s�i�d�e�n�t� �o�f� �t�h�e� �S�e�n�a�t�e� 

� � 

�S�p�e�a�k�e�r� �o�f� �t�h�e� �H�o�u�s�e� �o�f� �D�e�l�e�g�a�t�e�s� 

�A�p�p�r�o�v�e�d�:� 

� � 

�G�o�v�e�r�n�o�r



�5�3� 

�1�9�9�0� �S�E�S�S�I�O�N� 
�V�I�R�G�I�N�I�A� �A�C�T�S� �O�F� �A�S�S�E�M�B�L�Y� �~� �C�H�A�P�T�E�R� �3� �&� �0� 

�A�n� �A�c�t� �t�o� �a�m�e�n�d� �a�n�d� �r�e�e�n�a�c�t� �§� �1�0�.�1�-�1�4�0�8�.�1�]� �o�f� �t�h�e� �C�o�d�e� �o�f� �V�i�r�g�i�n�i�a�,� �r�e�l�a�t�i�n�g� �t�o� �e�x�e�m�p�t�i�o�n� 
�o�f� �c�e�r�t�a�i�n� �f�a�c�i�l�i�t�i�e�s� �f�r�o�m� �s�o�l�i�d� �w�a�s�t�e� �r�e�g�u�l�a�t�i�o�n�s�.� 

�-� �[�H� �9�7�4�]� 

�A�p�p�r�o�v�e�d� �w�a�g� �3�0� �1�9�9�0� 

�B�e� �{�t� �e�n�a�c�t�e�d� �b�y� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�f� �V�i�r�g�i�n�i�a�:� 
�1�.� �T�h�a�t� �§� �1�0�.�1�-�1�4�0�8�.�1� �o�f� �t�h�e� �C�o�d�e� �o�f� �V�i�r�g�i�n�i�a� �i�s� �a�m�e�n�d�e�d� �a�n�d� �r�e�e�n�a�c�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�§� �1�0�.�1�-�1�4�0�8�.�1�.� �P�e�r�m�i�t� �r�e�q�u�i�r�e�d�;� �o�p�e�n� �d�u�m�p�s� �p�r�o�h�i�b�i�t�e�d�. ��A�.� �N�o� �p�e�r�s�o�n� �s�h�a�l�l� �o�p�e�r�a�t�e� �a�n�y� 
�s�a�n�i�t�a�r�y� �l�a�n�d�f�i�l�l� �o�r� �o�t�h�e�r� �f�a�c�l�l�i�t�y� �f�o�r� �t�h�e� �d�i�s�p�o�s�a�l�,� �t�r�e�a�t�m�e�n�t� �o�r� �s�t�o�r�a�g�e� �o�f� �n�o�n�h�a�z�a�r�d�o�u�s� 
�s�o�l�i�d� �w�a�s�t�e� �w�i�t�h�o�u�t� �a� �p�e�r�m�i�t� �f�r�o�m� �t�h�e� �D�i�r�e�c�t�o�r�.� 

�B�.� �N�o� �a�p�p�l�i�c�a�t�i�o�n� �f�o�r� �a� �p�e�r�m�i�t� �f�o�r� �a� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �f�a�c�i�l�i�t�y� �s�h�a�l�l� �b�e� 
�c�o�n�s�i�d�e�r�e�d� �c�o�m�p�l�e�t�e� �u�n�l�e�s�s� �t�h�e� �a�p�p�l�i�c�a�n�t� �h�a�s� �p�r�o�v�i�d�e�d� �t�h�e� �D�i�r�e�c�t�o�r� �w�i�t�h� �c�e�r�t�i�f�i�c�a�t�i�o�n� �f�r�o�m� 
�t�h�e� �g�o�v�e�r�n�i�n�g� �b�o�d�y� �o�f� �t�h�e� �c�o�u�n�t�y�,� �c�i�t�y� �o�r� �t�o�w�n� �I�n� �w�h�i�c�h� �t�h�e� �f�a�c�i�l�i�t�y� �i�s� �t�o� �b�e� �l�o�c�a�t�e�d� �t�h�a�t� 
�t�h�e� �l�o�c�a�t�i�o�n� �a�n�d� �o�p�e�r�a�t�i�o�n� �o�f� �t�h�e� �f�a�c�i�l�i�t�y� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �a�l�l� �a�p�p�s�i�c�a�b�l�e� �o�r�d�i�n�a�n�c�e�s�.� �T�h�e� 
�g�o�v�e�r�n�i�n�g� �b�o�d�y� �s�h�a�l�l� �i�n�f�o�r�m� �t�h�e� �a�p�p�l�i�c�a�n�t� �a�n�d� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �t�h�e� �f�a�c�i�l�i�t�y�'�s� �c�o�m�p�l�i�a�n�c�e� 
�o�r� �n�o�n�c�o�m�p�l�i�a�n�c�e� �n�o�t� �m�o�r�e� �t�h�a�n� �1�2�0� �d�a�y�s� �f�r�o�m� �r�e�c�e�i�p�t� �o�f� �a� �r�e�q�u�e�s�t� �f�r�o�m� �t�h�e� �a�p�p�l�i�c�a�n�t�.� 

�C�.� �N�o� �s�u�c�h� �p�e�r�m�i�t� �s�h�a�l�l� �b�e� �i�s�s�u�e�d� �u�n�t�i�l� �t�h�e� �D�i�r�e�c�t�o�r� �h�a�s� �d�e�t�e�r�m�i�n�e�d�,� �a�f�t�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� 
�a�n�d� �e�v�a�l�u�a�t�i�o�n� �o�f� �c�o�m�m�e�n�t�s� �b�y� �t�h�e� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�,� �t�h�a�t� �t�h�e� �p�r�o�p�o�s�e�d� �f�a�c�i�l�i�t�y� �p�o�s�e�s� �n�o� 
�s�u�b�s�t�a�n�t�i�a�l� �p�r�e�s�e�n�t� �o�r� �p�o�t�e�n�t�i�a�l� �d�a�n�g�e�r� �t�o� �h�u�m�a�n� �h�e�a�l�t�h� �o�r� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� �A�t� �t�h�e� �r�e�q�u�e�s�t� 
�o�f� �t�h�e� �l�o�c�a�l� �g�o�v�e�r�n�i�n�g� �b�o�d�y�,� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �s�h�a�l�l� �h�o�l�d� �a� �p�u�b�l�i�c� �h�e�a�r�i�n�g� �w�i�t�h�i�n� �t�h�e� �s�a�i�d� 
�c�o�u�n�t�y�,� �c�i�t�y� �o�r� �t�o�w�n� �p�r�i�o�r� �t�o� �t�h�e� �i�s�s�u�a�n�c�e� �o�f� �a�n�y� �p�e�r�m�i�t� �f�o�r� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� 
�n�o�n�h�a�z�a�r�d�o�u�s� �s�o�l�i�d� �w�a�s�t�e�.� 

�D�.� �T�h�e� �p�e�r�m�i�t� �s�h�a�l�l� �c�o�n�t�a�i�n� �s�u�c�h� �c�o�n�d�i�t�i�o�n�s� �o�r� �r�e�q�u�i�r�e�m�e�n�t�s� �a�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �t�o� �c�o�m�p�l�y� 
�w�i�t�h� �t�h�e� �r�e�q�u�i�r�e�m�e�n�t�s� �o�f� �t�h�i�s� �C�o�d�e� �a�n�d� �t�h�e� �r�e�g�u�l�a�t�i�o�n�s� �o�f� �t�h�e� �B�o�a�r�d� �a�n�d� �t�o� �p�r�e�v�e�n�t� �a� 
�s�u�b�s�t�a�n�t�i�a�l� �p�r�e�s�e�n�t� �o�r� �p�o�t�e�n�t�i�a�l� �h�a�z�a�r�d� �t�o� �h�u�m�a�n� �h�e�a�l�t�h� �a�n�d� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�.� 

�E�.� �N�o� �p�e�r�s�o�n� �s�h�a�l�l� �d�i�s�p�o�s�e� �o�f� �s�o�l�i�d� �w�a�s�t�e� �i�n� �o�p�e�n� �d�u�m�p�s�.� 
�F�.� �N�o� �p�e�r�s�o�n� �s�h�a�i�l� �o�w�n�,� �o�p�e�r�a�t�e� �o�r� �a�l�l�o�w� �t�o� �b�e� �o�p�e�r�a�t�e�d� �o�n� �h�i�s� �p�r�o�p�e�r�t�y� �a�n� �o�p�e�n� �d�u�m�p�.� 
�G�.� �N�o� �p�e�r�s�o�n� �s�h�a�l�l� �a�l�l�o�w� �w�a�s�t�e� �t�o� �b�e� �d�i�s�p�o�s�e�d� �o�f� �o�n� �h�i�s� �p�r�o�p�e�r�t�y� �w�i�t�h�o�u�t� �a� �p�e�r�m�i�t�.� �A�n�y� 

�p�e�r�s�o�n� �w�h�o� �r�e�m�o�v�e�s� �t�r�e�e�s�,� �b�r�u�s�h�,� �o�r� �o�t�h�e�r� �v�e�g�e�t�a�t�i�o�n� �f�r�o�m� �l�a�n�d� �u�s�e�d� �f�o�r� �a�g�r�i�c�u�l�t�u�r�a�l� �o�r� 
�f�o�r�e�s�t�a�l� �p�u�r�p�o�s�e�s� �s�h�a�l�l� �n�o�t� �b�e� �r�e�q�u�i�r�e�d� �t�o� �o�b�t�a�i�n� �a� �p�e�r�m�i�t� �i�f� �s�u�c�h� �m�a�t�e�r�i�a�l� �I�s� �d�e�p�o�s�i�t�e�d� �o�r� 
�p�l�a�c�e�d� �o�n� �t�h�e� �s�a�m�e� �o�r� �o�t�h�e�r� �p�r�o�p�e�r�t�y� �o�f� �t�h�e� �s�a�m�e� �l�a�n�d�o�w�n�e�r� �f�r�o�m� �w�h�i�c�h� �s�u�c�h� �m�a�t�e�r�i�a�l�s� 
�w�e�r�e� �c�l�e�a�r�e�d�.� �T�h�e� �B�o�a�r�d� �s�h�a�l�l� �b�y� �r�e�g�u�l�a�t�i�o�n� �p�r�o�v�i�d�e� �f�o�r� �o�t�h�e�r� �r�e�a�s�o�n�a�b�l�e� �e�x�e�m�p�t�i�o�n�s� �f�r�o�m� 
�p�e�r�m�i�t�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �t�h�e� �d�i�s�p�o�s�a�l� �o�f� �t�r�e�e�s�,� �b�r�u�s�h� �a�n�d� �o�t�h�e�r� �v�e�g�e�t�a�t�i�o�n� �w�h�e�n� �s�u�c�h� 
�m�a�t�e�r�i�a�l�s� �a�r�e� �r�e�m�o�v�e�d� �f�o�r� �a�g�r�i�c�u�l�t�u�r�a�l� �o�r� �f�o�r�e�s�t�a�l� �p�u�r�p�o�s�e�s�.� 

�W�h�e�n� �p�r�o�m�u�l�g�a�t�i�n�g� �a�n�y� �r�e�g�u�l�a�t�i�o�n� �p�u�r�s�u�a�n�t� �t�o� �t�h�i�s� �s�e�c�t�i�o�n�,� �t�h�e� �B�o�a�r�d� �s�h�a�l�l� �c�o�n�s�i�d�e�r� �t�h�e� 
�c�h�a�r�a�c�t�e�r� �o�f� �t�h�e� �l�a�n�d� �a�f�f�e�c�t�e�d�,� �t�h�e� �d�e�n�s�i�t�y� �o�f� �p�o�p�u�l�a�t�i�o�n�,� �t�h�e� �v�o�l�u�m�e� �o�f� �w�a�s�t�e� �t�o� �b�e� 
�d�i�s�p�o�s�e�d�,� �a�s� �w�e�l�l� �a�s� �o�t�h�e�r� �r�e�l�e�v�a�n�t� �f�a�c�t�o�r�s�.� 

�H�.� �N�o� �p�e�r�m�i�t� �s�h�a�l�l� �b�e� �r�e�q�u�i�r�e�d� �p�u�r�s�u�a�n�t� �t�o� �t�h�i�s� �s�e�c�t�i�o�n� �f�o�r� �r�e�c�y�c�l�i�n�g� �o�r� �f�o�r� �t�e�m�p�o�r�a�r�y� 
�s�t�o�r�a�g�e� �I�n�c�i�d�e�n�t�a�l� �t�o� �r�e�c�y�c�l�i�n�g�.� �A�s� �u�s�e�d� �i�n� �t�h�i�s� �s�u�b�s�e�c�t�i�o�n�  ��r�e�c�y�c�l�i�n�g �� �m�e�a�n�s� �a�n�y� �p�r�o�c�e�s�s� 
�w�h�e�r�e�b�y� �m�a�t�e�r�i�a�l� �w�h�i�c�h� �w�o�u�l�d� �o�t�h�e�r�w�i�s�e� �b�e� �s�o�l�i�d� �w�a�s�t�e� �i�s� �u�s�e�d� �o�r� �r�e�u�s�e�d�,� �o�r� �p�r�e�p�a�r�e�d� �f�o�r� 
�u�s�e� �o�r� �r�e�u�s�e�,� �a�s� �a�n� �i�n�g�r�e�d�i�e�n�t� �{�n� �a�n� �I�n�d�u�s�t�r�i�a�l� �p�r�o�c�e�s�s� �t�o� �m�a�k�e� �a� �p�r�o�d�u�c�t�,� �o�r� �a�s� �a�n� 
�e�f�f�e�c�t�i�v�e�.� �s�u�b�s�t�i�t�u�t�e� �f�o�r� �a� �c�o�m�m�e�r�c�i�a�l� �p�r�o�d�u�c�t�.� �_� 

�L� �T�h�e� �B�o�a�r�d� �s�h�a�l�l� �p�r�o�v�i�d�e� �f�o�r� �r�e�a�s�o�n�a�b�l�e� �e�x�e�m�p�t�i�o�n�s� �f�r�o�m� �t�h�e� �p�e�r�m�i�t�t�i�n�g� �r�e�q�u�i�r�e�m�e�n�t�s�,� 
�b�o�t�h� �p�r�o�c�e�d�u�r�a�l� �a�n�d� �s�u�b�s�t�a�n�t�i�v�e�,� �i�n� �o�r�d�e�r� �t�o� �e�n�c�o�u�r�a�g�e� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �y�a�r�d� �w�a�s�t�e� 
�c�o�m�p�o�s�t�i�n�g� �f�a�c�i�l�i�t�i�e�s�.� �T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�i�s�,� �t�h�e� �B�o�a�r�d� �t�s� �a�u�t�h�o�r�i�z�e�d� �t�o� �e�x�e�m�p�t� �s�u�c�h� �f�a�c�i�l�i�t�i�e�s� 
�f�r�o�m� �r�e�g�u�l�a�t�i�o�n�s� �g�o�v�e�r�n�i�n�g� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �w�a�s�t�e� �a�n�d� �t�o� �e�s�t�a�b�l�i�s�h� �a�n� �e�x�p�e�d�i�t�e�d� �a�p�p�r�o�v�a�l� 
�p�r�o�c�e�s�s�.



�5�4� 

�A�p�p�e�n�d�i�x� �C�.� �T�h�e� �F�e�a�s�i�b�i�l�i�t�y� �o�f� �A� �S�t�a�t�e�w�i�d�e� 
�Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �P�r�o�g�r�a�m� �f�o�r� �V�i�r�g�i�n�i�a



�5�5� 
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�R�E�P�O�R�T� �O�F� �T�H�E� 
�D�E�P�A�R�T�M�E�N�T� �O�F� 
�W�A�S�T�E� �M�A�N�A�G�E�M�E�N�T� 

�T�h�e� �F�e�a�s�i�b�i�l�i�t�y� �o�f� �a� 
�S�t�a�t�e�w�i�d�e� �Y�a�r�d�w�a�s�t�e� 
�C�o�m�p�o�s�t�i�n�g� �P�r�o�g�r�a�m� 
�f�o�r� �V�i�r�g�i�n�i�a� 

�T�O� �T�H�E� �G�O�V�E�R�N�O�R� �A�N�D� 
�T�H�E� �G�E�N�E�R�A�L� �A�S�S�E�M�B�L�Y� �O�F� �V�I�R�G�I�N�I�A� 

� � 

�H�O�U�S�E� �D�O�C�U�M�E�N�T� �N�O�.� �3�4� 
�C�O�M�M�O�N�W�E�A�L�T�H� �O�F� �V�I�R�G�I�N�I�A� 
�R�I�C�H�M�O�N�D� 
�1�9�9�0� 

� � 

� � 

� � � 



�R�e�p�o�r�t� �o�f� �t�h�e� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� 

�o�n� �t�h�e� �S�t�u�d�y� �o�f� �C�o�m�p�o�s�t�e�d� �Y�a�r�d� �W�a�s�t�e�s� 
�R�e�q�u�e�s�t�e�d� �b�y� �H�o�u�s�e� �J�o�i�n�t� �R�e�s�o�l�u�t�i�o�n� �N�u�m�b�e�r� �3�9�5� �(�1�9�8�9�)� 

�T�o� 
�T�h�e� �G�o�v�e�r�n�o�r� �a�n�d� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�f� �V�i�r�g�i�n�i�a� 

�R�i�c�h�m�o�n�d�,� �V�i�r�g�i�n�i�a� 
�J�a�n�u�a�r�y�,� �1�9�9�0� 

�T�O�:� �T�h�e� �H�o�n�o�r�a�b�l�e� �G�e�r�a�l�d� �L�.� �B�a�l�i�l�e�s�,� �G�o�v�e�r�n�o�r� �o�f� �V�i�r�g�i�n�i�a� 
�a�n�d� 

�T�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �o�f� �V�i�r�g�i�n�i�a� 

�F�O�R�E�W�O�R�D� 

�T�h�e� �1�9�8�9� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �a�d�o�p�t�e�d� �H�J�R� �3�9�5�,� �w�h�i�c�h� �r�e�q�u�e�s�t�e�d� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� 
�W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �t�o� �c�o�n�d�u�c�t� �a� �s�t�u�d�y� �o�f� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �a�s�t�a�t�e�w�i�d�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� 
�f�o�r� �l�e�a�v�e�s� �a�n�d� �o�t�h�e�r� �y�a�r�d� �w�a�s�t�e�s�.� 

�H�J�R� �3�9�5� �r�e�q�u�e�s�t�e�d� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �t�o�:� 

�1�.� �w�o�r�k� �i�n� �c�o�o�p�e�r�a�t�i�o�n� �w�i�t�h� �a�n�d� �s�e�c�u�r�e� �t�h�e� �p�a�r�t�i�c�i�p�a�t�i�o�n� �o�f� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t� 
�m�e�n�t� �o�f� �A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �C�o�n�s�u�m�e�r� �S�e�r�v�i�c�e�s�,� �a�n�d� �t�h�e� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� 
�S�e�r�v�i�c�e�s� �o�f� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� �a�n�d� �V�i�r�g�i�n�i�a� 
�S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.� 

�2�.� �s�t�u�d�y� �t�h�e� �a�m�o�u�n�t� �o�f� �y�a�r�d� �w�a�s�t�e� �m�a�t�e�r�i�a�l� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �p�o�t�e�n�t�i�a�l� �r�e�d�u�c�t�i�o�n� �o�f� �-� 
�s�u�c�h� �m�a�t�e�r�i�a�l� �f�r�o�m� �t�h�e� �w�a�s�t�e� �s�t�r�e�a�m�,� �t�h�e� �c�u�r�r�e�n�t� �a�n�d� �f�u�t�u�r�e� �u�s�e�s� �f�o�r� �t�h�e� �e�n�d� 
�p�r�o�d�u�c�t�,� �t�h�e� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �y�a�r�d� �w�a�s�t�e� �c�o�m�p�o�s�t�,� �t�h�e� �e�c�o�-� 
�n�o�m�i�c� �i�m�p�a�c�t�s� �a�n�d� �b�e�n�e�f�i�t�s� �t�o� �t�h�e� �C�o�m�m�o�n�w�e�a�l�t�h�,� �a�n�d� �t�h�e� �l�e�v�e�l� �o�f� �p�a�r�t�i�c�i�p�a�-� 
�t�i�o�n� �o�f� �t�h�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r�.� 

�3�.� �d�e�v�e�l�o�p� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �s�t�a�t�e�w�i�d�e� �p�r�o�g�r�a�m�.� 

�A�n� �a�d�v�i�s�o�r�y� �c�o�m�m�i�t�t�e�e� �o�f� �r�e�p�r�e�s�e�n�t�a�t�i�v�e�s� �f�r�o�m� �t�h�e� �a�g�e�n�c�i�e�s� �r�e�f�e�r�e�n�c�e�d� �i�n� �H�J�R� �3�9�5� 
�w�a�s� �f�o�r�m�e�d� �i�n� �M�a�y�,� �1�9�8�9�.� �T�h�e� �c�o�m�m�i�t�t�e�e� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� 
�M�a�n�a�g�e�m�e�n�t� �a�c�c�e�p�t� �a� �p�r�o�p�o�s�a�l� �f�r�o�m� �t�h�e� �C�o�l�l�e�g�e� �o�f� �A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �L�i�f�e� �S�c�i�e�n�c�e�s� �a�t� 
�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�,� �a�n�d� �t�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� 
�S�e�r�v�i�c�e�,� �t�o� �c�o�n�d�u�c�t� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y�.� �T�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �a�p�p�r�o�v�e�d� 
�t�h�e� �c�o�m�m�i�t�t�e�e ��s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n� �a�n�d� �i�n� �J�u�n�e� �9�8�9�,� �a�c�o�n�t�r�a�c�t� �w�a�s� �e�n�t�e�r�e�d� �i�n�t�o� �b�e�t�w�e�e�n� 
�t�h�e� �D�e�p�a�r�t�m�e�n�t� �a�n�d� �V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y�.



�5�7� 

�T�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �r�e�q�u�e�s�t�e�d� �t�h�a�t� �t�h�e� �s�c�o�p�e� �o�f� �t�h�e� �s�t�u�d�y� 
�p�r�o�p�o�s�a�l� �b�e� �e�x�p�a�n�d�e�d� �t�o� �i�n�c�l�u�d�e� �a� �m�a�j�o�r� �e�m�p�h�a�s�i�s� �o�n� �t�h�e� �m�a�r�k�e�l�s� �f�o�r� �c�o�m�p�o�s�t�e�d� �y�a�r�d� 
�w�a�s�t�e� �a�n�d� �t�h�a�t� �p�o�t�e�n�t�i�a�l� �u�s�e�r�s� �b�e� �i�d�e�n�t�i�f�i�e�d�.� 

�T�h�e� �r�e�s�e�a�r�c�h� �s�t�u�d�y� �b�e�g�a�n� �o�n� �J�u�l�y� �1�,� �1�9�8�9� �a�n�d� �w�a�s� �c�o�n�c�l�u�d�e�d� �o�n� �D�e�c�e�m�b�e�r� �1�,� �1�9�8�9�.� 
�A� �f�i�n�a�l� �r�e�p�o�r�t� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �s�t�u�d�y�'�s� �f�i�n�d�i�n�g�s� �a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �w�a�s� �p�r�e�s�e�n�t�e�d� �t�o� �t�h�e� 
�D�e�p�a�r�t�m�e�n�t� �a�n�d� �t�h�e� �o�t�h�e�r� �r�e�f�e�r�e�n�c�e�d� �a�g�e�n�c�i�e�s� �o�n� �D�e�c�e�m�b�e�r� �7�,� �1�9�8�9�.� 

�T�h�e� �f�i�n�a�l� �r�e�p�o�r�t�,�  ��T�h�e� �F�e�a�s�i�b�i�l�i�t�y� �O�f� �A� �S�t�a�t�e�w�i�d�e� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �P�r�o�g�r�a�m� 
�F�o�r� �V�i�r�g�i�n�i�a ��,� �h�a�s� �b�e�e�n� �r�e�p�r�o�d�u�c�e�d� �i�n� �i�t�s� �e�n�t�i�r�e�t�y� �f�o�r� �t�h�i�s� �d�o�c�u�m�e�n�t�,� �a�n�d� �b�e�g�i�n�s� �o�n� �t�h�e� 
�f�o�l�l�o�w�i�n�g� �p�a�g�e�.� �T�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �t�h�e� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �a�n�d� �t�h�e� 
�G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �a�r�e� �l�i�s�t�e�d� �i�n� �t�h�e� �E�x�e�c�u�t�i�v�e� �S�u�m�m�a�r�y� �s�e�c�t�i�o�n� �o�f� �t�h�e� �r�e�p�o�r�t� �a�n�d� �a�r�e� 
�e�x�p�l�a�i�n�e�d� �i�n� �d�e�t�a�i�l�,� �b�e�g�i�n�n�i�n�g� �o�n� �p�a�g�e� �3�9�.� 

�T�h�e� �D�e�p�a�r�t�m�e�n�t� �h�a�s� �b�e�g�u�n� �c�o�o�r�d�i�n�a�t�i�o�n� �o�f� �t�h�e� �a�d�m�i�n�i�s�t�r�a�t�i�v�e� �a�n�d� �r�e�g�u�l�a�t�o�r�y� 
�c�h�a�n�g�e�s� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �t�h�e� �s�t�u�d�y�,� �s�o� �t�h�a�t� �c�o�m�p�o�s�t�i�n�g� �a�s� �a� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� 
�t�e�c�h�n�i�q�u�e� �m�a�y� �b�e� �m�o�r�e� �w�i�d�e�l�y� �e�m�p�l�o�y�e�d�.



�T�h�e� �F�e�a�s�i�b�i�l�i�t�y� �o�f� �A� �S�t�a�t�e�w�i�d�e� 

�Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �P�r�o�g�r�a�m� �f�o�r� �V�i�r�g�i�n�i�a� 

�T�h�o�m�a�s� �W�.� �S�i�m�p�s�o�n� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �C�r�o�p� �a�n�d� �S�o�i�l� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�c�i�e�n�c�e�s� 

�a�n�d� 

�J�a�m�e�s� �H�.� �M�a�y� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �H�o�r�t�i�c�u�l�t�u�r�e� 

�C�o�l�l�e�g�e� �o�f� �A�g�r�i�c�u�l�t�u�r�e� �a�n�d� �L�i�f�e� �S�c�i�e�n�c�e�s� 
�V�i�r�g�i�n�i�a� �P�o�l�y�t�e�c�h�n�i�c� �I�n�s�t�i�t�u�t�e� �a�n�d� �S�t�a�t�e� �U�n�i�v�e�r�s�i�t�y� 

�a�n�d� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� 

�S�u�b�m�i�t�t�e�d� �t�o� 
�V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� 

�N�o�v�e�m�b�e�r�,� �1�9�8�9� 

�5�8



�5�9� 

�T�A�B�L�E� �O�F� �C�O�N�T�E�N�T�S� 

�E�x�e�c�u�t�i�v�e� �S�u�m�M�M�a�r�y� �.�.� �1�.�.�.� �2� �e�e�e� �e�e� �e�n�e� 

�I�n�t�r�o�d�u�c�t�i�o�n� �2�.�.�.� �e�e� �e�e� �e�e�e� �e�e�e� �e�e�e� 

�M�e�t�h�o�d�s� �.�.�.�.�.�.�.�.�.�.�.� �c�e�e� �e�e� �e�e� �e�e�e� �e�e�e� �e�e�e� �e�e�n�s� 

�C�u�r�r�e�n�t� �Y�a�r�d�w�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �P�r�a�c�t�i�c�e�s� �i�n� �V�i�r�g�i�n�i�a� �.�.�.�.�.�.�.�.�.�.�.� 

�M�a�r�k�e�t�s� �a�n�d� �U�s�e�s� �f�o�r� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t� �.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�-� 

�R�e�g�u�l�a�t�i�o�n� �o�f� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t� �.�.�.�.�.�.�.�.�.�.� �2�0�0�.� �e� �e�e�e� �e�e�e� 

�Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �T�e�c�h�n�o�l�o�g�i�e�s� �.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�-�2�+�0�0�0�8�-� 

�B�a�c�k�y�a�r�d� �C�o�m�p�o�s�t�i�n�g� �.�.�.�.�.�.�.�.�.�.� �0�0�:� �e�e� �e�e�e� �e�e�e� �e�e�e� 

�T�h�e� �P�o�t�e�n�t�i�a�l� �f�o�r� �C�o�m�p�o�s�t�i�n�g� �Y�a�r�d�w�a�s�t�e� �w�i�t�h� �O�t�h�e�r� �O�r�g�a�n�i�c� �W�a�s�t�e� �.�.�.� 

�C�o�m�p�o�s�t�i�n�g� �E�q�u�i�p�m�e�n�t� �.�.�.�.�.�.�.�.�.�.�.� �0�.�.�.� �c�c� �e�e�e� �e�e�e� �e�e�e� 

�E�v�a�l�u�a�t�i�n�g� �t�h�e� �C�o�s�t� �o�f� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �O�p�t�i�o�n�s� �.�.�.�.�.�.�.�.�.�.� 

�R�o�l�e� �o�f� �t�h�e� �P�r�i�v�a�t�e� �S�e�c�t�o�r� �i�n� �Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �.�.�.�.�.�.�.�.�.�.�.� 

�W�o�o�d�y� �W�a�s�t�e� �.�.�.�.�.�.�.�.�.� �0�.�.�.� �c�e�c�e� �e�e� �e�e�e� �e�e�n�s� 

�C�o�n�c�l�u�s�i�o�n�s� �.�.� �0�.�.�.� �.� �e�e� �e�n�e� �e�e�e� �e�e�e� �e�e�n�s� 

�R�e�c�o�m�m�e�n�d�a�t�i�o�n�s�,� �Y�a�r�d�w�a�s�t�e� �a�n�d� �W�o�o�d�y� �W�a�s�t�e� �.�.�.�.�.�.�.�.�.�.�.�.�.� 

�B�i�b�l�i�o�g�r�a�p�h�y� �.�.�.�.�.�.�.� �0�.� �e�e� �e�e�e� �e�e�n�s� 

�A�p�p�e�n�d�i�x� �C�1�.� �C�o�n�t�a�c�t�s� �f�o�r� �S�i�t�e�-�V�i�s�i�t�s� �a�n�d� �T�e�l�e�p�h�o�n�e� �I�n�t�e�r�v�i�e�w�s� �.�.�.�.� 

�A�p�p�e�n�d�i�x� �C�2�.� �P�o�t�e�n�t�i�a�l� �C�o�m�p�o�s�t� �U�s�e�r� �G�r�o�u�p�s� �a�n�d� �S�p�e�c�i�f�i�c� 
�P�o�t�e�n�t�i�a�l� �U�s�e�r�s� �i�n� �t�h�e� �N�u�r�s�e�r�y� �I�n�d�u�s�t�r�y� �.�.�.�.�.�.�.�.�.�.� 

�A�p�p�e�n�d�i�x� �C�3�.� �Y�a�r�d�w�a�s�t�e� �E�q�u�i�p�m�e�n�t� �M�a�n�u�f�a�c�t�u�r�e�r�s� �a�n�d� �V�e�n�d�o�r�s� �.�.�.� 

�P�a�g�e� 

�6�4� 

�6�7� 

�7�8� 

�8�2� 

�8�4� 

�8�6� 

�9�1� 

�9�3� 

�9�5� 

�1�0�0� 

�1�0�4� 

�1�0�5� 

�1�0�8� 

�1�1�0� 

�1�2�1� 

�1�3�0� 

�1�3�3� 

�1�3�6



�E�X�E�C�U�T�I�V�E� �S�U�M�M�A�R�Y� 

�T�h�e� �F�e�a�s�i�b�i�l�i�t�y� �o�f� �a� �S�t�a�t�e�w�i�d�e� 
�Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g� �P�r�o�g�r�a�m� �f�o�r� �V�i�r�g�i�n�i�a� 

�T�h�i�s� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �d�e�v�e�l�o�p�i�n�g� �a�n�d� �i�m�p�l�e�m�e�n�t�i�n�g� �a� 

�s�t�a�t�e�w�i�d�e� �p�r�o�g�r�a�m� �f�o�r� �c�o�m�p�o�s�t�i�n�g� �y�a�r�d�w�a�s�t�e� �(�l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�)�.� �T�h�e� �s�t�u�d�y� �w�a�s� 

�c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �f�o�r� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �W�a�s�t�e� 

�M�a�n�a�g�e�m�e�n�t� �a�s� �d�i�r�e�c�t�e�d� �b�y� �t�h�e� �1�9�8�9� �S�e�s�s�i�o�n� �o�f� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �p�u�r�s�u�a�n�t� �t�o� �H�o�u�s�e� �J�o�i�n�t� 

�R�e�s�o�l�u�t�i�o�n� �N�o�.� �3�9�5�.� 

�C�u�r�r�e�n�t�l�y�,� �m�o�s�t� �y�a�r�d�w�a�s�t�e�s� �a�r�e� �d�i�s�p�o�s�e�d� �i�n� �l�a�n�d�f�i�l�l�s�,� �a�l�t�h�o�u�g�h� �t�h�a�t� �p�r�a�c�t�i�c�e� �i�s� �b�e�i�n�g� �r�e�d�u�c�e�d� 

�r�a�p�i�d�l�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �n�a�t�i�o�n�.� �T�h�e�r�e� �i�s� �a� �s�e�r�i�o�u�s� �n�a�t�i�o�n�a�l� �c�r�i�s�i�s� �c�o�n�c�e�r�n�i�n�g� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� 

�a�n�d� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �a�n�d� �c�o�s�t� �o�f� �l�a�n�d�f�i�l�l� �s�p�a�c�e�.� �A�s� �a� �r�e�s�u�l�t�,� �l�o�c�a�l�,� �s�t�a�t�e� �a�n�d� �f�e�d�e�r�a�l� �g�o�v�e�r�n�m�e�n�t�s� �a�r�e� 

�f�o�c�u�s�i�n�g� �a�t�t�e�n�t�i�o�n� �o�n� �m�e�a�n�s� �o�f� �r�e�d�u�c�i�n�g� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �(�M�S�W�)� �v�o�l�u�m�e�s� �r�e�q�u�i�r�i�n�g� �l�a�n�d�f�i�l�l�i�n�g�.� 

�I�t� �i�s� �a�p�p�a�r�e�n�t� �i�n� �V�i�r�g�i�n�i�a� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�o�u�n�t�r�y� �t�h�a�t� �y�a�r�d�w�a�s�t�e� �m�a�y� �b�e� �a� �k�e�y� �M�S�W� �c�o�m�p�o�n�e�n�t� 

�i�n� �a�c�h�i�e�v�i�n�g� �s�u�b�s�t�a�n�t�i�a�l� �s�o�u�r�c�e� �r�e�d�u�c�t�i�o�n�/�r�e�c�y�c�l�i�n�g� �i�n� �a� �s�h�o�r�t� �t�i�m�e� �p�e�r�i�o�d�.� �T�y�p�i�c�a�l�l�y�,� �y�a�r�d�w�a�s�t�e� �i�s� 

�t�h�o�u�g�h�t� �t�o� �c�o�m�p�r�i�s�e� �1�5� �t�o� �2�0�%� �o�f� �t�h�e� �M�S�W� �v�o�l�u�m�e� �b�u�t� �r�a�n�g�e�s� �f�r�o�m� �5� �t�o� �4�0�%�.� 

�H�o�w�e�v�e�r�,� �d�i�v�e�r�t�i�n�g� �y�a�r�d�w�a�s�t�e� �f�r�o�m� �l�a�n�d�f�i�l�l�s� �r�e�q�u�i�r�e�s� �a�l�t�e�r�n�a�t�i�v�e� �p�r�o�c�e�s�s�i�n�g� �(�c�o�m�p�o�s�t�i�n�g�)� �a�n�d� 

�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �u�s�e�s� �a�n�d� �m�a�r�k�e�t�s� �f�o�r� �t�h�e� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�s�.� �A�s� �a� �r�e�s�u�l�t�,� �a� �m�a�j�o�r� �f�o�c�u�s� �o�f� �t�h�i�s� 

�s�t�u�d�y� �w�a�s� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �m�a�r�k�e�t� �f�o�r� �c�o�m�p�o�s�t�e�d� �y�a�r�d�w�a�s�t�e�,� �i�d�e�n�t�i�f�y� �p�o�t�e�n�t�i�a�l� �u�s�e�r� �g�r�o�u�p�s� 

�a�n�d� �e�s�t�i�m�a�t�e� �t�h�e� �v�o�l�u�m�e� �t�h�a�t� �c�o�u�l�d� �b�e� �m�a�r�k�e�t�e�d�.� �A�d�d�i�t�i�o�n�a�l� �e�m�p�h�a�s�i�s� �w�a�s� �p�l�a�c�e�d� �o�n� �t�h�e� �a�m�o�u�n�t� 

�o�f� �m�a�t�e�r�i�a�l�,� �t�h�e� �s�u�i�t�a�b�i�l�i�t�y� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�n�e�n�t�s� �f�o�r� �c�o�m�p�o�s�t�i�n�g�,� �p�o�t�e�n�t�i�a�l� �r�e�d�u�c�t�i�o�n�s� �i�n� �M�S�W� 

�v�o�l�u�m�e�s�,� �a�p�p�r�o�p�r�i�a�t�e� �t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �t�h�e�i�r� �c�o�s�t�s�,� �c�o�s�t� �s�a�v�i�n�g�s� �a�n�d� �t�h�e� 

�r�o�l�e� �o�f� �t�h�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r�.� �A� �s�e�c�o�n�d�a�r�y� �f�o�c�u�s� �w�a�s� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �r�e�m�o�v�i�n�g� �w�o�o�d�y� �w�a�s�t�e� �f�r�o�m� 

�t�h�e� �w�a�s�t�e� �s�t�r�e�a�m�.� �W�h�i�l�e� �c�o�n�d�u�c�t�i�n�g� �t�h�e� �s�t�u�d�y�,� �i�t� �a�l�s�o� �b�e�c�a�m�e� �e�v�i�d�e�n�t� �t�h�a�t� �m�e�t�h�o�d�s� �t�o� �c�h�a�n�g�e� 

�p�u�b�l�i�c� �p�e�r�c�e�p�t�i�o�n�/�b�e�h�a�v�i�o�r� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �n�e�e�d� �t�o� �c�o�l�l�e�c�t� �y�a�r�d�w�a�s�t�e�,� �p�a�r�t�i�c�u�l�a�r�l�y� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�,� 

�6�0



�6�1� 

�s�h�o�u�l�d� �b�e� �e�v�a�l�u�a�t�e�d�.� 

�M�E�T�H�O�D�S� 

�A�c�o�m�p�u�t�e�r�i�z�e�d� �l�i�t�e�r�a�t�u�r�e� �s�e�a�r�c�h� �c�o�n�d�u�c�t�e�d� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�,� �i�d�e�n�t�i�f�i�e�d� �s�e�v�e�r�a�l� �h�u�n�d�r�e�d� �a�r�t�i�c�l�e�s�,� 

�j�o�u�r�n�a�l�s�,� �m�a�n�u�a�l�s� �a�n�d� �b�o�o�k�s� �i�n� �p�r�i�n�t� �o�n� �t�h�e� �s�u�b�j�e�c�t� �o�f� �c�o�m�p�o�s�t�i�n�g�.� �A� �c�o�m�p�l�e�t�e� �l�i�s�t�i�n�g� �o�f� �a�l�l� �a�r�t�i�c�l�e�s�,� 

�j�o�u�r�n�a�l�s�,� �b�o�o�k�s� �a�n�d� �m�a�n�u�a�l�s� �u�s�e�d� �i�n� �c�o�m�p�i�l�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �c�a�n� �b�e� �f�o�u�n�d� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �r�e�p�o�r�t�.� 

�T�e�n� �c�o�m�p�o�s�t�i�n�g� �s�i�t�e�s� �a�r�o�u�n�d� �t�h�e� �c�o�u�n�t�r�y� �w�e�r�e� �v�i�s�i�t�e�d� �d�u�r�i�n�g� �t�h�e� �s�t�u�d�y� �a�n�d� �t�e�l�e�p�h�o�n�e� 

�i�n�t�e�r�v�i�e�w�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �w�i�t�h� �r�e�g�u�l�a�t�o�r�s�,� �c�o�n�s�u�l�t�a�n�t�s� �a�n�d� �f�a�c�i�l�i�t�y� �o�p�e�r�a�t�o�r�s� �a�t� �o�t�h�e�r� �l�o�c�a�t�i�o�n�s�.� 

�T�h�r�e�e� �s�u�r�v�e�y�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�m�p�o�s�t�a�b�l�e� �y�a�r�d�w�a�s�t�e� �p�o�t�e�n�t�i�a�l�l�y� 

�a�v�a�i�l�a�b�l�e�,� �t�h�e� �p�e�r�c�e�i�v�e�d� �m�a�r�k�e�t�s� �f�o�r� �c�o�m�p�o�s�t� �a�n�d� �i�n�t�e�r�e�s�t� �i�n� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �c�o�m�p�o�s�t� �u�t�i�l�i�z�a�t�i�o�n�.� 

�V�i�r�g�i�n�i�a� �N�u�r�s�e�r�y� �O�p�e�r�a�t�o�r�s�,� �S�o�l�i�d� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �P�e�r�m�i�t� �H�o�l�d�e�r�s� �a�n�d� �E�x�t�e�n�s�i�o�n� �A�g�e�n�t�s�-� 

�A�g�r�i�c�u�l�t�u�r�e� �w�e�r�e� �s�u�r�v�e�y�e�d�.� �E�a�c�h� �s�u�r�v�e�y� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �m�a�t�c�h� �t�h�e� �a�r�e�a� �o�f� �e�x�p�e�r�t�i�s�e� �o�f� �t�h�e� 

�i�n�d�i�v�i�d�u�a�l� �g�r�o�u�p�.� 

�R�e�s�u�l�t�s� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s�-�Y�a�r�d�w�a�s�t�e� 

�T�h�e� �f�i�r�s�t� �c�o�n�c�e�r�n� �f�o�r� �a�n�y� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m� �i�s� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e�n�e�s�s� �o�f� �a�v�a�i�l�a�b�l�e� �t�e�c�h�n�o�l�o�g�y�.� 

�T�h�e� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �m�a�t�e�r�i�a�l�,� �a�v�a�i�l�a�b�l�e� �l�a�n�d� �a�r�e�a�,� �n�u�i�s�a�n�c�e� 

�p�o�t�e�n�t�i�a�l�,� �e�q�u�i�p�m�e�n�t� �a�v�a�i�l�a�b�i�l�i�t�y�,� �a�v�a�i�l�a�b�l�e� �r�e�s�o�u�r�c�e�s�,� �p�o�t�e�n�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �h�a�r�m� �a�n�d� �r�e�g�u�l�a�t�o�r�y� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �S�t�r�o�m� �a�n�d� �F�i�n�s�t�e�i�n� �(�1�9�8�6�)� �c�l�a�s�s�i�f�i�e�d� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�c�e�d�u�r�e�s� �i�n�t�o� �f�o�u�r� 

�l�e�v�e�l�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �b�a�s�e�d� �o�n� �e�q�u�i�p�m�e�n�t� �a�n�d� �r�e�s�o�u�r�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� �c�o�m�p�o�s�t�i�n�g� �t�i�m�e�,� �l�a�n�d� �a�r�e�a� 

�r�e�q�u�i�r�e�m�e�n�t� �a�n�d� �q�u�a�l�i�t�y� �o�f� �t�h�e� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�.� �T�h�e�s�e� �f�o�u�r� �l�e�v�e�l�s� �a�r�e� �m�i�n�i�m�a�l�,� �l�o�w�,� �i�n�t�e�r�m�e�d�i�a�t�e� 

�a�n�d� �h�i�g�h� �t�e�c�h�n�o�l�o�g�i�e�s�.� �B�a�s�e�d� �o�n� �t�h�i�s� �s�t�u�d�y�,� �t�h�e� �l�o�w� �l�e�v�e�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �i�s� �b�e�s�t� �s�u�i�t�e�d� �f�o�r� �s�m�a�l�l� �t�o� 

�m�e�d�i�u�m� �l�o�c�a�l�i�t�i�e�s� �a�n�d� �i�n�t�e�r�m�e�d�i�a�t�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �m�e�d�i�u�m� �t�o� �h�i�g�h� �p�o�p�u�l�a�t�i�o�n� 

�a�r�e�a�s�.� 

�S�u�r�v�e�y� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�t� �l�e�a�s�t� �8�8�3�%� �a�n�d� �8�1�%� �o�f� �t�h�e� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�r�s� �s�u�r�v�e�y�e�d
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�l�a�n�d�f�i�l�l�e�d� �t�h�e�i�r� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �I�f� �a� �c�o�n�s�e�r�v�a�t�i�v�e� �a�v�e�r�a�g�e� �o�f� �1�5�%� �y�a�r�d�w�a�s�t�e� 

�i�s� �u�s�e�d� �w�i�t�h� �a�n� �a�p�p�r�o�x�i�m�a�t�e� �t�o�t�a�l� �M�S�W� �v�o�l�u�m�e� �o�f� �6�.�5� �m�i�l�l�i�o�n� �t�o�n�s� �p�e�r� �y�e�a�r�,� �t�h�e�n� �a�b�o�u�t� �o�n�e� �m�i�l�l�i�o�n� 

�t�o�n�s� �o�r� �f�o�u�r� �m�i�l�l�i�o�n� �c�u�b�i�c� �y�a�r�d�s� �o�f� �y�a�r�d�w�a�s�t�e� �a�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �V�i�r�g�i�n�i�a� �e�a�c�h� �y�e�a�r� �w�i�t�h� �t�h�e� �v�a�s�t� 

�m�a�j�o�r�i�t�y� �g�o�i�n�g� �t�o� �l�a�n�d�f�i�l�l�s�.� �T�h�e� �a�v�e�r�a�g�e� �l�a�n�d�f�i�l�l� �t�i�p�p�a�g�e� �f�e�e� �f�o�r� �s�u�r�v�e�y� �r�e�s�p�o�n�d�e�n�t�s� �w�a�s� �$�1�9�.�6�3� �/�t�o�n�.� 

�T�h�e�s�e� �f�e�e�s� �s�h�o�u�l�d� �r�i�s�e� �r�a�p�i�d�l�y� �i�n� �t�h�e� �n�e�a�r� �f�u�t�u�r�e�.� �B�a�s�e�d� �o�n� �p�r�o�j�e�c�t�e�d� �y�a�r�d�w�a�s�t�e� �v�o�l�u�m�e�s� �a�n�d� �t�h�e� 

�a�v�e�r�a�g�e� �t�i�p�p�a�g�e� �f�e�e�,� �l�a�n�d�f�i�l�l� �s�p�a�c�e� �v�a�l�u�e�d� �a�t� �a�l�m�o�s�t� �t�w�e�n�t�y� �m�i�l�l�i�o�n� �d�o�l�l�a�r�s� �i�s� �b�e�i�n�g� �u�s�e�d� �f�o�r� 

�y�a�r�d�w�a�s�t�e�.� 

�I�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t�,� �i�f� �a�l�l� �y�a�r�d�w�a�s�t�e� �i�n� �V�i�r�g�i�n�i�a� �w�e�r�e� �c�o�m�p�o�s�t�e�d�,� �8�0�0�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �o�f� �f�i�n�i�s�h�e�d� 

�c�o�m�p�o�s�t� �w�o�u�l�d� �b�e� �g�e�n�e�r�a�t�e�d� �e�a�c�h� �y�e�a�r�.� �H�o�w�e�v�e�r�,� �e�f�f�o�r�t�s� �w�i�l�l� �b�e� �m�a�d�e� �t�o� �r�e�d�u�c�e� �g�r�a�s�s� �c�l�i�p�p�i�n�g� 

�r�e�m�o�v�a�l� �a�n�d� �i�n�c�r�e�a�s�e� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g�.� �T�h�i�s� �s�h�o�u�l�d� �r�e�s�u�l�t� �i�n� �a�n� �a�n�n�u�a�l� �c�o�m�p�o�s�t� �v�o�l�u�m�e� �o�f� 

�l�e�s�s� �t�h�a�n� �6�0�0�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �p�e�r� �y�e�a�r�.� �C�u�r�r�e�n�t� �d�e�m�a�n�d� �f�o�r� �s�i�m�i�l�a�r� �m�a�t�e�r�i�a�l�s� �(�p�e�a�t� �m�o�s�s�,� �o�r�g�a�n�i�c� 

�m�a�t�e�r�i�a�l�s� �i�n� �p�o�t�t�i�n�g� �m�i�x�e�s�,� �e�t�c�)� �c�o�u�l�d� �a�c�c�o�u�n�t� �f�o�r� �a�b�o�u�t� �t�w�o� �t�h�i�r�d�s� �o�f� �t�h�a�t� �v�o�l�u�m�e�.� �T�h�r�o�u�g�h� �p�u�b�l�i�c� 

�e�d�u�c�a�t�i�o�n�,� �i�n�c�r�e�a�s�e�d� �p�u�b�l�i�c� �s�e�c�t�o�r� �u�s�e� �a�n�d� �o�t�h�e�r� �r�e�c�o�m�m�e�n�d�e�d� �p�r�o�g�r�a�m�s�,� �i�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� 

�m�a�r�k�e�t�s� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �a�l�l� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�.� �M�u�n�i�c�i�p�a�l�i�t�i�e�s� �s�h�o�u�l�d� �a�l�s�o� �e�n�c�o�u�r�a�g�e� 

�b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �a�s� �a� �p�a�r�t� �o�f� �t�h�e�i�r� �o�v�e�r�a�l�l� �y�a�r�d�w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �p�r�o�g�r�a�m�.� �P�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� 

�b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �w�i�l�l� �d�e�p�e�n�d� �i�n� �p�a�r�t� �o�n� �t�h�e� �p�u�b�l�i�c ��s� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �c�o�s�t� �a�n�d� �p�r�o�b�l�e�m�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�a�n�d�f�i�l�l�i�n�g� �o�r� �o�t�h�e�r�w�i�s�e� �d�i�s�p�o�s�i�n�g� �o�f� �y�a�r�d�w�a�s�t�e�s�.� 

�I�t� �i�s� �a�p�p�a�r�e�n�t� �t�h�a�t� �y�a�r�d�w�a�s�t�e� �c�a�n� �b�e� �c�o�m�p�o�s�t�e�d� �a�t� �a� �c�o�s�t� �l�e�s�s� �t�h�a�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�a�t�e� �a�v�e�r�a�g�e� 

�t�i�p�p�a�g�e� �f�e�e� �(�$�1�9�.�6�3�/�t�o�n�)�.� �T�h�u�s�,� �s�t�a�t�e�w�i�d�e� �c�o�m�p�o�s�t�i�n�g� �o�f� �y�a�r�d�w�a�s�t�e� �i�s� �f�e�a�s�i�b�l�e� �a�n�d� �s�h�o�u�l�d� �r�e�s�u�l�t� �i�n� 

�s�u�b�s�t�a�n�t�i�a�l� �s�a�v�i�n�g�s� �f�o�r� �l�o�c�a�l�i�t�i�e�s�.� �I�t� �i�s� �t�h�e�r�e�f�o�r�e� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �t�h�e� �s�t�a�t�e� �p�r�o�h�i�b�i�t� �t�h�e� �p�l�a�c�e�m�e�n�t� 

�o�f� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �i�n� �l�a�n�d�f�i�l�l�s� �a�f�t�e�r� �J�a�n�u�a�r�y� �1�,� �1�9�9�5�.� �T�o� �a�c�c�o�m�p�l�i�s�h� �t�h�i�s� �g�o�a�l�,� �c�h�a�n�g�e�s� 

�m�u�s�t� �b�e� �m�a�d�e� �i�n� �t�h�e� �S�o�l�i�d� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �R�e�g�u�l�a�t�i�o�n�s� �t�o� �f�a�c�i�l�i�t�a�t�e� �s�i�t�i�n�g� �a�n�d� �o�p�e�r�a�t�i�o�n� �o�f� 

�y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�i�e�s�.� �S�o�m�e� �l�o�c�a�l�i�t�i�e�s� �m�a�y� �n�e�e�d� �a�s�s�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �V�i�r�g�i�n�i�a� �R�e�s�o�u�r�c�e� 

�A�u�t�h�o�r�i�t�y� �t�o� �a�s�s�i�s�t� �w�i�t�h� �c�a�p�i�t�a�l� �c�o�s�t�s�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �i�s� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �p�r�i�v�a�t�e� �s�e�c�t�o�r� �i�n�t�e�r�e�s�t� �i�n� 

�c�o�m�p�o�s�t�i�n�g� �a�t� �r�a�t�e�s� �b�e�l�o�w� �l�a�n�d�f�i�l�l� �t�i�p�p�a�g�e� �f�e�e�s� �w�h�i�c�h� �c�o�u�l�d� �r�e�d�u�c�e� �c�a�p�i�t�a�l� �o�u�t�l�a�y� �b�u�r�d�e�n�s� �o�n
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�l�o�c�a�l�i�t�i�e�s�.� �T�o� �p�r�o�v�i�d�e� �i�n�c�e�n�t�i�v�e� �f�o�r� �p�r�i�v�a�t�e� �c�o�m�p�o�s�t�i�n�g� �f�a�c�i�l�i�t�i�e�s�,� �i�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �l�o�w� �i�n�t�e�r�e�s�t� 

�l�o�a�n�s� �a�n�d�/�o�r� �t�a�x� �i�n�c�e�n�t�i�v�e�s� �b�e� �p�r�o�v�i�d�e�d� �f�o�r� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �s�u�c�h� �f�a�c�i�l�i�t�i�e�s�.� 

�F�o�r� �t�h�e� �p�r�o�g�r�a�m� �t�o� �s�u�c�c�e�e�d�,� �t�h�e� �t�e�c�h�n�o�l�o�g�i�e�s� �m�u�s�t� �b�e� �u�n�d�e�r�s�t�o�o�d� �b�y� �s�t�a�t�e� �a�n�d� �l�o�c�a�l� 

�g�o�v�e�r�n�m�e�n�t� �a�n�d� �p�r�i�v�a�t�e� �p�e�r�s�o�n�n�e�l�,� �t�h�e� �d�e�m�a�n�d� �f�o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �m�u�s�t� �i�n�c�r�e�a�s�e� �a�n�d� �t�h�e� 

�v�o�l�u�m�e� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�l�l�e�c�t�e�d� �(�p�a�r�t�i�c�u�l�a�r�l�y� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�)� �m�u�s�t� �d�e�c�r�e�a�s�e�.� �T�o� �i�n�c�r�e�a�s�e� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�e�c�h�n�o�l�o�g�i�e�s� �a�n�d� �u�s�e� �v�o�l�u�m�e�,� �s�i�x� �p�i�l�o�t� �p�r�o�j�e�c�t�s� �w�i�t�h� �a�n� �a�s�s�o�c�i�a�t�e�d� �p�u�b�l�i�c� 

�e�d�u�c�a�t�i�o�n� �p�r�o�g�r�a�m� �s�h�o�u�l�d� �b�e� �c�o�n�d�u�c�t�e�d�.� �P�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �o�n� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �i�s� �n�e�e�d�e�d� �a�s� 

�i�s� �a�n� �e�d�u�c�a�t�i�o�n�a�l� �p�r�o�g�r�a�m� �t�o� �r�e�d�u�c�e� �t�h�e� �r�e�m�o�v�a�l� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� 

�L�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �s�h�o�u�l�d� �a�l�s�o� �b�e� �e�n�c�o�u�r�a�g�e�d� �t�o� �r�e�s�t�r�i�c�t� �t�h�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �G�o�v�e�r�n�o�r� �s�h�o�u�l�d� �i�s�s�u�e� �a�n� �e�x�e�c�u�t�i�v�e� �o�r�d�e�r� �r�e�q�u�i�r�i�n�g� �s�t�a�t�e� �a�g�e�n�c�i�e�s� �t�o� �u�s�e� �o�r� �h�a�v�e� �t�h�e�i�r� 

�c�o�n�t�r�a�c�t�o�r�s� �u�s�e� �c�o�m�p�o�s�t�e�d� �y�a�r�d�w�a�s�t�e� �i�n� �p�l�a�c�e� �o�f� �c�o�m�p�a�r�a�b�l�e� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l�s� �w�h�e�n� �a�v�a�i�l�a�b�l�e� �a�t� 

�a� �c�o�m�p�e�t�i�t�i�v�e� �p�r�i�c�e� �a�n�d� �a�n� �a�c�c�e�p�t�a�b�l�e� �q�u�a�l�i�t�y�.� �T�h�i�s� �o�r�d�e�r� �s�h�o�u�l�d� �b�e�c�o�m�e� �e�f�f�e�c�t�i�v�e� �J�a�n�u�a�r�y� �1�,� �1�9�9�1�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s� �s�h�o�u�l�d� �b�e� �e�n�c�o�u�r�a�g�e�d� �t�o� �r�e�q�u�i�r�e� �l�o�c�a�l� �a�g�e�n�c�i�e�s� �t�o� �u�s�e� �c�o�m�p�o�s�t� 

�g�e�n�e�r�a�t�e�d� �w�i�t�h�i�n� �t�h�a�t� �l�o�c�a�l�i�t�y� �w�h�e�n� �a�p�p�r�o�p�r�i�a�t�e�.� 

�I�f� �t�h�e� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �o�f� �t�h�i�s� �r�e�p�o�r�t� �a�r�e� �i�m�p�l�e�m�e�n�t�e�d�,� �t�h�e� �g�o�a�l� �o�f� �r�e�m�o�v�i�n�g� �y�a�r�d�w�a�s�t�e� �f�r�o�m� 

�l�a�n�d�f�i�l�l�s� �b�y� �1�9�9�5� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d�.� �T�h�i�s� �w�i�l�l� �r�e�s�u�l�t� �i�n� �r�e�c�y�c�l�i�n�g� �o�f� �1�5�-�2�0�%� �o�f� �t�h�e� �t�o�t�a�l� �m�u�n�i�c�i�p�a�l� 

�s�o�l�i�d� �w�a�s�t�e� �v�o�l�u�m�e� �i�n� �V�i�r�g�i�n�i�a�.� 

�R�e�s�u�l�t�s� �a�n�d� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s�-�W�o�o�d�y� �W�a�s�t�e� 

�I�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �w�o�o�d�y� �w�a�s�t�e� �c�o�m�p�r�i�s�e�s� �1�5� �t�o� �2�0�%� �o�f� �t�h�e� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �v�o�l�u�m�e�.� 

�D�i�s�p�o�s�a�l� �o�f� �w�o�o�d�y� �w�a�s�t�e�s� �c�u�r�r�e�n�t�l�y� �c�o�n�s�i�s�t�s� �o�f� �l�a�n�d�f�i�l�l�i�n�g� �o�r� �b�u�r�n�i�n�g�.� �S�i�n�c�e� �w�o�o�d�y� �m�a�t�e�r�i�a�l�s� 

�d�e�c�o�m�p�o�s�e� �v�e�r�y� �s�l�o�w�l�y�,� �c�o�m�p�o�s�t�i�n�g� �i�s� �i�m�p�r�a�c�t�i�c�a�l� �i�n� �m�o�s�t� �c�a�s�e�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �m�a�t�e�r�i�a�l� �c�a�n� �b�e� 

�r�e�d�u�c�e�d� �i�n� �s�i�z�e� �a�n�d� �u�s�e�d� �i�n� �s�o�i�l� �m�i�x�e�s�,� �a�s� �m�u�l�c�h� �o�r� �a�s� �R�e�s�o�u�r�c�e� �D�e�r�i�v�e�d� �F�u�e�l� �(�R�D�F�)�.� �O�t�h�e�r� 

�p�o�t�e�n�t�i�a�l� �u�s�e�s� �w�o�u�l�d� �b�e� �f�o�r� �p�r�o�c�e�s�s�e�d� �w�o�o�d� �p�r�o�d�u�c�t�s�,� �s�u�c�h� �a�s� �p�a�r�t�i�c�l�e� �b�o�a�r�d� �o�r� �a�s� �p�u�l�p�.



�6�4� 

�V�i�r�g�i�n�i�a� �d�o�e�s� �n�o�t� �c�u�r�r�e�n�t�l�y� �h�a�v�e� �a� �g�o�o�d� �m�a�r�k�e�t� �f�o�r� �R�D�F� �s�o� �t�h�e� �m�a�j�o�r� �p�o�t�e�n�t�i�a�l� �u�s�e� �o�f� �w�o�o�d�y� 

�w�a�s�t�e� �w�o�u�l�d� �b�e� �m�u�l�c�h�.� �H�o�w�e�v�e�r�,� �t�h�e� �d�e�m�a�n�d� �f�o�r� �m�u�l�c�h� �i�s� �c�u�r�r�e�n�t�l�y� �f�i�l�l�e�d� �t�h�r�o�u�g�h� �t�h�e� �u�s�e� �o�f� �v�a�r�i�o�u�s� 

�w�a�s�t�e� �w�o�o�d� �b�y�-�p�r�o�d�u�c�t�s� �s�u�c�h� �a�s� �s�h�r�e�d�d�e�d� �b�a�r�k�.� �I�t� �a�l�s�o� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�e� �t�o�t�a�l� �d�e�m�a�n�d� �f�o�r� �m�u�l�c�h� 

�m�a�t�e�r�i�a�l�s� �i�s� �t�h�a�n� �h�a�l�f� �t�h�e� �v�o�l�u�m�e� �p�o�t�e�n�t�i�a�l�l�y� �a�v�a�i�l�a�b�l�e�.� 

�B�a�s�e�d� �o�n� �t�h�i�s� �s�t�u�d�y�,� �i�t� �i�s� �n�o�t� �c�u�r�r�e�n�t�l�y� �f�e�a�s�i�b�l�e� �t�o� �r�e�c�y�c�l�e� �a�l�l� �w�o�o�d�y� �w�a�s�t�e�.� �H�o�w�e�v�e�r�,� �g�i�v�e�n� 

�t�h�e� �l�a�r�g�e� �v�o�l�u�m�e� �o�f� �m�a�t�e�r�i�a�l�s�,� �t�h�e� �s�t�a�t�e� �s�h�o�u�l�d� �s�u�p�p�o�r�t� �p�r�o�g�r�a�m�s� �t�h�a�t� �w�i�l�l� �l�e�a�d� �t�o� �r�e�c�y�c�l�i�n�g� �o�f� �t�h�e� 

�m�a�t�e�r�i�a�l�.� �A�l�t�e�r�n�a�t�i�v�e� �u�s�e�s� �o�f� �w�o�o�d�y� �w�a�s�t�e� �m�u�s�t� �b�e� �d�e�v�e�l�o�p�e�d� �i�f� �t�h�e�s�e� �m�a�t�e�r�i�a�l�s� �a�r�e� �t�o� �b�e� �r�e�c�y�c�l�e�d�.� 

�W�o�o�d�y� �w�a�s�t�e� �a�r�e� �g�e�n�e�r�a�l�l�y� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �s�u�i�t�a�b�l�e� �f�o�r� �u�s�e� �i�n� �p�u�l�p�i�n�g� �o�r� �m�a�n�u�f�a�c�t�u�r�e�d� �w�o�o�d� 

�p�r�o�d�u�c�t�s� �(�p�r�e�s�s�b�o�a�r�d�,� �f�i�b�e�r�b�o�a�r�d�,� �e�t�c�.�)� �b�e�c�a�u�s�e� �o�f� �f�o�r�e�i�g�n� �m�a�t�e�r�i�a�l�s� �(�s�o�i�l�,� �r�o�c�k�s�,� �e�t�c�)�.� �A�d�d�i�t�i�o�n�a�l� 

�r�e�s�e�a�r�c�h� �i�s� �n�e�e�d�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �m�a�k�i�n�g� �w�o�o�d�y� �w�a�s�t�e� �s�u�i�t�a�b�l�e� �f�o�r� �t�h�e�s�e� �u�s�e�s� �o�r� 

�d�e�v�e�l�o�p�i�n�g� �o�t�h�e�r� �i�n�n�o�v�a�t�i�v�e� �b�e�n�e�f�i�c�i�a�l� �u�s�e�s�.� 

�I�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �a� �s�t�a�t�e� �o�f� �t�h�e� �a�r�t� �p�r�o�j�e�c�t� �b�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�e�c�h�n�o�l�o�g�i�c� 

�c�o�n�s�t�r�a�i�n�t�s� �o�n� �u�s�e�s� �o�f� �w�o�o�d�y� �w�a�s�t�e� �a�n�d� �t�o� �d�e�t�e�r�m�i�n�e� �r�e�s�e�a�r�c�h� �n�e�e�d�s�.� �B�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� 

�p�r�o�j�e�c�t�,� �r�e�s�e�a�r�c�h� �s�h�o�u�l�d� �b�e� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�v�e�l�o�p� �t�e�c�h�n�o�l�o�g�i�e�s� �t�h�a�t� �a�l�l�o�w� �t�h�e� �u�s�e� �o�f� �w�o�o�d�y� �w�a�s�t�e� 

�i�n� �m�a�n�u�f�a�c�t�u�r�e�d� �w�o�o�d� �p�r�o�d�u�c�t�s� �o�r� �p�u�l�p�.� �T�h�e� �p�o�t�e�n�t�i�a�l� �f�u�t�u�r�e� �R�D�F� �m�a�r�k�e�t� �f�o�r� �w�o�o�d�y� �w�a�s�t�e� �s�h�o�u�l�d� 

�a�l�s�o� �b�e� �d�e�t�e�r�m�i�n�e�d�.� �A�n� �o�n�g�o�i�n�g� �p�r�i�v�a�t�e� �s�e�c�t�o�r� �p�i�l�o�t� �p�r�o�g�r�a�m� �o�n� �t�h�e� �c�o�n�t�r�o�l�l�e�d� �l�o�n�g� �t�e�r�m� 

�d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �w�o�o�d�y� �w�a�s�t�e� �f�o�r� �u�s�e� �a�s� �a� �s�o�i�l� �a�m�e�n�d�m�e�n�t� �s�h�o�u�l�d� �a�l�s�o� �b�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �p�o�t�e�n�t�i�a�l� 

�a�p�p�l�i�c�a�b�i�l�i�t�y�.� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�i�s� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �d�e�v�e�l�o�p�i�n�g� �a�n�d� �i�m�p�l�e�m�e�n�t�i�n�g� �a� 

�s�t�a�t�e�w�i�d�e� �p�r�o�g�r�a�m� �f�o�r� �c�o�m�p�o�s�t�i�n�g� �y�a�r�d�w�a�s�t�e� �(�l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�)�.� �T�h�e� �s�t�u�d�y� �w�a�s� 

�c�o�n�d�u�c�t�e�d� �b�y� �t�h�e� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �(�V�C�E�S�)� �f�o�r� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� 

�W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �(�D�W�M�)� �a�s� �d�i�r�e�c�t�e�d� �b�y� �t�h�e� �1�9�8�9� �S�e�s�s�i�o�n� �o�f� �t�h�e� �G�e�n�e�r�a�l� �A�s�s�e�m�b�l�y� �p�u�r�s�u�a�n�t� �t�o� 

�H�o�u�s�e� �J�o�i�n�t� �R�e�s�o�l�u�t�i�o�n� �N�o�.� �3�9�5�.



�6�5� 

�T�h�e� �i�n�t�e�r�e�s�t� �i�n� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �i�n� �V�i�r�g�i�n�i�a� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �i�n�t�e�n�s�e� �a�n�d� 

 ��r�a�p�i�d�l�y� �g�r�o�w�i�n�g� �i�n�t�e�r�e�s�t� �i�n� �t�h�e� �s�u�b�j�e�c�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �n�a�t�i�o�n�.� �C�u�r�r�e�n�t�l�y�,� �m�o�s�t� �y�a�r�d�w�a�s�t�e�s� �a�r�e� 

�d�i�s�p�o�s�e�d� �i�n� �l�a�n�d�f�i�l�l�s� �a�l�t�h�o�u�g�h� �t�h�a�t� �p�r�a�c�t�i�c�e� �i�s� �b�e�i�n�g� �r�e�d�u�c�e�d� �r�a�p�i�d�l�y� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �n�a�t�i�o�n�.� �T�h�e�r�e� 

�3� �a� �s�e�r�i�o�u�s� �n�a�t�i�o�n�a�l� �c�r�i�s�i�s� �c�o�n�c�e�r�n�i�n�g� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �t�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �a�n�d� �c�o�s�t� �o�f� 

�n�d�f�i�l�l� �s�p�a�c�e�.� �A�s� �a� �r�e�s�u�l�t�,� �l�o�c�a�l�,� �s�t�a�t�e� �a�n�d� �f�e�d�e�r�a�l� �g�o�v�e�r�n�m�e�n�t�s� �a�r�e� �f�o�c�u�s�i�n�g� �a�t�t�e�n�t�i�o�n� �o�n� �m�e�a�n�s� �o�f� 

�d�u�c�i�n�g� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e� �(�M�S�W�)� �v�o�l�u�m�e�s� �r�e�q�u�i�r�i�n�g� �l�a�n�d�f�i�l�l�i�n�g�.� �M�a�n�d�a�t�o�r�y� �r�e�c�y�c�l�i�n�g� �l�e�v�e�l�s� �f�o�r� 

�W� �a�r�e� �i�n� �p�l�a�c�e� �a�t� �t�h�e� �f�e�d�e�r�a�l� �l�e�v�e�l� �a�n�d� �m�a�n�y� �s�t�a�t�e�s� �h�a�v�e� �s�e�t� �r�e�c�y�c�l�i�n�g� �g�o�a�l�s� �m�o�r�e� �a�m�b�i�t�i�o�u�s� �t�h�a�n� 

�s�r�a�l� �r�e�q�u�i�r�e�m�e�n�t�s�.� �I�n� �V�i�r�g�i�n�i�a�,� �l�a�n�d�f�i�l�l�s� �m�u�s�t� �b�e� �r�e�c�y�c�l�i�n�g� �1�0�%� �o�f� �t�h�e�i�r� �w�a�s�t�e� �v�o�l�u�m�e� �b�y� �1�9�9�1�,� 

�-�b�y� �1�9�9�3� �a�n�d� �2�5�%� �b�y� �1�9�9�5�.� 

�i�t� �i�s� �a�p�p�a�r�e�n�t� �i�n� �V�i�r�g�i�n�i�a� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�o�u�n�t�r�y� �t�h�a�t� �y�a�r�d�w�a�s�t�e� �m�a�y� �b�e� �a� �k�e�y� �M�S�W� 

�o�n�e�n�t� �i�n� �a�c�h�i�e�v�i�n�g� �s�u�b�s�t�a�n�t�i�a�l� �s�o�u�r�c�e� �r�e�d�u�c�t�i�o�n�/�r�e�c�y�c�l�i�n�g� �i�n� �a� �s�h�o�r�t� �t�i�m�e� �p�e�r�i�o�d�.� �T�y�p�i�c�a�l�l�y�,� 

�a�s�t�e� �i�s� �t�h�o�u�g�h�t� �t�o� �c�o�m�p�r�i�s�e� �1�0� �t�o� �3�0�%� �o�f� �t�h�e� �M�S�W� �v�o�l�u�m�e�.� �T�h�u�s�,� �a�t� �a� �m�i�n�i�m�u�m�,� 

�u�s�t�i�n�g�/�r�e�c�y�c�l�i�n�g� �o�f� �y�a�r�d�w�a�s�t�e�s� �w�o�u�l�d� �a�l�l�o�w� �l�o�c�a�l�i�t�i�e�s� �t�o� �m�e�e�t� �t�h�e� �1�9�9�1� �r�e�c�y�c�l�i�n�g� �g�o�a�l� �a�n�d� 

�s�o�m�e� �l�o�c�a�l�i�t�i�e�s� �c�o�u�l�d� �m�e�e�t� �t�h�e� �1�9�9�5� �g�o�a�l� �s�o�l�e�l�y� �b�y� �r�e�m�o�v�i�n�g� �y�a�r�d�w�a�s�t�e� �f�r�o�m� �t�h�e�i�r� �l�a�n�d�f�i�l�l�s�.� 

�O�b�v�i�o�u�s�l�y�,� �y�a�r�d�w�a�s�t�e� �s�h�o�u�l�d� �n�o�t� �b�e� �t�h�e� �s�o�l�e� �f�o�c�u�s� �o�f� �a� �l�o�c�a�l� �r�e�c�y�c�l�i�n�g� �p�r�o�g�r�a�m� �b�u�t� �i�t� �m�a�y� �o�f�f�e�r� �a� 

�r�a�p�i�d�l�y� �a�c�h�i�e�v�a�b�l�e� �a�n�d� �s�u�b�s�t�a�n�t�i�a�l� �r�e�d�u�c�t�i�o�n� �i�n� �M�S�W� �v�o�l�u�m�e�.� 

�H�o�w�e�v�e�r�,� �r�e�m�o�v�i�n�g� �y�a�r�d�w�a�s�t�e� �f�r�o�m� �l�a�n�d�f�i�l�l�s� �r�e�q�u�i�r�e�s� �a�l�t�e�r�n�a�t�i�v�e� �p�r�o�c�e�s�s�i�n�g� �(�c�o�m�p�o�s�t�i�n�g�)� �a�n�d� 

�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �u�s�e�s�/�m�a�r�k�e�t�s� �f�o�r� �t�h�e� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�s�.� �T�h�u�s�,� �t�h�i�s� �s�t�u�d�y� �f�o�c�u�s�e�d� �o�n� �t�h�e� �a�m�o�u�n�t� 

�o�f� �m�a�t�e�r�i�a�l� �a�v�a�i�l�a�b�l�e�,� �t�h�e� �s�u�i�t�a�b�i�l�i�t�y� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�n�e�n�t�s� �f�o�r� �c�o�m�p�o�s�t�i�n�g�,� �p�o�t�e�n�t�i�a�l� �r�e�d�u�c�t�i�o�n�s� 

�i�n� �M�S�W� �v�o�l�u�m�e�s�,� �a�p�p�r�o�p�r�i�a�t�e� �t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �t�h�e�i�r� �c�o�s�t�s�,� �c�o�s�t� �s�a�v�i�n�g�s�,� 

�t�h�e� �r�o�l�e� �o�f� �t�h�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r�,� �a�n�d� �p�o�t�e�n�t�i�a�l� �u�s�e�s�/�u�s�e�r�s� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�.� �A� �s�e�c�o�n�d�a�r�y� �f�o�c�u�s� 

�w�a�s� �o�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �r�e�m�o�v�i�n�g� �w�o�o�d�y� �w�a�s�t�e� �f�r�o�m� �t�h�e� �w�a�s�t�e� �s�t�r�e�a�m�.� 

�W�h�i�l�e� �c�o�n�d�u�c�t�i�n�g� �t�h�e� �s�t�u�d�y�,� �i�t� �b�e�c�o�m�e� �e�v�i�d�e�n�t� �t�h�a�t� �m�e�t�h�o�d�s� �t�o� �c�h�a�n�g�e� �p�u�b�l�i�c� 

�p�e�r�c�e�p�t�i�o�n�/�b�e�h�a�v�i�o�r� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �n�e�e�d� �t�o� �c�o�l�l�e�c�t� �y�a�r�d�w�a�s�t�e�,� �p�a�r�t�i�c�u�l�a�r�l�y� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�,� �s�h�o�u�l�d� 

�b�e� �e�v�a�l�u�a�t�e�d�.� �B�a�s�e�d� �o�n� �i�n�f�o�r�m�a�t�i�o�n� �g�a�t�h�e�r�e�d�,� �p�r�o�g�r�a�m�s� �n�e�e�d�e�d� �t�o� �e�n�c�o�u�r�a�g�e� �y�a�r�d�w�a�s�t�e



�6�6� 

�c�o�m�p�o�s�t�i�n�g�,� �t�o� �i�n�c�r�e�a�s�e� �c�o�m�p�o�s�t� �u�s�e�,� �t�o� �i�n�v�o�l�v�e� �t�h�e� �p�r�i�v�a�t�e� �s�e�c�t�o�r�,� �a�n�d� �t�o� �c�h�a�n�g�e� �p�u�b�l�i�c� 

�p�e�r�c�e�p�t�i�o�n�/�b�e�h�a�v�i�o�r� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �f�u�r�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n� �n�e�e�d�s� �a�n�d� �p�o�s�s�i�b�l�e� �a�l�t�e�r�n�a�t�i�v�e� 

�m�a�n�a�g�e�m�e�n�t� �f�o�r� �w�o�o�d�y� �w�a�s�t�e� �w�e�r�e� �i�d�e�n�t�i�f�i�e�d�.� 

�C�o�m�p�o�s�t�i�n�g� �A�s� �A� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �A�l�t�e�r�n�a�t�i�v�e� 

�C�o�m�p�o�s�t�i�n�g� �h�a�s� �b�e�e�n� �u�s�e�d� �a�s� �a� �m�e�a�n�s� �o�f� �c�o�n�v�e�r�t�i�n�g� �o�r�g�a�n�i�c� �w�a�s�t�e�s� �i�n�t�o� �a� �u�s�e�f�u�l� �m�a�t�e�r�i�a�l� 

�f�o�r� �t�h�o�u�s�a�n�d�s� �o�f� �y�e�a�r�s�.� �C�o�m�p�o�s�t�i�n�g� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �d�o�n�e� �t�o� �g�e�n�e�r�a�t�e� �a� �b�e�n�e�f�i�c�i�a�l� �s�o�i�l� �a�m�e�n�d�m�e�n�t� 

�w�i�t�h�o�u�t� �a�n� �e�m�p�h�a�s�i�s� �o�n� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t�.� �H�o�w�e�v�e�r�,� �d�u�r�i�n�g� �t�h�e� �l�a�s�t� �t�h�i�r�t�y� �y�e�a�r�s� �i�t� �h�a�s� �b�e�e�n� 

�r�e�c�o�g�n�i�z�e�d� �t�h�a�t� �c�o�m�p�o�s�t�i�n�g� �c�a�n� �s�e�r�v�e� �a�s� �a� �m�e�a�n�s� �o�f� �r�e�c�y�c�l�i�n�g� �m�a�n�y� �t�y�p�e�s� �o�f� �w�a�s�t�e�s�.� 

�T�h�e� �i�n�i�t�i�a�l� �e�m�p�h�a�s�i�s� �o�n� �t�h�e� �u�s�e� �o�f� �c�o�m�p�o�s�t�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� �a�s� �a� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �a�l�t�e�r�n�a�t�i�v�e� 

�w�a�s� �f�o�c�u�s�e�d� �p�r�i�m�a�r�i�l�y� �o�n� �s�e�w�a�g�e� �s�l�u�d�g�e�.� �D�u�r�i�n�g� �t�h�e� �1�9�6�0 ��s� �a�n�d� �1�9�7�0 ��s�,� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �r�e�s�e�a�r�c�h� 

�w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�e�c�h�n�o�l�o�g�i�e�s� �f�o�r� �c�o�m�p�o�s�t�i�n�g� �s�e�w�a�g�e� �s�l�u�d�g�e�.� �T�h�i�s� �r�e�s�e�a�r�c�h� �p�r�o�v�i�d�e�s� �t�h�e� �b�a�s�i�s� 

�f�o�r� �t�h�e� �t�e�c�h�n�o�l�o�g�i�e�s� �a�p�p�l�i�e�d� �t�o� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g�.� 

�S�i�n�c�e� �t�h�e� �e�a�r�l�y� �s�l�u�d�g�e� �c�o�m�p�o�s�t�i�n�g� �r�e�s�e�a�r�c�h�,� �a�l�m�o�s�t� �a�l�l� �t�y�p�e�s� �o�f� �o�r�g�a�n�i�c� �w�a�s�t�e� �h�a�v�e� �b�e�e�n� 

�e�v�a�l�u�a�t�e�d� �f�o�r� �t�h�e�i�r� �s�u�i�t�a�b�i�l�i�t�y� �f�o�r� �c�o�m�p�o�s�t�i�n�g�.� �A�n�i�m�a�l�,� �f�o�o�d� �p�r�o�c�e�s�s�i�n�g�,� �p�h�a�r�m�a�c�e�u�t�i�c�a�l�,� �p�e�t�r�o�l�e�u�m�,� 

�p�u�l�p�i�n�g�,� �t�e�x�t�i�l�e� �a�n�d� �o�t�h�e�r� �w�a�s�t�e�s� �h�a�v�e� �a�i�l� �b�e�e�n� �c�o�m�p�o�s�t�e�d� �w�i�t�h� �s�o�m�e� �d�e�g�r�e�e� �o�f� �s�u�c�c�e�s�s�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �e�f�f�o�r�t�s� �h�a�v�e� �b�e�e�n� �m�a�d�e� �t�o� �c�o�m�p�o�s�t� �o�r�g�a�n�i�c� �p�o�r�t�i�o�n�s� �o�f� �m�u�n�i�c�i�p�a�l� �s�o�l�i�d� �w�a�s�t�e�.� �A�l�t�h�o�u�g�h� 

�s�o�m�e� �M�S�W� �c�o�m�p�o�s�t�i�n�g� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �o�p�e�r�a�t�i�o�n�a�l�,� �t�h�e� �i�n�a�b�i�l�i�t�y� �t�o� �r�e�m�o�v�e� �g�l�a�s�s�,� �p�l�a�s�t�i�c� �a�n�d� �s�o�m�e� 

�m�e�t�a�l� �h�a�s� �l�i�m�i�t�e�d� �t�h�e� �a�p�p�l�i�c�a�b�i�l�i�t�y� �o�f� �t�h�i�s� �t�e�c�h�n�o�l�o�g�y�.� �C�o�m�p�o�s�t� �p�r�o�d�u�c�e�d� �f�r�o�m� �M�S�W� �o�f�t�e�n� �c�o�n�t�a�i�n�s� 

�s�m�a�l�l� �p�i�e�c�e�s� �o�f� �g�l�a�s�s� �a�n�d� �m�e�t�a�l� �t�h�a�t� �p�r�e�v�e�n�t� �i�t� �f�r�o�m� �b�e�i�n�g� �d�i�s�t�r�i�b�u�t�e�d� �a�n�d� �u�s�e�d�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� 

�i�m�p�r�o�v�e�d� �s�e�g�r�e�g�a�t�i�o�n� �o�f� �M�S�W� �b�e�f�o�r�e� �c�o�l�l�e�c�t�i�o�n� �o�r� �a�t� �a� �c�e�n�t�r�a�l�i�z�e�d� �p�o�s�t� �c�o�l�l�e�c�t�i�o�n� �s�i�t�e� �w�i�l�l� �b�e� 

�n�e�c�e�s�s�a�r�y� �b�e�f�o�r�e� �M�S�W� �c�o�m�p�o�s�t�i�n�g� �c�a�n� �b�e�c�o�m�e� �a� �s�t�a�n�d�a�r�d� �p�r�a�c�t�i�c�e�.� �T�h�e� �c�i�t�y� �o�f� �P�o�r�t�l�a�n�d�,� �O�r�e�g�o�n� 

�h�a�s� �j�u�s�t� �l�e�t� �a� �c�o�n�t�r�a�c�t� �t�h�a�t� �r�e�q�u�i�r�e�s� �p�o�s�t� �c�o�l�l�e�c�t�i�o�n� �s�e�g�r�e�g�a�t�i�o�n� �f�o�l�l�o�w�e�d� �b�y� �c�o�m�p�o�s�t�i�n�g� �o�f� �t�h�e� 

�o�r�g�a�n�i�c� �M�S�W� �f�r�a�c�t�i�o�n�.� �T�h�i�s� �a�p�p�e�a�r�s� �t�o� �b�e� �t�h�e� �f�i�r�s�t� �l�a�r�g�e� �s�c�a�l�e� �M�S�W� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n� 

�e�s�t�a�b�l�i�s�h�e�d� �u�n�d�e�r� �a�l�o�n�g� �t�e�r�m� �c�o�n�t�r�a�c�t�.� �T�h�e� �p�e�r�f�o�r�m�a�n�c�e� �o�f� �t�h�e� �P�o�r�t�l�a�n�d� �p�r�o�g�r�a�m� �s�h�o�u�l�d� �b�e� �c�l�o�s�e�l�y
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�f�o�l�l�o�w�e�d�.� 

�S�o�m�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �h�a�s� �o�c�c�u�r�r�e�d� �f�o�r� �m�a�n�y� �y�e�a�r�s�.� �H�o�w�e�v�e�r�,� �t�h�e� �c�u�r�r�e�n�t� �f�o�c�u�s� 

�b�e�g�a�n� �i�n� �t�h�e� �m�i�d� �1�9�8�0 ��s� �w�i�t�h� �w�o�r�k� �c�o�n�d�u�c�t�e�d� �b�y� �S�t�r�o�m� �a�n�d� �F�i�n�s�t�e�i�n� �(�1�9�8�6�)� �a�t� �R�u�t�g�e�r�s� �U�n�i�v�e�r�s�i�t�y�.� 

�D�u�r�i�n�g� �t�h�e� �l�a�s�t� �f�i�v�e� �y�e�a�r�s�,� �e�f�f�o�r�t�s� �h�a�v�e� �b�e�e�n� �m�a�d�e� �t�o� �a�d�a�p�t� �c�o�m�p�o�s�t�i�n�g� �t�e�c�h�n�o�l�o�g�i�e�s� �t�o� �b�e�s�t� �h�a�n�d�l�e� 

�y�a�r�d�w�a�s�t�e�.� �T�h�i�s� �w�o�r�k� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �m�o�r�e� �d�e�t�a�i�l� �l�a�t�e�r� �i�n� �t�h�i�s� �r�e�p�o�r�t�.� 

�T�h�e� �C�o�m�p�o�s�t�i�n�g� �P�r�o�c�e�s�s� 

�C�o�m�p�o�s�t�i�n�g� �i�s� �t�h�e� �m�a�n�i�p�u�l�a�t�i�o�n� �o�f� �t�h�e� �n�a�t�u�r�a�l� �a�e�r�o�b�i�c� �(�o�x�y�g�e�n� �d�e�m�a�n�d�i�n�g�)� �p�r�o�c�e�s�s� �o�f� 

�d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �r�a�t�e� �o�f� �d�e�c�o�m�p�o�s�i�t�i�o�n�.� �T�h�e� �p�r�o�c�e�s�s�e�s� �a�r�e� �v�e�r�y� 

�s�i�m�i�l�a�r� �t�o� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�f� �l�e�a�v�e�s� �t�h�a�t� �f�a�l�l� �i�n� �t�h�e� �f�o�r�e�s�t� �b�u�t� �o�c�c�u�r� �a�t� �a�n� �a�c�c�e�l�e�r�a�t�e�d� �r�a�t�e�.� �W�h�e�n� 

�l�e�a�v�e�s� �f�i�r�s�t� �f�a�l�l�,� �t�h�e�y� �r�e�m�a�i�n� �o�n� �t�h�e� �s�u�r�f�a�c�e� �f�o�r� �e�x�t�e�n�d�e�d� �p�e�r�i�o�d�s� �b�u�t� �s�l�o�w�l�y� �b�e�g�i�n� �t�o� �d�e�c�o�m�p�o�s�e� �d�u�e� 

�t�o� �f�u�n�g�a�l� �a�n�d� �b�a�c�t�e�r�i�a�l� �a�c�t�i�v�i�t�y�.� �I�f� �y�o�u� �l�o�o�k� �a�t� �a� �l�e�a�f� �m�a�t� �i�n� �a� �f�o�r�e�s�t� �y�o�u� �c�a�n� �o�b�s�e�r�v�e� �l�e�a�v�e�s� �i�n� 

�v�a�r�y�i�n�g� �s�t�a�t�e�s� �o�f� �d�e�c�a�y� �g�o�i�n�g� �f�r�o�m� �f�r�e�s�h� �l�e�a�v�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e� �w�i�t�h� �p�r�o�g�r�e�s�s�i�n�g� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�s� 

�y�o�u� �n�e�a�r� �t�h�e� �m�i�n�e�r�a�l� �s�o�i�l� �s�u�r�f�a�c�e�.� �D�i�r�e�c�t�l�y� �a�b�o�v�e� �t�h�e� �m�i�n�e�r�a�l� �s�o�i�l� �s�u�r�f�a�c�e� �i�s� �a� �r�i�c�h�,� �d�a�r�k� �l�a�y�e�r� �o�f� 

�s�t�a�b�l�e� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �o�r� �h�u�m�u�s�.� �T�h�i�s� �m�a�t�e�r�i�a�l� �c�o�n�s�i�s�t�s� �p�r�i�m�a�r�i�l�y� �o�f� �d�e�c�o�m�p�o�s�e�d� �l�e�a�v�e�s� �a�n�d� �f�u�n�g�a�l� 

�a�n�d� �b�a�c�t�e�r�i�a�l� �c�e�l�l� �m�a�s�s�.� �L�e�a�f� �o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �i�s� �v�e�r�y� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �s�t�a�b�l�e� �o�r�g�a�n�i�c� �m�a�t�t�e�r�.� 

�C�o�m�p�o�s�t�i�n�g� �a�c�c�e�l�e�r�a�t�e�s� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �p�r�o�c�e�s�s� �b�y� �c�o�n�t�r�o�l�l�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �m�o�i�s�t�u�r�e� �a�n�d� 

�a�s�s�u�r�i�n�g� �t�h�a�t� �a�n� �a�d�e�q�u�a�t�e� �s�u�p�p�l�y� �o�f� �o�x�y�g�e�n� �i�s� �p�r�e�s�e�n�t�.� �T�h�e� �t�e�c�h�n�o�l�o�g�i�e�s� �u�s�e�d� �t�o� �c�o�n�t�r�o�l� �t�h�e�s�e� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�c�t�o�r�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �m�o�r�e� �d�e�t�a�i�l� �l�a�t�e�r�.� 

�M�E�T�H�O�D�S� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� 

�A� �c�o�m�p�u�t�e�r�i�z�e�d� �l�i�t�e�r�a�t�u�r�e� �s�e�a�r�c�h� �w�a�s� �d�o�n�e� �a�t� �V�i�r�g�i�n�i�a� �T�e�c�h�,� �u�t�i�l�i�z�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� �a�v�a�i�l�a�b�l�e� �f�r�o�m� 

�t�h�e� �N�a�t�i�o�n�a�l� �A�g�r�i�c�u�l�t�u�r�a�l� �L�i�b�r�a�r�y� �i�n� �B�e�l�t�s�v�i�l�l�e�,� �M�a�r�y�l�a�n�d�.� �T�h�e� �s�e�a�r�c�h� �i�d�e�n�t�i�f�i�e�d� �s�e�v�e�r�a�l� �h�u�n�d�r�e�d
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�a�r�t�i�c�l�e�s�,� �j�o�u�r�n�a�l�s�,� �m�a�n�u�a�l�s� �a�n�d� �b�o�o�k�s� �i�n� �p�r�i�n�t� �o�n� �t�h�e� �s�u�b�j�e�c�t� �o�f� �c�o�m�p�o�s�t�i�n�g�.� �S�o�m�e� �s�o�u�r�c�e�s� �w�e�r�e� 

�e�l�i�m�i�n�a�t�e�d� �b�e�c�a�u�s�e� �t�h�e�y� �d�i�d� �n�o�t� �p�e�r�t�a�i�n� �s�t�r�i�c�t�l�y� �t�o� �c�o�m�p�o�s�t�i�n�g� �o�f� �y�a�r�d�w�a�s�t�e�s�,� �b�u�t� �i�n�c�l�u�d�e�d� �o�t�h�e�r� 

�w�a�s�t�e�s� �s�u�c�h� �a�s� �M�S�W�,� �s�l�u�d�g�e�,� �m�a�n�u�r�e�s�,� �e�t�c�.� 

�A� �c�o�m�p�l�e�t�e� �l�i�s�t�i�n�g� �o�f� �a�l�l� �a�r�t�i�c�l�e�s�,� �j�o�u�r�n�a�l�s�,� �b�o�o�k�s� �a�n�d� �m�a�n�u�a�l�s� �u�s�e�d� �i�n� �c�o�m�p�i�l�i�n�g� �i�n�f�o�r�m�a�t�i�o�n� 

�f�o�r� �t�h�i�s� �r�e�p�o�r�t� �i�s� �i�n�c�l�u�d�e�d�.� �F�o�r� �e�a�s�i�e�r� �r�e�f�e�r�e�n�c�e�,� �t�h�e� �b�i�b�l�i�o�g�r�a�p�h�y� �i�s� �d�i�v�i�d�e�d� �i�n�t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�s�e�c�t�i�o�n�s�:� 

�1�)� �M�a�r�k�e�t�i�n�g�/�U�t�i�l�i�z�a�t�i�o�n� 

�2�)� �S�t�u�d�i�e�s�,� �S�y�s�t�e�m�s�,� �S�u�r�v�e�y�s� 

�3�)� �M�S�W� �S�e�p�a�r�a�t�i�o�n�,� �E�u�r�o�p�e� 

�4�)� �L�e�a�f� �a�n�d� �Y�a�r�d� �W�a�s�t�e�s� 

�5�)� �C�o�-�c�o�m�p�o�s�t�i�n�g� 

�6�)� �T�e�c�h�n�i�q�u�e�s�/�P�r�i�n�c�i�p�l�e�s� 

�7�)� �S�o�i�l�s�/�T�o�x�i�n�s�/�A�g�r�i�c�u�l�t�u�r�a�l� �U�s�e�s� 

�8�)� �H�o�r�t�i�c�u�l�t�u�r�a�l� �U�s�e�s� 

�9�)� �W�a�s�t�e� �W�o�o�d� 

�1�0�)� �L�a�n�d�f�i�l�l�s� �/�R�e�n�o�v�a�t�i�o�n� 

�1�1�)� �B�o�o�k�s� 

�1�2�)� �M�a�n�u�a�l�s� 

�A� �m�a�j�o�r� �s�o�u�r�c�e� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �i�s� �t�h�e� �m�o�n�t�h�l�y� �m�a�g�a�z�i�n�e�  ��B�i�o�c�y�c�l�e�,� 

�T�h�e� �J�o�u�r�n�a�l� �o�f� �W�a�s�t�e� �R�e�c�y�c�l�i�n�g�"�,� �p�u�b�l�i�s�h�e�d� �b�y� �J�G� �P�r�e�s�s�,� �E�m�m�a�u�s�,� �P�A�.� �A�l�t�h�o�u�g�h� �i�t� �i�s� �n�o�t� �s�t�r�i�c�t�l�y� �a� 

�c�o�m�p�o�s�t� �j�o�u�r�n�a�l�,� �i�t� �c�o�n�t�a�i�n�s� �a�r�t�i�c�l�e�s� �e�a�c�h� �m�o�n�t�h� �o�n� �t�e�c�h�n�o�l�o�g�i�e�s�,� �m�a�r�k�e�t�i�n�g�,� �e�q�u�i�p�m�e�n�t� �a�n�d� �u�s�e�s� 

�o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�.� �T�h�e�r�e� �i�s� �l�i�m�i�t�e�d� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �r�e�f�e�r�e�e�d� �t�e�c�h�n�i�c�a�l� �j�o�u�r�n�a�l�s� �a�b�o�u�t� �y�a�r�d�w�a�s�t�e� 

�c�o�m�p�o�s�t� �p�e�r� �s�e�,� �a�l�t�h�o�u�g�h� �t�h�e�r�e� �i�s� �m�u�c�h� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �o�t�h�e�r� �t�y�p�e�s� �o�f� �c�o�m�p�o�s�t�i�n�g� �(�M�S�W�,� �c�o�-
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�c�o�m�p�o�s�t�i�n�g� �s�l�u�d�g�e�,� �m�a�n�u�r�e�s�,� �e�t�c�)�.� �T�h�e�s�e� �t�e�c�h�n�i�c�a�l� �j�o�u�r�n�a�l�s� �a�r�e�,� �h�o�w�e�v�e�r�,� �g�o�o�d� �s�o�u�r�c�e�s� �o�f� �a�r�t�i�c�l�e�s� 

�p�e�r�t�a�i�n�i�n�g� �t�o� �p�r�i�n�c�i�p�l�e�s� �i�n�v�o�l�v�e�d� �i�n� �c�o�m�p�o�s�t�i�n�g�,� �a�n�d� �e�v�e�n� �t�o� �h�o�r�t�i�c�u�l�t�u�r�a�l� �a�n�d� �a�g�r�o�n�o�m�i�c� �u�s�e�s� �o�f� 

�d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �c�o�m�p�o�s�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �t�h�e�r�e� �a�r�e� �a� �n�u�m�b�e�r� �o�f� �a�r�t�i�c�l�e�s� �a�v�a�i�l�a�b�l�e� �o�n� �h�o�r�t�i�c�u�l�t�u�r�a�l� 

�u�s�e�s� �o�f� �s�h�r�e�d�d�e�d� �b�a�r�k� �a�n�d� �w�o�o�d� �w�a�s�t�e�s� �i�n� �p�o�t�t�i�n�g� �s�o�l�l� �m�i�x�e�s�.� 

�S�e�v�e�r�a�l� �b�o�o�k�s� �o�n� �c�o�m�p�o�s�t�i�n�g� �a�r�e� �a�v�a�i�l�a�b�l�e�.� �T�h�e�s�e� �p�r�o�v�i�d�e� �g�o�o�d� �r�e�f�e�r�e�n�c�e�s� �o�n� �p�r�i�n�c�i�p�l�e�s�,� 

�t�h�e�o�r�i�e�s� �a�n�d� �e�n�g�i�n�e�e�r�i�n�g� �a�s�p�e�c�t�s� �o�f� �c�o�m�p�o�s�t�i�n�g�.� �P�r�o�b�a�b�l�y� �t�h�e� �b�e�s�t� �a�l�l�-�a�r�o�u�n�d� �s�o�u�r�c�e�s� �o�f� 

�i�n�f�o�r�m�a�t�i�o�n� �a�r�e� �t�h�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �m�a�n�u�a�l�s� �f�r�o�m� �t�h�e� �s�t�a�t�e�s� �w�i�t�h� �s�t�a�t�e�w�i�d�e� �p�r�o�g�r�a�m�s� �i�n� 

�p�l�a�c�e�.� �N�e�w� �J�e�r�s�e�y�,� �M�a�s�s�a�c�h�u�s�e�t�t�s�,� �C�o�n�n�e�c�t�i�c�u�t�,� �W�i�s�c�o�n�s�i�n�,� �M�i�c�h�i�g�a�n�,� �M�i�n�n�e�s�o�t�a� �a�n�d� �o�t�h�e�r�s� �h�a�v�e� 

�m�a�n�u�a�l�s� �i�n� �p�r�i�n�t�.� 

�S�i�t�e� �V�i�s�i�t�s� 

�A� �n�u�m�b�e�r� �o�f� �s�i�t�e�s� �a�r�o�u�n�d� �t�h�e� �c�o�u�n�t�r�y� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �f�o�r� �v�i�s�i�t�s�,� �b�a�s�e�d� �o�n� �t�h�e� �s�t�u�d�y� �d�o�n�e� �f�o�r� 

�t�h�e� �E�P�A� �b�y� �K�a�s�h�m�a�n�i�a�n� �a�n�d� �T�a�y�l�o�r� �(�1�9�8�8�)�.� �P�h�o�n�e� �c�o�n�t�a�c�t�s� �w�e�r�e� �m�a�d�e� �a�n�d� �s�i�t�e�s� �w�e�r�e� �c�h�o�s�e�n� �t�o� 

�p�r�o�v�i�d�e� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �d�e�s�i�g�n�s� �a�n�d� �t�e�c�h�n�o�l�o�g�i�e�s� �u�s�e�d� �i�n� �d�i�f�f�e�r�e�n�t� �p�a�r�t�s� �o�f� �t�h�e� �c�o�u�n�t�r�y�.� �S�i�t�e�s� �w�e�r�e� 

�n�o�t� �c�h�o�s�e�n� �b�e�c�a�u�s�e� �o�f� �a� �h�i�g�h� �l�e�v�e�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �b�u�t� �r�a�t�h�e�r� �t�o� �o�b�s�e�r�v�e� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �m�e�t�h�o�d�s� 

�e�m�p�l�o�y�e�d� �i�n� �c�o�m�p�o�s�t�i�n�g� �y�a�r�d�w�a�s�t�e�s�.� �S�e�v�e�r�a�l� �o�f� �t�h�e� �s�i�t�e�s� �s�p�e�c�i�a�l�i�z�e�d� �i�n� �r�e�c�y�c�l�i�n�g� �w�o�o�d�y� �w�a�s�t�e�s�,� 

�o�t�h�e�r�s� �l�e�a�v�e�s� �o�n�l�y�,� �a�n�d� �s�o�m�e� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �a�l�l� �t�y�p�e�s� �o�f� �y�a�r�d�w�a�s�t�e�s�.� �B�a�s�e�d� �o�n� �t�h�i�s� �c�r�i�t�e�r�i�a�,� �a�n�d� 

�a� �l�i�m�i�t�e�d� �t�r�a�v�e�l� �b�u�d�g�e�t�,� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�p�e�r�a�t�i�o�n�s� �w�e�r�e� �v�i�s�i�t�e�d�:� 

�1�)� �C�o�o�p�e�r�a�t�i�v�e� �W�a�s�t�e� �I�n�d�u�s�t�r�i�e�s�,� �S�t�.� �P�a�u�l�,� �M�N�.� 

�T�h�i�s� �i�s� �a� �p�r�i�v�a�t�e� �l�e�a�f� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n� �t�h�a�t� �i�s� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �m�i�x�i�n�g� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� 

�w�i�t�h� �l�e�a�v�e�s�.� �T�h�e�y� �a�l�s�o� �h�a�v�e� �a� �p�i�l�o�t� �p�r�o�j�e�c�t� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �m�i�x�i�n�g� �o�f� �r�e�s�t�a�u�r�a�n�t� �w�a�s�t�e�s�,� �i�n�c�l�u�d�i�n�g� 

�p�a�p�e�r�,� �w�i�t�h� �l�e�a�v�e�s�.
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�2�)� �P�a�c�i�f�i�c� �T�o�p�s�o�i�l�s� �a�n�d� �S�n�o�s�h�o�m�i�s�h� �C�o�u�n�t�y� �G�o�v�e�r�n�m�e�n�t�,� �E�v�e�r�e�t�t�,� �W�A� �(�S�e�a�t�t�l�e�)�.� 

�A� �p�r�i�v�a�t�e� �c�o�m�p�a�n�y� �t�h�a�t� �a�c�c�e�p�t�s� �w�o�o�d�y� �w�a�s�t�e�s� �a�n�d� �d�e�m�o�l�i�t�i�o�n� �d�e�b�r�i�s� �f�r�o�m� �h�o�m�e�o�w�n�e�r�s�,� 

�l�a�n�d�s�c�a�p�e�r�s� �a�n�d� �c�o�n�t�r�a�c�t�o�r�s�.� �Y�a�r�d�w�a�s�t�e�s�,� �w�o�o�d�y� �w�a�s�t�e�s� �a�n�d� �c�o�n�s�t�r�u�c�t�i�o�n� �s�c�r�a�p�s� �(�n�o� �p�a�i�n�t�e�d� �o�r� 

�t�r�e�a�t�e�d� �w�o�o�d�)� �a�r�e� �g�r�o�u�n�d�,� �w�i�t�h� �t�h�e� �s�m�a�l�l�e�s�t� �c�h�i�p�s� �s�t�o�c�k�p�i�l�e�d� �t�o� �b�e� �m�i�x�e�d� �w�i�t�h� �s�o�i�l� �f�o�r� �s�a�l�e� �a�s� 

�t�o�p�s�o�i�l�.� �T�h�e� �l�a�r�g�e�s�t� �f�r�a�c�t�i�o�n� �(�o�v�e�r�s�)� �i�s� �e�i�t�h�e�r� �r�e�g�r�o�u�n�d� �o�r� �s�o�l�d� �a�s� �m�u�l�c�h� �o�r� �a�s� �r�e�s�o�u�r�c�e� �d�e�r�i�v�e�d� �f�u�e�l� 

�(�R�D�F�)�.� �S�n�o�s�h�o�m�i�s�h� �C�o�u�n�t�y�,� �W�a�s�h�i�n�g�t�o�n� �h�a�s� �a� �r�e�c�y�c�l�i�n�g� �b�u�d�g�e�t� �o�f� �1�.�7� �m�i�i�l�i�o�n� �d�o�l�l�a�r�s� �p�e�r� �y�e�a�r�.� 

�T�h�e�y� �h�a�v�e� �m�a�j�o�r� �a�c�t�i�v�i�t�i�e�s� �i�n� �m�a�n�y� �a�r�e�a�s� �o�f� �r�e�c�y�c�l�i�n�g� �i�n�c�l�u�d�i�n�g� �y�a�r�d� �a�n�d� �w�o�o�d�y� �w�a�s�t�e�.� 

�3�)� �M�e�t�r�o�,� �P�o�r�t�l�a�n�d�,� �O�R�.� 

�M�e�t�r�o� �i�s� �t�h�e� �P�o�r�t�l�a�n�d� �m�e�t�r�o�p�o�l�i�t�a�n� �a�r�e�a� �a�g�e�n�c�y� �f�o�r� �r�e�c�y�c�l�i�n�g�.� �T�h�e�y� �h�a�v�e� �a� �v�e�r�y� �p�r�o�g�r�e�s�s�i�v�e� 

�r�e�c�y�c�l�i�n�g� �p�r�o�g�r�a�m� �i�n� �p�l�a�c�e�.� �T�h�e� �c�i�t�y� �c�o�n�t�r�a�c�t�s� �w�i�t�h� �t�w�o� �l�o�c�a�l� �c�o�m�p�a�n�i�e�s� �t�o� �a�c�c�e�p�t� �P�o�r�t�l�a�n�d ��s� �l�e�a�v�e�s� 

�a�n�d� �o�t�h�e�r� �y�a�r�d�w�a�s�t�e�s�.� �T�h�e�s�e� �t�w�o� �p�r�i�v�a�t�e� �c�o�m�p�a�n�i�e�s� �c�o�m�p�o�s�t� �t�h�e� �w�a�s�t�e�s� �a�n�d� �b�l�e�n�d� �t�h�e� �c�o�m�p�o�s�t� 

�w�i�t�h� �s�o�i�l� �a�n�d� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s� �t�o� �m�a�k�e� �s�e�v�e�r�a�l� �d�i�f�f�e�r�e�n�t� �p�r�o�d�u�c�t�s� �f�o�r� �s�a�l�e�.� �M�e�t�r�o� �a�l�s�o� �m�a�i�n�t�a�i�n�s� 

�q�u�a�l�i�t�y� �c�o�n�t�r�o�l� �o�n� �t�h�e� �p�r�o�d�u�c�t�s�,� �t�e�s�t�i�n�g� �t�h�e�m� �f�o�r� �n�u�t�r�i�e�n�t� �c�o�n�t�e�n�t�,� �p�H�,� �t�o�x�i�n�s�,� �e�t�c�.� �M�e�t�r�o� �h�a�s� �j�u�s�t� 

�c�o�m�p�l�e�t�e�d� �a� �v�e�r�y� �i�m�p�r�e�s�s�i�v�e� �p�u�b�l�i�c� �r�e�l�a�t�i�o�n�s� �c�a�m�p�a�i�g�n� �o�n� �y�a�r�d�w�a�s�t�e�.� �T�h�e�y� �c�o�n�t�r�a�c�t�e�d� �w�i�t�h� �a� �p�u�b�l�i�c� 

�r�e�l�a�t�i�o�n�s� �f�i�r�m� �f�o�r� �a� �t�h�r�e�e� �y�e�a�r�,� �$�1�8�5�,�0�0�0� �p�e�r� �y�e�a�r� �a�d�v�e�r�t�i�s�i�n�g� �c�a�m�p�a�i�g�n�.� �T�h�e� �c�a�m�p�a�i�g�n� �u�s�e�d� 

�t�e�l�e�v�i�s�i�o�n�,� �r�a�d�i�o�,� �n�e�w�s�p�r�i�n�t� �a�n�d� �b�i�l�l�b�o�a�r�d� �a�d�v�e�r�t�i�s�e�m�e�n�t�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �a�w�a�r�e�n�e�s�s� �o�f� �a�l�l� �c�i�t�i�z�e�n�s� 

�o�f� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �y�a�r�d�w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t�.� �P�r�e�l�i�m�i�n�a�r�y� �e�v�a�l�u�a�t�i�o�n� �s�h�o�w�s� �a� �m�a�j�o�r� 

�i�n�c�r�e�a�s�e� �i�n� �a�w�a�r�e�n�e�s�s� �o�f� �t�h�e� �g�e�n�e�r�a�l� �c�i�t�i�z�e�n�r�y� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �c�a�m�p�a�i�g�n�.� 

�4�)� �D�a�v�i�s� �W�a�s�t�e� �R�e�m�o�v�a�l�,� �D�a�v�i�s�,� �C�A�.� 

�D�a�v�i�s� �i�s� �a� �u�n�i�q�u�e�l�y� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� �o�r�i�e�n�t�e�d� �c�i�t�y� �i�n� �t�h�e� �S�a�c�r�a�m�e�n�t�o� �V�a�l�l�e�y� �i�n� �n�o�r�t�h�e�r�n� 

�C�a�l�i�f�o�r�n�i�a�.� �T�h�e�y� �h�a�v�e� �a� �v�o�l�u�n�t�a�r�y� �M�S�W� �r�e�c�y�c�l�i�n�g� �p�r�o�g�r�a�m� �i�n� �w�h�i�c�h� �6�3�%� �o�f� �t�h�e� �h�o�u�s�e�h�o�l�d�s� 

�p�a�r�t�i�c�i�p�a�t�e�.� �D�a�v�i�s� �W�a�s�t�e� �R�e�m�o�v�a�l� �u�s�e�s� �a� �m�i�n�i�m�a�l� �l�e�v�e�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �f�o�r� �t�h�e�i�r� �l�e�a�f� �c�o�m�p�o�s�t� 

�w�i�n�d�r�o�w�s�.� �T�h�e� �m�a�t�e�r�i�a�l� �i�s� �p�i�l�e�d�,� �t�u�r�n�e�d� �i�n�f�r�e�q�u�e�n�t�l�y� �a�n�d� �i�s� �a�l�l�o�w�e�d� �t�o� �c�o�m�p�o�s�t� �o�n� �i�t ��s� �o�w�n�.� �T�h�i�s
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�d�o�e�s� �n�o�t� �g�e�n�e�r�a�t�e� �a� �h�i�g�h� �q�u�a�l�i�t�y� �e�n�d� �p�r�o�d�u�c�t�.� �T�h�e� �m�a�t�e�r�i�a�l� �i�s� �o�f�f�e�r�e�d� �t�o� �t�h�e� �p�u�b�l�i�c� �t�o� �p�i�c�k� �u�p� �f�o�r� 

�f�r�e�e�.� �T�h�e�  ��C�l�a�w ��,� �a� �p�i�n�c�e�r�-�l�i�k�e� �b�u�c�k�e�t� �o�n� �a� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r� �u�s�e�d� �f�o�r� �c�u�r�b�s�i�d�e� �y�a�r�d�w�a�s�t�e� �c�o�l�l�e�c�t�i�o�n�,� 

�w�a�s� �d�e�v�e�l�o�p�e�d� �a�t� �D�a�v�i�s�.� 

�5�)� �Z�a�n�k�e�r� �R�e�s�o�u�r�c�e�s�,� �S�a�n� �J�o�s�e�,� �C�A�.� 

�T�h�i�s� �i�s� �a� �w�o�o�d�y� �w�a�s�t�e� �r�e�c�o�v�e�r�y� �o�p�e�r�a�t�i�o�n� �n�e�a�r� �S�a�n� �J�o�s�e�.� �T�h�e�y� �a�c�c�e�p�t� �a�l�l� �t�y�p�e�s� �o�f� �w�o�o�d�y� 

�w�a�s�t�e�s�,� �a�s� �l�o�n�g� �a�s� �i�t� �h�a�s� �n�o� �p�a�i�n�t�e�d� �o�r� �t�r�e�a�t�e�d� �w�o�o�d� �i�n� �i�t�.� �T�h�e�y� �h�a�v�e� �a� �l�o�g� �s�p�l�i�t�t�e�r� �i�n� �o�p�e�r�a�t�i�o�n� �t�h�a�t� 

�w�i�l�l� �s�p�l�i�t� �s�t�u�m�p�s� �u�p� �t�o� �t�w�e�l�v�e� �f�e�e�t� �i�n� �d�i�a�m�e�t�e�r� �(�t�o� �a�c�c�e�p�t� �g�i�a�n�t� �r�e�d�w�o�o�d�)�.� �A�f�t�e�r� �t�h�e� �s�t�u�m�p�s� �a�r�e� 

�r�e�d�u�c�e�d� �t�o� �a� �m�a�n�a�g�e�a�b�l�e� �s�i�z�e�,� �a� �c�r�e�w� �w�i�t�h� �c�h�a�i�n� �s�a�w�s� �c�u�t�s� �i�t� �i�n�t�o� �f�i�r�e�w�o�o�d�.� �I�t� �i�s� �s�o�l�d� �t�o� �t�h�e� �p�u�b�l�i�c� 

�a�t� �a�b�o�u�t� �o�n�e� �h�a�l�f� �t�h�e� �m�a�r�k�e�t� �p�r�i�c�e� �f�o�r� �o�t�h�e�r� �f�i�r�e�w�o�o�d�.� �I�n� �a�n�o�t�h�e�r� �a�r�e�a� �o�f� �t�h�e� �o�p�e�r�a�t�i�o�n�,� �t�u�b� �g�r�i�n�d�e�r�s� 

�r�e�d�u�c�e� �w�o�o�d� �t�o� �m�u�i�c�h�,� �R�D�F�,� �o�r� �t�o� �b�e� �m�i�x�e�d� �a�n�d� �s�o�l�d� �a�s� �a� �s�o�i�l� �a�m�e�n�d�m�e�n�t�.� �T�h�e�y� �a�r�e� �a�l�s�o� 

�c�o�n�d�u�c�t�i�n�g� �a� �p�i�l�o�t� �s�t�u�d�y� �w�i�t�h� �t�h�e� �c�i�t�y� �o�f� �S�a�n� �J�o�s�e� �t�o� �c�o�m�p�o�s�t� �y�a�r�d�w�a�s�t�e� �u�s�i�n�g� �l�o�w� �l�e�v�e�l� �t�e�c�h�n�o�l�o�g�y�.� 

�6�)� �T�i�c�o�n�d�e�r�o�g�a� �F�a�r�m�s�,� �L�o�u�d�o�u�n� �C�o�.�,�V�A�.� 

�T�h�i�s� �i�s� �a� �p�r�i�v�a�t�e�l�y� �o�w�n�e�d� �C�h�r�i�s�t�m�a�s� �t�r�e�e� �f�a�r�m� �t�h�a�t� �i�s� �a�c�c�e�p�t�i�n�g� �l�a�n�d� �c�l�e�a�r�i�n�g� �d�e�b�r�i�s� �i�n�c�l�u�d�i�n�g� 

�s�t�u�m�p�s� �a�n�d� �l�o�g�s�.� �T�h�e� �m�a�t�e�r�i�a�l� �i�s� �s�t�o�c�k�p�i�l�e�d� �i�n� �a� �m�i�x� �w�i�t�h� �b�r�u�s�h� �a�n�d� �s�o�m�e� �s�o�i�l� �a�n�d� �a�l�l�o�w�e�d� �t�o� �s�e�t� 

�f�o�r� �f�i�v�e� �o�r� �m�o�r�e� �y�e�a�r�s� �t�o� �d�e�c�o�m�p�o�s�e�.� �T�h�e� �m�a�t�e�r�i�a�l� �w�i�l�l� �t�h�e�n� �b�e� �s�p�r�e�a�d� �o�n� �t�h�e� �l�a�n�d� �t�o� �i�m�p�r�o�v�e� �p�o�o�r� 

�s�o�i�l� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �o�w�n�e�r� �o�f� �t�h�e� �f�a�r�m�,� �M�r�.� �P�e�t�e�r� �K�n�o�p�,� �i�s� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l� �f�a�r�m�e�r� �a�n�d� �p�l�a�n�s� �t�o� �u�s�e� 

�t�h�e� �d�e�c�o�m�p�o�s�e�d� �w�o�o�d�y� �m�a�t�e�r�i�a�l� �t�o� �i�m�p�r�o�v�e� �t�h�e� �s�o�i�l� �o�n� �h�i�s� �l�a�n�d�.� �T�h�e� �m�a�t�e�r�i�a�l� �i�s� �p�i�l�e�d� �i�n�t�o� �l�a�r�g�e� 

�w�i�n�d�r�o�w�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�8 �� �h�i�g�h� �x� �5�0 �� �w�i�d�e� �x� �5�0�0 �� �l�o�n�g�.� �T�h�e� �p�i�l�e�s� �a�r�e� �i�r�r�i�g�a�t�e�d� �a�n�d� �t�h�e� �r�u�n�o�f�f� 

�c�a�u�g�h�t� �i�n� �p�o�n�d�s� �l�o�c�a�t�e�d� �b�e�l�o�w� �t�h�e� �p�i�l�e�s�.� �H�e� �i�s� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �g�r�o�w�i�n�g� �a� �v�i�n�e�y� �c�o�v�e�r� �o�v�e�r� �t�h�e� 

�p�i�l�e�s� �t�o� �m�a�i�n�t�a�i�n� �a� �h�i�g�h� �m�o�i�s�t�u�r�e� �l�e�v�e�l�,� �a�n�d� �i�n�o�c�u�l�a�t�i�n�g� �t�h�e� �w�o�o�d� �w�i�t�h� �w�h�i�t�e� �r�o�t� �f�u�n�g�u�s� �t�o� �s�p�e�e�d� 

�d�e�c�o�m�p�o�s�i�t�i�o�n�.� �T�h�e� �p�i�l�e�s� �a�r�e� �p�l�a�c�e�d� �i�n� �a�r�e�a�s� �o�f� �t�h�e� �f�a�r�m� �m�o�s�t� �i�n� �n�e�e�d� �o�f� �s�o�i�l� �i�m�p�r�o�v�e�m�e�n�t�,� �t�o� �b�e� 

�s�p�r�e�a�d� �i�n� �t�h�a�t� �a�r�e�a� �w�h�e�n� �d�e�c�o�m�p�o�s�e�d�.� �T�h�e� �n�u�m�b�e�r� �a�n�d� �l�o�c�a�t�i�o�n� �o�f� �w�i�n�d�r�o�w�s� �a�r�e� �l�i�m�i�t�e�d� �i�n� �o�r�d�e�r� 

�t�o� �a�s�s�u�r�e� �a�d�e�q�u�a�t�e� �a�r�e�a� �f�o�r� �s�p�r�e�a�d�i�n�g� �t�h�e� �m�a�t�e�r�i�a�l� �a�n�d� �m�i�n�i�m�i�z�i�n�g� �o�f�f�s�i�t�e� �v�i�s�i�b�i�l�i�t�y�.� �T�h�i�s� �t�e�c�h�n�o�l�o�g�y
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�i�s� �c�u�r�r�e�n�t�l�y� �u�n�p�r�o�v�e�n�,� �b�u�t� �i�f� �s�u�c�c�e�s�s�f�u�l�,� �m�a�y� �o�f�f�e�r� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �m�a�n�a�g�e�m�e�n�t� �t�o�o�l� �f�o�r� �l�a�n�d� �c�l�e�a�r�i�n�g� 

�d�e�b�r�i�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s� �s�t�r�o�n�g� �e�n�v�i�r�o�n�m�e�n�t�a�l� �i�n�t�e�r�e�s�t�,� �M�r�.� �K�n�o�p� �i�s� �t�a�k�i�n�g� �a�n� �e�n�v�i�r�o�n�m�e�n�t�a�l�l�y� 

�c�o�n�s�e�r�v�a�t�i�v�e� �a�p�p�r�o�a�c�h�.� �I�f� �t�h�e� �p�r�a�c�t�i�c�e� �w�e�r�e� �w�i�d�e�l�y� �u�s�e�d�,� �r�e�g�u�l�a�t�o�r�y� �a�t�t�e�n�t�i�o�n� �s�h�o�u�l�d� �f�o�c�u�s� �o�n� 

�l�i�m�i�t�a�t�i�o�n�s� �o�n� �t�y�p�e�s� �o�f� �m�a�t�e�r�i�a�l�s� �a�l�l�o�w�e�d�,� �o�f� �w�i�n�d�r�o�w�s� �v�e�r�s�u�s� �a�v�a�i�l�a�b�l�e� �l�a�n�d�,� �a�n�d� �w�i�n�d�r�o�w� 

�l�o�c�a�t�i�o�n� �/�v�i�s�i�b�i�l�i�t�y�.� 

�7�)� �A�l�t�e�r�n�a�t�e� �D�i�s�p�o�s�a�l� �S�y�s�t�e�m�s�,� �I�n�c�.�,� �P�a�r�l�i�n�,� �N�J�.� 

�T�h�i�s� �p�r�i�v�a�t�e� �c�o�m�p�a�n�y� �a�c�c�e�p�t�s� �l�a�n�d� �c�l�e�a�r�i�n�g�,� �w�o�o�d�y� �w�a�s�t�e� �a�n�d� �c�l�e�a�n� �w�o�o�d�y� �d�e�m�o�l�i�t�i�o�n� �w�a�s�t�e�.� 

�L�i�k�e� �o�t�h�e�r�s�,� �t�h�e�y� �d�o� �n�o�t� �a�c�c�e�p�t� �t�r�e�a�t�e�d� �o�r� �p�a�i�n�t�e�d� �w�o�o�d�.� �T�h�e�y� �d�e�s�i�g�n�e�d� �a�n�d� �u�s�e� �a� �s�p�e�c�i�a�l�i�z�e�d� 

�g�r�i�n�d�e�r� �t�h�a�t� �w�o�r�k�s� �u�s�i�n�g� �a� �d�i�f�f�e�r�e�n�t� �p�r�i�n�c�i�p�l�e� �t�h�a�n� �e�i�t�h�e�r� �a� �h�a�m�m�e�r�m�i�l�l� �o�r� �t�u�b� �g�r�i�n�d�e�r�.� �(�S�e�e� �t�h�e� 

�e�q�u�i�p�m�e�n�t� �s�e�c�t�i�o�n� �f�o�r� �a� �m�o�r�e� �d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n�)�.� �T�h�e� �w�o�o�d� �i�s� �g�r�o�u�n�d� �t�o� �d�i�f�f�e�r�e�n�t� �s�i�z�e� �c�h�i�p�s� �a�n�d� 

�s�e�n�t� �b�y� �c�o�n�v�e�y�e�r� �t�o� �a� �s�h�a�k�i�n�g� �s�c�r�e�e�n� �w�h�e�r�e� �c�h�i�p�s� �o�f� �a� �c�e�r�t�a�i�n� �s�i�z�e� �w�i�l�l� �f�a�l�l� �i�n�t�o� �a� �p�i�l�e�.� �L�a�r�g�e�r� �c�h�i�p�s�,� 

�o�r�  ��o�v�e�r�s ��,� �a�r�e� �s�o�l�d� �t�o� �b�e� �u�s�e�d� �a�s� �t�e�m�p�o�r�a�r�y� �r�o�a�d� �b�a�s�e�s� �o�n� �c�o�n�s�t�r�u�c�t�i�o�n� �s�i�t�e�s�.� �T�h�i�s� �c�o�m�p�a�n�y� �a�l�s�o� 

�m�a�r�k�e�t�s� �a� �l�i�n�e� �o�f� �c�h�i�p�p�e�r�s� �f�r�o�m� �a� �s�m�a�l�l� �p�o�r�t�a�b�l�e� �u�n�i�t� �c�a�p�a�b�l�e� �o�f� �h�a�n�d�l�i�n�g� �m�a�t�e�r�i�a�l�s� �u�p� �t�o� �6�"� �i�n� 

�d�i�a�m�e�t�e�r�,� �t�o� �l�a�r�g�e� �m�a�c�h�i�n�e�s� �c�a�p�a�b�l�e� �o�f� �c�h�i�p�p�i�n�g� �s�t�u�m�p�s� �s�e�v�e�r�a�l� �f�e�e�t� �i�n� �d�i�a�m�e�t�e�r�.� 

�8�)� �D�r�.�P�e�t�e�r� �S�t�r�o�m�,� �R�u�t�g�e�r�s� �U�n�i�v�e�r�s�i�t�y�,� �N�e�w� �B�r�u�n�s�w�i�c�k�,� �N�J�.� 

�D�r�.� �S�t�r�o�m� �i�s� �a� �p�r�o�f�e�s�s�o�r� �i�n� �t�h�e� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�c�i�e�n�c�e�s� �D�e�p�a�r�t�m�e�n�t� �a�t� �R�u�t�g�e�r�s� �U�n�i�v�e�r�s�i�t�y�.� �H�e� 

�h�a�s� �b�e�e�n� �d�o�i�n�g� �r�e�s�e�a�r�c�h� �i�n� �t�h�e� �a�r�e�a� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �f�o�r� �s�e�v�e�r�a�l� �y�e�a�r�s�,� �a�n�d�,� �w�i�t�h� �D�r�.� �M�e�l�v�i�n� 

�F�i�n�s�t�e�i�n�,� �w�r�o�t�e� �t�h�e�  ��L�e�a�f� �C�o�m�p�o�s�t�i�n�g� �M�a�n�u�a�l� �f�o�r� �N�e�w� �J�e�r�s�e�y� �M�u�n�i�c�i�p�a�l�i�t�i�e�s�"�.� �H�e� �r�e�c�o�m�m�e�n�d�s� �o�f� 

�m�i�n�i�m�a�l� �t�o� �l�o�w� �t�e�c�h�n�o�l�o�g�y� �c�o�m�p�o�s�t�i�n�g�,� �a�n�d� �i�s� �c�o�n�d�u�c�t�i�n�g� �r�e�s�e�a�r�c�h� �e�v�a�l�u�a�t�i�n�g� �d�i�f�f�e�r�e�n�t� �m�i�x�e�s� �o�f� 

�l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� �W�h�i�l�e� �t�h�e� �m�i�n�i�m�a�l� �t�e�c�h�n�o�l�o�g�y� �d�o�e�s� �w�o�r�k�,� �h�e� �h�a�s� �o�b�s�e�r�v�e�d� �p�r�o�b�l�e�m�s� 

�w�i�t�h� �t�h�i�s� �m�e�t�h�o�d�.� �O�d�o�r�s� �a�r�e� �t�h�e� �m�o�s�t� �c�o�m�m�o�n� �p�r�o�b�l�e�m� �a�s� �t�h�e� �p�i�l�e�s� �b�e�c�o�m�e� �a�n�a�e�r�o�b�i�c� �i�n� �a� �s�h�o�r�t� 

�t�i�m�e� �i�f� �t�h�e� �p�i�l�e�s� �a�r�e� �n�o�t� �t�u�r�n�e�d�.� �A�l�s�o�,� �t�h�e� �p�r�o�c�e�s�s� �c�a�n� �t�a�k�e� �u�p� �t�o� �t�h�r�e�e� �y�e�a�r�s� �a�n�d� �t�h�e� �f�i�n�i�s�h�e�d� 

�c�o�m�p�o�s�t� �i�s� �n�o�t� �a� �h�i�g�h� �q�u�a�l�i�t�y� �m�a�t�e�r�i�a�l�.
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�9�)� �M�i�d�d�l�e�b�u�s�h� �C�o�m�p�o�s�t�,� �I�n�c�.� �M�i�d�d�l�e�b�u�s�h�,� �N�J�.� 

�T�h�i�s� �i�s� �a� �v�e�r�y� �w�e�l�l� �m�a�n�a�g�e�d�,� �i�n�t�e�r�m�e�d�i�a�t�e� �t�e�c�h�n�o�l�o�g�y� �l�e�a�f� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�.� �I�t� �i�s� �o�n� �a� �2�5� 

�a�c�r�e� �s�i�t�e� �a�n�d� �h�a�s� �a� �2�0�0�,�0�0�0� �c�u� �y�d� �c�a�p�a�c�i�t�y�.� �T�h�e� �w�i�n�d�r�o�w�s� �a�r�e� �1�8 �� �h�i�g�h� �x� �1�8 �� �w�i�d�e� �x� �1�2�0 �� �l�o�n�g�.� �T�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �i�n�s�i�d�e� �t�h�e� �p�i�l�e�s� �i�s� �m�o�n�i�t�o�r�e�d� �a�n�d� �w�h�e�n� �i�t� �r�e�a�c�h�e�s� �1�4�0� �d�e�g�r�e�e�s� �F�,� �t�h�e� �w�i�n�d�r�o�w�s� �a�r�e� 

�t�u�r�n�e�d� �u�s�i�n�g� �a� �S�c�a�r�a�b� �1�8� �m�e�c�h�a�n�i�c�a�l� �w�i�n�d�r�o�w�e�r�.� �T�h�e� �p�i�l�e�s� �a�r�e� �t�u�r�n�e�d� �a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�c�e� �a� �w�e�e�k�,� 

�b�u�t� �m�o�r�e� �o�f�t�e�n� �w�h�e�n� �f�i�r�s�t� �f�o�r�m�e�d�.� �T�h�e�y� �a�r�e� �p�r�o�d�u�c�i�n�g� �a� �v�e�r�y� �h�i�g�h� �q�u�a�l�i�t�y� �c�o�m�p�o�s�t� �i�n� �n�i�n�e� �m�o�n�t�h�s�.� 

�T�h�e� �f�i�n�i�s�h�e�d� �m�a�t�e�r�i�a�l� �i�s� �s�o�l�d� �s�c�r�e�e�n�e�d�,� �o�r� �u�n�s�c�r�e�e�n�e�d�.� �T�h�i�s� �h�i�g�h� �q�u�a�l�i�t�y� �c�o�m�p�o�s�t� �i�s� �b�e�c�o�m�i�n�g� �w�e�l�l� 

�a�c�c�e�p�t�e�d� �f�o�r� �u�s�e� �b�y� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s�,� �l�a�n�d�s�c�a�p�e�r�s�,� �e�t�c�.� 

�1�0�)� �D�i�c�k�e�r�s�o�n� �C�o�m�p�o�s�t�i�n�g� �F�a�c�i�l�i�t�y�,� �D�i�c�k�e�r�s�o�n�,� �M�D�.� 

�T�h�e� �D�i�c�k�e�r�s�o�n� �f�a�c�i�l�i�t�y�,� �r�u�n� �b�y� �M�a�r�y�l�a�n�d� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�e�r�v�i�c�e�s�,� �i�s� �o�n� �a� �s�i�t�e� �t�h�a�t� �i�n� �t�h�e� �p�a�s�t� 

�w�a�s� �u�s�e�d� �f�o�r� �s�l�u�d�g�e� �c�o�m�p�o�s�t�i�n�g�.� �I�t� �i�s� �a� �4�7� �a�c�r�e� �p�a�v�e�d� �s�i�t�e�,� �t�h�a�t� �c�u�r�r�e�n�t�l�y� �i�s� �t�a�k�i�n�g� �a�b�o�u�t� �9�7�,�0�0�0� 

�c�u� �y�d�s� �o�f� �l�e�a�v�e�s� �a� �y�e�a�r�,� �h�o�w�e�v�e�r�,� �t�h�e�y� �h�a�v�e� �b�e�g�u�n� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �a� �p�i�l�o�t� �g�r�a�s�s� �c�o�l�l�e�c�t�i�o�n� 

�p�r�o�g�r�a�m�.� �T�h�i�s� �p�a�s�t� �s�u�m�m�e�r� �(�1�9�8�9�)�,� �t�h�e�y� �c�o�l�l�e�c�t�e�d� �g�r�a�s�s� �f�r�o�m� �2�4�0�0� �h�o�u�s�e�h�o�l�d�s� �a�n�d� �r�e�c�e�i�v�e�d� �5�0�0� 

�t�o�n�s� �o�f� �c�l�i�p�p�i�n�g�s� �s�i�n�c�e� �A�p�r�i�l�.� �T�h�e�y� �a�r�e� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �m�i�x�e�s� �a�n�d� �f�e�e�l� �t�h�e�y� �c�a�n� �g�o� �t�o� �a� �2�:�1� 

�l�e�a�v�e�s� �t�o� �g�r�a�s�s� �c�l�i�p�p�i�n�g� �m�i�x�.� �N�e�x�t� �y�e�a�r� �t�h�e� �g�r�a�s�s� �c�o�l�l�e�c�t�i�o�n� �p�r�o�g�r�a�m� �w�i�l�l� �b�e� �e�x�p�a�n�d�e�d� �t�o� �a�l�l� �3�0�0�,�0�0�0� 

�h�o�u�s�e�h�o�l�d�s� �i�n� �t�h�e� �c�o�u�n�t�y� �w�h�i�c�h� �w�i�l�l� �d�o�u�b�l�e� �t�h�e� �y�a�r�d�w�a�s�t�e� �v�o�l�u�m�e� �t�h�e�y� �r�e�c�e�i�v�e�.� �T�h�e�y� �u�s�e� �a� �C�o�b�e�y� 

�w�i�n�d�r�o�w� �t�u�r�n�e�r�,� �t�h�a�t� �w�a�s� �f�o�r�m�e�r�l�y� �u�s�e�d� �w�i�t�h� �t�h�e� �s�l�u�d�g�e� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�.� �T�h�e�y� �a�r�e� �s�u�p�p�o�s�e�d� 

�t�o� �t�u�r�n� �t�h�e� �p�i�l�e�s� �o�n� �a� �m�o�n�t�h�l�y� �b�a�s�i�s�,� �h�o�w�e�v�e�r�,� �s�o�m�e� �p�i�l�e�s� �h�a�d� �n�o�t� �b�e�e�n� �t�u�r�n�e�d� �f�o�r� �a� �l�o�n�g�e�r� �p�e�r�i�o�d�.� 

�T�h�e�r�e� �w�e�r�e� �p�l�a�s�t�i�c� �b�a�g�s� �i�n� �m�a�n�y� �o�f� �t�h�e� �w�i�n�d�r�o�w�s�,� �e�s�p�e�c�i�a�l�l�y� �t�h�e� �o�n�e�s� �w�i�t�h� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� �T�h�e�y� 

�h�a�v�e� �t�r�i�e�d� �u�s�i�n�g� �b�i�o�d�e�g�r�a�d�a�b�l�e� �b�a�g�s�,� �b�u�t� �h�a�v�e� �n�o�t� �h�a�d� �g�o�o�d� �r�e�s�u�l�t�s� �w�i�t�h� �t�h�e�m�.� �A�f�t�e�r� �c�o�m�p�o�s�t�i�n�g� 

�a�n�d� �s�c�r�e�e�n�i�n�g�,� �t�h�e�y� �w�e�r�e� �t�u�r�n�i�n�g� �o�u�t� �a� �h�i�g�h� �q�u�a�l�i�t�y� �p�r�o�d�u�c�t� �i�n� �a�b�o�u�t� �o�n�e� �y�e�a�r� �b�u�t� �m�o�r�e� �a�t�t�e�n�t�i�o�n� 

�t�o� �t�u�r�n�i�n�g� �t�h�e� �p�i�l�e�s� �o�n� �a� �r�e�g�u�l�a�r� �b�a�s�i�s� �w�o�u�l�d� �t�u�r�n� �o�u�t� �a� �h�i�g�h� �q�u�a�l�i�t�y� �c�o�m�p�o�s�t� �i�n� �a� �s�h�o�r�t�e�r� �t�i�m�e� 

�p�e�r�i�o�d�.



�7�4� 

�S�u�r�v�e�y�s� 

�T�h�r�e�e� �s�u�r�v�e�y�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �a�m�o�u�n�t� �o�f� �c�o�m�p�o�s�t�a�b�l�e� �y�a�r�d�w�a�s�t�e� �p�r�o�d�u�c�e�d�,� 

�t�h�e� �p�e�r�c�e�i�v�e�d� �u�s�e�s� �o�f� �c�o�m�p�o�s�t�,� �a�n�d� �i�n�t�e�r�e�s�t� �i�n� �c�o�m�p�o�s�t�i�n�g� �a�n�d� �c�o�m�p�o�s�t� �u�t�i�l�i�z�a�t�i�o�n�.� �T�h�e�s�e� �w�e�r�e� 

�p�o�p�u�l�a�t�i�o�n� �s�u�r�v�e�y�s�,� �d�i�r�e�c�t�e�d� �t�o� �p�e�o�p�l�e� �i�n� �V�i�r�g�i�n�i�a� �w�h�o� �w�o�u�l�d� �e�i�t�h�e�r� �h�a�v�e� �u�s�e�s� �f�o�r� �c�o�m�p�o�s�t�,� 

�k�n�o�w�l�e�d�g�e� �o�f� �a�m�o�u�n�t�s� �o�f� �y�a�r�d�w�a�s�t�e�s� �g�o�i�n�g� �i�n�t�o� �l�a�n�d�f�i�l�l�s�,� �o�r� �p�e�r�c�e�p�t�i�o�n�s� �o�f� �h�o�w� �c�o�m�p�o�s�t� �c�o�u�l�d� �b�e� 

�u�s�e�d� �b�y� �c�i�t�i�z�e�n�s� �o�f� �t�h�e� �s�t�a�t�e�.� 

�T�h�e� �s�u�r�v�e�y�s� �w�e�r�e� �m�a�i�l�e�d� �i�n� �J�u�l�y� �a�n�d� �A�u�g�u�s�t�,� �1�9�8�9�.� �O�n�e� �w�e�e�k� �a�f�t�e�r� �t�h�e� �i�n�i�t�i�a�l� �m�a�i�l�i�n�g� �a� 

�r�e�m�i�n�d�e�r� �p�o�s�t�c�a�r�d� �w�a�s� �s�e�n�t� �t�o� �t�h�a�n�k� �p�e�o�p�l�e� �w�h�o� �h�a�d� �a�l�r�e�a�d�y� �r�e�s�p�o�n�d�e�d�,� �a�n�d� �t�o� �r�e�m�i�n�d� �t�h�o�s�e� �w�h�o� 

�h�a�d� �n�o�t�.� �T�h�e� �d�a�t�a� �f�r�o�m� �t�h�e� �s�u�r�v�e�y�s� �w�a�s� �t�h�e�n� �e�n�t�e�r�e�d� �o�n� �a� �c�o�m�p�u�t�e�r� �a�n�d� �a�n�a�l�y�z�e�d�.� �A� �d�i�s�c�u�s�s�i�o�n� 

�o�f� �e�a�c�h� �o�f� �t�h�e� �s�u�r�v�e�y�s� �f�o�l�l�o�w�s�.� �(�A� �c�o�p�y� �o�f� �e�a�c�h� �o�f� �t�h�e� �s�u�r�v�e�y�s� �c�a�n� �b�e� �f�o�u�n�d� �i�n� �A�p�p�e�n�d�i�x� �B�)�.� 

�D�i�s�c�u�s�s�i�o�n� �a�n�d� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �s�u�r�v�e�y� �r�e�s�u�l�t�s� �a�r�e� �i�n�c�l�u�d�e�d� �i�n� �v�a�r�i�o�u�s� �s�e�c�t�i�o�n�s� �o�f� �t�h�e� �r�e�p�o�r�t�.� 

�1�)� �V�i�r�g�i�n�i�a� �N�u�r�s�e�r�y� �O�p�e�r�a�t�o�r�s� �S�u�r�v�e�y� 

�I�n� �o�r�d�e�r� �t�o� �h�e�l�p� �a�s�s�e�s�s� �p�o�t�e�n�t�i�a�l� �u�s�e�s�,� �u�s�e� �v�o�l�u�m�e�s� �a�n�d� �p�r�i�v�a�t�e� �s�e�c�t�o�r� �i�n�t�e�r�e�s�t� �i�n� �c�o�m�p�o�s�t�i�n�g�,� 

�a�l�l� �r�e�g�i�s�t�e�r�e�d� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �i�n� �t�h�e� �s�t�a�t�e� �w�e�r�e� �s�u�r�v�e�y�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �c�u�r�r�e�n�t� �u�s�e�s� �o�f� �o�r�g�a�n�i�c� 

�m�a�t�e�r�i�a�l�s� �f�o�r� �m�u�l�c�h�e�s�,� �p�o�t�t�i�n�g� �m�i�x�e�s�,� �e�t�c�.�,� �a�n�d� �w�a�y�s� �c�o�m�p�o�s�t�e�d� �y�a�r�d�w�a�s�t�e� �c�o�u�l�d� �b�e� �u�s�e�d�.� �T�h�i�r�t�y�-� 

�o�n�e� �p�e�r�c�e�n�t� �(�1�4�7� �o�f� �4�7�6�)� �o�f� �a�l�l� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �r�e�s�p�o�n�d�e�d� �t�o� �t�h�e� �s�u�r�v�e�y�.� �O�v�e�r� �t�w�o�-�t�h�i�r�d�s� �o�f� �t�h�e� 

�r�e�s�p�o�n�d�e�n�t�s� �w�e�r�e� �s�u�f�f�i�c�i�e�n�t�l�y� �i�n�t�e�r�e�s�t�e�d� �i�n� �m�a�k�i�n�g� �o�r� �u�s�i�n�g� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �t�h�a�t� �t�h�e�y� �a�s�k�e�d� �t�o� 

�b�e� �p�u�t� �o�n� �a� �m�a�i�l�i�n�g� �l�i�s�t� �f�o�r� �f�u�r�t�h�e�r� �i�n�f�o�r�m�a�t�i�o�n�.� �L�o�c�a�t�i�o�n�s�,� �b�y� �c�i�t�y� �o�r� �c�o�u�n�t�y�,� �o�f� �i�n�t�e�r�e�s�t�e�d� �n�u�r�s�e�r�i�e�s� 

�a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.� 

�2�)� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �A�g�e�n�t�s� �S�u�r�v�e�y� 

�E�x�t�e�n�s�i�o�n� �A�g�e�n�t�s� �a�r�e� �i�n� �t�h�e� �u�n�i�q�u�e� �p�o�s�i�t�i�o�n� �o�f� �h�a�v�i�n�g� �f�i�r�s�t�-�h�a�n�d� �k�n�o�w�l�e�d�g�e� �o�f� �l�o�c�a�l� 

�g�o�v�e�r�n�m�e�n�t� �a�n�d� �o�f� �h�o�w� �V�i�r�g�i�n�i�a� �f�a�r�m�e�r�s� �a�n�d� �g�a�r�d�e�n�e�r�s� �w�o�u�l�d� �u�s�e� �a� �m�a�t�e�r�i�a�l� �s�u�c�h� �a�s� �y�a�r�d�w�a�s�t�e� 

�c�o�m�p�o�s�t�.� �M�a�n�y� �o�f� �t�h�e�m� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �o�r� �a�w�a�r�e� �o�f� �l�o�c�a�l� �p�r�o�g�r�a�m�s� �i�n� �r�e�c�y�c�l�i�n�g� �a�n�d� �c�o�m�p�o�s�t�i�n�g�.



�7�5� 

�S�e�v�e�n�t�y� �p�e�r�c�e�n�t� �(�8�6� �o�f� �1�2�3�)� �o�f� �t�h�e� �E�x�t�e�n�s�i�o�n� �A�g�e�n�t�s�-�A�g�r�i�c�u�i�t�u�r�e�,� �r�e�p�r�e�s�e�n�t�i�n�g� �n�e�a�r�l�y� �3�.�4� �m�i�l�l�i�o�n� 

�p�e�o�p�l�e�,� �r�e�s�p�o�n�d�e�d�.� �T�h�e�i�r� �p�e�r�c�e�p�t�i�o�n�s� �o�n� �c�u�r�r�e�n�t� �y�a�r�d�w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t�,� �u�s�e�s� �f�o�r� �a�n�d� �i�n�t�e�r�e�s�t� �i�n� 

�y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�,� �a�n�d� �a�r�e�a�s� �o�f� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �n�e�e�d�e�d�,� �w�e�r�e� �i�m�p�o�r�t�a�n�t� �i�n� �f�o�r�m�u�l�a�t�i�n�g� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �t�h�i�s� �f�e�a�s�i�b�i�l�i�t�y� �s�t�u�d�y�.� �T�h�i�r�t�y� �o�n�e� �r�e�s�p�o�n�d�e�n�t�s� �(�3�6�%�)� �s�a�i�d� �t�h�e�y� �w�o�u�l�d� �l�i�k�e� �f�o�r� 

�t�h�e�i�r� �l�o�c�a�l�i�t�y� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d� �a�s� �a� �p�a�r�t�i�c�i�p�a�n�t� �i�n� �a� �p�i�l�o�t� �p�r�o�g�r�a�m�.� �T�h�e� �l�o�c�a�t�i�o�n� �o�f� �i�n�t�e�r�e�s�t�e�d� �c�i�t�i�e�s� 

�o�r� �c�o�u�n�t�i�e�s� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.� 

�3�)� �V�i�r�g�i�n�i�a� �S�o�l�i�d� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �P�e�r�m�i�t� �H�o�l�d�e�r� �S�u�r�v�e�y� 

�S�o�l�i�d� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �P�e�r�m�i�t� �H�o�l�d�e�r�s� �w�e�r�e� �s�u�r�v�e�y�e�d� �t�o� �d�e�t�e�r�m�i�n�e�:� �a�)� �t�h�e� �e�x�p�e�c�t�e�d� �l�i�f�e� �o�f� 

�t�h�e�i�r� �l�a�n�d�f�i�l�l�,� �b�)� �t�h�e� �a�m�o�u�n�t� �o�f� �y�a�r�d�w�a�s�t�e� �c�u�r�r�e�n�t�l�y� �r�e�c�e�i�v�e�d� �a�t� �t�h�e� �l�a�n�d�f�i�l�l�,� �c�)� �a�w�a�r�e�n�e�s�s� �o�f� �p�r�o�g�r�a�m�s� 

�i�n� �o�t�h�e�r� �s�t�a�t�e�s� �t�o� �r�e�c�y�c�l�e� �o�r�g�a�n�i�c� �w�a�s�t�e�s�,� �a�n�d� �d�)� �p�e�r�c�e�p�t�i�o�n�s� �o�f� �t�h�e� �f�e�a�s�i�b�i�l�i�t�y� �o�f� �a� �c�o�m�p�o�s�t�i�n�g� 

�p�r�o�g�r�a�m� �i�n� �t�h�e�i�r� �l�o�c�a�l�i�t�y�.� �F�o�r�t�y�-�s�e�v�e�n� �p�e�r�c�e�n�t� �o�f� �a�l�l� �p�e�r�m�i�t� �h�o�l�d�e�r�s� �r�e�s�p�o�n�d�e�d� �i�n�d�i�c�a�t�i�n�g� �a� �h�i�g�h� �l�e�v�e�l� 

�o�f� �i�n�t�e�r�e�s�t� �i�n� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g�.� 

�T�e�l�e�p�h�o�n�e� �I�n�t�e�r�v�i�e�w�s� 

�T�e�l�e�p�h�o�n�e� �i�n�t�e�r�v�i�e�w�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �w�i�t�h� �p�e�o�p�l�e� �i�n� �a�r�e�a�s� �o�f� �t�h�e� �c�o�u�n�t�r�y� �n�o�t� �v�i�s�i�t�e�d�,� �e�i�t�h�e�r� 

�d�u�e� �t�o� �t�i�m�e� �o�r� �b�u�d�g�e�t�a�r�y� �c�o�n�s�t�r�a�i�n�t�s�.� �T�h�e� �p�e�o�p�l�e� �i�n�t�e�r�v�i�e�w�e�d� �i�n�c�l�u�d�e�d� �r�e�s�e�a�r�c�h�e�r�s�,� �r�e�g�u�l�a�t�o�r�s�,� 

�r�e�c�y�c�l�i�n�g� �c�o�o�r�d�i�n�a�t�o�r�s�,� �a�n�d� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�y� �o�p�e�r�a�t�o�r�s�.� �A� �l�i�s�t� �o�f� �c�o�n�t�a�c�t�s� �i�s� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.
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�C�U�R�R�E�N�T� �Y�A�R�D�W�A�S�T�E� �M�A�N�A�G�E�M�E�N�T� �P�R�A�C�T�I�C�E�S� 

�I�N� �V�I�R�G�I�N�I�A� 

�C�u�r�r�e�n�t�l�y�,� �7�6�%� �a�n�d� �8�1�%� �o�f� �t�h�e� �S�o�l�i�d� �W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �P�e�r�m�i�t� �H�o�l�d�e�r�s� �s�u�r�v�e�y�e�d� �l�a�n�d�f�i�l�l�e�d� 

�a�l�l� �o�f� �t�h�e�i�r� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� �S�e�v�e�n� �p�e�r�c�e�n�t� �s�t�o�c�k�p�i�l�e� �b�o�t�h� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� 

�c�l�i�p�p�i�n�g�s� �a�n�d� �u�s�e� �a� �g�i�v�e�a�w�a�y� �p�r�o�g�r�a�m� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �l�a�n�d�f�i�l�l�i�n�g� �t�o� �m�a�n�a�g�e� �l�e�a�v�e�s�.� �T�h�e� 

�r�e�m�a�i�n�i�n�g� �p�e�r�m�i�t� �h�o�l�d�e�r�s� �u�s�e� �s�o�m�e� �o�t�h�e�r� �m�e�t�h�o�d� �o�r� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �m�e�t�h�o�d�s� �t�o� �m�a�n�a�g�e� �y�a�r�d�w�a�s�t�e�.� 

�T�h�e� �a�v�e�r�a�g�e� �a�n�n�u�a�l� �p�e�r�c�e�n�t�a�g�e� �o�f� �M�S�W� �t�h�a�t� �i�s� �y�a�r�d�w�a�s�t�e� �w�a�s� �e�s�t�i�m�a�t�e�d� �b�y� �r�e�s�p�o�n�d�e�n�t�s� �t�o� 

�b�e� �n�i�n�e� �p�e�r�c�e�n�t�.� �T�h�i�s� �i�s� �s�u�b�s�t�a�n�t�i�a�l�l�y� �b�e�l�o�w� �m�o�s�t� �e�s�t�i�m�a�t�e�s� �f�r�o�m� �o�i�h�e�r� �s�t�a�t�e�s� �a�n�d� �m�o�r�e� �q�u�a�n�t�i�t�a�t�i�v�e� 

�n�u�m�b�e�r�s� �g�e�n�e�r�a�t�e�d� �b�y� �w�a�s�t�e� �s�t�r�e�a�m� �i�n�v�e�n�t�o�r�i�e�s�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� �m�o�s�t� �p�e�r�m�i�t� �h�o�l�d�e�r�s� �m�a�y� �h�a�v�e� �o�n�l�y� 

�a�c�c�o�u�n�t�e�d� �f�o�r� �b�u�l�k� �q�u�a�n�t�i�t�i�e�s� �o�f� �l�e�a�v�e�s�.� �B�a�s�e�d� �o�n� �a�v�a�i�l�a�b�l�e� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �V�i�r�g�i�n�i�a� �a�n�d� �e�l�s�e�w�h�e�r�e�,� 

�i�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �y�a�r�d�w�a�s�t�e� �a�c�c�o�u�n�t�s� �f�o�r� �1�5� �t�o� �2�0�%� �o�f� �V�i�r�g�i�n�i�a ��s� �M�S�W�.� �T�h�i�s� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� 

�w�o�o�d�y� �w�a�s�t�e� �w�h�i�c�h� �l�i�k�e�l�y� �a�c�c�o�u�n�t�s� �f�o�r� �a�b�o�u�t� �t�h�e� �s�a�m�e� �v�o�l�u�m�e� �a�s� �y�a�r�d�w�a�s�t�e�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� 

�t�h�a�t� �y�a�r�a�w�a�s�t�e� �v�o�l�u�m�e�s� �c�a�n� �r�a�n�g�e� �f�r�o�m� �5� �t�o� �4�0�%� �o�f� �t�h�e� �t�o�t�a�l� �w�a�s�t�e� �s�t�r�e�a�m� �a�t� �d�i�f�f�e�r�e�n�t� �l�a�n�d�f�i�l�l�s�.� 

�N�e�a�r�l�y� �a�n�e� �t�h�i�r�d� �(�3�2�%�)� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �h�a�v�e� �a� �s�e�p�a�r�a�t�e� �c�u�r�b�s�i�d�e� �c�o�l�l�e�c�t�i�o�n� �p�r�o�g�r�a�m� �f�o�r� 

�l�e�a�v�e�s�.� �T�h�i�s� �f�a�c�i�l�i�t�a�t�e�s� �s�e�g�r�e�g�a�t�i�o�n� �o�f� �t�h�e� �m�a�t�e�r�i�a�l�s� �f�o�r� �c�o�m�p�o�s�t�i�n�g�.� �F�o�r� �l�o�c�a�l�i�t�i�e�s� �w�i�t�h�o�u�t� �c�u�r�b�s�i�d�e� 

�c�o�l�l�e�c�t�i�o�n�,� �e�f�f�o�r�t�s� �t�o� �s�e�g�r�e�g�a�t�e� �y�a�r�d�w�a�s�t�e� �e�i�t�h�e�r� �d�u�r�i�n�g� �o�r� �a�f�t�e�r� �c�o�l�l�e�c�t�i�o�n� �w�i�l�l� �b�e� �c�r�i�t�i�c�a�l� �i�n� 

�d�e�v�e�l�o�p�i�n�g� �a� �s�u�c�c�e�s�s�f�u�l� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m�.� 

�N�o� �l�o�c�a�l�i�t�y� �c�u�r�r�e�n�t�l�y� �c�o�m�p�o�s�t�s� �m�o�r�e� �t�h�a�n� �1�0�%� �o�f� �t�h�e�i�r� �y�a�r�d�w�a�s�t�e�.� �H�o�w�e�v�e�r�,� �m�o�r�e� �t�h�a�n� �o�n�e� 

�t�h�i�r�d� �(�8�4�%�)� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �h�a�v�e� �e�s�t�a�b�l�i�s�h�e�d� �a� �g�r�o�u�p� �t�o� �s�t�u�d�y� �r�e�c�y�c�l�i�n�g� �o�f� �y�a�r�d�w�a�s�t�e� �a�s� 

�c�o�m�p�o�s�t�.� �T�h�e� �i�n�t�e�n�s�e� �i�n�t�e�r�e�s�t� �i�n� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �i�s� �i�n�d�i�c�a�t�e�d� �b�y� �t�h�e� �h�i�g�h� �l�e�v�e�l� �o�f� �r�e�s�p�o�n�s�e� �t�o� 

�t�h�e� �s�u�r�v�e�y� �(�4�7�%� �o�f� �a�l�l� �p�e�r�m�i�t� �h�o�l�d�e�r�s�)� �a�n�d� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �r�e�s�p�o�n�d�e�n�t�s� �r�e�q�u�e�s�t�i�n�g� �t�o� �b�e� �p�u�t� 

�o�n� �a� �m�a�i�l�i�n�g� �l�i�s�t� �f�o�r� �a�d�d�i�t�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �(�F�i�g�u�r�e�s� �6� �a�n�d� �7�)�.� 

�T�h�e� �i�n�t�e�r�e�s�t� �i�n� �y�a�r�d�w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �i�s� �f�u�r�t�h�e�r� �i�n�t�e�n�s�i�f�i�e�d� �b�y� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �l�a�n�d�f�i�l�l�s
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�n�e�a�r�i�n�g� �c�a�p�a�c�i�t�y�.� �O�v�e�r� �h�a�l�f� �(�5�2�%�)� �o�f� �t�h�e� �r�e�s�p�o�n�d�e�n�t�s� �i�n�d�i�c�a�t�e�d� �t�h�e�i�r� �l�a�n�d�f�i�l�l� �h�a�d� �a�n� �e�x�p�e�c�t�e�d� �l�i�f�e� 

�o�f� �l�e�s�s� �t�h�a�n� �t�e�n� �y�e�a�r�s�.� �O�f� �t�h�a�t� �n�u�m�b�e�r�,� �3�6�%� �h�a�v�e� �s�e�l�e�c�t�e�d� �a� �n�e�w� �s�i�t�e� �a�n�d� �a�r�e� �i�n� �s�o�m�e� �p�h�a�s�e� �o�f� 

�d�e�s�i�g�n� �o�r� �c�o�n�s�t�r�u�c�t�i�o�n�.� �T�h�e� �s�h�o�r�t� �l�i�f�e� �e�x�p�e�c�t�a�n�c�y� �o�f� �s�o� �m�a�n�y� �l�a�n�d�f�i�l�l�s� �a�n�d� �t�h�e� �c�o�s�t� �o�f� �n�e�w� �l�a�n�d�f�i�l�l� 

�s�p�a�c�e� �d�i�c�t�a�t�e�s� �t�h�a�t� �a�l�l� �r�e�c�y�c�l�a�b�l�e� �w�a�s�t�e�,� �s�u�c�h� �a�s� �y�a�r�d�w�a�s�t�e�,� �m�u�s�t� �b�e� �r�e�m�o�v�e�d� �f�r�o�m� �l�a�n�d�f�i�l�l�s�.� 

�I�f� �a� �c�o�n�s�e�r�v�a�t�i�v�e� �a�v�e�r�a�g�e� �o�f� �1�5�%� �y�a�r�d�w�a�s�t�e� �i�s� �u�s�e�d� �w�i�t�h� �a�n� �a�p�p�r�o�x�i�m�a�t�e� �t�o�t�a�l� �M�S�W� �v�o�l�u�m�e� 

�o�f� �6�.�5� �m�i�l�l�i�o�n� �t�o�n�s� �p�e�r� �y�e�a�r�,� �t�h�e�n� �a�l�m�o�s�t� �o�n�e� �m�i�l�l�i�o�n� �t�o�n�s� �o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �f�o�u�r� �m�i�l�l�i�o�n� �c�u�b�i�c� �y�a�r�d�s� 

�o�f� �y�a�r�d�w�a�s�t�e� �a�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �V�i�r�g�i�n�i�a� �e�a�c�h� �y�e�a�r� �w�i�t�h� �t�h�e� �v�a�s�t� �m�a�j�o�r�i�t�y� �g�o�i�n�g� �t�o� �l�a�n�d�f�i�l�l�s�.� �T�h�e� 

�a�v�e�r�a�g�e� �l�a�n�d�f�i�l�l� �t�i�p�p�a�g�e� �f�e�e� �f�o�r� �s�u�r�v�e�y� �r�e�s�p�o�n�d�e�n�t�s� �w�a�s� �$�1�9�.�6�3� �p�e�r� �t�o�n�.� �B�a�s�e�d� �o�n� �p�r�o�j�e�c�t�e�d� 

�y�a�r�d�w�a�s�t�e� �v�o�l�u�m�e�s� �a�n�d� �t�h�e� �a�v�e�r�a�g�e� �t�i�p�p�a�g�e� �f�e�e�,� �l�a�n�d�f�i�l�l� �s�p�a�c�e� �v�a�l�u�e�d� �a�t� �a�l�m�o�s�t� �2�0� �m�i�l�l�i�o�n� �d�o�l�l�a�r�s� 

�a�r�e� �b�e�i�n�g� �u�s�e�d� �f�o�r� �y�a�r�d�w�a�s�t�e�.� �A�s� �s�t�a�t�e�d� �e�a�r�l�i�e�r�,� �a�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�q�u�a�l� �v�o�l�u�m�e� �(�a�n�d� �c�o�s�t�)� �i�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �w�o�o�d�y� �w�a�s�t�e�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e� �t�o�t�a�l� �c�o�s�t� �o�f� �d�i�s�p�o�s�i�n�g� �o�f� �y�a�r�d�w�a�s�t�e� �a�n�d� 

�w�o�o�d�y� �w�a�s�t�e� �i�n� �V�i�r�g�i�n�i�a� �i�s� �n�e�a�r�l�y� �4�0� �m�i�l�l�i�o�n� �d�o�l�l�a�r�s� �a�n�n�u�a�l�l�y�.� �F�u�r�t�h�e�r�,� �t�i�p�p�a�g�e� �f�e�e�s� �a�r�e� �r�i�s�i�n�g� �r�a�p�i�d�l�y� 

�a�s� �n�e�w� �l�a�n�d�f�i�l�l� �s�p�a�c�e� �b�e�c�o�m�e�s� �i�n�c�r�e�a�s�i�n�g�l�y� �d�i�f�f�i�c�u�l�t� �t�o� �l�o�c�a�t�e�.� �I�t� �s�h�o�u�l�d� �a�l�s�o� �b�e� �n�o�t�e�d� �t�h�a�t� �4�6�%� �o�f� 

�r�e�s�p�o�n�d�i�n�g� �l�a�n�d�f�i�l�l�s� �c�h�a�r�g�e�d� �l�e�s�s� �t�h�a�n� �$�1�0�/�t�o�n� �w�h�i�c�h� �i�s� �u�n�r�e�a�l�i�s�t�i�c�a�l�l�y� �l�o�w�.� �T�h�e�s�e� �a�r�e� �l�i�k�e�l�y� �o�l�d�e�r� 

�l�a�n�d�f�i�l�l�s� �t�h�a�t� �h�a�v�e� �n�o�t� �y�e�t� �i�n�c�l�u�d�e�d� �t�h�e� �c�o�s�t�s� �o�f� �u�p�g�r�a�d�i�n�g� �t�o� �m�e�e�t� �n�e�w� �r�e�q�u�i�r�e�m�e�n�t�s�.� �I�t� �c�a�n� �t�h�u�s� 

�b�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �r�e�a�l� �c�o�s�t� �o�f� �y�a�r�d� �a�n�d� �w�o�o�d�y� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t�,� �w�h�e�n� �v�i�e�w�e�d� �i�n� �t�e�r�m�s� �o�f� 

�f�u�t�u�r�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �l�a�n�d�f�i�l�l� �s�p�a�c�e�,� �s�h�o�u�l�d� �b�e� �f�a�r� �i�n� �e�x�c�e�s�s� �o�f� �4�0� �m�i�l�l�i�o�n� �d�o�l�l�a�r�s� �p�e�r� �y�e�a�r�.
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�8�2� 

�M�A�R�K�E�T�S� �A�N�D� �U�S�E�S� �F�O�R� �Y�A�R�D�W�A�S�T�E� �C�O�M�P�O�S�T� 

�B�a�s�e�d� �o�n� �r�e�s�u�l�t�s� �o�f� �s�u�r�v�e�y�s� �s�e�n�t� �t�o� �V�i�r�g�i�n�i�a� �N�u�r�s�e�r�y� �O�p�e�r�a�t�o�r�s�,� �a� �n�u�m�b�e�r� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r� 

�s�o�u�r�c�e�s� �c�u�r�r�e�n�t�l�y� �i�n� �u�s�e� �c�o�u�l�d� �b�e� �r�e�p�l�a�c�e�d� �b�y� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�.� �F�i�f�t�y�-�s�i�x� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�r�e�s�p�o�n�d�e�n�t�s� �f�e�l�t� �c�o�m�p�o�s�t� �c�o�u�l�d� �b�e� �s�u�b�s�t�i�t�u�t�e�d� �f�o�r� �c�o�m�m�e�r�c�i�a�l� �p�o�t�t�i�n�g� �s�o�i�l� �m�i�x�e�s� �a�n�d� �m�a�n�y� �f�e�l�t� �i�t� 

�c�o�u�l�d� �b�e� �s�u�b�s�t�i�t�u�t�e�d� �f�o�r� �p�e�a�t� �m�o�s�s�.� �O�v�e�r� �9�4�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �o�f� �p�o�t�t�i�n�g� �s�o�i�l� �m�i�x� �a�n�d� �3�6�,�0�0�0� �c�u�b�i�c� 

�y�a�r�d�s� �o�f� �p�e�a�t� �m�o�s�s� �a�r�e� �u�s�e�d� �b�y� �r�e�s�p�o�n�d�e�n�t�s� �p�e�r� �y�e�a�r�.� �I�f� �a�l�l� �o�f� �t�h�e� �p�e�a�t� �a�n�d� �o�n�e�-�h�a�l�f� �o�f� �t�h�e� �p�o�t�t�i�n�g� 

�s�o�i�l� �m�i�x� �c�o�u�l�d� �b�e� �r�e�p�l�a�c�e�d� �b�y� �c�o�m�p�o�s�t�,� �a� �p�o�t�e�n�t�i�a�l� �m�a�r�k�e�t� �o�f� �a�b�o�u�t� �9�5�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �o�f� �c�o�m�p�o�s�t� 

�p�e�r� �y�e�a�r� �w�o�u�l�d� �r�e�s�u�l�t� �f�r�o�m� �s�u�r�v�e�y� �r�e�s�p�o�n�d�e�n�t�s� �o�n�l�y�.� 

�B�y� �r�e�p�l�a�c�i�n�g� �a�l�l� �o�f� �t�h�e� �p�e�a�t� �m�o�s�s� �a�n�d� �h�a�l�f� �o�f� �t�h�e� �p�o�t�t�i�n�g� �m�i�x� �s�o�l�d� �b�y� �r�e�s�p�o�n�d�i�n�g� �n�u�r�s�e�r�i�e�s�,� �a�n� 

�a�d�d�i�t�i�o�n�a�l� �4�1�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �o�f� �c�o�m�p�o�s�t� �c�o�u�l�d� �b�e� �u�s�e�d� �(�o�n�l�y� �h�a�l�f� �o�f� �t�h�e� �p�o�t�t�i�n�g� �m�i�x� �w�a�s� �a�s�s�u�m�e�d� 

�r�e�p�l�a�c�e�d� �s�i�n�c�e� �a� �g�o�o�d� �p�o�t�t�i�n�g� �m�i�x� �m�u�s�t� �c�o�n�t�a�i�n� �a� �s�u�b�s�t�a�n�t�i�a�l� �p�o�r�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l�)�.� �T�h�i�s� 

�r�e�s�u�l�t�s� �i�n� �a� �t�o�t�a�l� �p�o�t�e�n�t�i�a�l� �m�a�r�k�e�t� �o�f� �1�3�6�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �o�f� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l� �u�s�e�d� �o�r� �s�o�l�d� �b�y� �s�u�r�v�e�y� 

�r�e�s�p�o�n�d�e�n�t�s�.� �I�t� �i�s� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �a�p�p�r�o�p�r�i�a�t�e� �t�o� �d�i�r�e�c�t�l�y� �e�x�t�r�a�p�o�l�a�t�e� �p�o�p�u�l�a�t�i�o�n� �s�u�r�v�e�y� �r�e�s�u�l�t�s� �t�o� �t�h�e� 

�e�n�t�i�r�e� �p�o�p�u�l�a�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �t�o�t�a�l� �m�a�r�k�e�t� �v�o�l�u�m�e� �c�a�n� �o�n�l�y� �b�e� �e�s�t�i�m�a�t�e�d�.� �I�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �a� �t�o�t�a�l� 

�p�o�t�e�n�t�i�a�l� �m�a�r�k�e�t� �v�o�l�u�m�e� �t�w�o� �t�o� �t�h�r�e�e� �t�i�m�e�s� �t�h�a�t� �r�e�p�o�r�t�e�d� �b�y� �r�e�s�p�o�n�d�e�n�t�s�,� �o�r� �r�a�n�g�i�n�g� �b�e�t�w�e�e�n� 

�2�7�2�,�0�0�0� �a�n�d� �4�0�8�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s�,� �c�o�u�l�d� �b�e� �a�n�t�i�c�i�p�a�t�e�d�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �a�s�s�u�m�e�s� �t�h�a�t� �t�h�e� �m�o�s�t� 

�c�o�m�m�o�n�l�y� �u�s�e�d� �o�r�g�a�n�i�c� �m�a�t�e�r�i�a�l�s� �w�o�u�l�d� �b�e� �r�e�p�l�a�c�e�d� �e�n�t�i�r�e�l�y�,� �w�h�i�c�h� �i�s� �u�n�l�i�k�e�l�y�.� �N�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� 

�a�n�d� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �a�l�s�o� �f�e�l�t� �t�h�e� �m�a�t�e�r�i�a�l� �w�o�u�l�d� �b�e� �s�u�i�t�a�b�l�e� �f�o�r� �u�s�e� �i�n� �l�a�w�n� �e�s�t�a�b�l�i�s�h�m�e�n�t�/� 

�r�e�n�o�v�a�t�i�o�n� �a�n�d� �h�o�m�e� �g�a�r�d�e�n� �s�o�i�l� �i�m�p�r�o�v�e�m�e�n�t�.� 

�T�h�e�r�e� �a�r�e� �a�p�p�a�r�e�n�t�l�y� �s�o�m�e� �m�i�s�c�o�n�c�e�p�t�i�o�n�s� �a�b�o�u�t� �p�o�t�e�n�t�i�a�l� �u�s�e�s� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �e�v�e�n� 

�a�m�o�n�g� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �a�n�d� �t�h�e� �n�u�r�s�e�r�y� �i�n�d�u�s�t�r�y�.� �W�h�e�n� �f�i�n�i�s�h�e�d�,� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �i�s� �a� �v�e�r�y� 

�d�a�r�k�,� �c�r�u�m�b�l�y� �m�a�t�e�r�i�a�l�,� �t�h�a�t� �i�s� �f�i�n�e� �t�e�x�t�u�r�e�d�.� �I�t� �w�o�u�l�d� �n�o�t� �b�e� �a� �v�e�r�y� �s�u�i�t�a�b�l�e� �m�a�t�e�r�i�a�l� �t�o� �u�s�e� �a�s� �a� 

�m�u�l�c�h�,� �b�u�t� �m�a�n�y� �o�f� �t�h�e� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �a�n�d� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �w�h�o� �r�e�s�p�o�n�d�e�d� �l�i�s�t�e�d� �m�u�l�c�h� �a�s� �a



�8�3� 

�m�a�j�o�r� �c�o�m�p�o�s�t� �u�s�e�,� �t�o� �r�e�p�l�a�c�e� �s�h�r�e�d�d�e�d� �b�a�r�k�.� �I�t� �a�l�s�o� �i�s� �l�o�w� �i�n� �n�u�t�r�i�e�n�t�s� �a�n�d� �n�o�t� �w�e�l�l� �s�u�i�t�e�d� �a�s� �a� 

�n�u�t�r�i�e�n�t� �s�o�u�r�c�e�,� �a�l�t�h�o�u�g�h� �s�o�m�e� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �a�n�d� �e�x�t�e�n�s�i�o�n� �a�g�e�n�t�s� �l�i�s�t�e�d� �t�h�i�s� �a�s� �a� �m�a�j�o�r� �u�s�e�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �r�e�p�l�a�c�i�n�g� �p�o�t�t�i�n�g� �s�o�i�l� �m�i�x�e�s� �a�n�d� �p�e�a�t� �m�o�s�s�,� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �i�s� �a�n� �e�x�c�e�l�l�e�n�t� 

�s�o�i�l� �c�o�n�d�i�t�i�o�n�e�r�.� �I�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �c�o�m�p�o�s�t� �i�n�t�o� �a�r�e�a�s� �f�o�r� �f�l�o�w�e�r� �b�e�d�s� �o�r� �f�i�e�l�d�-�g�r�o�w�n� �n�u�r�s�e�r�y� �c�r�o�p�s� 

�a�l�s�o� �r�e�p�r�e�s�e�n�t�s� �a� �s�u�b�s�t�a�n�t�i�a�l� �p�o�t�e�n�t�i�a�l� �m�a�r�k�e�t� �a� �p�o�t�e�n�t�i�a�l� �u�s�e� �f�o�r� �c�o�m�p�o�s�t�.� �F�i�f�t�y� �f�o�u�r� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �f�e�l�t� �t�h�e� �m�a�t�e�r�i�a�l� �c�o�u�l�d� �b�e� �u�s�e�d� �a�s� �a� �s�o�i�l� �a�m�e�n�d�m�e�n�t� �i�n� �f�i�e�l�d� �n�u�r�s�e�r�y� �c�r�o�p�s�.� 

�I�t� �i�s� �a�l�s�o� �l�i�k�e�l�y� �t�h�a�t� �s�t�a�t�e� �a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t� �a�g�e�n�c�i�e�s� �c�o�u�l�d� �m�a�k�e� �u�s�e� �o�f� �l�a�r�g�e� �q�u�a�n�t�i�t�i�e�s� 

�o�f� �t�h�e� �m�a�t�e�r�i�a�l�.� �I�n� �M�i�n�n�e�s�o�t�a�,� �t�h�e� �G�o�v�e�r�n�o�r� �h�a�s� �i�s�s�u�e�d� �a�n� �e�x�e�c�u�t�i�v�e� �o�r�d�e�r� �r�e�q�u�i�r�i�n�g� �u�s�e� �o�f� 

�c�o�m�p�o�s�t�e�d� �y�a�r�d�w�a�s�t�e� �w�h�e�n� �a�v�a�i�l�a�b�l�e�,� �o�f� �c�o�m�p�a�r�a�b�l�e� �q�u�a�l�i�t�y� �a�n�d� �c�o�m�p�e�t�i�t�i�v�e�l�y� �p�r�i�c�e�d�.� �G�i�v�e�n� �t�h�e� 

�n�e�e�d� �t�o� �i�n�c�r�e�a�s�e� �u�s�e� �o�f� �c�o�m�p�o�s�t� �i�n� �V�i�r�g�i�n�i�a�,� �t�h�e� �s�t�a�t�e� �s�h�o�u�l�d� �r�e�q�u�i�r�e� �a�n�d�/�o�r� �e�n�c�o�u�r�a�g�e� �u�s�e� �o�f� 

�y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �b�y� �s�t�a�t�e� �a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t�s�.� �I�t� �i�s� �a�l�s�o� �a�p�p�a�r�e�n�t� �t�h�a�t� �t�h�e� �p�u�b�l�i�c�,� �i�n�c�l�u�d�i�n�g� 

�s�t�a�t�e� �a�n�d� �l�o�c�a�l� �a�g�e�n�c�y� �p�e�r�s�o�n�n�e�l�,� �a�r�e� �u�n�a�w�a�r�e� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� �u�s�e�s� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�.� �A� 

�p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �p�r�o�g�r�a�m� �o�n� �t�h�e� �u�s�e� �o�f� �c�o�m�p�o�s�t� �s�h�o�u�l�d� �r�e�s�u�l�t� �i�n� �s�u�b�s�t�a�n�t�i�a�l� �i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �u�s�e� 

�v�o�l�u�m�e�.� 

�B�a�s�e�d� �o�n� �t�h�e� �p�r�o�j�e�c�t�e�d� �t�o�t�a�l� �y�a�r�d�w�a�s�t�e� �v�o�l�u�m�e� �o�f� �f�o�u�r� �m�i�l�l�i�o�n� �c�u�b�i�c� �y�a�r�d�s� �p�e�r� �y�e�a�r�,� �a�b�o�u�t� 

�8�0�0�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �o�f� �c�o�m�p�o�s�t� �c�o�u�l�d� �b�e� �g�e�n�e�r�a�t�e�d�.� �H�o�w�e�v�e�r�,� �a�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �l�a�t�e�r�,� 

�t�e�c�h�n�o�l�o�g�i�c� �c�o�n�s�t�r�a�i�n�t�s� �m�a�k�e� �i�t� �d�e�s�i�r�a�b�l�e� �t�o� �m�i�n�i�m�i�z�e� �t�h�e� �a�m�o�u�n�t� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �i�n� �t�h�e� �m�a�t�e�r�i�a�l� 

�t�o� �b�e� �c�o�m�p�o�s�t�e�d�.� �A�s� �a� �r�e�s�u�l�t�,� �p�r�o�g�r�a�m�s� �t�o� �m�i�n�i�m�i�z�e� �g�r�a�s�s� �c�l�i�p�p�i�n�g� �r�e�m�o�v�a�l� �w�i�l�l� �b�e� �r�e�c�o�m�m�e�n�d�e�d�.� 

�I�f� �t�h�e�s�e� �p�r�o�g�r�a�m�s� �a�r�e� �s�u�c�c�e�s�s�f�u�l�,� �a�n�n�u�a�l� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �v�o�l�u�m�e�s� �s�h�o�u�l�d� �b�e� �l�e�s�s� �t�h�a�n� �6�0�0�,�0�0�0� 

�c�u�b�i�c� �y�a�r�d�s�.� �P�o�t�e�n�t�i�a�l� �u�s�e� �a�n�d� �s�a�l�e�s� �b�y� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �c�o�u�l�d� �a�c�c�o�u�n�t� �f�o�r� �a�b�o�u�t� �5�0�%� �o�f� �t�h�a�t� 

�v�o�l�u�m�e�.� �I�n�c�r�e�a�s�e�d� �u�s�e� �b�y� �s�t�a�t�e� �a�n�d� �l�o�c�a�l� �g�o�v�e�r�n�m�e�n�t� �w�i�l�l� �a�c�c�o�u�n�t� �f�o�r� �a� �s�u�b�s�t�a�n�t�i�a�l� �a�m�o�u�n�t� �o�f� �t�h�e� 

�r�e�m�a�i�n�i�n�g� �c�o�m�p�o�s�t�.� �A� �p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �p�r�o�g�r�a�m� �w�i�l�l� �r�e�s�u�l�t� �i�n� �s�u�b�s�t�a�n�t�i�a�l� �i�n�c�r�e�a�s�e�s� �i�n� �h�o�m�e�o�w�n�e�r� 

�u�s�e�.� �I�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �w�i�t�h� �t�h�e� �p�r�o�g�r�a�m�s� �r�e�c�o�m�m�e�n�d�e�d� �t�o� �i�n�c�r�e�a�s�e� �c�o�m�p�o�s�t� �u�s�e�,� �b�a�c�k�y�a�r�d� 

�c�o�m�p�o�s�t�i�n�g�,� �a�n�d� �t�o� �r�e�d�u�c�e� �c�o�l�l�e�c�t�i�o�n� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�,� �t�h�e� �t�o�t�a�l� �v�o�l�u�m�e� �o�f� �y�a�r�d�w�a�s�t�e� �g�e�n�e�r�a�t�e�d� 

�i�n� �V�i�r�g�i�n�i�a� �c�a�n� �b�e� �r�e�c�y�c�l�e�d� �a�n�d� �u�t�i�l�i�z�e�d�.� �C�a�r�e� �m�u�s�t� �b�e� �t�a�k�e�n� �t�o� �m�i�n�i�m�i�z�e� �m�a�r�k�e�t� �c�o�m�p�e�t�i�t�i�o�n� �a�m�o�n�g
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�l�o�c�a�l�i�t�i�e�s� �i�n� �t�h�e� �m�a�j�o�r� �m�e�t�r�o�p�o�l�i�t�a�n� �a�r�e�a�s�.� �H�o�w�e�v�e�r� �a�d�e�q�u�a�t�e� �u�s�e�/�m�a�r�k�e�t� �a�p�p�e�a�r�s� �t�o� �e�x�i�s�t� �w�i�t�h�i�n� 

�r�e�a�s�o�n�a�b�l�e� �d�i�s�t�a�n�c�e�s� �t�o� �h�a�n�d�l�e� �t�h�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �s�u�p�p�l�y�.� �A� �l�i�s�t� �o�f� �p�o�t�e�n�t�i�a�l� �u�s�e�r� �g�r�o�u�p�s� �f�o�r� 

�w�h�i�c�h� �m�a�r�k�e�t�s� �c�o�u�l�d� �b�e� �d�e�v�e�l�o�p�e�d� �i�s� �i�n�c�l�u�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �E�.� 

�R�E�G�U�L�A�T�I�O�N� �O�F� 

�Y�A�R�D�W�A�S�T�E� �C�O�M�P�O�S�T� 

�I�n� �t�h�o�s�e� �s�t�a�t�e�s� �w�i�t�h� �a�c�t�i�v�e� �p�r�o�g�r�a�m�s�,� �a�p�p�r�o�a�c�h�e�s� �t�o� �r�e�g�u�l�a�t�i�o�n� �o�f� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�i�e�s� 

�v�a�r�y�.� �I�n� �s�e�v�e�r�a�l� �w�e�s�t�e�r�n� �s�t�a�t�e�s�,� �y�a�r�d�w�a�s�t�e� �o�n�l�y� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �n�o�t� �c�u�r�r�e�n�t�l�y� �r�e�g�u�l�a�t�e�d� �o�r� �a�r�e� 

�a�c�c�e�p�t�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� �o�p�e�r�a�t�i�o�n� �w�i�t�h�o�u�t� �a�m�e�n�d�m�e�n�t� �t�o� �t�h�e� �p�e�r�m�i�t�.� �O�n� 

�t�h�e� �e�a�s�t� �c�o�a�s�t�,� �y�a�r�d�w�a�s�t�e� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �u�s�u�a�l�l�y� �r�e�g�u�l�a�t�e�d� �b�y� �t�h�e� �s�t�a�t�e� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� 

�r�e�g�u�l�a�t�o�r�y� �a�g�e�n�c�y�.� �H�o�w�e�v�e�r�,� �i�n� �m�o�s�t� �c�a�s�e�s�,� �r�e�g�u�l�a�t�i�o�n�s� �f�o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �l�e�s�s� 

�s�t�r�i�n�g�e�n�t� �t�h�a�n� �t�h�o�s�e� �f�o�r� �o�t�h�e�r� �c�o�m�p�o�s�t� �o�p�e�r�a�t�i�o�n�s�.� 

�I�n� �N�e�w� �J�e�r�s�e�y�,� �s�m�a�l�l� �t�o� �m�e�d�i�u�m� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�i�e�s� �o�p�e�r�a�t�e�d� �b�y� �f�a�r�m�e�r�s� �o�n� �t�h�e�i�r� 

�f�a�r�m� �a�r�e� �e�x�e�m�p�t�e�d� �f�r�o�m� �m�o�s�t� �r�e�g�u�l�a�t�i�o�n�s�.� �P�u�b�l�i�c�l�y� �o�p�e�r�a�t�e�d� �m�i�n�i�m�a�l� �t�e�c�h�n�o�l�o�g�y� �f�a�c�i�l�i�t�i�e�s� �a�r�e� 

�l�o�o�s�e�l�y� �r�e�g�u�l�a�t�e�d� �p�r�i�m�a�r�i�l�y� �c�o�n�c�e�r�n�i�n�g� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �t�o� �m�i�n�i�m�i�z�e� �o�d�o�r�s�.� �H�o�w�e�v�e�r�,� �l�a�r�g�e�r� 

�p�r�i�v�a�t�e� �f�a�c�i�l�i�t�i�e�s� �w�i�t�h�o�u�t� �l�a�n�d� �o�n� �w�h�i�c�h� �t�o� �u�s�e� �t�h�e� �c�o�m�p�o�s�t� �a�r�e� �r�e�g�u�l�a�t�e�d� �b�y� �t�h�e� �s�t�a�t�e� �D�e�p�a�r�t�m�e�n�t� 

�o�f� �E�n�v�i�r�o�n�m�e�n�t�a�l� �Q�u�a�l�i�t�y�.� �P�r�i�v�a�t�e� �s�e�c�t�o�r� �c�o�m�p�o�s�t�e�r�s� �i�n� �N�e�w� �J�e�r�s�e�y� �a�r�e� �n�o�t� �s�a�t�i�s�f�i�e�d� �w�i�t�h� �t�h�e� 

�r�e�g�u�l�a�t�o�r�y� �f�r�a�m�e�w�o�r�k�,� �p�a�r�t�i�c�u�l�a�r�l�y� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �p�u�b�l�i�c�l�y� �o�w�n�e�d� �m�i�n�i�m�a�l� �t�e�c�h�n�o�l�o�g�y� �f�a�c�i�l�i�t�i�e�s�.� 

�T�h�e�s�e� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �l�o�w� �c�o�s�t� �b�u�t� �d�o� �n�o�t� �g�e�n�e�r�a�t�e� �a� �h�i�g�h� �q�u�a�l�i�t�y� �p�r�o�d�u�c�t� �a�n�d� �p�r�i�v�a�t�e� �o�p�e�r�a�t�o�r�s� �f�e�e�l� 

�t�h�e�y� �a�r�e� �a� �m�e�a�n�s� �o�f� �l�o�n�g� �t�e�r�m� �s�t�o�c�k�p�i�l�i�n�g� �o�f� �y�a�r�d�w�a�s�t�e� �i�n�s�t�e�a�d� �o�f� �c�o�m�p�l�i�a�n�c�e� �w�i�t�h� �N�e�w� �J�e�r�s�e�y�'�s� 

�m�a�n�d�a�t�o�r�y� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �r�e�g�u�l�a�t�i�o�n�s�.� �T�h�i�s� �r�e�d�u�c�e�s� �t�h�e� �v�o�l�u�m�e� �o�f� �m�a�t�e�r�i�a�l�s� �a�v�a�i�l�a�b�l�e� �t�o� 

�t�h�e� �p�r�i�v�a�t�e� �c�o�m�p�o�s�t�e�r�s� �a�n�d� �h�a�s� �r�e�s�u�l�t�e�d� �i�n� �a�n� �i�n�a�d�e�q�u�a�t�e� �s�u�p�p�l�y� �o�f� �y�a�r�d�w�a�s�t�e� �a�t� �s�o�m�e� �f�a�c�i�l�i�t�i�e�s�.� 

�M�i�n�n�e�s�o�t�a� �i�s� �u�s�i�n�g� �t�h�e�  ��p�e�r�m�i�t� �b�y� �r�u�l�e �� �a�p�p�r�o�a�c�h� �t�o� �g�r�a�n�t� �a�p�p�r�o�v�a�l� �t�o� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� 

�f�a�c�i�l�i�t�i�e�s�.� �I�n� �M�i�n�n�e�s�o�t�a�,� �t�h�e� �p�e�r�s�p�e�c�t�i�v�e� �c�o�m�p�o�s�t�e�r� �s�u�b�m�i�t�s� �a� �t�w�o� �p�a�g�e� �f�o�r�m� �l�e�t�t�e�r� �r�e�q�u�e�s�t�i�n�g
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�a�p�p�r�o�v�a�l� �f�o�r� �a� �f�a�c�i�l�i�t�y�.� �T�h�e� �l�e�t�t�e�r� �i�n�c�l�u�d�e�s� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �l�o�c�a�t�i�o�n�,� �t�y�p�e�s� �o�f� �m�a�t�e�r�i�a�l�s� �t�o� �b�e� 

�a�c�c�e�p�t�e�d�,� �m�a�x�i�m�u�m� �a�n�n�u�a�l� �v�o�l�u�m�e�,� �o�w�n�e�r�s�h�i�p� �a�n�d� �o�p�e�r�a�t�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n�.� �T�h�e� �l�e�t�t�e�r� �i�s� �s�e�n�t� �t�o� 

�t�h�e� �M�i�n�n�e�s�o�t�a� �P�o�i�l�u�t�i�o�n� �C�o�n�t�r�o�l� �A�g�e�n�c�y� �w�h�e�r�e� �i�t� �i�s� �r�e�v�i�e�w�e�d� �a�n�d� �a�p�p�r�o�v�e�d� �(�i�f� �d�e�e�m�e�d� �a�c�c�e�p�t�a�b�l�e�)� 

�w�i�t�h�i�n� �t�w�o� �w�e�e�k�s�.� �T�h�e� �o�p�e�r�a�t�o�r� �m�u�s�t� �s�u�b�m�i�t� �a�n� �a�n�n�u�a�l� �r�e�p�o�r�t� �d�e�t�a�i�l�i�n�g� �t�h�e� �t�y�p�e�s� �a�n�d� �v�o�l�u�m�e� �o�f� 

�y�a�r�d�w�a�s�t�e� �r�e�c�e�i�v�e�d� �a�n�d� �t�h�e� �v�o�l�u�m�e� �a�n�d� �d�i�s�p�o�s�i�t�i�o�n� �o�f� �f�i�n�i�s�h�e�d� �c�o�m�p�o�s�t�.� �T�h�e� �M�i�n�n�e�s�o�t�a� �P�o�l�l�u�t�i�o�n� 

�C�o�n�t�r�o�l� �A�g�e�n�c�y� �c�a�n� �r�e�q�u�i�r�e� �t�h�e� �f�a�c�i�l�i�t�y� �t�o� �o�b�t�a�i�n� �a�n�d� �o�p�e�r�a�t�e� �u�n�d�e�r� �a� �s�o�l�i�d� �w�a�s�t�e� �m�a�n�a�g�e�m�e�n�t� 

�p�e�r�m�i�t� �i�f� �s�u�b�s�t�a�n�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �o�r� �n�u�i�s�a�n�c�e� �p�r�o�b�l�e�m�s� �a�r�i�s�e�.� 

�C�u�r�r�e�n�t�l�y�,� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t� �f�a�c�i�l�i�t�i�e�s� �i�n� �V�i�r�g�i�n�i�a� �a�r�e� �r�e�g�u�l�a�t�e�d� �u�n�d�e�r� �S�e�c�t�i�o�n� �6�.�1� �o�f� �S�o�l�i�d� 

�W�a�s�t�e� �M�a�n�a�g�e�m�e�n�t� �R�e�g�u�l�a�t�i�o�n�s�.� �T�h�e�s�e� �r�e�g�u�l�a�t�i�o�n�s� �w�e�r�e� �c�l�e�a�r�l�y� �w�r�i�t�t�e�n� �f�o�r� �g�e�n�e�r�a�l� �M�S�W� �r�e�f�u�s�e� �o�r� 

�r�e�f�u�s�e� �m�i�x�e�d� �w�i�t�h� �s�l�u�d�g�e� �a�n�d� �a�r�e� �t�h�e�r�e�f�o�r�e� �n�e�c�e�s�s�a�r�i�l�y� �r�e�s�t�r�i�c�t�i�v�e�.� �S�e�c�t�i�o�n� �6�.�1� �r�e�q�u�i�r�e�s� �a�n� 

�i�m�p�e�r�m�e�a�b�l�e� �p�a�d�,� �l�e�a�c�h�a�t�e� �a�n�d� �r�u�n�o�f�f� �c�o�n�t�r�o�l�,� �c�o�l�l�e�c�t�i�o�n� �a�n�d� �t�r�e�a�t�m�e�n�t� �a�n�d� �n�u�m�e�r�o�u�s� �o�t�h�e�r� �s�i�t�e� 

�r�e�s�t�r�i�c�t�i�o�n�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �r�o�u�t�i�n�e� �m�o�n�i�t�o�r�i�n�g� �o�f� �a�i�r�,� �w�a�t�e�r�,� �w�a�s�t�e� �a�n�d� �c�o�m�p�o�s�t� �a�r�e� �r�e�q�u�i�r�e�d�.� �W�h�i�l�e� 

�s�u�c�h� �s�t�r�i�n�g�e�n�t� �r�e�g�u�l�a�t�i�o�n�s� �a�r�e� �u�n�d�e�r�s�t�a�n�d�a�b�l�e� �a�n�d� �n�e�c�e�s�s�a�r�y� �f�o�r� �r�e�f�u�s�e� �a�n�d� �s�l�u�d�g�e� �c�o�m�p�o�s�t�i�n�g�,� 

�t�h�e�y� �r�e�p�r�e�s�e�n�t� �t�h�e� �m�o�s�t� �r�e�s�t�r�i�c�t�i�v�e� �r�e�g�u�l�a�t�i�o�n�s� �o�b�s�e�r�v�e�d� �f�o�r� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �f�a�c�i�l�i�t�i�e�s�.� 

�I�f� �V�i�r�g�i�n�i�a� �i�s� �t�o� �i�m�p�l�e�m�e�n�t� �a� �s�t�a�t�e�w�i�d�e� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�g�r�a�m�,� �s�e�p�a�r�a�t�e� �r�e�g�u�l�a�t�i�o�n�s� 

�f�o�r� �y�a�r�d�w�a�s�t�e� �f�a�c�i�l�i�t�i�e�s� �m�u�s�t� �b�e� �d�e�v�e�l�o�p�e�d�.� �T�h�e� �"�p�e�r�m�i�t� �b�y� �r�u�l�e �� �a�p�p�r�o�a�c�h� �u�s�e�d� �i�n� �M�i�n�n�e�s�o�t�a� 

�p�r�o�v�i�d�e�s� �a� �r�a�p�i�d� �a�n�d� �s�i�m�p�l�e� �m�e�a�n�s� �o�f� �o�b�t�a�i�n�i�n�g� �a�p�p�r�o�v�a�l� �f�o�r� �a� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �f�a�c�i�l�i�t�y� �w�h�i�l�e� 

�s�t�i�l�l� �a�l�l�o�w�i�n�g� �m�o�r�e� �s�t�r�i�n�g�e�n�t� �r�e�g�u�l�a�t�i�o�n� �s�h�o�u�l�d� �p�r�o�b�l�e�m�s� �a�r�i�s�e�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �s�h�o�u�l�d� �b�e� �u�s�e�d� �f�o�r� 

�a�p�p�r�o�v�i�n�g� �p�u�b�l�i�c� �a�n�d� �p�r�i�v�a�t�e� �f�a�c�i�l�i�t�i�e�s� �t�h�a�t� �d�o� �n�o�t� �h�a�v�e� �l�a�n�d� �o�n� �w�h�i�c�h� �t�o� �u�s�e� �t�h�e� �c�o�m�p�o�s�t�.� �F�a�r�m�e�r�s� 

�a�n�d� �n�u�r�s�e�r�y� �o�p�e�r�a�t�o�r�s� �a�c�c�e�p�t�i�n�g� �s�m�a�l�l� �q�u�a�n�t�i�t�i�e�s� �o�f� �y�a�r�d�w�a�s�t�e� �(�l�e�s�s� �t�h�a�n� �5�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �p�e�r� �y�e�a�r�)� 

�s�h�o�u�l�d� �o�n�l�y� �h�a�v�e� �t�o� �n�o�t�i�f�y� �D�W�M� �o�f� �t�h�e�i�r� �i�n�t�e�n�t� �t�o� �a�c�c�e�p�t� �y�a�r�d�w�a�s�t�e� �a�n�d� �t�h�e�i�r� �l�o�c�a�t�i�o�n�.
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�Y�A�R�D�W�A�S�T�E� �C�O�M�P�O�S�T�I�N�G� 

�T�E�C�H�N�O�L�O�G�I�E�S� 

�F�o�r� �a�n�y� �c�o�m�p�o�s�t�a�b�l�e� �m�a�t�e�r�i�a�l�,� �t�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �t�e�c�h�n�o�l�o�g�i�e�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �c�o�m�p�o�s�t�i�n�g�.� �T�h�e� 

�m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �t�e�c�h�n�o�l�o�g�y� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �m�a�t�e�r�i�a�l�,� �a�v�a�i�l�a�b�l�e� �l�a�n�d� �a�r�e�a�,� �n�u�i�s�a�n�c�e� �p�o�t�e�n�t�i�a�l�,� 

�e�q�u�i�p�m�e�n�t� �a�v�a�i�l�a�b�i�l�i�t�y�,� �a�v�a�i�l�a�b�l�e� �r�e�s�o�u�r�c�e�s�,� �p�o�t�e�n�t�i�a�l� �e�n�v�i�r�o�n�m�e�n�t�a�l� �h�a�r�m� �a�n�d�_� �r�e�g�u�l�a�t�o�r�y� 

�r�e�q�u�i�r�e�m�e�n�t�s�.� �S�t�r�o�m� �a�n�d� �F�i�n�s�t�e�i�n� �(�1�9�8�6�)� �c�l�a�s�s�i�f�i�e�d� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�c�e�d�u�r�e�s� �i�n�t�o� �f�o�u�r� 

�l�e�v�e�l�s� �o�f� �t�e�c�h�n�o�l�o�g�y� �b�a�s�e�d� �o�n� �e�q�u�i�p�m�e�n�t� �a�n�d� �r�e�s�o�u�r�c�e� �r�e�q�u�i�r�e�m�e�n�t�s�,� �c�o�m�p�o�s�t�i�n�g� �t�i�m�e�,� �l�a�n�d� �a�r�e�a� 

�r�e�q�u�i�r�e�m�e�n�t� �a�n�d� �q�u�a�l�i�t�y� �o�f� �t�h�e� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�.� �T�h�e�s�e� �f�o�u�r� �l�e�v�e�l�s� �a�r�e� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� 

�A�.� �M�i�n�i�m�a�l� �T�e�c�h�n�o�l�o�g�y� 

�G�e�n�e�r�a�l�l�y�,� �t�h�i�s� �t�e�c�h�n�o�l�o�g�y� �i�s� �b�e�s�t� �s�u�i�t�e�d� �t�o� �a� �l�o�c�a�l�i�t�y� �t�h�a�t� �h�a�s� �a� �l�a�r�g�e� �s�i�t�e�,� �i�s�o�l�a�t�e�d� �f�r�o�m� �h�e�a�v�i�l�y� 

�p�o�p�u�l�a�t�e�d� �a�r�e�a�s�.� �A�t� �l�e�a�s�t� �o�n�e� �a�c�r�e� �f�o�r� �e�v�e�r�y� �4�,�0�0�0� �c�u�b�i�c� �y�a�r�d�s� �o�f� �c�o�l�l�e�c�t�e�d� �l�e�a�v�e�s� �i�s� �r�e�c�o�m�m�e�n�d�e�d� 

�(�S�t�r�o�m� �a�n�d� �F�i�n�s�t�e�i�n�,� �1�9�8�6�)�.� �T�h�i�s� �d�o�e�s� �n�o�t� �i�n�c�l�u�d�e� �a�n�y� �b�u�f�f�e�r� �z�o�n�e�,� �t�h�e� �s�i�z�e� �o�f� �w�h�i�c�h� �w�i�l�l� �v�a�r�y� �f�o�r� 

�e�a�c�h� �s�i�t�e� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �l�o�c�a�t�i�o�n� �a�n�d� �r�e�g�u�l�a�t�o�r�y� �r�e�q�u�i�r�e�m�e�n�t�s�.� �T�h�e� �y�a�r�d�w�a�s�t�e� �i�s� �b�r�o�u�g�h�t� �t�o� �t�h�e� 

�s�i�t�e� �a�n�d� �i�m�m�e�d�i�a�t�e�l�y� �f�o�r�m�e�d� �i�n�t�o� �l�a�r�g�e� �w�i�n�d�r�o�w�s�,� �(�e�.�g�.� �1�2� �f�t�.� �h�i�g�h� �b�y� �2�4� �f�t�.� �w�i�d�e�)� �u�s�i�n�g� �a� �f�r�o�n�t�-�e�n�d� 

�l�o�a�d�e�r�.� �T�h�o�u�g�h� �i�t� �i�s� �n�o�t� �e�s�s�e�n�t�i�a�l�,� �t�h�e� �y�a�r�d�w�a�s�t�e� �m�a�y� �b�e� �w�e�t�t�e�d� �w�h�i�l�e� �t�h�e� �w�i�n�d�r�o�w�s� �a�r�e� �f�o�r�m�e�d�.� 

�W�e�t�t�i�n�g� �m�a�y� �b�e� �n�e�c�e�s�s�a�r�y� �o�n�l�y� �i�n� �d�r�y� �y�e�a�r�s�,� �s�i�n�c�e� �t�h�e� �l�a�r�g�e� �p�i�l�e�s� �w�i�l�l� �c�o�n�s�e�r�v�e� �m�o�i�s�t�u�r�e� �a�n�d� �w�i�l�l� 

�b�e� �e�x�p�o�s�e�d� �t�o� �p�r�e�c�i�p�i�t�a�t�i�o�n�.� �T�h�e� �p�i�l�e�s� �a�r�e� �o�n�l�y� �t�u�r�n�e�d� �o�n�c�e� �a� �y�e�a�r� �a�n�d� �i�t� �t�a�k�e�s� �3� �y�e�a�r�s� �o�r� �m�o�r�e� �t�o� 

�g�e�t� �a� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�.� �A� �s�e�r�i�o�u�s� �l�i�m�i�t�a�t�i�o�n� �f�o�r� �t�h�i�s� �s�y�s�t�e�m� �i�s� �t�h�a�t� �t�h�e� �p�i�l�e� �b�e�c�o�m�e�s� �a�n�a�e�r�o�b�i�c� �i�n� �a� 

�s�h�o�r�t� �p�e�r�i�o�d� �o�f� �t�i�m�e� �a�n�d� �w�i�l�l� �o�n�l�y� �r�e�c�e�i�v�e� �a� �n�e�w� �s�u�p�p�l�y� �o�f� �o�x�y�g�e�n� �e�a�c�h� �t�i�m�e� �t�h�e� �p�i�l�e� �i�s� �t�u�r�n�e�d�.� �T�h�e� 

�c�e�n�t�e�r� �o�f� �t�h�e� �p�i�l�e� �m�a�y� �a�l�s�o� �r�e�a�c�h� �i�n�h�i�b�i�t�i�v�e�l�y� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e�s� �(�>� �1�4�0� �F�,�6�0� �C�)� �e�s�p�e�c�i�a�l�l�y� �d�u�r�i�n�g� �t�h�e� 

�f�i�r�s�t� �y�e�a�r�.� �A�l�s�o�,� �u�n�p�l�e�a�s�a�n�t� �o�d�o�r�s� �w�i�l�l� �b�e� �p�r�o�d�u�c�e�d� �i�n� �t�h�i�s� �a�n�a�e�r�o�b�i�c� �e�n�v�i�r�o�n�m�e�n�t�,� �a�n�d� �w�i�l�l� �b�e� 

�r�e�l�e�a�s�e�d� �i�n�t�o� �t�h�e� �a�i�r� �e�v�e�n� �w�i�t�h�o�u�t� �t�u�r�n�i�n�g� �t�h�e� �p�i�l�e�.� �A�t� �o�n�e� �a�p�p�a�r�e�n�t�l�y� �i�s�o�l�a�t�e�d� �s�i�t�e� �i�n� �N�e�w� �J�e�r�s�e�y�,
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�t�e�n� �o�d�o�r� �c�o�m�p�l�a�i�n�t�s� �w�e�r�e� �f�i�l�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �e�i�g�h�t� �m�o�n�t�h�s� �o�f� �1�9�8�9�.� �A� �q�u�a�r�t�e�r� �o�f� �a� �m�i�l�e� �o�r� �m�o�r�e� 

�b�e�t�w�e�e�n� �c�o�m�p�o�s�t�i�n�g� �w�i�n�d�r�o�w�s� �a�n�d� �n�e�i�g�h�b�o�r�i�n�g� �l�a�n�d�-�u�s�e�s� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �a�s� �a� �m�i�n�i�m�u�m� �b�u�f�f�e�r� 

�z�o�n�e�.� 

�T�h�e� �m�a�i�n� �a�d�v�a�n�t�a�g�e� �t�o� �t�h�i�s� �s�y�s�t�e�m� �i�s� �t�h�a�t� �i�t� �i�s� �r�e�l�a�t�i�v�e�l�y� �i�n�e�x�p�e�n�s�i�v�e�,� �r�e�q�u�i�r�i�n�g� �l�i�t�t�l�e� �e�q�u�i�p�m�e�n�t� 

�a�n�d� �l�a�b�o�r�.� �A� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r� �i�s� �o�n�l�y� �n�e�e�d�e�d� �t�o� �f�o�r�m� �t�h�e� �i�n�i�t�i�a�l� �w�i�n�d�r�o�w�s� �a�n�d� �t�o� �d�o� �t�h�e� �y�e�a�r�l�y� 

�t�u�r�n�i�n�g�.� �S�c�r�e�e�n�i�n�g� �a�n�d� �g�r�i�n�d�i�n�g� �o�f� �t�h�e� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t� �i�s� �r�e�q�u�i�r�e�d� �i�f� �t�h�e� �c�o�m�p�o�s�t� �i�s� �t�o� �b�e� �s�o�l�d� �o�r� 

�g�i�v�e�n� �t�o� �t�h�e� �p�u�b�l�i�c�.� �I�f�,� �h�o�w�e�v�e�r�,� �i�t� �w�e�r�e� �t�o� �b�e� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �f�a�r�m� �l�a�n�d�,� �s�c�r�e�e�n�i�n�g� �w�o�u�l�d� �b�e� 

�o�p�t�i�o�n�a�l� �t�o� �r�e�m�o�v�e� �l�a�r�g�e� �p�i�e�c�e�s� �o�f� �t�r�a�s�h� �a�n�d� �p�l�a�s�t�i�c� �b�a�g�s�.� 

�T�h�e� �m�a�j�o�r� �d�i�s�a�d�v�a�n�t�a�g�e�s� �a�r�e� �t�h�e� �o�d�o�r�s� �p�r�o�d�u�c�e�d�,� �t�h�e� �l�e�n�g�t�h� �o�f� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �g�e�t� �a� �f�i�n�a�l� 

�p�r�o�d�u�c�t�,� �t�h�e� �l�a�r�g�e� �l�a�n�d� �a�r�e�a� �r�e�q�u�i�r�e�d�,� �a�n�d� �t�h�e� �l�o�w� �q�u�a�l�i�t�y� �o�f� �t�h�e� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t�.� �M�i�n�i�m�a�l� 

�t�e�c�h�n�o�l�o�g�y� �i�s� �o�n�l�y� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �s�m�a�l�l� �v�o�l�u�m�e� �f�a�c�i�l�i�t�i�e�s� �w�i�t�h� �l�a�r�g�e� �l�a�n�d� �a�r�e�a�s� �w�h�e�r�e� �e�n�d� �p�r�o�d�u�c�t� 

�u�s�e� �i�s� �n�o�t� �a� �m�a�j�o�r� �c�o�n�c�e�r�n�.� �M�i�n�i�m�a�l� �t�e�c�h�n�o�l�o�g�y� �f�a�c�i�l�i�t�i�e�s� �a�r�e� �n�o�t� �l�i�k�e�l�y� �t�o� �b�e� �a�c�c�e�p�t�a�b�l�e� �f�o�r� �u�s�e� �b�y� 

�m�a�n�y� �V�i�r�g�i�n�i�a� �l�o�c�a�l�i�t�i�e�s�.� 

�B�.� �L�o�w�-�l�e�v�e�l� �T�e�c�h�n�o�l�o�g�y� 

�T�h�e� �l�o�w�-�l�e�v�e�l� �t�e�c�h�n�o�l�o�g�y� �s�y�s�t�e�m�,� �i�n� �w�h�i�c�h� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�,� �o�x�y�g�e�n�a�t�i�o�n�,� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �a�r�e� 

�a�l�l� �m�o�n�i�t�o�r�e�d� �a�n�d� �c�o�n�t�r�o�l�l�e�d� �w�i�l�l� �i�n�c�r�e�a�s�e� �c�o�m�p�o�s�t�i�n�g� �r�a�t�e� �w�i�t�h� �m�i�n�i�m�a�l� �a�d�d�i�t�i�o�n�a�l� �c�a�p�i�t�a�l� �i�n�v�e�s�t�m�e�n�t� 

�a�n�d� �g�e�n�e�r�a�t�e� �a� �m�o�r�e� �u�s�e�a�b�l�e� �e�n�d� �p�r�o�d�u�c�t�.� 

�T�o� �o�b�t�a�i�n� �t�h�e� �f�i�f�t�y� �p�e�r�c�e�n�t� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �n�e�c�e�s�s�a�r�y� �f�o�r� �o�p�t�i�m�u�m� �d�e�c�o�m�p�o�s�i�t�i�o�n�,� �t�h�e� 

�y�a�r�d�w�a�s�t�e� �m�a�y� �n�e�e�d� �t�o� �b�e� �s�p�r�a�y�e�d� �w�i�t�h� �w�a�t�e�r� �p�r�i�o�r� �t�o�,� �o�r� �a�s� �t�h�e� �w�i�n�d�r�o�w�s� �a�r�e� �b�e�i�n�g� �f�o�r�m�e�d�.� 

�S�p�r�a�y�i�n�g� �t�h�e� �p�i�l�e�s� �a�f�t�e�r� �f�o�r�m�a�t�i�o�n� �l�e�a�d�s� �t�o� �t�h�e� �w�a�t�e�r� �r�u�n�n�i�n�g� �o�f�f� �w�i�t�h� �l�i�t�t�l�e� �p�e�n�e�t�r�a�t�i�n�g� �t�o� �t�h�e� �i�n�s�i�d�e� 

�o�f� �t�h�e� �p�i�l�e�.� �A� �r�u�l�e� �o�f� �t�h�u�m�b� �f�o�r� �c�h�e�c�k�i�n�g� �f�o�r� �p�r�o�p�e�r� �m�o�i�s�t�u�r�e� �l�e�v�e�l� �i�s� �t�h�a�t� �i�t� �s�h�o�u�l�d� �b�e� �p�o�s�s�i�b�l�e� �t�o� 

�s�q�u�e�e�z�e� �a� �f�e�w� �d�r�o�p�s� �o�f� �w�a�t�e�r� �o�u�t� �o�f� �a� �h�a�n�d�f�u�l� �o�f� �y�a�r�d�w�a�s�t�e�.� �A�b�o�u�t� �f�i�f�t�y� �g�a�l�l�o�n�s� �o�f� �w�a�t�e�r� �w�i�l�l� �n�e�e�d� 

�t�o� �b�e� �a�d�d�e�d� �p�e�r� �c�u�b�i�c� �y�a�r�d� �o�f� �d�r�y� �c�o�l�l�e�c�t�e�d� �l�e�a�v�e�s� �w�i�t�h� �t�h�a�t� �a�m�o�u�n�t� �r�e�d�u�c�e�d� �a�s� �t�h�e� �a�m�o�u�n�t� �o�f� 

�g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�d�d�e�d� �i�n�c�r�e�a�s�e�s�.
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�T�h�e� �s�i�z�e� �o�f� �t�h�e� �w�i�n�d�r�o�w�s� �h�a�s� �a� �d�i�r�e�c�t� �e�f�f�e�c�t� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �o�x�y�g�e�n� �t�h�a�t� �g�e�t�s� �i�n�t�o� �t�h�e� 

�w�i�n�d�r�o�w�s�,� �w�h�i�c�h� �i�n� �t�u�r�n� �a�f�f�e�c�t�s� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e� �m�i�c�r�o�b�i�a�l� �a�c�t�i�v�i�t�y� �i�n�s�i�d�e� �t�h�e� �p�i�l�e�s�.� �T�h�e� 

�w�i�n�d�r�o�w�s� �s�h�o�u�l�d� �b�e� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �c�o�n�s�e�r�v�e� �h�e�a�t� �a�n�d� �m�o�i�s�t�u�r�e�,� �a�n�d� �m�i�n�i�m�i�z�e� �a�r�e�a� �r�e�q�u�i�r�e�m�e�n�t�s�,� 

�b�u�t� �n�o�t� �s�o� �l�a�r�g�e� �a�s� �t�o� �c�r�e�a�t�e� �a�n�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �o�r� �i�n�c�r�e�a�s�e� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�b�o�v�e� �t�h�e� �o�p�t�i�m�u�m� 

�f�o�r� �m�i�c�r�o�b�i�a�l� �g�r�o�w�t�h�.� �N�o� �s�i�n�g�l�e� �s�i�z�e� �p�i�l�e� �c�a�n� �m�e�e�t� �t�h�e�s�e� �s�e�e�m�i�n�g�l�y� �c�o�n�f�l�i�c�t�i�n�g� �d�e�m�a�n�d�s�.� �O�n�e� 

�p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n� �i�s� �t�o� �s�t�a�r�t� �w�i�t�h� �t�w�o� �m�o�d�e�r�a�t�e�l�y� �s�i�z�e�d� �p�i�l�e�s�,� �s�t�a�c�k�e�d� �c�l�o�s�e� �t�o� �e�a�c�h� �o�t�h�e�r�,� �a�n�d� 

�c�o�m�b�i�n�e� �t�h�e�m� �a�f�t�e�r� �o�n�e� �m�o�n�t�h�.� �R�e�s�e�a�r�c�h�e�r�s� �i�n� �N�e�w� �J�e�r�s�e�y� �r�e�c�o�m�m�e�n�d� �t�h�e� �p�i�l�e�s� �b�e� �6� �f�e�e�t� �h�i�g�h� 

�b�y� �1�2� �t�o� �1�4� �f�e�e�t� �w�i�d�e�,� �b�u�t� �t�h�i�s� �s�i�z�e� �m�a�y� �n�e�e�d� �t�o� �b�e� �i�n�c�r�e�a�s�e�d� �i�n� �c�o�l�d�e�r� �a�r�e�a�s� �o�f� �t�h�e� �s�t�a�t�e� �t�o� �m�a�i�n�t�a�i�n� 

�i�n�t�e�r�n�a�l� �t�e�m�p�e�r�a�t�u�r�e�s�.� �T�h�i�s� �w�i�l�l� �a�l�l�o�w� �t�h�e� �f�i�r�s�t� �b�u�r�s�t� �o�f� �m�i�c�r�o�b�i�a�l� �a�c�t�i�v�i�t�y� �t�o� �o�c�c�u�r�,� �h�e�a�t�i�n�g� �u�p� �t�h�e� 

�p�i�l�e�s� �a�n�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�e�c�r�e�a�s�i�n�g� �t�h�e�i�r� �s�i�z�e�.� �T�h�e� �a�c�t� �o�f� �c�o�m�b�i�n�i�n�g� �t�h�e� �w�i�n�d�r�o�w�s� �w�i�l�l� �t�h�e�n� �r�e�-�a�e�r�a�t�e� 

�t�h�e� �p�i�l�e�s�,� �a�n�d� �m�a�i�n�t�a�i�n� �a�d�e�q�u�a�t�e� �p�i�l�e� �s�i�z�e� �t�o� �k�e�e�p� �t�e�m�p�e�r�a�t�u�r�e�s� �o�p�t�i�m�u�m� �a�l�l�o�w�i�n�g� �m�i�c�r�o�b�i�a�l� �a�c�t�i�v�i�t�y� 

�t�o� �c�o�n�t�i�n�u�e�.� 

�T�h�e� �w�i�n�d�r�o�w�s� �m�a�y� �b�e� �l�e�f�t� �a�s� �i�s� �o�v�e�r� �t�h�e� �w�i�n�t�e�r�,� �b�u�t� �a�s� �e�a�r�l�y� �a�s� �p�o�s�s�i�b�l�e� �i�n� �t�h�e� �s�p�r�i�n�g� �t�h�e�y� 

�s�h�o�u�l�d� �b�e� �t�u�r�n�e�d�.� �A�g�a�i�n�,� �a�s� �w�i�t�h� �t�h�e� �m�i�n�i�m�a�l�-�l�e�v�e�l� �t�e�c�h�n�o�l�o�g�y�,� �t�h�i�s� �m�a�y� �b�e� �d�o�n�e� �w�i�t�h� �a� �f�r�o�n�t�-�e�n�d� 

�l�o�a�d�e�r�.� �E�f�f�o�r�t�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �t�o� �t�u�r�n� �t�h�e� �p�i�l�e�s� �"�i�n�s�i�d�e�-�o�u�t�"�,� �t�h�o�r�o�u�g�h�l�y� �m�i�x�i�n�g� �t�h�e�m�,� �w�h�i�c�h� �w�i�l�l� �r�e�-� 

�o�x�y�g�e�n�a�t�e� �t�h�e� �i�n�t�e�r�i�o�r�,� �a�n�d� �e�x�p�o�s�e� �t�h�e� �c�o�o�l�e�r� �o�u�t�e�r� �e�d�g�e�s� �t�o� �t�h�e� �w�a�r�m�e�r� �i�n�t�e�r�n�a�l� �t�e�m�p�e�r�a�t�u�r�e�s�.� �A�t� 

�t�h�i�s� �t�u�r�n�i�n�g�,� �o�d�o�r�s� �m�a�y� �b�e� �d�e�t�e�c�t�e�d� �b�e�c�a�u�s�e� �t�h�e� �p�i�l�e� �h�a�s� �b�e�e�n� �a�n�a�e�r�o�b�i�c� �f�o�r� �a�n� �e�x�t�e�n�d�e�d� �p�e�r�i�o�d�.� 

�C�a�r�e� �m�u�s�t� �b�e� �t�a�k�e�n� �t�o� �t�u�r�n� �t�h�e� �p�i�l�e� �a�t� �a� �t�i�m�e� �o�f� �d�a�y� �w�h�e�n� �o�d�o�r� �c�o�m�p�i�a�i�n�t�s� �a�r�e� �l�e�a�s�t� �l�i�k�e�l�y�.� �A�l�s�o�,� 

�w�i�n�d� �d�i�r�e�c�t�i�o�n� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d�.� �I�f� �t�h�e� �p�i�l�e�s� �a�r�e� �d�r�y�,� �w�a�t�e�r� �s�h�o�u�l�d� �b�e� �a�d�d�e�d� �a�t� �t�h�i�s� �t�i�m�e� �t�o� 

�m�a�i�n�t�a�i�n� �t�h�e� �5�0�%� �o�p�t�i�m�a�l� �l�e�v�e�l�.� 

�A�d�d�i�t�i�o�n�a�l� �t�u�r�n�i�n�g�s� �d�u�r�i�n�g� �t�h�e� �s�u�m�m�e�r� �a�r�e� �u�s�e�f�u�l� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �r�a�t�e�,� �b�u�t� �w�i�t�h� 

�t�h�i�s� �l�e�v�e�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �t�h�e�y� �a�r�e� �o�p�t�i�o�n�a�l�.� �U�n�l�e�s�s� �t�h�e� �p�i�l�e�s� �a�r�e� �t�u�r�n�e�d� �o�n�c�e� �p�e�r� �m�o�n�t�h� �o�r� �m�o�r�e� 

�f�r�e�q�u�e�n�t�l�y�,� �t�h�e� �c�o�m�p�o�s�t� �w�i�l�l� �n�o�t� �b�e� �s�t�a�b�i�l�i�z�e�d� �b�y� �t�h�e� �t�i�m�e� �t�h�e� �n�e�x�t� �l�e�a�f� �s�e�a�s�o�n� �b�e�g�i�n�s�,� �(�a� �f�i�n�i�s�h�e�d� 

�p�r�o�d�u�c�t� �c�a�n� �b�e� �e�x�p�e�c�t�e�d� �i�n� �1�6�-�1�8� �m�o�n�t�h�s�)� �a�n�d� �r�o�o�m� �w�i�l�l� �n�e�e�d� �t�o� �b�e� �m�a�d�e� �f�o�r� �t�h�e� �i�n�c�o�m�i�n�g� �l�e�a�v�e�s�.� 

�T�h�e� �b�e�s�t� �m�a�n�a�g�e�d� �l�o�w� �t�e�c�h�n�o�l�o�g�y� �s�i�t�e�s� �u�s�e� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�b�e�s� �a�n�d� �t�u�r�n� �t�h�e� �p�i�l�e�s� �w�h�e�n�e�v�e�r
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�i�n�t�e�r�n�a�l� �t�e�m�p�e�r�a�t�u�r�e�s� �e�x�c�e�e�d� �a�b�o�u�t� �1�4�0� �F�.� �T�h�i�s� �m�a�y� �r�e�s�u�l�t� �i�n� �w�e�e�k�l�y� �t�u�r�n�i�n�g� �d�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �s�e�v�e�r�a�l� 

�w�e�e�k�s� �p�a�r�t�i�c�u�l�a�r�l�y� �i�f� �t�h�e� �p�i�l�e�s� �c�o�n�t�a�i�n� �a� �m�i�x�t�u�r�e� �o�f� �l�e�a�v�e�s� �a�n�d� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� �H�o�w�e�v�e�r�,� �i�f� �t�h�e� �p�i�l�e�s� 

�a�r�e� �t�u�r�n�e�d� �m�o�r�e� �f�r�e�q�u�e�n�t�l�y� �b�a�s�e�d� �o�n� �i�n�t�e�r�n�a�l� �t�e�m�p�e�r�a�t�u�r�e�,� �c�o�m�p�o�s�t�i�n�g� �t�i�m�e� �c�a�n� �b�e� �r�e�d�u�c�e�d� �t�o� �s�i�x� 

�t�o� �t�w�e�l�v�e� �m�o�n�t�h�s� �a�n�d� �t�h�e� �e�n�d� �p�r�o�d�u�c�t� �i�s� �u�s�u�a�l�l�y� �h�i�g�h�e�r� �q�u�a�l�i�t�y�.� 

�A�f�t�e�r� �c�o�m�p�o�s�t�i�n�g�,� �t�h�e� �m�a�t�e�r�i�a�l� �m�a�y� �b�e� �m�o�v�e�d� �t�o� �a� �c�u�r�i�n�g� �a�r�e�a� �a�r�o�u�n�d� �t�h�e� �p�e�r�i�m�e�t�e�r� �o�f� �t�h�e� �s�i�t�e� 

�w�h�e�r�e� �i�t� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �s�l�o�w�l�y� �d�e�c�o�m�p�o�s�e�.� �T�h�i�s� �c�u�r�i�n�g� �p�i�l�e� �m�a�y� �b�e� �a�s� �l�a�r�g�e� �a�s� �n�e�e�d�e�d� �t�o� �c�o�n�s�e�r�v�e� 

�s�p�a�c�e�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� �t�h�e� �m�a�t�e�r�i�a�l ��s� �o�x�y�g�e�n� �d�e�m�a�n�d�s� �a�r�e� �l�o�w� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �o�d�o�r�s� �i�s� �u�n�l�i�k�e�l�y�.� 

�A�g�a�i�n�,� �g�r�i�n�d�i�n�g� �a�n�d� �s�c�r�e�e�n�i�n�g� �o�f� �t�h�e� �f�i�n�i�s�h�e�d� �m�a�t�e�r�i�a�l� �i�s� �o�p�t�i�o�n�a�l�,� �b�u�t� �i�s� �r�e�c�o�m�m�e�n�d�e�d� �t�o� �i�m�p�r�o�v�e� 

�t�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �t�h�e� �p�r�o�d�u�c�t�.� �S�c�r�e�e�n�i�n�g� �c�a�n� �a�l�s�o� �h�e�l�p� �t�o� �b�r�e�a�k� �u�p� �l�a�r�g�e� �p�i�e�c�e�s� �a�n�d� �r�e�m�o�v�e� �a�n�y� 

�u�n�w�a�n�t�e�d� �m�a�t�e�r�i�a�l�s� �s�u�c�h� �a�s� �b�r�a�n�c�h�e�s�,� �r�o�c�k�s�,� �p�l�a�s�t�i�c�,� �c�a�n�s�,� �e�t�c�.� �T�h�i�s� �s�t�e�p� �i�s� �f�a�i�r�l�y� �l�a�b�o�r� �i�n�t�e�n�s�i�v�e�,� 

�a�n�d� �r�e�q�u�i�r�e�s� �t�h�e� �p�u�r�c�h�a�s�e� �o�f� �a�d�d�i�t�i�o�n�a�l� �e�q�u�i�p�m�e�n�t�.� �O�n�e� �w�a�y� �t�o� �r�e�d�u�c�e� �c�o�s�t�s� �i�s� �b�e� �t�o� �s�h�a�r�e� �a� 

�s�h�r�e�d�d�e�r�/�s�c�r�e�e�n�e�r� �b�e�t�w�e�e�n� �n�e�i�g�h�b�o�r�i�n�g� �o�p�e�r�a�t�i�o�n�s�.� 

�L�o�w� �l�e�v�e�l� �t�e�c�h�n�o�l�o�g�y� �r�e�q�u�i�r�e�s� �l�e�s�s� �t�o�t�a�l� �l�a�n�d� �a�r�e�a� �a�n�d� �p�r�o�d�u�c�e�s� �f�i�n�i�s�h�e�d� �c�o�m�p�o�s�t� �i�n� �a� �s�h�o�r�t�e�r� 

�t�i�m�e� �t�h�a�n� �m�i�n�i�m�a�l� �t�e�c�h�n�o�l�o�g�y�.� �T�h�e� �f�i�n�i�s�h�e�d� �c�o�m�p�o�s�t� �i�s� �o�f� �m�o�d�e�r�a�t�e�l�y� �h�i�g�h� �q�u�a�l�i�t�y� �f�o�r� �u�s�e� �a�f�t�e�r� 

�g�r�i�n�d�i�n�g� �a�n�d� �s�h�r�e�d�d�i�n�g�.� �T�h�e� �p�r�i�m�a�r�y� �d�i�s�a�d�v�a�n�t�a�g�e�s� �a�r�e� �i�n�c�r�e�a�s�e�d� �l�a�b�o�r� �a�n�d� �e�q�u�i�p�m�e�n�t� �u�s�e� �a�n�d� 

�t�h�e� �f�a�c�t� �t�h�a�t� �m�o�r�e� �t�h�a�n� �o�n�e� �y�e�a�r� �m�a�y� �b�e� �r�e�q�u�i�r�e�d� �t�o� �c�o�m�p�l�e�t�e� �c�o�m�p�o�s�t�i�n�g�.� �L�o�w� �l�e�v�e�l� �t�e�c�h�n�o�l�o�g�y� 

�i�n� �w�h�i�c�h� �t�h�e� �m�a�t�e�r�i�a�l�s� �a�r�e� �m�o�n�i�t�o�r�e�d� �a�n�d� �f�r�e�q�u�e�n�t�l�y� �t�u�r�n�e�d� �s�o� �a�s� �t�o� �a�c�h�i�e�v�e� �c�o�m�p�o�s�t�i�n�g� �i�n� �l�e�s�s� �t�h�a�n� 

�o�n�e� �y�e�a�r�,� �m�a�y� �p�r�o�v�i�d�e� �t�h�e� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �t�e�c�h�n�o�l�o�g�y� �f�o�r� �m�a�n�y� �s�m�a�l�l� �a�n�d� �m�e�d�i�u�m� �c�o�m�p�o�s�t�i�n�g� 

�f�a�c�i�l�i�t�i�e�s�.� 

�C�.� �i�n�t�e�r�m�e�d�i�a�t�e�-�L�e�v�e�l� �T�e�c�h�n�o�l�o�g�y� 

�T�h�i�s� �n�e�x�t� �l�e�v�e�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �r�e�q�u�i�r�e�s� �t�h�e� �p�u�r�c�h�a�s�e� �o�f� �s�p�e�c�i�a�l�i�z�e�d� �e�q�u�i�p�m�e�n�t�,� �b�u�t� �c�a�n� �p�r�o�d�u�c�e� 

�a� �f�i�n�i�s�h�e�d� �c�o�m�p�o�s�t� �i�n� �l�e�s�s� �t�h�a�n� �6� �m�o�n�t�h�s�.� �F�o�r� �t�h�i�s� �t�e�c�h�n�o�l�o�g�y�,� �a� �m�e�c�h�a�n�i�c�a�l� �w�i�n�d�r�o�w�e�r� �i�s� �u�s�e�d� �t�o� 

�t�u�r�n� �t�h�e� �p�i�l�e�s�.� �T�h�e� �s�i�z�e� �o�f� �t�h�e� �w�i�n�d�r�o�w�s� �i�s� �r�e�s�t�r�i�c�t�e�d� �b�y� �t�h�e� �h�e�i�g�h�t� �a�n�d� �w�i�d�t�h� �o�f� �t�h�e� �w�i�n�d�r�o�w�-�t�u�r�n�i�n�g� 

�m�a�c�h�i�n�e� �w�h�i�c�h� �i�s� �u�s�u�a�l�l�y� �n�o�t� �g�r�e�a�t�e�r� �t�h�a�n� �8� �f�e�e�t� �h�i�g�h� �b�y� �1�2� �t�o� �1�8� �f�e�e�t� �w�i�d�e�.� �T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �t�y�p�e�s
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�o�f� �w�i�n�d�r�o�w�e�r�s� �a�v�a�i�l�a�b�l�e�,� �s�o�m�e� �s�t�r�a�d�d�l�e� �t�h�e� �w�i�n�d�r�o�w�,� �w�h�i�l�e� �o�t�h�e�r�s� �t�u�r�n� �h�a�l�f� �o�f� �t�h�e� �w�i�n�d�r�o�w� �d�u�r�i�n�g� 

�e�a�c�h� �p�a�s�s�.� �(�T�h�e�s�e� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �m�o�r�e� �d�e�t�a�i�l� �i�n� �t�h�e� �s�e�c�t�i�o�n� �o�n� �m�a�c�h�i�n�e�r�y�)�.� �T�h�e�s�e� �m�a�c�h�i�n�e�s� 

�v�a�r�y� �w�i�d�e�l�y� �i�n� �t�h�e�i�r� �c�o�s�t�,� �c�a�p�a�b�i�l�i�t�i�e�s� �a�n�d� �f�l�e�x�i�b�i�l�i�t�i�e�s�.� �S�o�m�e� �c�a�n� �b�e� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �P�T�O� �o�f� �a� �f�a�r�m� 

�t�r�a�c�t�o�r� �o�r� �a� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r�,� �w�h�i�l�e� �o�t�h�e�r�s� �a�r�e� �s�e�l�f�-�p�o�w�e�r�e�d� �u�n�i�t�s�.� 

�T�h�e� �u�s�e� �o�f� �t�h�e�s�e� �m�a�c�h�i�n�e�s� �o�f�f�e�r�s� �s�e�v�e�r�a�l� �a�d�v�a�n�t�a�g�e�s�.� �T�h�e� �t�i�m�e� �r�e�q�u�i�r�e�d� �t�o� �p�r�o�d�u�c�e� �a� �f�i�n�i�s�h�e�d� 

�p�r�o�d�u�c�t� �i�s� �g�r�e�a�t�l�y� �r�e�d�u�c�e�d�.� �T�h�e� �m�a�c�h�i�n�e� �m�i�x�e�s�,� �a�e�r�a�t�e�s� �a�n�d� �g�r�i�n�d�s� �t�h�e� �y�a�r�d�w�a�s�t�e� �a�l�l� �i�n� �o�n�e� �s�t�e�p�,� 

�w�h�i�c�h� �c�a�n� �e�l�i�m�i�n�a�t�e� �t�h�e� �n�e�e�d� �t�o� �g�r�i�n�d� �o�r� �s�h�r�e�d� �t�h�e� �c�o�m�p�o�s�t� �a�s� �a� �f�i�n�a�l� �s�t�e�p�.� 

�A�s� �t�h�e� �y�a�r�d�w�a�s�t�e� �i�s� �b�r�o�u�g�h�t� �t�o� �t�h�e� �c�o�m�p�o�s�t�i�n�g� �a�r�e�a�,� �i�t� �i�s� �w�e�t�t�e�d� �i�f� �n�e�c�e�s�s�a�r�y� �a�n�d� �t�u�r�n�e�d� �a�n�d� 

�m�i�x�e�d� �w�h�i�l�e� �b�e�i�n�g� �f�o�r�m�e�d� �i�n�t�o� �w�i�n�d�r�o�w�s� �b�y� �t�h�e� �m�a�c�h�i�n�e�.� �A�d�d�i�t�i�o�n�a�l� �h�i�g�h� �n�i�t�r�o�g�e�n� �w�a�s�t�e�s�,� �s�u�c�h� �a�s� 

�m�a�n�u�r�e�s� �c�a�n� �b�e� �a�d�d�e�d� �d�u�r�i�n�g� �w�i�n�d�r�o�w� �f�o�r�m�a�t�i�o�n� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �r�a�t�e� �o�f� �c�o�m�p�o�s�t�i�n�g� �(�i�f� �l�e�a�v�e�s� �o�n�l�y� 

�a�r�e� �b�e�i�n�g� �c�o�m�p�o�s�t�e�d�)�.� �D�u�r�i�n�g� �t�h�e� �f�i�r�s�t� �f�e�w� �w�e�e�k�s�,� �t�h�e� �w�i�n�d�r�o�w�s� �m�a�y� �b�e� �t�u�r�n�e�d� �s�e�v�e�r�a�l� �t�i�m�e�s� �a� 

�w�e�e�k�,� �t�h�e�n� �o�n�c�e� �p�e�r� �w�e�e�k�,� �o�r� �o�n�c�e� �e�v�e�r�y� �t�w�o� �w�e�e�k�s�.� �T�h�e� �n�e�e�d� �f�o�r� �t�u�r�n�i�n�g� �s�h�o�u�l�d� �b�e� �m�o�n�i�t�o�r�e�d� 

�e�i�t�h�e�r� �b�y� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �(�o�r� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�)� �w�i�t�h�i�n� �t�h�e� �p�i�l�e�.� �A�s� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� 

�r�e�a�c�h�e�s� �1�4�0�-�1�5�0� �d�e�g�r�e�e�s� �F�,� �t�h�e� �p�i�l�e� �s�h�o�u�l�d� �b�e� �t�u�r�n�e�d�.� �T�h�i�s� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e� �i�s� �o�p�t�i�m�u�m� �f�o�r� 

�d�e�s�t�r�o�y�i�n�g� �p�a�t�h�o�g�e�n�s� �a�n�d� �w�e�e�d� �s�e�e�d�s�,� �w�h�i�l�e� �a�l�l�o�w�i�n�g� �m�a�x�i�m�u�m� �g�r�o�w�t�h� �a�n�d� �r�e�p�r�o�d�u�c�t�i�o�n� �o�f� 

�t�h�e�r�m�o�p�h�i�l�i�c� �b�a�c�t�e�r�i�a� �i�m�p�o�r�t�a�n�t� �i�n� �t�h�e� �c�o�m�p�o�s�t�i�n�g� �p�r�o�c�e�s�s�.� 

�T�h�i�s� �t�e�c�h�n�o�l�o�g�y� �o�f�f�e�r�s� �s�e�v�e�r�a�l� �a�d�v�a�n�t�a�g�e�s�.� �T�h�e� �t�o�t�a�l� �a�r�e�a� �r�e�q�u�i�r�e�d� �i�s� �l�e�s�s� �t�h�a�n� �w�i�t�h� �t�h�e� 

�p�r�e�v�i�o�u�s� �t�e�c�h�n�o�l�o�g�i�e�s�.� �T�h�e� �w�i�n�d�r�o�w�s� �c�a�n� �b�e� �f�o�r�m�e�d� �c�l�o�s�e� �t�o�g�e�t�h�e�r� �b�e�c�a�u�s�e� �t�h�e� �w�i�n�d�r�o�w�e�r� �a�c�t�u�a�l�l�y� 

�r�e�q�u�i�r�e�s� �l�e�s�s� �t�u�r�n�-�a�r�o�u�n�d� �s�p�a�c�e� �t�h�a�n� �a� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r�.� �A�l�s�o�,� �a�s� �s�t�a�t�e�d� �a�b�o�v�e�,� �t�h�e� �m�a�c�h�i�n�e� �w�i�l�l� 

�m�i�x�,� �a�e�r�a�t�e� �a�n�d� �g�r�i�n�d� �t�h�e� �l�e�a�v�e�s� �a�s� �i�t� �m�o�v�e�s� �a�l�o�n�g� �t�h�e� �p�i�l�e�s�,� �e�l�i�m�i�n�a�t�i�n�g� �a�n�y� �a�d�d�i�t�i�o�n�a�l� �g�r�i�n�d�i�n�g�.� 

�S�c�r�e�e�n�i�n�g� �t�h�e� �f�i�n�i�s�h�e�d� �c�o�m�p�o�s�t� �i�s� �s�t�i�l�l� �n�e�c�e�s�s�a�r�y�.� �T�h�e� �f�i�n�i�s�h�e�d� �p�r�o�d�u�c�t� �i�s� �a� �v�e�r�y� �h�i�g�h� �q�u�a�l�i�t�y� 

�m�a�t�e�r�i�a�l� �t�h�a�t� �i�s� �r�e�a�d�y� �f�o�r� �u�s�e� �o�r� �m�a�r�k�e�t�i�n�g� �a�f�t�e�r� �c�u�r�i�n�g�.� 

�T�h�i�s� �t�e�c�h�n�o�l�o�g�y� �i�s� �t�h�e� �b�e�s�t� �a�v�a�i�l�a�b�l�e� �f�o�r� �c�o�m�p�o�s�t�i�n�g� �l�e�a�v�e�s�,� �l�e�a�f�/�g�r�a�s�s�,� �o�r� �l�e�a�f� �/�m�a�n�u�r�e� �m�i�x�e�s�.� 

�D�u�e� �t�o� �t�h�e� �c�o�s�t� �o�f� �m�e�c�h�a�n�i�c�a�l� �w�i�n�d�r�o�w�e�r�s�,� �i�t� �i�s� �p�r�o�b�a�b�l�y� �o�n�l�y� �p�r�a�c�t�i�c�a�l� �f�o�r� �m�e�d�i�u�m� �t�o� �l�a�r�g�e� �c�o�m�p�o�s�t� 

�f�a�c�i�l�i�t�i�e�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�e� �s�h�o�r�t�e�r� �c�o�m�p�o�s�t�i�n�g� �p�e�r�i�o�d�,� �t�h�e� �a�l�l�e�v�i�a�t�i�o�n� �o�f� �g�r�i�n�d�i�n�g� �a�n�d� �t�h�e� �h�i�g�h� �q�u�a�l�i�t�y
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�e�n�d� �p�r�o�d�u�c�t�,� �i�t� �m�a�y� �b�e� �d�e�s�i�r�a�b�l�e� �f�o�r� �s�e�v�e�r�a�l� �l�o�c�a�l�i�t�i�e�s� �t�o� �s�h�a�r�e� �a� �w�i�n�d�r�o�w�e�r� �o�r� �f�o�r� �a� �p�r�i�v�a�t�e� �s�e�c�t�o�r� 

�f�i�r�m� �t�o� �p�r�o�v�i�d�e� �w�i�n�d�r�o�w�i�n�g� �s�e�r�v�i�c�e� �t�o� �m�u�l�t�i�p�l�e� �l�o�c�a�l�i�t�i�e�s�.� �T�h�e� �d�i�s�a�d�v�a�n�t�a�g�e�,� �i�s� �t�h�e� �c�o�s�t� �o�f� �t�h�e� 

�w�i�n�d�r�o�w�e�r�.� �H�o�w�e�v�e�r�,� �t�h�e� �s�a�v�i�n�g�s� �i�n� �t�i�m�e�,� �l�a�n�d� �a�r�e�a� �r�e�q�u�i�r�e�d�,� �a�n�d� �t�h�e� �e�l�i�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �g�r�i�n�d�i�n�g� 

�s�t�e�p� �w�i�l�l� �h�e�l�p� �o�f�f�s�e�t� �t�h�i�s� �c�o�s�t�.� �T�h�i�s� �i�s� �p�r�o�b�a�b�l�y� �t�h�e� �m�o�s�t� �a�p�p�r�o�p�r�i�a�t�e� �t�e�c�h�n�o�l�o�g�y� �f�o�r� �m�e�d�i�u�m� �a�n�d� 

�l�a�r�g�e� �f�a�c�i�l�i�t�i�e�s�.� 

�D�.� �H�i�g�h�-�L�e�v�e�l� �T�e�c�h�n�o�l�o�g�y� 

�T�h�i�s� �l�a�s�t� �l�e�v�e�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �p�r�a�c�t�i�c�a�l� �f�o�r� �m�o�s�t� �c�o�m�m�u�n�i�t�i�e�s�.� �I�t� �w�a�s� �o�r�i�g�i�n�a�l�l�y� 

�u�s�e�d� �i�n� �c�o�m�p�o�s�t�i�n�g� �s�e�w�a�g�e� �s�l�u�d�g�e�,� �b�u�t� �h�a�s� �b�e�e�n� �a�d�a�p�t�e�d� �f�o�r� �y�a�r�d�w�a�s�t�e�s�.� 

�T�h�i�s� �m�e�t�h�o�d� �c�o�n�s�i�s�t�s� �o�f� �u�s�i�n�g� �a� �s�y�s�t�e�m� �o�f� �p�i�p�e�s� �u�n�d�e�r� �t�h�e� �p�i�l�e�s� �t�o� �r�u�n� �f�o�r�c�e�d� �a�i�r� �t�h�r�o�u�g�h� �t�h�e� 

�p�i�l�e�s� �w�i�t�h� �a� �b�l�o�w�e�r� �c�o�n�t�r�o�l�l�e�d� �b�y� �a� �t�e�m�p�e�r�a�t�u�r�e� �f�e�e�d�b�a�c�k� �s�y�s�t�e�m�.� �W�h�e�n� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �i�n�s�i�d�e� �t�h�e� 

�p�i�l�e� �r�e�a�c�h�e�s� �a� �p�r�e�s�e�t� �l�e�v�e�l�,� �t�h�e� �b�l�o�w�e�r� �a�u�t�o�m�a�t�i�c�a�l�l�y� �c�o�m�e�s� �o�n� �t�o� �c�o�o�l� �t�h�e� �p�i�l�e� �a�n�d� �a�s�s�u�r�e� �a�e�r�a�t�e�d� 

�c�o�n�d�i�t�i�o�n�s�.� �D�u�r�i�n�g� �t�h�e� �i�n�i�t�i�a�l� �s�t�a�r�t�-�u�p� �p�e�r�i�o�d�,� �t�h�e� �b�l�o�w�e�r�s� �w�o�u�l�d� �c�o�m�e� �o�n� �f�r�e�q�u�e�n�t�l�y� �u�n�d�e�r� �c�o�n�t�r�o�!� 

�o�f� �a� �t�h�e�r�m�o�c�o�u�p�l�e�.� �A�f�t�e�r� �2� �t�o� �1�0� �w�e�e�k�s�,� �t�h�e� �a�e�r�a�t�i�o�n� �s�y�s�t�e�m� �w�o�u�l�d� �b�e� �r�e�m�o�v�e�d� �a�n�d� �t�h�e� �p�i�l�e�s� �t�u�r�n�e�d� 

�p�e�r�i�o�d�i�c�a�l�l�y�.� 

�O�b�v�i�o�u�s�l�y�,� �t�h�i�s� �t�y�p�e� �o�f� �s�y�s�t�e�m� �i�s� �m�u�c�h� �m�o�r�e� �e�x�p�e�n�s�i�v�e� �t�o� �o�p�e�r�a�t�e�,� �b�u�t� �i�t�s� 

�a�d�v�a�n�t�a�g�e�s� �i�n�c�l�u�d�e� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �l�a�r�g�e� �w�i�n�d�r�o�w�s� �t�o� �s�a�v�e� �s�p�a�c�e� �a�n�d� �t�h�e� �m�o�s�t� �r�a�p�i�d� �c�o�m�p�o�s�t�i�n�g� 

�r�a�t�e�.� �A�n�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �d�o� �n�o�t� �d�e�v�e�l�o�p� �i�n� �t�h�e�s�e� �l�a�r�g�e� �p�i�l�e�s� �d�u�e� �t�o� �t�h�e� �f�o�r�c�e�d� �a�i�r�.� �C�o�m�p�o�s�t�i�n�g� 

�c�a�n� �b�e� �c�o�m�p�l�e�t�e�d� �w�i�t�h�i�n� �s�e�v�e�r�a�l� �m�o�n�t�h�s� �d�u�e� �t�o� �t�h�e� �r�a�p�i�d� �i�n�i�t�i�a�l� �d�e�c�o�m�p�o�s�i�t�i�o�n�.� �A�d�d�i�t�i�o�n�a�l� �h�i�g�h� 

�n�i�t�r�o�g�e�n� �w�a�s�t�e�s�,� �s�u�c�h� �a�s� �m�a�n�u�r�e�s�,� �c�o�u�l�d� �b�e� �a�d�d�e�d� �t�o� �t�h�e� �p�i�l�e�s� �e�a�s�i�l�y� �a�t� �t�h�i�s� �l�e�v�e�l� �o�f� �t�e�c�h�n�o�l�o�g�y� �t�o� 

�s�p�e�e�d� �u�p� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �r�a�i�s�e� �t�h�e� �n�i�t�r�o�g�e�n� �c�o�n�t�e�n�t� �o�f� �t�h�e� �f�i�n�i�s�h�e�d� �c�o�m�p�o�s�t�.� 

�B�a�c�k�y�a�r�d� �C�o�m�p�o�s�t�i�n�g� 

�B�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �i�s� �t�h�e� �f�i�r�s�t� �l�o�g�i�c�a�l� �s�t�e�p� �i�n� �r�e�d�u�c�i�n�g� �t�h�e� �a�m�o�u�n�t� �o�f� �o�r�g�a�n�i�c� �w�a�s�t�e�s� �g�o�i�n�g� 

�i�n�t�o� �o�u�r� �l�a�n�d�f�i�l�l�s�.� �P�r�o�c�e�s�s�i�n�g� �y�a�r�d�w�a�s�t�e�s� �a�t� �t�h�e� �p�o�i�n�t� �o�f� �g�e�n�e�r�a�t�i�o�n� �n�o�t� �o�n�l�y� �h�a�s� �a� �p�o�s�i�t�i�v�e
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�e�n�v�i�r�o�n�m�e�n�t�a�l� �i�m�p�a�c�t�,� �b�u�t� �t�h�e� �c�o�s�t�s� �o�f� �c�o�l�l�e�c�t�i�n�g�,� �t�r�a�n�s�p�o�r�t�i�n�g�,� �p�r�o�c�e�s�s�i�n�g� �a�n�d� �m�a�r�k�e�t�i�n�g� �b�y� �t�h�e� 

�m�u�n�i�c�i�p�a�l�i�t�y� �c�a�n� �a�l�l� �b�e� �a�v�o�i�d�e�d� �i�f� �h�o�m�e� �c�o�m�p�o�s�t�i�n�g� �i�s� �e�n�c�o�u�r�a�g�e�d�.� 

�M�a�n�y� �p�e�o�p�l�e�,� �e�s�p�e�c�i�a�l�l�y� �o�r�g�a�n�i�c� �g�a�r�d�e�n�e�r�s�,� �h�a�v�e� �b�e�e�n� �e�n�g�a�g�e�d� �i�n� �c�o�m�p�o�s�t�i�n�g� �f�o�r� �m�a�n�y� �y�e�a�r�s� 

�a�s� �a� �w�a�y� �t�o� �i�m�p�r�o�v�e� �t�h�e�i�r� �s�o�i�l�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �r�i�c�h� �c�o�m�p�o�s�t� �h�a�s� �m�a�n�y� �b�e�n�e�f�i�c�i�a�l� 

�e�f�f�e�c�t�s� �f�o�r� �t�h�e� �s�o�i�l�,� �i�n�c�l�u�d�i�n�g�:� 

�1�)� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �w�a�t�e�r�-�h�o�l�d�i�n�g� �c�a�p�a�c�i�t�y�,� �a�n�d� �r�e�d�u�c�i�n�g� �t�h�e� �c�h�a�n�c�e� �o�f� �e�r�o�s�i�o�n� 

�2�)� �i�m�p�r�o�v�i�n�g� �s�o�i�l� �t�i�l�t�h�,� �m�a�k�i�n�g� �i�t� �e�a�s�i�e�r� �t�o� �c�u�l�t�i�v�a�t�e� 

�3�)� �p�r�e�v�e�n�t�i�n�g� �s�o�i�l� �c�r�u�s�t�i�n�g�,� �a�i�d�i�n�g� �i�n� �s�e�e�d�l�i�n�g� �e�m�e�r�g�e�n�c�e� 

�4�)� �t�h�e� �a�d�d�e�d� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �p�r�o�v�i�d�e�s� �a� �f�o�o�d� �s�o�u�r�c�e� �f�o�r� �d�e�s�i�r�a�b�l�e� �s�o�i�l� �m�i�c�r�o�-�o�r�g�a�n�i�s�m�s� �a�n�d� 

�e�a�r�t�h�w�o�r�m�s� 

�5�)� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �f�e�r�t�i�l�i�z�e�r�-�h�o�l�d�i�n�g� �a�b�i�l�i�t�y� �o�f� �t�h�e� �s�o�i�l� �b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �c�a�t�i�o�n� �e�x�c�h�a�n�g�e� �c�a�p�a�c�i�t�y� 

�(�C�E�C�)� 

�6�)� �p�r�o�v�i�d�i�n�g� �s�o�m�e� �n�u�t�r�i�e�n�t�s� �f�o�r� �p�l�a�n�t� �g�r�o�w�t�h� 

�O�v�e�r�a�l�l�,� �c�o�m�p�o�s�t� �i�m�p�r�o�v�e�s� �t�h�e� �p�h�y�s�i�c�a�l�,� �c�h�e�m�i�c�a�l�,� �a�n�d� �b�i�o�l�o�g�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �s�o�i�l�s�.� �C�o�m�p�o�s�t� 

�i�s� �n�o�t� �c�o�n�s�i�d�e�r�e�d� �a� �p�r�i�m�a�r�y� �f�e�r�t�i�l�i�z�e�r� �s�o�u�r�c�e�,� �b�e�c�a�u�s�e� �i�t� �i�s� �l�o�w� �i�n� �n�u�t�r�i�e�n�t� �c�o�n�t�e�n�t�,� �b�u�t� �i�t� �i�s� �a�n� 

�e�x�c�e�l�l�e�n�t� �s�o�i�l� �c�o�n�d�i�t�i�o�n�e�r�.� 

�M�u�n�i�c�i�p�a�l�i�t�i�e�s� �s�h�o�u�l�d� �e�n�c�o�u�r�a�g�e� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �a�s� �a� �p�a�r�t� �o�f� �t�h�e�i�r� �o�v�e�r�a�l�l� �y�a�r�d�w�a�s�t�e� 

�m�a�n�a�g�e�m�e�n�t� �p�r�o�g�r�a�m�.� �P�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �w�i�l�l� �d�e�p�e�n�d� �i�n� �p�a�r�t� �o�n� �t�h�e� �p�u�b�l�i�c ��s� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �c�o�s�t� �a�n�d� �p�r�o�b�l�e�m�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�a�n�d�f�i�l�l�i�n�g� �o�r� �o�t�h�e�r�w�i�s�e� �d�i�s�p�o�s�i�n�g� �o�f� 

�y�a�r�d�w�a�s�t�e�s�.� �S�e�a�t�t�l�e�,� �W�a�s�h�i�n�g�t�o�n�,� �f�o�r� �e�x�a�m�p�l�e�,� �h�a�s� �a� �p�r�o�g�r�a�m� �w�h�e�r�e� �t�h�e�y� �t�r�a�i�n�  ��m�a�s�t�e�r� �c�o�m�p�o�s�t�e�r�s�"� 

�w�h�o� �i�n� �t�u�r�n� �g�i�v�e� �d�e�m�o�n�s�t�r�a�t�i�o�n�s� �a�n�d� �a�d�v�i�c�e� �o�n� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �t�o� �o�t�h�e�r� �p�e�o�p�l�e�.� 

�T�h�e�r�e� �m�a�y� �b�e� �l�o�c�a�l� �o�r�d�i�n�a�n�c�e�s� �i�n� �s�o�m�e� �a�r�e�a�s� �t�h�a�t� �d�i�s�c�o�u�r�a�g�e� �o�r� �p�r�o�h�i�b�i�t� �b�a�c�k�y�a�r�d� 

�c�o�m�p�o�s�t�i�n�g�.� �W�h�i�l�e� �i�t� �i�s� �t�r�u�e� �t�h�a�t� �n�o�t� �a�l�l� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�s� �a�r�e� �a�n� �a�s�s�e�t� �t�o� �t�h�e� 

�n�e�i�g�h�b�o�r�h�o�o�d� �o�r� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�,� �i�f� �p�r�o�p�e�r�l�y� �c�o�n�s�t�r�u�c�t�e�d� �a�n�d� �m�a�i�n�t�a�i�n�e�d�,� �a� �c�o�m�p�o�s�t� �b�i�n� �n�e�e�d� �n�o�t
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�p�r�o�d�u�c�e� �o�b�j�e�c�t�i�o�n�a�b�l�e� �o�d�o�r�s� �o�r� �a�t�t�r�a�c�t� �u�n�w�a�n�t�e�d� �a�n�i�m�a�l�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �s�u�r�v�e�y�s� �s�e�n�t� �t�o� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �a�g�e�n�t�s�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�V�i�r�g�i�n�i�a�n�s� �w�h�o� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�1�%�.� �I�n�f�o�r�m�a�t�i�o�n�a�l� �p�a�m�p�h�l�e�t�s� �o�n� �b�a�c�k�y�a�r�d� 

�c�o�m�p�o�s�t�i�n�g� �n�e�e�d� �t�o� �b�e� �d�e�v�e�l�o�p�e�d� �a�n�d� �d�i�s�t�r�i�b�u�t�e�d� �t�o� �i�n�c�r�e�a�s�e� �p�u�b�l�i�c� �p�a�r�t�i�c�i�p�a�t�i�o�n�.� �T�h�e� �V�C�E�S� �h�a�s� 

�s�e�v�e�r�a�l� �p�u�b�l�i�c�a�t�i�o�n�s� �o�n� �t�h�e� �s�u�b�j�e�c�t�.�  ��C�o�m�p�o�s�t�i�n�g ��,� �p�u�b�l�i�c�a�t�i�o�n� �#�4�2�6�-�3�2�5�,� �"�M�u�l�c�h�e�s� �F�o�r� �T�h�e� �H�o�m�e� 

�G�a�r�d�e�n ��,� �#�4�2�6�-�3�2�6�,� �a�n�d� �"�S�o�i�l� �P�r�e�p�a�r�a�t�i�o�n�"�,� �#�4�2�6�-�3�1�3�,� �a�r�e� �a�l�l� �g�o�o�d� �s�o�u�r�c�e�s� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� 

�p�r�e�p�a�r�a�t�i�o�n� �a�n�d� �u�s�e� �o�f� �c�o�m�p�o�s�t�.� 

�E�f�f�o�r�t�s� �s�h�o�u�l�d� �b�e� �m�a�d�e� �t�o� �i�n�c�r�e�a�s�e� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g�.� �N�o�t� �o�n�l�y� �a�r�e� �s�a�v�i�n�g�s� �m�a�d�e� �i�n� 

�l�a�n�d�f�i�l�l� �s�p�a�c�e� �b�u�t� �t�h�e� �c�o�s�t� �o�f� �c�o�l�l�e�c�t�i�n�g� �a�n�d� �t�r�a�n�s�p�o�r�t�i�n�g� �t�h�e� �m�a�t�e�r�i�a�l� �i�s� �a�v�o�i�d�e�d�.� �T�h�e� �p�o�t�e�n�t�i�a�l� 

�s�a�v�i�n�g�s� �a�r�e� �s�o� �g�r�e�a�t� �t�h�a�t� �e�v�e�n� �m�o�d�e�s�t� �i�n�c�r�e�a�s�e�s� �i�n� �b�a�c�k�y�a�r�d� �c�o�m�p�o�s�t�i�n�g� �w�o�u�l�d� �j�u�s�t�i�f�y� �a� �s�u�b�s�t�a�n�t�i�a�l� 

�p�u�b�l�i�c� �e�d�u�c�a�t�i�o�n� �e�f�f�o�r�t�.� 

�T�h�e� �P�o�t�e�n�t�i�a�l� �f�o�r� �C�o�m�p�o�s�t�i�n�g� �Y�a�r�d�w�a�s�t�e� �W�i�t�h� �O�t�h�e�r� �O�r�g�a�n�i�c� �W�a�s�t�e�s� 

�T�h�e� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �t�h�a�t� �a�c�t�i�v�e�l�y� �d�e�c�o�m�p�o�s�e� �o�r�g�a�n�i�c� �m�a�t�t�e�r� �h�a�v�e� �a� �f�e�w� �s�i�m�p�l�e� �r�e�q�u�i�r�e�m�e�n�t�s�.� 

�B�a�l�a�n�c�e�d� �n�u�t�r�i�e�n�t�s�,� �a�d�e�q�u�a�t�e� �m�o�i�s�t�u�r�e�,� �p�r�o�p�e�r� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e� �a�n�d� �a�d�e�q�u�a�t�e� �o�x�y�g�e�n� �a�r�e� �a�l�l� �t�h�a�t� 

�i�s� �n�e�e�d�e�d� �t�o� �k�e�e�p� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �p�r�o�c�e�s�s� �m�o�v�i�n�g� �a�t� �a� �r�a�p�i�d� �r�a�t�e�.� �A� �l�i�t�t�l�e� �a�t�t�e�n�t�i�o�n� �t�o� �a�n�d� 

�a�d�j�u�s�t�m�e�n�t� �o�f� �t�h�e�s�e� �n�e�e�d�s� �w�i�l�l� �k�e�e�p� �t�h�e� �p�r�o�c�e�s�s� �g�o�i�n�g� �a�n�d� �k�e�e�p� �o�d�o�r�s� �t�o� �a� �m�i�n�i�m�u�m�.� 

�M�i�c�r�o�o�r�g�a�n�i�s�m�s� �n�e�e�d� �n�u�t�r�i�e�n�t�s�,� �p�r�i�m�a�r�i�l�y� �c�a�r�b�o�n� �a�n�d� �n�i�t�r�o�g�e�n�,� �f�o�r� �b�o�t�h� �e�n�e�r�g�y� �a�n�d� �g�r�o�w�t�h�.� �T�h�e� 

�i�d�e�a�l� �c�a�r�b�o�n�:�n�i�t�r�o�g�e�n� �r�a�t�i�o� �i�s� �n�e�a�r�l�y� �f�o�u�n�d� �i�n� �a�n�y� �o�n�e� �o�r�g�a�n�i�c� �s�o�u�r�c�e�.� �W�h�i�l�e� �l�e�a�v�e�s� �b�y� �t�h�e�m�s�e�l�v�e�s� 

�w�i�l�l� �c�o�m�p�o�s�t� �a�d�e�q�u�a�t�e�l�y� �t�o� �o�x�y�g�e�n�,� �w�i�t�h� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �m�o�i�s�t�u�r�e� �a�r�e� �c�o�n�t�r�o�l�l�e�d�,� �t�h�e�y� �s�t�i�l�l� �h�a�v�e� �a� 

�h�i�g�h� �c�a�r�b�o�n�:�n�i�t�r�o�g�e�n� �r�a�t�i�o� �w�h�i�c�h� �c�a�n� �s�l�o�w� �t�h�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �p�r�o�c�e�s�s�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �a� �h�i�g�h� 

�n�i�t�r�o�g�e�n� �s�o�u�r�c�e� �w�i�l�l� �a�c�c�e�l�e�r�a�t�e� �t�h�e� �p�r�o�c�e�s�s�,� �b�u�t� �i�t� �m�u�s�t� �b�e� �c�a�r�e�f�u�l�l�y� �c�o�n�t�r�o�l�l�e�d�.� �Y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�,� 

�b�y� �i�t�s�e�l�f�,� �i�s� �a� �v�e�r�y� �l�o�w� �n�i�t�r�o�g�e�n�-�c�o�n�t�a�i�n�i�n�g� �s�o�i�l� �a�m�e�n�d�m�e�n�t�.� �T�h�e� �a�d�d�i�t�i�o�n� �o�f� �a� �h�i�g�h� �n�i�t�r�o�g�e�n� �s�o�u�r�c�e� 

�w�o�u�l�d� �p�o�s�s�i�b�l�y� �m�a�k�e� �i�t� �m�o�r�e� �s�u�i�t�a�b�l�e� �a�s� �a� �f�e�r�t�i�l�i�z�e�r� �s�o�u�r�c�e�.� �T�o�o� �m�u�c�h� �n�i�t�r�o�g�e�n� �c�a�n� �r�e�s�u�l�t� �i�n� �t�o�o
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�r�a�p�i�d� �d�e�c�o�m�p�o�s�i�t�i�o�n� �a�n�d� �a�n�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s� �t�h�a�t� �c�r�e�a�t�e� �o�d�o�r� �p�r�o�b�l�e�m�.� 

�G�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�r�e� �a� �h�i�g�h� �n�i�t�r�o�g�e�n� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�n�e�n�t� �t�h�a�t� �i�s� �b�e�i�n�g� �s�t�u�d�i�e�d� �t�o� �d�e�t�e�r�m�i�n�e� 

�t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �m�i�x� �w�i�t�h� �l�e�a�v�e�s� �i�n� �a� �c�o�m�p�o�s�t� �s�y�s�t�e�m�s�.� �R�e�s�e�a�r�c�h� �i�n� �s�e�v�e�r�a�l� �l�o�c�a�t�i�o�n�s� �i�n�d�i�c�a�t�e�s� �t�h�a�t� 

�a� �m�i�x� �o�f� �t�h�r�e�e� �p�a�r�t�s� �l�e�a�v�e�s� �t�o� �o�n�e� �p�a�r�t� �g�r�a�s�s� �m�a�y� �b�e� �a�s� �o�p�t�i�m�u�m� �f�o�r� �w�i�n�d�r�o�w� �c�o�m�p�o�s�t�i�n�g�.� �T�h�e� 

�s�a�m�e� �r�e�s�e�a�r�c�h� �s�u�g�g�e�s�t�s� �t�h�e� �m�a�x�i�m�u�m� �a�m�o�u�n�t� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �i�s� �o�n�e� �h�a�l�f� �t�h�e� �l�e�a�f� �v�o�l�u�m�e� �(�2� �p�a�r�t�s� 

�l�e�a�v�e�s� �t�o� �1� �p�a�r�t� �g�r�a�s�s�)�.� �A�n�y� �h�i�g�h�e�r� �a�m�o�u�n�t� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �c�a�u�s�e�s� �s�e�r�i�o�u�s� �a�n�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�,� 

�l�e�a�d�i�n�g� �t�o� �o�d�o�r� �p�r�o�b�l�e�m�s�.� 

�T�h�e� �a�m�o�u�n�t� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �c�o�l�l�e�c�t�e�d� �e�a�c�h� �y�e�a�r� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �e�q�u�a�l� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� 

�l�e�a�v�e�s� �c�o�l�l�e�c�t�e�d�.� �T�h�e� �p�r�o�b�l�e�m� �o�f� �m�a�i�n�t�a�i�n�i�n�g� �t�h�i�s� �2� �t�o� �1� �l�e�a�v�e�s� �t�o� �g�r�a�s�s� �r�a�t�i�o� �c�o�m�e�s� �f�r�o�m� �t�h�e� �f�a�c�t� 

�t�h�a�t� �a�f�t�e�r� �l�e�a�v�e�s� �a�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �t�h�e� �f�a�l�l� �a�n�d� �w�i�n�d�r�o�w�e�d�,� �t�h�e�y� �u�n�d�e�r�g�o� �a� �s�u�b�s�t�a�n�t�i�a�l� �r�e�d�u�c�t�i�o�n� �i�n� 

�v�o�l�u�m�e� �d�u�e� �t�o� �t�h�e� �b�u�r�s�t� �o�f� �m�i�c�r�o�b�i�a�l� �a�c�t�i�v�i�t�y� �t�h�a�t� �o�c�c�u�r�s� �w�i�t�h�i�n� �t�h�e� �f�i�r�s�t� �m�o�n�t�h� �o�f� �c�o�m�p�o�s�t�i�n�g�.� �B�y� 

�t�h�e� �t�i�m�e� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �a�r�e� �b�e�i�n�g� �c�o�l�l�e�c�t�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�p�r�i�n�g� �a�n�d� �s�u�m�m�e�r�,� �t�h�e� �l�e�a�v�e�s� �h�a�v�e� �b�e�e�n� 

�r�e�d�u�c�e�d� �i�n� �v�o�l�u�m�e� �b�y� �a�b�o�u�t� �5�0�%�.� �T�h�u�s� �t�h�e� �a�c�t�u�a�l� �l�e�a�f� �t�o� �g�r�a�s�s� �r�a�t�i�o� �w�o�u�l�d� �b�e� �1� �t�o� �2� �i�n�s�t�e�a�d� �o�f� �t�h�e� 

�d�e�s�i�r�e�d� �2� �o�r� �3� �t�o� �1� �i�f� �a�l�l� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �c�o�m�p�o�s�t�e�d�.� �S�u�c�h� �a� �r�a�t�i�o� �w�o�u�l�d� �r�e�s�u�l�t� 

�i�n� �r�o�t�t�i�n�g� �g�r�a�s�s�,� �a�n�a�e�r�o�b�i�c� �c�o�n�d�i�t�i�o�n�s�,� �p�o�o�r� �e�n�d� �p�r�o�d�u�c�t� �q�u�a�l�i�t�y� �a�n�d� �i�n�t�o�l�e�r�a�b�l�e� �o�d�o�r�.� 

�E�f�f�o�r�t�s� �m�u�s�t� �b�e� �m�a�d�e� �t�o� �r�e�d�u�c�e� �t�h�e� �q�u�a�n�t�i�t�y� �o�f� �g�r�a�s�s� �c�o�l�l�e�c�t�e�d�.� �R�e�s�e�a�r�c�h� �h�a�s� �s�h�o�w�n� �t�h�a�t� 

�g�r�a�s�s� �c�l�i�p�p�i�n�g�s� �d�o� �n�o�t� �n�e�e�d� �t�o� �b�e� �r�e�m�o�v�e�d� �f�r�o�m� �l�a�w�n�s�.� �l�f� �l�a�w�n�s� �a�r�e� �m�o�w�e�d� �f�r�e�q�u�e�n�t�l�y�,� �a�n�d� �t�h�e� 

�c�l�i�p�p�i�n�g�s� �a�l�l�o�w�e�d� �t�o� �f�a�l�l� �b�a�c�k� �i�n�t�o� �t�h�e� �l�a�w�n�,� �t�h�e�i�r� �c�o�l�l�e�c�t�i�o�n� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�y�.� �G�r�a�s�s� �c�l�i�p�p�i�n�g�s�,� �b�e�i�n�g� 

�h�i�g�h� �i�n� �n�i�t�r�o�g�e�n� �w�i�l�l� �d�e�c�o�m�p�o�s�e� �r�a�p�i�d�l�y� �a�n�d� �a�c�t�u�a�l�l�y� �r�e�t�u�r�n� �n�i�t�r�o�g�e�n� �t�o� �t�h�e� �s�o�i�l�,� �r�e�d�u�c�i�n�g� �t�h�e� �n�e�e�d� 

�t�o� �a�p�p�l�y� �n�i�t�r�o�g�e�n� �i�n� �t�h�e� �f�o�r�m� �o�f� �f�e�r�t�i�l�i�z�e�r�s�.� �H�o�m�e�o�w�n�e�r�s� �a�n�d� �l�a�n�d� �m�a�n�a�g�e�r�s� �w�h�o� �c�o�l�l�e�c�t� �g�r�a�s�s� 

�c�l�i�p�p�i�n�g�s� �s�h�o�u�l�d� �b�e� �e�n�c�o�u�r�a�g�e�d� �o�r� �r�e�q�u�i�r�e�d� �t�o� �m�a�n�a�g�e� �(�c�o�m�p�o�s�t�)� �t�h�e�i�r� �o�w�n� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� 

�O�t�h�e�r� �h�i�g�h� �n�i�t�r�o�g�e�n� �s�o�l�i�d� �o�r�g�a�n�i�c� �w�a�s�t�e�s�,� �s�u�c�h� �a�s� �p�o�u�l�t�r�y� �l�i�t�t�e�r�,� �h�a�v�e� �p�o�t�e�n�t�i�a�l� �t�o� �b�e� �a�d�d�e�d� �t�o� 

�l�e�a�f� �c�o�m�p�o�s�t� �w�i�n�d�r�o�w�s�.� �I�t� �i�s� �e�s�t�i�m�a�t�e�d� �t�h�a�t� �a� �r�a�t�i�o� �o�f� �5� �t�o� �8� �p�a�r�t�s� �l�e�a�v�e�s� �t�o� �o�n�e� �p�a�r�t� �p�o�u�l�t�r�y� �l�i�t�t�e�r� 

�w�o�u�l�d� �b�e� �a�p�p�r�o�p�r�i�a�t�e�.� �P�i�l�o�t� �s�t�u�d�i�e�s� �n�e�e�d� �t�o� �b�e� �c�o�n�d�u�c�t�e�d� �i�n� �a�r�e�a�s� �o�f� �t�h�e� �s�t�a�t�e� �w�h�e�r�e� �p�o�u�l�t�r�y� �l�i�t�t�e�r� 

�i�s� �a�v�a�i�l�a�b�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �o�p�t�i�m�u�m� �m�i�x�t�u�r�e� �o�f� �l�e�a�v�e�s� �a�n�d� �p�o�u�l�t�r�y� �l�i�t�t�e�r� �f�o�r� �c�o�m�p�o�s�t�i�n�g�.� �O�t�h�e�r
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�s�o�u�r�c�e�s� �o�f� �d�r�y� �a�n�i�m�a�l� �m�a�n�u�r�e�s� �a�l�s�o� �n�e�e�d� �e�v�a�l�u�a�t�i�o�n� �a�s� �p�o�s�s�i�b�l�e� �n�i�t�r�o�g�e�n� �s�o�u�r�c�e�s� �f�o�r� �y�a�r�d�w�a�s�t�e� 

�c�o�m�p�o�s�t�i�n�g� �s�y�s�t�e�m�s�.� 

�S�e�w�a�g�e� �s�l�u�d�g�e�,� �i�n�d�u�s�t�r�i�a�l� �w�a�s�t�e�s� �a�n�d� �l�i�q�u�i�d� �a�n�i�m�a�l� �w�a�s�t�e� �a�r�e� �a�l�l� �s�u�i�t�a�b�l�e� �f�o�r� �m�i�x�i�n�g� �w�i�t�h� �l�e�a�v�e�s� 

�f�o�r� �c�o�m�p�o�s�t�i�n�g�.� �H�o�w�e�v�e�r�,� �t�h�e� �u�s�e� �o�f� �t�h�e�s�e� �m�a�t�e�r�i�a�l�s� �w�i�l�l� �r�e�q�u�i�r�e� �m�a�j�o�r� �s�i�t�e� �m�o�d�i�f�i�c�a�t�i�o�n�,� �l�e�a�c�h�a�t�e� 

�a�n�d� �r�u�n�o�f�f� �c�o�n�t�r�o�l�,� �g�r�o�u�n�d� �a�n�d� �s�u�r�f�a�c�e� �w�a�t�e�r� �m�o�n�i�t�o�r�i�n�g�,� �a�i�r� �a�n�d� �w�a�s�t�e� �m�o�n�i�t�o�r�i�n�g� �a�n�d� �m�u�c�h� �b�e�t�t�e�r� 

�p�r�o�c�e�s�s� �c�o�n�t�r�o�l�.� �A�s� �a� �r�e�s�u�l�t� �i�t� �i�s� �g�e�n�e�r�a�l�l�y� �n�o�t� �d�e�s�i�r�a�b�l�e� �t�o� �m�i�x� �t�h�e�s�e� �w�a�s�t�e�s� �w�i�t�h� �l�e�a�v�e�s� �t�o� �i�n�c�r�e�a�s�e� 

�t�h�e� �r�a�p�i�d�n�e�s�s� �o�f� �c�o�m�p�o�s�t�i�n�g�.� 

�C�O�M�P�O�S�T�I�N�G� �E�Q�U�I�P�M�E�N�T� 

�E�q�u�i�p�m�e�n�t� �r�e�q�u�i�r�e�m�e�n�t�s� �f�o�r� �c�o�m�p�o�s�t�i�n�g� �v�a�r�y� �s�u�b�s�t�a�n�t�i�a�l�l�y� �w�i�t�h� �t�h�e� �t�y�p�e� �a�n�d� �s�i�z�e� �o�f� �o�p�e�r�a�t�i�o�n�.� 

�T�h�i�s� �s�e�c�t�i�o�n� �b�r�i�e�f�l�y� �d�i�s�c�u�s�s�e�s� �t�h�e� �m�a�j�o�r� �t�y�p�e�s� �o�f� �c�o�m�p�o�s�t�i�n�g� �e�q�u�i�p�m�e�n�t� �a�v�a�i�l�a�b�l�e� �a�n�d� �p�r�o�v�i�d�e�s� 

�p�r�e�l�i�m�i�n�a�r�y� �c�o�s�t� �e�s�t�i�m�a�t�e�s�.� �A�n�y� �m�e�n�t�i�o�n� �o�f� �b�r�a�n�d� �n�a�m�e�s� �o�f� �e�q�u�i�p�m�e�n�t� �d�o�e�s� �n�o�t� �c�o�n�s�t�i�t�u�t�e� 

�e�n�d�o�r�s�e�m�e�n�t� �o�f� �t�h�a�t� �e�q�u�i�p�m�e�n�t�.� �(�T�h�e� �i�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�i�s� �s�e�c�t�i�o�n� �i�s� �b�a�s�e�d� �p�r�i�m�a�r�i�l�y� �o�n�  ��M�u�n�i�c�i�p�a�l� 

�Y�a�r�d�w�a�s�t�e� �C�o�m�p�o�s�t�i�n�g�,� �A� �H�a�n�d�b�o�o�k� �f�o�r� �W�i�s�c�o�n�s�i�n� �C�o�m�m�u�n�i�t�i�e�s�"�,� �D�a�n�e� �C�o�u�n�t�y� �D�e�p�t� �o�f� �P�u�b�l�i�c� 

�W�o�r�k�s�,� �J�u�l�y�,� �1�9�8�8�.�)� 

�A�.� �F�r�o�n�t�-�e�n�d� �L�o�a�d�e�r�s� 

�B�o�t�h� �t�r�a�c�k� �l�o�a�d�e�r�s� �a�n�d� �w�h�e�e�l� �l�o�a�d�e�r�s� �m�a�y� �b�e� �u�s�e�d� �i�n� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�s�.� �T�h�e� �t�r�a�c�k� 

�l�o�a�d�e�r� �o�p�e�r�a�t�e�s� �b�e�t�t�e�r� �i�n� �l�o�o�s�e� �o�r� �m�u�d�d�y� �s�o�i�l�,� �b�u�t� �i�s� �n�o�t� �a�s� �e�a�s�i�l�y� �t�r�a�n�s�p�o�r�t�e�d� �i�f� �t�h�e� �e�q�u�i�p�m�e�n�t� 

�n�e�e�d�s� �t�o� �b�e� �m�o�v�e�d� �t�o� �a�n�o�t�h�e�r� �s�i�t�e�.� �T�h�e� �w�h�e�e�l� �l�o�a�d�e�r� �i�s� �m�o�r�e� �v�e�r�s�a�t�i�l�e�,� �m�o�r�e� �e�a�s�i�l�y� �m�a�n�e�u�v�e�r�e�d�,� 

�a�n�d� �c�a�u�s�e�s� �l�e�s�s� �d�a�m�a�g�e� �t�o� �r�o�a�d� �a�n�d� �g�r�o�u�n�d� �s�u�r�f�a�c�e�s�.� 

�B�o�t�h� �t�y�p�e�s� �o�f� �l�o�a�d�e�r�s� �c�o�m�e� �i�n� �a� �v�a�r�i�e�t�y� �o�f� �s�i�z�e�s� �w�i�t�h� �a� �v�a�r�i�e�t�y� �o�f� �s�t�a�n�d�a�r�d� �a�n�d� �o�p�t�i�o�n�a�l� 

�a�c�c�e�s�s�o�r�i�e�s�.� �T�h�e�y� �a�r�e� �u�s�u�a�l�l�y� �e�q�u�i�p�p�e�d� �w�i�t�h� �d�i�e�s�e�l� �e�n�g�i�n�e�s�,� �b�u�t� �m�o�d�e�l�s� �u�s�i�n�g� �g�a�s�o�l�i�n�e� �a�n�d� �o�t�h�e�r
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�f�u�e�l�s� �a�r�e� �a�v�a�i�l�a�b�l�e�.� �B�u�c�k�e�t� �s�i�z�e�s� �r�a�n�g�e� �f�r�o�m� �3�/�4� �t�o� �4� �c�u�.� �y�d�.� �O�t�h�e�r� �a�t�t�a�c�h�m�e�n�t�s�,� �s�u�c�h� �a�s� �a�  ��c�l�a�w� 

�a�n�d� �a� �w�i�n�d�r�o�w�-�t�u�r�n�i�n�g� �m�a�c�h�i�n�e� �a�r�e� �o�p�t�i�o�n�a�l�.� �A� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r� �i�s� �t�h�e� �o�n�e� �e�s�s�e�n�t�i�a�l� �p�i�e�c�e� �o�f� 

�e�q�u�i�p�m�e�n�t� �f�o�r� �a�l�l� �y�a�r�d�w�a�s�t�e� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�s�,� �a�n�d� �t�h�e� �o�n�l�y� �e�q�u�i�p�m�e�n�t� �u�s�e�d� �b�y� �m�a�n�y� �.� 

�P�r�i�c�e�s� �f�o�r� �a� �n�e�w� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r� �r�a�n�g�e� �f�r�o�m� �a�b�o�u�t� �$�5�0�,�0�0�0� �t�o� �$�1�5�0�,�0�0�0�,� �d�e�p�e�n�d�i�n�g� �o�n� �s�i�z�e� 

�a�n�d� �a�c�c�e�s�s�o�r�i�e�s�.� 

�B�.� �V�a�c�u�u�m� �L�e�a�f� �C�o�i�l�e�c�t�o�r�s� 

�V�a�c�u�u�m� �l�e�a�f� �c�o�l�l�e�c�t�o�r�s� �a�r�e� �d�e�s�i�g�n�e�d� �t�o� �c�o�l�l�e�c�t� �l�e�a�v�e�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �r�a�k�e�d� �i�n�t�o� �t�h�e� �s�t�r�e�e�t� �o�r� 

�a�l�o�n�g� �t�h�e� �c�u�r�b�.� �T�a�g�-�a�l�o�n�g� �u�n�i�t�s� �a�r�e� �t�o�w�e�d� �b�e�h�i�n�d� �a� �t�r�u�c�k�,� �i�n�t�o� �w�h�i�c�h� �t�h�e� �l�e�a�v�e�s� �a�r�e� �b�l�o�w�n�.� �S�e�l�f�-� 

�p�o�w�e�r�e�d� �u�n�i�t�s� �a�r�e� �a�l�s�o� �a�v�a�i�l�a�b�l�e�,� �s�o�m�e� �w�i�t�h� �c�o�m�p�a�c�t�i�o�n� �c�a�p�a�c�i�t�y� �u�p� �t�o� �3�2� �c�u�b�i�c� �y�a�r�d�s� �p�e�r� �l�o�a�d�.� 

�M�o�s�t� �h�a�v�e� �m�a�n�u�a�l�l�y� �o�p�e�r�a�t�e�d� �i�n�t�a�k�e� �h�o�s�e�s�,� �r�a�n�g�i�n�g� �f�r�o�m� �7� �t�o� �1�8� �i�n�c�h�e�s� �i�n� �d�i�a�m�e�t�e�r�.� �S�o�m�e� �m�o�d�e�l�s� 

�i�n�c�l�u�d�e� �a�n� �i�n�t�e�r�n�a�l� �s�h�r�e�d�d�i�n�g� �s�y�s�t�e�m�.� �T�h�i�s� �e�q�u�i�p�m�e�n�t� �w�o�r�k�s� �b�e�s�t� �w�i�t�h� �f�a�i�r�l�y� �d�r�y� �l�e�a�v�e�s� �a�n�d� �c�a�n�n�o�t� 

�b�e� �u�s�e�d� �f�o�r� �c�o�l�l�e�c�t�i�o�n� �o�f� �g�r�a�s�s� �c�l�i�p�p�i�n�g�s�.� 

�T�r�a�i�l�e�r� �v�a�c�u�u�m� �u�n�i�t�s� �c�o�s�t� �f�r�o�m� �$�1�5�,�0�0�0� �t�o� �$�2�0�,�0�0�0�.� �S�e�l�f�-�c�o�n�t�a�i�n�e�d� �u�n�i�t�s� �c�o�s�t� �f�r�o�m� �$�5�0�,�0�0�0� �t�o� 

�$�1�1�0�,�0�0�0�.� 

�C�.� �G�r�i�n�d�e�r�s� 

�1�)� �T�u�b� �g�r�i�n�d�e�r�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� �r�o�t�a�t�i�n�g� �t�u�b�-�t�y�p�e� �d�r�u�m� �i�n�t�a�k�e� �s�y�s�t�e�m�.� �T�h�e� �m�a�t�e�r�i�a�l� �i�s� 

�l�o�a�d�e�d� �w�i�t�h� �a� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r� �i�n�t�o� �t�h�e� �t�u�b� �a�n�d� �m�o�v�e�d� �a�c�r�o�s�s� �a� �f�i�x�e�d� �f�l�o�o�r� �c�o�n�t�a�i�n�i�n�g� �h�a�m�m�e�r�m�i�l�l�s� 

�t�h�a�t� �s�h�e�a�r� �t�h�e� �m�a�t�e�r�i�a�l�.� �A�s� �t�h�e� �m�a�t�e�r�i�a�l� �i�s� �r�e�d�u�c�e�d� �i�n� �s�i�z�e�,� �i�t� �i�s� �f�o�r�c�e�d� �t�h�r�o�u�g�h� �a� �s�c�r�e�e�n� �a�n�d� �o�n�t�o� 

�a�n� �e�l�e�v�a�t�o�r� �b�e�l�t� �t�h�a�t� �d�i�s�c�h�a�r�g�e�s� �t�h�e� �m�a�t�e�r�i�a�l� �i�n�t�o� �s�t�a�n�d�i�n�g� �p�i�l�e�s� �o�r� �o�n�t�o� �a� �t�r�a�n�s�f�e�r� �v�e�h�i�c�l�e�.� 

�T�u�b� �g�r�i�n�d�e�r�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �i�n� �d�i�f�f�e�r�e�n�t� �m�o�d�e�l�s�,� �w�h�i�c�h� �h�a�v�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �c�a�p�a�b�i�l�i�t�i�e�s�.� 

�F�o�r�a�g�e� �g�r�i�n�d�e�r�s� �a�r�e� �l�i�g�h�t�e�r�-�d�u�t�y� �m�a�c�h�i�n�e�s� �d�e�s�i�g�n�e�d� �f�o�r� �g�r�i�n�d�i�n�g� �c�r�o�p� �w�a�s�t�e�s� �s�u�c�h� �a�s� �s�t�r�a�w�,� �c�o�r�n� 

�s�t�a�l�k�s�,� �e�t�c�.� �T�h�e�s�e� �m�a�y� �b�e� �s�u�i�t�a�b�l�e� �i�f� �g�r�i�n�d�i�n�g� �o�n�l�y� �y�a�r�d�w�a�s�t�e�s�.� �L�a�r�g�e�r� �h�e�a�v�y�-�d�u�t�y� �g�r�i�n�d�e�r�s� �a�r�e� 

�m�a�d�e� �f�o�r� �g�r�i�n�d�i�n�g� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �d�r�y� �w�o�o�d� �a�n�d� �b�r�u�s�h�.� �T�h�e�s�e� �m�a�c�h�i�n�e�s� �a�r�e� �c�a�p�a�b�l�e� �o�f� �h�a�n�d�l�i�n�g
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�f�r�o�m� �1�0� �t�o� �2�0� �t�o�n�s� �p�e�r� �h�o�u�r� �d�e�p�e�n�d�i�n�g� �o�n� �f�a�c�t�o�r�s� �s�u�c�h� �a�s� �t�y�p�e� �o�f� �p�l�a�n�t� �w�a�s�t�e�,� �s�c�r�e�e�n� �s�i�z�e� �u�s�e�d�,� 

�a�n�d� �w�a�s�t�e� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�.� �A�l�t�h�o�u�g�h� �t�h�e� �l�a�r�g�e�r� �u�n�i�t�s� �a�r�e� �c�a�p�a�b�l�e� �o�f� �g�r�i�n�d�i�n�g� �p�i�e�c�e�s� �o�f� �w�o�o�d� �u�p� 

�t�o� �f�o�u�r� �i�n�c�h�e�s� �i�n� �d�i�a�m�e�t�e�r�,� �t�h�e� �m�a�c�h�i�n�e� �w�i�l�l� �o�c�c�a�s�i�o�n�a�l�l�y� �j�a�m�.� �P�r�o�p�e�r� �m�i�x�i�n�g� �o�f� �w�a�s�t�e�s� �a�n�d� �u�s�e� �o�f� 

�v�a�r�y�i�n�g� �s�c�r�e�e�n� �s�i�z�e�s� �w�i�l�l� �r�e�d�u�c�e� �j�a�m�m�i�n�g� �a�n�d� �i�n�c�r�e�a�s�e� �e�f�f�i�c�i�e�n�c�y�.� 

�T�u�b� �g�r�i�n�d�e�r�s� �c�o�s�t� �f�r�o�m� �a�b�o�u�t� �$�6�0�,�0�0�0� �t�o� �$�1�4�0�,�0�0�0� �d�e�l�i�v�e�r�e�d� �a�n�d� �r�e�q�u�i�r�e� �r�e�g�u�l�a�r� �m�a�i�n�t�e�n�a�n�c�e�,� 

�i�n�c�l�u�d�i�n�g� �r�o�t�a�t�i�o�n� �a�n�d� �r�e�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �h�a�m�m�e�r�s�.� �A� �n�e�w� �s�e�t� �o�f� �h�a�m�m�e�r�s� �c�o�s�t�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�$�9�0�0� �t�o� �$�1�4�0�0�.� �D�o�w�n�-�t�i�m�e� �t�o� �r�e�p�l�a�c�e� �h�a�m�m�e�r�s� �i�s� �s�e�v�e�r�a�l� �h�o�u�r�s�.� �H�a�m�m�e�r�s� �n�e�e�d� �t�o� �b�e� �r�o�t�a�t�e�d� �a�f�t�e�r� 

�a�b�o�u�t� �5�0� �h�o�u�r�s� �o�f� �u�s�e� �a�n�d� �r�e�p�l�a�c�e�d� �a�f�t�e�r� �1�4�0�-�2�4�0� �h�o�u�r�s� �o�f� �u�s�e�.� 

�2�)� �S�p�e�c�i�a�l� �D�e�s�i�g�n� �G�r�i�n�d�e�r�s� 

�T�h�i�s� �t�y�p�e� �o�f� �g�r�i�n�d�e�r� �i�s� �s�i�m�i�l�a�r� �t�o� �a� �t�u�b� �g�r�i�n�d�e�r� �i�n� �d�e�s�i�g�n�,� �b�u�t� �h�a�s� �b�e�e�n� �b�u�i�l�t� �w�i�t�h� �a� �s�p�e�c�i�a�l� 

�p�u�r�p�o�s�e� �i�n� �m�i�n�d�.� �A�l�t�e�r�n�a�t�e� �D�i�s�p�o�s�a�l� �S�y�s�t�e�m�s� �i�n� �N�e�w� �J�e�r�s�e�y� �h�a�s� �d�e�s�i�g�n�e�d� �a� �w�o�o�d�y� �w�a�s�t�e� �g�r�i�n�d�e�r� 

�t�h�a�t� �w�i�l�l� �a�c�c�e�p�t� �l�o�g�s� �a�n�d� �s�t�u�m�p�s� �s�e�v�e�r�a�l� �f�e�e�t� �i�n� �d�i�a�m�e�t�e�r�.� �T�h�e� �g�r�i�n�d�e�r� �h�a�s� �a� �s�e�t� �o�f� �r�o�l�l�e�r�s� �w�i�t�h� �t�e�e�t�h� 

�a�n�d� �b�l�a�d�e�s� �t�o� �i�m�p�a�l�e� �a�n�d� �h�o�l�d� �t�h�e� �w�o�o�d�.� �T�h�e� �w�o�o�d� �i�s� �r�u�b�b�e�d� �a�g�a�i�n�s�t� �t�h�e� �r�o�l�l�e�r�s� �a�n�d� �r�e�d�u�c�e�d� �t�o� 

�s�m�a�l�l� �p�i�e�c�e�s� �i�n� �a� �s�h�o�r�t� �t�i�m�e�.� �T�h�e� �s�h�r�e�d�d�e�d� �m�a�t�e�r�i�a�l� �i�s� �t�h�e�n� �m�o�v�e�d� �b�y� �c�o�n�v�e�y�e�r�s� �t�o� �b�e� �s�i�z�e�d� �a�n�d� 

�s�c�r�e�e�n�e�d�.� 

�T�h�e�r�e� �a�r�e� �s�e�v�e�r�a�l� �m�o�d�e�l�s� �o�f� �g�r�i�n�d�e�r�s� �a�v�a�i�l�a�b�l�e�,� �f�r�o�m� �a� �s�m�a�l�l� �p�o�r�t�a�b�l�e� �m�o�d�e�l� �t�h�a�t� �w�i�l�l� �a�c�c�e�p�t� 

�u�p� �t�o� �s�i�x� �i�n�c�h� �w�o�o�d�,� �m�a�c�h�i�n�e�s� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �c�a�p�a�b�i�l�i�t�y� �u�p� �t�o� �a� �m�o�d�e�l� �p�o�w�e�r�e�d� �b�y� �a� �3�5�0� �h�p� �d�i�e�s�e�l� 

�e�n�g�i�n�e�,� �t�h�a�t� �c�a�n� �h�a�n�d�l�e� �l�o�g�s� �s�e�v�e�r�a�l� �f�e�e�t� �i�n� �d�i�a�m�e�t�e�r�.� �T�h�e�y� �r�a�n�g�e� �i�n� �p�r�i�c�e� �f�r�o�m� �$�1�0�,�0�0�0� �f�o�r� �t�h�e� �s�m�a�l�l� 

�m�o�d�e�l� �t�o� �o�v�e�r� �$�4�5�0�,�0�0�0� �f�o�r� �t�h�e� �l�a�r�g�e�s�t� �m�o�d�e�l�.� 

�D�.� �C�h�i�p�p�e�r�s� 

�C�h�i�p�p�i�n�g� �m�a�c�h�i�n�e�s� �a�r�e� �d�e�s�i�g�n�e�d� �t�o� �c�h�i�p� �b�r�u�s�h�,� �l�i�m�b�s� �a�n�d� �o�t�h�e�r� �w�o�o�d�y� �d�e�b�r�i�s�.� �C�h�i�p�p�e�r�s� �a�r�e� 

�t�y�p�i�c�a�l�l�y� �h�a�n�d�-�f�e�d� �a�n�d� �h�a�v�e� �b�l�a�d�e�s� �t�h�a�t� �r�a�n�g�e� �i�n� �s�i�z�e� �f�r�o�m� �1�2� �t�o� �1�6� �i�n�c�h�e�s�,� �b�u�t� �w�i�l�l� �o�n�l�y� �h�a�n�d�l�e� 

�m�a�t�e�r�i�a�l� �u�p� �t�o� �a�b�o�u�t� �6� �i�n�c�h�e�s� �i�n� �d�i�a�m�e�t�e�r�.� �S�o�m�e� �m�o�d�e�l�s� �a�r�e� �e�q�u�i�p�p�e�d� �w�i�t�h� �h�e�a�v�y�-�d�u�t�y� �b�l�a�d�e�s� �t�h�a�t
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�c�a�n� �h�a�n�d�l�e� �a�n� �o�c�c�a�s�i�o�n�a�l� �c�a�n� �o�r� �r�o�c�k� �w�i�t�h�o�u�t� �d�a�m�a�g�e� �t�o� �t�h�e� �m�a�c�h�i�n�e�.� �C�h�i�p�p�e�r�s� �p�r�o�d�u�c�e� �l�a�r�g�e� 

�c�h�i�p�s�,� �s�u�i�t�a�b�l�e� �f�o�r� �m�u�l�c�h�.� �C�h�i�p�p�e�r�s� �a�r�e� �p�o�w�e�r�e�d� �w�i�t�h� �g�a�s�o�l�i�n�e� �o�r� �d�i�e�s�e�l� �e�n�g�i�n�e�s� �o�r� �f�r�o�m� �a� �p�o�w�e�r� 

�t�a�k�e�-�o�f�f� �s�h�a�f�t�.� 

�C�h�i�p�p�e�r�s� �c�o�s�t� �f�r�o�m� �$�1�0�,�0�0�0� �t�o� �$�4�0�,�0�0�0�.� �R�e�p�l�a�c�e�m�e�n�t� �b�l�a�d�e�s� �c�o�s�t� �f�r�o�m� �$�7�0� �t�o� �$�2�0�0� �a�n�d� �m�a�y� 

�l�a�s�t� �u�p� �t�o� �a� �y�e�a�r�.� 

�E�.� �S�h�r�e�d�d�e�r�s� �a�n�d� �S�c�r�e�e�n�e�r�s� �-� �F�i�n�i�s�h�i�n�g� �E�q�u�i�p�m�e�n�t� 

�S�h�r�e�d�d�e�r�s� �a�n�d� �s�c�r�e�e�n�i�n�g� �d�e�v�i�c�e�s� �a�r�e� �f�r�e�q�u�e�n�t�l�y� �u�s�e�d� �t�o� �r�e�f�i�n�e� �o�r� �f�i�n�i�s�h� �t�h�e� �c�o�m�p�o�s�t�.� �A�f�t�e�r� �t�h�e� 

�m�a�t�e�r�i�a�l� �i�s� �l�o�a�d�e�d� �i�n�t�o� �a� �r�e�c�e�i�v�i�n�g� �h�o�p�p�e�r� �i�t� �i�s� �c�a�r�r�i�e�d� �t�o� �t�h�e� �t�o�p� �o�f� �a� �c�o�n�v�e�y�e�r�.� �T�h�e� �c�o�n�v�e�y�e�r� �d�r�o�p�s� 

�t�h�e� �m�a�t�e�r�i�a�l� �o�n�t�o� �a� �b�e�l�t�,� �a�n�d� �b�y� �a� �s�y�s�t�e�m� �o�f� �a�d�j�u�s�t�a�b�l�e�,� �v�a�r�i�a�b�l�e�.� �s�w�e�e�p� �f�i�n�g�e�r�s�,� �t�h�e� �m�a�t�e�r�i�a�l� 

�u�n�d�e�r�g�o�e�s� �a� �c�o�n�t�i�n�u�o�u�s� �r�a�k�i�n�g� �a�c�t�i�o�n� �t�o� �s�h�r�e�d� �a�n�d� �a�e�r�a�t�e� �t�h�e� �l�o�a�d�.� �O�v�e�r�s�i�z�e�d� �p�i�e�c�e�s� �a�r�e� �f�o�r�c�e�d� 

�b�a�c�k� �f�o�r� �f�u�r�t�h�e�r� �s�h�r�e�d�d�i�n�g� �w�h�i�l�e� �i�t�e�m�s� �s�u�c�h� �a�s� �s�t�i�c�k�s�,� �s�t�o�n�e�s�,� �m�e�t�a�l� �a�n�d� �g�l�a�s�s� �a�r�e� �r�e�j�e�c�t�e�d� �a�n�d� 

�d�i�s�c�h�a�r�g�e�d� �t�h�r�o�u�g�h� �a� �t�r�a�s�h� �c�h�u�t�e�.� �S�h�r�e�d�d�e�r�s� �c�a�n� �p�r�o�c�e�s�s� �f�r�o�m� �2�5� �t�o� �2�5�0� �c�u� �y�d� �p�e�r� �h�o�u�r� �a�n�d� �c�o�s�t� 

�f�r�o�m� �$�3�0�,�0�0�0� �t�o� �$�9�5�,�0�0�0� �d�e�p�e�n�d�i�n�g� �o�n� �s�i�z�e� �a�n�d� �o�p�t�i�o�n�s� �s�e�l�e�c�t�e�d�.� 

�T�h�e�r�e� �a�r�e� �a� �v�a�r�i�e�t�y� �o�f� �s�c�r�e�e�n�i�n�g� �d�e�v�i�c�e�s� �t�h�a�t� �c�a�n� �b�e� �u�s�e�d� �i�n� �c�o�m�p�o�s�t� �o�p�e�r�a�t�i�o�n�s�,� �i�n�c�l�u�d�i�n�g� 

�g�r�i�z�z�l�y� �s�c�r�e�e�n�s� �(�s�c�a�l�p�e�r�s�)�,� �t�r�o�m�m�e�l�s� �(�r�o�t�a�t�i�n�g� �s�c�r�e�e�n�s�)�,� �a�n�d� �s�h�a�k�i�n�g�/�v�i�b�r�a�t�i�n�g� �s�c�r�e�e�n�s�.� �G�r�i�z�z�l�y� 

�s�c�r�e�e�n�s� �a�r�e� �u�s�e�d� �p�r�i�m�a�r�i�l�y� �f�o�r� �c�r�u�d�e� �s�c�r�e�e�n�i�n�g� �a�t� �2� �i�n�c�h�e�s� �o�r� �m�o�r�e�,� �t�r�o�m�m�e�l�s� �a�n�d� �s�h�a�k�i�n�g� �s�c�r�e�e�n�s� 

�f�o�r� �s�e�p�a�r�a�t�i�o�n�s� �a�b�o�v�e� �1�/�2� �i�n�c�h�.� �V�i�b�r�a�t�i�n�g� �s�c�r�e�e�n�s� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �c�o�a�r�s�e� �o�r� �f�i�n�e� �s�c�r�e�e�n�i�n�g�,� 

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �s�c�r�e�e�n�.� 

�V�i�b�r�a�t�i�n�g� �s�c�r�e�e�n�s� �a�n�d� �t�r�o�m�m�e�l�s� �c�o�m�e� �i�n� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �m�o�d�e�l�s�,� �s�i�z�e�s�,� �a�n�d� �p�r�i�c�e�s�.� �U�n�i�t�s� 

�c�a�p�a�b�l�e� �o�f� �p�r�o�c�e�s�s�i�n�g� �f�r�o�m� �2�5� �t�o� �5�0� �c�u� �y�d� �p�e�r� �h�o�u�r� �r�a�n�g�e� �i�n� �p�r�i�c�e� �f�r�o�m� �$�3�5�,�0�0�0� �t�o� �$�1�7�0�,�0�0�0� 

�i�n�c�l�u�d�i�n�g� �s�c�r�e�e�n�s�,� �f�e�e�d� �h�o�p�p�e�r�s�,� �a�n�d� �c�o�n�v�e�y�e�r�s�.� 

�F�.� �C�o�m�p�o�s�t� �T�u�r�n�e�r�s� 

�C�o�m�p�o�s�t� �t�u�r�n�e�r�s� �a�r�e� �d�e�s�i�g�n�e�d� �e�s�p�e�c�i�a�l�l�y� �f�o�r� �w�i�n�d�r�o�w� �t�u�r�n�i�n�g� �a�n�d� �a�e�r�a�t�i�o�n�.� �T�h�e� �l�a�r�g�e� �m�o�d�e�l�s



�9�9� 

�a�r�e� �s�e�l�f�-�p�r�o�p�e�l�l�e�d� �a�n�d� �s�t�r�a�d�d�l�e� �t�h�e� �w�i�n�d�r�o�w�.� �M�i�d�d�l�e�b�u�s�h� �C�o�m�p�o�s�t� �i�n� �N�e�w� �J�e�r�s�e�y� �u�s�e�s� �a� �S�c�a�r�a�b� 

�m�o�d�e�l� �1�8� �t�o� �t�u�r�n� �w�i�n�d�r�o�w�s� �a�t� �a� �2�0�0�,�0�0�0�+� �c�u�b�i�c� �y�a�r�d� �p�e�r� �y�e�a�r� �f�a�c�i�l�i�t�y�.� �T�h�i�s� �m�a�c�h�i�n�e� �h�a�s� �m�e�t�a�l� �t�e�e�t�h� 

�o�n� �a� �r�o�t�a�t�i�n�g� �d�r�u�m� �a�n�d� �a�s� �i�t� �m�o�v�e�s� �o�v�e�r� �t�h�e� �w�i�n�d�r�o�w�s�,� �t�h�e� �t�e�e�t�h� �s�h�r�e�d�,� �b�r�e�a�k� �u�p�,� �a�n�d� �a�e�r�a�t�e� �t�h�e� 

�c�o�m�p�o�s�t�.� �A� �s�k�i�r�t� �o�r� �f�e�n�d�e�r� �r�e�f�o�r�m�s� �t�h�e� �w�i�n�d�r�o�w�s� �i�n�t�o� �a� �p�y�r�a�m�i�d�a�l� �s�h�a�p�e�.� 

�S�m�a�l�l�e�r� �u�n�i�t�s� �t�h�a�t� �a�r�e� �s�i�d�e� �m�o�u�n�t�e�d� �o�n� �f�r�o�n�t�-�e�n�d� �l�o�a�d�e�r�s� �o�r� �t�r�a�c�t�o�r�s� �a�r�e� �a�v�a�i�l�a�b�l�e�.� �T�h�i�s� �t�y�p�e� 

�i�s� �d�r�i�v�e�n� �d�o�w�n� �o�n�e� �s�i�d�e� �o�f� �t�h�e� �w�i�n�d�r�o�w� �t�h�e�n� �u�p� �t�h�e� �o�t�h�e�r�,� �r�e�q�u�i�r�i�n�g� �t�w�o� �p�a�s�s�e�s� �f�o�r� �e�a�c�h� �p�i�l�e�.� �T�h�e�s�e� 

�a�l�s�o� �c�o�m�e� �i�n� �a� �v�a�r�i�e�t�y� �o�f� �s�i�z�e�s� �a�n�d� �a�r�e� �w�e�l�l� �s�u�i�t�e�d� �f�o�r� �s�m�a�l�l� �a�n�d� �m�e�d�i�u�m� �o�p�e�r�a�t�i�o�n�s�.� �A� 

�w�i�n�d�r�o�w� �t�u�r�n�e�r� �i�s� �a� �n�e�c�e�s�s�a�r�y� �p�i�e�c�e� �o�f� �e�q�u�i�p�m�e�n�t� �f�o�r� �a� �c�o�m�p�o�s�t� �o�p�e�r�a�t�i�o�n� �t�o� �r�a�p�i�d�l�y� �p�r�o�d�u�c�e� �a� �h�i�g�h� 

�q�u�a�l�i�t�y� �p�r�o�d�u�c�t�.� 

�T�h�e� �l�a�r�g�e�,� �s�e�l�f�-�c�o�n�t�a�i�n�e�d� �u�n�i�t�s� �c�a�n� �p�r�o�c�e�s�s� �f�r�o�m� �2�,�0�0�0� �t�o� �4�,�0�0�0� �c�u� �y�d� �p�e�r� �h�o�u�r� �a�n�d� �c�o�s�t� �f�r�o�m� 

�$�1�0�0�,�0�0�0� �t�o� �$�1�8�5�,�0�0�0� �d�e�l�i�v�e�r�e�d�.� �T�h�e� �l�o�a�d�e�r�/�t�r�a�c�t�o�r� �m�o�u�n�t�e�d� �u�n�i�t�s� �a�r�e� �d�e�s�i�g�n�e�d� �t�o� �t�u�r�n� �s�m�a�l�l�e�r� 

�w�i�n�d�r�o�w�s� �a�n�d� �c�o�s�t� �f�r�o�m� �$�1�0�,�0�0�0� �t�o� �$�6�0�,�0�0�0�.� �T�h�e� �m�a�j�o�r� �m�a�i�n�t�e�n�a�n�c�e� �r�e�q�u�i�r�e�m�e�n�t� �o�f� �t�u�r�n�e�r�s� �i�s� 

�r�e�g�u�l�a�r� �r�e�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �f�l�a�i�l�s� �o�r� �t�e�e�t�h� �t�h�a�t� �c�o�s�t� �f�r�o�m� �$�3�7�5� �t�o� �$�5�0�0� �p�e�r� �s�e�t�.� 

�G�.� �M�o�n�i�t�o�r�i�n�g� �E�q�u�i�p�m�e�n�t� 

�T�h�e�r�m�o�m�e�t�e�r�s� �m�a�y� �b�e� �t�h�e� �o�n�l�y� �i�n�s�t�r�u�m�e�n�t�s� �n�e�e�d�e�d� �t�o� �m�o�n�i�t�o�r� �t�h�e� �c�o�m�p�o�s�t�i�n�g� �o�p�e�r�a�t�i�o�n�s�.� 

�O�t�h�e�r� �t�e�s�t�i�n�g� �e�q�u�i�p�m�e�n�t�,� �s�u�c�h� �a�s� �p�H� �m�e�t�e�r�s�,� �c�o�l�o�r�i�m�e�t�e�r� �t�e�s�t�s�,� �m�o�i�s�t�u�r�e� �m�o�n�i�t�o�r�s�,� �e�t�c� �a�r�e� �o�p�t�i�o�n�a�l�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �t�y�p�e�s� �o�f� �t�h�e�r�m�o�m�e�t�e�r�s� �t�h�a�t� �a�r�e� �u�s�e�f�u�l� �f�o�r� �c�o�m�p�o�s�t�i�n�g�:� �t�h�e� �l�o�n�g�-�s�t�e�m�m�e�d� �d�i�a�l� 

�t�y�p�e� �a�n�d� �t�h�e� �i�n�f�r�a�r�e�d� �s�c�a�n�n�e�r�.� �T�h�e� �l�o�n�g�-�s�t�e�m�m�e�d� �t�y�p�e� �s�h�o�u�l�d� �b�e� �2� �t�o� �4� �f�e�e�t� �l�o�n�g� �s�o� �i�t� �c�a�n� �b�e� 

�i�n�s�e�r�t�e�d� �i�n�t�o� �t�h�e� �m�i�d�d�l�e� �o�f� �t�h�e� �w�i�n�d�r�o�w�.� �S�e�v�e�r�a�l� �s�h�o�u�l�d� �b�e� �i�n�s�e�r�t�e�d� �i�n�t�o� �e�a�c�h� �w�i�n�d�r�o�w� �f�o�r� �d�a�i�l�y� 

�r�e�a�d�i�n�g�s� �a�n�d� �r�e�m�o�v�e�d� �w�h�e�n� �t�h�e� �w�i�n�d�r�o�w�s� �a�r�e� �t�u�r�n�e�d�.� �T�h�e�s�e� �c�o�s�t� �a�b�o�u�t� �$�5�0� �e�a�c�h�.� �T�h�e�y� �a�r�e� �a�l�s�o� 

�a�v�a�i�l�a�b�l�e� �i�n� �a� �d�i�g�i�t�a�l� �r�e�a�d�-�o�u�t� �m�o�d�e�l� �t�h�a�t� �c�o�s�t� �a�b�o�u�t� �$�5�0�0� �e�a�c�h�.� 

�T�h�e� �i�n�f�r�a�r�e�d� �s�c�a�n�n�e�r� �c�o�n�t�a�i�n�s� �a� �s�e�n�s�o�r� �m�o�d�u�l�e� �t�h�a�t� �c�o�n�v�e�r�t�s� �r�a�d�i�a�n�t� �e�n�e�r�g�y� �t�o� �a�n� �e�l�e�c�t�r�i�c�a�l� 

�s�i�g�n�a�l�.� �T�h�e�y� �a�r�e� �h�a�n�d�-�h�e�l�d� �a�n�d� �c�a�n� �b�e� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �a�l�l� �s�e�c�t�i�o�n�s� �o�f� �a� 

�w�i�n�d�r�o�w� �a�t� �a� �d�i�s�t�a�n�c�e�.� �I�n�f�r�a�r�e�d� �t�h�e�r�m�o�m�e�t�e�r�s� �c�o�s�t� �a�b�o�u�t� �$�1�2�0�0� �i�n�c�l�u�d�i�n�g� �t�h�e� �b�a�s�i�c� �a�c�c�e�s�s�o�r�i�e�s�.


