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PREFACE TO THE
SECOND EDITION

The first edition of this handbook was an outgrowth of a two-day conference on integrated solid
waste management in June 1989, sponsored by the U.S. Environmental Protection Agency
(EPA), the American Society of Mechanical Engineers (ASME), and the National Conference
of State Legislatures (NCSL). At that time, the management of solid waste was considered a
national crisis, because the number of available landfills was decreasing, there was a great deal
of concern about the health risks associated with waste incineration, and there was growing
opposition to siting new waste management facilities. The crisis mode was exacerbated by such
incidents as the ship named Mobro, filled with waste, sailing from harbor to harbor and not being
allowed to discharge its ever-more-fragrant cargo; a large number of landfills, built with insuffi-
cient environmental safeguards, that were placed on the Superfund List; and stories about the
carcinogenic effects of emissions from incinerators creating fear among the population.

In the 12 years that have intervened between the time the first edition was written and the
preparation of the second edition, solid waste management has achieved a maturity that has
removed virtually all fear of it being a crisis. Although the number of landfills is diminishing,
larger ones are being built with increased safeguards that prevent leaching or the emission of
gases. Improved management of hazardous waste and the emergence of cost-effective inte-
grated waste management systems, with greater emphasis on waste reduction and recycling,
have reduced or eliminated most of the previous concerns and problems associated with solid
waste management. Improved air pollution control devices on incinerators have proven to be
effective, and a better understanding of hazardous materials found in solid waste has led to
management options that are considered environmentally acceptable.

While there have been no revolutionary breakthroughs in waste management options,
there has been a steady advance in the technologies necessary to handle solid waste materials
safely and economically. Thus, the purpose of the second edition of this handbook is to bring
the reader up to date on what these options are and how waste can be managed efficiently and
cost-effectively. These new technologies have been incorporated in this edition to give the
reader the tools necessary to plan and evaluate alternative solid waste management systems
and/or programs. In addition to updating all of the chapters, new material has been added on
(1) the characteristics of the solid waste stream as it exists now, and how it is likely to develop
in the next 10 to 20 years; (2) the collection of solid waste; (3) the handling of construction and
demolition wastes; (4) how a modern landfill should be built and managed; and (5) the cost of
various waste management systems, so as to enable the reader to make reasonable estimates
and comparisons of various waste management options.

The book has been reorganized slightly but has maintained the original sequence of topics,
beginning with federal and state legislation in Chapters 2 and 3. Planning municipal solid
waste (MSW) programs and the characterization of the solid waste stream are addressed in
Chapters 4 and 5, respectively. Methods for reducing both the amount and toxicity of solid
waste are discussed in Chapter 6. Chapter 7 is a new chapter dealing with the collection and
transport of solid waste. Chapters 8 and 9, which deal with recycling and markets for recycled
products, have been revised extensively. Household hazardous waste is discussed in Chapter

xiii
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Xiv PREFACE TO THE SECOND EDITION

10. Special wastes are considered in Chapter 11, with new sections on construction and demo-
lition and electronics and computer wastes. Composting, incineration, and landfilling are doc-
umented in Chapters 12, 13, and 14, respectively. Finally, siting and cost estimating of MSW
facilities are discussed in Chapters 15 and 16, respectively. Many photographs have been
added to the book to provide the reader with visual insights into various management strate-
gies. To make the end-of-chapter references more accessible, they have been reorganized
alphabetically. The glossary of terms, given in Appendix A, has been updated to reflect current
practice, and conversion factors for transforming U.S. customary units to SI units have also
been added.

George Tchobanoglous
Davis, CA

Frank Kreith
Boulder, CO
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CHAPTER 1

INTRODUCTION

George Tchobanoglous
Frank Kreith
Marcia E. Williams

Human activities generate waste materials that are often discarded because they are consid-
ered useless. These wastes are normally solid, and the word waste suggests that the material is
useless and unwanted. However, many of these waste materials can be reused, and thus they
can become a resource for industrial production or energy generation, if managed properly.
Waste management has become one of the most significant problems of our time because the
American way of life produces enormous amounts of waste, and most people want to preserve
their lifestyle, while also protecting the environment and public health. Industry, private citi-
zens, and state legislatures are searching for means to reduce the growing amount of waste that
American homes and businesses discard and to reuse it or dispose of it safely and economi-
cally. In recent years, state legislatures have passed more laws dealing with solid waste man-
agement than with any other topic on their legislative agendas. The purpose of this chapter is
to provide background material on the issues and challenges involved in the management of
municipal solid waste (MSW) and to provide a foundation for the information on specific
technologies and management options presented in the subsequent chapters. Appropriate ref-
erences for the material covered in this chapter will be found in the chapters that follow.

1.1 WASTE GENERATION AND MANAGEMENT
IN A TECHNOLOGICAL SOCIETY

Historically, waste management has been an engineering function. It is related to the evolution
of a technological society, which, along with the benefits of mass production, has also created
problems that require the disposal of solid wastes. The flow of materials in a technological soci-
ety and the resulting waste generation are illustrated schematically in Fig. 1.1. Wastes are gen-
erated during the mining and production of raw materials, such as the tailings from a mine or
the discarded husks from a cornfield. After the raw materials have been mined, harvested, or
otherwise procured, more wastes are generated during subsequent steps of the processes that
generate goods for consumption by society from these raw materials. It is apparent from the
diagram in Fig. 1.1 that the most effective way to ameliorate the solid waste disposal problem
is to reduce both the amount and the toxicity of waste that is generated, but as people search
for a better life and a higher standard of living, they tend to consume more goods and generate
more waste. Consequently, society is searching for improved methods of waste management
and ways to reduce the amount of waste that needs to be landfilled.

Sources of solid wastes in a community are, in general, related to land use and zoning.
Although any number of source classifications can be developed, the following categories
have been found useful: (1) residential, (2) commercial, (3) institutional, (4) construction and
demolition, (5) municipal services, (6) treatment plant sites, (7) industrial, and (8) agricultural.
Typical facilities, activities, or locations associated with each of these sources of waste are
reported in Table 1.1. As noted in Table 1.1, MSW is normally assumed to include all commu-
nity wastes, with the exception of wastes generated by municipal services, water and waste-

1.1
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FIGURE 1.1 Flow of materials and waste in an industrial society.

water treatment plants, industrial processes, and agricultural operations. It is important to be
aware that the definitions of terms and the classifications of solid waste vary greatly in the lit-
erature and in the profession. Consequently, the use of published data requires considerable
care, judgment, and common sense.

Solid waste management is a complex process because it involves many technologies and
disciplines. These include technologies associated with the control of generation, handling,
storage, collection, transfer, transportation, processing, and disposal of solid wastes (see Table
1.2 and Fig. 1.2). All of these processes have to be carried out within existing legal and social
guidelines that protect the public health and the environment and are aesthetically and eco-
nomically acceptable. For the disposal process to be responsive to public attitudes, the disci-
plines that must be considered include administrative, financial, legal, architectural, planning,
and engineering functions. All these disciplines must communicate and interact with each
other in a positive interdisciplinary relationship for an integrated solid waste management
plan to be successful. This handbook is devoted to facilitating this process.

1.2 ISSUES IN SOLID WASTE MANAGEMENT

The following major issues must be considered in discussing the management of solid wastes:
(1) increasing waste quantities; (2) wastes not reported in the national MSW totals; (3) lack of
clear definitions for solid waste management terms and functions; (4) lack of quality data, (5)
need for clear roles and leadership in federal, state, and local government; (6) need for even
and predictable enforcement regulations and standards, and (7) resolution of intercounty,
interstate, and intercountry waste issues for MSW and its components. These topics are con-
sidered briefly in this section and in the subsequent chapters of this handbook.



FOR REFERENCE PURPOSES ONLY

TABLE 1.1 Sources of Solid Wastes in a Community

INTRODUCTION 1.3

Typical facilities, activities, or

Source locations where wastes are generated Types of solid wastes
Residential Single-family and multifamily Food wastes, paper, cardboard, plastics,
dwellings; low-, medium-, and textiles, leather, yard wastes, wood,
high-density apartments; etc. glass, tin cans, aluminum, other metal,
ashes, street leaves, special wastes
(including bulky items, consumer
electronics, white goods, yard wastes
collected separately, batteries, oil, and
tires), and household hazardous wastes
Commercial Stores, restaurants, markets, Paper, cardboard, plastics, wood,
office buildings, hotels, motels, food wastes, glass, metal wastes,
print shops, service stations, ashes, special wastes (see
auto repair shops, etc. preceding), hazardous wastes, etc.
Institutional Schools, hospitals, prisons, Same as for commercial

Industrial (nonprocess wastes)

Municipal solid waste*

Construction and demolition

Municipal services (excluding
treatment facilities)

Treatment facilities

Industrial

Agricultural

governmental centers, etc.

Construction, fabrication, light
and heavy manufacturing,
refineries, chemical plants,
power plants, demolition, etc.

All of the preceding

New construction sites, road
repair, renovation sites, razing of
buildings, broken pavement, etc.

Street cleaning, landscaping,
catch-basin cleaning, parks and
beaches, other recreational
areas, etc.

Water, wastewater, industrial
treatment processes, etc.

Construction, fabrication, light
and heavy manufacturing,
refineries, chemical plants, power
plants, demolition, etc.

Field and row crops, orchards,
vineyards, dairies, feedlots, farms, etc.

Paper, cardboard, plastics, wood, food
wastes, glass, metal wastes, ashes,
special wastes (see preceding),
hazardous wastes, etc.

All of the preceding
Wood, steel, concrete, dirt, etc.

Special wastes, rubbish, street sweepings,
landscape and tree trimmings, catch-
basin debris; general wastes from
parks, beaches, and recreational areas

Treatment plant wastes, principally
composed of residual sludges and
other residual materials

Industrial process wastes, scrap
materials, etc.; nonindustrial waste
including food wastes, rubbish,
ashes, demolition and construction
wastes, special wastes, and
hazardous waste

Spoiled food wastes, agricultural
wastes, rubbish, and hazardous wastes

* The term municipal solid waste (MSW) is normally assumed to include all of the wastes generated in a community, with the exception of
waste generated by municipal services, treatment plants, and industrial and agricultural processes.

Increasing Waste Quantities

As of 2000, about 226 million tons of MSW were generated each year in the United States.
This total works out to be over 1600 1b per year per person (4.5 Ib per person per day). The
amount of MSW generated each year has continued to increase on both a per capita basis and
a total generation rate basis. In 1960, per capita generation was about 2.7 Ib per person per day
and 88 million tons per year. By 1986, per capita generation jumped to 4.2 Ib per person per
day. The waste generation rate is expected to continue to increase over the current level to a
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TABLE 1.2 Functional Elements of a Solid Waste Management System

Functional element Description

Waste generation Waste generation encompasses those activities in which materials are identified
as no longer being of value and are either thrown away or gathered together
for disposal. What is important in waste generation is to note that there is an
identification step and that this step varies with each individual. Waste gen-
eration is, at present, an activity that is not very controllable.

Waste handling and separation, Waste handling and separation involve the activities associated with managing
storage, and processing at the source wastes until they are placed in storage containers for collection. Handling
also encompasses the movement of loaded containers to the point of collec-
tion. Separation of waste components is an important step in the handling
and storage of solid waste at the source. On-site storage is of primary impor-
tance because of public health concerns and aesthetic considerations.

Collection Collection includes both the gathering of solid wastes and recyclable materials
and the transport of these materials, after collection, to the location where
the collection vehicle is emptied, such as a materials-processing facility, a
transfer station, or a landfill.

Transfer and transport The functional element of transfer and transport involves two steps: (1) the
transfer of wastes from the smaller collection vehicle to the larger transport
equipment, and (2) the subsequent transport of the wastes, usually over long
distances, to a processing or disposal site. The transfer usually takes place at a
transfer station. Although motor vehicle transport is most common, rail cars
and barges are also used to transport wastes.

Separation, processing, and The means and facilities that are now used for the recovery of waste materials
transformation of solid waste that have been separated at the source include curbside collection and drop-
off and buyback centers. The separation and processing of wastes that have
been separated at the source and the separation of commingled wastes usu-
ally occurs at materials recovery facilities, transfer stations, combustion facili-
ties, and disposal sites.

Transformation processes are used to reduce the volume and weight of waste
requiring disposal and to recover conversion products and energy. The
organic fraction of MSW can be transformed by a variety of chemical and
biological processes. The most commonly used chemical transformation pro-
cess is combustion, used in conjunction with the recovery of energy. The most
commonly used biological transformation process is aerobic composting.

Disposal Today, disposal by landfilling or landspreading is the ultimate fate of all solid
wastes, whether they are residential wastes collected and transported directly
to a landfill site, residual materials from MRFs, residue from the combustion
of solid waste, compost, or other substances from various solid waste process-
ing facilities. A modern sanitary landfill is not a dump. It is a method of dis-
posing of solid wastes on land or within the earth’s mantel without creating
public health hazards or nuisances.

per capita rate of about 4.6 1b per person per day and an overall rate of 240 million tons per
year by 2005. While waste reduction and recycling now play an important part in manage-
ment, these management options alone cannot solve the solid waste problem. Assuming it
were possible to reach a recycling (diversion) rate of about 50 percent, more than 120 million
tons of solid waste would still have to be treated by other means, such as combustion (waste-
to-energy) and landfilling.
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FIGURE 1.2 Views of the functional activities that comprise a solid waste management system: () waste gen-
eration; (b) waste handling and separation, storage, and processing at the source; (c) collection; (d) separation,
processing, and transformation of solid waste; (e) transfer and transport; and (f) disposal.

Waste Not Reported in the National MSW Totals

In addition to the large volumes of MSW that are generated and reported nationally, larger
quantities of solid waste are not included in the national totals. For example, in some states
waste materials not classified as MSW are processed in the same facilities used for MSW.
These wastes may include construction and demolition wastes, agricultural waste, municipal
sludge, combustion ash (including cement kiln dust and boiler ash), medical waste, contam-
inated soil, mining wastes, oil and gas wastes, and industrial process wastes that are not clas-
sified as hazardous waste. The national volume of these wastes is extremely high and has
been estimated at 7 to 10 billion tons per year. Most of these wastes are managed at the site
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of generation. However, if even 1 or 2 percent of these wastes are managed in MSW facili-
ties, it can dramatically affect MSW capacity. One or two percent is probably a reasonable
estimate.

Lack of Clear Definitions

To date, the lack of clear definitions in the field of solid waste management (SWM) has been
a significant impediment to the development of sound waste management strategies. At a fun-
damental level, it has resulted in confusion as to what constitutes MSW and what processing
capacity exists to manage it. Consistent definitions form the basis for a defensible measure-
ment system. They allow an entity to track progress and to compare its progress with other
entities. They facilitate quality dialogue with all affected and interested parties. Moreover,
what is measured is managed, so if waste materials are not measured they are unlikely to
receive careful management attention. Waste management decision makers must give signifi-
cant attention to definitions at the front end of the planning process. Because all future legis-
lation, regulations, and public dialogue will depend on these definitions, decision makers
should consider an open public comment process to establish appropriate definitions early in
the strategy development (planning) process.

Lack of Quality Data

It is difficult to develop sound integrated MSW management strategies without good data. It
is even more difficult to engage the public in a dialogue about the choice of an optimal strat-
egy without these data. While the federal government and some states have focused on col-
lecting better waste generation and capacity data, these data are still weaker than they should
be. Creative waste management strategies often require knowledge of who generates the
waste, not just what volumes are generated.

The environmental, health, and safety (EHS) impacts and the costs of alternatives to land-
filling and combustion are another data weakness. Landfilling and combustion have been
studied in depth, although risks and costs are usually highly site-specific. Source reduction,
recycling, and composting have received much less attention. While these activities can often
result in reduced EHS impacts compared to landfilling, they do not always. Again, the answer
is often site- and/or commodity-specific.

MSW management strategies developed without quality data on the risks and costs of all
available options under consideration are not likely to optimize decision making and may, in
some cases, result in unsound decisions. Because data are often costly and difficult to obtain,
decision makers should plan for an active data collection stage before making critical strategy
choices. While this approach may appear to result in slower progress in the short term, it will
result in true long-term progress characterized by cost-effective and environmentally sound
strategies.

Need for Clear Roles and Leadership in Federal, State, and Local Government

Historically, MSW has been considered a local government issue. That status has become
increasingly confused over the past 10 years as EHS concerns have increased and more waste
has moved outside the localities where it is generated. At the present time, federal, state, and
local governments are developing location, design, and operating standards for waste man-
agement facilities. State and local governments are controlling facility permits for a range of
issues including air emissions, stormwater runoff, and surface and groundwater discharges in
addition to solid waste management. These requirements often result in the involvement of
multiple agencies and multiple permits. While product labeling and product design have tra-
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ditionally been regulated at the federal level, state and local governments have looked
increasingly to product labeling and design as they attempt to reduce source generation and
increase recycling of municipal waste.

Understandably, the current regulatory situation is becoming increasingly less efficient,
and unless there is increased cooperation among all levels of government, the current trends
will continue. However, a more rational and cost-effective waste management framework can
result if roles are clarified and leadership is embraced. In particular, federal leadership on
product labeling and product requirements is important. It will become increasingly unrealis-
tic for multinational manufacturers to develop products for each state. The impact will be par-
ticularly severe on small states and on small businesses operating nationally. Along with the
federal leadership on products, state leadership will be crucial in permit streamlining. The cost
of facility permitting is severely impacted by the time-consuming nature of the permitting
process, although a long process does nothing for increased environmental protection. More-
over, the best waste management strategies become obsolete and unimplementable if waste
management facilities and facilities using secondary materials as feedstocks cannot be built or
expanded. Even source reduction initiatives often depend on major permit modifications for
existing manufacturing facilities.

Need for Even and Predictable Enforcement of Regulations and Standards

The public continues to distrust both the individuals who operate waste facilities and the reg-
ulators who enforce proper operation of those facilities. One key contributor to this phe-
nomenon is the fact that state and federal enforcement programs are perceived as being
understaffed or weak. Thus, even if a strong permit is written, the public lacks confidence that
it will be enforced. Concern is also expressed that governments are reluctant to enforce regu-
lations against other government-owned or -operated facilities. Whether these perceptions
are true, they are the crucial ones to address if consensus on a sound waste management strat-
egy is to be achieved.

There are multiple approaches which decision makers can consider. They can develop
internally staffed state-of-the-art enforcement programs designed to provide a level playing
field for all facilities, regardless of type, size, or ownership. If decision makers involve the pub-
lic in the overall design of the enforcement program and report on inspections and results,
public trust will increase. If internal resources are constrained, decision makers can examine
more innovative approaches, including use of third-party inspectors, public disclosure
requirements for facilities, or separate contracts on performance assurance between the host
community and the facility.

Resolution of Intercounty, Interstate, and Intercountry Waste Issues
for MSW and Its Components

The movement of wastes across juristictional boundaries (e.g., township, county, and state)
has been a continuous issue over the past few years, as communities without sufficient local
capacity ship their wastes to other locations. While a few receiving communities have wel-
comed the waste because it has resulted in a significant income source, most receiving com-
munities have felt quite differently. These communities have wanted to preserve their existing
capacity, knowing they will also find it difficult to site new capacity. Moreover, they do not
want to become dumping grounds for other communities” waste, because they believe the
adverse environmental impacts of the materials outweigh any short-term financial benefit.
This dilemma has resulted in the adoption of many restrictive ordinances, with subsequent
court challenges. While the current federal legislative framework, embodied in the interstate
commerce clause, makes it difficult for any state or local official to uphold state and local ordi-
nances that prevent the inflow of nonlocal waste, the federal legislative playing field can be
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changed. At this writing, it is still expected that Congress will address the issue in the near
future. However, this is a difficult issue in part because of the following concerns:

e Most communities and states export some of their wastes (e.g., medical wastes, hazardous
wastes, and radioactive wastes).

e New state-of-the-art waste facilities are costly to build and operate, and they require larger
volumes of waste than can typically be provided by the local community in order to cover
their costs.

e Waste facilities are often similar in environmental effects to recycling facilities and manu-
facturing facilities. If one community will not manage wastes from another community, why
should one community have to make chemicals or other products which are ultimately used
by another community?

e While long-distance transport of MSW (over 200 mi) usually indicates the failure to
develop a local waste management strategy, shorter interstate movements (less than 50 mi)
may provide the foundation for a sound waste management strategy. Congress should be
careful to avoid overrestricting options.

1.3 INTEGRATED WASTE MANAGEMENT

Integrated waste management (IWM) can be defined as the selection and application of suit-
able techniques, technologies, and management programs to achieve specific waste manage-
ment objectives and goals. Because numerous state and federal laws have been adopted, IWM
is also evolving in response to the regulations developed to implement the various laws. The
U.S. Environmental Protection Agency (EPA) has identified four basic management options
(strategies) for IWM: (1) source reduction, (2) recycling and composting, (3) combustion
(waste-to-energy facilities), and (4) landfills. As proposed by the U.S. EPA, these strategies are
meant to be interactive, as illustrated in Fig. 1.3a. It should be noted that the state of Califor-
nia has chosen to consider the management options in a hierarchical order (see Fig. 1.3b). For
example, recycling can be considered only after all that can be done to reduce the quantity of
waste at the source has been done. Similarly, waste transformation is considered only after the
maximum amount of recycling has been achieved. Further, the combustion (waste-to-energy)
option has been replaced by waste transformation in California and other states. Interpreta-
tion of the IWM hierarchy will, most likely, continue to vary by state. The management
options that comprise the IWM are considered in the following discussion. The implementa-
tion of integrated waste management options is considered in the following three sections.
Typical costs for solid waste management options are presented in Sec. 1.5.

Source Reduction

Source reduction focuses on reducing the volume and/or toxicity of generated waste. Source
reduction includes the switch to reusable products and packaging, the most familiar example
being returnable bottles. However, bottle bill legislation results in source reduction only if
bottles are reused once they are returned. Other good examples of source reduction are grass
clippings that are left on the lawn and never picked up and modified yard plantings that do
not result in leaf and yard waste. The time to consider source reduction is at the product or
process design phase.

Source reduction can be practiced by everybody. Consumers can participate by buying
less or using products more efficiently. The public sector (government entities at all levels:
local, state, and federal) and the private sector can also be more efficient consumers. They
can reevaluate procedures which needlessly distribute paper (multiple copies of documents
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FIGURE 1.3 Relationships between the management options comprising integrated waste management:
(a) interactive, and (b) hierarchical.

can be cut back), initiate procedures which require the purchase of products with longer life
spans, and cut down on the purchase of disposable products. The private sector can redesign
its manufacturing processes to reduce the amount of waste generated in manufacturing.
Reducing the amount of waste may require the use of closed-loop manufacturing processes,
different raw materials, and/or different production processes. Finally, the private sector
can redesign products by increasing their durability, substituting less toxic materials, or
increasing product effectiveness. However, while everybody can participate in source
reduction, doing so digs deeply into how people go about their business—something that is
difficult to mandate through regulation without getting mired in the tremendous complex-
ity of commerce.

Source reduction is best encouraged by making sure that the cost of waste management is
fully internalized. Cost internalization means pricing the service so that all of the costs are
reflected. For waste management, the costs that need to be internalized include pickup and
transport, site and construction, administrative and salary, and environmental controls and
monitoring. It is important to note that these costs must be considered whether the product is
ultimately managed in a landfill, combustion, recycling, or composting facility. Regulation can
aid cost internalization by requiring product manufacturers to provide public disclosure of
the costs associated with these aspects of product use and development.

Recycling and Composting

Recycling is perhaps the most positively perceived and doable of all the waste management
practices. Recycling will return raw materials to market by separating reusable products from
the rest of the municipal waste stream. The benefits of recycling are many. Recycling saves
precious finite resources; lessens the need for mining of virgin materials, which lowers the
environmental impact for mining and processing; and reduces the amount of energy con-
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sumed. Moreover, recycling can help stretch landfill capacity. Recycling can also improve the
efficiency and ash quality of incinerators and composting facilities by removing noncom-
bustible materials, such as metals and glass.

Recycling can also cause problems if it is not done in an environmentally responsible man-
ner. Many Superfund sites are what is left of poorly managed recycling operations. Examples
include operations for newsprint deinking, waste-oil recycling, solvent recycling, and metal
recycling. In all of these processes, toxic contaminants that need to be properly managed are
removed. Composting is another area of recycling that can cause problems without adequate
location controls. For example, groundwater can be contaminated if grass clippings, leaves, or
other yard wastes that contain pesticide or fertilizer residues are composted on sandy or other
permeable soils. Air contamination by volatile substances can also result.

Recycling will flourish where economic conditions support it, not where it is merely man-
dated. For this to happen, the cost of landfilling or resource recovery must reflect its true
cost—at least $40 per ton or higher. Successful recycling programs also require stable markets
for recycled materials. Examples of problems in this area are not hard to come by; a glut of
paper occurred in Germany in 1984 to 1986 due to a mismatch between the grades of paper
collected and the grades required by the German paper mills. Government had not worked
with enough private industries to find out whether the mills had the capacity and equipment
needed to deal with low-grade household newspaper. In the United States, similar losses of
markets have occurred for paper, especially during the period from 1994 through 1997. Prices
have dropped to the point at which it actually costs money to dispose of collected newspaper
in some parts of the country.

Stable markets also require that stable supplies are generated. This supply-side problem
has been troublesome in certain areas of recycling, including metals and plastics. Government
and industry must work together to address the market situation. It is crucial to make sure
that mandated recycling programs do not get too far ahead of the markets.

Even with a good market situation, recycling and composting will flourish only if they are
made convenient. Examples include curbside pickup for residences on a frequent schedule
and easy drop-off centers with convenient hours for rural communities and for more special-
ized products. Product mail-back programs have also worked for certain appliances and elec-
tronic components.

Even with stable markets and convenient programs, public education is a crucial compo-
nent for increasing the amount of recycling. At this point, the United States must develop a
conservation, rather than a throwaway, ethic, as was done during the energy crisis of the 1970s.
Recycling presents the next opportunity for cultural change. It will require moving beyond a
mere willingness to collect discarded materials for recycling. That cultural change will require
consumers to purchase recyclable products and products made with recycled content. It will
require businesses to utilize secondary materials in product manufacturing and to design new
products for easy disassembly and separation of component materials.

Combustion (Waste-to-Energy)

The third of the IWM options (see Fig. 1.2) is combustion (waste-to-energy). Combustion
facilities are attractive because they do one thing very well—they reduce the volume of waste
dramatically, up to ninefold. Combustion facilities can also recover useful energy, either in the
form of steam or in the form of electricity. Depending on the economics of energy in the
region, this can be anywhere from profitable to unjustified. Volume reduction alone can make
the high capital cost of incinerators attractive when landfill space is at a premium, or when the
landfill is distant from the point of generation. For many major metropolitan areas, new land-
fills must be located increasingly far away from the center of the population. Moreover, incin-
erator bottom ash has promise for reuse as a building material. Those who make products
from cement or concrete may be able to utilize incinerator ash.

The major constraints on incinerators are their cost, the relatively high degree of sophisti-
cation needed to operate them safely and economically, and the fact that the public is very
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skeptical concerning their safety. The public is concerned about both stack emissions from
incinerators and the toxicity of ash produced by incinerators. The U.S. EPA has addressed
both of these concerns through the development of new regulations for solid waste combus-
tion waste-to-energy plants and improved landfill requirements for ash. These regulations will
ensure that well-designed, well-built, and well-operated facilities will be fully protective from
the health and environmental standpoints.

Landfills are the one form of waste management that nobody wants but everybody needs.
There are simply no combinations of waste management techniques that do not require land-
filling to make them work. Of the four basic management options, landfilling is the only man-
agement technique that is both necessary and sufficient. Some wastes are simply not
recyclable, because they eventually reach a point at which their intrinsic value is dissipated
completely, so they no longer can be recovered, and recycling itself produces residuals.

The technology and operation of a modern landfill can ensure protection of human health
and the environment. The challenge is to ensure that all operating landfills are designed prop-
erly and are monitored once they are closed. It is crucial to recognize that today’s modern
landfills do not look like the old landfills that are on the current Superfund list. Today’s oper-
ating landfills do not continue to take hazardous wastes. In addition, they do not receive bulk
liquids. They have gas-control systems, liners, leachate collection systems, extensive ground-
water monitoring systems, and perhaps most important, they are better sited and located in
the first place to take advantage of natural geological conditions.

Landfills can also turn into a resource. Methane gas recovery is occurring at many landfills
today and carbon dioxide recovery is being considered. After closure, landfills can be used for
recreation areas such as parks, golf courses, or ski areas. Some agencies and entrepreneurs are
looking at landfills as repositories of resources for the future—in other words, today’s landfills
might be mined at some time in the future when economic conditions warrant. This could be
particularly true for monofills, which focus on one kind of waste material, such as combustion
ash or shredded tires.

Status of Integrated Waste Management

The U.S. EPA has set a national voluntary goal of reducing the quantity of MSW by 25 per-
cent through source reduction and recycling. It should be noted that several states have set
higher recycling (diversion) goals. For example, California set goals of 25 percent by the year
1995 and 50 percent by the year 2000. It is estimated that source reduction currently accounts
for from 2 to 6 percent of the waste reduction that has occurred. There is no uniformly
accepted definition of what constitutes recycling, and estimates of the percentage of MSW
that is recycled vary significantly. The U.S. EPA and the Office of Technology Assessment
(OTA) have published estimates ranging from 15 to 20 percent. It is estimated that about 5 to
10 percent of the total waste stream is now composted. Today, 50 to 70 percent of MSW is
landfilled. Landfill gas is recovered for energy in more than 100 of the nation’s larger landfills
and most of it is burned with energy recovery.

1.4 IMPLEMENTING INTEGRATED WASTE MANAGEMENT STRATEGIES

The implementation of IWM for residential solid waste, as illustrated in Fig. 1.4, typically
involves the use of several technologies and all of the management options discussed previ-
ously and identified in Fig. 1.2. At present, most communities use two or more of the MSW
management options to dispose of their waste, but there have been only a few instances in
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FIGURE 14 Flow diagram for residential integrated waste management.

which a truly integrated and optimized waste management plan has been developed. To
achieve an integrated strategy for handling municipal waste, an optimization analysis com-
bining all of the available options should be conducted. However, at present, there is no
proven methodology for performing such an optimization analysis.

The most common combinations of technologies used to accomplish IWM are illustrated
in Fig. 1.5. The most common in the United States is probably Strategy 4, consisting of curb-
side recycling and landfilling the remaining waste. In rural communities, Strategy 3, consisting
of composting and landfilling, is prevalent. In large cities, where tipping fees for landfilling
sometimes reach and exceed $100 per ton, Strategy 5, consisting of curbside recycling with the
help of a materials recovery facility (MRF), followed by mass burning or combustion at a
refuse-derived fuel (RDF) facility and landfilling of the nonrecyclable materials from the
MREF and ash from the incinerator, is the most prevalent combination. However, as men-
tioned previously, each situation should be analyzed individually, and the combination of
management options and technologies which fits the situation best should be selected. As a
guide to the potential effect of any of the nine strategies in Fig. 1.5 on the landfill space and its
lifetime, the required volume of landfill per ton of MSW generated for each of the nine com-
binations of options is displayed in Fig. 1.6. Apart from availability of landfill volume and
space, the cost of the option combinations is of primary concern to the planning of an inte-
grated waste management scheme. Costs are discussed in the following section.
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1.5 TYPICAL COSTS FOR MAJOR WASTE MANAGEMENT OPTIONS

This section presents typical cost information for the various waste management technolo-
gies. More detailed cost information, including the cost of individual components, labor, land,
and financing, is presented in Chap. 16. At the outset, it should be noted that the only reliable
way to compare the costs of waste management options is to obtain site-specific quotations
from experienced contractors. It is often necessary to make some preliminary estimates in the
early stages of designing an integrated waste management system.

To assist in such preliminary costing, cost data from the literature for many parts of the
country were examined, and published estimates of the capital costs and operating costs for
the most common municipal solid waste options (materials recycling, composting, waste-to-
energy combustion, and landfilling) were correlated. All of the cost data for the individual
options were converted to January 2002 dollars to provide a consistent basis for cost compar-
isons. The cost data were adjusted using an Engineering News Record Construction Cost
Index (ENRCCI) value of 6500.

In addition to the externalized costs presented in this chapter, there are also social costs
associated with each of the waste management options. For example, recycling will generate
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FIGURE 1.6 Landfill volume required per ton of MSW generated from the waste management options illus-
trated in Fig. 1.5.

air pollution from the trucks used to pick up, collect, and distribute the materials to be recy-
cled. Many steps in recycling processes, such as deinking newspaper, create pollution whose
cost must be borne by society, since it is not a part of the recycling cost. Waste-to-energy com-
bustion creates air pollution from stack emissions and water pollution from the disposal of
ash, particularly if heavy metals are present. Landfilling has environmental costs due to leak-
age of leachates into aquifers and the generation of methane and other gases from the land-
fill. It has been estimated that 60 to 110 Ib of methane will be formed per ton of wet municipal
waste during the first 20 years of operation of a landfill. About 9 to 16 Ib of that gas will not
be recovered, but will leak into the atmosphere because of limitations in the collection system
and the permeability of the cover. The U.S. EPA has estimated that about 12 million tons of
methane are released from landfills per year in the United States. New regulations, however,
will reduce the environmental impact of landfilling in the future.
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Capital Costs

It should be noted that capital cost data available in the literature vary in quality, detail, and
reliability. As a result, the range of the cost data is broad. Factors which will affect the costs
reported are the year when a facility was built, the interest rate paid for the capital, the regu-
lations in force at the time of construction, the manner in which a project was funded (pri-
vately or publicly), and the location in which the facility is located. Also, costs associated with
ancillary activities such as road improvements, pollution control, and land acquisition greatly
affect the results. Cost data on separation, recycling, and composting are scarce and, in many
cases, unreliable. Therefore, it is recommended when comparing various strategies to manage
MSW, costs for all systems should be built up from system components, using a consistent set
of assumptions and realistic cost estimates at the time and place of operation. The most exten-
sive and reliable data available appear to be those for the combustion option. Combustion is
a controlled process that is completed within a short period of time and for which there is a
good deal of recorded experience. Also, inputs and outputs can be measured effectively with
techniques that have previously been used for fossil fuel combustion plants. Typical capital
costs for collection vehicles and materials recovery facilities, and for composting, waste-to-
energy combustion, and landfilling are presented in Tables 1.3 and 1.4, respectively.

Collection. Capital costs for collection vehicles are presented in Table 1.3. As reported, vehicle
costs will vary from $100,000 to $140,000, depending on the functions and capacity of the vehicle.

Materials Recovery Facilities (MRFs). The range of capital costs for existing low-tech and
high-tech MRFs that sort reusable materials, whether mixed or source-separated, varies from
about $10,000 to $40,000 per ton of design capacity per day.

TABLE 1.3 Typical Capital Costs for Waste Collection Vehicles and Materials Recovery Systems

System Major system components Cost basis Cost,* dollars
Waste collection
Commingled waste Right-hand stand-up-drive $/truck 100,000-140,000
collection vehicle
Mechanically loaded collection vehicle $/truck 115,000-140,000
Source-separated waste Right-hand stand-up-drive collection $/truck 120,000-140,000
vehicle equipped with four separate
compartments
Materials recovery
Low-mechanical intensity’ Processing of source-separated $/ton of capacity 10,000-20,000
materials only; enclosed building, per day

concrete floors, 1st stage hand-
picking stations and conveyor
belts, storage for separated and
prepared materials for 1 month,
support facilities for the workers

High-mechanical intensity* Processing of commingled materials $/ton of capacity 20,000-40,000

or MSW; same facilities as the low-end per day
system plus mechanical bag breakers,

magnets, shredders, screens, and storage

for up to 3 months; also includes a 2d stage

picking line

* All cost data have been adjusted to an Engineering News-Record Construction Cost Index of 6500.
" Low-end systems contain equipment to perform basic material separation and densification functions.
* High-end systems contain equipment to perform multiple functions for material separation, preparation of feedstock, and densification.
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TABLE 1.4 Typical Capital Costs for Composting Facilities, Combustion Facilities, and Landfills

System Major system components Cost basis Cost,* dollars
Composting
Low-end Source-separated yard waste feedstock only; $/ton of capacity per day  10,000-20,000
system cleared, level ground with equipment to turn
windrows
High-end Feedstock derived from processing of commingled $/ton of capacity per day  25,000-50,000
system wastes; enclosed building with concrete floors, MRF

Waste-to-energy
Mass burn,
field-erected
Mass burn,
modular
RDF
production
Landfilling
Commingled
waste

Monofill

processing equipment, and in-vessel composting;
enclosed building for curing of compost product

Integrated system of a receiving pit, furnace, boiler,
energy recovery unit, and air discharge cleanup

$/ton of capacity per day ~ 80,000-120,000

Integrated system of a receiving pit, furnace, boiler,
energy recovery unit, and air discharge cleanup

$/ton of capacity per day  80,000-120,000

Production of fluff and densified refuse-derived fuel
(RDF from processed MSW)

$/ton of capacity per day  20,000-30,000

Disposal of commingled waste in a modern landfill
with double liner and gas recovery system

$/ton of capacity per day  25,000-40,000

Disposal of single waste in a modern landfill with
double liner and gas recovery system, if required

$/ton of capacity per day ~ 10,000-25,000

* All cost data have been adjusted to an Engineering News-Record Construction Cost Index of 6500.

Composting. Published capital cost data for MSW composting facilities are limited. As
reported in Table 1.4, capital costs for MSW composting facilities are in the range of $10,000
to $50,000 per ton of daily capacity. Further, investment costs show no scale effects (i.e.,
investment is a linear function of capacity within the capacity range of 10 to 1000 ton/d).

Mass Burn: Field-Erected. Most field-erected mass burn plants are used to generate elec-
tricity. The average size for which useful data are available is 1200 tons/day of design capac-
ity (with a range of 750 to 3000 ton/d). The range of capital cost varies from $80,000 to
$120,000 per ton per day. The mass burn facilities were not differentiated by the form of
energy produced.

Mass-Burn: Modular. Modular mass-burn steam and electricity generating plants are typi-
cally in the range of 100 to 300 ton/d. The range of capital costs is from $80,000 to $120,000 per
ton per day.

Refuse-Derived Fuel (RDF) Facilities. The range of capital costs for operating RDF pro-
duction facilities with a processing capacity in the range of 100 to 300 ton/d varies from
$20,000 to $30,000 per ton per day (see Table 1.4).

Landfilling. Landfilling capital costs are difficult to come by, because construction often
continues throughout the life of the landfill instead of being completed at the beginning of
operations. Consequently, capital costs are combined and reported with operating costs. Cap-
ital and operating costs of landfills can be estimated by using cost models, but such models are
valid only for a particular region. The range of costs reported in Table 1.4 represents the start-
up costs for a new modern landfill that meets all current federal regulations, with a capacity
greater than 100 tons/day.
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Operation And Maintenance (O&M) Costs. Along with capital investment, operation and
maintenance (O&M) costs are important in making an analysis of integrated waste manage-
ment systems. Once again, it should be noted that the O&M cost data show large variations.
For a reliable estimate, a study of the conditions in the time and place of the project must be
made. Operating costs are affected by local differences in labor rates, labor contracts, safety
rules, and crew sizes. Accounting systems, especially those used by cities and private owners,
and the age of landfills or incinerators can greatly affect O&M costs. Typical O&M costs for
collection vehicles and materials recovery facilities, and for composting, combustion, and
landfilling are presented in Tables 1.5 and 1.6, respectively.

Collection O&M Costs. Collection O&M costs, expressed in dollars per ton, are affected by
both the number of stops made and the tonnage collected. Typical O&M costs for the collec-
tion of commingled wastes with no source separation range from $50 to $70 per ton. Typical
O&M costs for the collection of the commingled wastes remaining after source separation of
recyclable materials range from $60 to $100 per ton. Costs for curbside collection of source-
separated materials vary from $100 to $140 per ton.

MRF O&M Costs. O&M costs for MRFs range from $20 to $60 per ton of material sepa-
rated, with a typical value in the range of $40 to $50/ton. The large variation in O&M costs is
due, in large part, to inconsistencies in the methods of reporting cost data and not on pre-
dictable variations based on the type of technology or the size of the facility. In general, low-
technology MRFs have higher operating costs than high-technology MRFs, because of the
greater labor intensity of the former.

Composting O&M Costs. The range of O&M costs for composting processed MSW varies
from $30 to $70 per ton. While the capital costs show little or no effect with scale, O&M costs
show some decline with plant capacity, but the correlation is quite poor.

Mass Burn: Field-Erected O&M Costs. Typical O&M cost estimates for field-erected mass
burn combustion facilities reported in Table 1.6 are for electricity-only mass burn plants.

TABLE 1.5 Typical Operation and Maintenance Costs for Waste Collection Vehicles and Materials Recovery Systems

System Major system components Cost basis Cost,* dollars
Waste collection
Commingled waste Right-hand stand-up-drive collection vehicle $/ton 60-80
Mechanically loaded collection vehicle $/ton 50-70
Source-separated waste Right-hand stand-up-drive collection vehicle $/ton 100-140

equipped with four separate compartments

Materials recovery
Low-mechanical intensity" Processing of source-separated materials only; $/ton 20-40

enclosed building, concrete floors, 1st stage
hand-picking stations and conveyor belts,
storage for separated and prepared materials
for 1 month, support facilities for the workers

High-mechanical intensity* Processing of commingled materials or MSW; $/ton 30-60

same facilities as the low-end system plus
mechanical bag breakers, magnets, shredders,
screens, and storage for up to 3 months; also
includes a 2d stage picking line

* All cost data have been adjusted to an Engineering News-Record Construction Cost Index of 6500.
" Low-end systems contain equipment to perform basic material separation and densification functions.
* High-end systems contain equipment to perform multiple functions for material separation, preparation of feedstock, and densification.
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TABLE 1.6 Typical Operation and Maintenance Costs for Composting Facilities, Combustion Facilities, and Landfills

System Major system components Cost basis Cost,* dollars
Composting
Low-end system Source-separated yard waste feedstock only; $/ton 20-40
cleared, level ground with equipment
to turn windrows
High-end system Feedstock derived from processing of $/ton 30-50

Waste-to-energy
Mass burn,
field-erected

commingled wastes; enclosed building with
concrete floors, MRF processing equipment,
and in-vessel composting; enclosed building
for curing of compost product

Integrated system of a receiving pit, furnace, boiler, $/ton 40-80
energy recovery unit, and air discharge cleanup

Mass burn, Integrated system of a receiving pit, furnace, boiler, $/ton 40-80
modular energy recovery unit, and air discharge cleanup

RDF production Production of fluff and densified refuse-derived $/ton 20-40

fuel (RDF from processed MSW)
Landfilling

Commingled waste Disposal of commingled waste in a modern landfill $/ton 10-120
with double liner and gas recovery system

Monofill Disposal of single waste in a modern landfill with $/ton 10-80

double liner and gas recovery system, if required

* All cost data have been adjusted to an Engineering News-Record Construction Cost Index of 6500.

O&M costs range from $60 to $80 per ton. O&M costs for plants producing steam and elec-
tricity are about the same.

Mass Burn: Modular O&M Costs. Typical O&M costs for modular mass burn combustion
range from $40 to $80 per ton. Although the capital costs are sometimes lower for the steam-
only plants, the O&M costs are not. Typical tipping fees for the steam-and-electricity plants
and for steam-only plants range from $50 to $60/ton and $40 to $50/ton, respectively.

RDF Facility O&M Costs. Typical O&M costs for RDF facilities is about $40 per ton of
MSW processed, with a range of $20 to $40 per ton. Note that the averages cited previously
are based on wide ranges and the number of data points is small. Hence, these averages are
only a rough estimate of future RDF facility costs.

Landfilling O&M Costs. Available data are few and indicate wide variability in landfill
costs as a result of local conditions. Some cost data reflect capital recovery costs that others do
not. The O&M costs for MSW landfills range from $10 to over $120 per ton. The cost range for
monofills varies from $10 to $80 per ton of ash.

1.6 FRAMEWORK FOR DECISION MAKING

The preceding sections present information on the four waste management options—source
reduction, recycling, waste-to-energy, and landfilling. With that material as a background, we
must map out a framework for making decisions. In a world without economic constraints, the
tools for waste management could be ordered by their degree of apparent environmental
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desirability. Source reduction would clearly be at the top, as it prevents waste from having to
be managed at all. Recycling, including composting, would be the next-best management tool,
because it can return resources to commerce after the original product no longer serves its
intended purpose. Waste-to-energy follows because it is able to retrieve energy that otherwise
would be buried and wasted. Finally, landfilling, while often listed last, is really not any better
or worse than incineration, as it too can recover energy. Moreover, waste-to-energy facilities
still require landfills to manage their ash.

In reality, every community and region will have to customize its integrated management
system to suit its environmental situation and its economic constraints. A small, remote com-
munity such as Nome, Alaska, has little choice but to rely solely on a well-designed and
-operated landfill. At the other extreme, New York City can easily and effectively draw on some
combination of all the elements of the waste management hierarchy. Communities that rely
heavily on groundwater that is vulnerable, such as Long Island, New York, and many Florida
communities, usually need to minimize landfilling and look at incineration, recycling, and resid-
ual disposal in regions where groundwater is less vulnerable. Communities that have problems
with air quality usually avoid incineration to minimize more atmospheric pollutants. Sometimes
these communities can take extra steps to ensure that incineration is acceptable by first remov-
ing metals and other bad actors out of the waste stream. In all communities, the viability of recy-
cling certain components of the waste stream is linked to volumes, collection costs, available
markets, and the environmental consequences of the recycling and the reuse operations.

Planning for Solid Waste Management

Long-term planning at the local, state, and even regional level is the only way to come up
with a good mix of management tools. It must address both environmental concerns and
economic constraints. As discussed earlier, planning requires good data. This fact has long
been recognized in fields such as transportation and health-care planning. However, until
recently, databases for solid waste planning were not available, and, even now, they are
weak.

There are a number of guidelines that planners should embrace. First, it is crucial to look
to the long term. The volatility of today’s spot market prices is a symptom of the crisis condi-
tions in which new facilities are simply not being sited. Examples already exist of locations
where current prices are significantly reduced from their highs as new capacity options have
emerged.

Second, planners must make sure that all costs are reflected in each option. Municipal
accounting practices sometimes hide costs. For example, the transportation department may
purchase vehicles while another department may pay for real estate, and so on. Accurate
accounting is essential.

Third, skimping on environmental controls brings short-term cost savings with potentially
greater liability down the road. It is always better to do it right the first time, especially for
recycling and composting facilities, as well as for incineration facilities and landfills.

Fourth, planners should account for the volatility of markets for recyclables. The question
becomes: In a given location for a given commodity, can a recycling program survive the peaks
and valleys of recycling markets without going broke in between?

Fifth, planners must consider the availability of efficient facility permitting and siting for
waste facilities using recycled material inputs, and for facilities which need permit changes to
implement source reduction.

Finally, planners should look beyond strictly local options. When political boundaries
are not considered, different management combinations may become possible at reason-
able costs. Potential savings can occur in the areas of procurement, environmental protec-
tion, financing, administration, and ease of implementation. Regional approaches include
public authorities, nonprofit public corporations, special districts, and multicommunity
cooperatives.
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Formulating an Integrated Solid Management Waste Strategy

The process of formulating a good integrated solid waste management strategy is time-
consuming and difficult. Ultimately, the system must be holistic; each of its parts must have
its own purpose and work in tandem with all the other pieces like a finely crafted, highly effi-
cient piece of machinery. Like a piece of machinery, it is unlikely that an efficient and well-
functioning output is achieved unless a single design team, understanding its objective and
working with suppliers and customers, develops the design. The successful integrated waste
plan drives legislation; it is not driven by legislation. More legislation does not necessarily
lead to more source reduction and recycling. In fact, disparate pieces of legislation or regu-
lation can work at cross purposes. Moreover, the free market system works best when there
is some sense of stability and certainty, which encourages risk taking because it is easier to
predict expected market response. The faster a holistic framework for waste management is
stabilized, the more likely public decision making will obtain needed corporate investment.

The first stage of planning involves carefully defining terminology, including what wastes
are covered, what wastes are not covered, and what activities constitute recycling and com-
posting. It also requires the articulation of clear policy goals for the overall waste manage-
ment strategy. Is the goal to achieve the most cost-effective strategy that is environmentally
protective or to maximize diversion from landfills? There are no absolutely right or wrong
answers. However decision makers should share the definitions, key assumptions, and goals
with the public for their review and comment.

The second stage involves identification of the full range of possible options and the
methodical collection of environmental risks and costs associated with each option. Data col-
lection is best done before any strategy has been selected. The cost estimates for recycling and
composting can be highly variable depending on what assumptions are made about market
demand and what actions are taken to stimulate markets. These differing assumptions about
markets can also impact the assumptions on environmental risks, since some types of reuse sce-
narios have more severe environmental impacts than others. The stringency of the regulatory
permitting and enforcement programs that set and enforce standards for each type of waste
management facility, including recycling facilities and facilities that use recycled material
inputs in the manufacturing process, will also impact the costs and environmental risks associ-
ated with various options. Finally, the existence of product standards for recycled materials will
impact the costs and risks of various recycling and composting strategies. The costs of all man-
agement strategies will be volume-dependent. Once this information is collected, the public
should have the opportunity for meaningful input on the accuracy of the assumptions. Accep-
tance by the public at this stage can foster a smoother and faster process in the long run.

The final step involves examining the tradeoffs between available options so that an option or
package of options can be selected. At the core, these tradeoffs involve risk and cost comparisons.
However, they also involve careful consideration of implementation issues such as financing,
waste volumes, enforcement, permit time frames, siting issues, and likely future behavior changes.

Some examples of implementation issues are useful. Pay-by-the-bag disposal programs
may result in less garbage because people really cut back on their waste generation when they
can save money. On the other hand, there has been some indication that pay-by-the-bag sys-
tems have actually resulted in the same amount of garbage generated, but an increase in burn-
ing at home or illegal dumping. Another example is the need to assess the real effect of bottle
bills. Bottle bills may be very effective if collected bottles are reused, or if markets exist so that
the collected bottles can be recycled. However, in some locations bottle bills result in a dou-
ble payment—once to collect the bottles and then again to landfill the bottles because no
viable market strategy is in place. A final example concerns flow control. Flow control
promises a way to ensure that each of the various solid waste facilities has enough waste to
run efficiently. On the other hand, if governments use flow control to send a private genera-
tor’s waste to a poorly designed or operated solid waste facility, then the government may be
tampering with the generator’s Superfund liability, or the government may increase the
amount of waste that is going to an environmentally inferior facility.
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Some computerized decision models have been developed which compare the costs of var-
ious strategies. However, these often require considerable tailoring before they accurately fit
a local situation. It is often useful to develop a final strategy in an iterative manner by first
selecting one or two likely approaches and then setting the exact parameters of the selected
approach in a second iteration. Public involvement is critical throughout the selection process.

It may also be useful to develop an integrated waste management strategy by formulating
a series of generator-specific strategies. Residential generators are one group of MSW gener-
ators. Another important group includes the public sector, including municipalities and coun-
ties, who generate their own waste streams. Finally, there are numerous specific industry
groups such as the hotel industry, the restaurant industry, petrochemical firms, the pulp and
paper industry, and the grocery industry. In each case, the character of the solid waste gener-
ated will vary. For some groups, all the waste will fall into the broad category of MSWs. For
other groups, much of the waste will include industrial, agricultural, or other non-MSW waste.
In some cases, the variation within the generator category will be significant. In other cases,
the within-group waste characterization is likely to be relatively uniform. Industry-by-
industry strategies, focusing on the largest waste generator categories, may result in more
implementable and cost-effective strategies.

1.7 KEY FACTORS FOR SUCCESS

Arriving at successful solid waste management solutions requires more than just good plan-
ning. The best technical solution may fail if politicians and government officials do not con-
sider a series of other important points. This section attempts to identify some of these points.

Credibility for Decision Makers

It is absolutely crucial to work to protect the credibility of those individuals who must ulti-
mately make the difficult siting and permitting decisions. Proper environmental standards for
all types of facilities, including recycling, can help give decision makers necessary support.
Credible enforcement that operates on a level playing field is also crucial. Operator certifica-
tion programs, company-run environmental audit programs, company-run environmental
excellence programs, government award programs for outstanding facilities, and financial
assurance provisions can also increase the public’s level of comfort with solid waste manage-
ment facilities. Finally, clear-cut siting procedures and dispute resolution processes can pro-
vide decision makers with a crucial support system.

Efficient Implementation Mechanisms Including Market Incentives

A number of things can be done to help facilitate program implementation. Expedited per-
mitting approaches for new facilities and expedited permit modification approaches for
existing facilities can be helpful. Approaches such as class permits or differential require-
ments based on the complexity of the facilities are examples. Pilot programs can be particu-
larly helpful in determining whether a program which looks good on paper will work well in
real life.

Much of today’s federal and state legislation and regulation has focused on a command-
and-control strategy. Such a strategy relies on specified mandates that cover all parties with
the same requirements. These requirements are developed independent of market concepts
and other basic business incentives, and, as a result, these approaches are often slower and
more expensive to implement for both the regulated and the regulators.

Some of the most efficient implementation mechanisms involve the consideration of mar-
ket incentives. Market approaches can significantly cut the cost of achieving a fixed amount of
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environmental protection, energy conservation, or resource conservation when compared
with a traditional command-and-control approach. The concept behind this approach is sim-
ple. Determine what total goal is needed. Then, let those who can achieve the goal most cost-
effectively do so. They can sell extra credits to those who have a more difficult time meeting
the goal. Other market approaches rely on using market pricing to strongly encourage desir-
able behaviors.

Another incentive-type program which has achieved major environmental benefits in a
cost-effective way has been the implementation of the Federal Emergency Planning and
Community Right-to-Know Act (1986) emissions reporting program. The law does not man-
date specific reductions in emissions to air, water, and land. However, it does require affected
facilities to publicly report quantities of chemicals released. The mere fact of having to pub-
licly report has resulted in a dramatic lowering of emissions.

The types of programs which decision makers at the state or federal level could examine
include the following:

¢ An overall program to reduce average per capita waste generation rates through the use of
a marketable permit program. There would be several ways to implement this type of pro-
gram. A fixed per capita figure could be established throughout a state. Whichever munici-
palities (or counties) could achieve it most efficiently could sell extra credits to other
affected municipalities. Other alternatives would set the per capita rate by size of munici-
pality or require all municipalities to achieve a fixed percent reduction from established
baseline rates.

¢ A marketable permit program to implement recycling goals. Rather than require all town-
ships, municipalities, and counties to achieve the same recycling rates, let those municipali-
ties and counties that can achieve the recycling rates most cost-effectively sell any extra
credits to other affected parties.

¢ A program that would develop differential business tax rates based on the amount of recy-
cling (or source reduction) which the company achieves. The tax rates could be based on
fixed rate standards (for example, source reduction of 10 percent or recycling of 25 percent)
or percentage improvements over a baseline year.

e A program that would develop differential property taxes for homes that recycle or reduce
their disposed waste by a given percentage. The percentage could be increased gradually
each year in order to maintain the tax break.

¢ Product and service procurement preferences for those companies who have high overall
recycling rates or who utilize a high percentage of secondary materials.

¢ Differential business tax rates or permit priority for companies who use recycled material
inputs in production processes or who buy large quantities of recycled materials for con-
sumption.

¢ Differential water rates for companies who use large volumes of compost or who reduce
their green waste.

¢ Information disclosure requirements that require certain types and sizes of businesses to
provide the public with information on their waste generation rates, their recycling rates,
their procurement of secondary materials, and their waste management methods. (Good
examples would be hotels and other types of consumer businesses.) The state could also
compile state average values by industry group and require that these rates be posted along
with the company-specific rates.

Significant Attention on Recycling Markets

Recycling will not be sustainable in the long term unless it is market-driven, so that there is a
market demand for secondary materials. The market incentive discussion provides some ideas
as to how market incentives can be utilized broadly to drive desirable integrated waste strate-
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gies by influencing the behavior of affected entities. Some of these behaviors may lead to the
creation of market demand for specific secondary materials. However, it is also important to
examine secondary material markets on a commodity-specific basis, particularly in the subset
of materials that compose a large fraction of the MSW stream.

There is a wide range of policy choices that can impact market demand. These include
commodity-specific procurement standards, entity-specific procurement plans, equipment tax
credits, tax credits for users of secondary materials, mandated use of secondary materials for
certain government-controlled activities (such as landfill cover or mine reclamation projects),
use of market development mechanisms in enforcement settlements, recycled content
requirements for certain commodities, manufacturer take-back systems, virgin material fees,
and labeling requirements. Whether any of these actions are needed, and if so, which ones, can
be determined only after a careful analysis of each commodity.

If such actions are needed, two cautions are in order. First, it is often better to discuss the
need for market strengthening with affected parties before mandating a specific result. If,
after a fixed time frame, the market does not improve, a regulated outcome can be automati-
cally implemented. That hammer often provides the needed impetus for action without regu-
latory involvement. Second, while the first six program examples of market demand
approaches can be implemented at the federal or state level, the last four examples of market
demand approaches are best implemented at the federal level.

Public Involvement

As mentioned previously, the best technical solution is unlikely to work unless the public is
active in helping to reach the final choice of options. Public involvement must be just that—it
cannot be a one-way street; rather, the public must be involved in two-way discussions. There
must be a give and take on the final solution. Included in this dialogue must be a serious dis-
cussion about the tradeoff between risk reductions and cost. This public involvement is best
done with multiple opportunities for both formal and informal inputs.

Continuous Commitment to High-Quality Operations for All Facilities

Today’s solid waste solutions require a commitment to high-quality operations. In the past,
solid waste management, as with many other government services, was often awarded to the
lowest bidder. This approach needs to be seriously reconsidered, given the environmental lia-
bilities associated with poorly managed solid waste.

Evaluation of the Effectiveness of the Chosen Strategy

In developing specific legislation and regulations, it is important that the full impact of indi-
vidual legislative or regulatory provisions be monitored after the program has been imple-
mented. MSW planning is a process, not a project. That process must continually ensure that
the plan mirrors reality and that implementation obstacles are addressed expeditiously.

1.8 PHILOSOPHY AND ORGANIZATION OF THIS HANDBOOK

The philosophy of this handbook is that the integrated waste management approach is not a
hierarchical scheme, but is integrative in nature, as shown in Fig. 1.3a. In other words, an
appropriate design of a toxicity reduction and/or recycling program which removes heavy
metals from the waste stream—in particular lead, mercury, and cadmium—should not be con-
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sidered merely a reduction or recycling function, because it also assists the waste-to-energy
incineration function that benefits from the absence of heavy metals and batteries. Recycling
is not a complete process unless the legal and institutional framework can create markets for
the recycled products that can beneficially utilize the materials picked up from the curb. The
technical and engineering aspects of waste management cannot function in a vacuum; deci-
sion makers must be aware of the political and social ramifications of their action.

Another philosophic underpinning of this book is that there is no single prescription for an
integrated waste management program that will work successfully in every instance. Each sit-
uation must be analyzed on its own merit—an appropriate integrated waste management
plan must be developed from hard data, social attitudes, and the legal framework that must be
taken into account. The waste management disposal field is in a constant state of flux, and
appropriate solutions should be innovative, as well as technically and economically sound.

The organization of this handbook reflects the realities of the situation, as well as the phi-
losophy of its editorship. Chapter 2, “Federal Role in Municipal Solid Waste Management,”
deals with federal laws and regulations that impact the different solid waste management
schemes. It should be noted, however, that the federal role has diminished over the last few
years, because the federal government has passed authority and responsibility for waste man-
agement to the states; many states, in turn, have passed their responsibilities on to municipal-
ities. Chapter 3, “Solid Waste State Legislation,” provides an overview of the state legislation
within the framework of which any waste management plan needs to be devised. Chapter 4,
“Planning Municipal Solid Waste Management Programs,” contains a discussion of how to
plan an integrated municipal waste management program. Chapter 5, “Solid Waste Stream
Characteristics,” contains background data and information on what constitutes waste today
and a projection of what it will consist of later in the twenty-first century.

Chapters 6 to 14 are devoted to the major technologies for an integrated waste manage-
ment scheme: source reduction in Chap. 6, collection and transport of solid waste in Chap. 7,
recycling in Chap. 8, products and markets for recyclable materials in Chap. 9, household haz-
ardous wastes in Chap. 10, other special wastes in Chap. 11, composting in Chap. 12, waste-to-
energy combustion in Chap. 13, and landfilling in Chap. 14.

It is clear, though, that irrespective of what combination of technologies is employed in a
waste management scheme, new facilities will have to be sited and financed. The old approach,
when technical experts determined the best location for a waste management site, then
announced their decision and defended it to the public, is no longer accepted or acceptable.
The confrontational results of the “decide, announce, and defend” strategy must be replaced by
an interactive procedure in which the public participates in the siting process as a full partner.
Therefore, Chap. 15 is devoted to a recommended procedure for siting of MSW facilities. Chap-
ter 16 considers financing and life-cycle analysis for waste management facilities.

Appendixes contain a glossary of terms, conversion factors, a list of organizations active in
solid waste management, and a list of state offices responsible for waste disposal in each state.
Lists of companies that can provide technical help and equipment in the development and
operation of an integrated solid waste management scheme are integrated into the chapters
on specific technologies.

1.9 CONCLUDING REMARKS

The technologies to handle solid waste economically and safely are available today. This
handbook describes each of them and provides a framework to coordinate them into an inte-
grated system. However, the approach takes cognizance that the responsible disposal of solid
waste is not merely an engineering problem, but involves sociological and political factors.
The public supports waste reduction, reuse, recycling, and, sometimes, composting, on the
assumption that these measures are environmentally benign, economical, energy conserving,
and capable of solving the waste management problem. There is often, however, a lack of
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understanding of the limitations of these measures and the meaning of the terms. Waste
reduction is not merely a matter of using less or reducing the amount of packaging. For exam-
ple, doubling the life of the tires on automobiles cuts the number of tires that need to be dis-
posed of in half. Deposit laws on bottles and batteries can be used to encourage reuse and
recycling, as well as waste reduction. The public usually ignores the fact that recycling has
technical and market limitations, becomes more expensive as the percentage of the waste
recycled increases, and also has adverse environmental impacts.

There is general agreement that waste reduction, reuse, and recycling should be supported
within their respective technical and economic limits. However, even if current source reduction
and recycling efforts are successful, the amount of waste that must be disposed of in the year
2010 will be as much as or more than that today, as a consequence of increased waste generation
and growth. Consequently, the need to site additional facilities for composting, waste-to-energy
combustion, and landfilling will continue. But these technically obvious requirements for waste
disposal often create opposition from the public that is politically difficult to resolve. These are
factors that cannot be treated adequately in a technical handbook, but they must be kept in
mind when devising an IWM strategy.

It should also be pointed out that the technologies for waste disposal are in a state of flux.
New and more efficient methods are being introduced. Better equipment to control air and
water pollution is being developed. Materials that increase the life of a product and thereby
reduce the production of waste are becoming available. More economical methods of recy-
cling and composting are being tried in pilot projects. For the waste management professional
it is, therefore, important to keep up with the current literature. Table 1.7 lists some profes-
sional publications that describe the state of the art and present new developments.

To establish responsible IWM systems, public education programs must be developed to
convince everyone to accept responsibility. Once the problem becomes a shared responsibil-
ity, people can find solutions by working together. Failure to site new facilities, more than any-

TABLE 1.7 Some Professional Journals for Solid Waste Management Issues

Solid Waste and Power

HCI Publications

910 Archibald Street

Kansas City, MO 64111-3046
(816) 931-1311

Fax (816) 931-2015

Resource Recycling
P.O. Box 10540
Portland, OR 97210
(800) 227-1424

Fax (503) 227-6135

Bio-Cycle

P.O.Box 37
Marysville, PA 17053
(717) 957-4195

Waste Age

1730 Rhode Island Avenue, NW
Washington, DC 20036

(202) 861-0708

Fax (202) 659-0925

Solid Waste Management
UIC, School of Public Health
2121 West Taylor Street
Chicago, IL 60612-7260

(312) 996-8944

Waste Tech News
131 Madison St.
Denver, CO 80206
(303) 394-2905
Fax (303) 394-3011

MSW Management

216 East Gutierrez
Santa Barbara, CA 93101
(805) 899-3355

Fax (805) 899-3350

Household Hazardous Waste Manage-
ment News

16 Haverville St.

Andover, MA 01810

(508) 470-3044

Journal of Air and Waste Management
Association

P.O. Box 2861

Pittsburgh, PA 15230

(412) 232-3444

Fax (412) 232-3450

Energy from Biomass & Waste
U.S. Department of Energy, OSTI
P.O. Box 62

Oak Ridge, TN 37831

(615) 576-1168

Public Works

P.O. Box 688
Ridgewood, NJ 07451
(201) 445-5800

Fax (201) 445-5170

Resource Recovery Report
5313 38th St. NW
Washington, DC 20015
(202) 362-6034
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thing else, can create a crisis situation that often leads to the implementation of less than opti-
mal solutions, with serious later consequences. Engineers and regulators must work with the
public to find acceptable sites for MSW facilities. The public must understand that waste-to-
energy combustion produces electric power with less environmental impact than fossil fuel
power plants and, at the same time, reduces the amount of waste that needs to be landfilled.
Technically trained people should build continuous program evaluation into waste manage-
ment plans and share information to improve the process in the future. Engineers, politicians,
and the waste management industry will have to work to win the confidence of the public, so
that technical solutions will be accepted and implemented. Because technologies for manag-
ing waste safely are now available, this handbook provides the information and data needed
to implement programs to manage the wastes generated by an industrial society in a manner
that protects public health and safety and the environment.
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FEDERAL ROLE IN MUNICIPAL
SOLID WASTE MANAGEMENT

Barbara Foster
Edward W. Repa

There is a plethora of regulations at the federal level that impact the management and dis-
posal of municipal solid waste. Many of these regulations have been in effect for years and
further updates to this chapter will be needed as the regulations are updated. This chapter
covers only the more important regulations that have been developed over the past few years
that affect solid waste management. Readers are encouraged to refer to the environmental
statutes for a complete list of laws and regulations affecting the industry or contact any of the
organizations listed in App. D.

These regulations have been authorized by numerous pieces of legislation and include the
following:

¢ Resource Conservation and Recovery Act (RCRA)
e Clean Air Act (CAA)

¢ Clean Water Act (CWA)

¢ Federal Aviation Administration (FAA) guidelines
¢ Flow control implications (court cases)

2.1 RESOURCE CONSERVATION AND RECOVERY ACT

On October 21, 1976, Congress passed the Resource Conservation and Recovery Act
(RCRA), which has since been amended numerous times. RCRA for the first time divided
the management of waste into two main categories: (1) Subtitle C—Hazardous Waste, and (2)
Subtitle D—Non-Hazardous Waste. RCRA directed the U.S. Environmental Protection
Agency (EPA) to promulgate criteria within a year for determining which facilities should be
classified as sanitary landfills and which should be classified as open dumps.

e Section 239. Specifies requirements that state permit programs must meet to be deter-
mined adequate by the EPA. The section also specifies the procedure that EPA will follow
in determining the adequacy of state Subtitle D permit programs or other systems of prior
approval and conditions required to be adopted and implemented by states under RCRA
Sec. 4005(c)(1)(B). Nothing in the section precludes a state from adopting or enforcing
requirements that are more stringent or more extensive than those required under Sec. 239
or from operating a permit program or other system of prior approval and conditions with
more stringent requirements or a broader scope of coverage that are required under Sec.
239.1f EPA determines that a state Subtitle D permit program is inadequate, EPA will have
the authority to enforce the Subtitle D federal revised criteria on the RCRA Sec. 4010(c)
regulated facilities under the state’s jurisdiction. The state must have compliance monitor-
ing authority and enforcement authority and must provide for the intervention in civil
enforcement proceedings.

2.1
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e Section 240. Specifies guidelines for the thermal processing of solid wastes in terms of defin-
ing the solid wastes accepted, the solid wastes excluded, site selection and general design, water
quality, air quality, vectors, aesthetics, residue, safety, general operations, and record keeping.

e Section 243. Provides guidelines for the storage and collection of residential, commercial,
and institutional solid waste. The guidelines cover storage, design, safety, collection equip-
ment, collection frequency, and collection management.

e Section 244. Provides guidelines for solid waste management for beverage containers.
e Section 246. Provides guidelines for source separation and materials recovery.

e Section 247. Provides comprehensive procurement guidelines for products containing
recovered materials.

e Section 254. Specifies requirements for prior notice of citizen suits.
e Section 255. Contains identification of regions and agencies for solid waste management.

e Section 256. Provides guidelines for development and implementation of state solid waste
regulations.

40 CFR Part 257 Regulations

The regulations promulgated on September 13, 1979, by EPA are contained in 40 CFR Part
257, “Criteria for Classification of Solid Waste Disposal Facilities and Practices.” The act was
later amended by the Hazardous and Solid Waste Amendments of 1984 (HSWA). Under
HSWA, EPA was directed to develop minimum criteria for solid waste management facilities
that may receive household hazardous waste or small quantity hazardous waste exempted
from the Subtitle C requirements. The EPA promulgated these criteria on October 9, 1991,
under 40 CFR Part 258, “Criteria for Municipal Solid Waste Landfills.”

The Part 257 criteria, developed in 1979, remain in effect for all the disposal facilities that
accept nonhazardous waste except for municipal solid waste landfills (MSWLFs) subject to
the revised criteria contained in Part 258. A MSWLF is defined under RCRA as:

A discrete area of land or an excavation that receives household waste, and that is not a land appli-
cation unit, surface impoundment, injection well, or waste pile, as those terms are defined in this
section. A MSWLF unit also may receive other types of RCRA Subtitle D wastes, such as com-
mercial solid waste, nonhazardous sludge, and industrial solid waste. Such a landfill may be owned
publicly or privately. A MSWLF may be a new MSWLF unit or a lateral expansion.

Furthermore, RCRA defines household waste as follows:

Any solid waste (including garbage, trash, and sanitary waste in septic tanks) derived from house-
holds (including single and multiple residences, hotels and motels, bunkhouses, ranger stations,
crew quarters, campgrounds, picnic grounds, and day-use recreation areas).

These definitions are important because they form the basis of the Subtitle D program. The
origin of the waste, whether it was derived from a household or not, will determine the appli-
cable regulations that must be complied with when the waste is landfilled.

The disposal of most nonhazardous solid waste occurs in landfills that meet the Part 257
criteria. These criteria apply to all nonhazardous waste streams except the following:

¢ Household wastes (as previously defined)
e Sewage sludge
e Municipal solid waste incinerator ash
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e Agricultural wastes
¢ Overburden resulting from mining operations
¢ Nuclear wastes

The federal criteria contained in this part are minimal and encompass seven general areas.
The requirements of each of these areas is described here.

Floodplains. Facilities or practices in floodplains must not restrict the flow of the base
flood, reduce the temporary water storage capacity of the floodplain, or result in the washout
of solid waste that could pose a hazard to human life, wildlife, or land or water resources.

Endangered Species. Facilities or practices must not cause or contribute to the taking of any
endangered or threatened species or result in the destruction or adverse modification of the
critical habitat of endangered or threatened species.

Surface Water. Facilities or practices must not cause a point-source or non-point-source dis-
charge of pollutants into waters of the United States in violation of the Clean Water Act. Also,
facilities are not allowed to cause a discharge of dredged materials or fill materials into waters
in violation of the CWA.

Groundwater. A facility or practice is prohibited from contaminating an underground
drinking water source beyond the solid waste boundary or an alternative boundary estab-
lished in court. An alternative boundary can be established only if the change would not result
in contamination of groundwater that may be needed or used for human consumption.

Disease Vectors. The facility or practice shall not exist or occur unless the on-site propaga-
tion of disease vectors is minimized through the periodic application of cover material or
other techniques as appropriate to protect public health. Specific areas of concern are the
land application of sewage sludge and septic tank sludge.

Air. Facilities are prohibited from engaging in the open burning of solid waste. The
requirement does not apply to the infrequent burning of agricultural wastes, silvicultural
wastes from forest management practices, land clearing debris, diseased trees, debris from
emergency cleanup operations, and ordnance. Also, a facility is not permitted to violate any
applicable requirements of a State Implementation Plan (SIP) developed under the Clean
Air Act.

Safety. The areas covered by the safety requirements include the control of explosive gases,
prevention of fires, control of bird hazards, and control of public access. Facilities are required
to control the concentration of explosive gases generated by the operation so that they do not
exceed 25 percent of the lower explosive limit (LEL) for the gas in facility structures and LEL
at the property boundary. Fires are to be controlled so that they do not pose a hazard to the
safety of persons or property.

Facilities disposing of putrescible wastes that may attract birds and are located within
10,000 ft of an airport used by turbojet aircraft or 5000 ft of an airport used by piston-type air-
craft must be operated in a manner so as not to pose a bird hazard to aircraft. Finally, the facil-
ity must not allow uncontrolled public access, which would expose the public to potential
health and safety hazards at the disposal site.

Facilities or practices that fail to meet the requirements established in Part 257 are consid-
ered to be open dumps under RCRA. States are responsible for developing and enforcing
programs within their jurisdiction to ensure that all applicable facilities are complying with
the criteria. Operations not in compliance can be sued under the citizen suit provisions of
RCRA.
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40 CFR Part 258 Regulations

On October 9, 1991, EPA promulgated its long-awaited regulations for municipal solid waste
landfills (MSWLFs). These regulations are contained in 40 CFR Part 258. Both existing and
new MSWLFs were affected by the rules that became effective on October 9,1993. Subtitle D
set forth performance-based minimum criteria in the following six areas:

¢ Location restrictions

e Operations

¢ Design

¢ Groundwater monitoring and corrective action
¢ Closure and postclosure care

e Financial assurance

Each of these criteria is summarized in detail in the following sections.

Structure of Rule. The structure of Subtitle D allows for the requirements to be self-
implementing or for states to receive approval from EPA to implement and enforce its provi-
sions. In those states that do not receive or seek approval, the owner or operator is responsible
for ensuring that the facility is in compliance with all provisions of the rule. Owners and oper-
ators must document compliance and make this documentation available to the state on
request. Enforcement of the Subtitle D criteria in unapproved states can occur through the
citizen suit provisions of RCRA, or, if EPA finds the state program wholly inadequate, the
agency itself may provide enforcement.

To encourage states to adopt Subtitle D of Part 258, EPA added greater flexibility for
approved states to specify alternative requirements and schedules. These flexibilities are dis-
cussed in further detail in later sections as they occur in context of the rule.

Applicability. The revised Subtitle D criteria apply to any landfill that accepts household
waste (as previously defined), including those that receive sewage sludge or municipal waste
combustion ash. The criteria in Part 258 do not affect landfills that accept only industrial and
special waste and construction and demolition waste.

The requirements vary, depending on the landfill’s closure date, according to the following
breakdown:

¢ The rule does not apply to any MSWLF that ceased receipt of waste prior to October 9,1991.

e Only the final cover requirements apply to any MSWLF that ceases receipt of waste after
October 9, 1991, but before October 9, 1993.

e The entire Subtitle D requirements apply to any MSWLF that receives waste on or after
October 9, 1993.

In addition, a small landfill exemption is available in two cases for owners and operators of
landfills disposing of less than 20 ton/d and where there is no evidence of existing groundwa-
ter contamination. These exemptions are as follows:

Alaska provision. Landfills located in areas where there is an annual interruption of at least
three consecutive months of surface transportation that prevents access to a regional facility.

Arid provision. Landfills located in areas that annually receive less than 25 in of precipi-
tation and where no practicable waste management alternative exists. In addition, a land-
fill must dispose of less than 20 tons of solid waste that is actually buried, based on an
annual average.

MSWLFs meeting the preceding requirements can be exempted from the design and cor-
rective action requirements contained in these criteria. However, if an owner or operator has
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been exempted and receives knowledge of groundwater contamination, the exemption no
longer applies and the landfill must comply with the design and corrective action requirements.

Location Restrictions. The criteria establish restrictions or bans on locating and operating
new and existing MSWLFs in six unsuitable areas. Restrictions regarding airports and flood-
plains existed in the Part 257 criteria, while the remainder are new to Part 258. The restricted
areas in the final rule include:

e Airports. New, existing, and lateral expansions to existing MSWLFs that are located
within 10,000 ft of an airport runway end used by turbojet aircraft or within 5000 ft of a run-
way end used by piston-type aircraft must demonstrate that they are designed and operated
so as not to pose a bird hazard to aircraft. Also, new MSWLFs and lateral expansions at
existing MSWLFs within a 5-mi radius of any airport runway end must notify the affected
airport and the Federal Aviation Administration (FAA).

e Floodplains. New, existing, and lateral expansions at MSWLFs located in the 100-year
floodplain must demonstrate that they will not restrict the flow of the 100-year flood,
reduce the temporary water storage capacity of the floodplain, or result in washout of solid
waste so as to pose a hazard to human health and the environment.

e Wetlands. New and lateral expansions of MSWLFs into wetlands are prohibited in unap-
proved states. However, an approved state may allow siting of a landfill, provided it can be
demonstrated that a practicable alternative is not available; construction and operation will
not violate any other local, state, or federal law or cause or contribute to significant degra-
dation of the wetland; and steps have been taken to achieve no net loss of wetlands. Other
concerns are that a landfill must not cause or contribute to violations of any applicable state
water quality standard; violate any applicable toxic effluent standard or prohibition under
Sec. 307 of the Clean Water Act; jeopardize the continued existence of endangered or
threatened species or result in the destruction or adverse modification of a critical habitat
protected under the Endangered Species Act of 1973; or violate any requirement under the
Marine Protection Research and Sanctuaries Act of 1972 for the protection of a marine
sanctuary. The MSWLF must address the erosion, stability and migration potential of native
wetland soils, moods, and deposits used to support the MSWLF unit; erosion stability and
migration of potential of dredge fill materials used to support the MSWLF unit; the volume
and chemical nature of the waste managed in the MSWLF unit; impacts on fish, wildlife,
and other aquatic resources and their habitat from release of the solid waste; the potential
effects of catastrophic release of waste to the wetland and the resulting impacts on the envi-
ronment; and any additional factors as necessary to demonstrate that ecological resources
in the wetland are protected sufficiently.

e Faultareas. New and lateral expansions to MSWLFs are prohibited within 200 ft of a fault
that has had displacement in Holocene time (i.e., last 9000 years). Approved states may
allow an alternative setback of less than 200 ft if it can be demonstrated that the structural
integrity of the MSWLF will not be damaged and it will be protective of human health and
the environment.

o Seismic impact zones. New and lateral expansions of MSWLFs are prohibited in seismic
impact zones, unless it can be demonstrated to an approved state or tribe that all contain-
ment structures, including liners, leachate collection systems, and surface water control sys-
tems, are designed to resist the maximum horizontal acceleration in lithified earth material
for the site.

e Unstable areas. New, existing, and lateral expansions of MSWLFs located in unstable
areas are required to demonstrate engineering measures that have been incorporated into
the MSWLF design that ensure that the integrity of the structural components will not be
disrupted. Unstable areas can include poor foundation conditions, areas susceptible to mass
movements, and karst terranes. Unstable area, structural components, poor foundation con-
ditions, areas susceptible to mass movement, and karst terranes are all defined.
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Closure of Existing Municipal Solid Waste Landfill Units. Existing MSWLFs that cannot
make the demonstration pertaining to airports, floodplains, or unstable areas are required to
close (according to the closure provisions) within 3 years of the effective date (i.e., October 9,
1996). This deadline can be extended up to 2 years in approved states if the facility can
demonstrate that there is no alternative disposal capacity and no immediate threat to human
health and the environment. Owners and operators of MSWLFs should be aware that a state
in which their landfill is located or is to be located may have adopted a state wellhead protec-
tion program in accordance with Sec. 1428 of the Safe Drinking Water Act. Such state well-
head protection programs may impose requirements on owners or operators of MSWLFs in
addition to those set forth in 40 CFR Chap. 1.

Operating Criteria. The revised Subtitle D criteria imposed 10 operating requirements on
MSWLFs. Of the 10, five were carryovers from the Part 257 criteria. The operating criteria are
as follows:

1. Procedures for excluding the receipt of hazardous waste. Landfill owners and operators
are required to implement a program for detecting and preventing the disposal of regu-
lated hazardous wastes and PCBs at their facilities. The program must include random
inspections of incoming loads, maintaining records of inspections, training facility person-
nel to recognize regulated hazardous wastes and PCB wastes, and notification procedures
to the regulatory authority if such wastes are discovered.

2. Cover material requirements. MSWLFs must be covered with 6 in of earthen material at
the end of each operating day, or more frequently, to control disease vectors, fires, odor,
blowing litter, and scavenging. States with approved programs may allow alternative
materials that meet or exceed the performance standard and may grant temporary
waivers from the requirements when extreme seasonal climatic conditions make the
requirements impractical.

3. Disease vector control. Landfills are required to prevent or control on-site populations
of disease vectors using techniques appropriate for the protection of human health and
the environment.

4. Explosive gas control. Landfill owners and operators must ensure through a routine
methane monitoring program that the concentration of methane gas generated by the
facility does not exceed 25 percent of the lower explosive limit in facility structures and
does not exceed the lower explosive limit at the property boundary. If the landfill exceeds
these limits, a remediation program must be implemented immediately.

5. Air criteria. Landfills are required to meet applicable requirements developed under a
State Implementation Plan pursuant to Sec. 110 of the Clean Air Act. Also, open burning
of solid waste is prohibited except for the infrequent burning of agricultural wastes, silvi-
cultural wastes, land-clearing debris, diseased trees, and debris from emergency cleanup
operations.

6. Access requirements. Owners and operators of MSWLFs must control public access and
prevent unauthorized traffic and illegal dumping of wastes through the use of artificial
barriers, natural barriers, or both.

7. Runoff/run-on controls. MSWLFs must design, construct and maintain a run-on and
runoff control system on the active portion of the landfill capable of handling the peak
discharge from a 24-hour, 25-year storm event.

8. Surface water requirements. MSWLFs must not cause a discharge of pollutants into
waters, including wetlands, violating any requirements of the Clean Water Act, includ-
ing the National Pollutant Discharge Elimination System (NPDES), or cause a non-
point source of pollution to waters that violates any requirement of an areawide or
statewide water quality management plan approved under Secs. 208 or 319 of the Clean
Water Act.
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9. Liquid restrictions. MSWLFs are prohibited from accepting bulk and noncontainerized
liquid wastes unless the waste is a household waste other than septic water waste.
Leachate and gas condensate derived from a MSWLF unit can be recirculated back into
that unit as long as the unit is designed with a composite liner.

10. Record keeping requirements. Owners and operators are required to record and retain
any location restriction demonstrations; inspection records, training procedures, and noti-
fication procedures; gas monitoring results; design documentation for gas condensate and
leachate recirculation; monitoring, testing, and analytical data; and closure and postclo-
sure care plans. They are also required to keep any cost estimates and financial assurance
documentation required by Subpart G and any information used to demonstrate compli-
ance with small community exemptions as required by Part 258.1(f)(2).

Design Criteria. The design criteria establish a specific engineering design for those states
that are not approved and an alternative design standard based on performance that approved
states can allow. The Part 258 design criteria are as follows:

e Unapproved states. A composite liner with a leachate collection system that is capable of
maintaining less than 30-cm (12-in) depth of leachate over the liner must be installed. The
composite liner system must consist of two components: an upper component composed of
a flexible membrane liner (FML) at least 30 mil thick and a lower component composed of
at least 2 ft of compacted soil with a hydraulic conductivity of no more than 1 x 107 cm/s. If
the FML component consists of high-density polyethylene (HDPE), its thickness must be
at least 60 mil. Alternative designs meeting the performance standard below are allowed in
unapproved states but require that a demonstration be made to the unapproved state and
that the state review and petition EPA for concurrence.

e Approved states. A design that ensures the concentration of 24 organic and inorganic
constituents in the uppermost aquifer at the point of compliance does not exceed maxi-
mum contaminant levels (MCLs). The point of compliance can range from the waste man-
agement unit boundary to 150 m from the boundary, depending on local hydrogeologic
conditions.

These new design standards apply to new MSWLFs and to new units and lateral expansions
to existing MSWLFs. Existing units are not required to be retrofitted with liners and leachate
collection systems.

Groundwater Monitoring and Corrective Action. The groundwater monitoring program
requirements apply to all MSWLF units unless the owner or operator can demonstrate that
no potential for migration of hazardous constituents from the unit to the uppermost aquifer
exists during the active life of the unit and the postclosure care period.

As with the design criteria, the compliance schedule for the groundwater monitoring pro-
visions of the rule are or can be different, depending on whether the state has an approved
program. The following compliance schedule applies to existing units and lateral expansions
in unapproved states:

e Units less than 1 mi from a drinking water intake (surface or subsurface)—October 9, 1994
e Units greater than 1 mi but less than 2 mi from a drinking water intake—October 9, 1995.
¢ Units greater than 2 mi from a drinking water intake—October 9, 1996

New MSWLF units are required to be in compliance before waste can be placed in the
unit.

States with approved programs can adopt an alternative schedule. This schedule must
ensure that 50 percent of all existing MSWLF units and lateral expansions are in compliance
by October 9,1994, and all units are in compliance by October 9, 1996.
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CHAPTER TWO

The groundwater monitoring program for an MSWLF consists of four steps:

Groundwater Monitoring System. The first step is the establishment of a groundwater
monitoring system. The regulations require that a system be installed that has a sufficient
number of wells, installed at appropriate locations and depths, to yield groundwater samples
from the uppermost aquifer. The system must include wells that represent the quality of back-
ground groundwater that has not been affected by leakage from the unit, as well as ground-
water that has passed under and is downgradient of the unit.

Detection Monitoring Program. The second step is the establishment of a detection mon-
itoring program. The monitoring program consists of semiannual monitoring of wells for both
water quality and head levels during the active life of the facility through the postclosure care
period. The minimum detection monitoring program includes the monitoring of 15 heavy
metals and 47 volatile organics (Table 2.1). A minimum of four independent samples from
each well must be collected and analyzed during the first semiannual sampling event. During
subsequent sampling events, at least one sample from each well must be collected and ana-
lyzed for the preceding parameters.

Approved states are permitted to establish an alternative list of i