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Abstract

This study identifies national non-hazardous solid waste trends
and key Army issues and concerns. It emphasizes ways to promote
integrated management, including appropriate data as well as plan-
ning and management tools. Integrated management is defined as a
coordinated effort to implement the U. S. Environmental Protection
Agency’s pollution prevention hierarchy, which focuses on approaches
to: reduce waste at the source, recycle, and develop innovative waste
disposal programs. The study focuses on four areas of Army concern:
improving methods for waste characterization and data collection,
organization and management to facilitate integrated solid waste
management (SWM), incentives for improving SWM, and better
training and communication. It discusses ways to combine an Army-
wide framework for planning with program guidance and tools for
installation planning.

The analysis indicates that the Army should initiate universal
SWM planning based on common definitions and data elements, with
particular focus on integrated management and innovative approaches.
It defines a spectrum of options, from highly decentralized programs
to more uniform policy and programs with central control and
guidance. Options are evaluated in terms of four criteria: improving
the Army’s knowledge and understanding of solid waste, consistency
with the pollution prevention hierarchy, cost-effectiveness, and dem-
onstrating leadership. Finally, for each alternative presented, the
study outlines associated implementation issues and needs that would
have to be addressed as follow-on activities.
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1. Introduction

This report offers a framework for improving Army solid
waste management (SWM). Based on an overview of the current state
of Army SWM, it 1dentifies many problems, issues and concemns.
Given these issues and concerns, and the level of available informa-
tion, the paper defines a variety of approaches Army decision-makers
might select to establish a firm foundation for a coherent Army-wide
policy, and also to provide a framework for further policy develop-
ment as appropriate.

1.1  Approach

This report was written for the policy-makers at the Headquar-
ters, Department of the Army (HQDA) level, and also for policy-
makers at installations. Chapter 1 provides a brief overview of the
organization and objectives of this paper. The remainder of the paper
is organized as follows:

Chapter 2, National Context, briefly summarizes the issues,
problems and trends most important in SWM today. It describes an
overall context for the paper. Inlarge part, the Army is facing the same
issues as the nation.

Chapter 3, Army Context, draws parallels to the national
context. Broad SWM issues and concerns facing Army installations
are assessed. In Chapter 4, these assessments are discussed in light of
available management and technical tools. This assessment also
provides the basis for the policy framework and alternatives found in
Chapter 5.

Chapter 4, SWM Tools, explains the various tools Army solid
waste managers might employ to design an integrated program.
Though it includes a broad range of information of potential interest
to HQDA and installation decisions, the key policy element is the first
section on SWM plans. This chapter presents:

*  Decision making, waste prevention, waste handling, and

implementation tools (i.e., approaches, techniques, and
technologies) available to design an integrated SWM plan



e A comprehensive picture to encourage holistic thinking
about SWM, and to provide a resource for decision-makers
to target selected topics of special interest

¢ Afoundation for the policy alternatives presented in Chap-
ter 5.

Chapter 5, Frameworks For Policy, lays out HQDA options to
address the issues and concerns, and achieve the objectives, outlined
earlier. It gives a broad range of policy alternatives that HQDA should
consider to improve Army SWM. These alternatives take into
account the diversity among installations and the probable need to
take a phased approach to improving solid waste methodologies and
programs.

Chapter 6, Implementation, tries to answer the question “what
next?” by outlining some of the principle decisions, information, and
guidance needed to implement each of the alternatives presented in
Chapter 5.

Chapter 7, Conclusion, recaps the study by reviewing and
discussing the major issues, concerns, and proposed solutions.

The discussion of Army SWM tries to integrate two levels of
analysis, the general (Army-wide) and the specific (installation). The
Army context presents an overview of Army practices and concerns,
focusing primarily on Forces Command (FORSCOM), Training and
Doctrine Command (TRADOC) and Army Materiel Command
(AMC). This Army overview identifies issues and concerns that need
to be addressed at the installation-level, based on guidance from
Major Commands (MACOMs) and HQDA. The study finds that the
Army’s current methodology produces data that are unreliable for
integrated planning and management. In both the national and Army
SWM contexts, definitions for solid waste vary significantly across
units, characterization of waste streams is often inadequate, regional
and seasonal variations can be very significant, and system-wide data
are inevitably flawed insofar as they eliminate these important differ-
ences.

The alternatives presented in Chapter 5 are for an Army-wide
approach to SWM. They are based on general principles applicable to
avariety of Army facilities. Army policy specifying detailed program
elements to address installation-level problems would not be pru-
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dent—at least not without more reliable baseline data than is currently
available. Therefore, only general alternatives are presented as the
first step. Installation-level problems are addressed by this Army-
wide policy approach by encouraging installations to perform the
kind of data collection, planning, and management that they need to
successfully address their SWM problems. This approach does not
preclude adding specific policies as appropriate. Finally, the study
identifies several broad issues that installations cannot resolve by
themselves, 1ssues that must be addressed by HQDA, the Department
of Defense (DoD), or Congress. The alternatives and implementation
discussions take these issues into account and suggest approaches for
addressing them as well.

1.2 Objectives for Army SWM

To develop an Army SWM policy, objectives for identifying
areas for concern and emphasis, and for assessing the broad param-
eters of a SWM program are needed. Four key objectives essential to
SWM are knowledge and understanding, pollution prevention, cost
effectiveness, and leadership.

Knowledge and understanding of SWM has a data component
and an education/training component. This objective involves devel-
oping a reliable database for ongoing SWM planning, management,
and evaluation. It also encompasses training and education on solid
waste issues for individuals whose actions affect the overall success
of Army SWM objectives. In raising awareness and understanding of
SWM, the Army should foster a sense of responsibility toward the
environment, and enable personnel to fulfill that responsibility.

Pollution prevention involves implementing the Environ-
mental Protection Agency’s (EPA) pollution prevention hierarchy to
minimize waste at every level. It is a holistic objective that empha-
sizes anticipating and preventing environmental problems. Pollution
prevention involves integrated planning, taking into careful account
the waste stream and other regional conditions, and then using
appropriate management incentives and technologies to reduce and
recycle wastes to the greatest extent possible.

Cost effectiveness is achieved when program goals are at-
tained at minimum cost over the lifecycle. Cost effectiveness ensures
that Army resources are managed efficiently and that solid waste
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programs are managed to maximize long-term net benefits to the
Army and the nation. In managing solid waste, the Army should
minimize environmental costs and liability costs for non-compliance
and remediation, as well as monetary and personnel costs of SWM.

Leadership has both internal and external aspects. Internal
leadership is concerned with Army decision-makers’ role in SWM, in
setting clear policies, and in influencing and encouraging Army
employees. Externally, the concem lies with the Army’s role in SWM
vis-a-vis other governmental and private entities. Army officials
demonstrate leadership internally when they articulate clear, feasible,
proactive goals for environmental stewardship in SWM and help to
achieve those goals. Leadership requires a clear, persuasive articula-
tion of Army policies and programs to external audiences as well. The
Army exercises organizational leadership when it takes the initiative
in developing and implementing innovative approaches in SWM
locally and regionally. These approaches should address current
problems and enhance the Army’s ability to meet dynamic changes in
SWM resources, market conditions, technologies, and restrictions, as
well as changes in Army needs. Such initiatives should positively
influence other governmental and private entities, and public percep-
tion.



2. National Context

The United States is one of the top waste producing nations in
the world. Waste generation, both per capita and total, in the United
States has increased annually for more than three decades (EPA,
1990). Several issues contribute to this continuing increase in waste.
U. S. citizens enjoy one of the highest standards of living in the world.
The consumer market is highly developed providing consumers with
an infinite choice of products. Additionally, products in the United
States are often convenience oriented and heavily packaged (e.g.
single serving food items). Also contributing to the waste generation
are increased labor costs. Because making new parts has become
cheaper than maintenance and repair, disposable products have be-
come more popular.

Increasing costs have not curbed municipal solid waste (MSW)
generation because disposal costs are often subsidized by taxes. In
addition, most individuals can increase their waste disposal volume at
no additional cost. Industries often manage or pay directly for their
own waste removal, but even industry costs do not reflect full costs to
the environment from processing, transportation, disposal, and long-
term environmental consequences.

In addition to transportation, collection and disposal costs,
true waste management costs include closure, liability, any environ-
mental damages, human health effects, landfill depletion, and oppor-
tunity costs of the land used for waste management, as well as
operation and capital costs for waste management. Another cost
involves resource depletion. External costs include noise, traffic,
odor, and property damage. As Figure 2-1 shows, most MSW is
disposed of in landfills. U. S. solid waste generation is high, and relies
primarily on disposal (rather than prevention) in part, because waste
generators are not forced to pay the full costs. Without full cost
information, municipalities, businesses and industries have no basis
to evaluate the net benefit of waste management alternatives. Because
some of these costs (e.g., noise) are borne by others, there 1s often little
incentive to consider them, and solid waste managers may undervalue
alternatives such as innovative source reduction and recycling incen-
tives.
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Figure 2-1  U. S. Municipal Solid Waste Handling

B Londrill 1305 miliion tons

148 (727%)

B3 incineration, 255 million
tons (14 28)

M Recovery, 23 5 million tons
(13 1%)

The number of landfills is decreasing even as the amount of
waste increases. The number of landfills, however, is not necessarily
arelevant measure of how much landfill time/space the United States
actually has. Total capacity is the more relevant measure. Unfortu-
nately, data on national landfill capacity is lacking. In general, most
of the landfills that have closed or are closing are small and have fewer
design safeguards. While fewer new landfills are being built, the new
ones are much larger in terms of capacity. Most of the nation is not
yet faced with a landfill crisis. Some areas, however, are experiencing
a lack of capacity. Capacity problems result from negative public
reactions to having such facilities located nearby (the “not in my
backyard” or NIMBY syndrome), geologic inappropriateness of
some sites for housing such facilities safely, and difficulty of finding
large tracts of reasonably-priced land that are acceptable sites to the
local population.

Land shortage is not the primary reason that the number of
landfills is decreasing. Siting new facilities has become difficult in
part because the public has become more concerned about risks or
disadvantages that solid waste facilities may present. Scientific evi-
dence has shown that public concerns are often exaggerated. Solid
waste often receives a higher priority than its level of risk alone
justifies. Public mistrust, however, involves an awareness of the
inherent uncertainties of scientific evidence, including the possibility
of human error and fear of unforeseen effects. In addition, given a
choice, people oppose having a waste facility nearby. The public is
often unwilling to accept external costs associated with odor, visual
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impacts, increased traffic, noise and air pollution from collection
vehicles, and perceived declines in property values.

2.1  Legal and Regulatory Framework

Solid waste has become a popular topic among the public and
regulators. Solid waste is receiving a tremendous amount of public
scrutiny and many regulators are responding by making solid waste
issues a priority on their agendas.

There have been increased efforts at the federal level to pass
regulations on all aspects of SWM. The Resource Conservation and
Recovery Act (RCRA) 1s the primary federal statute on solid waste.
It is in the process of being reauthorized and draft bills are recom-
mending more stringent requirements. Issues RCRA may address
include interstate disposal, state SWM plans, recycling goals and
developing recycling markets, and regulating non-hazardous indus-
trial waste, as well as MSW.

RCRA gave the states the primary responsibility for handling
solid waste and they have lead the way in developing solid waste
requirements within a general federal framework. This exemplifies
the fact that any solid waste option must be evaluated within the local
milieu. No single program will work everywhere. State, regional and
local regulations play a large role in determining what a SWM
program will look like in any given area.

Other noteworthy federal actions include Executive Order
12780, signed in October 1991, and the pending Federal Facilities
Compliance Act (FFCA). The Executive Order requires federal
agencies to establish a program of reduction and recycling to coverall
operations. It also includes stipulations for procuring items that
contain recycled materials to the extent practicable. The FFCA, if
passed, will expressly waive federal sovereign immunity under RCRA
and require annual inspections of federal facilities. The Act is
expected to pass in 1992.

2.2  Municipal and Non-Municipal SWM Differences

Municipal solid waste is defined as durable and non-durable
goods, containers and packaging, food and yard wastes, and miscel-
laneous organic wastes from residential, commercial, institutional,
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and industrial sources (EPA, 1990). Non-municipal waste includes
all other non-hazardous waste, such as oil and gas, mining, utility,
medical, small quantity, generator, and agricultural wastes, as well as,
sludge, combustion ash, and construction and demolition debris.
(EPA, 1988).

The information presented in this chapter generally applies to
both MSW and non-municipal solid waste. There are, however, a few
differences that need to be noted. First, non-municipal solid waste
makes up approximately 98 percent of all solid waste (EPA, 1990).
Second, even though it constitutes the majority of all waste, less is
known about the character of non-municipal waste streams and these
wastes are less regulated than MSW. Little is known about the design,
operation, location and environmental or health impacts of non-
municipal waste disposal facilities.

Some non-municipal waste finds its way into municipal
landfills and incinerators. There are also landfills and incinerators
specifically for non-municipal wastes. In addition to these disposal
options, non-municipal solid waste is often disposed in surface
impoundments, land application units and waste piles, many of which
are located on or near industrial facilities (EPA, 1988). Many
generators also send wastes to permitted incinerators as a cautionary
measure. Aerobic and anaerobic decomposition is used for some
agricultural and food processing waste, some of which has beneficial
uses but much of which goes to surface impoundments. Dry waste is
usually transferred to landfills, piles, or land application units. Many
industrial processes generate wastewater and sludges which can be
transferred via water to surface impoundments for disposal. Surface
impoundments can then be periodically drained, excavated, and the
solids gathered for disposal. Other wet wastes can be de-watered and
then disposed by one of the dry methods.

Many industries use on-site recycling or recovery of the waste
stream for reuse in their industrial processes, as fuel for industrial
processes, or for transfer to other industrial establishments. Again,
however, little is known about how much or what types of reuse or
recycling is actually occurring. Most waste recovered on-site is
probably not included in the waste numbers reported.
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23 Infectious Waste

Infectious waste, which constitutes a very small portion of the
waste stream, has been the topic of much recent debate. Infectious or
pathological waste is defined as medical wastes which have the ability
to transmit disease-producing microorganisms. This includes blood,
cultures, surgery and autopsy wastes, laboratory animal wastes,
dialysis wastes, wastes from patients with highly communicable
diseases, all used sharp instruments and equipment, and supplies
which have contacted infectious agents (EPA, 1988).

These wastes do not currently fit into any of the traditional
waste categories. They are not classified as hazardous, but are
perceived to be more dangerous than non-hazardous solid waste.
States have the lead in regulating these wastes, and the regulations
vary widely. Twelve states require permits for treatment, transport
and disposal; 31 have packaging and labelling requirements; and six
have no requirements. Approximately 72 percent of the states
recommend incinerating infectious wastes and 53 percent recom-
mend autoclaving the wastes (Darcey, 1988).

24  Integrated SWM

Effective SWM requires an integrated approach which exam-
ines SWM as a total process. This means combining various waste
management *‘tools” into an overall design. This report supports the
EPA waste management hierarchy which establishes waste reduction
and reuse as the first priority; followed by recycling; then safe
treatment and disposal through incineration and landfilling. Effective
SWM requires integrated planning to ensure maximum efficiency as
well as environmental and economic viability.

No single approach, or combination of waste management
tools, will adequately address national solid waste needs. Trade-offs
among approaches are often neither obvious nor easy. Implementing
any tool will have an impact on the applicability or usefulness of other
tools. For example, including a waste-to—energy plant (one tool) in
a solid waste program can affect source reduction and recycling plans
(two more tools). Waste—to—energy facilities require certain levels of
input each day to maintain their economic viability. Guaranteeing a
certain amount of trash might be in direct conflict with reduction
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efforts. Recycling efforts can pull the high Btu items from a waste
stream before they get to the incinerator, reducing the amount of
energy the facility can produce. With careful planning, some pro-
grams have eliminated this conflict. There are examples, such as
Madison, Wisconsin, where incineration works in conjunction with
an aggressive recycling program.

Each management tool affects the environment in terms of the
energy used, pollution generated, and raw materials consumed. An
integrated approach should consider each of these steps: harvesting
and processing raw materials; original processing or manufacturing;
collection for reprocessing; reprocessing or remanufacture; disposal;
and very importantly, transporting the product or material between
these various stages of its lifecycle, from “cradle to grave.” If all these
factors could be considered for a product, then its total environmental
impact, and not just its toxicity or volume in the waste stream, could
be evaluated and compared to other options.

Establishing an appropriate balance between various waste
management tools will require designing different programs for
different areas. A key to creating an effective integrated SWM
program is to evaluate the options within local constraints. Every
aspect of waste generation, waste handling, and waste disposal can
vary significantly among states, regions and communities. Differ-
ences can be attributed to regulations, prices, geography, and culture,
among other factors. Even within a particular locale, solid waste can
be a changeable creature. Seasonal variations as well as growth or
decline within an area can play a significant role in developing
management approaches or programs.

2.5 Source Reduction

According to the EPA hierarchys, the first objective for SWM
should be waste prevention and reduction. Prevention focuses on
reducing toxicity as well as volume. Prevention and reduction
programs can significantly reduce natural resource consumption,
direct and indirect treatment and disposal costs, and risks. Reducing
the total amount and toxicity of waste generated will require changes
not only in design and pricing, but in values and behaviors which will
be challenging to both producers and consumers.
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In this document, using EPA definitions, reuse is considered
part of a reduction strategy. Reuse means taking components of the
waste stream and, with slight modification such as cleaning or repairs,
using it again for its original purpose; refillable beverage bottles are
an example.

2.6 Recycling/Composting

The second objective for waste management is maximizing
materials recovery. Recycling helps to ensure the maximum use of a
resource by taking a used, discardable item and processing it to
produce more of the original item, or another item. For example,
aluminum beverage cans are crushed and remelted, then turned into
sheet aluminum which can then be used to make more beverage cans,
or airplanes, or any number of products. Compared to using virgin
materials, recycling reduces natural resource consumption and, for
some products, may reduce energy use and pollution rates.

This paper includes composting as a form of recycling.
Composting is a process that allows microorganisms to decompose
waste into a soil-like product. Composting reduces the volume of
waste to be disposed in landfills and incinerators. The compost can
also be marketed to a vanety of users including landscapers and
gardeners.

2.7 Disposal

The third objective for waste management is to safely and
cost—effectively dispose of waste that cannot be recycled or reused.
Although there are other non-municipal solid waste disposal methods
(see Section 2.2), incineration and landfilling are the primary munici-
pal waste methods. Incinerating MSW may be a feasible way to
reduce volume. Incineration in conjunction with heat recovery can
reduce natural resource consumption. There are, however, concerns
and considerable controversy associated with incineration, particu-
larly the safe handling and disposal of incinerator ash, and air quality
issues.

Finally, landfilling solid waste, both municipal and non-
municipal, is still necessary even if maximum waste minimization
and recycling goals are achieved, and waste is incinerated. For some
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wastes, landfilling is the most appropriate disposal option. There are
many kinds of landfills, some owned and operated for industrial
wastes and some owned and operated for municipal wastes. While
landfills are used for most MSW, technical requirements for siting,
operating, and closing them have grown increasingly stringent. Since
1978, 70 percent of landfills have closed, with one-third to one-half
of the remaining 6,000 estimated to close within five years; between
1985 and 1990 there was a 50 percent decrease in the number of new
landfills compared to the previous five years (OTA, 1989). Other
kinds of land-based disposal methods (surface impoundments, piles)
are widely used for non-municipal solid waste.

2.8 SWM Trends and Forecasts

Public interest, knowledge and concern about solid waste
have increased rapidly in recent years. The philosophy of SWM, as
well asenvironmental issues in general, is changing across the county.
These changes are beginning to be reflected within the regulatory
communities. Federal, state, and local regulators have increased their
attention to solid waste issues. Section 2.1 discusses some of the most
pertinent regulatory activities.

Solid waste regulations are increasing in number and strin-
gency. Combined with increasing public opposition, this is causing
costs for all facets of SWM to rise dramatically. The idea of full cost
accounting is also being widely discussed to better incorporate
environmental considerations in planning. Industry is paying more
attention to SWM. Reducing the volume or toxicity of waste streams
can produce savings in materials recovery and in disposal costs for
industry. Further, industry is finding that solid waste reduction
strategies can be effective for marketing consumer products.

Experiments are being conducted at the local and regional
level. This includes efforts to try various facility mixes as well as
experimenting with collection, transportation, and disposal methods.
The assignment of responsibilities for various aspects of SWM, ways
of developing various markets, and ways to present public education
programs are also being addressed. The number and variety of
recycling programs has been expanding rapidly, with attempts to seek
new markets for recycled and recyclable materials.
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The technology for SWM is cha