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ABSTRACT
Hagen, Scott R., M.S., November 1999

Geography

Solid Waste Management Case Study: Browning-Ferris Industries Landfill
Missoula, Montana
Director: Jeffery A. Gritzner
Solid-waste managers and community officials are now faced with tougher federal and
state regulations concerning the proper disposal of municipal solid waste (MSW). Many
existing open dumps are to be closed and replaced with carefully designed and
constructed sanitary landfills. These new facilities integrate layers of compacted soil,
flexible membrane liners, leachate and methane collection systems, and perimeter
ground-water monitoring wells. Purportedly this design greatly reduces the overall
magnitude and extent of potential pollutant contamination resulting from the disposal of
MSW. It is believed that this new approach to MSW disposal should have a positive
effect on the health, safety and welfare of the public, particularly those living in close
proximity to a disposal facility.
In 1992, Browning-Ferris Industries (BFI) began excavating three new waste disposal
cells on the 141 acre site of the existing Missoula landfill, originally opened in 1968.
These new disposal cells, and any successive disposal cells, are constructed in accordance
with the requirements of the Resource Conservation and Recovery Act (RCRA) enacted
in 1976 by Public Law (PL) 94—580. Concurrently, BFI began closing and capping the
existing unlined portion of the landfill.
The new cells are lined with large sheets of high density polyethylene (HDPE) .060
thick, installed over a minimum two-foot base layer of compacted soil. This material is
heat sealed together on-site forming a barrier to the passage of leachate. Ground water is
regularly monitored around the perimeter of the facility and landfill gas is collected from
the historic section of the landfill and burned off in a flaring device. Because the
protection of the sole-source aquifer is a top priority for local environmental health
officials, these precautions, though expensive, seem reasonable and prudent.
Some experts now believe, however, that this new method of disposal may actually
postpone and protract the release of contaminants into surrounding soils and ground
water supplies. There seems to be some evidence that the synthetic liners do not last
indefinitely and possibly fail to provide a complete seal from the moment of installation.
Additionally, after the cells are filled and capped with an eighteen-inch layer of lowpermeability soil topped with another six-inch erosion layer, very little external moisture
is available for the fermentation and degradation of the waste materials inside the sealed
envelope. Without the natural deterioration of the wastes and the removal of the resulting
leachate from the landfill, ground-water and soil pollution and their associated costs could
be transferred to future generations.

x

INTRODUCTION
1.1—Overview
During the latter part of the twentieth century, the United States enjoyed
unprecedented population growth and economic expansion, with a commensurate
increase in the production, consumption, and disposal of consumer products. In
particular, greater emphasis upon packaging technologies have contributed heavily to the
volume of municipal solid waste (MSW) which must be recycled, incinerated, or buried
in sanitary landfills. Discarded packaging materials account for roughly thirty-percent of
the post-recycled waste stream, (see figure 1) which is then either burned in waste-toenergy facilities (a small percentage), or placed in landfills.
PRODUCTS DISCARDED IN MSW. 1995
(after recycling)
Containers &
Packaging
Nondurables
Durables
Yard Waste
Food Waste
Other

29.7%
28.7%
17.1%
13.7%
8.9%
2.1%

45.1 mil tons
43.5 mil tons
25.9 mil tons
28.7 mil tons
13.4 mil tons
3.1 mil tons

Total Discards: 151.9 mil tons
Source: Characterization of MSW in the US:
1996 Update, US EPA, Washington, DC

Figure 1. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

Over 200 million tons of trash, or an average of 4.4 pounds per day for every
person in the United States, is discarded each year (see figure 2). Even after removing
reusable materials from the waste stream through recycling and salvage, and then
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Source: Characterization of MSW in the US: 1996 Update, US EPA, Washington, DC

Figure 2. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

incinerating a portion of this post-recycled waste, about fifty-seven percent—or almost
120 million tons per year—is entombed in landfills (see figure 3), that by some estimates
are being filled and closed faster than they are being built (Superka 1992, 192).

TRENDS IN WASTE GENERATION . RECOVERY & DISPOSAL
million
tons

Total Generation
Recycling
Composting
Combustion
Land Disposal

2000

Source: Characterization of MSW in the US: 1996 Update, US EPA, Washington, DC

Figure 3. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste. USEPA.
Washington, DC, 1997

The United States Congress has grappled with the issue of solid-waste
management (SWM) several times over die last thirty-five years, enacting the Solid Waste
Disposal Act of 1965, the Resource Recovery Act of 1970, and, finally, the Resource
Conservation and Recovery Act (RCRA) of 1976. The primary objective of RCRA is to,
"promote the protection of health and the environment and to conserve valuable material
and energy resources" {Environment Reporter 1995,71:4003). The full effect of this
legislation was felt by solid-waste managers and community leaders throughout the
country when RCRA Subtitle D regulations dealing with MSW landfills became effective
in October of 1993 (Sitomer et al. 1993,55). The basic intent of these regulations was to
bring all existing landfills into compliance with more rigid design, construction,
operation, and closure requirements. As of 1993, many existing landfills did not and
could not meet these new standards, necessitating closure by October, 1996.
The pressure was on many communities because by Environmental Protection
Agency (EPA) estimates, approximately half of the nation's landfills could close at this
time (Sitomer et al. 1993,58). In addition, many existing landfills slated for closure
would have to utilize a composite cover system designed in accordance with RCRA
criteria, then receive post-closure monitoring for another thirty years. This was more bad
news for the leaders and policy makers in many cities and towns that had delayed
decisions concerning their solid-waste disposal operations. To put this in perspective,
there were approximately 8000 landfills in the United States in 1988, but less than ten
years later, in 1996, there were slightly over 3000 (see figure 4). Montana had
approximately 170 landfills in operation in 1988 but, by 1996, there were only thirty-five
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Figure 4. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

permitted landfills in operation.
Some states and municipalities quickly recognized the potential impacts that these
new regulations could have on their waste-disposal operations, and developed SWM
plans that mirrored the tougher federal standards. Montana's Solid Waste Management
Act and the Administrative Rules of Montana (ARM) Title 17 regulations closely parallel
the SWM requirements put forth in RCRA Subtitle D. Additionally, Montana has local
water quality districts that, "may impose additional requirements on owners or operators
of solid waste management systems..." (Administrative Rules of Montana 1997). In
Missoula County, for example, the Aquifer Protection Ordinance, section 13.26.090,
prohibits water supply wells within 1000 feet of a Class II landfill—the designation of the
landfill in Missoula.

1.2—Case Study
This paper is a practical case study of the Browning-Ferris Industries (BFI)
landfill in Missoula, Montana, located immediately north of the city. The landfill was
opened at this 141 acre site in December of 1968. BFI purchased the facility and garbage
collection operation from the City Disposal Company in 1979, and began construction on
the new sections or "cells" at the existing site in 1992. Shipments of MSW were received
and placed in the first cell beginning in the fall of 1993. At the same time, BFI began the
process of closing and capping the unlined areas of the landfill. It should be noted that
BFI was acquired by Allied Waste Industries, Inc. in 1999.
The new disposal cells of the BFI landfill in Missoula were designed and
constructed according to the stringent new state and federal guidelines for solid-waste
disposal. There are currently four lined cells in addition to the unlined historic section.
The lined cells were constructed using a plastic membrane liner made of .060 thick high
density polyethylene (HDPE), placed over a two-foot layer of compacted soil. The
synthetic liner and the leachate and methane collection systems are designed to prevent
pollutants from migrating out of the landfill and contaminating the underlying aquifer. As
this may be the only cost effective source of drinking water for Missoula, BFI's use of this
technology, albeit required by state and federal regulations, should be beneficial to the
community.
However, some experts believe that this method of disposal, as required by RCRA
subtitle D regulations, may simply postpone the release of contaminants into surrounding
soils and ground-water supplies, when die membrane liners eventually fail. The resulting

environmental contamination and public health hazard, thought to be eliminated through
tougher design and construction requirements, could shift to future generations.
1.3—Objectives
The three main objectives of this case study are:
1. To provide a regulatory context with a review of the Resource Conservation and
Recovety Act (RCRA) of 1976, particularly Subtitle D regulations (EPA criteria for
municipal solid waste landfills (MSWLF), embodied in the Code of Federal Regulations
(CFR) Title 40, Part 258), The Montana Solid Waste Management Act, the
Administrative Rules of Montana Title 17, and the Missoula County Aquifer Protection
Ordinance.
2. To take a brief look at the history of waste disposal in the city of Missoula, followed
by a detailed description of the construction of the new disposal cells at the existing BFI
landfill. This will explore the excavation and lining of the waste cells, and the
construction and operation of the leachate and landfill gas collection systems, and the
ground-water monitoring wells. An examination of the operational considerations will
explore the quantities, composition, separation, and placement of waste materials, and the
final closure and monitoring of the site. Finally, various environmental considerations
will be examined relative to the operation of the BFI landfill in Missoula.
3. To explore die potential long-term consequences of dry-tomb landfilling as required by
RCRA subtitle D regulations. By placing MSW in plastic-lined disposal cells and
preventing the infiltration of water, the wastes will not naturally ferment and breakdown
over time. The volume and toxicity of the waste is not reduced, less landfill gas is

produced for potential power generation, and the leakage of leachate may be more
difficult to detect The long-term costs associated with this method of MSW disposal
may be much higher than anticipated, as future generations may have to bear the true
costs of this practice.

CHAPTER 2
SOLID WASTE MANAGEMENT LEGISLATION
2.1—Federal Legislation
On October 31,1976, the Resource Conservation and Recovery Act was enacted
by Public Law (PL) 94—580. This act entirely amended the wording of the Solid Waste
Disposal Act of 1965 (42 U.S.C. 3251—later amended by the Resource Recovery Act of
1970). The Solid Waste Disposal Act of 1965 addressed resource recovery, improved
solid-waste management practices, and the development of state SWM plans. This Act
also directed the US Public Health Service (USPHS) to develop and enforce solid-waste
management activities, because the EPA was not formed until 1970. The Resource
Recovery Act of 1970 stressed waste recycling and resource recovery rather than solidwaste disposal. And maybe most importantly, the PHS was directed to investigate the
disposal of hazardous wastes. The report (finished under the direction of the EPA) was
not completed until 1973, but provided a foundation for future solid-and hazardous-waste
management.
An overview of the RCRA documents reveals the comprehensive nature of this
legislation. There are ten main subtitles and almost 100 separate sections within these
subtitles. Since the original implementation of RCRA in 1976, there have been numerous
amendments and additions to the law in response to, among others, the Clean Air Act, the
Water Pollution Control Act, the Used Oil Recycling Act, and the Safe Drinking Water
Act. Ironically, some of the requirements of the aforementioned acts have resulted in
increased amounts of pollution-control residuals that must be land filled.
8

The primary objectives of the RCRA legislation are "to promote the protection of
health and the environment and to conserve valuable material and energy resources"
(Environment Reporter 1995,71:4003). It should be noted that this act does not solely
focus upon the regulation of sanitary landfills. There are extensive sections that address
the regulation of underground storage tanks, the tracking of medical wastes, resource and
energy recovery strategies, hazardous waste management, and waste oil and used tire
disposal procedures. The original act, along with it's many additions and amendments, is
a benchmark piece of legislation, drafted in response to the following congressional
findings.
2.2—Congressional Findings
Subtitle A—the General Provisions section of the Resource Conservation and
Recovery Act, Section 1002 (42 U.S.C. 6901), examines the original congressional
findings from 1976, that served as the catalyst for this legislation. Subtitle A also
includes additional findings from subsequent amendments to the original act. Because of
the broad nature of these findings, they are separated into four subsections entitled: (i)
Solid Waste, (ii) Environment and Health, (iii) Materials, and (iv) Energy.
(i) Solid Waste
According to the congressional findings, growing consumerism, increased
industrialization, and an expanding population together form the nucleus of the solidwaste disposal problems in the United States. As a result of an overall increase in the
standard of living for most Americans, consumption patterns changed with a
commensurate increase in the production, packaging, and distribution of goods. This
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expanded economic activity, although good for corporate profits, directly and indirectly
contributes to the nation's waste stream as superfluous packaging and used products are
discarded. Discarded containers and packaging account for almost thirty-percent of the
post-recycled waste stream (U. S. Environmental Protection Agency, 1997). Not only has
there been a marked increase in the volume of solid wastes, but the composition has also
changed (Environment Reporter 1995, 71:4002). Paper, yard waste, and plastics, together
constitute nearly sixty percent of the post-recycled materials destined for the nation's
landfills or waste-to-energy incinerators (see figure 5).

1995 NET WASTE DISPOSAL -151.9 MIL. TONS
(after recycling)
Paper
Yard Waste
Plastics
Wood
Metals
Food Waste
Glass
Other

32.2%
13.7%
11.8%
8.8%
6.4%
8.9%
6.4%
11.8%

48.9 mil tons
28.8 mil tons
18.0 mil tons
13.4 mil tons
9.7 mil tons
13.5 mil tons
9.7 mil tons
18.8 mil tons

Source: Characterization of MSW in the US:
1996 Update, US EPA, Washington, DC

Total Generation: 151.9 mil tons

Figure 5. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

With an increasing population and heightened industrial production, congress
found that the infrastructure in this country has expanded considerably. Old buildings,
streets, and highways are torn apart and the scrap materials are hauled away for salvage
and disposal. In their place, new homes, factories, freeways, and skyscrapers are built to
accommodate our needs, and, in the process, a tremendous amount of waste and scrap is

generated. This material too must be discarded or salvaged and reused in some fashion.
Congress determined that the solid-waste disposal problems in the U.S. were of
national importance. It was decided that the federal government should provide technical
and financial assistance to the states for the development of SWM plans. In the broadest
sense, these plans would address resource conservation and recovery efforts and waste
collection and disposal procedures. In effect, the federal government would, in
cooperation with the states, coordinate a national effort to reduce the amount of solid
waste destined for the landfills and insure that waste disposal was done in a safe and
efficient manner (jEnvironment Reporter 1995,71:4003).
(ii) Environment and Health
In this subsection, the Congressional inquiry focused upon how human health and
the environment was affected by substandard waste-disposal methods. Congress decided
that the long standing practice of open dumping was especially unhealthy, as it causes
widespread soil contamination and water and air pollution.
The Hazardous and Solid Waste Amendments (HSWA) of 1984 enhanced the
detail and dimension of RCRA. Controlling hazardous and solid wastes, toxic
substances, and underground petroleum-storage tanks formed the nucleus of these
amendments. The improper disposal of hazardous waste in particular was viewed as
especially problematic. Congress found that certain types of landfills were not well suited
to receive hazardous-waste material, and furthermore these facilities would not maintain
their integrity over long periods of time. With this in mind, they concluded that the land
filling of hazardous waste should be severely restricted. Hazardous waste management is
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specifically addressed in Subtitle C, of the Resource Conservation and Recovery Act.
Congress also examined the growing solid-waste disposal problems in urban
areas. At that time, it was believed that within five years many cities in the United States
would not have any place to put their garbage. This realization meant that alternative
solid-waste disposal methods must be found. It was apparent, that land filling alone
would not begin to accommodate the increasing amount of waste being generated (see
figure 6).

YEARS OF REMAINING LANDFILL CAPACITY

A
I

| <5 years

I

| 5-10 years
> 10 years
Source:Directory and Atlas of Solid Waste Disposial Facilities, 1996

Figure 6. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

(iii) Materials
Resource recovery is one of the key elements of RCRA, because congress found
that extraordinary quantities of reusable materials were ending up in the nation's landfills.
It was determined that metal, plastic, glass, and paper could be separated from the waste
stream prior to disposal, and reused or recycled. This policy would not only help
conserve valuable landfill space, but these materials could be resold and reprocessed,
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helping reduce our foreign imports of raw materials (Environment Reporter 1995,
71:4003).
Approximately twenty-seven percent of MSW was recycled in 1995, with paper
and cardboard, ferrous metals, and aluminum being the most commonly recycled
materials (see figure 7). Only five percent of MSW generated in Montana is recycled

PROJECTED RECYCLING RATES BY MATERIAL. 2000
MATERIAL

1995 RECYCLING RATE

PROJ. RECYCLING RATE

Paper & Paperboard

40.0%

43 to 46%

Glass

24.5%

27 to 36%

Ferrous Metal

36.5%

42 to 55%

Aluminum

34.6%

46 to 48%

Plastics

5.3%

7 to 10%

Yard Waste

30.3%

40 to 50%

Total Materials

27.0%

30 to 35%

Source: Characterization of MSW in the US: 1996 Update. US EPA. Washington. DC

Figure 7. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

each year (U. S. Environmental Protection Agency, 1997). The recycling of materials can
save energy and aid in reducing the amount of mining and industrial waste that must in
turn be reprocessed, incinerated, or land filled.
(iv) Energy
Congress took resource recovery one step further by recommending that energy
could be produced from the solid waste that remained after useable materials were
recovered. Waste-to-energy plants could convert this waste to electricity and
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simultaneously decrease the volume of waste that must be land filled. They found that
this technology was already available and believed that this option could reduce our
reliance upon fossil fuels. In many eastern states, with limited and shrinking landfill
capacity, a substantial percentage of their MSW is incinerated (see figure 8). Connecticut

STATE COMBUSTION RATES

Unavailable
] 1-5%
] 6-10%
| 11,20%
Source: BioCycle Magazine, April 1997

Figure 8. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

has seven waste-to-energy facilities that convert sixty-percent of their MSW to electricity.
In sum, however, less than twenty five percent of the MSW generated in the United States
is incinerated—a rate that is well behind many other industrialized nations such as Japan
at sixty-five percent, Switzerland at sixty percent, and Sweden at fifty percent (see figure
9).
2.3—Legislative Objectives
In light of these findings concerning solid-and hazardous-waste disposal, congress
developed several fundamental policies to discharge the main objectives of RCRA "to

COMBUSTION OF MUNICIPAL WASTE BY MAJOR COUNTRIES
Spain
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Figure 9. Printed from the MSW Factbook, Ver. 4.0, Office of Solid Waste, USEPA,
Washington, DC, 1997.

promote the protection of health and the environment and to conserve valuable material
and energy resources" (Environment Reporter 1995, 71:4003). In short these policies
prohibit future open dumping; stipulate the requirements for the generation, handling, and
disposal of solid and hazardous waste materials; provide direction for the development
and implementation of new disposal technologies; and, probably most importantly, create
federal-state partnerships for the development of SWM planning.
In an unprecedented move, congress determined that the federal government
would provide "technical and financial assistance to State and local governments and
interstate agencies for the development of solid waste management plans..." (Environment
Reporter 1995, 71:4003).
Typically, the states take the lead in the development of solid-waste management
plans, and generally these plans are closely patterned after the federal requirements in
RCRA subtitle D. It is important to note that these federally mandated SWM plans help

insure consistency from state to state for SWM planning activities, improve waste
collection and disposal methods, and encourage resource recovery. In effect, federal-state
partnerships were forged in pursuit of a shared objective—that of protecting the public
health and the environment.
RCRA Subtitle D provides a template for the development and implementation of
state SWM plans, and specifically directs the administrator of the EPA to "promulgate
regulations containing guidelines to assist in the development and implementation of
State solid waste management plans" (Environment Reporter 1995,71:4038). In
response to this directive, the EPA developed the national criteria for MSW landfills.
These criteria are found in CFR Title 40, Part 258.
2.4—EPA Regulations
Almost twenty-five years ago, in August of 1974, the EPA first developed general
guidelines for the land disposal of solid wastes. CFR Title 40, Part 241 was an early
attempt to standardize the requirements and procedures for the safe operation of sanitary
landfills. These guidelines addressed several main criteria, including site selection,
engineering and design recommendations, leachate control, surface-and ground-water
protection, gas venting, waste compaction, and the placement of cover materials.
However, these guidelines fell short because they were not statutory in nature; rather they
provided general recommendations for the construction and operation of sanitary
landfills.
This changed in October of 1991, when the EPA promulgated the final rules
establishing minimum standards for the design and operation of a MSWLF. These rules,

found in CFR Title 40, Part 258, effectively updated RCRA Subtitle D requirements, and
became effective on October 9,1993. If a MSW facility accepted waste after this date,
the owners and operators of that facility must comply with the regulations embodied in
the approved SWM plan for their state. In the event that their state did not have an
approved SWM plan in place at this time, they would be required to comply with die
federal regulations. It should be noted that while the requirements in approved state
SWM plans can be more rigorous than the federal criteria, these plans may also be more
flexible. In some cases, this flexibility may be necessary to prevent placing an
unreasonable burden upon the owners and operators of a SWM facility, or, more
importantly, a community with no cost-effective alternative.
Six principal criteria form the nucleus of the requirements contained in CFR Title
40, Part 258, governing location restrictions, operating procedures, design elements,
ground-water monitoring, closure and post closure care, and financial assurance.
To briefly summarize these criteria, MSWLFs are not to be located too close to
airports, near active faults, wetlands, 100-year floodplains, or other unstable areas. The
operators of a facility must control landfill gas emissions, disease vectors (rodents, flies,
or animals that may transmit diseases), and runoff water, as well as limit access to the
landfill and provide a daily cover of the waste materials. In addition, the design of the
disposal cells in the landfill must include a composite liner system (composed of a
synthetic flexible membrane liner and compacted soil layers) and a leachate collection
system.

Ground-water monitoring in close proximity to a MSWLF must be performed
during the operational life of the facility, and continue throughout the post-closure period.
Regular sampling and analysis is done through a network of sampling wells in an effort to
detect any migration of leachate, chemicals, or other toxins beyond the established
boundaries of the landfill.
The closure and post-closure care of a MSWLF involves the installation of a final
cover and continued monitoring of the site for thirty-years following the final closure of
the facility. The final cover must resist the infiltration of surface waters into the waste
materials in the disposal cells. This cover consists of eighteen inches of soil designed to
minimize water intrusion, and six more inches of soil that will sustain plant growth,
thereby reducing erosion from surface-water runoff. During the thirty-year post-closure
period, the owners must maintain and operate the landfill gas and the leachate collection
and disposal systems. Additionally, ground-water monitoring activities continue, and the
final cover is maintained and repaired as needed. Finally, a notation is placed on the deed
and recorded, notifying all persons of the former use of the property.
Subpart G of CFR Title 40, Part 258, addresses the closure and post-closure
financial assurance requirements. During the active operational life of a MSWLF, the
owner must prepare estimates of the anticipated costs of hiring a third-party contractor to
perform the final closure activities, and update this estimate annually to reflect the
effects of inflation upon the anticipated costs to properly close the facility. In addition,
they shall prepare a post-closure cost estimate, updated annually, to engage a contractor
who will operate and monitor the landfill gas and leachate collection and disposal

systems, conduct ground-water monitoring, and maintain the integrity of the final cover.
And finally, the owner is required to prepare an estimate for corrective action that reflects
the cost of removing pollutants from ground water in the event that there is a failure in the
composite liner or leachate collection systems. This estimate is also updated annually and
will be adjusted for any unexpected increase in the cost of eliminating the ground-water
contamination.
To insure that the closure and post-closure work will be properly performed at the
end of the useful life of a landfill, the owner must demonstrate financial assurance. This
can be accomplished through the use of several instruments, including trust funds, surety
bonds, letters of credit, insurance policies, municipal general obligation bonds, or a
written guarantee provided by the local municipality that utilizes a facility. This
requirement means that the owner and/or operator of a MSWLF will be, directly or
indirectly, financially responsible for thirty-years following the closure of an approved
facility.
This is an overview of the federal requirements under CFR Title 40, Part 258, that
govern the construction, operation, and closure of MSWLFs. The BFI landfill in
Missoula is constructed and operated in accordance with a state solid-waste management
plan (embodying CFR Title 40, Part 258 criteria), as required under Montana's Solid
Waste Management Act; the Administrative Rules of Montana Title 17 regulations; and
the Missoula County Aquifer Protection Ordinance, section 13.26.090.

CHAPTER 3
MONTANA SOLID WASTE MANAGEMENT LEGISLATION
3.1—The Montana Solid Waste Management Act
One of the inalienable rights granted to the citizens of Montana, found in Article
II, section 3 of the Constitution of the State of Montana, is, "...the right to a clean and
healthful environment..." In accordance with this directive, the Montana Solid Waste
Management Act, codified as 75-10-201 of the Montana Code Annotated (MCA), was
enacted in 1977 (amended in 1981), to address the improper disposal of solid wastes.
In accordance with the legislative findings and policy section, 75-10-202 MCA,
the State Legislature determined that contrary to the directives of the State Constitution,
the citizens of the State of Montana were being endangered by the improper and
unregulated disposal of solid wastes. As a result, the health and safety of the public and
concern over the contamination of the environment was the main catalyst for the Montana
Solid Waste Management Act. A key provision of the Act is the required preparation and
implementation of the State Solid Waste Management and Resource Recovery Plan. The
State Department of Environmental Quality is charged with developing this plan, as
prescribed in 75-10-807 MCA. The state solid waste management plan, completed in
1991, is reviewed every five years and updated as required.
The plan addresses many aspects of solid waste management and disposal,
including the rates of solid waste generation, current and future disposal capacities,
available disposal technologies, public education and information programs, the needs of
rural communities, the development of training programs for landfill operators, and the
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inclusion of the public, local officials, recyclers, and others in the solid-waste
management planning and implementation process. It is important to note that this plan
and other state's solid-waste management plans must also incorporate the minimum
standards for the design and operation of a MSWLF outlined in RCRA Subtitle D
regulations, CFR Title 40, Part 258. These criteria include location restrictions, operating
procedures, design elements, ground-water monitoring, closure and post closure care, and
financial assurance.
To implement the requirements of the state solid-waste management plan, the
Department of Environmental Quality has the responsibility, under the Montana Solid
Waste Management Act, to promulgate rules concerning the proper management,
treatment, storage, transportation, recycling, and disposal of solid wastes. The rules, as
drafted in 17.50.501 ARM, are very comprehensive and are closely modeled after the
requirements embodied in CFR Title 40, Part 258.
3.2—The Administrative Rules of Montana, Title 17
The rules contained in ARM, Title 17, sub-chapter 5, governing solid-waste
management and disposal in the State of Montana, effectively provide a template for the
proper practices that are to be employed by owners and operators of landfills that receive
more than twenty tons per day of solid waste materials.
Select rules and requirements, specifically relating to the BFI landfill in Missoula,
Montana, will be reviewed in this section and more closely examined in Chapter 4, as
they apply to the classification, location, design and construction, operation, closure, post
closure, financial assurance, and long term ground-water monitoring.

As outlined in 17.50.504 ARM, there are three classifications of disposal
facilities, based on capabilities to handle various types of solid wastes. A Class II facility,
such as the Missoula landfill, is licensed to accept typical household, commercial, and
agricultural wastes that are decomposable and not hazardous in nature. This is important,
because there are certain location and design restrictions applicable to Class II landfills.
The Standards for Solid Waste Management Facilities found in 17.50.505 ARM,
generally deal with the location restrictions for the siting of solid-waste landfills. Of
particular importance in regards to the Missoula landfill are the requirements that the
facility not be located in a 100-year floodplain, and more specifically, "...may be located
only in areas which will prevent the pollution of ground and surface waters and public
and private water supply systems." Additionally, the rules affirm that Montana's Local
Water Quality Districts may place added restrictions on the placement of a facility.
For the purposes of this paper, one of the most important design characteristics of
the Missoula Class II landfill, as enumerated in 17.50.506 ARM, Design Criteria for
Landfills, is the use of a composite liner and leachate collection system to prevent the
passage of leachate to the sole-source aquifer. The liner system for a Class II landfill,
combines a layer of compacted soil overlain with a geomembrane made of HDPE. The
purpose of the liner system is to prevent, to the greatest extent possible, the contamination
of the aquifer with leachate that contains chemicals such as arsenic, chromium, lead,
mercury, and trichloroethylene, known to adversely affect human health. In addition, the
leachate collection and removal system must maintain the leachate at a level of thirty
centimeters or less. Leachate is generated when water infiltrates the compacted layers of

waste and the waste materials begin to decompose. This fluid is contaminated with
chemicals and must be removed and treated.
An Operation and Maintenance Plan must be developed in accordance with,
17.50.509 ARM, and shall include both General and Specific (Class II facility)
Operational and Maintenance Requirements, 17.50.510 ARM and 17.50.511 ARM
respectively. The Operation and Maintenance Plan defines the operational parameters for
a facility, in regards to litter, hours of operation, site access, maintenance schedules,
accepted waste types, and future site reclamation plans. The plan must also include
information concerning methane and ground-water monitoring plans.
General Operational and Maintenance Requirements are quite broad, and provide
direction for day-to-day activities, such as controlling public access, open-burning
restrictions, litter-control methods, vector control, and salvaging restrictions.
Specific Operational and Maintenance Requirements pertaining to Class II landfill
operations are very substantive by comparison. Several of the operational requirements
most applicable to the BFI landfill in Missoula are noted here, but will be expanded upon
in the Operational Considerations, section 4-4, of Chapter 4. These specific requirements
include daily covering of compacted wastes, the exclusion of hazardous wastes, regular
methane monitoring and removal activities, surface-water containment and removal,
development of closure and post-closure care plans, and long-term financial assurance
documentation.
One of the most important rules found in the Specific Operational and
Maintenance Requirements section, 17.50.511 ARM, forbids the owners and operators of

a Class II landfill from contaminating waters and wetlands of the United States. Any
non-point pollutant emissions are in violation of the Clean Water Act and the Montana
pollutant discharge elimination system requirements, 17.30.1301 ARM. As enumerated
in the original Congressional Findings for RCRA, pursuant the protection of human
health and the environment, the protection of ground and surface waters can be enhanced
by utilizing advanced materials and methods in the design and construction of modern
solid-waste landfills.
Finally, the owners and operators of a Class II landfill must prepare plans and cost
estimates for anticipated closure and post-closure activities. These modern facilities
cannot simply be abandoned; rather prescribed procedures are to be employed in the
closure of a facility and the long term post-closure monitoring activities require a lengthy
financial commitment. The post-closure plan should encompass specific procedures for
long term ground-water monitoring, leachate removal, and methane monitoring and
removal. Additionally a long term financial assurance plan, detailing how closure, postclosure and long-term monitoring work will be funded, shall be prepared and included in
the Operation and Maintenance Plan.
3.3—The Missoula Valley Aquifer Protection Ordinance
There is a potential for various contaminants from the Missoula landfill to affect
the quality of the ground water underlying the Missoula Valley. This is of particular
concern as this sole-source aquifer is the primary supply of drinking water for Missoula's
citizens. Chapter 13.26 of the Missoula Municipal Code, known as the Missoula Valley
Aquifer Protection Ordinance, was enacted to protect the ground waters and surface

waters from contamination in Missoula and within five miles of the city limits.
The Missoula Valley Water Quality District is charged with enforcing the
ordinance, aimed at reducing the potential for contamination through "the improper
storage, handling, use, transport, production or disposal of certain substances in the
Missoula Valley..." Facilities that store, manufacture, distribute or handle substantial
amounts of Regulated Substances, must secure a Pollution Prevention Permit, and comply
with the corresponding requirements of the ordinance. These include fueling stations,
above ground and underground fuel storage tanks, bulk petroleum storage tanks, chemical
manufacturers, and wholesale and retail businesses dealing with large quantities of
regulated substances.
Section 13.26.090 of the Missoula Valley Aquifer Protection Ordinance,
Protection of Water Supply Wells, describes the restrictions for the placement of new
public and private wells. In regard to the Missoula Class II landfill, no new community
or non-transient (regularly serving over twenty-five people) water-supply wells may be
constructed within 1000' of this facility, as it constitutes a potential source of ground
water contamination. This restriction also applies to fuel pipelines, bulk petroleum
storage facilities, fueling stations, and chemical-manufacturing facilities.
To enforce the requirements of the ordinance, Missoula Valley Water Quality
District officials may regularly inspect a facility and check for compliance with the
regulations. For the Missoula landfill this would include reviewing the results of water
sampling routinely performed by a contractor hired by BFI.
In 1994, water-quality officials found elevated levels of volatile organic

compounds (VOC) in the samples recovered from wells near the historic (unlined) section
of the Missoula landfill. They identified six solvents that exceeded the maximum
contaminant levels, triggering a Corrective Measures Assessment, prepared by BFI in
January of 1995. The report identified four possible solutions to remove the VOCs from
the ground water. These included: a) no action, b)soil vapor extraction (air sparge
method), c) pumping and treatment of affected ground water, and d) the use of landfill
gas extraction. The State of Montana allowed BFI to utilize the landfill gas extraction
method.
The theory holds that the landfill gas migrates away from the facility and then
cools and condenses, seeping into the ground water. Therefore, if the gas can be removed
prior to migration, the VOCs will not contaminate the ground water. According to the
BFI assessment report, there are other BFI facilities that have shown a marked decrease in
VOC levels in ground-water samples when gas extraction was employed. BFI was given
two years to demonstrate a reduction in VOCs using this method. In 1998 four additional
gas extraction wells (three exterior and one interior) were added to the existing system.
The results of utilizing this method to reduce VOCs in the ground water are inconclusive.
There are measurable reductions, however, the contamination persists.

CHAPTER 4
THE BFI LANDFILL IN MISSOULA
4.1—Missoula Solid Waste Disposal; A Historical Overview
In the early part of this century, solid-waste disposal in Missoula, and in most
sparsely populated parts of the country, did not present the same challenges encountered
by today's solid-waste managers. Most people had little to discard, and most typical
household waste was burned. Metal, glass, and ashes were among the most common
items that were buried or dumped. Municipal solid waste was not as toxic, considering
few household chemicals were available. In addition, the volume of garbage was only a
fraction of present-day levels as product packaging was minimal.
Prior to 1968, according to James Letter, the on-site operations manager of the
BFI facility, much of the solid-waste disposal in the city of Missoula was inefficient,
unhealthful, and environmentally imprudent. There was the ABC Disposal site near the
Missoula Airport, an old dump near Front and Stephens along the Clark Fork River, and a
large dump near Turah that was located in an undelineated flood plain near the Clark
Fork River. "It was likely that waste washed down the river during periods of high water
at the site near Front and Stephens." (Letter 1996).
Several sites discovered during construction excavation have yielded evidence of
early solid-waste disposal in Missoula. Unearthed wastes included state crime laboratory
materials, coroner's office wastes, wood wastes, septic-tank pumpings, and outhouse
wastes. Large quantities of automotive batteries were also discovered along the Clark
Fork near an abandoned automotive repair facility.
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Following this legacy, the original section of the Missoula landfill opened at the
present site of the BFI facility. Mr. Leiter explained that the Missoula landfill was
located at this site because the area is close to the city, the land was probably
inexpensive, and there were no significant environmental concerns with this location in
1968.
4.2—Browning-Ferris Industries (BFI) Missoula Landfill
The 141-acre BFI landfill in Missoula, Montana is located in the foothills north of
the city, lying parallel to Interstate 90 (see figure 10). The original or historic section of

Figure 10. Entrance to BFI facility. Photo by author

the landfill opened at this site in December of 1968. In 1979, BFI purchased the landfill
and garbage collection operation from the City Disposal Company. BFI commenced

with the construction of new disposal cells in 1992, and began placing waste in the first
new cell in the autumn of 1993. It should be noted that the excavation of new cells at
this site is not considered an expansion of the landfill, as the entire 141-acre site was
originally licensed in its entirety. Expansion involves extending the landfill operation
beyond the licensed boundaries of the site. Typical expansion would require the
preparation of preliminary environmental documents and include a formal public review
process. Prior to constructing the new waste-disposal cells, BFI submitted an
enhancement plan to the State Department of Environmental Quality. The state granted
BFI permission to begin constructing new disposal cells within the site boundaries.
The new cells employ a composite liner system consisting of a two-foot layer of
compacted soil overlain with a plastic membrane liner made of .060 thick HDPE. A low
permeability geotextile material was utilized in some cells as an alternative to the twofoot layer of compacted soil. Leachate collection pipes are placed in low areas or sumps
atop the synthetic liner to facilitate the removal of pooled leachate. A landfill gas
collection system is also installed in sections of the landfill that have been closed and
capped. The composite liner and the leachate and gas collection systems are designed to
prevent the out-migration of pollutants that may contaminate the underlying aquifer.
While the use of this technology may prove beneficial, the cost to construct disposal cells
in this fashion is veiy expensive. The excavation and lining of a typical five-acre cell
will cost approximately one to two million dollars.
Some have leveled criticism for the unsightly excavation of the foothills, but,
according to Mr. Leiter, there were no formal public protests in connection with the

upgrading of the landfill. BFI maintains an open-door policy, and, in 1995, the Missoula
facility won a corporate community-involvement award.
4.3—The Construction and Operation of the BFI Landfill
4.3.1 Excavation and Soil Compaction
The construction of each cell requires the removal of vast amounts of fill
material. For example, BFI removed 917,000 cubic yards of material during the
excavation of cell three. A small portion of this overburden is reused as daily cover
material and some of die remaining soil is utilized for closing and capping the cells and
contouring the site.
Additional soil is typically sold for construction fill or screened for pit-run gravel.
For example, of the 1,000,000 cubic yards of material removed during the excavation of
cells four and five, 800,000 yards were hauled to Louisiana-Pacific for the construction
of a large berm to encompass their sawdust piles in an effort to help mitigate fugitive
dust emissions. The off-site disposal of this excess soil also provided an additional sixyears of landfill capacity for BFI and their customers.
According to Mr. Leiter, the soil at the site consists of mixed glacial deposits,
including cobbles, gravel, shale, large quantities of silt, and relatively little clay. Some
of the silt is used during the placing and compacting of the two-foot thick layer of lowpermeability soil installed prior to the installation of the HDPE liner. The fines help plug
voids in the gravel and cobbles, thereby limiting the potential transmission of leachate to
the ground water.
The individual waste-disposal cells are quite large, owing to the fact that the most

valuable commodity that BFI markets is cubic feet of empty space (see figure 11)

Figure 11. BFI Disposal cell. Photo by author 1995

To maximize the available space in each cell, the placement and compaction of the waste
is of paramount concern. Cell one is approximately 3.5 acres, cell two is roughly 5.5
acres, and cell three, which was excavated deeper than originally designed, totals about
7.5 acres. The construction of cell four (four acres) was completed in 1998, and cell five
was excavated during late 1998 and early 1999. The construction of cell six is scheduled
for 2002.
4.3.2

Flexible Membrane Liners
Synthetic membrane materials have a long history of use as pond liners for liquid

and semi-liquid containment, in single-ply roofing applications, for water catchment and

storage reservoirs, as fuel-storage bladders, as chemical tank liners, for use in belowgrade waterproofing, and, more recently, for landfill solid-waste storage cells. The types
of liners vary considerably and must be carefully selected for the appropriate application.
The synthetic liners installed in the BFI landfill in Missoula are made of sixty mil,
or .060 thick HDPE. The material is similar to the plastic used in a common milk
container, however, the liner material is produced from virgin polymer, is black in color,
and is considerably thicker. When fully exposed to the heat and ultraviolet rays of the
sun, the material exhibits dimensional instability and begins to develop surface crazing.
As long as the HDPE liner in the waste containment cells is covered with layers of refuse
and soil, the movement (expansion and contraction) and the surface degradation is
almost negligible.
The fabrication of individual sheets (rolls) of HDPE in to a continuous liner
covering several acres, requires special skill, custom tools and equipment, and, most
importantly, experienced installers. The quality of the completed liner is dependent upon
the detail work involved in placing, cutting, welding (seaming), and terminating the
HDPE material to pipes and structures. Liners are easily damaged with large
earthmoving equipment and seams are difficult to fabricate.
Owing to its molecular structure, HDPE cannot be seamed using adhesives, rather
the overlapping edges must be carefully melted together to form watertight seams. There
are several ways to seam the individual sheets together, and BFI utilized two different
methods while installing the first four disposal cells at the Missoula facility. The liners
installed in two of the cells were seamed with an electronic welder that forms a double

seam with a hollow channel in between the welded areas. The channel facilitates the
testing of the seam integrity as compressed air is introduced and any loss of pressure is
noted.
The other two cell liners were seamed using an extrusion welder that applies a
thick bead of molten HDPE to the edge of the seam. The only practical way to test this
seam is to periodically cut control samples from the seamed areas and pull them apart in
a shear and a peel mode. This destructive test method will reveal a cold weld, a hot weld
(crystallization), or the presence of contamination in the seamed area. Moisture,
sunlight, temperature, dirt, and particularly inexperience have a profound impact on the
integrity of an HDPE seam.
As quality control is very important during liner installation, BFI employed a
Construction and Quality Assurance (CQA) company to monitor the installation of the
liners. The CQA firm is required to prepare an installation plan and final report that
must be approved by the state. During liner installation, the CQA firm, the installation
contractor, and BFI personnel report damage so that repairs can be completed in a timely
fashion. Usually the location and extent of these repairs are noted on as-built drawings
(marked up originals) for future reference.
Post-installation damage to a completed liner system is not uncommon, and
typically requires the contractor to perform repairs. Repairs are usually quite effective if
liner damage is reported quickly and repairs are properly completed. While it is a
challenge to construct and maintain a leakproof liner system, even a slightly
compromised liner significantly reduces overall contamination.

34
4.3.3

Leachate Collection
Leachate is typically produced by excess storm and runoff water that infiltrates

waste that has been placed in containment cells but has not been capped with a layer of
soil. As the wastes begin to decompose, they contaminate the water with various
chemicals. As this fluid accumulates, it will flow to a sump area and then be removed
for treatment. The depth of the leachate must be maintained at thirty centimeters or less.
Cells one and two at the BFI facility have a gravity leachate collection system,
and cells three and four employ a system of collection pipes and pumps to remove the
liquid. Typically, the collection pipes (see figure 12) are placed in sumps atop the

Figure 12. Leachate collection pipes. Photo by author 1995

synthetic liner and are connected to a waste pipe that carries the leachate to the
wastewater treatment plant. In 1997, for example, BFI sent about two-million gallons of
leachate to the Missoula waste-water treatment plant. The Missoula landfill produces
very little leachate by comparison because the waste inside the capped cells is very dry.
This is primarily owing to two factors: runoff water is diverted to a storage lagoon on the
BFI site and Missoula has a relatively dry climate that reduces the probability of water
seeping into the landfill. It should be noted that there is no mechanism to collect
leachate from the historic section of the landfill.
4.3.4 Landfill Gas Collection
The landfill gas collected at the BFI facility is basically a mixture of VOCs,
methane, and carbon dioxide. The gas is recovered through a matrix of twenty-five
recovery wells that were bored with a thirty-inch auger to the bottom of the waste pile, in
the historic section of the landfill (see figure 13). Presently, gas is not collected from the
newer disposal cells, as there is negligible gas generation from these newly placed and
very dry waste materials.
Internal wells collect gas generated from the waste in the historic section of the
landfill, thereby limiting the amount of gas that enters the atmosphere. Perimeter wells
control the migration of gas through the soil from the landfill to surrounding properties.
As an interesting aside, when the wells were drilled through the old garbage it was
discovered that the waste pile was extremely dry. Mr. Leiter displayed an old recovered
newspaper that was in near perfect condition. This indicates that the waste materials are
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Figure 13. James Leiter collecting sample from landfill gas collection
well. Photo by author 1995

not decomposing at a rapid rate and consequently will remain at the site for a very long
time.
Approximately 500 cubic feet per minute (cfm) of gas is recovered and piped to a
flaring device that bums the gas at 1500 degrees F At this temperature, the VOCs and
methane are destroyed, but the resulting energy is lost to heat (see figure 14). BFI

/
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Figure 14. Landfill gas flaring facility. Photo by author 1995

studied the possibility of generating electricity using engine powered generators. They
concluded that if approximately 1200 cfm of gas—containing 40% to 50%
methane—were available from the landfill, approximately four megawatts of electricity
could be generated. This could provide electricity to roughly 3000 homes and supply
onsite needs as well. Nationally, some experts have proposed that gas or electricity could
be sold commercially to offset a portion of the operating expenses of a typical landfill.
Considering the limited supply and quality of gas produced at the BFI landfill, however,
it was determined that power generation is not practicable at this time.
4.3.5

Ground-water Monitoring
Leachate could potentially migrate from the unlined historic section of the
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Missoula landfill or emerge from a breach in the HDPE liners in the newer disposal cells,
contaminating underlying ground-water supplies. Landfill gas can also migrate through
the soil and contaminate ground water with VOCs. Maxim Technologies™ monitors the
ground water at the BF1 site four-times each year to test for the presence of contaminants.
In June and December samples are recovered and screened for organic and inorganic
compounds. In March and October samples are collected and tested from the wells that
exhibited elevated levels of VOCs in 1994. Copies of all testing data are submitted to
the Missoula County Health Department, Division of Environmental Quality.
Sampling wells vary in depth from about 30' to 140' and are typically positioned
to intercept contaminant plumes migrating from the landfill site (see figure 15). There
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Figure 15. Ground-water sampling wellhead. Photo by author 1995
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are fifteen wells around the BFI facility used to draw water for testing, to verify that the
samples are within maximum contaminant levels of various chemicals. Two
downstream wells are classified as background wells, and are used to establish baseline
water quality parameters. The remaining thirteen sampling wells are located upstream.
4.4—Operational Considerations
4.4.1 Inspections
Inspectors from the Department of Environmental Quality conduct at least two
formal site inspections each year to verify compliance with the rules embodied in ARM,
Title 17, sub-chapter 5, governing solid-waste management and disposal in the State of
Montana. In addition, inspectors from the Department visit the facility about every other
month for less formal yet thorough reviews. Virtually all inspections are unannounced,
thereby encouraging BFI to be vigilant in the construction and operation of the landfill.
No onsite inspections are performed by Missoula County Health Department personnel,
however water monitoring records are regularly reviewed.
4.4.2 Receiving Waste
Some of the citizens of Missoula may not realize that the BFI landfill is a regional
solid-waste disposal facility. As a result, approximately 632,000 cubic yards of waste
pass through the gate each year. This averages about 500 tons or 1 million pounds of
waste each business day that is brought to the landfill for burial. The composition is
fairly typical of national trends. Roughly forty percent is paper waste; fifteen percent
yard debris; ten percent plastic; and about thirty-five percent metal, glass, and other
materials.

4.4.3 Service Area and Revenues
There are only three large landfills remaining in western Montana. One is located
in Kalispell, another serves the Poison area, and, finally, the BFI landfill located in
Missoula. The service area for Missoula's landfill is fairly large and encompasses
communities within approximately a ISO mile radius from Missoula. In addition to
serving Missoula and the surrounding communities, this facility currently receives solid
waste from the Bitterroot Valley; the Seeley Lake area; and from Kellogg, Idaho. Some
special wastes are shipped in from Billings, and several other states, including Wyoming.
A certain economy of scale exists when a landfill serves as a large regional
facility, such as the BFI landfill in Missoula. A standard charge of $20.00/ton is levied
on in-state and out-of-state waste entering the gate. Additional revenues are generated as
a result of the expanded service area of the landfill. Because out-of-state waste is placed
in the landfill, BFI contributes various services and $25,000/year to Missoula County to
partially fund the annual Missoula County household hazardous waste collection
program (Leiter 1999). This program affords the citizens of Missoula an opportunity to
properly dispose of their old paints, solvents, and other household chemicals, thereby
reducing the probability that these materials will end up in the aquifer or the Clark Fork
River.
As noted above, the third waste disposal cell at the BFI facility is much deeper
than originally designed. Considerably more material was excavated in an effort to gain
additional disposal capacity. Although the expansion of this cell was costly, the added
revenue generated from the receipt of out-of-state and out-of-area wastes partially funded

the additional excavation. As a result, BFI received approval from the state to deepen
future cells, thereby adding roughly six years to the life of the Missoula landfill. Some
may assume that the practice of accepting regional and out-of-state wastes is a detriment
to the citizens of Missoula. However, one must consider that the expansion of future
cells provides a net gain in disposal space for the local community.
4.4.4 Recycling and Composting
Once recyclables are mixed in with other solid wastes inside a garbage truck,
there is no practicable way to recover this material before it is deposited in the landfill.
In an effort to recover a portion of these recyclable products, BFI purchased Montana
Recycling, which operates a blue-bag program and maintains several drop-off bins
throughout the city. Materials are separated, resulting in a higher quality product that
brings a higher price in the recycling markets.
Missoula's citizens strongly embrace voluntary recycling. In 1995 for example,
BFI collected 1 million pounds or 500 tons of recyclables in their drop-off bins alone.
One full operating day's waste was kept out of the landfill and sent to be reused, thereby
saving additional resources. Since taking over as operations manager of the BFI facility
in 1990, Mr. Leiter has observed, for example, a marked decrease in cardboard coming to
the landfill as long as the scrap price remains reasonable.
Economics influences recycling in Montana because there are no significant
concentrations of recyclable materials in any one location, and the distance to markets
for cardboard, glass, metal, and plastic affects the salvage value of these commodities.
Transportation costs range from roughly $20.00/ton to $45.00/ton for recyclables,

narrowing the profit margins for these products. This may partially explain why only
five percent of MSW generated in Montana is recycled each year (U. S. Environmental
Protection Agency, 1997).
No composting of yard waste is done at the BFI facility, as it is not feasible or
cost effective to separate this material from the waste inside the trucks. It is buried along
with the other waste and rapidly, deteriorates inside the landfill.
4.4.5 Placing, Compacting, and Daily Cover
Space is the most valuable product for sale at the landfill and must be utilized in
an efficient manner. The key is to maximize the amount of refuse ultimately placed in
the BFI facility and to extend the useful life as long as practicable. This is especially
germane considering the difficulty and expense in constructing new landfills.
Each day, roughly 500 tons or 2000 cubic yards (uncompacted) of waste passes
through the gate. This garbage must be compacted after it is deposited in the disposal
cells. In addition to the weight of the daily soil cover, a steel-wheeled compactor
continually works the waste pile to reduce the volume from 2000 cubic yards to
approximately 1000 cubic yards (see figure 16). Loose waste weighs approximately 200
pounds/cubic yard, but, after compaction, will weigh about 1400 pounds/cubic yard.
This process continues throughout the day, adding an eight-foot layer of waste (daily lift)
that must be covered by day's end. As noted above, the regulations specify a six-inch soil
cover, but BFI has a special exemption for using a tarp as an alternate daily cover. The
tarp is placed over the compacted layer of garbage each night and removed at the
beginning of the next operating day. The use of this method has some cost advantages
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over using soil for a daily cover, however it is not used extensively in the BF" I landfill.

Figure 16. Waste compaction with steel-wheeled compactor. Photo by author 1995

Where a tarp is utilized, basic labor and equipment costs are reduced, as soil is
not hauled into the disposal cells and placed over the waste. Arguably, however, the
most significant savings is space, because the removable tarp permits new waste to be
deposited directly over the previous day's deposits. Over the life of the landfill this
preserves or reallocates an extraordinary amount of space for waste disposal.
4.4.6 The Landfill's Useable Life
According to Mr. Leiter, by current, and conservative engineering estimates, the
BFI landfill has approximately twenty-six years of service life remaining, unless the site
could be expanded horizontally. Estimating the useful life of the landfill is problematic

because several factors are very dynamic. Unforeseen problems are encountered during
excavation, radically new technologies are developed, regulations are modified or
changed, or engineering methodologies change.
One practical method for extending the useable life of the landfill would be to
purchase additional land surrounding the facility and continue the operation
uninterrupted. BFI would like to purchase the land north of the landfill now, before
inflationary pressures drive the price of available land to unrealistically high levels.
4.4.7 Closure and Post-Closure Considerations
The state regulations governing landfill closures, 17.50.530 ARM, dictate that,
"the owner or operator must prepare a written closure plan that describes the steps
necessary to close all landfill units at any point during their active life..." The closure
plan for the BFI site is on file with the state, and is updated once a year as engineering
and construction factors are reevaluated. This plan describes in detail the procedures and
phasing for closure activities and post-closure monitoring strategies.
As illustrated in chapters 2 and 3, contemporary landfills are closed and
monitored for a minimum of thirty-years, as prescribed by state and federal regulations.
Post-closure care includes landfill gas monitoring and removal, ground-water
monitoring, leachate removal, and maintenance of the final cover. A financial assurance
plan detailing how closure, post closure, and long-term monitoring work will be funded,
shall be prepared and included in the Operation and Maintenance Plan.
Presently, about twenty-two acres of an eventual ninety to ninety-five acres at the
BFI facility are closed and re-vegetated. BFI closed fourteen acres in 1995, and eight

acres in 1999, in the historic section of the landfill. Roughly twelve acres were capped
with eighteen inches of compacted low-permeability soil and thirty inches of
uncompacted soil. These layers were subsequently covered with a six-inch layer of top
soil seeded with introduced grasses. A slightly different approach was used to cap die
other ten acres. An alternative cover was approved that combines a six-foot layer of
uncompacted soil with a six-inch layer of top soil (seeded with native grasses), that
provides a superior rooting zone for vegetation (Leiter 1999).
Presently, ground water is monitored four times a year, leachate is removed and
piped to the wastewater treatment plant for disposal, and landfill gas is removed and
burned in a flaring device. These activities will cany on as part of the long-term
monitoring of the landfill during the thirty year post-closure period. Mr. Leiter estimates
that the closed sections of the BFI landfill will continue to produce gas for at least thirty
years and surmised that the gas could be utilized to heat greenhouses for university plant
studies and research.
4.5—Environmental Considerations
All operating and abandoned landfills pose risks to the environment and to people
living near these facilities. Surface and sub-surface waters can be degraded by leachate
migration, and fires, dust, and landfill gas emissions can adversely impact air quality. In
this regard, there are inherent risks associated with the operation of the BFI landfill in
Missoula. In the unlined portion of the landfill, leachate may contaminate the solesource aquifer, and it is feasible that landfill gases could migrate to surrounding soils or
escape into the atmosphere. Conversely, the lined and capped disposal cells at the

landfill will contain the leachate and landfill gases, however these waste products must
be properly removed from inside the sealed cells. Removing the gas is especially
important because an excessive accumulation could "balloon" and potentially breach the
liner in a disposal cell. If the liner ruptured, there would be a large release of flammable
landfill gas into the atmosphere and the slopes and grades on the site would be
dramatically altered.
The most immediate environmental concern at the BFI site, however, is the airbourne dust resulting from ongoing excavation work and the use of dirt haul roads at the
facility. Dust is generated when the fine-grained soils are disturbed by machinery or
vehicular traffic. Water is regularly applied to the unpaved roads on the site to partially
mitigate this problem. In addition, BFI applies gravel to some roads and paves other
more permanent roads.
Visually, the landfill is noticeable from the Missoula Valley, but BFI carefully
contours the layers of cover soils and plants native and exotic vegetation in an effort to
emulate the surrounding terrain. The overall height of the entire landfill will eventually
match the closed historic section near the west end of die property. Once the front
portion of the landfill is closed, capped, and revegetated, daily operations will continue
behind this area towards the north.

CHAPTER 5
DRY-TOMB LANDFILLS: POTENTIAL LONG-TERM CONSEQUENCES
5.1—Overview
As required by federal and state regulations, new Class II solid-waste landfills,
such as the BFI facility in Missoula, typically incorporate HDPE (plastic) liners to contain
and prevent leachate from reaching community ground-water supplies. This mandated
method of disposal is questioned by some, however, who claim that placing MSW in
plastic lined disposal cells, and then applying a watertight soil cover, may prove to be
counterproductive. Sealing the MSW inside an envelope prevents external moisture from
reaching the waste, which dramatically reduces the natural fermentation and degradation
of the materials. In essence the MSW is placed in dry storage, which may considerably
lengthen the period of time that the wastes pose a threat to the environment.
5.2—Critique of Dry Tomb Landfills
In 1991, the EPA promulgated rules (CFR Title 40, Part 258) establishing
minimum standards for the design of municipal solid waste landfills. Specifically, the
design of the disposal cells in a modern Class II landfill must include a composite liner
system comprised of a synthetic flexible membrane liner and compacted soil layers. The
theory holds that the use of an inert plastic lining would contain harmful leachates and
thereby achieve one of the main objectives of RCRA Subtitle D: "to promote the
protection of health and the environment..." {Environment Reporter 1995,71:4003).
Experience has shown that while synthetic liners are well-suited for liquid
containment, improper installation, mechanical damage, weathering, and deterioration
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can reduce their effectiveness. It is virtually impossible to install a synthetic liner system
entirely free of holes and defects, however sound liners almost entirely prevent the
passage of moisture in or out of a containment vessel.
In the case of a solid waste disposal cell that is lined and sealed after being filled,
the membrane liner keeps the waste quite dry by preventing the infiltration of water. As a
consequence, the natural fermentation and breakdown of the waste is greatly retarded
and the volume and toxicity of the waste is not appreciably reduced. The waste will
remain in the ground for a very long time, and the potential contamination of ground
water may be postponed for ten to one hundred years (Lee and Jones-Lee 1996,4).
Future generations may inherit unforseen environmental problems resulting from presentday disposal techniques. Perpetual trust funds may be needed to finance long-term post
closure care including, ground-water and landfill-gas monitoring, leachate removal, leak
detection and repair, final cover maintenance, and pollution mitigation.
As noted above, ground-water monitoring, as required by federal and state
regulations, must be performed during the active life of a landfill and for at least thirty
years after the facility is closed. The routine testing of the ground water can provide two
fundamental pieces of information. Samples will reveal not only the presence of
contaminants in drinking water supplies, but, more importantly, tainted samples indicate
a failure in the liner system because the liner cannot be physically inspected. Furthermore
ground-water samples are typically drawn from vertical wells that "have effective zones
of capture of leachate-contaminated ground water of only about one foot around the
wells," (Lee and Jones-Lee 1995,1). If there are few sampling wells, or the wells are far

apart, there may be extensive leachate migration before the contamination shows up in
ground-water samples. For this reason, downslope horizontal sampling wells may be
better suited to the task (Lee and Jones 1992,6).
Regulations also dictate that leachate and landfill gas must be removed from
closed disposal cells. Leachate is collected through a piping system installed on top of the
synthetic liner (prior to the placement of solid waste), and is typically pumped out and
piped to a local wastewater treatment plant. If the leachate collection system
malfunctions, repairs can be very difficult, as the collection manifolds are buried under a
mountain of waste. The leachate collection system must be installed properly,
safeguarded during waste placement, and maintained for the requisite thirty years after
final closure.
Landfill gas is also collected from closed cells, and normally burned in a flaring
device. However, with little water reaching the waste materials once the disposal cells
are sealed, the production of gas is measurably reduced. Although the volume of gas
produced in a dry cell may be minimized, the production of gas may continue for many
decades. Hence, as with the leachate collection system, the pipes and gas flare must be
maintained long after the landfill has been closed. Additionally, there is some question
that the flaring of the landfill gas may not completely eliminate the hazardous materials
(Lee and Jones-Lee 1997,3). In theory, the harmful elements contained in the landfill gas
are destroyed through the high-temperature combustion process.

5.3—Wet Cell Technology
An alternative to the dry-tomb method of MSW disposal involves recirculating
liquid leachate through layers of solid waste. This process is thought to hasten the
breakdown of the waste and reduce the toxicity of the leachate. This is known as the wetcell method of MSW disposal and treatment.
The construction of a wet-cell disposal unit varies by necessity from the dry-tomb
design because generous amounts of leachate are produced and recirculated. In contrast
to a dry-tomb disposal cell, a wet-cell incorporates several distinct layers. An HDPE
liner, a layer of gravel, a layer of low-density clay, another layer of small gravel, and
finally the solid waste material. Additionally, there are leachate collection pipes located
in the layer of small gravel under the waste, a series of recirculation pipes placed in the
gravel beneth the clay, and more recirculation pipes are installed atop the waste pile. The
top covering of the cell consists of a thick, loose layer of soil that enhances the collection
of landfill gas (Lee and Jone-Lee 1992,6).
Another unique feature of the wet-cell method requires that the solid waste is
shredded prior to placement in the disposal cell. The shredding conserves space and,
more importantly, allows leachate to more completely contact the waste. Once the cell is
full and a top covering of soil is in place, fresh water is introduced through the piping
system above and below the waste, and this leachate-rich liquid is then recirculated for
several years. Essentially, the toxins in the waste and leachate are "distilled" and removed
through the landfill gas and leachate removal systems. Some research indicates that this
process may only take four or five years, as a considerable volume of landfill gas is

generated and burned, and excess leachate is removed from the cells. The leachate from
the wet cell is quite concentrated and may require on site pretreatment before being piped
to a wastewater treatment plant (Lee and Jones-Lee 1992,5).
The up-front costs associated with the wet-cell method of disposal and treatment
are fairly high, however it is estimated that the long-term costs associated with dry-tomb
lanfilling will be substantially higher. The waste and leachate inside a sealed disposal cell
receives no treatment, so these wastes could threaten ground-water supplies for many
years. The cost in future dollars of cleansing contaminated soils and ground water could
be astronomical compared with reducing the toxicity of the waste in today's dollars.

CHAPTER 6
SUMMARY AND CONCLUSIONS
6.1—Summary
It is estimated that by the year 2000 approximately 220 million tons of municipal
solid waste will be generated each year in the United States. Proportionately, every
person in this country will throw out about 454 pounds of garbage during a typical day.
Marketable materials will be recycled and salvaged, and some portion of the waste will
be incinerated in waste-to-energy plants, but roughly 125 million tons per year will still
find a home in one of the nation's landfills (U. S. Environmental Protection Agency,
1997). It is important to note that recycling is a worthy activity, however, without strong
markets for recyclables, it is unlikely that there will be significant reductions in the waste
stream. Decreased production of consumer products—a very unlikely
proposal—combined with recycling could have a measurable impact on the overall
volume of solid waste. It is equally unlikely that there will be widespread acceptance of
waste-to-energy plants unless consumers began to pay the real costs of solid-waste
disposal.
Finding a place to put all this garbage is problematic because available landfill
space has been reduced significantly in the last ten to twelve years. About 8000 landfills
were in operation in the United States in 1988, but by 1996 roughly 3000 remained.
Montana also experienced a reduction in available landfill space during this time. There
were approximately 170 landfills in operation in 1988, with only thirty-five permitted
landfills remaining by 1996.
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Congress passed the Resource Conservation and Recovery Act (RCRA) in 1976
to address problems associated with inadequate solid-waste disposal. The act was based
upon findings that the practice of open dumping was a national threat to human health
and the environment. Formally, RCRA was drafted to "promote the protection of health
and the environment and to conserve valuable material and energy resources"
{Environment Reporter 1995,71:4003).
Standards for the design, construction, and operation of municipal solid-waste
landfills is addressed in RCRA Subtitle D regulations that went into effect in 1993
(Sitomer et al. 1993,55). A key component of the regulations, specifically CFR Title 40,
Part 258, requires states to develop solid-waste management plans based upon six
principal criteria including: location restrictions, facility design, operational requirements,
ground-water monitoring, closure and post-closure care, and financial assurance (to fund
long-term ground-water monitoring, leachate removal, landfill gas removal, and final
cover maintenance). The Administrative Rules of Montana, Title 17, sub-chapter 5,
direct the management and disposal of solid waste in the State of Montana. These rules
put forth the design requirements and operational procedures applicable to landfills that
receive more than twenty tons per day of solid-waste material. The BFI landfill in
Missoula receives approximately 500 tons of waste each business day.
Fundamentally, the design and construction of a modern sanitary landfill is
markedly different from a conventional open dump, owing to a major paradigm shift
concerning solid-waste management as embodied in RCRA Subtitle D. One of the most
revolutionary design elements of a contemporary landfill is the use of a synthetic

membrane liner to contain leachate and prevent ground-water contamination. The
disposal cells in the BFI landfill in Missoula incorporate a composite liner system
composed of a two-foot thick layer of compacted soil covered with a .060 HDPE
membrane liner. Additionally, leachate and landfill gas are removed and the ground
water around the site is sampled and tested for contamination four-times each year.
These design features should have a positive impact upon the quality of the ground water
used by Missoula's citizens by preventing the out-migration of pollutants that may
contaminate the underlying aquifer.
Proponents of the dry-tomb method of landfill construction, mandated by RCRA
Subtitle D regulations, maintain that a composite liner system, combining a plastic
membrane over a layer of compacted soil, will contain existing contaminants within a
solid-waste disposal cell. Additionally, once the disposal cell is filled and capped very
little water will infiltrate the waste. When water is prevented from entering a disposal
cell, the natural fermentation and breakdown of the waste is greatly retarded and little
leachate is produced. In theory, the solid wastes are isolated and placed in suspended
animation, thereby preventing ground-water contamination.
However, there is not universal support for the construction of dry tomb landfills.
Some researchers believe that essentially sealing solid waste inside a watertight envelope
will actually pose a greater long term risk to the environment. They submit that the
prevailing design and construction methodology for solid-waste landfills, as directed by
RCRA Subtitle D, is fundamentally flawed. They argue that dry-tomb landfills may not
only delay the release of contaminants, but the toxicity of the wastes and the leachate

will remain elevated for a prolonged period of time.
A radically different method of landfill design and construction is being advanced
as an alternative to dry-tomb landfilling. The use of wet-cell technology challenges
current thinking—the belief that solid wastes must be kept dry after placement in disposal
cells, significantly reducing the generation of leachate and landfill gas. Wet-cell
proponents claim just the opposite is true. They believe that wastes must be saturated
with water and the liquid recirculated continuously for several years. This process would
accelerate the production of leachate and landfill gas, but, more importantly, the process
cleanses and distills out the toxins which are in turn removed through leachate and
landfill gas removal systems. The wastes are rendered less harmful, excess leachate is
removed, and the excess landfill gas is flared off or used as fuel to generate electrical
power. This method of solid-waste disposal has distinct advantages over dry-tomb
landfilling.
6.2—Conclusions
The RCRA of 1976 and the Subtitle D regulations that became effective in
October of 1993 had a profound and lasting impact upon solid waste management in the
United States. The face of solid waste disposal in the United States changed for the
better as a result of the original RCRA legislation, and the subsequent EPA rules, CFR
Title 40, Part 258. Traditional open dumping was very harmful to the environment,
causing soil, water, and air pollution, and leaving a lasting legacy for future generations.
The dry-tomb method of landfill design and construction is superior to dumping
waste on the land, covering it with dirt, and abandoning the site. Landfills that

incorporate synthetic liners, leachate and landfill gas removal systems, and regular
ground-water monitoring should have a positive impact on Ihe environment In addition,
long-term post-closure care, including water and gas monitoring and final cover
maintenance, will provide added assurance for communities. The citizens of Missoula
are fortunate that the BFI landfill is highly regulated and constructed in accordance with
the mandates of RCRA Subtitle D, because the technology utilized in this facility will
help insure that the sole source aquifer is protected.
Dry-tomb landfill design will continue to play a vital role in solid-waste
management for years to come. In many parts of the country, land is available and
inexpensive, and some communities are even competing for mega-dumps as part of their
economic-development strategies. These landfills can provide needed jobs and tax
revenues for small communities. Landfills are still the most affordable option for solidwaste disposal, as consumers do not pay the real costs of disposal through fees or taxes.
Wet-cell technology may prove to be a viable option for municipal solid-waste
disposal, however higher initial capital costs and added technical complexities might
impede the widespread acceptance of this method. James Leiter, the operations manager
of the BFI facility in Missoula, claims that BFI has experimented with leachate
recirculation at other facilities, and their results were less than impressive. The wet-cell
approach to solid waste disposal may work well under tightly controlled and restricted
conditions.
Resource recovery, as put forth in RCRA, is an important element of modern
solid-waste disposal. Recycling and reclaiming reusable products is important, however

these activities do not appreciably reduce the waste stream. Without the strong
endorsement of state and local agencies, and in the absence of viable markets for
recyclables, this element of RCRA will continue to play a relatively minor role in solidwaste management.
Some advocate a reduction in the production of consumer goods as a way to
reduce the overall volume of municipal solid waste. This solution may have merit, but,
culturally, socially, and most importantly, economically is not a viable option. Today's
consumers demand a wide variety of products at reasonable prices, so manufacturers
supply goods and provide employment in the production of these products. Additionally,
manufacturers and distributors import components and finished goods to meet consumer
demand and remain competitive in a price competitive market.
In 1997, U.S. Gross Domestic Product (GDP) was reported at $8.1 trillion.
Personal consumption expenditures, traditionally the largest component of GDP, equaled
roughly $5.5 trillion (Statistical Abstract of the United States 1998). With nearly seventy
percent of total expenditures in the United States linked to the consumption of goods and
services, it is unlikely that consumers, manufacturers, or the government would endorse
proposals leading to cutbacks in production, because the production and consumption of
durable and non-durable goods provides the captial needed for a high standard of living.
However, these groups may support reasonable modifications in product packaging that
are less resource intensive and will help reduce the volume of municipal solid waste. As
discussed in Chapter 1, extraneous product packaging accounts for roughly thirty percent
of the post-recycled waste stream.

One of the most promising technologies available for solid-waste disposal are
waste-to-energy plants that convert municipal solid waste into electricity and residual
ash. Though this technology is misunderstood, it is heavily utilized in countries around
the world that have precious little land to commit to landfill construction. There are
waste-to-energy plants in operation in the United States, but it is a technology that is not
widely accepted by some. It should be noted, however, that these facilities are highly
regulated and continuously monitored for air quality violations.
Initial captial costs are veiy high, owing in part to the sophisticated emissions
control equipment that must be installed and maintained. Over time, waste incineration is
a very cost effective and efficient method for converting waste to energy. The volume
of solid waste is significantly reduced during incineration, leaving some scrap metal and
ash. The metal is reclaimed and the ash is placed in secure hazardous-waste landfills,
because small amounts of household hazardous wastes are processed.
Municipal solid-waste disposal is not glamorous, but necessary for the health and
safety of the public. Little interest is generated in the solid-waste disposal process unless
one's garbage pickup day is delayed for a holiday. Proper solid-waste disposal planning
and implementation is vital to the daily operation of a community. City, county, and
state planners and policy makers will be faced with some tough challenges in the next
century, as communities and waste-disposal requirements grow.
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