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1.1 PURPOSE

The proper disposal of solid wastes is the responsibility of citizens, haulers, operators of solid
waste facilities and public regulatory agencies. Regulatory agencies, such as the jurisdictional
health department and the Department of Ecology, play an important role because they are
responsible for enforcing solid waste laws, establishing regulations, and monitoring
environmental conditions. The improper disposal of solid wastes can result in adverse impacts
not only on the physical and aesthetic environments, but also on human health. Cost-effective
technical solutions to solid waste disposal must also be socio-politically acceptable.

Among the currently available methods for solid waste disposal is burial in landfills. Landfills
are major construction projects which must be properly sited, designed, constructed, operated and
closed. They can be operated by public agencies and/or private industries. Landfilling of solid
wastes was originally promoted as a method for both disposing of solid wastes and reclaiming
unusable lands. As more scientific and operational data has been collected and evaluated, the
regulatory agencies, design professionals, solid waste industry and general public have become
aware of the significant short and long term impacts associated with landfills.

Landfills should no longer be promoted as land reclamation projects unless they meet strict
siting, design, construction and operational criteria. The vast majority of problems associated
with past and existing solid waste landfills can be traced to improperly sited and designed
facilities.

This Manual was developed at the request of the Washington State Department of Ecology
(Ecology) to assist in developing a comprehensive understanding of properly designed and
operated solid waste landfills. This Manual is a guidance document to assist in the
implementation of the Minimum Functional Standards for Solid Waste Handling (Chapter
173-304 WAC) which replaced the previous standards (Chapter 173-301 WAC) in November
1985.

1.2 SCOPE

Solid waste landfills across the state are at various stages of development. Some have been in
operation for many years; others are in the process of closing or have been closed. There will
always be a need for solid waste landfills, regardless of other solid waste disposal alternatives.

Currently, there are new landfills being sited, planned, designed and constructed.

The Manual has been organized to reflect the various stages of the "life cycle" of solid waste
landfills. The Manual is organized into the following major chapter and topics:

e Introduction (including user's guide)
e Laws, Regulations and Permits

e Landfill Siting
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e Landfill Design

e Landfill Construction

e Landfill Operation

e Landfill Closure

e Environmental Monitoring

e Minimum Functional Standards Facility Requirements

Many topics related to solid waste landfills are addressed within this framework. The level of
detail varies accordingly. For example, a preliminary landfill design is required during the siting
process, but final engineering detail is needed for permits and the construction process. Geology,
soils, and hydrogeologic investigations have a similar interaction with the landfill life cycle
process. Leachate and gas management are important considerations during siting, design,
operations, closure and post closure of landfills.

1.3 AUDIENCE

The primary audience for the Solid Waste Landfill Design Manual is the Department of Ecology
and the jurisdictional health districts. Ecology and jurisdictional health districts are required to
review permit applications A for both new and existing solid waste landfills. The jurisdictional
health districts also inspect the landfills and enforce the regulations and the Manual will assist
them in the performance of these responsibilities and help them understand the expectations of
Ecology concerning the operation of new and existing landfills. Ecology is also required to
review and monitor funding assistance grant applications for solid waste landfills and related
projects.

The Manual is also valuable to landfill project developers and operators, public agencies or
private industries and their consultants for understanding the expectations and requirements of
the regulatory agencies. The Manual also provides methods for designing and implementing the
performance and design elements of solid waste landfills. Although not specifically intended to
be, the Manual can also function as a public information and educational text for the
community-at-large and elected officials.

1.4 LIMITATIONS

Solid waste characteristics can vary significantly depending upon the source. The definition of
solid waste includes waste generated by residential households, and industrial, demolition, and
sewage sludges, among others. Although hazardous wastes may be included in the definition of
solid wastes, land disposal of these wastes is not covered in this Manual. Specific state laws and
regulations (i.e. RCW Chapter 70.105 and WAC Chapter 173-303) pertain to the handling and
disposal of "dangerous wastes" as defined in the statute. The state regulation distinguishes wastes
by degree-of -hazard, including extremely hazardous and dangerous waste. EPA defines
hazardous waste in one category in their regulations. The siting, permitting, design, construction
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and operation of disposal facilities for dangerous wastes is clearly outlined in the regulations.
They are not within the scope of this Manual, which deals with the disposal of non-hazardous,
non-dangerous solid wastes. However, it should be noted that landfills are repositories for
long-term disposal of unregulated and small quantity generator hazardous waste.

The non-homogeneous characteristics of solid waste throughout Washington State, along with
the significant variations in soils, geohydrology, climatology, environmental constraints and
public interest and involvement, makes it infeasible to develop a "cookbook" type of Solid Waste
Landfill Design Manual which addresses every possible condition relating to solid waste landfills
in the state of Washington. This Manual does not provide formulas for solutions to every
problem involved in the siting, design, construction, operation and closure of every solid waste
landfill. Rather, it provides regulatory agency staff and design professionals with a logical
methodology for the review of proposed and ongoing projects. The Manual includes discussions
of the preparation of siting studies, environmental compliance reports, permit applications,
design reports, plans, specifications and construction documents, operation plans, closure plans,
and environmental monitoring programs.

The Manual addresses solid waste issues that arise after the decision to site and develop a landfill
has been made. This includes proposed, operating, and closed or abandoned landfills. This
Manual does not address the preparation of solid waste management plans.

Under the laws of the State of Washington, public agencies (counties or municipalities) are
required to plan for the proper disposal of solid waste. Solid waste management plans are
designed to develop an understanding of the geographical planning area, solid waste generation
and practices; identify and evaluate solid waste management alternatives; make
recommendations; and develop an implementation program for the recommended alternatives.
Guidelines for developing or updating a solid waste management plan which have been updated
for 1986 can be obtained from Ecology.

1.5 USER'S GUIDE

1.5.1 Introduction

This Manual was not designed to be read from cover to cover. However, many chapters are
interrelated, and the reader may find it helpful to research the topic of interest throughout the
Manual. The Manual user should first identify specific needs, whether it is a landfill siting
program or implementation of an environmental monitoring program for an operating landfill.
Then the user should then proceed to the appropriate chapter of the Manual for- guidance in

addressing the specific issues. To help the reader research a topic, the following elements have
been built into the Manual:

e Table of contents for each chapter
e List of references for each chapter

e Chapter Nine: Minimum Functional Standards' Facility Requirements



Each chapter contains a detailed table of contents with a list of figures and tables. A list of
references is provided for each chapter and includes each cited source in the main body of the
text and in the supporting appendices.

The final chapter of the Manual summarizes the key aspects of the Minimum Functional
Standards, including permits and required performance and design elements for mixed municipal
solid waste landfills.

1.5.2 Manual Contents

The Manual has been organized following the "landfill life cycle" concept from siting through
closure. A brief discussion of the contents of each chapter is provided in the following sections.

1.5.2.1 Laws, Regulations and Permits - Chapter Two

This chapter of the Manual reviews federal, state and local regulatory requirements associated
with the siting, construction, operation and maintenance of solid waste landfills. The discussion
focuses on solid waste and water quality laws. Air quality, noise, hazardous waste, SEPA
requirements and other miscellaneous controls are also outlined in this chapter.

1.5.2.2 Landfill Siting - Chapter Three

There are four basic areas addressed in the siting of a solid waste landfill. These are:

1) Basic project needs, such as type of waste, capacity requirements, multi-use and
jurisdictional considerations

2) Economics

3) Physical environment requirements (soils) and impacts (water resources, air,
biological resources)

4) Human environment impacts (land use, zoning, community acceptance)

Siting a landfill is a lengthy, complex and costly process which must be carefully planned. The
Manual provides an orderly planning process to ensure that the siting decision is cost-effective,
technically correct and in compliance with procedural and legal technicalities. The siting study
should be conducted in a manner providing opportunity for public involvement during the siting
process. The socio-political issues are often more difficult than the technical requirements.

Public Involvement. Guidance is provided to implement a successful public involvement
program. Information is included on planning public involvement strategy, selecting techniques,
initiating the program and monitoring its success.

Phasing the Siting Process. The Manual provides direction on how to phase the siting process.
This includes establishment of selection and "fatal flaw" criteria, identification of potential
landfill sites utilizing the established criteria, and how to narrow the number of sites from the so-
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called "universe of sites" to a preferred site for which a Draft Environmental Impact Statement
(DEIS) and Final Environmental Impact Statement (FEIS) can be prepared.

A significant amount of labor-intensive field work is associated with siting a solid waste landfill.
This Manual provides guidance for the sources and use of available data in the initial stages of
landfill siting.

Hydrogeologic Investigations. Discussions in Chapter 3 relating to hydrogeologic issues and
investigations include:

e The development of hydrogeologic criteria to screen and rank possible sites
e Procedures for final site selection and necessary design-level, site-specific studies

e Integration of hydrogeologic studies into the overall assessment and the design and
implementation of a ground water monitoring program

Key hydrogeologic factors such as precipitation and recharge rates, geology, soil permeability,
location of. aquifers, ground water flow directions, potential receiving water bodies, and existing
water quality are among the factors discussed. Their significance in siting and design of a landfill
is presented in light of the differing geologic environments within Washington State.

1.5.2.3 Landfill Design - Chapter Four

Landfill design progresses in increasing levels of detail as a solid waste landfill project develops
from siting to closure. The principal objectives for Chapter 4 are:

e To establish basic design criteria for use by implementing agencies and engineers

e To present and review specific, individual technologies for landfill development and
environmental controls.

Design Criteria. The design of solid waste landfill and subsequent operations and environmental
control systems are site-specific issues. As such this section covers basic and alternative design
concepts. It respects the site-specific character of a landfill project, and presents criteria which
are comprehensive and performance-oriented, and which comply with Minimum Functional
Standards, Chapter 173-304 WAC.

Leachate Management. Of all unit processes conducted at a solid waste landfill, leachate
management is one of the most critical to overall site environmental integrity. Proper leachate
management is essential to avoid surface and ground water contamination and is one of the
principal elements of a landfill management program that remains when the site closes.
Consequently, the Manual emphasizes leachate management requirements, and provides
guidance on available management options, design criteria for process design/installation and
monitoring, and finally economic considerations.

Leachate management is discussed in several sections of the Landfill Design Chapter:
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e (Ground water management

e Prediction of leachate generation

e Leachate attenuation

e Liners

e Leachate collection and transmission system
e Leachate treatment and disposal system

e Final cover system design

Landfill Gas Management. Topics addressed include:

e Landfill gas generation and migration

e Landfill gas control system design including the prediction of gas generation potential
and migration patterns, alternative control methods and strategies, selection of
appropriate control system(s), and design criteria

e Landfill gas recovery system design including prediction of gas production system design,
types of recovery systems, design criteria, and coordination of control/recovery system
designs

1.5.2.4 Landfill Construction - Chapter Five

This chapter addresses issues related to construction management, inspection, and actual
construction of solid waste landfills. This chapter applies to contracted construction services, as
well as to projects undertaken with staff from local agencies.

Specialized construction activities associated with existing solid waste landfills are also
addressed. Among these are:

e Bottom liners
e Leachate collection and transmission systems
e [eachate treatment and disposal

e Gas control/recovery systems
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1.5.2.5 Landfill Operation - Chapter Six

Each landfill is unique due to the type of waste, size of the facility, and local environment -
Therefore, it is impossible to provide a "cookbook" chapter on landfill operations. However, this
Manual provides:

e Detailed job descriptions and qualifications of landfill personnel

e Guidance in the preparation of Operation Plans (specifically planning for wet weather)

e (Guidance in the development of an equipment preventative maintenance program

e Record keeping and data management guidance

e Overall equipment specifications and suggested equipment requirements for different
types of solid waste landfill facilities

1.5.2.6 Landfill Closure - Chapter Seven

The Manual addresses landfill closure and post-closure requirements, including:

e Corrective actions (surface water run-on, ground water infiltration, erosion control,
leachate and gas management needs)

e (losure plan elements

e Post-closure plan elements

e (Closure/post closure economics
e Final land use considerations

1.5.2.7 Environmental Monitoring - Chapter Eight

Environmental monitoring is required at solid waste landfills to continuously evaluate the
effectiveness of environmental protection systems as they relate to water resources and gas
management. The Manual provides:

e Guidance and recommendations for the establishment of surface and ground water quality
sampling stations

e Protocol for collecting and transporting water quality samples
e Recommended water quality parameters

e Frequency of sampling
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e Guidelines for the location and installation of gas monitoring systems
e Sampling procedures for solid waste landfill gases

e Reporting and record keeping methods

e Sampling quality assurance

1.5.2.8 Minimum Functional Standards' Facility Requirements - Chapter 9

This chapter of the Manual provides a discussion of the key sections of the Minimum Functional
Standards as they relate to typical mixed municipal solid waste landfills. The discussion includes
permit requirements and performance and design elements. Reference is given to appropriate
sections of the Manual providing information to assist in implementing the standards.



Chapter 2

Laws, Regulations and Permits
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2.1 INTRODUCTION

The purpose of this Section is to review the controls and regulatory requirements associated with
the siting, construction, operation, maintenance, and closure of solid waste landfills. Rather than
list the regulations verbatim, an overview is provided with specific references to portions and
sections so that the reader can easily research the regulation as necessary. A copy of the
Minimum Functional Standards (MFS) has been included as Appendix A.

An attempt has been made to identify all relevant regulatory requirements and guidelines for all
levels of government. The description of local requirements is generic, and specifies what local
governments are authorized to regulate. The specific permitting and approval processes
established by each local regulatory agency is not listed here.

This chapter is divided into two sections:
1) Federal and state laws and regulations
2) Local regulations and permits

The state and federal regulations are discussed together because they are interrelated and often
redundant. The authority to administer federally initiated permitting programs is frequently
delegated to the state. Aside from regulatory constraints that deal directly with solid waste,
related laws concerning water quality, air quality, noise control, hazardous waste and other
miscellaneous issues such as flood control and safety are covered in this Section.

These (and all) regulations are subject to review, and may be amended, changed or repealed at
any time. For the most recent version of a federal regulation, one should refer to the most recent
issue of the Code of Federal Regulations and the Federal Register. At the state level, the
appropriate references are the Washington Administrative Code and the Washington Register. At
the local level it would be most appropriate to 'consult with officials of the agency sponsoring or
administering the regulations being considered.

2.2 FEDERAL AND STATE REQUIREMENTS

At the state and federal levels of government, the principal regulators of solid waste facilities are
the U.S. Environmental Protection Agency (EPA) and the Washington State Department of
Ecology (Ecology). Both agencies have promulgated regulations governing solid waste, water
quality, air quality, dangerous waste and noise control. An overview of these provisions as they
apply to solid waste landfills is provided below.

2.2.1 Federal Solid Waste Disposal Laws and Regulations

At the federal level, the Resource Conservation and Recovery Act of 1976 (RCRA), amended by
the Solid Waste Disposal Act Amendments of 1980 and the Hazardous and Solid Waste
Amendments of 1984 (HSWA),,is the primary source of solid waste legislation. Subtitle D deals
with non-hazardous solid waste disposal and requires the development of a state comprehensive
solid waste management program that outlines the authorities of local, state and regional
agencies. The state program must prohibit "open dumps," and provide that all solid waste will be
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used for resource recovery, disposed in landfills, or otherwise disposed in an environmentally
sound way. In addition, EPA is required to promulgate regulations containing guidelines for the
development and implementation of state solid waste management plans and specific criteria for
classification of landfills to determine if they are "open dumps".

EPA's solid waste regulations appear in 40 CFR Parts 240-257. The key provisions are Part 241 -
Guidelines for the Land Disposal of Solid Waste and Part 257 - Criteria for Classification for
Solid Waste Facilities and Practices. Part 241 of EPA's regulations addresses all aspects of solid
waste disposal, including site selection, facility design, water and air quality considerations, gas
control, vector control, aesthetics, cover material, compaction, safety considerations,
recordkeeping and exclusion of specific solid wastes. Part 257 defines eight criteria used to
determine when a solid waste disposal site will be considered an "open dump" for purposes of a
state's solid waste management plan under RCRA. These criteria also define unacceptable
impacts caused be solid waste handling activities, and set minimum standards that all landfills
must satisfy. A summary of these criteria is provided below:

Criterion No. 1 relates to floodplain protection. Although it does not prohibit The location
of disposal facilities on a floodplain, it does state that they shall not restrict the flow of a
100-year flood, reduce the temporary water storage capacity of any floodplain, or result in
a "washout" of solid waste materials by flood waters.

Criterion No. 2 stipulates that no facility or practice may in any way harm, or adversely
affect, an endangered or threatened species of plant, fish, or wildlife, or the habitat of any
such species.

Criterion No. 3 applies to surface water considerations and refers to provisions of the
Federal Water Pollution Control Act (FWPCA). It prohibits: discharges of pollutants into
navigable waters in violation of an NPDES permit; discharges of dredged or fill material
in violation of the FWPCA; or nonpoint source pollution of surface waters in violation of
any Section 208 plan.

Criterion No. 4 concerns ground water in that no solid waste facility or practice may in
any way "contaminate an underground drinking water source beyond the solid waste
boundary... 11 "Underground drinking water source" is defined to include aquifers which
serve as drinking' water sources, and aquifers with ground water containing "less than
10,000 mg/L total dissolved solids." "Solid waste boundary" is defined as the "outermost
perimeter of the solid waste (projected in the horizontal plane) as it would exist at
completion of disposal activity."

Criterion No. 5 protects land used for the production of food-chain crops. Subpart (a)
addresses cadmium concentrations. Subpart (b) discusses solid wastes containing
concentrations of polychlorinated biphenyls(PCB's) "equal to or greater than 10 mg/g (dry
weight)." Specific requirements for land disposal of such wastes are listed in the
regulation.

Criterion No. 6 involves disease control. Subpart (a) requires the control of on-site
populations of disease carrying vectors such as rodents, flies and mosquitoes. Subpart (b)
prohibits the disposal of sewage sludge or septic tank wastes not in compliance with
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specified requirements. Sewage sludge must be treated by a "Process to Significantly
Reduce Pathogens" (listed in Appendix II, Section A to Part 257). Limitations on public
access. Septic tank waste and animal grazing are also specified. Note, however, that these
provisions do not apply to "sewage sludge disposed of by a trenching or burial operation."

Criterion No. 7 addresses air quality control. Open burning of solid waste is prohibited. In
addition, no disposal facility or practice may violate the requirements of a state
implementation plan approved by EPA under the Federal Clean Air Act.

Criterion No. 8 addresses miscellaneous safety concerns. Subpart (a) limits
concentrations of methane in structures at the facility and at the boundary of the site.
Subpart (b) specifies that the disposal facility or practice shall not pose a fire hazard.
Subpart (c) applies to facilities located in close proximity to airport runways and provides
that no such facility such pose a bird hazard to aircraft. Subpart (d) prohibits uncontrolled
public access which could expose the public to safety or health hazards at the disposal
site.

The EPA, the State or private citizens can file suit, pursuant to Section 7002 of the Act, to force
compliance with the Criteria. Prior to HSWA of 1984, the federal government had no authority to
take legal action against parties not in compliance with the Criteria.

As a result of HSWA, the Subtitle D Criteria and the mechanisms used to enforce them have
changed. EPA is required to prepare a report to Congress by November 8, 1987, determining
whether the Criteria are adequate to "protect human health and the environment" from ground
water contamination or whether additional authorities are needed to enforce them. Furthermore,
EPA must revise the Criteria by March 31, 1988, to address facilities that receive household
hazardous waste or hazardous waste from small quantity generators. At a minimum, the revisions
are mandated to require ground water monitoring at the level necessary to detect contamination
(in contrast to a standard minimum number of monitoring points), to establish Criteria in the
acceptable location of new or existing facilities, and to provide for corrective action, as
appropriate.

In addition, HSWA requires the development of a permit system by November 8§, 1987, for
facilities that receive small quantities of hazardous waste. This system is intended to ensure
compliance with the new Criteria. The State must modify its permit program accordingly within
eighteen months of the promulgation of the new revised Criteria or the authority for enforcement
reverts to EPA.

The EPA also has the authority to issue RCRA Section 7003 Orders in any situation where "an
imminent and substantial endangerment to health or the environment" is caused by the handling
of non-hazardous or hazardous solid wastes. EPA, or an authorized State, can order any person
contributing to the problem to take steps to clean it up. Contributing parties can include past or
present generators, transporters, owners or operators of the site. Violation of a Section 7003 order
can result in penalties of up to $5,000 per day.

2.2.2 Washington State Solid Waste Disposal Laws and Regulations
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The basis for Washington State's solid waste regulatory program is the Solid Waste Management
Act, RCW Chapter 70.95. This legislation, as amended by SHB 1164:

e Establishes priorities for management of solid waste
e Authorizes the adoption of minimum functional standards for solid waste handling

e Requires the development of city and/or county solid waste management plans and
updates

e Provides for a permit system for solid waste disposal sites
e Assigns enforcement and regulatory responsibilities to Jurisdictional health departments

e Provides for the development of siting criteria to be used in evaluating potential sites for
disposal facilities

e Mandates the formation of county solid waste advisory committees
A brief discussion of each of these provisions follows:.

The priorities for solid waste management are, in descending order: waste reduction, waste
recycling, energy recovery or incineration, and landfilling.

The Minimum Function Standards were promulgated by the legislature as WAC 173-304. These
standards reflect the solid waste criteria established by RCRA and amendments to RCW 70.95 as
mentioned above. Responsibilities of individuals and government are prescribed in the
regulation. To summarize, regulations in the standards include:

e The establishment of county solid waste advisory-committees to review and comment
upon solid waste issues

e Development of solid waste management plans and their review and/or revision every
five years

e Evaluation of potential sites for disposal facilities based on siting criteria listed in the
regulation

e A permitting system for solid waste disposal facilities including recycling centers
e Restoration of closed or abandoned disposal sites

e Standards for solid waste storage, transportation, transfer stations, incineration and
landfilling

e A permitting system for sludge utilization sites
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e Responsibility for management and surveillance of woodwaste and other wastes disposal

One of the principal functions of this manual is to assist owners, operators and enforcement
agencies in implementing the performance and design elements for solid waste landfills that are
specified in the Minimum Functional Standards. Chapter 9 includes a discussion of the
permitting requirements and the performance and design elements pertinent to mixed municipal
solid waste landfills. It also provides reference to appropriate sections of the manual where
detailed information on those elements may be found.

The rights and responsibilities of counties with regard to solid waste disposal are set forth in
RCW Chapter 36.58. Counties are given the right to own disposal sites and establish rules of
operation and maintenance. In addition, counties may designate by ordinance disposal sites for
waste generated in unincorporated areas and may establish solid waste districts for providing and
funding disposal facilities.

Under provisions of RCW Chapter 35.21, cities and towns may also provide solid waste disposal
and establish ordinances relating to disposal and disposal fees.

2.2.3 Water Quality Controls

Water pollution controls are mentioned by reference in solid waste regulations for the prevention
of ground and surface water contamination from solid waste activities. The primary federal
legislation is the Federal Water Pollution Control Act as amended by the Federal Water Pollution
Control Act Amendments of 1972 and the Clean Water Act of 1977, 33 USC 1251 et sea
(FWPCA). Much of the regulatory responsibility has been delegated to the state. The state's role
and authority over water quality control is discussed below with emphasis on the State Water
Pollution Control Act, RCW Chapter 90.48.

The FWPCA specifies effluent limitations, water quality standards, and a permitting system for
point source discharges of pollutants into navigable surface waters. The authority to administer
this permitting system, referred to as the National Pollutant Discharge Elimination System
(NPDES), has been delegated to Ecology in accordance with provisions of the Act. The NPDES
system addresses point discharges only. Section 404 of the FWPCA provides for the permitting
program for disposition of fill or dredged materials into navigable waters or in adjacent wetlands.
This permit, obtained from the Corps of Engineers, would be necessary if excavations from a
landfill site were to be disposed in this manner. The Section 404 permit application would
require an accompanying site certification of compliance with water quality standards.

EPA authority for regulating ground water discharges comes primarily from the Federal Safe
Drinking Water Act, as amended, 42 USC 300f et sea. Two main objectives of this Act are to:
regulate the quality and contamination levels of public water supplies and to protect subsurface
sources of drinking water by regulating underground injection wells. The regulations
promulgated by this act are contained in 40 CFR Parts 241-243.

Another source of federal regulations pertaining to ground and surface water protection is found
in regulations resulting from RCRA, 40 CFR Part 257.3-3 and 257.3-4. These Sections are
criteria No. 3 and 4 pertaining to the classification of solid waste disposal facilities and practices
(see Section 2.2.2). Criterion No. 4 states that solid waste activities shall not contaminate ground
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water used as a drinking water source beyond the boundary of the solid waste facility. Maximum
contaminant levels used to determine compliance with this criteria are included in Appendix I of
Part 257 of the regulation and are equivalent to primary drinking water standards promulgated in
the Safe Drinking Water Act mentioned above.

The State Water Pollution Control Act, RCW Chapter 90.48 (WPCA), augments the FWPCA
with more extensive measures to protect against the discharge of pollutants. Ecology is given
considerable latitude in its regulatory authority over the discharge of pollutants into waters of the
state. The state act contains provisions for permitting and approval programs which may be
relevant to solid waste related activities. The water quality standards for surface waters which are
consulted for these permitting and approval programs are established in WAC 173-201.

A state waste discharge permit program was established in WAC 372-24, prior to the
development of provisions for the NPDES permitting system at the federal level. This original
program has been superseded by WAC 173-216. The discharge permit system is relevant to solid
waste facilities which discharge leachate to the waters (ground or surface) of the state, either
directly, or through the public sewer systems. Issuance of the permit is based on compliance with
conditions which may be stipulated by Ecology. Ecology can delegate authority to administer this
program to the operator of publicly owned sewerage systems.

Ecology has been designated the State Water Pollution Control Agency for the administration of
the FWPCA with respect to navigable waters in the state. Responsibilities include the
administration and establishment of an NPDES permit program. This permit program is
contained in WAC 173-220, and applies only to point source discharges to surface waters.

Both permit programs overlap to some degree. However, both permits are not required for every
activity that is subject to one. Note also that both programs deal with point source discharges
only.

Leachate treatment and control systems not covered by either of these permitting systems are
subject to review and approval by Ecology (RCW 90.48.110). The procedures for this process are
contained in regulations set forth in WAC 173-240. Under these regulations, leachate is included
in the definition of industrial waste water. The review and approval process includes the
submittal of engineering reports and final plans for a proposed facility. Specific requirements for
the engineering report covering a leachate treatment system are provided in WAC
173-240-130(2)(v). In addition, a detailed operations and maintenance manual must be prepared.

The VPCA deals primarily with point source discharges. However, the right to exercise control
over non-point source discharges has been established in WAC 173-201-035(s). This Section of
the regulation states that non-point sources which are not in compliance with state water quality
standards, and not covered by any of the permitting programs established in the VPCA, may be
subject to citation or sanction by Ecology. The activities creating the discharge are exempt from
citation ' if the activities are in compliance with Ecology's management practices or have
received a special regulatory order. Compliance with Minimum Functional Standards may be
sufficient to obtain this exemption for solid waste facilities.

Another provision of WPCA authorizes development of sewage drainage basin plans for
pollution control and abatement. Minimum plan requirements include water quality
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considerations pertaining to "solid waste disposal runoff and seepage water," (WAC
372-68-060). Compliance with these plans is required. Currently, sewage drainage basin plans do
not exist for all basins in the state. The local planning agencies should be consulted for the plan
status in a specific area.

The General Sanitation regulations, WAC 248-50, are also concerned with the protection of
water quality. This chapter includes the prohibition of contamination of ground water.

Cities and towns are provided with the authority (RCW Chapter 35.88) to enjoin any activity
which is polluting or tending to pollute the source of their public water supplies. The source of
public water supplies includes all watersheds or similar areas draining into the supplies.

2.2.4 Air Quality Controls

The Federal Air Quality Act, 42 USC 7401-7642, provides for state implementation plans for
national primary and secondary ambient air quality standards, and state implementation and
enforcement of standards of performance for new stationary sources of air pollutants. The State
of Washington has been delegated the authority to administer the federal air quality program and
issue permits.

The Washington Clean Air Act, RCW Chapter 70.94, requires the development of regulations for
air pollution control. The act also creates county, or multi-county, air pollution control
authorities. These authorities are responsible for enforcing the state regulations, or developing
regulations at least as stringent as those established by Ecology in WAC 173-400 and WAC
173-403.

Unless the operations involve some form of open burning or controlled combustion, such as for
weed abatement, solid waste landfills will not require a permit or approval from the state or local
air pollution control authority. However, other provisions of the state's air quality regulations
may be relevant to the construction and operation of solid waste landfills. These provisions
contain standards for the emission of particulate matter, odor, fugitive dust and other air
contaminants.

The procedures for enforcing the air quality regulations and for the permit/review process are
outlined in WAC 173-403. A notice of construction is required before a new source of air
contaminants is built or installed. The local air pollution control authority should determine
whether A solid waste landfill, or the related construction activity, would be considered a new
source.

2.2.5 Noise Control

The primary source of noise control legislation at the federal level is the Noise Control Act of
1972, as amended. This act delegates most of the authority to regulate noise to state and local
governments. The Washington Noise Control Act of 1974, RCW Chapter 70.107, requires
Ecology to set up standards establishing maximum noise levels for specific environments and
noise abatement and control measures. The maximum noise levels are set forth in WAC 173-60.
These levels vary depending on the classification of property and adjacent property.
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Classifications of property can be determined at the local level of government with Ecology
approval.

Most noise generated from temporary construction activity is exempt from these state
regulations. Noise from motor vehicles off public highways is also exempt except in areas
classified as Class A. Enforcement of noise control regulations is left to local government when
they have adopted abatement and control measures.

2.2.6 Disposal of Dangerous or Extremely Hazardous Waste

An overview of regulations addressing the disposal of hazardous waste is provided here as a
reference, primarily for the owner/operator of disposal facilities and local permitting authorities.
The Manual itself does not deal with hazardous waste disposal facilities. However, a knowledge
of these regulations can aid in handling suspect waste and identifying important regulatory issues
which will become significant if hazardous wastes are discovered in a landfill.

It should be noted that landfills are repositories for previously unregulated quantities of
hazardous waste. Such practices will be greatly curtailed as a result of the Hazardous and Solid
Waste Amendments (HSWA) of 1984. The 1984 amendments require EPA to upgrade the
Resource Conservation and Recovery Act (RCRA) Criteria for sanitary landfills as necessary to
protect public health and the environment since landfills have received hazardous wastes from
both households and small quantity generators. Congress has required these revisions because
accumulation of these hazardous wastes at landfills (Subtitle D facilities) poses a health hazard.
Although it is not clear how EPA will choose to regulate these facilities, Congress believes that
the authority already exists for EPA to require the 12,000 to 18,000 municipal-owned sanitary
landfills nationwide to comply fully with more stringent hazardous waste landfill standards.
However unlikely such an action might be, ground water monitoring, leachate collection and
corrective actions at such facilities seem inevitable.

In addition to revising the RCRA Criteria, HSWA requires that a permit program (or other
system of prior approval) be implemented by November 8, 1987 for facilities receiving small
quantities of hazardous waste. This permit process is intended to ensure that facilities comply
with existing Criteria. Within 18 months of the promulgation of revised Criteria, the State of
Washington must modify its permit program accordingly. Should the State fail to develop and
implement an appropriate permit program by September 31, 1989, EPA is given the authority
under HSWA to enforce the revised Criteria at facilities accepting hazardous waste from
households and small quantity generators.

At the federal level, Subtitle C of RCRA (1980) and HSWA (1984) address the management and
disposal of hazardous wastes. The statute, as amended, requires the establishment of a regulatory
framework for the identification of hazardous waste characteristics, the listing of particular
hazardous wastes and the careful tracking of such wastes. A set of hazardous waste regulations
(40 CFR Parts 261-270) was promulgated by EPA in response to this mandate. Under RCRA,
every owner and operator of a hazardous waste treatment, storage or disposal facility is required
to acquire a permit from EPA or an authorized state, such as Washington state. Those facilities
generating less that 220 pounds (100 kilograms) of hazardous waste or less than 2.2 pounds (1
kilogram) of acutely hazardous waste per month, however, are exempt from this requirement.
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The relevant regulations for hazardous waste disposal facilities are in 40 CFR 264-Interim
Standards for Owners and Operators of New Hazardous Waste Land Disposal Facilities. These
regulations require that:

e Adequate records be maintained for all hazardous waste disposed at a land disposal
facility

e The waste be treated and disposed of properly
e The disposal facility be located, designed and constructed to specified standards

e Contingency plans be developed to minimize unanticipated damage from treatment,
storage or disposal operations

The Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) was
enacted in 1980 and amended and reauthorized in 1986, to enable state and federal governments
to respond to hazardous waste sites, both abandoned and active, which threaten public health or
the environment. Until passage of CERCLA, also known as the Superfund, the federal
government's authority to remedy such problems was restricted to notification, elimination of
"imminent hazards," enforcement, civil and criminal action provisions of various environmental
laws, and cleanup efforts under Section 311 of the Clean Water Act.

By Executive Order 12286, the President delegated responsibility for administering the
Superfund to several federal agencies, and initially provided for the payment of government
response costs and payment of claims from the Hazardous Substance Response Trust Fund of
approximately $1.6 billion over 5 years. Upon reenactment, the Superfund Amendments and
Reauthorization Act allocated over eight billion dollars for management of uncontrolled wastes.
EPA is directed, as part of the National Hazardous Substance Response Plan, to establish
procedures and standards for responding to releases of hazardous substances and to prepare a list
of priority sites of known releases or threatened releases throughout the United States. The list of
sites is known as the National Priority List (NPL). Many solid waste landfills have been
identified as hazardous waste sites and included on this list. Reference to the listing of a
particular site on the NPL was promulgated in the National Oil and Hazardous Substances
Contingency Plan (NCP) by EPA on July 16, 1982 (47 FR 31180-31243). In addition, EPA is
authorized to provide federal funds to:

e Undertake such investigations deemed appropriate to identify the existence and extent of
hazardous substances which are potentially a danger to public health and the environment
(Section 104(b})

e Provide for the appropriate remedial actions (Section 104[a})

These funds, will not be committed unless the state first enters into a cooperative agreement with
EPA providing assurances for all future maintenance of the remedial actions, the availability of
an acceptable hazardous waste disposal facility, and payment of 10 to 50 percent of the costs
(Section 104[c)[3}). The Department of Ecology derives its authority from enabling legislation
(RCW 43.21A), the state's Hazardous Waste Disposal Act (RCW 70.105), and regulations to
implement it (WAC 173-303).
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State legislation directed at hazardous waste disposal was first enacted in 1976 with the passage
of the Hazardous Waste Disposal Act (Chapter 70.105 RCW). Amendments to the Act, passed in
1980, provide the Department of Ecology with additional authority as required by the Resource
Conservation and Recovery Act.

The 1980 amendments to the Hazardous Waste Disposal Act authorized Ecology to regulate the
storage, treatment and disposal of both extremely hazardous waste (EHW) and dangerous waste
(DW). Prior to the 1980 amendments, regulations for hazardous waste were designated in
Chapter 173-302 of the Washington Administrative Code (WAC). In 1982 these regulations were
revised to comply with the federal requirements (RCRA) that states' hazardous waste programs
adopt regulations which are "essentially equivalent" to EPA's rules.

The regulations, WAC 173-303, entitled "Dangerous Waste Regulations" replace WAC 173-302.
These regulations establish standards and rules for the identification, transport, treatment, storage
and disposal of dangerous and extremely hazardous wastes.. Many provisions are relevant to the
solid waste management process.

"Hazardous waste" is the general term that covers both dangerous and extremely hazardous waste
as defined in the state regulations (WAC 173-303):

"Dangerous wastes" means any discarded, useless, unwanted, or abandoned nonradioactive.
substances, including but not limited to certain pesticides, or any residues or containers of such
substances which are disposed of in such quantity or concentration as. to pose a substantial
present or potential hazard to human health, wildlife, or the environment because such wastes or
constituents, or combinations of such wastes:

(a) Have short-lived, toxic properties that may cause death, injury, or illness or have
mutagenic, teratogenic, or carcinogenic properties; or

(b) Are corrosive, explosive, flammable, or may generate pressure through
decomposition or other means.

"Extremely hazardous waste" means any dangerous waste which:

(a) Will persist in a hazardous form for several years or more at a disposal site and
which in its persistent form

(i)  presents a significant environmental hazard and may be concentrated by
living organisms through a food chain or may affect the genetic makeup of
man or wildlife, and

(i1)  is highly toxic to man or wildlife,

(b) Ifdisposed of at a disposal site in such quantities would present an extreme hazard
to man or the environment.

2.2.7 State Environmental Policy Act
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The State Environmental Policy Act of 1971 (SEPA) was developed to ensure that environmental
considerations are part of the review and approval process undertaken by state and local agencies.
The Act, as amended in 1984, requires that an analysis of environmental impacts be included in
the decision making process.

The SEPA process begins when a permit application or a proposal is submitted to a public
agency. The lead agency, usually the city or county where the proposal activity is to take place,
makes a threshold determination on whether or not the activity is expected to have significant
adverse environmental impacts. This decision is based on a review of an environmental checklist
completed by the proponent of the activity. An environmental checklist and threshold
determination would not be necessary if the lead agency and the proponent have already agreed
that an environmental impact statement (EIS) is necessary. The basic format for the checklist is
contained in WAC 197-11 but may vary with the county or city (lead agency) involved. The lead
agency may have established additional guidelines or requirements for the SEPA process and
these must be determined on a case by case basis.

The SEPA rules contain a list of categorical exemptions (activities for which no environmental
documentation is required). These include some minor construction and excavation activities.

Based on the review of the environmental checklist, the lead agency issues either a determination
of significance (DS) or non-significance (DNS). A determination of non-significance indicates
that no further environmental documentation (i.e., an EIS) is necessary. In cases where mitigative
measures are possible to reduce or eliminate environmental impacts, the lead agency may issue a
mitigated DNS which stipulates measures to be implemented to mitigate the impacts.

When an EIS is required the lead agency must decide on its scope. That is, it must specify "the
range of actions, alternatives, and impacts to be discussed" (WAC 197-11-793). Then the scoping
process is initiated requesting public and private comment on the scope of the EIS.

The scoping process leads to the production of a draft EIS which is distributed for a 30-day
public comment period. A final EIS is issued which has incorporated comments received on the
draft EIS.

The agencies involved in approval of the proposed activity or policy use the EIS to make
decisions regarding the proposal. However, other information or documentation may also be used
in their decision process.

2.2.8 Other Controls

2.2.8.1 Proximity to Highways

According to federal statute (23 USC 136) the apportionment of federal-aid highway funds to
states can be reduced if a state does not provide control over junkyards which are within 1,000
feet of and visible from an interstate highway. Junkyards are defined to include landfills.
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The state statute enacted in response to the federal legislation is in RCW Chapter 47.41. This
statute expands on the federal limitations noted above by prohibiting junkyards within 1,000 feet
of any interstate or federal-aid primary highway with the following exceptions:

1)  When not visible or screened from view

2)  When located in areas zoned for industry

3)  When located in unzoned industrial areas (as defined by State Department of
Transportation).

2.2.8.2 Shoreline Protection

The Coastal Zone Management Act (6 USC 1451-64), passed by Congress in 1972, authorized
financial assistance to states to administer and develop Shoreline protection programs. The
Shoreline Management Act was passed by state legislature in 1971 to protect the shoreline of the
state. The enabling statute, RCW Chapter 90.58, established a state program to manage the
coastal areas, defined "shoreline of statewide significance," and set up a permit system.

Under the state's program, local governments are assigned the responsibility to administer the
regulatory program and to coordinate with Ecology to insure compliance with state policy and
regulations. Permits are required for developments in the area which includes: "all of the state's
marine waters and their associated wetlands, including at a minimum all upland area 200 feet
landward from the ordinary high water mark." Permits and review/approval procedures may be
necessary in areas adjacent to the coastal areas defined above. The state master program
specifically prohibits the siting of solid waste disposal sites in the shoreline. The Shoreline
Management Master Program for an area, county, city or town, must be consulted for compliance
with local and state regulations.

2.2.8.3 Flood Control

Two federal acts relevant to solid waste landfills are the Watershed Protection and Flood
Prevention Act, 16 USC 1001 et sea., and flood control legislation codified at 33 USC et seg. At
the state level, RCW Title 86 covers floodplain management and flood control. Regulations
resulting from this statute are in WAC Chapter 173-142. The location of a solid waste landfill
within a floodplain, flood control zone, major watershed area or above an aquifer recharge area
serving a public water system should be reviewed in the context of the federal and state laws
mentioned above.

2.2.8.4 Health and Safety

The design, construction and operation of a solid waste landfill must be in compliance with the
Washington Department of Labor and Industry's General Safety and Health Standards, WAC
Chapter 296-24.

2.2-8.5 Nuisance Control
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Nuisance control is covered in, many of the regulations already discussed in this Section. General
nuisance control is covered in RCW Chapter 7.48. Public nuisances are addressed in RCW
Chapter 9.66. Nuisances are defined; abatement measures and offenses described.

2.3 LOCAL REGULATIONS, PERMITS AND ORDINANCES

Many of the relevant local regulations and permits have already been introduced in the section on
state and federal regulations because authority is delegated to this level of government. In
addition to regulations and permits, a review of applicable plans and policies that may be in
effect in a given, locale is provided. Two previously discussed regulators are air pollution control
authorities (see Section 2.2.4) and jurisdictional health departments (see Section 2.2.2).

2.3.1 Air Pollution Control Authorities

The air pollution control authorities issue permits and enforce air quality regulations. Siting a
new landfill may require that a notice of construction be filed with this agency. The air pollution
control authority would also handle complaints related to odor or dust problems emanating from
a solid waste disposal site.

2.3.2 Jurisdictional Health Departments
The jurisdictional health departments are assigned the responsibility of:

1)  Enforcing the state solid waste regulations (WAC 173-304) and any additional solid
waste regulations the, health department may have developed

2) Issuing permits and conducting inspections
3) Monitoring solid waste activities

The permit system involves the application for a permit before a new site is established. The
requirements for the permit are included in the Minimum Functional Standards, WAC
173r304-600. The application must be approved by both the jurisdictional health department and
Ecology. Annual renewals of this permit are required, and subject to inspections by the health
department and review by Ecology. A fee may be charged for initial and renewal permits.

2.3.3 Zoning Authorities

Zoning ordinances have been adopted by most counties and many incorporated areas in the state.
These ordinances establish a classification system which groups areas according to permitted
land uses. Solid waste landfills are usually permitted in a specific zone or zones as a conditional
use. That is, the location of solid waste disposal activity in the zone is subject to review by the
appropriate Zoning Board or Hearings Examiner. Conditions may be stipulated by the review
board and/or in the zoning code Itself. The appropriate zoning regulations for a given area must
be considered when siting or making modifications to a solid waste landfill.

2.3.4 Building and Grading Permits
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Other permits which may be required by local government are related to construction and
excavation activities at the solid waste landfill site.

Specifically, building permits for new construction activity and grading or excavation permits for
earthmoving activities maybe required. These permits will also usually incorporate by reference
the conditions or requirements of other permits, particularly conditional use permits.

2.3.5 Refuse Disposal Ordinances

Counties, cities or towns may adopt ordinances which establish rates or fees for solid waste
disposal, hours of operation for disposal facilities, and rules for disposal operations. These rules
can include limitations on types of wastes accepted at a disposal facility and health and safety
considerations for public use of the site. These ordinances would normally be part of the county
or municipal code.

2.3.6 Local or Regional Plans

There are many types of plans which may have a bearing on solid waste disposal activities. Some
of these plans have been mentioned in the state and' federal regulations section because the
authority and mandate to develop such plans originates at those levels of government. In
particular, shoreline management master plans, regional 208 plans and comprehensive solid
waste management plans can significantly impact solid waste landfill activities.

Shoreline management master plans are similar to land use plans, but primarily directed at the
protection of shorelines of the state. They are adopted as state regulation and contain specific
guidelines for permitted development in the regulated areas.

Regional 208 plans may be developed under provisions of the Clean Water Act of 1977. These
plans contain controls and policy guidelines for the protection of ground and surface water
quality from contamination by land disposal of pollutants.

Comprehensive solid waste management plans are prepared for counties, cities or multi-county
areas under requirements established in the state's Solid Waste Management Act (RCW 70.95)
and associated regulations (WAC 173-304). These plans provide guidelines for solid waste
activities in the plan area for six-year and 20-year planning horizons. Solid waste generation is
projected for these planning periods and disposal needs assessed. Recommendations for the
development of solid, waste facilities, programs and policies are established. Any proposed solid
waste landfill must be included in these recommendations in order to be permitted by the
jurisdictional health department. In addition, operations at the facility must be in compliance with
policies and programs recommended in the plan.

Other local plans that may be relevant to the siting, construction and operation of solid waste
landfills are comprehensive land use plans and water and sever district plans. Comprehensive
land use plans may be developed for counties, cities, communities or other regional areas. These
plans establish guidelines for the future use of specific areas. The plan is implemented through
the zoning regulations. Water and sever district plans contain guidelines for the development of
water and sever services in an area. This plan is relevant to solid waste landfills because sever
limitations are important considerations in design decisions for leachate control and treatment
systems.
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3.1 INTRODUCTION

Solid waste landfills affect the environment in a multitude of ways. Depending on the specific
location of the landfill and the types of solid waste to be disposed, impacts will vary in
magnitude. Landfill effects of greatest concern are related to ground and surface water, air, odor
and traffic/transportation. Because the potential for adverse effects does exist, it is important that
the owner/operator of a future landfill site make responsible decisions when considering
locations for the facility. The more significant the environmental concern, the greater the costs of
developing and operating a landfill. A siting study which addresses these concerns and meets the
requirements of both the State Environmental Policy Act (SEPA) and Washington State solid
waste management regulations is a very difficult, time-consuming and expensive process.
However, such a commitment is necessary to ensure that the health, safety and welfare of the
public is protected.

3.1.1 Siting Process

The decision to site a new landfill to expand landfill capacity in a county must be based on
recommendations made in the appropriate jurisdictional comprehensive solid waste management
plan. This plan, as required by Chapter 70.95 RCW, provides guidelines for solid waste handling
and disposal activities for a twenty-year period. Whether for public or private facilities, siting
plans must be consistent with the recommendations made within an adopted and approved solid
waste management plan. Expansion of an existing facility is considered part of the siting process.

Once the need for expanded landfill capacity has been established, the basic characteristics of the
expected waste stream are identified. The quantity and type of waste, whether mixed municipal
solid waste, demolition debris, sludges or industrial wastes, influence location suitability. A
determination of the "best" location for a solid waste landfill takes four factors into
consideration:

Legal

All potential solid waste disposal sites or facilities must be analyzed and evaluated based on a set
of factors as established in WAC 173-304-130. In addition, SEPA rules (WAC 197-11) imply
that a landfill proposed by a governmental agency needs to consider alternative sites as part of
the Environmental Impact Statement (EIS) preparation. I Because the requirement for an EIS is
expected to apply to any proposed new landfill, the siting process is, in part, a means to this end.
Strict adherence to the legal procedural steps for environmental review and project approval
processes is crucial for smooth and uninterrupted progress of the siting project.

Environmental

State and federal regulations as well as local policy protect ground and surface water from
disposal site leachate contamination. Other environmental issues of concern are: health and
safety hazards associated with landfill

gas generation and migration; other air quality impacts such a dust, particulates and odor; noise
potential; species of concern; and wetlands.

Economic/Engineering




Significant costs associated with development of a landfill include land acquisition, construction,
transportation, access, special equipment or facilities, loss of alternative productive land use, and
impacts on adjacent land use. Because of the variation in site characteristics, there are significant
cost differentials among potential landfill sites. These cost differentials, in turn, place different
burdens on the public in terms of disposal fees and/or taxes. When evaluating cost effectiveness,
long-term costs, such as post-closure maintenance and leachate treatment, should be considered
as well as short-term expenditures.

Sociopolitical

It is important to understand and accommodate the concerns of the affected public and
government officials. Public acceptance of the project -will assist in the approval process. An
understanding of the roles of elected officials in the review, approval and appeal process can also
be helpful.

In addition to technical considerations, many procedural issues must be carefully addressed.
There should be a legal review of the process, criteria, content of reports, documentation, and
decision making process. Elected officials and various public agency staff have specific roles and
responsibilities during a landfill siting process and these must be understood by all before the
siting process begins. The review and definition of roles and responsibilities should be
undertaken by legal staff of the public agency and/or by a consulting legal firm specializing in
land use, zoning and environmental law.

The siting process discussed here was designed for any public or private solid waste landfill
project. The process applies to siting analyses undertaken in-house, by a private consultant, or as
a cooperative effort between the sponsoring agency and a consultant. Siting studies developed
and implemented as a cooperative effort are, in general, more successful than strictly public or
private efforts because expertise and knowledge are shared.

3.1.2 Methodology

The siting process involves the development of a strategy to comprehensively review potential
landfill sites against established and approved criteria. This process culminates in the selection of
at least two candidate sites which are then subjected to a detailed site evaluation analysis
including SEPA compliance. This methodolgy may involve up to five (5) separate steps which
are summarized below:

Development of Siting Criteria

This includes the identification of environmental, engineering, and sociopolitical constraints for a
given area and development of weighting and ranking system to be used to apply these criteria to
specific sites.

Potential Site Identification

3-2



In this step, as many potential sites as possible are chosen. Sources include existing landfill
expansion possibilities, previously selected or evaluated sites, site nominations by the public,
private companies or public agencies and an area-wide research effort.

Level I Criteria Site Evaluation

All potential sites are evaluated utilizing the siting criteria developed above and data for each site
from published or readily available sources. Approximately six to ten sites are selected for Level
II consideration.

Level Il Field Investigations Site Evaluation

At this level, the remaining sites are evaluated based on the same basic criteria but at a higher
level of detail. This includes more site specific published data supplemented by surveys and field
investigations. Additionally, a preliminary engineering design concept should be developed to
determine the engineering feasibility and economic costs of a site', and an approximate estimate
of potential environmental impacts should be made based on the preliminary engineering design.

Level III Detailed Site Evaluation

At this point, two to three sites remain. Detailed evaluations and field investigations are
conducted to support comprehensive preliminary design concepts. The design concepts provide
the basis for comparing project impacts and costs. This step in the site selection process
essentially becomes the analysis contained in the environmental impact statement. In some
instances it may become obvious that one site is the best location. Resources can then be
concentrated to verify this site's suitability. The beginning of the Level III Evaluation also should
begin the formal scoping process to comply with SEPA rules. The identification of a preferred
alternative should be accomplished within SEPA guidelines.

In addition to the engineering and environmental evaluation described above, it is recommended
that a public involvement program be developed to operate concurrently with the siting process
and subsequent SEPA compliance efforts. Each of these steps is discussed in detail in the
following sections.

3.2 SITING CRITERIA
3.2.1 Development

Siting criteria are developed to help select the most feasible solid waste landfill site. The purpose
of criteria development is twofold: protecting public health, public safety, the environment,
historical and cultural resources; and minimizing development costs and impacts on land
development, economic growth and aesthetics. Criteria are also established to ensure compliance
with laws and regulations.

Experience at the national level with solid waste management practices has demonstrated that

every solid waste landfill site has its own environmental, operational and sociopolitical
requirements and constraints. Therefore, there are no standard, predetermined site selection
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criteria that are applicable to all solid waste landfill siting projects, with the exception of Federal
Aviation Administration regulations concerning distance between runways and landfills.

Siting criteria must cover a wide range of technical and environmental issues as well as ensure
compliance with regulatory requirements. The revised Minimum Functional Standards for Solid
Waste Handling, WAC 173-304, provide general guidance in criteria development by listing
various factors and elements that "must be analyzed and evaluated" for any proposed landfill site.
The factors listed in WAC 173-304-130 include technical, environmental, and land use issues.

Other local factors pertinent to ordinances, regulations or policies are relevant as siting criteria.
For example, an issue such as land ownership (public versus private) may be important in those
counties having a very high proportion of land in public holdings. Another example is local
zoning ordinances that may prohibit the development of landfills in certain areas.

The purpose of Sections 3.2.2 and 3.2.3 is to explain what factors should be considered, what are
their impacts, and whether or not their impacts can be mitigated. Section 3.2.4 contains a criteria
ranking system, providing a method for quantifying siting criteria into a workable format for
evaluation of each potential site.

3.2.2 Fatal Flaws

A fatal flaw eliminates a site from any further consideration, no matter how favorable the site
may be from other perspectives. The rationale for developing fatal flaw criteria may be the result
of regulations, operational impracticability or local policy. The Washington State Department of
Ecology (Ecology) has specified certain statewide fatal flaw criteria (WAC 173-304130),
discussed below. Additional factors may be designated as fatal flaws if the siting team
determines their impacts are unacceptable.

Geology

No facility may be located over a holocene fault, in a subsidence area, or on or adjacent to any
geologic feature which would impair the structural integrity of the facility.

Groundwater

Three fatal flaws exist for groundwater related standards. First, no facility may be located at a
site where the distance from the bottom of lowest liner to the highest seasonal groundwater table
is less than ten feet, unless hydraulic control of the water table is implemented. In this case, the
minimum separation distance is five feet. The second fatal flaw is the presence of a sole source
aquifer. No facility may be located over such an aquifer. Finally, the active area of any landfill
may be no closer than 1,000 feet to a down gradient drinking water supply well, unless the
hydraulic travel time from the active area to the well is greater than 90 days.



Surface Water

A landfill's active area may not be located closer than 200 feet, measured horizontally, to a
surface water body, wetland or any public land that is being used by a public water system for
watershed control for municipal drinking water purposes.

Slope

No landfill may be sited on any hill whose slope is unstable.
Land Use

Landfills that receive putrescible waste and attract birds will not be permitted with 1110,000 feet
any airport runway currently used by turbojet aircraft or 5,000 feet of any airport runway
currently used by only piston-type aircraft" (WAC 173-304-130). The purpose of this regulation
is to reduce the danger posed by birds to aircraft.

Solid waste landfills will not be permitted in areas designated by the U.S. Fish and Wildlife
Service or the Department of Game as critical habitat for endangered or threatened species of
plants, fish or wildlife (WAC 173-3041_30) . In addition to already designated areas, an
evaluation of each site should be made in accordance with the U.S. Fish and Wildlife Service's
Habitat Evaluation Procedures to determine if the site contains any critical habitats (U.S. Fish
and Wildlife Service, 1980). This would typically be done during the Level II evaluation (Section
3.4.3).

No landfill's active area may be located closer than 100 feet to the facility property line for land
zoned non-residential or no closer than 250 feet for land zoned residential (at the time of the
county's adoption of the solid waste management plan). Also, the landfill may not be at variance
with any

locally adopted land use plan, unless otherwise provided by local law or ordinance.

Finally, the active area of the landfill may not be closer than 1,000 feet to any state or national
park.

Flood Plain

The Minimum Functional Standards state that landfills located in flood plains must "not restrict
the flow of the base flood, reduce the temporary water storage capacity of the flood plain, or
result in washout of solid waste so as to pose a hazard to human life, wildlife, land or water
resources site boundaries" (WAC 173-304-460). To meet these requirements, a landfill located in
a flood plain would require extraordinary protection measures. Furthermore, if a landfill did
become flooded, the potential impacts to the public health and the environment could be very
serious. Consequently, a site within a 100-year flood plain should be fatal flawed in all situations.

Other Fatal Flaws

Fatal flaws are not limited to criteria established by a regulatory agency. The team developing the
siting criteria can make other criteria fatal flaws if they determine that the impact of a particular
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factor would create an unacceptable condition or situation. Common examples include sites
located outside the political boundaries of the siting agency, lack of adequate soils for liner and
cover materials, destruction of irreplaceable archaeological or historical resources, and a lack of
adequate landfilling capacity to meet the requirements stipulated in the county's solid waste
management plan.

3.2.2 Other Criteria

A variety of factors is considered when developing solid waste landfill siting criteria. The
following discussion outlines a logical progression to assist a siting team in developing criteria.
The team should consider the following questions:

1. What factors are significant to the local siting process?

2. What potential impacts may these factors relate to?

3. Can these potential impacts be adequately and economically mitigated?
4. How can these factors be developed into siting criteria?

In the discussion below, important factors are grouped into major categories, such as
hydrogeology, land use, and landfill design. Answers to the first three questions are presented in
tables that list key factors, potential impacts, and mitigation measures. Examples of how to
address the fourth question are presented following the tables.

It must be emphasized that the information presented here is not meant to be a complete list of all
appropriate factors. It is a list of factors that are commonly of significance in landfill siting and
that are required by the WDOE to be evaluated (revised Minimum Functional Standards, WAC
173-304-130).

Likewise, the methodology for developing the siting criteria is only an example of one method
that has worked in the past. The primary goal of this section is to stimulate thinking and provide
guidance to the siting team so that they may develop the best siting criteria possible given the
environmental, economic, social and political conditions under which they must operate.

3.2.3.2. Climate

Table 3.1. Climatic Factors.

Key Factors Impacts Mitigation

Precipitation Leachate production Cover soils and phasing of operations
Gas production Gas control/recovery system
Operation problems Operation/design modifications
Site runoff Drainage and erosion controls

Wind Litter Operations plan
Odor Daily cover
Dust Gas Control

High levels of precipitation lead to higher levels of leachate production and operational
difficulties. Therefore, sites with greater amounts of precipitation should be rated lower than sites
with lesser amounts of precipitation. On a county-wide basis there may or may not significant
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differences in precipitation levels. If differences are not significant this would not be a valuable
criteria in comparing sites.

High wind velocities contribute to litter and dust problems. If sites can be located so they are
protected or otherwise isolated from high winds, they would be rated higher than sites that could
not. Wind direction is important in controlling odor problems. Although the wind can blow from
any direction on any particular day, there are predominant wind directions that tend to follow
seasonal patterns. Sites that have predominant wind flow toward population centers would be
rated 'Lower than sites that do not.

3.2.3.3 Surface Features

Topography can contribute positively or negatively to the development of a solid waste landfill
site. Sites hidden behind hills or in valleys have less visual impact, and would be rated higher
than a site located in the middle of a level plain with no visual isolation. On the other hand, a site
location in hilly country may be more difficult to access because of steep slopes and the expense
of road construction in hilly terrain. The highest rated site might be one with sufficient relief to
provide some visual isolation and wind protection, yet have easy access and level areas in which
to operate heavy equipment.

Topography can also influence the cost of developing landfill capacity. A site that can take
advantage of a natural depression or valley to be filled with refuse is preferable. This is because
volume for disposing of refuse is available without having to conduct expensive excavation
operations.

Table 3.2. Surface Features Factors.

Key Factors Impacts Mitigation
Topography Access Design/operations plan
Operations Buffer (visual and acoustic)
Aesthetics
Capacity
Water bodies Contamination Buffer (site proximity)

Surface water/leachate
management plan

Roads Disruption Relocation
of use Upgrading

Utility systems Access Extension of services
Availability Design of on-site services

Sites located closer to surface water bodies are more likely to cause contamination problems

either through direct surface runoff from the working face of the landfill or through a ground
water system discharging leachate into the surface water body. Sites located away from water
bodies would rate higher than sites located close to water bodies.

Roads and utility locations can have both positive and negative impacts. It is advantageous to
have adequate roads passing close to the landfill to allow easy access. However, major roads
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passing through the property proposed for a landfill become a negative factor since the available
landfill area would be reduced. The highest rating for a road might be one that passes close by the
proposed site, but is well screened from it. Utilities like sewer, water, electricity and
communications are needed on every landfill site. If they are not available, they must be provided
for by on-site systems (i.e., wells and septic systems) or public utility systems must be extended
to the site. Like roads, the ideal situation features utilities adjoining the site, but not necessarily
passing through it.

3.2.3.4 Geology

Table 3.3. Geological Factors.

Key Factors Impacts Mitigation
Bedrock Operations Operations plan
Hazards Environmental contamination Buffer zones

Personnel danger

In general, it is preferable to locate landfills in areas where there is sufficient soil overlying the
bedrock. If bedrock is close to the surface, landfill operations are limited to shallow excavation
methods which reduce the capacity of the landfill. Also, if it is a fractured or otherwise
permeable bedrock, it increases the potential for off-site leachate migration. Normally sites with
a greater soil depth over bedrock are rated higher than those with bedrock at or near the surface.

Identifying hazardous geologic areas is also important. Such areas include potentially active
(earthquake producing) fault zones, active volcanic zones, landslide areas and subsidence areas.
Mitigation of areas where geologic hazards exist is generally not possible, unless very large
buffer zones can be established. Normally such sites are considered to have a fatal flaw.

3.2.3.5 Soils

Soils are employed in landfill construction and operation for bottom liners, final cover, daily and
intermediate cover, dikes and roads. Different types of soils are required for different
applications. Some applications require silt and clay type soils (bottom liner and final cover),
while other applications require sand and gravel type soils (gas venting and backfill for leachate
collection system). Soils suitable for road construction and topsoil are also needed. It is important
to identify which soils exist on a potential site as well as off-site soil sources that will satisfy the
operational demands of the landfill. not met by on-site soils.

Undisturbed soil surrounding and beneath the potential site will exert a strong influence on the
potential for movement of leachate beyond the boundaries of the site. Soils with very low
hydraulic conductivity (10-7 cm/sec or less) are desirable, since they severely restrict the
movement of leachate away from the site.. Soils; surrounding or beneath a landfill which have
significantly higher permeabilities, such as 10-5 cm/sec or above, would be considered of poorer
quality.

Table 3.4. Soil Factors.




Key Factors Impacts Mitigation

Thickness Ground water Secondary bottom
contamination liner
Construction Excavation plan
Operations operations plan
on-site availability
Physical and Leachate movement Soils import
chemical Leachate attenuation Soil amendments
characteristics Operations usage Artificial substitute

The presence of certain types of soil can be a positive factor in the selection of a landfill site.
Generally, sites underlain by silt and clay soils are rated high because of the protection such soils
provide to the ground water. Sites with sand and gravel soils require extensive engineering to
provide adequate protection to the ground water and would be rated lower. However, because of
the need for sand and gravel soils for some applications, a site with none of these types of soil
may be rated lower than a site that has both fine-grained and coarse-grained soils on-site. The
stratigraphy, or sequential order, in which the different layers of soil are laid down is also
important. Sites where coarse-grained soils overlay fine-grained soils would be rated high
because the coarse-grained soils can be excavated and used for roads and daily cover, while the
fine-grained soils could be left in place to protect ground water.

3.2-3.6 Hydrogeology

Hydrogeology is the study of the occurrence, distribution and movement of water below the
surface of the earth, and its interrelationships with geologic materials and processes (Todd, 1980
and Fetter, 1980). Information about hydrogeology is critical to site evaluation. It is the basis for
analyzing the potential for leachate contamination of ground water resources. The primary
concerns in this siting category are the potential for contamination of ground water beneath the
landfill site, and the subsequent movement of this contaminated water to important aquifers or
other valuable water resources.

Table 3.5. Hydrogeological Factors.

Key Factors Impacts Mitigation
Flow system Ground water Leachate management
contamination system
Aquifer Public health Alternative water sources
Aquitard Leachate movement: Ground water flow
Operations modifications

Ground water flow systems determine where leachate will flow from the site, what the flow
velocity will be, whether groundwater aquifer will be adversely impacted and where the leachate
will emerge again on the surface. Ground water flow systems consist of a recharge area (where
water enters the system) and a discharge area (where the ground water discharges to the surface).
Recharge areas are normally topographically high areas, while discharge areas are normally
topographically low areas like rivers. Preferred potential sites are in areas controlled by Local
ground water flow systems (discharge area is the nearest topographical low) where the hydraulic
gradient is small and the hydraulic conductivity of the soil is low (Freeze and Cherry, 1979).
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Locating a landfill within such a system would prevent leachate contamination from spreading
very far from the. site in the event of a leachate management system failure.

Ground water flow systems with shallow water tables are less desirable than systems with deep
water tables. Shallow water tables are more likely to become contaminated by leachate. In
determining the water table depth, it is important to consider seasonal fluctuations. Water table
fluctuations are caused by seasonal variations in precipitation. Typically, water tables are highest
during the late winter and early spring months. In some areas of Washington where significant
irrigation occurs, a reverse condition may be present in which the water table is highest in late
summer..

The presence of aquifers (saturated geologic formations that yield sufficient water to pumping
wells) beneath a potential site would normally lower the site rating because of the potential for
aquifer contamination with leachate. Sites with aquitards (geologic formations that restrict the
movement of ground water) are generally rated higher than sites without since the aquitard
provides natural protection against leachate contamination.

3.2.3.7 Biological Environment

All solid waste landfill sites disrupt the biological environment. Ratings for this category are
based on a matter of degree of disruption, and the uniqueness of the resource. Certain types of
habitat are less abundant than others, and sites containing such habitats should be rated lower.
Likewise, sites that support unique species of plants and animals would be rated lower than sites
that do not. Important migration routes, such as streams used by anadromous fishes, are valuable
resources and those sites located near such routes should be rated lower than those that are not.

Table 3.6. Biological Environment Factors.

Key Factors Impacts Mitigation
Habitat Loss or disruption Replacement
Unique species Compensation
Migration routes Buffer zones

3.2.3.8 Land Use

Land use criteria are very important because they are often perceived by the public as having the
most direct impact on them. Most people recognize the need for landfills, but universally feel
they should not be located "in my backyard". Therefore, land use criteria should be established to
limit as much as possible the establishment of landfills in areas of high population density,
economically important land uses, or areas of heavy public use.

Certain types of land use may be valued more highly than others. For example, the preservation
of agricultural land is a high priority in Washington and, therefore, sites located in agricultural
lands may be rated lower than sites located in commercial land use areas. Other land use areas
that are normally considered less suitable for landfills include residential, local conservation, and
national forest areas. The number of people impacted is also important and sites with higher
surrounding population densities may be rated lower than sparsely populated rural areas.
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Table 3.7. Land Use Factors.

Key Factors Impacts Modification

On-site property Loss of present use Compensation

Adjacent property Loss of land value Buffer zones

Number of property Aesthetics Operations modifications
owners Cost of land purchase

Existing zoning Permitting landfill Conditional use permit

Comprehensive plan Future land use Zoning modifications

The ease and expense with which the proposed area can be obtained can also be an important
consideration. Areas where zoning ordinances permit landfills would be preferable to areas
where conditional use permits would be required. Areas where landfills could not be permitted at
all would have to be fatally flawed unless the zoning ordinances could be changed. Also, fewer
property owners are preferable to many.

The final end use plans are significant in how they relate to future land use plans and growth
management. Landfill sites whose end use plan can be compatible with the responsible planning
agency's comprehensive plan are rated higher than sites whose end use cannot be made
compatible with future plans.

3.2.3.9 Archaeological and Historical Resources

Archaeological and historical resources range from sites on the National Register to areas
identified as archaeologically important to Native Americans. In some cases, it may be possible
to have the resource on the landfill site, and to provide appropriate buffering or other protective
measures to minimize potential impacts of the project. At the other extreme, construction of the
landfill could destroy the resource if it is not feasible to remove it from the site. The potential
destruction of these resources could constitute a fatal flaw.

3.2.3.10 Transportation

Table 3.8. Transportation Factors.'

Key Factors Impacts Mitigation
Existing roadways Level of service Transfer station
reduction
Access Road & traffic improvements
Traffic safety Buffer zones
Existing collection Operations Collection system
network modifications

Sites located near roads that can support the increased level of service required by a landfill
operation without modification are preferable to sites that cannot. Modifications to road systems,
particularly new road construction or upgrading, can be very expensive.
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Although it is desirable to have sites located near adequate roads, it is undesirable to have them
located so that the main access corridor to the landfill passes through residential, school, hospital
or other areas where traffic safety could be a problem.

Sites located nearer the center of the waste generating area are normally rated higher than sites
farther away. The closer a site is to the center,

the lower the haul costs to the landfill. These costs are very substantial over the life of the
landfill, and are often one of the major cost considerations in the siting process.

3.2-3.11 Landfill Design

Landfill design encompasses site plans and improvements along with engineering systems used
to manage leachate, surface water, ground water and landfill gas. The management systems are
designed to mitigate impacts caused by the presence or absence of various factors, and from a
criteria standpoint, are significant because of the economic cost involved. Generally, sites
requiring the least amount of engineering modifications are the least expensive to develop, and
are preferable to sites requiring extensive modifications.

One of the easiest criteria to-apply relates to site capacity. If a proposed site is not large enough
to meet the capacity requirements it would be considered a fatal flaw and dropped from
consideration.

3.2.4 Ranking Procedure

After siting criteria have been developed it is helpful to have a system whereby these criteria can
form the basis for evaluating the potential sites. To accomplish this, a numerical value can be
assigned to conditions that might be found for each criterion. A higher number can be given to

more desirable conditions. An example of how this might be done for geology follows:

Rating Condition

—_
()

Greater than 50 feet of fine-grained unconsolidated material
10 to 50 feet of fine-grained unconsolidated material

Greater than 50 feet of coarse-grained unconsolidated material
10 to 50 feet of coarse-grained unconsolidated material

Less than 10 fee to non-rippable bedrock

— AN O\ 0

This rating procedure could be established for each criterion. During the evaluation process, only
those sites with the highest total rating would be selected to continue in the siting process.

A weighting system should be added to the ranking procedure to recognize the ,relative
importance of different criteria. For example, hydrogeological criteria selected to protect public
health and ground water quality may be considered more important than criteria selected to limit
aesthetic impacts. The hydrogeological criteria rating could then be multiplied by a value
chosen to reflect this increased importance. Therefore, even if both criteria received the same
rating for a particular site, the multiplier would increase the total score of the hydrogeological
criteria, illustrated below:
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Criteria Rating Multiplier Score

Hydrogeology 5 X 5 25
Aesthetics 5 X 2 10

A rating system, such as described above, cannot be applied blindly. Sound judgment and
common sense are very important in reaching a final decision on the preferred site. These factors
cannot be readily quantified, but are crucial to a successful landfill siting process.

In summary, the development of landfill siting criteria, including the selection of ratings and
multipliers, should be approached as an interdisciplinary effort. Site selection criteria should be
developed not only from applicable regulations, but should also incorporate the siting group's
understanding of the project based on their technical experience, specific research conducted for
the siting study, and discussions between members of the group and the regulatory agencies. The
results of such a procedure are illustrated in Figures 3.1 and 3.2. The information in these figures
is not meant to be used in lieu of an independent siting criteria development study, but rather to
serve merely as an example.

3.3 POTENTIAL SITE IDENTIFICATION

At the beginning of the siting process, potential solid waste landfill sites include any "available"
land of the approximate size as determined to be required in the siting decision. "Available" in
this context means undeveloped, with the potential for sale or lease to the sponsoring agency,
although it may be necessary for the public agency to obtain a site by condemnation. The
identification of these available sites can be accomplished through solicited nomination and
research.

A solicited nomination process involves specific requests from the sponsoring agency for site
nominations by private and public entities. This process should be closely linked to the public
involvement program, since informed citizens are generally good information sources.

The first consideration for site nominations should be expansion possibilities at existing disposal
sites, and sites previously selected and/or evaluated in other siting studies. Nominations can be
solicited by advertising in the local newspaper. This advertisement can also aid the public
involvement program. An example of an advertisement used in Snohomish County is shown in
Figure 3.3.

Other sources for site nominations are public agencies such as U.S. Forest Service, Washington
State Department of Natural Resources, and the county property manager. Private sector sources
are realtors specializing in large acreage transactions. Major property owners in the area can be
determined from local public knowledge, and from information contained in the county
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I. General Requirements Multiplier

Geographical Boundaries
Ownership/Acquisition Potential

Compatibility with Resource Recovery Facility
Site Capacity

Site Parcel Assemblage

Il. Physical Environment

WDOE Solid Waste

Geology

Soils (Above Area Wide Water Table)
Gas Control

Ground Water Table Depth/Permeability
Ground Water Flow Systems

Ground Water Hydrologic Boundaries/Beneficial Use
Surface Water

Flood Hazard

Topography

Air

Precipitation Zone

Noise, Light and Glare

Biological - Endangered Species
Biological - Fisheries

Biological - Terrestrial Habitat

Human Environment
Zoning

Surrounding Land Use
Agricultural Land

Effect on Cultural/Historical/Archaeological Resources

Airport Safety

Direct Access

Access Routes

Population Density - Residential
Aesthetics

. Economic Considerations and Operational Costs

Leachate Transport
Solid Waste Transport

WAaAWwWwwom

WWWNW_2BDRNOOTWOIN OO

WWhw=_NDNDwWO

Landfill Design Manual

Figure 3.1

Multipliers Used In
Snohomish County Siting Project
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We Must Have a New Landfilll

Site in Snohomish County
Even Though We Are
Aggressively Pursuing a
Waste-to.-Energy Program

If you own, or know of property
suitable for a landfill site in the

County, please let us know by:

December 31, 1985

For suggestions or more
information, please contact:

John Doe
Snohomish County Solid Waste Division
(206) 000-0000
1-800-000-0000

Figure 3.3
Example of Landfill
Solicitation Advertisement

assessor's files. These owners can be approached for site nominations as well.

The research method of identifying potential landfill sites requires an extensive geographical
data base, with information on geohydrology, land use, topography, climate, demography and
other related categories. This data base would then be researched for areas with characteristics
amenable to development of a solid waste landfill. For this method, there must be a clearly
defined set of parameters which establish the minimum characteristics of a piece of land for
consideration as a potential landfill site. This data base, if available, would likely be developed
at the county or state level.

3.4 POTENTIAL SITE EVALUATION

3.4.1 Introduction

The next step in the landfill process is to select the best, or most feasible, sites for solid waste
landfills from the list of potential sites. The process used to achieve this goal can be expensive
and time consuming. Therefore, it is necessary to use a procedure that relies on progressively

more detailed evaluations.

One successful method is a three level evaluation that begins by using published information and
an objective ranking procedure, and ends by conducting extensive field investigations in
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conjunction with the preparation of a draft Environmental Impact Statement to identify the
preferred alternative site.

The following sections discuss this three-level evaluation process to identify the preferred
alternative.

3.4.2 Level I Evaluation
3.4.2.1 Objective

It is assumed at this stage of the evaluation process that there are a large .number of potential
sites nominated during the site identification process. The Level I evaluation objective is to
reduce the number of potential sites to approximately six to ten. The number can vary
considerably depending on the general suitability of the area for landfill development. The most
cost effective approach to the Level I evaluation limits the level of detail of the analysis and
restricts data collection efforts to available published material.

3.4.2.2 Methodology

It is important to realize that since only a limited amount of time can be spent evaluating each
site, the information used should be readily available through libraries, government agencies, and
other public records.

Sites should first be examined for fatal flaws and rejected if appropriate. The remaining criteria
can be evaluated according to the ranking system. The six to ten sites that achieve the highest
total score should represent the best potential sites for development of a landfill. These sites
should be visited to determine the general accuracy of the evaluation, and to identify any
conditions that might call for a revision of criteria scores.

Factors that form the basis for a Level I evaluation are listed below. These factors are provided as
guidelines only. Some siting studies may not have to examine all these factors to reach a smaller
number of sites. Other siting studies must expand this list to be able to reach the desired number
of sites. In addition to discussing what factors to consider, the next section also discusses sources
of information needed to evaluate each factor.

3.4.2.3 Major Factors to Consider

Fatal Flaws

Potential solid waste landfill sites can be plotted on base maps such as USGS topographical maps
or county maps. Information on the fatal flaws listed in Table 3.9, and any other criteria
designated as fatal flaws, can be collected for areas where potential landfill sites have been
nominated. If any of the potential sites fall within areas that are fatally flawed, they can be
rejected without further consideration. This should be the first step in the Level I evaluation since
a number of sites may be rejected using only the fatal flaws.
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Table 3.9. Fatal Flaw Evaluation.

Key Factors
Proximity to airports

Designated critical habitats

Flood plain

Geology
Ground water

Data Sources
USGS topographical maps'
WSDOT, Aeronautics Division®

U.S. Fish and Wildlife Service

U.S. Army Corps of Engineers
Local planning agency

Published geologic reports
Published hydrogeologic reports

Water well logs

Local water supply districts
Surface water USGS topographic maps
Slope Published geologic reports

Local planning agency

'U.S. Geological Survey
*Washington State Department of Transportation

Surface Features

The physical surface features listed in Table 3.10 show up on the topographical base maps or can
be obtained from other maps or aerial photographs. Although surface water bodies will most
likely be mapped, the value of that resource cannot be estimated from the maps. The state
agencies listed in Table 3.10 can provide information on whether a particular water body has a
designated shoreline, or if it is a public water supply, or flows into one. These are not the only
measures of value of a surface water resource, but at this level of evaluation they should be
adequate.

Geology

Geological analysis during a Level I evaluation should be limited to information published by the
USGS, WDNR, and WDOE, and should concentrate on identifying hazardous areas and depth to
bedrock. Geologic hazards and shallow depth to bedrock are often considered fatal flaws. The
USGS, VDNR and WDOE publish surficial geologic maps and geologic reports for selected
areas. The agencies also have technical staff who are familiar with particular areas and available
data, and may be contacted to assist in developing a data base. Local planning agencies may be
aware of technical studies conducted in a site vicinity that would provide valuable information.

3-19



Table 3.10. Surface Features Evaluation.

Key Factors Data Sources
Topography USGS topographical maps
Surface water bodies Aerial photographs from planning agencies
Roads Road mans
Utilities WSDNR'
WSDSHS®

County/city public works or planning departments

'Washington State Department of Natural Resources
*Washington State Department of Social and Health Services

Soils

Generalized soil information is available from the U.S. Department of Agriculture Soil
Conservation Service (SCS). A soil survey should be available for each county. These surveys
contain soil maps on which the boundaries of the potential sites can be overlaid to determine the
types of soil on the site. The soil survey also contains information on the grain size, permeability
and other physical and chemical characteristics of the soil. In addition, estimates of the depth of
the water table in each soil type are made. The SCS has interpreted this information and provides
a table in the soil survey which rates individual soil types for their suitability in solid waste
landfills. Table 3.11 is extracted from one of the soil surveys and presented as an example.

Table 3.11. Example of Table from SCS Soil Survey.

Soil name and Trench Area Daily cover

map symbol landfill landfill for landfill

47 Severe: Moderate: Fair:

Pastik wetness wetness too clayey, wetness

Source: Debose and Klungland, (1983)

In addition to the soil surveys, the staff at local Soil and Water Conservation Districts usually
provide valuable assistance, and may have more site specific information than what is available
in the soil survey. Also, geologic reports and maps often contain estimates of soil depth and
classification. These publications, available from the U.S. Geological Survey and the Washington
Department of Natural Resources, should be used in conjunction with the SCS soil maps.

Hydrogeology
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Table 3.12. Hydrogeological Evaluation.

Key Factors Data Sources
Depth to water table USGS
Aquifers VDOE
Aquitards WSDSHS
Flow system WDNR, Division of Geology and Earth
Resources
Local health department

The location and position of major aquifers, and the flow systems that they are part of, can be
determined from publications available from the agencies listed in Table 3.12. Heavily used
aquifers will generally have more information available on them. In addition to locating the
major aquifers, it may be possible to determine if they are protected by any confining layers of
low hydraulic conductivity. Such layers may be either bedrock layers like slate, or soil layers like
clay and silt.

Besides major regional aquifers, it is important to locate local aquifers in the area. Information on
aquifers of this type may be nearly non-existent, except for that which can be supplied by local
users. At this stage of the evaluation process, an easy way to determine local aquifers of
importance is to contact local municipalities to ascertain their water source. In rural areas, a
reasonable assumption is that domestic water supplies come from ground water sources.

Information collected can be plotted on base maps for the potential sites. This display can then be
used in determining the hydrogeological rating of each site.

Biological Environment

Site habitat criteria can be initially evaluated from topographical maps on a very broad basis.
Distinctions can be made between wetlands, forest and meadows, for example. Aerial
photographs may be available from local planning agencies and these can provide greater detail
for habitat determination. Available color infrared aerial photography is particularly useful for
identification of vegetation patterns and bodies of water.

Table 3.13. Biological Environment Evaluation.

Key Factors Data Sources
Habitat U.S. Fish and Wildlife Service
Unique species Washington State Department of Game (WSDOG)

Migration routes Washington State Department of Fisheries(WSDOF)
USGS topographical maps
Aerial photographs
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To determine if there are important fisheries resources in the area, the Washington State
Department of Fisheries (WSDOF) should be contacted. it maintains a file of stream catalogs
containing information on fisheries resources for individual streams.

The Washington State Natural Heritage Program should be contacted to determine the presence
or absence of biological species of concern.

Land Use

A large number of sites can be eliminated without an extensive amount of research by evaluating
land use criteria. Local planning agencies at the county or municipal level have existing land use
maps for their areas of responsibility. These same agencies also have land use plans for future
development. Such plans are useful for evaluating future trends in the area, and the compatibility
of a landfill with those plans.

Zoning restrictions may prohibit the development of a landfill in a particular area. Even if the
zoning ordinances do not prohibit a landfill, they may require that special conditional use permits
be obtained from the appropriate jurisdictional agency. Again, planning agencies are the best
source of information.

The county assessor's office can provide information on property owners at a particular site, and
an estimated value of the property.

Archaeological and Historical Resources

In general, information on archaeological and historical resources must be obtained from
government publications like the National Register of Historical Places, or lists maintained by
the State Historic Preservation Office (SHPO). In Washington, the SHPO is the Office of
Archaeology and Historic Preservation. Much of SHPO's archaeological site information is
confidential and should not be released to the general public. Counties may have a historic
preservation planner who can provide additional information.

Transportation

Table 3.14. Transportation Evaluation.

Key Factors Data Sources
Existing roadways Road maps
Existing solid waste WSDOT
collection network Local highway departments

Local solid waste jurisdictional agency

Potential landfill sites can be plotted on county road maps. Major access routes can then be
determined easily, including reasonable alternatives. Highway departments can provide
information on load ratings of roads and traffic volumes.
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Local solid waste agencies should be able to provide information on the waste generation area,
including its centroid. This information can also be plotted on the county map to determine the
distance from the various sites to the waste generation area centroid.

Landfill Design

At this level of evaluation, site capacity is one simple, but very important consideration in
landfill design. Prior to initiating the siting effort, a determination should have been made on
what landfill capacity 'is required. In this initial evaluation, those sites not meeting the size
requirement can be rejected. This would be considered a fatal flaw.

Summary

A large number of professionals in various fields will be involved in the evaluation process. They
will be researching and studying the sites in their particular area of expertise. Their efforts should
first be directed toward analyzing sites for fatal flaws. Sites with fatal flaws should be discovered
as soon as possible to prevent needless research efforts. After sites with fatal flaws have been
determined, the remaining sites must receive a rating for each criteria. The rating assigned to
each site for a particular criteria should be determined by professionals with experience in that
field. Thus, hydrogeologists will rate sites on criteria pertaining to ground water, while biologists
will rate sites on biological criteria. This will be done for all criteria. Total scores for each site
can then be determined according to the system described in Section 3.2.4. The six to ten sites
with the highest total score are' carried forward into Level II analysis. Prior to making the final
decision, the chosen sites should be surveyed from the ground and the air to ensure that the
evaluation was reasonably accurate, and that no conditions exist that might require revision of the
criteria scores.

3.4.3 Level II Evaluation
3.4.3.1.0biective

Approximately six to ten potential solid waste landfill sites should be examined at this level. This
represents an optimum number that can be examined at the level of detail required without
incurring unreasonable costs and time delays. The objective is to reduce the number of potential
sites to approximately two or three. This will be achieved through a more in-depth analysis and
expanded data collection effort.

3.4.3.2 Methodology

The Level II data collection effort is enhanced significantly and the degree of analysis is
increased. Information collected is more extensive and more site specific. Of particular
importance is field work by -professionals in specialized areas like hydrogeology, biology,
landfill design and transportation engineering. Previously examined factors are often evaluated in
greater depth.

During the Level II evaluation the process requires more subjectivity. Differences between sites
become more subtle and less subject to simple numerical rating. Professionals in various

3-23



disciplines conduct their investigations of the remaining sites and evaluate them. They can then
rate each site according to their experience and judgment. A site area feasibility matrix can be
prepared to plot the ratings for all the appropriate categories, as below:

The selection of the best sites normally involves trade-offs between different categories.
Trade-offs can be discussed with respect to the relative benefits and constraints associated with
each site. A consensus should be reached among the team members on which sites represent the
best potential for development as a landfill.

Information collected in the Level I evaluation is still valid and should also be used in the Level
II evaluation. However, in the discussion below, only factors or methods not introduced before
will be discussed.

3.4-3.3 Major Factors to Consider

Surface Features

Surface features evaluated from maps in the Level I evaluation can now be confirmed by visiting
the remaining sites. Site surveys can confirm features on the maps, note changes or
discrepancies, and highlight particular factors perceived to have the most significance on landfill
development. Personnel conducting field surveys should be particularly alert to features not
otherwise noted, but that could have a significant impact. As an example, consider the visual
screening of a potential site. It is difficult to determine from maps how adequately a site might be
concealed from residences, other buildings and roads, During site surveys this can be directly
evaluated by persons in the field.

Table 3.15. Sample Site Area Feasibility Matrix.

Category Site A Site B Site C'

Soils: protecting ground water H L M
Soils: operational use M M H
Aquatic biological resources H L L
Land use L M M
Transportation M H H
Engineering H M L

'H = high feasibility, M = moderate feasibility with appropriate mitigation, L = low feasibility.

Another valuable observation method is aerial reconnaissance of the sites. Observation from the
air often provides a more complete picture of how the potential site relates to the surrounding
area than what can be obtained from ground surveys. In addition to reconnaissance flights over
the sites, professional aerial photographs should be taken of each site. Both black and white
photographs and color infrared photographs are valuable. These photos, in combination with
earlier reconnaissance flights, are very useful in planning effective ground field work. Also,
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detailed topographical maps can be produced from the photographs which can be used in
preliminary engineering design work.

Geology, Soils and Hydrogeology

The principal objective in this category is to confirm earlier estimates, or modify them based on
new information. One of the best methods to achieve this is by reviewing water well logs that are
on the potential sites or in close proximity to them. The WDOE maintains files of water well
logs. The logs are the well driller's estimate of the types of soil and bedrock that w I ere
encountered during the drilling. The classifications used in these logs are usually fairly general.
The well logs also have information on saturated soil conditions and the static level of water in
the casing after the well was completed. Information from the well logs can be plotted as
geological cross-sections through the potential sites. The cross-sections show the stratigraphy of
the soil, location of aquifers and aquitards, the water table, and estimated flow directions of the
ground water. Such cross-sections facilitate comparisons between different sites.

Field surveys by geologists and soil scientists are also useful to confirm earlier estimates.
Geophysical surveys allow, under certain conditions, the evaluation of soil, bedrock and ground
water conditions without direct sampling. Electrical resistivity and seismic surveys are the most
common. Soil samples can be collected by hand operated boring samplers to a depth of about six
feet, or from backhoe excavations to a depth of about ten feet. Experienced geologists can make
classifications in the field. Soils are normally classified according to the Unified Soil
Classification System (USCS). The Environmental Protection Agency (EPA) has developed a
chart to estimate the suitability of all the USCS classifications for various landfill applications
(Luitton, Regan and Jones, 1979).

Table 3.16. Geological, Soils and Hydrogeological Evaluation.

Key Factors Data Sources

Depth to ground water WDOE water well logs
Flow system characteristics Field surveys

Depth of soil Geophysical surveys

Soil classification Jurisdictional health agency
Bedrock classification

Aquifers

A significant part of the field work is the completion of a beneficial use survey. The objective of
this survey is to locate all the users of the ground water resource within a given radius of the
boundaries of the potential sites. The Ecology water well logs and water rights files, and
information from jurisdictional health departments, are useful for this purpose.

Biological Environment

Field surveys can provide site specific information about important biologic conditions. The
habitat of the site and the surrounding area can be examined for its ability to support both single
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species and species diversity of plants, wildlife and fishes. Of particular importance is the
identification of unique or endangered species that inhabit the site or surrounding area that may
be impacted by the development of a landfill. The identification of anadromous fish streams used
for migration and breeding is also important.

Land Use

Most land use information is available from documents collected during the Level I analysis.
However, field surveys can provide insight into impacts on nearby residences, recreational land
uses, and agricultural land uses. Such information can be used to refine initial ratings of potential
sites on land use issues.

Transportation

Access to the site, which was initially estimated from maps, can be more accurately assessed by
visiting the potential sites. Impacts on residences or other buildings along the main corridor route
can be estimated. Other potential access routes can be explored.

Several agencies can be of assistance in this analysis. They include the WSDOT, the Utilities and
Transportation Commission, and local transportation or highway departments.

Landfill Design

At this point landfill design considerations must go beyond simple matters of area alone. There
are two major divisions of design effort at this stage: site development and mitigation measures.

Site development includes estimates of boundaries for active fill area and buffer zones,
excavation requirements in the active fill area, and final contours for the completed landfill.
Various site improvements are required. The cost of developing these improvements may differ
significantly between potential sites. Such improvements may include access roads onto the site,
and extending required utilities to the site.

Mitigation measures can vary widely among sites. Prior to determining which mitigation
measures may be necessary, an understanding of potential impacts on ground water, land use, and
other factors is required. Mitigation will include management of leachate, landfill gas, surface
water, or ground water. It may also include plans to visually isolate the site, or special provisions
to control blowing litter.

The preliminary design concept should be laid out on an appropriate topographical base map.

The base maps are usually prepared from aerial photographs of the sites. The concept plan should
include the boundaries of the site, the boundaries of the active fill area, special operational
facilities, access roads, maintenance and operational buildings, and other important features.

It should be emphasized that the Level II design is preliminary and does not include detailed
plans or specifications. It does require that decisions be made on the various mitigation measures
based on their effectiveness and cost, and how the site will be developed. Such decisions will be
helpful in selecting the best sites from those originally considered at the beginning of the Level I
evaluation.
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Summary

As the various professionals gather information on the factors in their area of expertise, they will
be rating the sites based on their training and experience. Thus, a transportation engineer may be
rating a site as highly feasible, while a hydrogeologist may be rating the same site as, having a
low feasibility. The process of selecting two or three sites from the original six to ten will involve
the ranking of each site in each category by the professional with expertise in that category.
These evaluations can be displayed in matrix form as show in Table 3.15. Deciding which sites
represent the best potential for development as a landfill must be accomplished through
discussions among the professionals involved.

3.4.4 Level 111 Evaluation

3.4.4.1 Introduction

The Level III evaluation process is conducted in conjunction with the State Environmental Policy
Act (SEPA) requirements. The Level III analysis studies will be incorporated into a draft
Environmental Impact Statement (DEIS). The DEIS will identify a preferred alternative from two
to three sites considered.

3.4.4.2 SEPA Compliance

The State Environmental Policy Act (SEPA) Rules in Chapter 197-11 WAC were established to
ensure that environmental considerations are part of the review and approval process undertaken
by state and local agencies. The SEPA review process applies to all siting projects, public or
private. Each siting project is subject to various governmental permitting and approval processes.
However, there are some differences in the exact application of SEPA rules for public versus
private siting procedures. Also, SEPA review procedures have been, or are in the process of
being, adopted by the counties in the state. Each county may have some requirements that others
do not. Each county's adopted rules should be consulted for the procedures that apply to a given
project. It is important that these procedures be followed precisely so that legal restraints are not
placed on the project.

This review process should begin "when the principal features of proposal and its environmental
impacts can be reasonable identified" (WAC 197-11-055). For a landfill siting project, this point
would be at the termination of the Level II evaluation, when two or three potential sites remain in
the evaluation process. It is assumed that all landfill siting projects are likely to have potentially
significant, adverse impacts on the environment and, hence, would require preparation of an EIS.
If this requirement has been agreed upon by the lead agency (usually the county) and the
sponsoring agency, then a determination of significance (DS) and scoping notice (WAC
197-11-980) is issued and the formal SEPA process begins.

Prior to preparation of an EIS, scoping must take place. Scoping consists of narrowing the "...
scope of every EIS to the probable significant adverse impacts and reasonable alternatives,
including mitigation measures" (WAC 197-11-408). The scoping process involves inviting
comment from local, state and federal agencies, affected tribes and the public. The techniques
which may be used to solicit these comments are outlined in the SEPA rules and include letters,
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meetings, public notices, workshops and other methods (some of these are discussed in Section
3.6 of this chapter). The lead agency utilizes these comments to determine the scope of the EIS,
the range of reasonable alternatives and probable significant adverse environmental impacts to be
covered.

A draft EIS (DEIS) is prepared according to the scope as decided by the lead agency. The DEIS
may begin during the scoping process. The style, size, format, and contents of the EIS are
specified in the SEPA rules. In particular, the requirements for consideration of alternatives are
contained in Section (5), and the requirements for consideration of the affected environment,
significant impacts, and mitigation measures are contained in Section (6) of Chapter 197-11-440
WAC of the SEPA rules.

Section (5) defines "reasonable alternatives", and describes how these alternatives should be

analyzed and compared. It also delineates special considerations for private projects under certain
conditions. Specifically, the alternatives section of the EIS must:

e Describe the reasonable alternatives and mitigation measures that are part of the proposal

e Analyze each alternative and present a comparison of the impacts associated with each
one

e Discuss the implications of implementation of the proposal at a later date

The subsection of the SEPA Rules dealing with private projects and their treatment of
alternatives in an EIS is discussed in Section 3.5 of this document.

Section (6) of WAC 197-11-440 lists the requirements for the section of the EIS which must
address the existing environment, significant impacts of the proposal and alternatives, and the
mitigation measures. Basically, these requirements include:

Descriptions of the environment affected by the proposal and alternatives
e Discussion of the impacts affecting the beneficial uses of the environment
e Summary of the significant adverse impacts that cannot or will not mitigated

e Summary of zoning regulations, land use and other plans as they apply to the proposal
and alternatives
e Analysis of significant impacts on both the natural and man-made environment

The draft EIS is circulated to the public by the lead agency for comments, which are then
responded to by the lead agency. These responses could result in changes in the analysis or
alternatives. All substantive comments, responses and modifications to the DEIS are included in
the final BIS (FEIS). After the HIS has been released, there is a seven-day waiting period before
public agencies can approve or deny a proposal.
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Most of the requirements for the EIS are contained in the Level III Evaluation of potential sites.
In fact, it is the SEPA process itself which should determine the preferred alternative. The impact
assessment and selection of a preferred alternative are a result of evaluation of project
alternatives and existing environmental conditions.

3.4.4.3 Methodology

The landfill siting factors considered in the Level III evaluation are similar to those considered in
the Level I and II evaluations. Chapter 19711-444 WAC is a list of elements of the environment
that must be addressed in the EIS. Some of these elements may be combined to "simplify the EIS
format, reduce paperwork and duplication, improve readability, and focus on the significant
issues" (WAC 197-11-444). If the Level I and Level Il evaluations have been conducted properly,
there should be no difficulty in addressing many of the required elements of the environment.
Those elements for which insufficient data or analysis exists will be the subject of further studies
during the Level III evaluation. For the preparation of the EIS, data must be site specific and in
sufficient detail to allow a reviewer the opportunity to thoroughly evaluate the proposal.

The method of evaluation should parallel the Level II evaluation which involves professionals in
various disciplines evaluating each site with respect to their area of expertise. The evaluations
can be summarized in a site feasibility matrix (see Table 3.15) and a consensus reached on the
preferred alternative based on discussions among the siting team.

Normally, the Level III evaluation does not include factors beyond those considered in the Level
I and Level II evaluation, with the exception of unique factors that may be brought up during the
scoping process. What does change significantly during the Level III evaluation is the method of
collecting certain types of environmental data and the level of professional analysis applied to
each evaluation category. Section 3.4.4.4 discusses methods employed during the Level 111
evaluation that have not been addressed before.

3.4.4.4 New Analysis Methods

Boring, Piezometers and Monitoring Wells

On-site borings and the installation of piezometers and monitoring wells will provide site
specific information on soil and bedrock stratigraphy and classification, water table depth and
type, and ground water flow direction and velocity. Drilling should occur at points selected to
maximize the value of the information collected. The number and depth of the explorations will
depend on site variability, size, and the quantity of previously collected data. Soil samples can be
collected at selected depths.

Test pits can also be excavated by using a backhoe. This exploration method typically exposes
soils to a depth of approximately ten feet. Soil logs can be prepared and soil samples collected at
selected depths.

The installation of piezometers and monitoring wells can provide a permanent means of
measuring the hydraulic head in the well. Proper interpretation of this data will indicate the depth
of the water table and the direction and velocity of ground water movement. Ground water
samples can be collected from monitoring wells for laboratory analysis of water quality.
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In situ hydraulic conductivity tests can be conducted using piezometers. Bail or slug tests will
provide estimates of hydraulic conductivity of the undisturbed deep soils or bedrock (Freeze and
Cherry, 1979).

The additional information collected from these exploratory methods can be used to update the
geologic cross-sections previously prepared. These cross-sections should now represent a fairly
accurate description of the subsurface conditions at each of the remaining sites. They can now be
applied in refining the feasibility estimates of each site in such areas as ground water protection
and movement.

Soil Analysis

Soil analysis is an area where much additional information will be obtained from laboratory tests
on samples taken from borings and. test pits. soil samples can undergo a wide variety of tests, the
most significant of which are listed in Table 3.17. The results of these tests will determine the
soil's suitability for various landfill operations and its ability to protect the ground water.

Surface Water and Ground Water

Surface water and ground water samples should be analyzed to establish background water
quality levels. This information is very important for evaluating potential impacts of the landfill
on the future water quality in the area. See Chapter 8 for a more complete discussion of water

quality monitoring.

Table 3.17. Soil Tests.

Atterberg limits Grain size distribution
Porosity Hydraulic conductivity
Moisture content Moisture retention curve
Shear strength Compaction curve
Cation exchange capacity pH

Summary

The Level III data collection methods are generally more expensive than other methods.
Therefore, these methods are not employed until the field of potential sites has been reduced to
two or three. They are a very important part of the Level III analysis because they provide site
specific information that can be obtained in no other way. Of equal importance in the preparation
of the EIS and selection of the preferred alternative, however, are other elements of the
environment are not addressed by the analysis described. Such elements include land use,
transportation, public services and landfill design. These elements have been addressed in the
Level I and II evaluations, and should have an extensive data base upon which to conduct more
detailed analysis. Thus, each professional person on the siting team will continue to analyze and
evaluate the remaining sites in their area of expertise, even though additional data collection
efforts may not be necessary. These more detailed analyses will be used to further evaluate the
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sites and rate them according to their feasibility in a particular category or element of the
environment. As in the Level II evaluation, the final decision on which of the two or three
remaining sites is the preferred alternative should be reached by a consensus evolving from group
discussions among the siting team.

3.5 THE PRIVATE SECTOR AND THE SITING PROCESS

In addition to mixed municipal solid waste (MMSW), waste streams considered suitable for
landfilling in the State of Washington include industrial, demolition and woodwaste materials.
Traditionally, these wastes have been primarily the responsibility of the private sector, both in
terms of collection and disposal. It is estimated that the quantities of these waste streams
statewide are less than total MMSW volumes. However, the number of disposal sites permitted
for these waste streams appears to be greater than the number of sites permitted to accept
putrescible wastes. In addition, comprehensive solid waste management plans and updates
completed since 1980 generally recommend that, demolition, woodwaste and industrial waste
streams continue to be the responsibility of the private sector. This indicates continued
involvement by the. private sector in landfill development and siting.

The siting of a privately owned and operated landfill should by design be similar to the concepts
developed in previous sections. However, there are important differences which must be
recognized in terms of the limitations and requirements placed upon private industry in fully
executing all elements of the siting process.

A significant limiting factor is the potential inability of private industry to acquire land at "fair
market value". Without eminent domain capabilities, private industry must limit site selection
efforts to geographical areas with favorable property acquisition. This restriction may exclude
potentially viable landfill sites.

A second factor affecting privately organized siting efforts relates to current regulatory
requirements, specifically SEPA regulations. Any 11privatell action, including solid waste
landfill proposals, must consider alternatives to the proposed action. However, the extent of the
alternatives evaluated need not necessarily include alternative sites to be procedurally correct. In
Section (5)(d) of WAC 197-11-440, private projects, under certain conditions, are not required to
evaluate alternative sites in the EIS:

When a proposal is for a private project on a specific site, the lead agency shall be
required to evaluate only the no action alternative 'plus other reasonable
alternatives for achieving the proposal's objective on the same site. This
subsection shall not apply when the proposal includes a rezone, unless the rezone
is for a use allowed in an existing comprehensive plan that was adopted after
review under SEPA. Further, alternative sites may be evaluated if other locations
for the type of proposed use have not been included or considered in existing
planning or zoning documents.

As implied by these rules, and under the conditions stipulated in this subsection, private projects
may begin the formal SEPA process at the time they select a preferred site for the project.
Alternative sites would not be required for consideration in the EIS preparation. The siting
process of a private solid waste landfill may be affected by narrowing the focus of the EIS to
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investigating alternative development strategies on a single site only. However, local SEPA
review procedures may differ for private projects, and these should be consulted. In fact, the
SEPA rules (WAC 197-11-055) state this:

"In general, agencies should adopt procedures for environmental review and for
preparation of EIS's on private proposals at the conceptual stage rather than the
final detailed design stage-"

The term "agencies" in this rule refers to the county agencies responsible for developing local
SEPA procedures.

Clearly, the previously developed siting programs will provide the best opportunity to site and
permit a solid waste landfill and should be utilized by any siting team (public or private) as a
guide to develop their specific siting strategies. Private industry applicants may be required to
tailor their siting efforts to effectively accommodate market forces, legal limitations and
regulatory requirements.

3.6 PUBLIC INVOLVEMENT

Public involvement in the siting process, required by law, can foster a more thorough review of
the project and gain political and public acceptance of the outcome. It also allows collection of
valuable information to assist in evaluating alternatives and mitigation options. When a
community learns of a siting project too late, or has little opportunity to influence decisions, the
experience may create negative feelings and hostile actions. To achieve positive and meaningful
participation by the public, the sponsor of the project must be willing to provide timely and
accurate information well in advance of decision deadlines. Planners must be willing and
prepared to listen carefully to community views, and provide early and convenient. opportunities
for public comment.

Public involvement is viewed as a "process" that enables people affected by decisions to have an
influence. The public may become involved even without a formal public participation process if
decisions being considered have widespread community impact. Effective public involvement
involves meaningful, positive and systematic interaction between affected citizens and/or their
representatives, and the technical specialists and planners. The goal is to create a workable
and-publicly supported plan. It should also serve as an educational experience for all concerned
parties and as a way to build mutual trust and confidence among the planners, technical
specialists and the public.

In this section, the following topics will be discussed:
e  Why public involvement is needed
e Success factors for public involvement

e How to develop and implement a public involvement plan for a siting project
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The text of this section is directed to the agencies, public or private, sponsoring the siting
process. It is important that a public involvement program be planned when siting either public
or private landfills.

3.6.1 Why Public Involvement is Needed

Public involvement is not a public relations "sales job". The goal is not to sell a predetermined
solution to the citizenry, nor to provide the appearance of participation while the real decisions
are made behind closed doors. Public involvement is a two-way communication process between
planners and citizens. This process must not only meet legal requirements, but also address basic
political and practical concerns. To be effective, it should not be based simply on the "letter of
the law" but should also be within the "spirit of public participation" as part of the democratic
process. This means that planners may have to adjust some of their attitudes about the public and
the roles citizens play in this process.

There are specific state and federal legal requirements to involve the public. Both the State
Environmental Policy Act (SEPA), and the Federal Resource Conservation and Recovery Act
(RCRA) require certain types of public involvement, particularly public notification of pending
actions, public meetings and public hearings. These laws mandate that public involvement will
take place. They do not, however, guarantee the quality of public involvement. That is the job of
the project team. How public involvement occurs may be a critical factor in a project's success or
failure.

On April 4, 1984, new SEPA guidelines went into effect. They specify how and when to provide
public notice (WAC 197-11-510); when to hold public hearings and meetings (WAC
197-11-535); and how to handle comments from other agencies and the public (WAC
197-11-545 and WAC 197-11-550). They do not, however, describe the tools for conducting or
implementing each of the items.

Siting a landfill is a "political" issue from the very beginning. Politicians know that landfills are
unpopular yet necessary. Many opinions, concerns and disagreements among the various interest
groups are likely.

Often there are different impacts upon different publics. As a result, benefits and costs may not
appear to be fair. The rural neighbor who fears odors and truck noise from the landfill may not
perceive the process to be as fair as does the urban citizen several miles away who only wants the
trash removed weekly at a reasonable cost.

A public involvement process has several goals:

Giving a formal voice to taxpayers, ratepayers and other affected
parties

Discussing community values and trade-offs

Identifying and resolving issues of concern

Bringing out new viewpoints and alternatives

The extent to which taxpayer and ratepayer groups are included or encouraged to participate in a
siting decision will be reflected in the design of the public involvement plan. If the plan is open
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and conducive to a mutual education process, then affected publics will more likely perceive the
process to be fair. For example, a reasonable method for informing the public according to WAC
197-11-510 might include posting the property and publishing a notice in the local newspaper.
Without adequate notice to special interest groups, however, taxpayers and ratepayers either
become discouraged or angry at the perception of having been excluded. It may be necessary to
go beyond the minimum legal requirements to achieve meaningful participation.

Openly discussing community values and trade-offs is another important aspect of the decision
process. Communities must understand the potential costs and benefits of a landfill site. Costs
may range from a change in how the community views itself to increased street traffic and odors.
Benefits may include employment opportunities and an increased tax base for the local
community. The degree to which common ground can be found among the divergent viewpoints
will determine the success or failure of the project. There are not likely to be any "right" or
"wrong" viewpoints. The goal will be to build all of these viewpoints into a working consensus to
meet the various needs.

Once a well-organized and open process is developed, each interest group will have equal access
to the decision-making process. Credibility then develops for the project as well as for the
agency.

Open two-way communication reduces the chances for surprises and lowers the potential for
hostility from a public that has not been kept informed, or not encouraged to be involved. It
brings out new viewpoints and alternatives, and it results in a more open discussion of issues,
differences and concerns. Moreover, it provides the means by which issues can be resolved.

When a public involvement plan is truly working, citizens help make project team members
more aware of community values, concerns, goals and attitudes. At the same time, citizens learn
factual information and public policy dilemmas which better enable them to appreciate choices,
and more effectively contribute to solutions. All parties learn from each other and are more able
to build a sense of ownership in the final product.

3.6.2 Success Factors for Public Involvement

An effective public participation plan should result in changes in the siting project and the
planning process. This means that a variety of viewpoints have been considered and incorporated
into the site selection process.

First, the plan must be timely and integrated into the decision making process.' Public
involvement events must reflect key points in the siting study process. For example, when
technical reports are available, the public should be informed. The document should be easy to
read and provide a key contact person for any questions.

The basis for achieving an effective program rests with how it is initially presented. The plan
must be clear and understandable to everyone. Dates for specific events must be listed and their
purpose clearly defined. According to SEPA rules, public notice must be reasonable. For each
landfill siting project, the situation is likely to reflect the particular needs of the affected
community. Using a "standard" method of informing people, such as a media article, may not be
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sufficient. The notification process should be adapted to fit the community in which it is to be
implemented.

Second, public participation must be seriously considered in order to offer opportunities for
contribution. Nothing deflates or infuriates the public faster than the belief that no matter what
they do or say the outcome will not change. The public must know that their concerns are heard
and addressed. Many times, technical experts may want to disregard an angry homeowner's
testimony as being "too emotional". However, it is these emotions that get groups motivated to
stop projects.

Involve as many diverse groups as possible, both proponents and opponents of the siting process.
All sides of an issue must be represented in the process for it to be perceived as fair. Of course,
there is always the possibility of two divergent groups squaring off and strongly disagreeing
during a public meeting. Better to have the open forum than to be charged with favoritism after
the process has been completed. Every effort must be made to adequately inform the public 'so it
can choose whether or not to participate in the process in the first place.

Public participation must be thoroughly planned, for no detail is too small to consider. Each
aspect of the plan must be researched and tailored to the specific situation. Although
communities may share some similarities, there' is not a "canned" program which will work in
every case.

A key ingredient must be information dissemination. The public will require timely and accurate
information regarding the project. A variety of methods for supplying information are discussed
later in this section. Information, however, must not be confused with involvement. The public
needs information to constructively participate in the decision-making process.

Finally, the plan must provide for different levels of involvement over time. People will be more
interested in reviewing the alternative sites than technical materials. They will tend to show more
interest as the impacts are defined and as the process moves closer to a preferred alternative.

3.6.3 How to Develop and Implement a Public Involvement Plan

The development of a public involvement program for a specific siting project should begin with
steps to identify key publics, interests and issues. Once this task is completed, a public
involvement strategy can be developed using appropriate techniques selected for implementation.
Making the program work involves some key considerations and an understanding -of resources
and limitations. While the program is being implemented, the situation must be constantly
monitored to encourage and utilize feedback received in the process. These key elements of the
public involvement planning and implementation process are discussed in the following order:

e Required Steps to Initiate a Public Involvement Plan
e Planning the Public Involvement Strategy
e Selecting the Techniques

e Implementation
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e Monitoring and Evaluation

3.6.3.1 Steps Required to Initiate a Public Involvement Plan

First, assess the situation. Before developing a public involvement plan, the community issues
and overall situation must be evaluated. This process is called issues assessment, and provides
the foundation of a good plan. There are three basic steps in assessing issues:

e Identify affected publics and their interests

e Review the public involvement history of the area, particularly related to solid waste
issues

e Identify and analyze issues

Identify the Public. Defining "the public" is likely to be the most difficult problem, yet is crucial
to formulate an effective public involvement plan. Generally, the people who believe that the
siting decision will significantly affect them are the key public. Some of "the public" may step
forward and announce themselves as they learn of the project. Others will be identified by the
project team, while still others may be referred by a third, party during the issues assessment or
survey. Some groups or individuals may show a great deal of interest in the beginning of the
process while others may become involved later in the process.

The interest groups can generally be separated into seven categories:

Ratepayers and taxpayers

Elected and appointed officials

Customers and users, including major waste generators

Neighbors, or property owners, in and around sites under consideration
Interest groups

Governmental organizations and agencies

Disposal facility operators and refuse haulers

Aol e

This list provides a starting point for identifying the publics. Talking to co-workers and other
agency personnel who may have had similar projects in the community will also be helpful. Find
out as much as possible about community politics, leaders, and potential problems. Use available
directories and lists to further identify publics. Review tax assessment records to determine
names and addresses of property owners near the proposed sites. These lists will be valuable as
the project develops and more people become interested. Each individual or group's interest
should also be noted. This will provide the basis for step three, the issues assessment.

Review the History. Once these target publics have been identified, analyze the situation
historically. A review will provide insights into the community and its values, and will help to
assess the types and level of involvement to expect. News clippings are always a good source of
history, as are existing plans, documents, correspondence files and other literature, such as solid
waste management plans and environmental impact statements.
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Assess the Issues. Upon completion of the first two steps, design the issues assessment. This
process will clarify problems and concerns that are likely to come up during the siting process. It
will also identify any key publics which have not yet come to light. There are several ways to
accomplish this task, one of which is to design questions that relate to the interests identified in
step one. The objective will be to determine what issues will be important, as well as the level of
interest in the issues.

Conduct the interviews either in person or by telephone, or use a combination of both, depending
on the budget. Based on experience, a minimum of 15 to 20 people should be interviewed. After
completing several interviews, issues will begin to emerge. Begin to categorize and prioritize the
issues according to the number of times mentioned in the interview process. During each
interview, ask about any other people or groups that should be interviewed or included in the
process. This will encourage a "snowball" effect and broaden the affected publics list.

Once the interviews are completed, analyze the results to determine the ramifications for the
project. An important influence on program design will be the amount of *interest in the project.
Interest is usually related to controversy. Public opposition may be minimal, so small, informal
public involvement techniques such as coffee klatches and small-group meetings might be
appropriate. If interest is high, other methods should be considered, such as mailings and public
meetings. Also, use techniques that encourage communication rather than conflict.

Another technique for identifying issues is the mail survey. However, depending on the extent of
the mailing list, mail surveys can be more expensive. In addition, the percentage of returns is
much lower than with a telephone interview. Respondents to a mail survey are self-selected,
which may bias the results. However, in some instances, it may be an appropriate method of
determining issues.

3.6.3.2 Planning the Strategy

One study on public participation noted that "the tendency of planning staffs to view public
participation as a necessary evil and to 'wing it' continues to 'be one of the major causes for
public participation failures." In other words, careful planning and strategizing are important for
the public involvement program to work. There are a number of strategies and techniques
available. The following describes how to plan the overall public involvement strategy.
There are four areas critical to this planning effort:

e Setting goals and objectives

e Determining level of intensity and involvement

e Timing

e Defining roles

Setting goals and objectives.. As with any other task, decide what must be accomplished. This
means knowing with whom, when, and finally, how it will be done.
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Describe the stages and timeframe of the process. A graph of the timeline listing milestones may
be all that is necessary. Know the legal requirements, and identify both the human and financial
resources.

Look at each stage of the decision-making process to determine what public involvement
objectives would work at each stage. Perhaps the first step would be information gathering. For
example, what does the public think about a solid waste landfill in Littletown, U.S.A?

By looking at overall goals, determine which issues and publics are to be involved. Determine
what information the public must get if they are to be informed participants. Also define what

will be needed from them to make decisions. Next, determine what the planning team needs to
learn from the public and identify any unique conditions to be considered.

Special circumstances might be revealed in the past history of the solid waste management issue
or community, or the credibility of the agency, or the level of interest in the issue. The techniques
chosen to attain the goal must reflect these and other special considerations.

Level of intensity and involvement. In developing the strategy, decide how much interest will be
generated by the siting project. Perhaps the sites being considered are in a sparsely populated
farming community. There may be little concern about odor and truck traffic, but a lot of concern
about water contamination. The issues assessment will define what issues will generate the most
concern. It will also delineate the level of involvement to expect from the various publics.
Remember that the more controversy an issue generates, the more active the public will be. Gear
planning efforts to the amount of controversy anticipated.

Timing. Be sure the public involvement plan is coordinated with the release of technical reports.
Look at the milestones in the project and what products will be available. Make sure to
disseminate sufficient information for the public to sink its teeth into before scheduling a public
meeting. If there isn't enough information, there's a risk of either giving the impression of hiding
something or losing the public's interest at the outset. Give the public enough time to review
materials, and make sure summaries are not filled with jargon. Also look at the calendar--do not
overload schedules during summer months, holidays, right before national elections or during
late December.

Defining roles. Be sure that each member of the team knows what is expected and when.
Determine who will manage the public involvement process and make sure everyone knows
"where the buck stops." The key public involvement person, whether full-time or part-time, will
need to play several different roles during the decision-making process. These include: facilitator,
researcher, educator, and writer.

The start-up phase of the siting project will require the key facilitator to meet with community
members. This role, requiring good interpersonal communications skills, will continue
throughout the life of the project. During the issues assessment and data collection phase, the job
will be that of an investigator or researcher. The next phase involves community information and
education, requiring good public speaking and meeting leadership skills. Finally, the role will be
that of a writer communicating with the public and the media.

3.6.3.3 Selecting The Techniques
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A variety of tools are available to get the public involvement program up and running, and to
keep it running. The following categories and brief discussions offer a sampling of the techniques
available:

e Media relations

e Information techniques

e (Consultation techniques
Media Relations. Media relations involve several different areas, including guidelines for press

relations, press releases, press conferences and briefings, media events, and press inquiries. Each
is briefly described below.

Guidelines for working with the mass media are important since the media represent important
audiences and partners for public involvement programs. In some cases, the media may stimulate
interest but they may not provide sufficient depth of information to do more than alarm the
public. To inform the media, use fact sheets, public meetings, newsletters and other informal
pieces. Here are some basic guidelines for maintaining good media relations:

e Make sure the information is newsworthy. News is something people have not heard
before that could affect their lives. Newsworthy reports involve real people and real
events, not abstractions or preaching.

e Get to know the reporters who will be covering the activities. Deal with them personally
throughout the entire process.

e Always have a fact sheet, press release or other handout available when contacting the
media.

e Learn and always meet the deadlines for both print and electronic media.

e Don't send trivial or relatively unimportant news to the media; they will learn to ignore
releases.

e Never quarrel with a reporter when the project has not been fairly represented; rather, try
a follow-up story or editorial.

e If you're not prepared, call the reporter back in ten minutes. Think through your answers
carefully.

Press releases are brief informational tools that help you get a message to the public. Releases
offer information and announce findings, events and decisions. A good press release clearly
demonstrates the five W's: who, what, where, when and why. Use press releases at key points in
the study to inform the public, as well as to encourage its involvement.
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Press conferences and briefings are useful ways of getting the press interested and involved in
the story. However, press conferences should be held only when there is a major story, or a
"name" figure who will be the spokesperson. They usually consist of a short statement presented
by the spokesperson, followed by a questions and answer session. If material to be presented
could just as easily be handled by a press release, then use the press release, the media contact of
choice.

Media events are pre-arranged and scheduled activities to encourage coverage of the story.
Events can range from special site tours to a "name" person walking through a landfill. These
must be used sparingly as the media representatives will resent wasting their time at
"non-events".

Press inquiries should be handled by one person to avoid contradictory or confusing messages.
Carefully define how questions will be addressed.

Information Techniques. Use techniques to get the information out to the public. They may
include some of the following methods.

Brochures are useful tools to explain the background and mandate of the program, and the role of
the public in the planning process. They can also identify the program goals. Brochures should be
easy to read and answer most of the commonly asked questions.

Fact sheets are useful for inexpensively presenting a great deal of information to the public. They
provide in-depth analysis of issues,. and contain details and background which can be easily
updated.

Newsletters provide a regular and timely flow of information to the key publics.

Public meetings are gatherings sponsored by the agency which are open to everyone and held to
inform or involve the public. Effective meetings have specific goals to accomplish which can be
measured.

Consultation Techniques. Consultation techniques are used to focus on exchanging information
about the proposed alternatives and to assure that final recommendations are publicly acceptable.
They are both organized and informal. The following are the primary consultation mechanisms.

Workshops and open houses are informal gatherings of small groups of people to discuss a
specific issue. The public is encouraged to talk on a one-on-one basis with planners and technical
specialists.

Public hearings are more formal, allowing the public to go "on record" with their comments.
Little or no question and answer interchange occurs during a public hearing; rather, the meeting

is intended to gather-comments from those involved or affected.

Telephone surveys provide an information gathering tool for planners and a means by which the
public can offer opinions, concerns and comments about a proposed project.

3-40



Mail surveys or questionnaires offer the public a written form of communication about an issue
or project.

Focus groups are designed to complement telephone or in-person surveys. A focus group uses a
small group of randomly selected people to identify and discuss a specific topic.

Adyvisory committees provide a community perspective to the planning process. They should
represent a wide variety of interests to provide new ideas and potential sources of information.
They are helpful in resolving controversial projects and evaluating complicated issues. The
advisory committee also serves as a valuable communication link between the planning team and
the community. Its role and membership must be considered carefully to achieve an effective
process with maximum credibility.
Selecting the appropriate technique or series of techniques for the situation involves knowing:

e Available resources

e Community history and any special circumstances

e  Who the public is

e What the public needs to know

e What needs to be accomplished with the public

e What the decision-making process is

Both common sense and legal requirements will determine the best techniques.

3.6.3.4 Implementation

This stage of the public involvement program is where the plan begins to work. Key
considerations discussed in this section include:

e Roles and responsibilities
e Organization and management
e Budget
e Practical suggestions for implementation
Roles and Responsibilities. The role of the sponsoring agency is to make the public involvement

plan work effectively and efficiently. The agency is responsible not only for managing the
process, but also for ensuring that:

e Public comments help shape the final decision, and make their influence is clearly
demonstrated
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e Brochures, newsletters and presentations are easy to understand and avoid technical
jargon

e All potentially affected or interested publics have been invited to participate
e Credibility of the process, the planning team, and the agency are maintained

Organization and Management. The organization and management of the public involvement
plan will reflect the general attitude of the agency toward decision-making. In most large
agencies, decisions are made unilaterally be someone higher up the ladder. Encourage
decision-makers to meet with the interested individuals and groups from time to time to create a
climate of open communication.

Other agencies may be involved in the public involvement process through legal requirements or
agreements. These agencies should be considered as separate publics. Determination must be
made, however, as to the level of interest in the subject. For example, if the Washington
Department of Ecology is working with a county government to site a landfill near a game
refuge, it is likely that the State Game Department or other similar agency would be interested
and want to be involved. All likely agencies should be considered for their level of interest and
involvement, as well as the political ramifications of that involvement.

Budgets. Budgets are critical to public involvement programs since they help determine the types
of techniques to be employed, as well as the extent to which the project encourages participation.
Estimating the costs for various public involvement techniques is easier if a detailed plan has
been developed. It may be necessary to use "best guesstimates" until the level of controversy, and
hence, the level of involvement has been determined.
Staff time is, of course, the major cost item for a public involvement program. Adequate
management time and clerical support are as important as the staff implementing the activities.
Possible staff activities include:

e Overall management of the public involvement program

e Review of program and evaluation of each activity

e Planning, budgeting and coordinating all activities

e Writing, reviewing and approving written materials

e Staff support for the advisory group or other appropriate committees

e Media coordination and contacts

e Preparation of responses to telephone calls and letters

e Maintenance of a mailing list and production and mailing of materials
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e issues assessment interviews
Cost variables related to direct expenses include:
e The amount of work that can be done in-house

e The complexity of the products (for example, a slide show is more expensive if a taped
narration is required)

e The number of each item relates to size of audience)

e The ability to use standard graphics and formats

The availability of inexpensive/no-cost meeting facilities and equipment
Additional direct cost factors will become evident as the plan is defined.

Practical Suggestions. Practically speaking, the plan should be designed to fit the budget, suit the
audience and meet the regulatory requirements. Close communication between all team members
will encourage the evolution of a suitable plan with flexibility to accommodate unforeseen
events, new issues and new key publics. Perhaps the most practical suggestion for implementing
a 'plan is for team members to be committed to the process of public involvement. In addition,
the team must be prepared. Know what the team wants for the program, what the different groups
of citizens want, and how the groups are going to work together.

3.6.3.5 Monitoring and Evaluation

"Taking the pulse" of a public involvement program is the job of all participants. However, the
sponsoring agency will ultimately be responsible for the program and, therefore, must develop a
way to monitor it. Feedback should be encouraged from all participants throughout the program
to help in this process. The public involvement techniques, the amount and type of response to
the techniques, as well as the formal and informal public feedback should be assessed regularly,
and the program adjusted or modified accordingly. For example, an evaluation form at the end of
a workshop should ask participants what they liked about the workshop, what they disliked, what
they thought could be improved, and so forth. The questions should relate not only to the
information presented at the workshop but also to the facilitators and the physical surroundings.
This feedback should allow planners to assess how the public feels about the event as well as
about the overall process. The public may indicate that the project manager is not credible.
Adjustments must then be made if the project is to succeed and the agency maintain credibility.

Several methods for monitoring and tracking a project over time may be particularly useful in
small communities where a landfill directly affects a large proportion of the population. one
effective tool is reviewing newspaper articles and editorials as the plan progresses. In addition,
file cards can be maintained on the various issues and key publics to track changes. Finally, a
follow-up issues assessment to determine how issues and perceptions changed over time may be
appropriate.
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Stay in touch with all the various publics and remind team members that if the project is to
succeed it depends on developing a dialogue between the project staff and the community.

What to do if things go wrong. Sometimes, no matter how carefully a plan is designed, problems
will emerge. Perhaps a citizen was offended by a remark at a public meeting and decided to
sabotage the rest of the public involvement plan. Or maybe a citizen's group forms that was not
identified in the issues assessment, and actively opposes the landfill. There are methods for
correcting just about any situation. The main consideration, however, must be to listen carefully
to the other offended parties and take care not to pre-judge a situation. Maintaining open lines of
communication is always crucial when things go wrong.

Resolving a problem includes looking at:
e  Who the affected participants are
e What the specific issues are
e  Where the event(s) occurred or is occurring
e  When the event(s) occurred
e How the situation might be handled

Weigh all the options and determine which ones would be most suitable to resolve the public
involvement problem. , Perhaps a series of small group meetings would meet the needs of a
newly formed organization that felt left out of the decision-making process. Or perhaps keeping
that new group well informed during the remaining steps of the project would be adequate. The
process of resolving a problem is always a learning situation. Hopefully, each lesson will have to
be learned only once.

In the final analysis, a public involvement program should be assessed at the end of the project to
determine if each goal was met, and to indicate how the public made a difference in the planning
process. The evaluation should also determine what the most successful techniques were, what
actions could have been improved, and suggest actions for the future.

3.7 SUMMARY

This chapter has outlined a process to determine the "best" location for a solid waste landfill.
After the decision is made to acquire landfill capacity, and the waste stream characteristics are
known, the siting process begins. The first step is to develop siting criteria which will be used to
evaluate potential sites. Second, a set of potential sites is identified. Site evaluation involves
three levels of analysis which successively reduce the number of potential sites utilizing the
siting criteria developed in the first step. Public involvement is an ongoing and integral part of
the entire siting process. The requirements of the State Environmental Policy Act (SEPA) Rules
(WAC 197-11) area also incorporated into the process. The preferred alternative for a solid waste
landfill site is identified in the environmental impact statement.
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Special considerations are warranted for private companies or individuals sponsoring the siting
of a solid waste landfill. Limiting factors imposed upon them are their potential inability to
acquire property at "fair market value", and SEPA regulations applicable to privately sponsored
projects.
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4.1 INTRODUCTION
4. 1.1 Purpose

Chapter 4, Landfill Design, presents both general and detailed discussions of all aspects
associated with the design of a solid waste landfill. Its principal purpose is to provide the reader
with an understanding of the landfill design process and to describe the application of available
and reliable technologies for the design of solid waste landfills. The information provided in this
chapter should provide the reader, whether landfill operator, designer or regulator, with a
comprehensive understanding of the requirements, procedures and methodologies for designing a
solid waste landfill that will be in compliance with the design elements mandated by the
Minimum Functional Standards, WAC 173-304.

This chapter will also provide valuable information to readers outside the technical community,
including policy makers and the general public. It will provide readers with a better
understanding of solid waste landfills and therefore encourage more informed participation in the
issues surrounding solid waste landfills.

4.1.2 Scope

This chapter is intended to present information and technologies that are applicable to the design
of solid waste landfills. It is not intended to cover each design process or technology
exhaustively, nor is it intended to be applied as a "cookbook" when approaching a solid waste
landfill design problem.

The development of a solid waste landfill is a complex undertaking requiring the application of a
wide spectrum of technical disciplines. Recognizing this concept, Chapter 4 presents design
programs involving a full range of engineering and environmental science applications.

Chapter 4 is divided into two main parts. Part A, which includes Sections 4.2 through 4.9,
provides more general information that provides a general overview of the physical
characteristics of solid waste landfills and some of the common problems associated with them.
Typical waste stream characteristics and operational alternatives are presented. Basic background
information is provided on such issues as leachate, landfill gas and surface water management.
Also, general design procedure is discussed to illustrate the overall process that occurs in the
design of a solid waste landfill.

Part B, which includes Sections 4.10 through 4.16, provides much more detailed, technical
information and is generally not intended for the casual reader. Specific design procedures are
discussed and much technical information is cited. There are major sections on:

e Water balance analysis

e Surface water management systems
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e Bottom liners

e Leachate collection and transmission systems
e [Leachate treatment and disposal systems

e Landfill gas management systems

e Final cover systems

Certain technologies associated with landfill design are extremely complex. To develop detailed
design procedures specific to these issues would in some cases require a more significant effort
than is available for the entire chapter. In addition, the benefit of such detail would be useful to
only a small fraction of the intended audience. In these cases, the reader will be provided with a
technology overview, important design decisions and a reference list of applicable design aids for
further assistance.

Additional auxiliary information which is important to the design process has been included in
the seven appendices included at the end of this chapter. Much of this information is of a
reference nature and is presented in tabular form or summarized directly from the cited sources.
This information is considered helpful to the reader and, therefore, has been included in the
manual.

4.1.3 Relationship to Other Chapters

The design chapter is by no means a stand-alone document and should be used interactively with
all of the manual chapters. Successful landfill management, from siting through post-closure, is a
continuing process requiring a commitment of up to twenty years or more. The design process is
basic to this life cycle theme and Chapter 4 relies heavily on input from the Siting Chapter and
provides direct application to the remaining manual chapters covering construction, operations,
closure and environmental monitoring. Conversely, the specific applications of construction,
operations and closure will refer back to the design chapter to provide the manual user with a
ready reference to problem identification, criteria development and implementation.
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PART A
4.2 GEORYDROLOGIC AND GROTECHNICAL ASSESSMENTS

Geohydrologic and geotechnical assessments provide much of the fundamental data needed to
prepare the permit application and develop the landfill design. These assessments are also
required by the Minimum Functional Standards. The specific requirements and "level of effort"
of geohydrologic and geotechnical.work will depend on site conditions and landfill type (mixed
municipal, inert and demolition, special purpose waste or woodwaste.) These assessments also
provide data required to permit and design surface impoundments and waste piles that may be
associated with landfills.

Site and soil characteristics to be considered are related to both geotechnical engineering and
geohydrology. Although the two disciplines overlap, geotechnical engineering is generally
concerned with the engineering properties of site soils associated with excavation, compaction,
settlement, stability, trafficability, and odor control. Geohydrology addresses issues related to
leachate generation, migration and control, and potential contamination of ground water and
surface water. The geohydrologic properties of a site form the basis for design of an
environmental monitoring system as required by WAC 173-304-490.

As discussed in Chapter 3, any new or expanded landfills need to meet the siting criteria of WAC
173-304-130. During the site selection process, a number of site visits have likely been made and
a significant amount of background data has been collected. Topographic and geologic maps, and
geologic cross sections have been prepared. Site features such as surface water bodies, springs,
and existing water supplies have been located and a general appraisal of site conditions has been
made. These preliminary data are usually sufficient for assessing site feasibility and
environmental risk, and developing a conceptual landfill design.

Actual design of a landfill generally requires more detailed data on site conditions. Typically,
design studies will be more extensive compared with work completed during the site selection
process. Data collected during site selection should be used in developing an appropriate design
phase study.

No simple, general rule of thumb is available to define the appropriate level of effort or cost of
geohydrologic and geotechnical assessments for a specific site. The regulations define the general
type of data and information required, while the site conditions will dictate the work program
necessary to characterize the site for permitting and design purposes. The level of effort should
be balanced against the consequences of a poor appraisal of environmental risk and costly site
redesign should surprises be encountered during construction or operation. Delays in the permit
process caused by insufficient information should also be considered.

The work program required to produce a specific geohydrological and geotechnical report
typically proceeds through several phases:
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e Field explorations assess soil, geologic and ground water conditions beneath the site.
These explorations can include field reconnaissance geophysical surveys, drilling of soil
borings and the installation of monitoring wells.

e Laboratory testing of soil samples is completed to assess soil engineering properties.

e Field and/or laboratory testing is completed for hydraulic conductivity and measurement
of monitoring well water levels are made to assess ground water flow directions.

e Ground water (and surface water) samples are obtained for chemical analysis to provide
data on background water quality conditions and/or to assess whether an existing landfill
has adversely affected water quality.

e Data is compiled and analyzed to characterize the site soil, geologic and geohydrologic
conditions.

e The need for the collection of additional data is assessed and a work program is
developed and implemented.

A wide variety of field exploration and testing methods is available to assess the conditions
beneath a potential/existing landfill site. Some of the more common methods are briefly
discussed in Appendix A. The following sections present -some of the more important concepts
in analyzing geohydrological and geotechnical data for landfill projects.

4.2.1 Soil Properties

4.2.1.1 Representative Samples

During field explorations, soil samples can be collected by a variety of methods. How well a
sample represents actual conditions depends on the soil type and variability, method of
collection, and care used in collection. . In some cases, a large amount of judgment may be
required to make a proper assessment. This assessment may not only be based on the sample
collected but also on observations made during collection, such as drill action or Standard
Penetration Test (ASTM Test Method D1586).

When interpreting or reviewing soil data, the soil collection method and/or test method should be
considered. Some collection methods (such as those using a thin walled Shelby tube sampler)
provide relatively undisturbed soil samples, while others, such as sampling using the
conventional air rotary drilling technique, typically provide only soil cuttings. Interpretation of a
soil sequence is more difficult based on soil cuttings compared with samples obtained using a
split spoon sampler or tube sampler.

The natural variability of soil units can also affect how well a particular soil sample or test
represents the general soil conditions. The greater variability in soil conditions, the greater the

number of soil explorations
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or tests that may be required to properly characterize a site. The number of explorations and tests
needs to be balanced against the natural variation in soil properties, the costs to evaluate these
properties and acceptable levels of uncertainty.

4.2.1.2 Soil Classification

Two general methods of soil classification are currently used in landfill design and construction
(U.S. EPA, 1984; U.S. EPA, 1979). These include the U.S. Department of Agriculture (USDA)
Classification System and the Unified Soil Classification System (USCS) (ASTM 2487). The
USDA system, used by soil scientists and agronomists, is based principally on texture (grain size
distribution). The USCS system is generally used in assessing the engineering properties of soils
and is based on grain size and plasticity characteristics (Atterberg limits).

Summaries of the USCS and the USDA systems are presented in Figures 4.1 and 4.2. The
division in soil type based on grain size are different for the two systems and in classifying soils
the system being used should be identified. Typical soil description will include soil type, relative
density, moisture content, and color.

4.2.1.3 Grain Size Distributions

Grain size distribution refers to the particle size distribution of a soil sample. This distribution
provides a meaning for classifying a soil sample as either clay, silt, sand, gravel or cobbles (or
silty sand, sandy gravel, etc.)

Procedures for conducting grain size analyses are contained in ASTM D422 and D1140. For soils
with particle sizes greater than the No. 200 sieve (0.08 mm particle size), mechanical shaking
through sieves is typically used. For particle sizes that pass through the No. 200 sieve, the
hydrometer method is typically used. Several-examples of grain size distributions are presented
in Figure 4.3. The curves were prepared using both mechanical shaking and hydrometer analysis.

4.2.1.4 Atterberg Limits

Atterberg limits (liquid limit, plastic limit and plasticity index) are standardized engineering
indices of the mechanical properties or consistency of fine grained soils. They are a measure of
the plasticity of the soil fraction finer than the U.S. No. 40 sieve (0.4 mm particle size).
Important states of consistency from a geotechnical standpoint are shown in Figure 4.3.
Procedures for assessing the more important Atterberg limits are contained in ASTM D4318 and
D427. As noted in Figure 4.1, the liquid limit and the plasticity index are used in the laboratory
classifications of soil using the Unified Soil Classification System.
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4.2.1.5 Water Content

In engineering applications, water content (ASTM D2216 test method) is expressed as a
percentage change in weight between the natural and the oven-dried soil (weight of water to
weight of oven-dried soil). Water content is important in assessing soil handling characteristics
(such as compaction), especially of fine-grained soils. Water content is also important in
assessing the degree to which fill soils may be compacted in the field to a specified degree.

In geohydrologic applications, where the movement of water or leachate through soil is being
assessed, water content is often expressed as a percentage of total volume. Volumetric water
content is important in assessing the degree of saturation of a soil and will affect unsaturated
hydraulic conductivities.

4.2.1.6 Field Capacity, Wilting Point, and Moisture Retention

These soil properties describe soil conditions in the unsaturated state (i.e., soil pores are not
totally filled with water). Monitoring of the unsaturated or vadose zone is discussed in Chapter 8.
Field capacity and wilting point are concepts that were developed in agriculture.

Field Capacity (water holding capacity) is the volumetric water content retained in soil after
drainage by gravity has apparently ceased. The remaining soil water is "held" by capillary forces.
Agronomists use the soil suction pressure of 0.33 atmospheres or a three-day drainage period as a
somewhat arbitrary standard (U.S. EPA, 1979; Freeze, 1979). In fact, water will flow under the
influence of gravity via unsaturated flow, at much higher suction pressures or longer periods of
time (Dunne and Leopold, 1978). Field capacity is not a valid concept for indicating truly
no-flow conditions.

Wilting Point is the lower limit of plant use of capillary water. By definition, this point is 15
atmospheres of soil suction (U.S. EPA, 1979).
Field capacities and wilting points for USDA soils are presented in Figure 4.4.

Moisture retention also refers to the ability of soil to retain water under unsaturated conditions. It
is generally expressed as a curve relating soil moisture suction versus volumetric water content.
Typical curves for different soil types are shown on Figure 4.5 (U.S. EPA, 1984).

Field capacity and wilting point are typically not tested as part of a landfill project. However,
field capacity is related to the water holding capacity factor discussed in Section 4.10 in
estimating a site water balance. Moisture retention curves are also not typically prepared for
landfill projects, but they can be useful in estimating unsaturated hydraulic conductivities as
shown on Figure 4.5.
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4.2.1.7 Comaction

Soil compaction is a major consideration in designing landfills, especially for selection of soil
materials to be used as bottom liners or as final cover. On specific projects, soil compaction may
also be required to provide structural support for buildings and other structures.

Moisture-density relationships are established in the laboratory to assess the compaction
characteristics of soil. Soils have unique laboratory moisture-density relationships that define a
maximum compacted density value and a corresponding optimum moisture content.

The Standard Proctor (ASTM D698 Test Method) or Modified Proctor (ASTM D1557 Test
Method) tests are used to define the relationship between density and water content. The
compaction tests compact a soil sample in lifts within a mold using a specified number of blows
of a standard hammer weight per lift to compact the soil.

In some cases, the relatively soft nature of soils and refuse providing the base for a compacted
soil layer may require that the standard laboratory test be modified to represent densities that can
practically be obtained in the field. The standardized tests may represent conditions not
practically obtained. Tests using lower amounts of compactive energy, i.e., fewer blows, fewer
lifts and/or smaller hammers, may be more appropriate. These tests
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Moisture Retention and Hydraulic Conductivity for Various Soil Types

tend to result in lower maximum densities and higher optimum water contents. See Section 5.8 for
additional information.

In landfill projects, soil is often compacted to reduce the hydraulic conductivity of liner or cover soils.
In assessing soil-density/hydraulic conductivity relationships, the expected field conditions should be
taken into account. In place or field soil densities can be determined using a variety of methods such as
the sand cone density method (ASTM D1556 Test Method) or nuclear densiometer (ASTM D2992).

Laboratory moisture-density test results are presented in the form of a compaction curve on a plot of dry
densities weight of oven-dried soil per unit volume of soil versus the corresponding water content
(Figure 4.6). The water content at the peak is the optimum dry density. Design specifications normally
state the desired compaction in terms of the percentage of the laboratory maximum density and the
method to be used to obtain the results. An example of such a specification would be that a soil sample
is to be compacted to 95 percent of its maximum dry density.

4.2.1.8 Hydraulic Conductivity

Hydraulic conductivity affects how water or leachate moves through soil and is one of the more

important soil properties when designing a landfill soil liner and cover system. The following
discussions provide a brief overview
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of this soil property. More detailed information is contained in publications by Cedergren (1977),
Freeze and Cherry (1979) and U.S. EPA (1984).

Hydraulic conductivity values can represent both saturated and unsaturated conditions. Saturated
conditions are far easier to evaluate than unsaturated conditions. In saturated flow, all soil pores
are filled with water and hydraulic conductivity is not affected by varying water contents.
However, for unsaturated flow, soil pores are only partially filled with water. As water content
decreases, fewer pores transmit water, capillary forces become stronger and the ability to transmit
water decreases. The unsaturated hydraulic conductivity decreases by decreasing water content
and increasing soil tension (see Figure 4.5).

Hydraulic conductivity can be defined by Equation 4-1 (after Darcy's Law):

K=_Q_ (4-1)
i(A)

where:

K = Hydraulic conductivity (length/time)
Q = Rate of flow (volume/time)

1 = Hydraulic gradient (length/length)

A = Cross sectional area (length squared)

These K values may be reported using several sets of units including (but not limited to):
centimeters per second (cm/sec), feet per day (ft/day), gallons per day per square foot (gpd/ft2

The saturated hydraulic conductivity of natural materials can vary by over 13 orders of
magnitude. Typically, fine-grained soils have lower saturated hydraulic conductivity compared
with coarse-grained soils. Representative values for natural materials are presented in Figure 4.7.

As shown in Figure 4.7, grain size has a significant effect on hydraulic conductivity. Soil density
can also affect hydraulic conductivity values. Typically, the denser the soil, the lower the
hydraulic conductivity. Density effects can cause a given soil to vary in hydraulic conductivity by
one to three orders of magnitude (Cedergen, 1977). As a rule, the narrower the range in particle
size, the less the hydraulic conductivity is affected by density.

Soil structure should also be considered in assessing soil hydraulic conductivity. Soil structure
refers to the arrangement of soil particles by either sorting or stratification, or by orientation of
particles and the clustering or broad dispersion of fines. Soils deposited in water are typically
horizontally stratified and often display a higher horizontal hydraulic conductivity compared with
vertical hydraulic conductivity. However, wind blown sands and silts are often more conductive
in the vertical direction compared with the horizontal direction. For fine textured soils, horizontal
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hydraulic conductivity may be 0.9 to 40 times the vertical conductivity (U.S. EPA, 1984). Soil
disturbance by root growth, organic matter decay and other causes can also Affect soil structure
and hydraulic conductivity.

Soil structure can be an especially important factor when compacting finegrained soils.
Compaction under dry conditions may develop a different soil structure compared to compaction
under wetter conditions. A study made on glacial till/gravel mixes for the core of the Mud
Mountain Dam (Cary, et al., 1943) illustrates this point. A mixture of 20 percent till and 80
percent gravel had hydraulic conductivities of around 5 x 10-4 cm/sec at a water content of 14
percent, but only 5 x 10-7 cm/sec at 16 percent. This represents a change of over 1000 times with
a variation-in water content of only 2 percent (Cedergren, 1977).

Unsaturated hydraulic conductivity is affected by several of the factors affecting saturated
conductivity and, in addition, water content or soil tension (negative pressure). Unsaturated
hydraulic conductivities at high soil tensions (very low water contents) can be surprising. Figure
4.5 shows that clays at moderate soil tensions (60 MBar) can have higher unsaturated hydraulic
conductivities than sands. A saturated sand with a hydraulic conductivity 100 times that of a
saturated clay may have 10 to 100 times lower unsaturated hydraulic conductivity under dry
conditions. A detailed discussion of unsaturated hydraulic conductivity can be found in Freeze
and Cherry (1979).

Field methods for evaluating saturated hydraulic conductivity are discussed in Appendix A (Field
Exploration and Testing Methods). A variety of laboratory methods is also available to determine
saturated hydraulic conductivity. The various methods are discussed in Cedergren (1977) and
U.S. EPA (1984).

Unsaturated hydraulic conductivity can also be measured in the field or laboratory. In many
cases, values for similar materials published in the literature are used. Unsaturated hydraulic
conductivity testing is more difficult than testing for saturated hydraulic conductivity. Methods
for testing unsaturated soils are presented in U.S. EPA (1984).

In-situ (field) testing is generally more reliable than laboratory testing for hydraulic conductivity,
depending on soil conditions, especially variations in soil type and structure. Laboratory tests
generally require more sample disturbance than field testing. This disturbance can alter the soil
significantly and may not be representative of field conditions. Extreme care should be exercised
in conducting laboratory tests for hydraulic conductivity. Field conditions should be adequately
represented. In-situ density and structure must be recreated or undisturbed samples (often
impossible to obtain) must be used.

4.2.1.9 Cation Exchange Capacity (CEC) and PH

Soil cation exchange capacity (CEC) and pH affect the chemical attenuation characteristics of
soil. The long-term ability of soils to attenuate contaminants in leachate is often unknown, but a
comparison of soil conditions between sites can often be made to select favorable sites,
Typically,
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soils that offer low to moderate hydraulic conductivity, high clay content, high CEC, and
relatively high pH (>6.0) are preferred over coarse-grained soils with high hydraulic conductivity
and low CEC values. Typical values of CEC for soils are presented in Table 4.1.

Table 4.1. Typical Ranges of Cation Exchange Capacity for Various Soils.

Soil Type Range meq'/loog
Sandy soils 1-10
Silt loams 12 -20
Clay and organic rich >20

'meq = milliequivalents

Source: U.S. EPA,.(1977b)
4.2.2 Monitoring Wells and Piezometers

Boreholes completed during the geohydrologic/geotechnical assessments are commonly
converted into piezometers or monitoring wells. These wells are used to assess ground water
flow directions, conduct in-situ hydraulic conductivity tests and obtain water samples.
Piezometers and monitoring wells consist of a screen or slotted section of casing (to allow
ground water to enter freely) attached to a casing which extends upward to land surface. A
piezometer is of small diameter (usually less than 2 inches), short-screened (usually under 5 feet),
sealed installation designed principally for obtaining hydraulic head measurements from discrete
depth zones. A monitoring well is designed to provide hydraulic head measurements and access
for ground water sampling over a larger depth interval (5 to 10 feet). Since piezometers are
essentially specialized monitoring wells, the following discussion pertains to both monitoring
wells and piezometers.,

42.2.1 Relationship to Environmental Monitoring Program

Although piezometers and monitoring wells are commonly installed during preliminary
investigations at proposed landfill sites, these installations can be part of a long-term
environmental monitoring system. Early data collected from monitoring wells and piezometers
aid in defining geohydrologic systems and establishing baseline conditions at the site. Once a
landfill has started operation, ground water monitoring wells are used to determine compliance
with the performance standards of VAC 173-304-460(2). The environmental monitoring aspects
of piezometers and monitoring wells discussed in Chapter § includes such topics as monitoring
well design and installation, ground water sampling, and interpretation of monitoring results.
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4.2.2.2 Well Locations and Number

The total number of monitoring wells at a landfill depends on the same factors discussed in the
previous section pertaining to the extent of exploration. Locations of future monitoring wells
should be considered in the planning stages of the subsurface exploration program for the site.

The number of wells required is very site dependent. If the ground water flow system is relatively
simple (hydraulic gradients are small and flow occurs in one direction), three wells can provide a
general indication of flow (Todd, 1980). However, under most conditions, more than three wells
should be installed because ground water flow paths are often more complex than the relatively
simple conditions than can be evaluated with three wells. The Minimum Functional Standards
require at least one background and three compliance monitoring wells.

After initial subsurface results have been analyzed, it may be necessary to revise the number and
locations of monitoring wells to provide a complete picture of the geohydrologic conditions
beneath the site. For example, if two aquifers separated by a clay layer are discovered beneath the
site, it may be necessary to install multiple wells (clusters) at selected locations, to allow
measurement of hydraulic head and collection of ground water samples from both units. The
number and locations of monitoring wells at a landfill site must be sufficient to define the ground
water conditions and at the same time satisfy legal requirements regarding ground water
monitoring.

4.2.3 Data Interpretation

Data collected during the geohydrological/geotechnical assessments must be interpreted for
inclusion into a final report for the study. Background data compiled during the initial site
selection process (Chapter 3) should be evaluated with the field investigation data to prepare a
complete analysis. For site soil conditions that can be quantified (such as soil hydraulic
conductivity and ground water flow directions), geostatistical techniques have been developed
which can provide insight into how well the data represent the site conditions. In some cases,
these techniques can be used to determine the number of samples or tests that are required to
achieve a certain level of statistical certainty. However, in most cases, the adequacy of data to
represent site conditions will be based on the professional judgment of the site evaluation/design
team.

The following portions of this section describe the broad components of the data interpretation
process.

4.2.3.1 Geology

Components of geology include: topography, soil types, and underlying "parent" geologic
materials. Although the term "soil" is often used in a general sense to describe unconsolidated
geologic materials, soils are defined as materials that have formed at the earth's surface as a result
of organic and inorganic processes. The underlying geologic strata from which
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the soils were formed are called parent materials. In some areas, soils are not present as a result
of erosion, man-induced activities, or absence of soil-forming conditions. Soil scientists from the
U.S. Soil Conservation Service have described and mapped soil series over many areas of the
state, and these maps are commonly compiled during the site selection process (Chapter 3).

Near-surface geology can be interpreted by evaluating air photos, regional topographic maps,
published soil maps, test boring and test pit logs, and field reconnaissance of outcrops and
exposures. Air photo interpretation can be an extremely useful tool in the evaluation of earth
features over wide areas and subsequent correlation of regional data with site specific geologic
information. Earth features which can be evaluated by means of air photo interpretation include:
landforms, rock types, surface drainage patterns, geologic structure (beds, fractures, faults) and
erosional features (Leuder, 1959).

Once the near-surface geology of a site has been established by a thorough interpretation of
geologic data, site specific maps can be prepared which show topographic contours, soil series,
and sub-soil geologic units. Examples of site topographic, soils, and geologic maps are shown in
Figure 4.8.

4.2.3.2 Subsurface Geology

Subsurface geology is interpreted by evaluating data from subsurface explorations (Appendix A).
Geologic logs of the subsurface are used in conjunction with published geologic maps, air
photos, and field records of outcrops to define subsurface conditions over the site area. Geologic
strata encountered at a particular site can often be correlated with rock formations which have
been identified and named in the literature. Establishing the subsurface conditions at a proposed
landfill site is a prerequisite to evaluation of geotechnical constraints, the ground water flow
system, and site design.

Many techniques are available for representing subsurface conditions. Perhaps the most basic and
useful method of illustration is the geologic cross section. A geologic cross section is a
two-dimensional representation of earth materials as a vertical "slice" through the earth. Test
borings, ideally situated in a straight line, are selected as control points for the cross section. The
top surface of a geologic cross section most often represents land surface, and the various strata
penetrated by the control borings are illustrated at the appropriate depths on the section. if
sufficient control exists, the strata can be correlated from borehole to borehole and allow
delineation of geological formations over the length of the section. An example of a geologic
cross section is shown in Figure 4.9. Other methods of illustrating and interpreting subsurface
geology include: geologic maps, structural contour maps, isopach (thickness) maps, fence
diagrams, and solid models (Haun and LeRoy, 1972).
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4.2.3.3 Volumes of On-site Earth Materials

One important aspect of defining the nature and extent of earth materials underlying a proposed
landfill site is the possible use of these materials in the construction and operation of the site.
The potential uses of these materials include daily and final cover (of refuse), liners, drainage,
fill, building construction, and road construction. The subsurface investigation of the proposed
site should provide sufficient test boring and soil property data to define the areal extent,
thickness, and physical properties of the earth materials underlying the site.

After the subsurface materials have been characterized, the future disposition of these materials
can be established. Materials that have future beneficial on-site uses can be distinguished
between materials that must be excavated and disposed on or off-site. Isopach (thickness) maps
constructed from field investigation data can be used to estimate the volumes of the earth
materials in question. The earth materials thickness maps can subsequently be used to guide the
excavation and grading phases of the project.

4.2.3.4 Geotechnical Constraints

The geotechnical constraints for a landfill site depend on the types of facilities to be installed at
the site. The stability of man-made slopes is a concern at landfill sites, especially landfills and
impoundments where extensive grading is required. Berms around impoundments and side
slopes of landfills must be designed to withstand loads of materials retained behind the structures
and to be resistant to surface erosion by stormwater runoff.

The physical properties of earth materials underlying a proposed landfill site will determine the
workability of these materials, i.e., the ease of excavation and handling at the site. Limitations
regarding the workability of a particular earth material unit at a site may require revising the site
layout or modifying the materials in question to facilitate development of the site.

In the case of designing a soil liner or final cover for a landfill, the general procedure would be to
specify an upper limit of hydraulic conductivity at least equal to requirements in the Minimum
Functional Standards (WAC-73-3047460(c)) or 460(e)(i)). Typically the hydraulic conductivity
values will range from 10-6 cm/sec to 10- cm/sec for liners and 107 to 10°® cm/sec for final
covers. An assessment would then be made as to the suitability of selected fill borrow sources to
meet these hydraulic conductivity requirements. Samples of potential borrow material would be
obtained and subjected to laboratory tests in order to assess the requisite density. This material
would then be subjected to laboratory tests to assess its hydraulic conductivity.

Typically, it is necessary to place natural soils with large amounts of fine grained (silt and clay)
particles to achieve low values of hydraulic conductivity. Higher percentages of fines makes the

soil more sensitive to small changes in water content. As the percentage of fine-grained particles
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increases, adequate compaction becomes much more difficult to achieve under the wet weather
conditions typical in parts of Washington.

The behavior of earth materials under various loading conditions is critical in the design of
landfills. Potential impacts of settlement on liners and leachate collection systems must be
evaluated, in addition to the standard foundation analyses. Potential impacts of the often large
consolidation settlements of the waste material need to be evaluated in terms of deformation and
integrity of final cover systems.

4.2.3.5 Ground water Flow System

A subsurface investigation of a proposed landfill site should provide sufficient data to allow
evaluation of the ground water flow system. Interpretation of near-surface and subsurface
geologic data and definition of the site geologic setting, as described in previous sections of this
chapter, are the first steps necessary in defining the ground water flow system. Geologic maps
and cross sections compiled during the interpretation of field data and published geohydrologic
reports provide the basis for site specific evaluation of the geohydrologic setting.

Ground water level data provide the most basic information for interpreting the ground water
flow system. Water levels from monitoring wells (constructed in test borings) can be plotted on
geologic cross sections to illustrate relative elevations of the water table or piezometric surface,
the depth to water below land surface, direction of ground water flow and saturated thicknesses
of waterbearing formations. A cross section containing ground water level data is shown in
Figure 4.9.

Water level (water table and potentiometric) contour maps can be constructed by plotting water
levels from the same aquifer (or other appropriate water-bearing zones) on a map adjacent to the
respective well locations and using these data points to draw contours of equal ground water
elevation. Water supply wells and surface water measuring stations can often be used as
additional control points in constructing water level contour maps. Ground water flow directions
can also be measured from water level contour maps. Flow is generally at right angles to contours
in an isotropic system (an assumption that is often used). An example of a water level contour
map is illustrated in Figure 4.10.

Additional maps which can be compiled to aid in interpretation of the geohydrologic system at
landfill sites include: aquifer thickness maps, depth to water maps, and ground water
geochemical contour maps. Aquifer thickness maps are useful in evaluating the areal extent of
vaterbearing formations. Depth to water maps are most often used to delineate areas which do
not allow sufficient separation between the water table and land surface for construction of a
landfill (see siting discussion in Chapter 3). Ground water chemical contour maps show
concentrations of selected chemical constituents in ground water and are useful in delineating
plumes of ground water contamination. Presentation and interpretation of ground water quality
data are discussed in Chapter 8 of this manual.
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Ground water gradients (horizontal and vertical) can be calculated from water level contour maps and
geologic cross sections by measuring the drop in ground water level elevation over a fixed distance. The
ground water gradient, hydraulic conductivity and porosity of the aquifer material can then be used to
calculate the ground water discharge (see Equation 4-1). Ground water velocity can be calculated in
accordance with the following expression of Darcy's Law (Freeze and Cherry, 1979):

V= _K() (4-2)
n

where: V = Ground water velocity (length/time)
K = Hydraulic conductivity (horizontal or vertical, as appropriate), (length/time)
I = Ground water gradient (length/length)
n = Porosity (percent)

4.2.3.6 Reporting
Data and analyses completed as part of designing a new facility or expanding an existing facility will be
presented to support the permitting and design efforts. Typically, at least two types of reports will be
prepared: geohydrological assessment report and a geotechnical design report. Section 600 of the
Minimum Functional Standards (WAC 173-304) outlines the required information to be included in the
geohydrological assessment. Additional data and analyses will likely be included based on the judgment
of the landfill design team.
4.3 WASTE STREAM CATEGORIZATION
4.3.1 Background
Solid waste is defined in the Minimum Functional Standards and includes a detailed list of waste types.
For purposes of this manual however, landfilling of solid wastes in Washington can be categorized by
five generalized nondangerous, non-hazardous waste streams as follows:

e Mixed Municipal

e Demolition and Inert

e Wood

e Industrial
Statewide, each of these waste streams has currently operating, dedicated disposal sites, as well as a
more larger number of sites receiving various combinations of all of the above. In addition, each

category may have special waste types which may require modified techniques. Consequently,
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design criteria developed for a solid waste landfill must accommodate both the variability of the
delivered wastes and operating requirements tailored to a specific waste category. It is important
to emphasize the understanding required for these individual categories prior to proceeding with
specific landfill design.

4.3.2 Mixed Municipal Solid Waste

Landfills categorized as mixed municipal solid wastes (MMSW) sites receive predominantly
household and commercial refuse. A typical make-up of this waste stream is presented in Table
4.2.

This waste stream is typically delivered to the landfill by commercial collection and/or transfer
vehicles. Where public access to the site is allowed, residential self-hauled MMSW may also be
received. When delivered loose, this waste stream has a density of approximately 200 to 300
pounds per cubic yard (Ibs/cy). In compacted form, densities from 400 to 600 pounds per cubic
yard are common. As presented later in this chapter, normal in-place landfill densities ranging
from 1000 to 1300 pounds per cubic yard are common.

Special fractions of this waste stream which may affect the design of a MMSW landfill are
primarily related to bulky wastes such as appliances and tires. These items, if present in sufficient
quantity, may dictate certain design modifications to improve operations. Factors to consider
include waste separation prior to landfilling for potential recovery, and segregation to provide for
separate burial.

Table.4.2. Typical Waste Composition of Mixed Municipal Solid Waste (MMSW)

Component % By Weight Composition
Paper 44
Metals 9
Food Waste 12
Yard Waste 11
Wood 4

Textiles, Leather,

Plastics, Rubber 7
Glass 9
Other Material 4
Total 100

Source: U.S. EPA (1976)
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4.3.3 Demolition and Inert Wastes

This category includes construction demolition materials, land clearing wastes, and wastes
defined as inert. This particular waste stream is significantly affected by economic activity and
generation rates and volumes are widely variable. This variability greatly affects the operational
and financial elements of planning and designing dedicated facilities. To be operated
successfully, a landfill relies on waste stream consistency. Demolition waste sites rank far below
comparable MMSW sites in this category.

Special fractions of this waste stream which impact design decisions again reflect the bulky
nature of products. Stumps, large timbers and other miscellaneous construction debris can greatly
affect capacity calculations due to their relatively low density and compaction problems. These
types of wastes can also cause significant damage to landfill liners and leachate collection
systems, if installed.

By comparison, demolition and inert landfills rank below MMSW sites in terms of leachate and
gas production. Depending upon the organic content of delivered materials, these by-products of
decomposition can be significantly below normal generation rates. Due to their lower organic
content, demolition and inert landfills generally undergo less settlement and can support a wider
variety of final land uses. Performance and design requirements for these types of landfills are
specified in WAC 173-304-461.

4.3.4 Wood '"Wastes

Wood waste landfills are composed of by-products of the forest industry, with chips, sawdust,
slash and sorting yard waste the traditional constituents. Like demolition material, wood waste
generation is tied directly to economic factors. In many areas of Washington, this results in the
co-disposal of these wastes into MMSYV or demolition landfills for economic reasons.

The organic content of a dedicated woodwaste landfill may be lower than, a MMSW site;
however, leachate and gas production may be significant. Leachate constituents may also be
different from normal MMSW strengths requiring process modifications for leachate treatment
and disposal. The nature of woodwaste leachate and its effect on the environment is discussed in
detail by Schermer and Phipps (1976).

Design factors affecting a woodwaste landfill are generally simpler than for a MMSW site
because of the homogenous, relatively non-putrescible nature of the material, ease of
compaction, and reduced litter and vector potential. However, potential environmental impacts
associated with surface and ground water contamination are potentially significant and should be
given equal consideration in the design of the landfill's protective mechanisms. Design
requirements for wood waste facilities are listed under WAC 173-304-462.
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4.3.5 Industrial Wastes
This is a broad category of waste streams generally tied to the manufacturing sector. It should be
noted that the manufacturing community in Washington State also contributes to the previously
discussed MMSW segment. The term industrial waste focuses on industrial process residual
streams that use landfilling as a final disposal technique. Industrial wastes do not include
dangerous wastes as defined by Chapter 70.105 RCW and Chapter 173-303 VAC. Common
constituents include, but are not limited to, the following:

e Boiler ash (bottom and fly)

e Food processing wastes

e Fish processing wastes

e Foundry wastes

e Mining wastes
Waste categories requiring special handing procedures include:

e Sludges (semi-solid and liquid)

e Asbestos wastes (may be a dangerous waste)

e Dredge spoils

e Problem wastes

e Some dangerous wastes as permitted by WAC 173-303
Because of the variability of these wastes, this manual cannot provide comprehensive design
criteria for each particular waste at a dedicated landfill. Rather, general design considerations are
presented and specific reference sources may be obtained from the U.S. EPA. Co-disposal of
certain industrial wastes with MMSV refuse is currently being practiced at a number of sites in
both eastern and western Washington. Specific waste streams utilizing this technique include:

e Wastewater treatment plant sludges

e Agricultural processing wastes
In addition, there is a limited amount of bottom and fly ash and asbestos co-disposal occurring at
a small number of facilities. General safety procedures applicable to co-disposal of wastes are
included in Chapter 6 of this manual. Co-disposal of sludges with MMSW takes advantage of the
bulking quality of the MMSW to absorb free water; however, there are disadvantages and some

jurisdictional health departments may prohibit the practice.
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e (Odors may increase somewhat depending upon the stability of the sludge.

e Leachate may be generated sooner (if not already existing) or leachate quantities may
increase (if already existing).

e Operational problems may develop including equipment slippage or stoppage, or sludge
tracked around the site by equipment and haul vehicles.

If sufficient data is available, dewatering procedures may be employed to avoid the operational
difficulties of a semi-solid material. Additionally, sludge may be stored or treated in surface
impoundments according to WAC 173304-430.

Another option mixes sludge with on-site soils, which is applied as an interim or final cover over
completed portions of the site. In MMSW sites with low quality soils, the sludge is considered a
soil amendment and can materially enhance the ability of cover soils to support vegetation.

Land application of the sludges is a third alternative for disposal. Land application methods,
regulations, design criteria, operation and maintenance are contained in ' Criteria for Sewage
Works Design (WDOE, 1985) and will not be discussed in this manual.

Agricultural processing wastes, including aquaculture wastes, can similarly affect a MMSW site.
Odor problems and leachate generation are the more significant issues affecting design and
operation elements.

Problem and dangerous wastes meeting the requirements for disposal in a solid waste landfill
must be handled with attention to operator safety. Ideally, material should be sealed in bags or
other containers prior to delivery to the landfill and should be covered immediately after
disposal. Regulatory agencies may require further operational procedures when handling these
materials.

4.4, OPERATIONAL ALTERNATIVES

Prior to discussion of detailed design elements, it is valuable to point out various types of landfill
operations applicable to Washington. These alternatives are discussed below, along with
schematic layouts depicting operating techniques. Recent environmental controls over solid
waste landfill development have had a marked effect. on options available to site operators.
Traditional goals of onsite soil balance and effective topographic use are still important in
determining the optimum landfill configuration; however, leachate collection systems and bottom
liner requirements have somewhat limited operational options.
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4.4.1 Area Fill

As the name implies, an area fill includes a fairly large working face for waste disposal. Refuse is
off-loaded either on undisturbed ground or on a prepared, tipping pad where it is pushed onto the
working face in lifts from 16-30 inches in thickness and then compacted. Each layer is
compacted as the filling progresses over the course of the day or until the thickness of the
compacted wastes reaches a height of 6 to 15 feet. At that time, and at the end of each day's
operation, a 6 to 12-inch layer of cover material is placed over the completed fill. Cover material
may be excavated from adjacent higher points of land, imported from borrow pit areas, or from
previously constructed stockpiles. The area method of landfilling is illustrated in Figure 4.11.

The width and length of the fill or working face depends upon several factors:
e Daily quantity (tons/day)
e Traffic volumes (vehicles/day)
e Landfill equipment

Accommodating refuse vehicles in a timely manner may be one of the more important
considerations in the determination of the working face width. The length of the fill is dependent
upon daily volumes and the ability of the landfill compaction equipment to cost effectively
"push" the refuse. The working face slope (tipping pad to top of fill) is generally maintained at
3:1 or less. Modern landfill compaction equipment, while operating excellently on moderate
grades, is less effective on steeper slopes.

A completed * fill, including the cover material, is called a cell. Subsequent filling operations
proceed from these previously completed cells. Successive cells are placed adjacent to one
another until the first lift, covering the platform area called for in the operating plan, has been
completed. Successive lifts are placed on top of one another until the final grade is reached, at
which point a final cover is provided. Additional compaction of the lower lifts (20 to 40 percent)
can be achieved by routing traffic over completed cells. For inclement weather, a backup fill area
next to an all-weather road is sometimes necessary. Daily cell construction, covering and cover
material are further discussed in Chapter 6 of this manual.

Applications:

e Moderate and rolling topographic conditions, where cover material sources are readily
available

e Large volume MMWS or demolition sites with high traffic volumes
e High in-place densities possible (greater than 1200 lb/cy)
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Figure 4.11
Area Method

Limitations:

e Larger overall area/volume ratio results in higher leachate production and higher capital
costs

e Higher daily cover requirements
e Cover material may have to be imported
e Higher litter problems

4.4.2 Trench Fill

In the trench method of landfilling, waste is spread and compacted in an excavated trench. To
begin operation, the first part of the trench is excavated to the desired depth and the soils are
stockpiled. Wastes are placed in one end of the trench and compacted until the desired height is
reached. The daily cover material is obtained from stockpiled soil, continuing the trench or
borrowed from adjacent trenches. The trench fill method is illustrated in Figure 4.12.

The size of individual trenches is generally governed by topography, constructability and refuse
volume. A recommended trench width is generally 100 feet wide or less to provide a manageable
trench and orderly construction of cells. Typically, operators prefer to develop a new trench with
high
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Figure 4,12
Trench Method of Landfilling

production excavation equipment, such as scrapers, rather than normal landfill equipment and
will endeavor to maximize trench volume per unit construction cost. In wetter climates, trench
sizes may be governed by limited dry weather construction conditions and must be sized to last at
least one year. Trench depths depend upon soil types and excavation equipment. Using
conventional scrapers or track dozers in glacial till, economical and safe trench depths may
exceed 20 feet. In less cohesive soils, this depth may be reduced to 10-15 feet because of the
increased possibility of bank failure for non-cohesive soils in slopes of significant height.
Additionally, cohesionless soils that cannot maintain a minimum 3 horizontal to'l vertical slope
are unsuitable for the trench method of fill.

As one trench is filled to completion, a subsequent trench is excavated adjacent to it. Because
the two trenches are independent, there is a loss of landfill volume between the trenches. This
loss of volume increases as trench side slopes decrease to allow for non-cohesive soils or as
trench depth increases. It is desirable to minimize this lost volume; however, side slopes should
not exceed a safe stable slope as recommended by the geotechnical evaluation. A maximum 2
horizontal to 1 vertical slope is recommended for the side slope. Landfill cell depth may vary
from 5 feet or less to 30 feet or more depending on site constraints. Operationally, landfill cells
of 8 to 12 feet provide for most effective operation and efficiency of daily cells. It is possible that
a series of lifts could be placed within a trench, depending on the operators requirements. The
trench method allows better control of litter than the area fill method. Litter is contained
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somewhat in the trench, and especially well in a narrow trench (100 feet wide or less). Also, the
trench method may offer some cost savings over the area method, since material excavated from
the trenches will be used as daily cover, eliminating imported cover costs.

Applications:
e Small volume, low traffic facilities
e Moderate topography
e Areas with a low ground water table
e Lower area/volume ratio results in less gas and leachate production
e Below grade landfill
e Specialized wastes (sludge, woodwastes, demolition)

Limitations:

e Lower efficiency of land use (ton/acre)

e Difficult to cost effectively implement leachate management systems (liner and collection
system)

4.4.3 Modified Area Fill

The modified area method is probably more ty pical of current landfilling practices in
Washington for medium to large facilities (>200 tons/day) than either the area or trench method.
The system is flexible and can resemble either of the previously described techniques with very
little alteration of the operating plan. In fact, many facilities begin early operations resembling a
trench landfill altered by the modified area method, later changing to an area method to complete
the landfill.

The modified area method of landfilling develops a fairly large working face similar to the area
method. Depending on ground water levels and the required operation size, one or a number of
cells may be excavated prior to operation and the material stockpiled for use as daily cover. This
tends to create a more cost effective landfill than the area method. Once deposited on the tipping
pad, waste is pushed to a working face which is actually constructed on an incline. Waste is
compacted in an "uphill" fashion and the lift is expanded laterally in proportion to the daily
quantities delivered.

Applications:
e Moderate and rolling topographic conditions
e Large volume MMSW or high traffic demolition sites
e Moderate in place densities possible, 1,000 Ib/cy to 1,200 Ib/cy
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e Areas with a low ground water table
e Generally constructed as a below grade landfill
Limitations:

e Larger overall area/volume ratio results in higher leachate/gas production and higher
capital costs

4.4.4 Prepared Refuse

Shredding and baling are two techniques involving preparation of refuse prior to landfilling
which are applicable to Washington. Both have been employed at sites in Washington in an
attempt to reduce landfill operations expense, to increase in place density (thereby prolonging
site life), and to reduce environmental impacts. The techniques have had mixed success in
meeting the objectives. Future applications should be carefully evaluated on the basis of cost
effectiveness versus benefits to the landfill operation.

4.4.4.1 Shredding

Shredded waste has been reduced to particles less than 2 to 6 inches by mechanical processes
such as cutting, tearing, ripping and impact shattering. The most common method is
hammermilling, an impact shattering process. Shredded waste disposal is similar to the methods
discussed above for unprocessed wastes, with the following advantages:

e Operation of the landfill is simplified when the waste is shredded. Successful operations
have shown that very little daily cover may be necessary to prevent vectors because
compaction is highly efficient. Blowing paper and debris is reduced since large pieces
that may catch the wind are eliminated by the shredder. Spreading and compaction can be
accomplished in significantly less time. Traffic routing and other operations during foul
weather are also simplified.

e Because the shredded waste can be compressed to a greater density than unprocessed
waste, by about 25 percent, the life of the landfill may be increased proportionately with
the same compaction effort.

e Decomposition will proceed faster in a shredded waste landfill. This may be an
advantage, particularly if methane gas or other by-products are to be recovered from the
landfill, or to meet an ultimate land use plan for the site.

Disadvantages for shredding operations include:

e Initial cost of equipment and ongoing cost of operation and maintenance.

e [eachate may be of higher strength due to more rapid decomposition and potentially
longer retention times.
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e Higher methane production may be a disadvantage if not collected and recovered.
4.4.4.2 Baling

Waste is baled by compression into large, rectangular blocks with densities up to 1,700 Ib/cy.
The advantages are similar to the advantages for shredded waste:

e Improved aesthetics over unprocessed waste

e Cover costs are reduced because the bales create fairly uniform surfaces, thus minimizing
the volume of cover material required. The bales can be manuevered with a front end
loader of forklift, thus the only compaction equipment required is for the daily cover.
Hauling costs can also be reduced if the waste is processed at transfer stations or more
central locations..

e The life of the landfill is prolonged due to the greater density achieved with baled wastes
compared to unprocessed wastes.

Disadvantages to baling waste are also similar to those for,shredded waste:
e (Cost of equipment, operation and maintenance

e Increased strength of leachate and higher methane production due to higher waste
density.

Additional elements important to all landfill operating and processing options, including system
economics are discussed in Chapter 6, Landfill Operations.

4.4.5 Delivery Modes

A -sometimes overlooked, yet very important factor in the design of a landfill, is the method by
which wastes will be delivered to and deposited at the site'. Sizing of a facility generally relates
to a quantity or volume figure represented as either tons per day (TPD) or cubic yards per day
(CY/D). These are important in determining overall landfill volume requirements, however, they
do not provide the designer with sufficient information concerning working face requirements
and the number and type of vehicles utilizing the site per day. Three major types of waste
delivery at MMSW sites are discussed below.

4.4.5.1 Commercial Haulers Only

This category refers to a site which restricts usage to commercial collection and transfer vehicles
only. Commercial collection trucks have capacities ranging from 12 to 30 cubic yards and, with
on-board compaction equipment, can deliver wastes with densities ranging from 400 - 800
pounds per cubic yard. Unloading of wastes from these vehicles is by gravity tipping or push
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ram. Unloading speeds vary with truck design but are generally fairly swift (2 to 5 minutes). Both
unloading techniques generally require the truck to move ahead approximately one full truck
length to complete the operation. For longer vehicles this may mean a tipping pad with a
minimum length of 50 feet. Truck spacing between commercial vehicles at the working face
should be at least 15 to 20 feet.

Other types of commercial vehicles include drop box or container units and transfer trailers.
Capacities can range from 20 to 130 cubic yards depending upon t railer/ container length and
height and whether or not wastes are compacted. Unloading can be by gravity tipping or push
ram. In either case, the unloading length is generally one full container length as the vehicle
moves ahead to facilitate refuse removal. Unloading times are again fairly swift, ranging from 4
to 8 minutes. Tipping pads established for large transfer station trailers should allow for 20 foot
spacing between trucks and be 100 feet long.

Depending upon the site specific layout, appropriate turn-around space should be designed to
accommodate the largest commercial vehicles. The normal traffic pattern for vehicle ingress and
egress to the working face requires the truck operator to maneuver the vehicle to a common
staging area and then back the truck in a rear turning movement to place the rear of the vehicle
against the working face or unloading area.

4.4.5.2 Commercial and Private Vehicles

This type of MMSW site is similar to -a commercial vehicle only facility except that private
vehicles would also be allowed to access the working face. Private vehicle capacities range from
one 32 gallon garbage can (less than 0.2 cy) up to 5 cy for light commercial vehicles. Working
face space allocations for these landfill users should range from 10 to 15 feet per vehicle
depending upon site layout.

Unloading techniques are as variable as the capacities. Generally, these private vehicles require
only a small distance between the rear of the vehicle and the designated unloading area. If a
tipping pad is designed for commercial vehicles, it will be adequate for private passenger cars
and light trucks. Unloading times range from 5 to 20 minutes.

At sites accepting both commercial and private vehicles, the working face/tipping pad should be
designed to segregate the private vehicles from commercial users. Driver safety, working face

operation and convenience are cited as the principle reasons for this recommendation.

4.4.5.3 Special Waste Delivery

MMSW sites commonly accept one or more waste streams categorized as special, including tires,
appliances, sludges or specialized industrial wastes. Vehicle types may be identical to the
commercial units described above, and if so, no additional design criteria need be applied in
terms of working face allocation or ingress/egress.
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Differing vehicle types, especially those with lengthy unloading periods, will require special
consideration. Generally, the waste type and unloading mechanism will dictate criteria.

The landfill designer/operator should be aware that special waste haulers may require
modification to the tipping pad and working face design to successfully operate at the site.

4.5 SITE DESIGN
4.5.1 General Design Procedure

An engineering plan or design report for a solid waste landfill site should be prepared in which
the requirements for site improvements are assessed and appropriate designs are prepared.
Chapter 173-304 WAC (MFS) provides the regulations and requirements for all solid waste
landfills in Washington State and will provide the basis for site design. An orderly procedure
should be established to facilitate design and reduce the possibility of overlooked site and design
details.

4.5.1.1 Establish Goals and Objectives

Overall goals can be established for landfills, although the degree of implementation will vary
with individual sites. For instance, a common goal will be to control gas and leachate to avoid
environmental degradation. However, how the goals are achieved may differ from one situation
to another. For example, at one landfill the objective may be to accelerate waste decomposition
to produce a stable fill, allowing early abandonment of the leachate collection system and
reducing the need to treat the leachate. The situation at another landfill may require the inhibition
of leachate formation to minimize the need for treatment and disposal.

Additional goals may include maximizing the use of the land when the site is completed,
minimizing costs, and completing the site as quickly as possible. To ensure proper design, the
identification of goals and objectives should be based upon input from the site operator, potential
landfill users, regulatory authorities, and residents near the site. Typical goals include:

e Meet all applicable regulations and provide plans suitable for meeting permit
requirements

e Protect the physical environment (ground water, surface water, air quality)
e Minimize operation nuisances (litter, dust, noise, fires)

e Minimize dumping time for site user

e Ensure worker and user safety

e Maximize use of land when site is completed
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e Maintain aesthetic site
e Provide for orderly closure and post-closure period
e Minimize costs (initial, operation, total)

4.5.1.2 Design Basis

The next step in the design of solid waste landfills is the collection of the background
information and data needed for developing the design. Data previously collected during site
selection will be incorporated into the site design, but changing conditions and the need for
greater detail will require reevaluation of available data and accumulation of additional data.

Data collected at this stage may suggest a modification to earlier observations. For example, a
site that appeared to have adequate onsite material for use as the bottom liner may need an
admixed system or flexible membrane liner because the soil is more permeable, or less material
is available, than previously indicated. Typical data requirements include (O'Leary, 1983):

e Environmental Regulations
Federal RCRA standards
Performance and design requirements of the Minimum Functional
Standards WAC 173-304 (see Chapter 9)
Local county or municipality standards
Plan submittals procedures
Required permitsand procedures for application and approval

e Waste Characteristics
Waste sources
Waste loadings--daily, monthly or yearly variations
Waste quantities in cubic yards and tonnage
Waste type and variations in composition
Leachate generation potential
Gas generation potential
Unique physical features

e Physical Site Characteristics
Topographic map of site and immediate area
Surrounding land use patterns and zoning
Property line survey
Existence of easements or rights-of-way
Location of utilities
Location of buildings, roads, other structures
Vegetation cover on the proposed site
Existing drainage patterns on and off-site

e Geotechnical Data
Depth and type of topsoil and subsoils
Physical characteristics of subsoils such as grain size,
permeability, compaction, and Atterberg limits.
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Location of rock outcroppings

Regional geology

Hydrogeological setting

Ground water depth, flow direction and quality

e Hydrological Data
Surface water runoff rates and patterns
Drainage basins
On-site ponds, streams, and intermittent drainages
Flood plain designations

e Climatologic Conditions
Temperatures
Precipitation
Evapotranspiration
Wind velocities and direction

e Transportation Systems
Access roads
Potential site entrances
Traffic patterns and counts
Anticipated arrival times of waste loads
Existing roads on-site
Facilities for private citizens

e Site Operation
Site operator
Equipment limitations
Management systems to be employed
Desirable operating hours

e Final Use
Natural or architectural landforms
Existing and anticipated final drainage patterns
Necessary settlement allowances
Existing vegetation to be saved
Requirements for property line grade transitions
Potential uses of landfill facilities (well, power, buildings,
etc.) for final use.

4.5.1.3 Development of Alternative Designs

A number of factors must be considered when evaluating design alternatives. For example, when
considering leachate control and ground water protection, the following may be examined:

e Unprocessed wastes versus baling or shredding of wastes
e Clay versus artificial liner

e On-site leachate treatment versus treatment at municipal plant
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e Accelerated versus retarded leaching
e Slopes of 2 percent versus 10 percent slopes

Often a procedure of trial and adjustment is necessary to find the combination of alternatives
best for each specific site. Alternative designs should also consider method of disposal, source
and use of cover material, entrance location and design, road design and routing, cell
sequencing, cell size and location, gas control techniques, landscaping, utilities and facilities,
litter control, drainage control, and final site use.

The final product of this step is a written description of the alternatives, drawings showing the
major features of each alternative, and a cost estimate for each alternative. The descriptions,
drawings, and cost proposals should be in a form that is readily understood by the persons who
will be evaluating the various concepts and will be included in the preliminary engineering
report discussed in the following section.

.Each of the alternatives is evaluated with respect to the goals and objectives. Trade-offs will be
necessary. For instance, one alternative may be the best in terms of leachate control, but have
some disadvantages for gas control or final site use. Ranking of goals and objectives helps to
define the alternative which satisfies the most important goals.

After obviously infeasible systems are discarded, an evaluation technique such as assigning a
numerical value to each criterion and a numerical weight to the extent that a particular
alternative satisfies the criterion is sometimes employed. This evaluation method provides for
inclusion of many criteria in the evaluation process.

Selection of the best design should include input from individuals or groups who will be directly
or indirectly affected by the landfill. Public involvement, as described in the landfill siting
chapter, as well as the involvement of site operators, solid waste disposal authority, public and
commercial refuse hauler, and regulators at all levels should be a part of the design selection
process.

The'final product of the landfill design phase is a preliminary engineering report which is
submitted to the regulatory agencies for review. This report describes the design criteria and
presents all performance and design elements for the selected alternative. Although preparation
of this report adds another step in the design process, it allows for reconciliation of review
agency questions before the detailed plans are prepared.

4.5.1.4 Detailed Design

The fifth step in landfill design is the preparation of construction plans and specifications and
detailed operations, closure and post-closure plans. The final product includes complete
instructions for maintaining the landfill over its operating life, as well as the twenty to thirty year
post-closure period.
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The detailed design of the landfill will generally consist of the following:

1 Plans and specifications for all facilities in the proposed active areas, access roads,
stormwater controls, fencing, buildings, sanitary facilities, monitoring, and all other
site improvements required for the landfill.

2. A series of drawings delineating the landfill at various stages of completion.
3. A narrative description of operating procedures (operating plan).

4. An analysis of equipment and manpower requirements.

5. An estimate of capital and annual operating costs.

6. A final land use plan for the completed landfill.
4.5.2 Basic Data Requirements

4.5.2.1 Regulatory Requirements

The applicable laws, regulations and permits that relate to landfill design are included in Chapter
2 of this manual. Federal, state, and in some areas, local governmental standards will apply.
Chapter 9 of this manual discusses the specific Washington State design and permit requirements
contained in the Minimum Functional Standards.

4.5.2.2 Solid Waste Quantities and Characteristics

It is necessary to know the type and quantity of wastes which will be handled. The waste type or
types will affect the handling techniques, while the waste quantities will be the determining
factor in site lifetime, daily operating procedures, and cover requirements. The waste type most
commonly encountered is generated by residential and commercial sources and consists of a
mixture of paper, wood, metal, glass, food wastes, yard trimmings, plastic, and rubber. Other
materials, such as auto bodies, refrigerators, and demolition debris, can also be expected unless
specifically excluded. Solid waste may be delivered in baled form or shredded prior to disposal
on land. The physical condition of the waste, whether processed or unprocessed, will influence
the methods and equipment used in filling operations.

4.5.2.3 Physical Site Characteristics

A base topographic map delineating existing site topography prepared to a convenient scale may
be available. Existing topography should be shown using contour intervals of 5 feet or less,
depending on site topography. A topographic map published by the U.S. Geological Survey is
useful as a base map to show the location of roads, rivers and lakes, buildings, railroad tracks,
highways, some utilities, gravel pits, and other features. The topographical contours also show
the shape of the land surface.

4-40



If available maps are inadequate or outdated, the site should be resurveyed or recent maps
should be obtained. Aerial photographs are particularly useful for the landfill base map. The map
should include the entire site and encompass surrounding areas that may be affected by site
operations. The' property line, buildings, buffer areas, vegetation, wells, watercourses, rock
outcroppings, roads, utilities, and other pertinent details should be delineated on the base map.

4.5.2.4 Geotechnical and Hvdrological Data

Geotechnical and hydrological data are both important areas of concern in landfill design and
should be included in the basic data requirements. Each is discussed in detail in Section 4.2 of
this manual.

4.5.2.5 Climatological Data

Weather conditions are important considerations in the design of landfills. Surface water control
is directly dependent on precipitation, infiltration and evaporation. Leachate control will also be
directly influenced by precipitation, along with evaporation and transpiration. Site access may be
affected by wet or freezing weather conditions. Where freezing is severe, landfill cover material
should be stockpiled when excavation is impractical. Wind patterns should be considered in the
establishment of windbreaks to control blowing debris. Climatological data can usually be
obtained from the National Weather Service or from local weather observers. It is particularly
important that recent, accurate precipitation data representative of the landfill site be obtained
since the design of surface water and leachate management facilities is so dependent on this
information.

4.5.2.6 Waste Transport System

The transportation system over which wastes are carried to the landfill is a major consideration in
site selection and design of the landfill. Potential site entrance points and the type of roads
needed on-site must be identified. A high volume site should have permanent roads built to the
disposal area, while a low volume site may satisfactorily employ temporary roads.

Control of traffic at the site is an important concern, specifically, how the on-site roads route
trucks to the working face. Commercial and municipal collectors will want to minimize waiting
times at the site. Procedures for private citizens wanting to dump wastes must also be considered.

Many landfill operators find that allowing private citizens at the disposal face interferes with site
operation and can lead to unsafe conditions. Separate facilities for private citizens, such as
on-site transfer stations, can provide citizens with disposal service and eliminate interference
with commercial haulers.

4.5.2.7 Operational Procedures

One purpose of careful landfill design is to maximize operational effectiveness of the site.
Operational procedures should be incorporated into the
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site design to ensure compatible procedures. Necessary background information includes
identifying who will operate the site, possible operating procedures, current equipment
availability, and the performance limitations of the equipment.

Management facilities which must be identified include:

. Scales to weigh incoming loads of refuse

*, Methods for determining the volume of the site which has been filled

. Records on machinery use, maintenance, and fuel consumption
. Accounts of landfill costs and revenues

. Data on waste quantities, cover soil location and use

. Safety records

Generally, phased or modular development is employed, whereby the landfill is constructed in
segments and the excavation from the phase under development is used for cover material in the
active phase. Building the landfill in phases allows the completed sections to be used for other
purposes, or, if necessary, the landfill can be closed after the completion of any phase. This also
limits the area exposed at any one time.

4.5.2.8 Final Site Use

The final use of the landfill should be considered when the site is being designed, in order to
provide for the best use of the property. Site closure is an important and expensive part of the site
use; even relatively small sites can cost hundreds of thousand dollars to close properly. Good
planning at the earliest possible point in site design will minimize costs and maximize the
usefulness of the site after closure, including the need to do monitoring and maintenance for a
number of years after closure.

Options for final use should be identified. Final use should be compatible with nearby land use as
well as the limitations of the landfill to support structures. Consideration should also be given to
compatibility with existing landforms and land use, settlement allowances, and drainage patterns.

4.5.3 Capacity Requirements and Site Life Estimates

4.5.3.1 Solid Waste Generation

Generally, the quantity of solid waste that is to be disposed of in the landfill will have been
identified in the Solid Waste Management Plan or some other planning document prepared by
the solid waste disposal authority. If no information is available, the quantity must be estimated.
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Solid waste generation rates vary widely, depending on many factors such as climate, locale,
season, collection frequency, population characteristics, extent of recycling, etc. Both volume
and weight are used to measure solid waste quantities. However, volume as a measure of quantity
can be misleading. To avoid confusion, solid waste quantities should be expressed in terms of
weight, then converted to volume by a more accurate in-place refuse conversion.

Methods commonly used to assess the generation of solid wastes are:

1. Load-count analysis
2. Weight-volume a nalysis
3. Materials-balance analysis.

Load-count analysis determines the quantity of solid waste collected over a period of time from a
given location. Weight-volume analysis provides information on the density of solid waste
collected from a given location. But only a materials -balance analysis will determine the
generation and movement of solid wastes for each generation source. Because of the high cost
and effort involved, the materials-balance method should be used only in special situations.
Typical solid waste generation rates are listed in Table 4.3 and may be used if actual generation
rates for the subject area are not available.

Table 4.3. Typical Solid Waste Generation Rates.

Rate, Ib/capita/day

Source Range Typical
Municipal (1) 2.0-5.0 3.5
Industrial 1.0-3.5 1.9
Demolition 0.1-0.8 0.6
Other municipal (2) 0.1-0.6 0.4
Agricultural (3) unknown

Special wastes (3) unknown

Source: Tchobanoglous, et al., (1977)

(1) Includes residential And commercial

(2) Excludes water, waste water and industrial treatment plant wastes
which must be estimated separately for each location

(3) Must be estimated separately for each location
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4.5.3.2 Solid Waste Densities

Reported densities of solid waste vary widely because there is little or no uniformity in the way

the densities are reported. Often, no distinction has been made between uncompacted or

compacted densities. Typical densities of municipal solid wastes are listed in Table 4.4. These

values can be used where specific information is not available.

Table 4.4. Typical Densities of Municipal Solid Waste.

Source
Residential (uncompacted)
Mixed refuse(l)
Rubbish(1)
Garden trimmings
Ashes
Residential (compacted)
In compactor vehicle
In landfill (normally compact
In landfill (well compacted)(2)

Residential (after processing)
Baled
Shredded, uncompacted
Shredded, compacted

Commercial-industrial (uncompacted).

Food waste (wet)

Combustible rubbish

Noncombustible rubbish
Commercial-industrial

In landfill (well compacted)(2)
Combination refuse

In landfill (well compacted)(2)

Source: Tchobanoglous, et al., (1977)

Density, (Ib/cy)

Range

225 - 500
150 - 300

100 - 250
1,100 - 2,000

300 - 750
600 - 850
800 - 1,400

1,000 - 1,800
200 - 450
1,100 - 1,800

800 - 1,600
80 - 300

300 - 600
1,000 - 2,500

1,200 - 1,800

Typical

350
220
175
1,400

500
750
1,100

1,200(3)
360(3)
1,300(3)

900
200
500
1,600

1,400

(1) Does not include ashes.

(2) Using special landfill compactor equipment, two foot maximum lift

thickness, and four to five compactor passes per lift.
(3) Low pressure compaction, less than 100 lbs/sq. in-.



FINAL COVER

MTERMEDIATE COVER

TOE

L1

Rem Hanmral valua

Coall Hisght B Pt - 15 Pt
Slope AHAY — B
Dy Cinaar B Inctun
Iniermeciale Lo Z Inohas

Final Cover Se Eapofion 4 16

L — |
—— - — — =

Figure 4.13
Typical Landfill Cell Construction

4.5.3.3 Cell Construction and Cover Material

Landfilling should be accomplished using a series of cells and lifts as illustrated in Figure 4.13,
regardless of the operational method of landfilling used (i.e., area method, trench method, etc.).
The cell height should be determined on the basis of the area required to adequately dispose of

the daily refuse volume while minimizing the cover material volume and active area exposed to
precipitation.

Cover material volume requirements depend on the surface area of waste to be covered and the
thickness of soil needed to perform particular functions. As might be expected, cell configuration
can greatly affect the volume of cover material needed. The surface area to be covered should be
kept minimal. In general, the cell should be about square, with sides sloped as steeply as practical
operation will permit.

Cover volume generally runs about 15 to 30 percent of the compacted refuse volume depending
on factors such as the cell height, cell configuration and thickness of cover. For design purposes,
if specific information is not available, a value of 25 percent (1 cubic yard of cover for every 4
cubic yards of compacted waste) is often used (Tchobanoglous et al., 1977; ASCE, 1976; Noble,
1976; Brunner and Keller, 1972; APWA, 1970). This value includes daily and intermediate cover
material requirements.
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4.5.3.4 Settlement

Settlement normally occurs at solid waste landfills and during the active life of the landfill may
add to the available capacity. The extent of settlement depends on the initial compaction,
characteristics of the waste, degree of decomposition and effects of consolidation when leachate
and gases are formed out of the compacted material. The height of the compacted fill will also
influence the initial compaction and the degree of consolidation.

The degree of settlement to be expected in solid waste landfills resulting from initial compaction
is shown in Figure 4.14. About 90 percent of the ultimate settlement occurs within the first five
years (Tchobanoglous, et al., 1977; and APWA, 1970). Data from Figure 4.14 can be used to
determine landfill capacity requirements and estimated site life when the operations of the
landfill will be conducted in a -manner to take advantage of any settlement.

4.5.3.5 Determination of Landfill Volume and Site Life

The required landfill volume for the desired site life can be computed based on the quantity of
solid waste to be generated over the design period, the in-place compacted density to be
achieved, the volume of cover material to be used during the life of the landfill, and any
allowance for expected settlement.

If it is assumed that all cover material comes from on-site, then it is possible to estimate the total
life of the site by first determining the amount of solid waste that can be adequately covered by
the volume of cover material available on the site. This quantity can then be compared to the
estimated solid waste generation rates to approximate site life in years. Imported cover material
would extend the site life, subject to other con-

straints on landfill volume, although cover material availability is commonly a major constraint.

4.5.4 Soil and Geosynthetic Materials Requirements
Early in the landfill design process, the quantity of different types of soil materials needed for

construction of the various landfill design elements should be determined so that maximum use
can be made of on-site soils. Several types of soils will generally be needed:

. Low permeability, fine-grained soils for the bottom liner and cover cap

. High permeability sand and gravel for the drainage layers and gas venting system
. Suitable soil for daily and intermediate cover

o Topsoil for the final cover
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Once volume and area requirements of the landfill have been estimated, the quantities of the
various types of soil materials needed for construction can be determined. Few sites will have
adequate quantities of all the types. of required soils and the import of certain soils or the use of
geosynthetics may be necessary. A brief discussion of the requirements for the various soil
materials used in landfill construction follows.

4.5.4.1 Bottom Liner

Requirements for bottom liners constructed of natural. soils or amended natural soils, as well as
alternate bottom liners, are discussed in Section 4.12. Natural soil liners are clay soils with
extremely low permeability, generally containing 50 percent or more fines. Some silty soils
containing fewer fines may be suitable for use in admixtures.

4.5.4.2 Leachate Collection Laver

Requirements for soil materials used in the leachate collection system are discussed in Section
4.13. Materials are required for the gravel bedding and drainage envelope around the collection
pipes, as well as the drainage layer between the pipes. Material for the envelope around the pipe
will likely need processing and may have to be imported.
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4.5-4.3 Daily and Intermediate Cover

A method to estimate the total amount of cover material needed for construction and operation of
a landfill based on the volume of solid waste is presented in Section 4.5-3. A better method,
however, is to estimate the daily and intermediate cover material requirements based on the
proposed fill operation. Final cover material requirements are estimated separately as discussed
below. By preparing a filling plan and operation sequence that estimates the cell configuration
and number of lifts, the required quantity of daily and intermediate cover material can be
determined. Daily cover should be 6 Inches thick, while intermediate cover should be 12 inches
thick.

Materials suitable for daily and intermediate cover should meet several criteria. After being
placed in the landfill, the material should be fairly permeable so that leachate can percolate
through to the collection system without being forced horizontally to the sides of the landfill
forming seeps. Also, the material should be permeable enough to allow passage of landfill gas to
the gas venting system. Material for ¢ ' over use in wet weather should be free draining enough to
minimize handling problems. A suitable cover material should fall within the following
guidelines: percent fines below 30 percent and minimum permeability of 1x10-4 cm/sec.

A wide variety of soils may be suitable for use as daily and intermediate cover, but a sandy soil
can best meet the above criteria. Soils that have too great a fines content may still be usable if
they are supplemented with a sandy soil to provide adequate permeability for gas venting and
good trafficability. For wet weather cover, sandy soils could be imported if they are not available
on the site.

4.5-4.4 Final Cover

Material requirements and methods to determine the required thickness for the various
components in the landfill final cover are discussed in Section 4.16. Typical requirements
include:

o Low permeable soil for the barrier layer

o High
permeable soil for the drainage layer, if specified

. Loamy topsoil for establishing vegetative growth

4.5.4.5 Miscellaneous Soil Requirements

Besides the soil requirements necessary for construction and operation of the actual landfill, soil
requirements for other facilities constructed in conjunction with the landfill should be
considered. Typical facilities that may require soil materials are surface water control facilities
such as dikes and detention basins, ground water control facilities such as impermeable barriers,
leachate treatment facilities such as lagoons, and site improvements such as roads and berms.
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4.5.4.6 Geosynthetics

Geosynthetics are man-made products that can substitute for soils in some applications. Typical
geosynthetics used at solid waste landfills include:

o Flexible membrane liners used as low permeable layers in the bottom liner or final
cover
J Drainage net used for leachate collection or as a drainage layer in the final cover

Filter fabrics used to protect collection systems from clogging by fine soil particles

Plastic grids used for reinforcement of slopes or road base foundationsupport

Plastic mesh used for erosion control on steep slopes and in ditches
4.5.5 Design Methodology

Once the basic data has been obtained, the required volume estimated and the requirements for
the various soil or geosynthetic materials determined, the actual design of the landfill can begin.
There is no single standard approach to landfill design; each site should be considered on its
merits. Generally, the procedure involves locating the landfill within the confines of the site,
determining the base and top elevations, and then doing a soi 1 materials balance to determine if
the materials to be excavated for construction are adequate or excessive for the various
requirements. A series of trials and adjustments will be necessary to optimize the design.

4.5.5.1 Location

By examining topographic, geotechnical, and hydrogeological data, as well as MFS Locational
Standards and other information obtained with the basic data requirements, a location for the
landfill within the site area can be selected. Landfills can usually be adapted to various types of
terrain, but certain topographical features are better suited than others. Landfills can be
constructed in swales and ravines or on side hills with minimum excavation and the finished
landfill can be designed to blend in with the surrounding topography. Landfills on flat terrain
generally require more excavation, at least initially, and it may be difficult to blend the completed
landfill into surrounding topography.

4.5.5.2 Base Elevation

Establishing the base elevation of a landfill is one of the most important aspects of the design
process. This elevation should be established on the basis of the minimum 10-foot allowable
separation between the bottom of the lowest landfill liner and the top of the underlying ground
water aquifer as required in WAC 173-304-130. This minimum 10-foot separation may be
reduced to 5 feet only if a ground water hydraulic gradient control system is
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installed. Geotechnical data, as discussed in Section 4.2, should provide information on the soils
underlying the landfill and the location of the ground water aquifer.

With the required separation and ground water levels determined, the base elevation can be set.
Once the base elevation is set, the top elevation can be determined based on the required volume

and the area available for the landfill.

4.5.5.3 Materials Balance

Once the top and bottom elevations are known, the quantities of the various types of materials to
be excavated for any proposed bottom elevation and landfill configuration are balanced against
the previously determined soil material requirements for landfill construction and operation. The
most economical landfill design excavates no more soil materials than necessary for construction
and operation of the landfill. However, other considerations, such as the ability for leachate to
flow by gravity from the landfill to a treatment facility, may be an overriding factor.

The soil materials balance is a procedure of trial and adjustment. Because importation of material
may be very costly, it is generally better to have a slight excess of material, rather than a
shortage. Soil material requirements that cannot be met by the on-site materials excavated for
construction of the landfill must be imported to the site. In some cases, a source may be close
enough to the landfill site that a borrow operation can be set up and operated in conjunction with
the normal landfill operation, even though the borrow pit will not be used as part of the landfill.

When the final landfill base elevation has been selected and the landfill configuration
determined, a bottom grading plan and final grading plan should be prepared. Because the
landfill is normally constructed in phases, intermediate grading plans for each of the phases
should also be prepared. These plans should show the proposed grade contours for the base, top
and each of the various phases of landfill development.

4.5.6 Site Development Plan

Once the final landfill base elevation and configuration are determined, the remaining steps in the
design process focus on the site development and related facilities necessary for the landfill
operation.

A solid waste landfill is like a long-term construction project. Most aspects of conventional
construction activity are undertaken, including clearing, earthwork, road construction, building
design and erection, drainage control, and installation of utilities. In addition, special attention
must be given to the design of features unique to the landfill operation. These include provisions
for odor, gas, and leachate control, subsidence and differential settlement control, construction of
temporary facilities, phased construction of solid waste cells, final grading of the site following
cessation of filling activity, and landscaping. All of these considerations should be a part of the
site development plan.

4-50



4.5.6.1 Roads

Various specifications and manuals are available from the Washington State Department of
Transportation and other sources for reference in the design and construction of all-weather
access roads. An all-weather access road should be provided from the public road to the site. This
road, designed to safely accommodate the anticipated volume of vehicular traffic, should consist
of two lanes of sufficient width and strength to carry the delivery vehicles. The grade of the
access road should be maintained at 8 percent or less and its intersection with the existing public
road should be carefully designed to reflect traffic volumes and safety requirements. Roads
should be laid out to eliminate crossing of traffic and consequent tie-ups. Waiting space should
be provided near the scales and parking areas should be provided for employee vehicles and
landfill equipment.

The access road generally terminates at the scale or other delivery control facility. Temporary
roads utilized for transporting wastes from this point to the unloading area may be constructed of
on-site soil with a topping of suitable material, such as gravel, crushed aggregate, cinders, broken
concrete, or demolition wastes. Lime, portland cement, or asphalt may be used as binders to
maintain stability and control dust. Plans should include provisions to keepthe access road and
adjacent public roads free of mud and litter.

4.5.6.2 Drainage

Appropriate permanent and temporary drainage facilities must be provided to control surface
runoff at the site. Surface waters must be diverted away from the areas to be filled with solid
wastes. Methods to determine the quantity of surface runoff and various types of control facilities
are discussed in Section 4.8 and 4.11. Methods to control ground water are discussed in Section
4.9.

4.5-6.3 Leachate and Gas

The Minimum Functional Standards include design elements for leachate and landfill gas
management. The final design will be dependent upon specific site conditions such as climate,
surrounding land use and proximity of treatment facilities. Leachate generation can be largely
prevented by preventing contact between water and waste materials by diverting surface waters
away from the fill, preventing infiltration of precipitation into the fill by properly covering refuse,
maintaining adequate drainage during operation and properly compacting and grading the final
cover when filling activities are completed. Methods to predict leachate generation are discussed
in Section 4.10. Bottom liners and leachate collection systems are discussed in Sections 4.12 and
4.13, respectively. The treatment and disposal of leachate is discussed in Section 4.14.

Gas migration is a potentially dangerous problem at existing, unlined solid waste landfills.
Suitable gas control facilities must be provided to prevent off-site migration of methane.

Methods to control landfill gas are discussed
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in Section 4.15. New, lined landfills should not experience the same problems with subsurface
methane migration because the liner will contain the methane gas.

4.5-6.4 Monitoring

Surface and ground waters are required to be monitored. Air quality should also be monitored,
particularly in regard to emissions from gas burning flares. Monitoring for subsurface methane
migration is required at unlined landfills to ensure methane is not moving beyond the facility
boundary in excess of state standards. At new, lined landfills, methane monitoring may be
employed to ensure the integrity of the liner. Monitoring- devices and methods are discussed in
Chapter 8. These facilities should be included in the site plan development.

4.5.6.5 Overburden and Material Storage

A stockpile area should be provided for storage of material excavated during construction of a
landfill and for the various materials that may need to be imported to the site for operation. The
stockpile area should be large enough to store the excess material that is excavated during
construction of the landfill, prior to its use as cover during filling operations. In addition,
adequate area should be provided to store a supply of any imported materials such as winter
cover material. All-weather access to the stockpile area should be provided. Drainage facilities
and provisions to control erosion should be provided in conjunction with the stockpile area.

4.5-6.6 Special Wastes

Landfills that receive special wastes that must be handled differently from ordinary solid wastes
should include a designated area and facilities as necessary to handle and dispose of these wastes.
Special wastes that should be given consideration for separate handling and disposal areas are
discussed in Sections 4.3 and 4.4.

4.5.6.7 Fencing and Signs

Fending controls or limits access to the landfill site. Woven and chain link fencing is commonly
used for these purposes. A gate is required at the site entrance and should be locked when the site
is unattended or otherwise closed to users. The entrance should be attractively designed and
landscaped. A sign prominently located should identify the landfill site, the hours of operation,
fees, and any restrictions on users or materials acceptable for delivery.

4.5.6.8 Buffer Zone

The site development plan must include a zone around the perimeter of the landfill site to buffer
adjacent property, to limit access by unauthorized. persons and prevent litter, dust and noise from
escaping the site. The working area of the landfill should be visually separated from adjacent
property by natural vegetation or by the use of plantings and berms which
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also reduce the problems of litter, noise and dust. Minimum width of the buffer zone, as specified
in VAC 173-304-130, is 100 feet except in areas zoned for residential, where the buffer must be
at least 250 feet wide.

4.5.6.9 Buildings

A building should be provided for office space and employee facilities at most landfills. Very
small sites may not require these facilities. Equipment used at the site should be provided with a
shelter. A single building or shed may be used both for equipment maintenance and storage, as
well as for the office purposes. Appropriate sanitary facilities must be provided for landfill
employees and users of the site. Portable chemical toilets can be used for this purpose. At larger
sites, employees should be provided with shower and lunchroom facilities. Generally, the design
of such facilities will depend upon the size and planned duration of landfill use.

Buildings on sites that will be used for less than 10 years may be temporary types and may be
movable. The design and location of all structures should consider gas movement and differential
settlement caused by the decomposing solid waste.

4.5.6.10 Utilities

Solid waste landfills should be provided with power, water, and telephone. Power is required for
maintenance of on-site operating equipment and for lighting. An electric generator may be
installed rather than extending power lines to the site. Water in sufficient quantities and under
adequate pressure is needed in the event of a fire, for machine maintenance, and for dust control.
Portable water should be made available for site personnel. A telephone or radio should be
provided for communications. Communications are particularly important in the event of an
accident or a fire at the landfill.

4.5.6.11 Scale

Recording the weights of solid waste delivered to a site not only regulates and controls the
landfill operation, as well as the solid waste collection system that serves it, but can also provide
an equitable basis for the assessment. The scale type and size will depend on the size of the
landfill operation and the vehicles using the facility. A portable scale and periodic weight surveys
may suffice for a small site, while a very elaborate system employing load cells and printed
output may be justified at a large landfill. Electronic scales cost more than the simple beam scale,
but their speed and accuracy may justify their use. The scale should be capable of weighing the
largest (weight and wheel base) delivery vehicle that will use the landfill on a routine basis. The
platform should be long enough to simultaneously weigh all axles.

4.5.6.12 Truck Wash Facilities

Vehicles hauling solid waste to the landfill working area often must drive over dusty or muddy
roads and previously spread solid waste. In order to prevent mud and debris from dropping from
the vehicles when they return to

4-53



the public roads, consideration should be given to truck wash facilities at the landfill site to
routinely clean the trucks. These facilities can also be used to clean the landfill equipment. The
need for wash facilities should be considered on a case-by-case basis, but generally the more
vehicles entering and leaving the site, the greater the need for wash facilities.

4.5.6.13 Public Access and Transfer Station

Public access to the working area of the landfill can create conflicts with landfill equipment and
large hauling vehicles which could create unsafe conditions. When these conditions could exist,
consideration should be given to providing a drop-box container or transfer station near the
entrance of the landfill. This will allow for wastes delivered by individual persons to be
deposited properly, while keeping traffic away from the working area.

4.5.6.14 Recycling Facilities

While scavenging, or the uncontrolled removal of materials from the landfill, is prohibited by
law, salvage or recycle operations are required by WAC 173304-460, unless an equivalent
method of encouraging the public to recycle is provided. Containers should be provided for
recycled materials and a designated area should be included in the site development plan. Access
to the recycling area should be controlled by fencing to prevent unauthorized removal of salvaged
materials.

4.6 LRACHATE MANAGEMENT

4.6.1 Generation

4.6.1.1 Precipitation

Leachate is defined in the Minimum Functional Standards as:

"water or other liquid that has been contaminated by dissolved or suspended materials due to
contact with solid waste or gases therefrom."

Typically, the largest source of water that contributes to the generation of leachate is
precipitation. During a precipitation event, some of the water runs off the surface and some is
evaporated. The remaining fraction infiltrates the ground surface and enters the soil. Some of this
water will be held in storage by the soil and some-will be evapotranspirated by the plants whose
roots penetrate the soil and withdraw the moisture. That water which is not held in storage and
not evapotranspirated will percolate down into the buried solid waste. Once in contact with solid
waste, the percolating water becomes contaminated and is termed leachate. Methods for
estimating the volume of leachate generated from precipitation are presented in Section 4.10.

Management of leachate generated from precipitation is directed toward increasing runoff,
evapotranspiration and soil moisture storage capacity.
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This is achieved through proper design of the final cover system. The design of a final cover is
discussed in Section 4.16.

4.6.1.2 Surface Water Run-on

Vater originating off-site but flowing into the solid waste will generate leachate. The Minimum
Functional Standards do not permit surface water run-on into solid waste landfills. Facilities
must therefore be provided to divert run-on away from the solid waste. This subject is more fully
discussed in Sections 4.8 and 4.11.

4.6-1.3 Ground Water Inflow

Ground water that comes into contact with solid waste will also generate leachate. The Minimum
Functional Standards require a minimum separation of ten feet between the seasonally high
ground water table and the buried solid waste. This requirement will prevent ground water
contact with solid waste and the subsequent generation of leachate from this source.

Existing landfills permitted prior to enactment of the new Minimum Functional Standards may
not have met this standard. Therefore, solid waste in some landfills may be in contact with
ground water and generating leachate. Possible corrective actions for this situation are described
in Section 7.6.

4.6.2 Attenuation

Attenuation is the reduction in concentration of chemical constituents in leachate for some fixed
time or distance traveled (Fuller and Korte, 1976). Attenuation occurs through various physical,
chemical and biological processes, some of which are listed in Table 4.5.

Leachate attenuation is of little significance in the design of new or expanded solid waste landfill
in non-arid regions since the Minimum Functional Standards require a bottom liner and leachate
collection system for these facilities. However, for existing unlined landfills or new landfills in
arid regions, an understanding of leachate attenuation is necessary to assess the potential for
leachate contamination of ground water.

Filtration of leachate through the soil profile entraps settleable and suspended solids much like
sand filters in conventional water treatment plants (Crump and Malotky, 1978). Dissolved
constituents are not removed unless they are adsorbed to the surface of particles that can be
entrapped. Very fine particles could move through the soil pore spaces without being entrapped.

Molecular diffusion and hydrodynamic dispersion in the ground water flow system facilitates
dilution of leachate constituents by mixing with uncontaminated ground water. Molecular
diffusion is the movement of solutes across a concentration gradient from an area of higher
concentration to an area of lower concentration. This is a very slow process and it is significant
only in a ground water flow system with a very slow flow velocity. Hydrodynamic dispersion is
caused by velocity gradients in the pores,
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different cross-sectional area of the pores and different lengths and branching of the pores
(Freeze and Cherry, 1979). In addition to these microscopic processes, macroscopic dispersive
processes caused by heterogeneities in the geologic environment promote mechanical mixing
(Gilham and Cherry, 1982). Neither molecular diffusion nor hydrodynamic dispersion remove
any constituents from solution; they merely reduce the observed concentration by dilution with
uncontaminated water.

Table 4.5. Attenuation Processes.

Physical Chemical Biological
filtration precipitation degradation of organics
molecular diffusion ion exchange nitrification and denitrification
hydrodynamic dispersion adsorption oxidation or reduction of
inorganic compounds
oxidation modification of organic compounds
reduction production of carbonic and organic
acids

depletion of oxygen supply

Chemical reactions remove or modify some constituents of landfill leachate. Removal may be
permanent or temporary, depending on a wide variety of conditions. Precipitation is the phase
change of a dissolved constituent to a solid phase when the solubility of the constituent is
exceeded. Each chemical constituent has its own solubility constant. The solubility is also
influenced by temperature, ph, pressure and common ion effects (Snoeyink and Jenkins, 1980).
Of these, pH is one of the most important (Crump and Malotky, 1978). Changes in
environmental conditions therefore affect precipitation reactions, such as a reduction in pH
increasing the solubility of metal precipitates. Thus, a constituent that is precipitated at one time
may dissolve into solution in response to environmental changes.

Ion exchange and adsorption are recognized as the most important chemical attenuation
mechanisms (Crump and Malotky, 1978; U.S. EPA, 1977b). Ion exchange reactions substitute
one ion for another on the surface of a substrate molecule. In leachate, heavy metals and other
cations are exchanged for calcium, magnesium and sodium (U.S. EPA, 1977b). Adsorption does
not depend on an ion exchange reaction. Adsorption phenomena are controlled by chemical and
electrical forces, orientation energy, London-van der Waals force, hydrogen bonding and surface
tension (Stumm and Morgan, 1981). Factors important in adsorption reactions include pH, soil
clay content and the presence of hydrous oxides (Fuller and Korte, 1976).
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Oxidation and reduction reactions influence the oxidation state of various leachate constituents
and subsequently affect their participation in precipitation/dissolution, ion exchange,
complexation and adsorption reactions. The oxidation state of reactants is controlled by pH, pE
and biological activity (Stumm and Morgan, 1981). Oxidation and reduction reactions do not
remove reactants from solution, but they do affect whether or not a reactant will be removed by
other mechanisms.

Biological reactions are very important in determining the degree of attenuation that leachate
constituents undergo. As shown in Table 4.5, biological activity affects both organic and
inorganic compounds. Organic compounds can be consumed as an energy source or transformed
into other compounds that, in turn, influence other chemical and biological reactions.
Consumption of oxygen and production of carbonic and organic acids influence the subsurface
environment and subsequently the reactions that take place there. Changing environmental
conditions also affect the development of microbial species which, in turn, affects the biological
reactions taking place. A common example is the depletion of oxygen by aerobic decomposition,
which leads to the development of anaerobic decomposition and methanogenic bacteria popula-
tions.

The leachate attenuation process is extremely complex and has an enormous variety of
interrelated factors. Limitations of current theoretical models and the complexity of the system
have prevented the development of a reliable predictive model for leachate attenuation (Crump
and Malotky, 1978). However, based on previous research some general conclusions can be
made. In comparing work by Fuller and Korte (1976) and Griffin and Shimp (1976), Roulier
(1977) notes the following order of mobility for non-metallic constituents and iron:

CI>Na>COD > Mg >NH4 >K > Si>Fe
Metallic constituents were ranked into mobility categories as follows:

High mobility - Hg, Cr(VI), Se (IV) and Ni
Intermediate mobility - Cd, As(IIl), As(V), V, Be and Zn
Low mobility - Cu, Pb and Cr(III)

With the exception of Ni, these results compare favorably with conclusions reached by Crump
and Malotky (1978). They developed a synthetic lyotropic series of attenuation potential for
Minnesota soils that indicated an order of mobility as follows:

NO;=Cr(VI)>S04=Se>F=Hg>phenols=0il=COD=CN>NH;>B=As>Ni=Cd>Zn=Mn=Fe=
Cu>Cr(IlI)>Pb=Ba>P=Ag

It was also noted during these studies that the clay content of the soil, the presence of iron and
manganese oxides, and the pH of the ground water solution were the most significant
environmental variables affecting the attenuation of leachate constituents.
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Even if ideal environmental conditions exist for the attenuation of leachate contaminants, it is
unwise to assume that all contaminants escaping from the landfill will be attenuated. From the
mobility series presented above, it can be concluded that some toxic leachate contaminants will
still be highly mobile in the subsurface environment. Such contaminants include mercury, nitrate,
hexavalent chromium, selenium, flouride and some organics.

It is likely that these contaminants are present in solid waste landfill leachates. In a study of five
mixed municipal solid waste landfills, James (1977) found several toxic trace metals to exceed
U.S. EPA drinking water standards. They included lead, selenium and mercury. Cadmium and
chromium were found to vary widely in concentration from site to site.

A wide variety of organics can exist in landfill leachate. Dunlap, et al., (1976) found over 40
undesirable organic compounds in a study of landfill leachate. It was concluded these compounds
were leaching from finished products common to household refuse since the landfill had no
history of industrial waste disposal. In another study of municipal solid waste landfills, Sabel and
Clark (1983) found several priority pollutants to be ubiquitous to landfill leachate. These
contaminants were found to be mobile in both sand and clay soils. They included:

toluene methylene chloride
trichlorethylene dichloroethane
ethylbenzene benzene
dichloroethylene

Reliance on attenuation to protect ground water quality is not recommended because of the
ability of a wide variety of landfill contaminants to migrate through the subsurface environment
and the inability to accurately model or predict such migration. The determination of the
pollution potential of an unlined solid waste landfill must be based on climatic and
hydrogeological conditions, as well as on any leachate collection and treatment systems included
in the corrective action plans.

4.6.3 Collection

The Minimum Functional Standards require all solid waste landfills regulated under WAC
173-304-460, with the exception of those using the arid liner design, to install a leachate
collection system sized according to water balance calculations or other accepted methods. The
collection system ensures that no more than two feet of leachate develops at the topographical
low point of the active area. The two feet are measured from the top of the bottom liner.

A leachate collection system is installed directly over the bottom liner and typically consists of a
layer of very permeable sand or gravel. Within this layer, is a network of perforated pipes into
which the leachate flows. After entering one of the perforated pipes, the leachate flows into the
transmission pipe for further transfer to the leachate treatment and disposal system.
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Recently, the use of synthetic drainage materials has been applied to the design of leachate
collection systems. These materials have the advantage of high flow capacity, alleviating the
need for perforated pipes. However, their long term performance has not been documented and it
may be prudent to include. perforated. pipes within a collection system using these materials
until a reliable performance record has been established.

4.6.4 Treatment

Treatment or pre-treatment of MMSW leachate is required prior to disposal. Biological,
chemical, and physical unit processes, alone or in combination, have all been successfully used
for treatment of leachate. However, prior to the design of any treatment system, the chemical and
physical characteristics of the leachate must be determined. Additionally, variations in leachate
characteristics over time should be predicted to ensure that treatment systems are effective in
treating the leachate throughout the life of the landfill. Site specific parameters such as leachate
generation rate, treatment area size, and potential disposal methods must also be considered in
selecting and designing a leachate treatment system. Finally, the selection of a treatment system
must be based upon compatibility with other elements of the landfill design, including leachate
collection, transmission, and disposal systems.

4.6.5 Disposal

Leachate disposal is one of the most environmentally sensitive issues facing the landfill operator.
A leachate disposal system consists of an effluent disposal arrangement which discharges treated
leachate to the environment

without endangering public health and safety. Three disposal methods have seen varying degrees
of use throughout the country:

. Discharge to a publicly owned treatment works (POTW) is practiced extensively in
this country and provides an efficient and effective means of treatment, if the leachate is
compatible with POTW unit processes.

o Land application of pre-treated leachate is a very site specific disposal method. Used
successfully in other parts of the country, it should be considered for landfills in this state
that have the required land area, climate, and soil characteristics.

. Discharge to surface waters following full treatment is often a prohibitively expensive
method of treatment and disposal. However, some circumstances may make discharge to
surface waters a cost effective method of disposal.

Site specific parameters such as potential land application area size, distance to the nearest
acceptable PON, and size and classification of nearby surface waters must also be considered in
selecting and designing a leachate disposal system. Finally, the selection of a disposal system
must be based upon compatibility with other elements of the landfill design, including leachate
collection, transmission, and treatment systems.
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4.7 LAMDFILL GAS MANAGEMENT

Placement of solid waste under the anaerobic conditions of modern solid waste landfills has
virtually eliminated many of the nuisances and health hazards associated with open dumps.
However, the method has, at the same time, introduced a new environmental problem, methane
gas generation and migration.

Gas production within a landfill, and subsequent gas migration, may stress vegetation growing on
or near the landfill, create an odor nuisance, or result in a potential threat to public safety.
Therefore, gas management is a necessary consideration in the design of all landfills. containing
organic wastes.

Methane is a colorless, odorless and lighter- than-air gas which can readily concentrate to
explosive levels in enclosed areas. It is flammable at concentrations from 5 to 15% by volume in
air at atmospheric pressure and normal temperature. Several cases of landfill methane gas
explosions have been reported (Stone, 1978).

A significant environmental effect of landfill gas migration is damage to vegetation on the
landfill site or adjacent property. Landfill gas production and migration can affect plants in
several ways, including:

o Oxygen depletion in the root zone
. Elevated soil temperatures
. Toxic effects of methane gas on plant physiology

Odor problems are an environmental nuisance associated with landfill gas production. Although
methane and carbon dioxide, the principal components of landfill gas, are odorless, other
constituents of landfill gas, including hydrogen sulfide, mercaptans, and volatile organic gases
produced as the result of decomposition, give the gas an offensive odor.

An effective gas management program, preferably initiated at the landfill design level, can do
much to alleviate these potential landfill gas hazards and nuisances and to ensure protection of
the environment.

4.7.1 Methane Generation

Methane gas production is a common and unavoidable microbiological phenomenon which
occurs following the landfilling of organic solid wastes. Typically, the rate of generation is
roughly 0.04 cubic feet of methane gas per pound of refuse per year (Schumacher, 1983).
However, this rate is highly variable, depending upon the solid waste characteristics and
environmental conditions within the landfill. Landfill methane production is also time dependent,
with four characteristic phases as shown in Figure 4.15.
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When initially placed, air trapped in the solid waste provides an aerobic environment. Aerobic
microorganisms quickly consume the oxygen, producing carbon dioxide, water, residual
organics, and heat (Ham, et al., 1979). As the landfill becomes anaerobic, a second phase begins,
dominated by anaerobic acid-forming bacteria. The anaerobic microorganisms hydrolyze and
ferment complex organics (primarily carbohydrates, proteins, and lipids) to form fatty acids,
alcohols, carbon dioxide, ammonia, and hydrogen. The organisms involved are anaerobic and
facultative anaerobic fermenting bacteria such as Bacillus, Clostridium, and Enterobacteria.
Carbon dioxide production peaks, while hydrogen production begins (Schumacher, 1983). Peaks
of as much as 90% carbon dioxide by volume have been reported to occur 11 to 40 days after

solid waste placement (Boyle, 1977). The characteristic phases of anaerobic decomposition of
landfill refuse are illustrated in Figure 4.16.

When the refuse is totally depleted of oxygen, a third phase begins in which methane-forming
bacteria become dominant. Methanogenic bacteria are obligate anaerobes, meaning that any

oxygen will destroy their activity. Actually,, two complex microbiological processes take place
during methane generation:

1. Organic acids and alcohols produced as discussed above are converted into acetate,
hydrogen, and carbon dioxide.
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2. Two types of methanogenic bacteria produce methane from the products of process

1: a) methanogens that reduce carbon dioxide to methane (hydrogen as the reducing
agent), and b) methanogens that decarboxylate acetate to methane and carbon
dioxide.

The fraction by volume of methane increases, with a concurrent decrease in carbon dioxide and
hydrogen. This third phase has been oM;erved to occur between 180 and 500 days after solid
waste placement (Boyle, 1977).

The fourth phase of landfill gas generation occurs one to two years after refuse placement. In
this final phase, gas production and composition approach steady-state conditions, with methane
ranging from 50% to 70% and carbon dioxide from 30% to 50%.

In order to design an effective gas control system, it is necessary to have some idea of the
amount of gas likely to be generated at the landfill, and the probable paths along which it will
migrate from the landfill. A prediction can be developed by a thorough evaluation of the
following elements:

Site size
Average depth of fill

Refuse composition
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. Refuse disposal rates

o Quantity of in-place refuse
o Topographic surveys
o Hydrogeologic information

Preliminary estimates of both quantity of refuse in place and moisture conditions within the
landfill can be a valuable tool in the initial design process (Figure 4.17). As discussed
previously, the typical landfill, with a moisture content of approximately 25 percent and only
limited added moisture after refuse placement, will produce approximately 0.04 cubic feet of
methane per pound of mixed municipal solid waste per year. Drier landfills may have lower gas
yields; those with added moisture may have higher yields. While the moisture is required for
microbiological growth, it also aids in mixing and homogenizing the nutrients available in the
wastes.

The moisture content of refuse may change over time for a number of reasons, including:

. Surface water infiltration

. Ground water inflow

o Release of water as a result of refuse decomposition

. Seasonal variation in solid waste moisture content

. Managed addition of liquids (e.g., leachate recirculation)

These moisture additions must be accounted for, since the gas production rate at the landfill is
highly dependent on refuse moisture content. Wide variations in the rate of gas production can
even exist among landfills of the same size.

4.7.2 Methane Migration

Limiting methane gas migration to below dangerous levels should be the goal of any gas control
system. The Minimum Functional Standards require methane concentrations less than the lower
explosive limits (5% by volume) at the landfill property boundary or beyond, and less than 100
parts per million methane by volume in off-site structures. Therefore, measures must be taken
upon closure of an existing, unlined landfill to reduce methane migration to acceptable levels.
As stated previously, new, lined landfills should not experience the same potential for methane
migration since the gas will be contained within the liner. However, a system for the extraction
of methane and its subsequent use or disposal must be provided.

Methane moves by way of diffusive (concentration gradient) and convective (pressure gradient)
mechanisms. Diffusive flow of gas is in the direction of decreasing concentration. Diffusion
within a landfill may occur by ordinary
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Gas Production Rates for Landfills of Various Sizes and Moisture Conditions

diffusion, Knudsen diffusion, and surface migration (Schumacher, 1983). While diffusion can be
an important element in lateral migration of methane, its effect is minimal where naturally
occurring pressures are high within the landfill, or an induced exhaust system is used to increase
the landfill pressure gradient (Moore, 1979, Schumacher, 1983).

In systems in which a natural or induced pressure gradient occurs, convective mechanisms will
be the primary means of gas flow (Schumacher, 1983). Therefore, the method of removing
methane from a landfill is by producing a pressure/concentration sink to which the gas will flow.
Darcy's law has been used to characterize the flow of gas through the refuse (Findikakis and
Leckie, 1979).

Gas movement will occur in sand, silt, or even clay soils if there are continuous voids. However,
since the rate of movement decreases as pore size decreases, gas movement is facilitated in
highly porous sand or gravel and inhibited in dense clay soils.

Without a gas collection system, the gas produced within a landfill must escape the refuse either
by vertical venting or lateral migration. Being lighter than air, methane tends to rise. Therefore,
much of the gas produced within a landfill will typically exist through the permeable cover soil.
However, if this vertical pathway is sealed by ice, frost, rain-saturated cover soil, pavement, or an
impermeable cover cap, there will be a greater tendency toward lateral migration. Such lateral
migration may ultimately
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result in significant hazard, particularly if buildings or other structures have been developed on or
adjacent to the landfill.

Mathematical models are available as an aid in predicting both gas production and gas
movement. However, because methane gas production and migration in landfills is dependent on
so many uncontrolled factors, using a combination of methods is advisable. Before final design
of any gas control system, monitoring probes should be installed at strategic locations near the
landfill boundary and between the landfill and any nearby structures to test for the presence of
methane gas and to permit sampling of the air in the ground to determine its composition.

4.7.3 Methane Migration Control and Collection

Methods for controlling the migration of landfill gas may include one or a combination of the
following:

. Placement of impermeable liner materials at or just beyond the refuse boundary to
block the flow of gas
J Selective placement of granular materials at or just beyond the refuse boundary for

gas venting and/or collection
J Evacuation and venting of gas from the landfill interior
o Excavation and venting of gas from the perimeter area beyond the landfill

[lustrations showing the common locations of these landfill gas control systems are presented in
Figure 4.18.

Effective impermeable liner materials are synthetic membranes, clay, concrete and asphalt.
Natural soil barriers such as clay may serve as highly efficient barriers to gas migration, provided
the soil is kept nearly saturated. When dry, even clay soil is an ineffective barrier, since it then
provides a continuous void system through which methane gas can migrate. In order to prevent
drying, an additional soil cover should be placed over the clay barrier to provide adequate
moisture retention in the clay. Barriers to control lateral flow of gas are best placed during
landfill construction. The bottom and side liners required by the Minimum Functional Standards
will effectively limit subsurface, lateral methane migration. Landfill using the arid design (no
liner required) should evaluate the potential for methane migration.

Perimeter vent systems include gravel trenches, rubble vent stacks, and gravel filled vent wells,
or a combination of these. Venting may be accomplished by either passive or active
(mechanically induced exhaust) systems, with selection depending on site conditions.

Passive systems rely on highly permeable material (such as sand or gravel) placed in the path of
the gas f low. Since the permeable material offers a path more conducive to convective gas flow

than the surrounding soil or
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refuse, some gas is diverted to a point of controlled release. Some gas flow will occur beyond
the permeable area as a result of diffusion; consequently, any investigation of gas migration
potential should assess the extent to which diffusion will move the gas beyond the vent.

Vent/barrier trenches (Figure 4.19), which employ impermeable membrane barriers in
conjunction with gravel-filled trenches, are common and effective passive control measures,
provided there is an underlying impermeable soil stratum or water table into which they can be
keyed. If the trench does not key into one of these, gas can migrate beneath the barrier.

In situations where passive control of gas migration would be inadequate or too costly to
install, active systems have proven very effective. Typically, such active systems incorporate
perforated pipe in vertical gravel-filled wells similar to those used in gas recovery systems
(Figure 4.20), or in horizontal perforated pipe in gravel filled trenches. The wells are spaced at
intervals along the perimeter margin of the landfill, either within the edge of the fill or outside of,
it in the surrounding native soils (Figure 4.21). The wells or trenches are connected by header
pipes to an exhaust blower which creates a vacuum. Since the gas flow in the volume of soil or
refuse influenced by each well or trench is toward the well or trench, migration is effectively
controlled, provided the zone of influence of adjoining wells overlaps.
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4.7.4 Landfill Gas Recovery

4.7.4.1 Predicting Gas Production Over Time

Assessing a landfill's potential as a methane gas producer is essential for landfill gas recovery
projects. The reliability of predictive methods will influence potential gas users and investors
and, to a large extent, determine the viability of such projects. There are several methods of
predicting landfill gas production: site evaluation, mathematical modeling and field testing.
However, since methane gas production in landfills is influenced by many uncontrollable factors,
using a combination of methods is recommended.

Site Evaluation. A preliminary prediction of landfill gas production and yield can be developed
through an evaluation of the landfill site. However, the reliability of this method is highly
dependent on the availability of recorded data on site size, average depth of fill, refuse
composition, disposal rate, quantity of in-place refuse, and ultimate site capacity. Quantity of
refuse in place and moisture conditions should be estimated. To arrive at a reliable estimate of
gas production at a given landfill site, all available data, based on experience and comparison
with similar landfills, must be properly interpreted.

Mathematical Modeling. Efficient utilization of landfill gas requires knowledge of both current
yield and long-term production rates. Although considerable research has been devoted to the
development of predictive methods, they remain approximate, since the factors influencing
methane production in a landfill are still not clearly understood. Nevertheless, models which
predict gas production and flow characteristics under various conditions can be highly
informative. Based on a landfill unit weight, one can theoretically predict the amount of gas
produced by considering refuse composition and making certain assumptions as to what portion
of the refuse mass is biodegradable. Based on this theoretical approach, researchers have
estimated the maximum methane yield to range from a low of 1.5 cubic feet per pound of wet
refuse to a high of 4.3 cubic feet per pound. These values serve as maximum boundaries for
methane production, since they are based on the assumption that favorable environmental
conditions exist for bacterial growth. The high values assume complete conversion of the organic
fraction of the refuse. The lower values assume certain limiting conditions.

Gas yields refer to the total amount of gas that can be produced by a unit weight of refuse.
Equally important, is the rate of gas production, which is the summation of the gas production of
all the individual unit masses of refuse in different stages of gas production. Various models of
gas production rates have been developed based on theoretical considerations involving bacterial
growth kinetics under fixed substrate levels. The models are somewhat different for each landfill,
depending upon site and refuse conditions.

Field Testing. While a general idea of a landfill's potential as a methane producer can be formed
by evaluating a site's physical characteristics and operational history, and by using mathematical

models to estimate gas
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production over time, extraction testing is the best means of reliably assessing the present gas
yield. Field testing provides definitive point-in-time gas production information that serves as a
means of verifying preliminary estimates of current yield, thereby lending credence to estimates
of future production potential.

As a general rule, greater reliability in gas production estimates can be achieved for tests of
longer duration than for those of shorter duration. Short-term extraction testing, which typically
ranges from several hours to several days per extraction rate per well, is a means of obtaining a
first look at pressure and gas composition as they relate to the extraction rate employed. The
results of short-term testing give an indication of the extent of air intrusion and the influence of a
selected withdrawal rate on the refuse mass in close proximity to the extraction wells. In
addition, determining the vacuum required to achieve a given flow rate permits more rational
selection of well spacing, blower capacity and well flow rates.

Preliminary estimates of gas production and recovery rates can be made on the basis of
short-term testing. However, the results of short-term testing may not accurately reflect the
sustainable gas production rate, since up to 50 percent of landfill volume can be comprised of
void space within which landfill gas may be stored. Short-term testing is analogous to
withdrawing a small volume of gas from a large reservoir. However, in evaluating the results of
short-term testing, it is often difficult to differentiate the gas produced during extraction from
that already stored in the voids at the beginning of testing.

Long-term testing, which proceeds long enough to permit extraction of at least one void volume
of gas, simulates conditions expected from a full recovery project. The time required to permit
reasonable estimation of the sustainable recovery rate depends on the landfill void volume (a
function of moisture content, density and characteristics of the refuse), the gas extraction rate, the
potential recovery rate, and the fraction of the total refuse mass from which gas is being
withdrawn.

To accurately estimate the sustainable recovery rate, it is necessary to determine the maximum
rate at which gas can be extracted without significant air intrusion or deterioration of gas quality.
Tests of shorter duration and/or at lower extraction rates can be used to establish a lower limit on
the sustainable recovery rate. However, these tests do not permit estimation of the actual
recovery rate.

In summary, several methods are available to estimate landfill gas production. It is clear,
however, that these methods are interrelated and should be correlated to provide the most reliable
estimate possible. Information gained in site evaluations can provide needed input to
mathematical models and, to a large extent, forms the basis for initiating and structuring a field
test program. Field testing, while providing a reliable point-in-time estimate' of sustainable gas
yield, falls short of providing a means of predicting gas production over time. Mathematical
models and site evaluations, while having this capability cannot be reliable without the substan-
tiation and verification of a field test program.
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4.7.5 Non-Recovery Methane Disposal

The Minimum Functional Standards require that methane not purified for sale or otherwise
utilized for its energy value be fl red. Flaring is more effective with an active extraction system
since th flow rate through the flare can be controlled. In a passive extraction s stem, the flow rate
is controlled by processes within the landfill and climate changes. High barometric pressure can
create a pressure gradient that will cause air to flow in through the flares. This extinguishes the f
are. When the pressure gradient reverses, methane and other components of landfill gas will exit
through the flare without being burned until it is relit. It is for this reason that automatic flare
ignitions are sometimes used on landfill flares in a passive system.

4.7.6 Air Pollution Control

Typical components of landfill gas may include methane, carbon dioxide, and a variety of
organic compounds resulting from the decomposition of refuse and volatilization of materials
(e.g., spent solvents) deposited in the landfill. Current standards do not allow landfill operators to
violate any ambient air quality standard at the property boundary or emission standard from any
emission of landfill gases, combustion or any other mission associated with a landfill.
Additionally, local health and air quality jurisdictions have emission and ambient air standards
with which landfills must comply. In order to meet these requirements, most landfills vi 1 require
some means of landfill gas control. The primary objective of these controls should be the
protection of public health and safety and prevention of environmental degradation. A properly
operating landfill gas collection and disposal system should be able to meet air quality standards.

4.8 SURFACE WATER MANAGEMENT
4.8.1 Runoff

Surface water runoff is the residual of precipitation after all other losses have been satisfied
(Novotny and Chesters, 1981). Typical losses include interception on vegetation, depression
storage and pending evaporation, and infiltration. Runoff will initially flow directly overland as a
sheet flow, but will eventually be concentrated into channel low within ditches and drainage
ways.

When runoff occurs from a solid waste landfill it haE the potential to create two major types of
problems. They are:

. Erosion of soil covers, exposed slopes, drainagevays or other unprotected areas
J Transport of contaminants to receiving water bodies that may degrade the water
quality
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The Minimum Functional Standards, as well as many local jurisdictional agencies, require
surface water runoff to be managed to mitigate the above problems. Management takes several
forms, including the following:

o Temporary erosion and siltation controls for intermittently exposed areas

o Terracing, soil reinforcement, mulching and hydroseeding for erosion control of
areas receiving final cover

. Lining or armoring of ditches to provide erosion protection at design storm velocity
. Detention basins for reducing peak flows
. Siltation basins for removing sediments from the water prior to discharge into a

receiving body

o Diverting runoff from uncovered solid waste into the leachate treatment and
disposal system

Management facilities are designed to control a pre-determined amount of precipitation during a
given period of time, based on its probability of occurrence. Such a precipitation event is termed
a design storm and is based on historical records of precipitation events. The Minimum
Functional Standards require that surface water management facilities for runoff control be
designed to handle the 25 year - 24 hour storm. Local ordinances may require management of
more severe storm events, such as the 50 year - 24 hour storm. The amount represented by the
design storm will vary with location. For example, the following precipitation amounts represent
the 25 year - 24 hour storm for the localities indicated (SCS, 1982a, 1982b):

Aberdeen, Grays Harbor County ......................... 5.5 inches
Seattle, King County .........cccccoeveevieeiieneneieeeene 3.5 inches
Yakima, Yakima County .........cccccoevievieniiennnnnne 1.8 inches
Spokane, Spokane County ..........cccceveeeieeninennnen. 2.2 inches

4.8.2 Run-on

Run-on surface water originates in an identical manner to runoff. It is distinguished from runoff
because it originates from off-site sources and flows onto the site property. Whereas all sites will
generate runoff, not all sites will be subject to run-on. Unless the surrounding topography is such
that water will flow onto the site, run-on will not be a problem. However, if the site is located,
wholly or in part, within a well defined intermittent or permanent drainage way, then
management facilities will be required.

The potential problems that uncontrolled run-on may create at a solid waste landfill are not
unlike those described for runoff. However, because run-on will most likely be reaching the site
in a concentrated channel flow, its
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potential for causing erosion damage or degradation of receiving water quality is more immediate
and severe.

Management of run-on usually involves diversion of the incoming flows around the site.
Diversion is typically achieved through construction of berms, dikes and ditches. The Minimum
Functional Standards require the design of facilities to prevent run-on from the maximum flow of
a 25 year storm. Since no storm period is specified, it may be necessary to investigate 25 year
storms of different durations to find the maximum flow. For example, a 25 year - 12 hour storm
may produce a higher peak flow than a 25 year - 24 hour storm. As always, local ordinances
should also be reviewed to ensure compliance with mandated standards.

Consideration should also be given to the impacts of failure of the management facilities. If
failure could cause major economic damage or severe degradation of water quality, it may be
prudent to design the facilities for the 50 or 100 year storm.

4.8.3 Water Quality

Surface water originating from the completed portions of the solid waste landfill site (runoff) will
eventually reach a receiving water body. Runoff originating from completed areas of the landfill
is typically assumed to be uncontaminated since it has not been in contact with the buried solid
waste. However, although it may not be contaminated with constituents from the solid waste, it
may be contaminated depending upon the receiving water body's water quality standards. For
example, if erosion control is poor, there may sufficient fine-grained sediments in the runoff to
exceed the turbidity standard of the receiving water. Also, some amount of fertilizers used for
hydroseeding will be carried in the surface runoff. If excess amounts of fertilizer are used or
hydroseeding is done at wrong times of the year, the runoff may exceed standards for nitrates or
phosphates. Standards for all the state's surface water bodies are included in WAC 173-201 and
these regulations should be reviewed to ensure the discharges from the facility will be in
compliance.

4.9 GROUND WATER MANAGEMENT

The objective of ground water management is to prevent the movement of uncontaminated
ground water into refuse. This differs from leachate management where the objective is to
prevent the movement of leachate into uncontaminated ground water. Successful ground water
management reduces the amount of leachate generated and improves operating conditions within
the fill area.

The Minimum Functional Standards require that a minimum separation be maintained between
the bottom of the lowest liner and the seasonal high ground water level in the uppermost aquifer
beneath the landfill. The specified separation is 10 feet, or 5 feet if a hydraulic gradient control
system (or equivalent) has been installed.
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Ground water management measures may be required at existing landfills as part of a corrective
action program. They may also be implemented at new landfill locations where the ground water
table is within ten feet of the elevation of the bottom of the lowest liner as part of a hydraulic
gradient control system.

The need for ground water management is determined by analyzing hydrologic and geologic
data. Typically, ground water management facilities are employed to control the lateral
movement of shallow ground water into the disposal area. The sources of such movement
include shallow water tables, perched water table conditions and seasonal changes in ground
water levels and flow patterns. Perched water tables are especially common in Washington
where stratified layers of permeable and impermeable soils are present.

4.9.1 Impermeable Barriers

One passive method of ground water control excludes and/or diverts ground water away from the
waste disposal area through construction of low permeable barriers. Possible measures include
slurry trenches, grout curtains, sheet pilings, and synthetic membranes. The first three measures
provide methods for installing low permeable barriers without the difficulty of maintaining an
open trench. Synthetic membrane placement is effective only when a relatively shallow barrier is
needed. The application of such a barrier depends on site characteristics and plan requirements.
For these barriers to be effective, they are normally keyed into low permeability subsurface
layers. In some situations this is not necessary. If the barrier is sunk into the water table far
enough, it may. reduce the hydraulic head of the ground water and cause it to flow at a greater
depth beneath the disposal site (U.S. EPA, 1982). This method must be analyzed carefully to
ensure it will achieve the desired results. It is applicable only where geologic conditions are
favorable.

4.9.2 Trenches and Drainage Pipes

Buried drain pipe, which has been used for many years in agriculture to control shallow ground
water problems, is also effective in controlling shallow ground water problems at landfills.
Location of-trenches and drain pipe, backfilled with highly permeable material, upgradient of the
disposal area will induce flow into the drain pipe. If undisturbed soils are highly permeable, a
combination of trench and drain pipe with low permeable liners is effective. To prevent clogging
of the drain pipe with soil fines, a properly graded backfill or filter fabric is necessary (see
Appendix B).

4.9.3 Pumping

Control of ground water by pumping requires that wells be installed near the disposal area.
Pumping of the wells creates a cone of depression that will lower ground water levels and
prevent its movement into the disposal area. Water removed. by pumping is diverted into the
surface drainage system. Pumping can be an effective management technique in most cases.
However, it adds significantly to the operational costs of the landfill.
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PART B

4.10 WATER BALANCE ANALYSIS

Leachate can be generated from water entering refuse from the following sources:

. Surface water run-on
o Ground water inflow
. Decomposition water
o Infiltration of precipitation

Leachate volumes from surface water run-on and ground water inflow can be predicted by
analyzing hydrological and hydrogeological data. Typically, these situations are avoided by
careful site selection or by controlling the conditions with various management systems as
discussed in Sections 4.9 and 4.11. Water is also generated within the landfill from the
biological and chemical decomposition of the waste. However, this is a minor fraction compared
to the other three sources.

The purpose of this section is to address the methods for predicting leachate generation caused by
the infiltration of precipitation. A variety of mathematical models is available to predict leachate
generation from precipitation, from simple "desk top" versions to complex computer models. The
models discussed in this section include the following:

1975 EPA water balance method

o Modified 1975 EPA water balance method

° HELP model

. Rainfall simulator model

. Other models applicable to solid waste landfills

4.10.1 Application

The design and performance evaluation of several landfill elements depends upon developing a
water balance for the landfill. In order to properly size and design the leachate collection,
transmission, and treatment systems, estimates of maximum monthly, minimum average daily,
maximum average daily, and peak daily flows are often required. The water balance aids in
predicting these flow rates, and can be used throughout the life of the landfill, with appropriate
modifications, to determine treatment modifications which may be required.
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Additionally, the water balance is useful in determining the efficiency of various final cover
systems. This allows the landfill operator to determine the cost effectiveness of more efficient
cover systems in view of leachate treatment costs. For an existing landfill without a bottom
liner, a water balance can determine the overall efficiency of a final cover in reducing leachate
generation and thus ground water contamination. In this instance, the peak flows are not of
concern because leachate is not being collected; however, the total amount of leachate generated
is of concern.

4.10.2 Background

Predicting the amount of leachate to be generated from precipitation at a solid waste landfill
assumes that a fraction of the water will infiltrate through the soil surface and percolate into the
refuse. To predict the amount of leachate generated requires simulation of the various
hydrological processes that influence the transfer of precipitation into the subsurface
environment. These processes, illustrated in Figure 4.22, include the following:

o Evapotranspiration
o Interception

o Depression storage
o Overland flow

. Channel flow

. Infiltration

° Interflow

. Percolation

It is important to realize that model results are subject to large uncertainties. These may be errors
in the model itself, caused by omitting important processes from the simulation or representing
nonlinear functions as linear ones. Errors also occur in measuring data used for input values to
the model, which can be magnified in the simulation process.

Models are also limited in the output they can provide based upon their structure. For example,
some models use monthly average climatological data and can therefore provide only monthly
average leachate generation values (1975 EPA method). More sophisticated models can use daily
climatological information and provide not only average values, but also daily peak flow
estimates (HELP model).
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Figure 4.23
Landfill Water Balance

Figure 4.23 Landfill Water Balance

Most leachate generation models use a water balance appro ach. As illustrated in Figure 4.23, the
water balance method involves computing the difference between precipitation and runoff,

evapotranspiration and change in soil moisture storage. This difference equals percolation, which
becomes leachate.

4.10.3 Modeling Closed Areas with Final Cover

4.10.3.1 1975 EPA Water Balance Method

The'1975 EPA water balance method is a popular method for predicting leachate generation and
is described in the basic reference by Fenn, et al. (1975). This simple accounting procedure,
adapted from earlier work by Thornthvaite and Mather (1957), predicts average monthly amounts
of percolation. This technique lends itself well to microcomputer ad4p_tation using commercial
spreadsheet software (i.e., VisicalcTM, Lotus 1-2-3TM, or SymphonyTM

To use this model the following data are needed:

o Monthly precipitation data
. Mean monthly temperatures
o Latitude
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. Tables from Thornthwaite and Mather (1957)
o Field capacity of soil
o Runoff coefficient

Detailed instructions for using the model are contained in the basic references (Fenn, et al., 1975;
Thornthwaite and Mather, 1957) and a report by Kmet (1982) and will not be repeated here.

There are significant limitations with this model. The use of runoff f coefficients on large (>10
acres), non-urban areas such as landfill sites creates large uncertainties in the results. Using
runoff coefficients larger than those recommended in Fenn, et al. (1975) should be avoided. The
recommended procedure uses the range of values provided for a particular slope and soil type.
The result will be a range of leachate generation rates more likely to bracket the actual rate.

The method is also sensitive to the selection of soil field capacity values. Estimates are available
in the references sited above, from county soil surveys published by the Soil Conservation
Service and Table 4.15 in Section 4.16. A range of likely values should be chosen to provide a
best and worst case.

This method does not provide peak flow estimates so its use in final design of leachate collection
and treatment systems is limited. To use this method for preliminary sizing of collection and
treatment systems, conservative parameters should be used because of the limitations associated
with the model. Minimum runoff coefficients and field capacity values should be used. The
maximum monthly recorded precipitations should be used for the month when the soil is most
likely to be at field capacity, typically at the end of the wet season. However, this method will not
yield the most efficient collection and treatment systems and is most applicable to preliminary
site evaluations.

4.10.3.2 Modified 1975 EPA Water Balance Method

To improve the accuracy of the 1975 EPA method for estimating leachate generation at solid
waste landfills, a more appropriate runoff prediction model can be used As discussed in Section
4.11, the Soil Conservation Service curve number (CN) method is better adapted to conditions at
solid waste landfills. However, the CN method is a model developed to predict runoff from
individual 24 hour precipitation events. Using average monthly rainfall amounts with this model
overestimates surface runoff and underestimates leachate generation. Average monthly
precipitation can be adapted to the CN method by breaking it down into average precipitation
events occurring during a particular month based on historical precipitation records. This
information is available from a publication on Washington climate by the Cooperative Extension
Service, College of Agriculture, Washington State University, Pullman, Washington, in tables
entitled "Average Number of Days with Precipitation." The runoff from each of the average
precipitation events is predicted using the CN method. The total monthly runoff is then
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determined by summing the runoff predictions from the individual, average precipitation events.
This method requires more calculations than the 1975 EPA method, but it also can be adapted to
microcomputer spreadsheet software, and therefore, calculation time is irrelevant.

Next, the Thornthwaite and Mather method is used for estimating evapotranspiration in the
same manner as for the 1975 EPA method. Actual evapotranspiration is then calculated based
upon the amount of infiltration and the moisture content of the soil. That portion of precipitation
that does not runoff or is not evapotranspirated is assumed to percolate through the topsoil.

As with its predecessor, this method has limitations also. The process of averaging precipitation
events is a source of error which increases the uncertainty of the results. It is also subject to the
same limitations, imposed by its sensitivity to soil field capacity, as the 1975 EPA method.
Peak flow estimates are not provided by this method either and therefore it is limited in its
applicability to some aspects of final design. This method is most applicable to site evaluations
and preliminary designs.

4.10.3.3 HELP Model

The Hydrological Evaluation of Landfill Performance (HELP) model is another computer model
developed to assist landfill designers and regulators in evaluating cover systems, bottom liners
and leachate collection systems (Schroeder, et al., 1983b). Figure 4.24 illustrates the profile of a
typical lined landfill and processes that are simulated by the HELP model. Access to the HELP
model computer- program is available through the National Computer Center in Research
Triangle Park, North Carolina. Specific instructions for accessing the program are contained in
the basic reference (Schroeder, et al., 1983a). The model has also been made available to run on
personal computers. The program disks are available from the U.S. Army Corps of Engineers'
Waterway Experiment Station at Vicksburg, Mississippi.

Different input data types are required than the previously discussed models and include:

o Climatologic

° Vegetative cover type

o Soil characteristics

o Landfill design data
Default data is available for climate and soil. In Washington, default climatologic data is
available for Seattle, Yakima and Pullman. The program user may specify either of these cities
and the program will refer to an historical record of daily precipitation data and other factors for
the requested city. Unfortunately, unless the landfill being evaluated is in close proximity to one
of these cities, the user must manually enter the required data. Detailed procedures for

accomplishing this are provided in
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the user's manual (Schroeder, et al., 1983a). Site specific climatologic data may be obtained from
the publications of the National Weather Service. Although manual entry of climatologic data is
time consuming and tedious, failure to use local data could cause the model to make erroneous
predictions that could have major ramifications when the design is operational.

Default soil characteristics data are also provided for fifteen standard soil types. Selection of an
appropriate default type is made by comparing the characteristics of on-site soils to the fifteen
standard types and selecting the closest match. Soil data can also be entered manually if the
default types are not adequate, and should be if the information is available.

Vegetative cover data are an estimate of the quality of the grass cover. Subjective evaluations of
excellent, good, fair and poor cover are available. Along with this choice, the model user must
specify the evaporative zone depth. This is usually the expected depth of the plant roots and
typical values for different quality vegetative covers are provided in the user's manual.

The design data are specified by the model user and include the various materials used in the
bottom liner and final cover, as well as the physical layout of the landfill. Default data are not
available and the information must be entered manually. This information includes the number
and types of layers making up the landfill profile (see Figure 4.24), layer thicknesses, slopes,
drainage distance between leachate collection pipes and landfill area.

The output of the HELP model is composed of several parts, including:

o Daily volumes

. Monthly totals

o Monthly averages

o Annual totals

. Annual averages

J The amount of leachate collected

. The amount that percolates through the bottom of the landfill

The HELP model has two main uses. During the conceptual planning and evaluation stage, the
model can be used to evaluate a large number of different designs for both the bottom liner and
leachate collection system and the final cover system. For example, a cover system with a
drainage layer (see Section 4.16) can be compared to the cover required by the Minimum
Functional Standards to evaluate the predicted differences in leachate generation. In this type of
analysis, the absolute numbers are not as important as the trends indicated by the results.
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once the basic design is determined, the HELP model can be used to specify design details such
as:

o Required permeabilities for barrier and drainage layers
o Layer thicknesses

. Bottom liner slopes

o Leachate collection pipe spacing

This type of analysis requires more accurate predictions since construction plans and
specifications will be prepared based on the results. It is here that the caution flag must be
raised. No model, including HELP, can provide predictably accurate results without calibration
and verification. Calibration is the comparison of model output to measured output and the
subsequent adjustment of various parameters within the model (soil characteristics, climatic
indices, evaporative zone depth, etc.) such that the two outputs are as similar as possible.
Verification describes the comparison of model and measured output after calibration, using a
different set of input data. If calibration is successful, the model output will be within accept '
able limits of the measured output. The problem faced in modeling landfills is that the measured
data (percolation, runoff, evapotranspiration, etc.) are not available and therefore calibration and
verification are not possible. Thus, the model results contain an unknown amount of uncertainty.

In an ongoing study sponsored by the U.S. EPA (Peters, et al., 1986), the uncalibrated HELP
results underpredicted leachate production for two cover systems by 54% and 36%. The model
was then calibrated to the measured data and then verified against another period for which
measured data was available. The results underpredicted leachate production by only 12% and
23%. In another study, Gee (1983) used the HELP model to simulate leachate production from
lysimeters filled with refuse and found the error in total leachate production over three years was
a 12% overestimate. However, the mean monthly absolute error was 75% of the actual average
monthly leachate production. This indicates that for long-term predictions, the model is
reasonably accurate. However, for the short-term predictions, considerable error is.possible.

The limitations imposed by the lack of data for calibration and verification can be partially
overcome by observing the following guidelines:

. Use site specific climatic data, especially daily precipitation values. In some cases,
it may be necessary to average the precipitation from several surrounding gage stations
using Thiesson, isohyetal or other averaging methods (Linsley, et al., 1982).

J Analyze soil borrow sources for the parameters required by the model and input the
results manually rather than using default soil data.
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. . Conduct a sensitivity analysis to determine those parameters that have a
major impact on the results. Vary these parameters'over a reasonable range to establish an
output range that defines probable minimum and maximum values.

o . Frere, et al., (1982) states that 11 ... perhaps the most important need in
model use is knowledge of errors and sources of uncertainty." This means that the model
user must be fully knowledgeable in the model algorithms, limits of the available data and
experienced in model application. Modeling should be done by qualified personnel only if
the results are to be meaningful and costly mistakes avoided.

The HELP model is the most powerful and readily available model for evaluating landfill
leachate management alternatives and developing design criteria. It is well documented and is the
subject of ongoing research to improve its usefulness. In most cases, it should be the model of
choice.

4.10.3.4 Rainfall Simulator Model

An empirical equation model specific to solid waste landfills has been developed by Gee (1981
and 1983). This model predicts percolation based upon an exponential relationship between the
amount of rainfall, the initial moisture content of the soil, the dry density of the soil, and slope.
Coefficients in the equation are determined from statistical analysis of data collected using a
rainfall simulator and laboratory scale lysimeter.

Application of this model would require construction of a rainfall simulator and lysimeter, as
well as conducting controlled laboratory experiments on soil samples to be used at the landfill.
Data from these experiments must be analyzed using a computerized statistical analysis program
to determine the value of the coefficients in the basic equation. Applying the basic equation with
calibrated constraints to lysimeters filled with refuse, Gee (1983) found the mean monthly error
to be 63% of the actual average monthly leachate production.

4.10.3.5 Other Models

Some of the more sophisticated hydrological models could also be applicable to directly
predicting the amount of leachate generation. These models attempt to simulate the important
hydrological processes by physically based equations versus simple empirical relationships. An
example of these types of models is the Hydrological Simulation Program- -FORTRAN
(Johanson, et al., 1980). Output from this model could be directly applied to leachate generation
predictions without going through tabular calculations as in the 1975 EPA water balance method.
Such models have the capability of providing more accurate simulations if there is adequate data
for calibration and verification. However, because of the higher cost and time to develop these
models, they are seldom employed in leachate prediction studies. Also, they are designed for
surface hydrological studies and therefore do not provide estimates of the efficiency of bottom
liners and leachate collection systems as the HELP model does.
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Another concept suggested for predicting leachate generation is the extrapolation of data
collected at other landfills. There are many potential pitfalls in following this procedure.
Currently, there is little existing data in Washington relating precipitation and leachate
generation. The Cathcart Sanitary Landfill in Snohomish County is the only landfill in the state
that has a long-term record of data on precipitation and leachate generation. Although providing
very useful information, using such a small data base to extrapolate results directly to other
landfills is not advisable. Another problem arises in the differences between two sites. Data
collected from one site are particular to it and are a function of the various factors specific to
that site. Unless the important factors and conditions are identical, or at least very similar
between the sites, it is unlikely that similar effects will be observed.

4.10.4 Modeling Active Areas without Final Cover

In the early life of a landfill, the refuse is not at field capacity - Field capacity is the moisture
content of the refuse after gravity drainage is complete (Linsley, et al. 1982). The initial
moisture content of refuse placed in the landfill is usually below its field capacity. Therefore, as
precipitation infiltrates into the landfill, the moisture is absorbed by the refuse until moisture
content reaches field capacity. After the refuse has reached field capacity, any additional water
cannot be adsorbed and therefore it flows through the refuse and is discharged as leachate.

To account for the moisture holding capacity of the solid waste, it is necessary to know the
initial moisture content of the refuse and what its moisture content is at field capacity. These
values will vary according to the type of refuse, the time of year in which the refuse is collected,
the size and condition of the refuse, and the density of the refuse in the

Jandfill. An initial moisture content of 2 inches of water per foot of refuse and a field capacity of
3.6 inches per foot are reasonable values (Burns and Karpinski, 1980).

It should be noted that prior to actually reaching field capacity, there will likely be measureable
leachate production (Kmet 1982). This has been experienced at landfills in Washington where
liners and leachate collection systems have been installed. Channelization within the refuse
allows water to flow through the refuse ' without being absorbed. Different pockets of refuse
may also reach field capacity at different times. It can be safely assumed that operating landfills
will generate leachate immediately, although probably in smaller quantities until the field
capacity of the solid waste is reached. When the entire landfill reaches field capacity, leachate
generation will increase to levels approximating those predicted using the models discussed in
this section.

A potentially overlooked factor in predicting flows from active landfill areas are those areas that
are lined and have a leachate collection system installed, yet have not received solid waste.
Unless the design of the collection system allows for diversion of water collected from this area,
it will flow into the leachate treatment system. Since the precipitation is
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falling directly on the collection layer and there is no runoff, very little evaporation and no
absorptive material, the entire precipitation event will be rapidly transported to the leachate
treatment system. Unless planned for, the volume and rate of this flow may overwhelm the
treatment system. A careful analysis of the amount of exposed liner/collection area during
periods of high precipitation should be undertaken to avoid unmanageable flows.

One model for predicting active area leachate generation makes use of the evapotranspiration
equation developed by Thornthwaite (1957). The remainder of the model consists of a water
balance, as discussed previously, which includes the moisture storage capacity of the solid waste.
For example, the incoming solid waste may be assumed to have an initial moisture content of 2
inches per foot and a field capacity of 3.6 inches per foot, allowing for 1.6 inches per foot of
additional moisture adsorption. It is assumed that any unused moisture capacity for a given
month carries forward to the next month and is spread over the entire site. This simplification
does not allow for saturated areas, but there is no way of accurately defining these areas. Vertical
channelization through the solid waste is assumed as a gi