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NOTICE

Development of this document was funded by the United States Environmental Protection
Agency. It has been subjected to the Agency’ sreview process and approved for publication
as an EPA document.

The policies and procedures set out in this document are intended solely for the guidance
of response personnel. They are not intended, nor can they be relied upon, to create any
rights, substantive or procedural, enforceable by any party in litigation with the United
States. EPA officials may decide to follow this guidance, or to act variance with these
policies and procedures based on an analysis of specific site circumstances, and to change
them at any time without public notice.
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EXECUTIVE SUMMARY

A Dbroad framework for the Remedial
Investigation/Feasibility Study (RI/FS) and selection
of remedy process has been created through the
National Contingency Plan (NCP) and the U.S.
EPA RI/FS Guidance (U.S. EPA, 1988d). With
this framework now in place, the Office of
Emergency and Remedial Response's efforts are
being focused on streamlining the RI/FS and
selection of remedy process for specific classes of
stes with smilar characteristics. One such class of
sites is the municipd landfills which compose
goproximately 20 percent of the sites on the
Superfund Program’s Nationa Priorities List
(NPL). Landfill sitescurrently onthe NPL typicaly
contain a combination of principaly municipa and
to alesser extent hazardouswaste and rangein size
from 1 acre to 640 acres. Potential threats to
human health and the environment resulting from
municipa landfills may include:

* Leachate generation and groundwater
contamination

Soil contamination
Landfill contents
Landfill gas

Contamination of surface
sediments, and adjacent wetlands

waters,

Because these sites share similar characteristics,
they lend themselves to remediation by smilar
technologies. The NCP contains the expectation
that containment technologies will generaly be
appropriste remedies for wastes that pose a
relatively low low-level threat or where treatment
isimpracticable. Containment has been identified as
the most likely response action at these sites
because (1) CERCLA municipa landfills are
primarily composed of municipal, and to a lesser
extent hazardous wastes; therefore, they often pose
alow-leve thresat rather than a principal threat; and
(2) the volume and heterogeneity of waste within
CERCLA municipd landfills will often make
treatment impractical. The NCP also contains an
expectation that treatment should be
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considered for identifiable areas of highly toxic
andlor mobile materid (hot spots) that pose
potentia principal threats. Treatment of hot spots
within a landfill will therefore be considered and
evauated.

With these expectations in mind, a study of
municipa landfills was conducted with the intent of
developing methodologies and tools to assst in
sreamlining the RI/FS and selection of remedy
process. Streamlining may be viewed as a
mechanism to enhance the efficiency and
effectiveness of decision-making at these sites. The
gods of this study to meet this objective include: (1)
developing tools to assist in scoping the RI/FS for
municipa landfill sites, (2) defining strategies for
characterizing municipal landfill Stesthat are onthe
NPL, and (3) identifying practicable remedial action
aternatives for addressing these types of sites.

Streamlining Scoping

The primary purpose of scoping an RI/FS is to
divide the broad project goa sinto manageabl e tasks
that can be performed within areasonable period of
time. The broad project goas of any Superfund site
are to provide the information necessary to
characterize the site, define site dynamics, define
risks, and develop a remedid program to mitigate
current and potential threats to human health and
the environment. Scoping of municipa landfill Stes
can be streamlined by focusing the RI/FS tasks on
just the data required to evauate aternatives that
are most practicable for municipa landfill sites.
Section 2 of this document describes the activities
that must take place to plan an RI/FS and provides
guidelines for establishing a project’s scope. To
summarize, scoping of the RI/FS tasks can be
streamlined by:

» Developing preliminary remedia objectives
and aternatives based on the NCP
expectations and focusing on aternatives
successfully implemented at other sites

Using a conceptual site moddl (see Figure
2-4 for a generic model devel-



oped for municipa landfill stes based on
their smilarities) to help define Ste
conditions and to scope future field tasks

Conducting limited field investigations to
assist in targeting future fieldwork

Identifying clear, concise RI objectives in
the form of field tasks to ensure sufficient
data are collected to adequately
characterize the site, perform the
necessary risk assessment(s), and evaluate
the practicable remedia action aternatives

Identifying data quality objectives (DQOs)
that result in a well-defined sampling and
andysis plan, ensure the quality of the data
collected, and integrate the information
required in the RI/FS process

Limiting the scope of the baseline risk
assessment as discussed below

Streamlining the Baseline Risk Assessment

The baseline risk assessment may be used to
determine whether a site poses risks to human
hedth and the environment that are significant
enough to warrant remedial action. Because options
for remedia action a municipa landfill Stes are
limited, it may be possible to streamline or limit the
scope of the basaline risk assessment by (1) using
the conceptual site model and RI-generated datato
performaqualitative risk assessment that identifies
the contaminants of concernin the affected media,
their concentrations, and their hazardous properties
that may pose arisk through the various routes of
exposure and (2) identifying pathways that are an
obvious threet to human health or the environment
by comparing RI-derived contaminant
concentration levels to standards that are potential
chemical-specific  applicable or relevant and
appropriate requirements (ARARS) for the action.
(When potential ARARSs do not exist for aspecific
contaminant, risk-based chemical concentrations
should be used.)

Where established standards for one or more
contaminants in a given medium are clearly
exceeded, the bass for taking remedid action is
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generaly warranted (quantitative assessments that
consder dl chemicas, their potentia additive
effects, or additivity of multiple exposure pathways
are not necessary to initiate remedia action). In
cases Where standards are not clearly exceeded, a
more thorough risk assessment may be necessary
before initiating remedid action.

This streamlined approach may facilitate early
action on the most obvious landfill problems
(groundwater and leachate, landfill gas, and the
landfill contents) while analysis continues on other
problems such as affected wetlands and stream
sediments. Dividing a Site into operable units and
performing early or interim actionsis often desirable
for these types of sites. Thisisbecause performing
certain early actions (e.g., capping a landfill) can
reduce the impact to other parts of a site while the
RI/FS continues. Additionally, early actions must be
consistent with the site’ sfinal remedy and therefore
help to speed up the clean-up process.

Ultimately, it will be necessary to demonstrate that
the final remedy, once implemented, will in fact
address all pathways and contaminants of concern,
not just those that triggered the remedia action. The
approach outlined above facilitates rapid
implementation of protective remedia measuresfor
the mgjor problems a amunicipa landfill site.

Streamlining Site Characterization

Site characterization for municipd landfills can be
expedited by focusing fied activities on the
information needed to sufficiently assess risks
posed by the site, and to evaluate practicable
remedial actions. Recommendations to help
streamline Site characterization of media typicaly
affected by landfills are discussed in Section 3 of
this report. A summary of the site characterization
strategies is presented below.

L eachate/Groundwater Contamination

Characterization of a dSite€'s geology and
hydrogeology will affect decisons on capping
options as well as on extraction and treatment
sysems for leachate and groundwater. Data
gathered during the hydrogeologic investigation are
smilar to those gathered during investigations at



other types of NPL sites. Groundwater
contamination a municipd landfill Stes may,
however, vary in composition from that at other
types of sitesin that it often contains high levels of
organic matter and metals.

Leachate generation is of special concern when
characterizing municipa landfill sites. The main
factors contributing to leachate quantity are
precipitation and recharge from groundwater and
surface water. Leachate is characteristically high
in organic matter as measured by chemical oxygen
demand (COD) or biochemical oxygen demand
(BOD). In many landfills, leachate is perched
within the landfill contents, above the water table.
Placing a limited number of leachate wells in the
landfill is an efficient means of gathering
information regarding the depth, thickness, and
types of the waste; the moisture content and degree
of decomposition of the waste; leachate head levels
and the composition of landfill leachate; and the
elevation of the underlying natura soil layer.
Additiondly, leachate wells provide good locations
for landfill gas sampling. It should be noted,
however, that without the proper precautions,
placing wells into the landfill contents may creste
hedlth and safety risks. Also, ingtallation of wells
through the landfill base may create conduits
through which leachate can migrate to lower
geologic strata, and the installation of wells into
landfill contents may make it difficult to ensure the
reliability of the sampling locations.

Landfill Contents

Characterization of alandfill’ s contentsisgenerally
not necessary because containment of the landfill
contents, which is often the most practicable
technology, does not require such information.
Certain data, however, are necessary to evaluate
capping aternatives and should be collected in the
field. For instance, certain landfill properties such
as the fill thickness, lateral extent, and age will
influence landfill settlement and gas generation
rates, which will thereby have an influence on the
cover type at a site. Also, characterization of a
landfill’ s contents may provide valuableinformation
for PRP determination. A records review canalso
be valuable in gathering data concerning disposa
history, thus reducing the need for field sampling of
contents.
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Hot Spots

More extensive characterization activities and
development of remedial aternatives (such as
thermal treatment or dSabilization) may be
appropriatefor hot spots. Hot spots consist of highly
toxic and/or highly mobile material and present a
potential principa threat to human hedth or the
environment. Excavation or treatment of hot spots
is generally practicable where the waste type or
mixture of wastes is in a discrete, accessible
location of a landfill. A hot spot should be large
enough that its remediation would significantly
reduce the risk posed by the overdl site, but small
enough that it is reasonable to consider removal or
treatment. It may generaly be appropriate to
consider excavation and/or treatment of the
contents of a landfill where a low to moderate
volume of toxic/mobile waste (for example, 100,000
cubic yards or less) poses a principal threat to
human health and the environment.

Hot spots should be characterized if documentation
and/or physical evidence exists to indicate the
presence and approximate location of the hot spots.
Hot spots may be delineated using geophysical
techniques or soil gas surveys and typicaly are
confirmed by excavating test pits or drilling
exploratory borings. When characterizing hot spots,
soil samples should be collected to determine the
waste characteristics, treatability or pilot testing
may be required to evaluate treatment alternatives.

Landfill Gas

Several gases typicdly are generated by
decomposition of organic materialsin alandfill. The
composition, quantity, and generation rates of the
gases depend on such factors as refuse quantity
and composition, placement characterigtics, landfill
depth, refuse moisture content, and amount of
oxygen present. The principal gases generated (by
volume) are carbon dioxide, methane, trace thiols,
and occasiondly, hydrogen sulfide. Volatile organic
compounds may aso be present in landfill gases,
particularly at co-disposal facilities. Datagenerated
during the site characterization of landfill gas should
include landfill gas characteristics as well as the
role of onsite and offsite surface emissions, and the
geologic and hydrogeologic conditions of the site.



Streamlining the Development of Alter natives

Section 4 of this document describes the remedial
technologies that are generaly appropriate to
CERCLA landfill dtes. Incluson of these
technologies is based on experience at landfill sites
and expectations inherent in the NCP. To
sreamline the development of remedia action
alternatives for landfill contents, hot spots, landfill
gas, contaminated groundwater, and leachate, the
following points should be considered:

» The most practicable remedid dternative
for landfills is containment. Such
containment may be achieved by ingtalling
a cap to prevent vertica infiltration of
surface water. Lateral infiltration of water
or gasesinto the landfill can be prevented
by a perimeter trench-type barrier. Caps
and perimeter barriers sometimes are used
in combination. The type of cap would
likdy be ether a native soil cover,
single-barrier cap, or composite-barrier
cap. The appropriate type of cap to be
considered will be based on remedia
objectives for the site. For example, a ol
cover may be sufficient if the primary
objective is to prevent direct contact and
minimize erosion. A single barrier or
composite cap may be necessary where
infiltration is also a significant concern.
Smilaly, the type of trench will be
dependent on the nature of the contaminant
to be contained. Impermeable trenches
may be congtructed to contain liquidswhile
permeable trenches may be used to collect
gases. Compliance with ARARs may also
affect the type of containment system to
be considered.

Treatment of soils and wastes may be
practicable for hot spots. Consolidation of
hot spot materials under a landfill cap isa
potential alternative in cases when
treatment is not practicable or necessary.
Consolidation-related differential
settlements may belarge enough to require
placement of an interim cap during the
consolidation phase. Once the rate of
settlement is observed to decrease, then a
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final cap can be placed over the waste.

Extraction and treatment of contaminated
groundwater and leachate may be required
to control offsite migration of wastes.
Additiondly, extraction and treatment of
leachate from landfill contents may be
required. Collection and treatment may be
necessary indefinitely because of continued
contaminant loadings from the landfill.

Congtructing an active landfill gas
collection and treatment system should be
considered where (1) existing or planned
homes or buildings may be adversdy
affected through either exploson or
inhdation hazards, (2) fina use of the site
includes alowing public access, (3) the
landfill produces excessive odors, or (4) it
is necessary to comply with ARARs. Most
landfills will require at least a passive gas
collection system (that is, venting) to
prevent buildup of pressure below the cap
and to prevent damage to the vegetative
cover.

Conclusions

Evauaion and selection of appropriate remedial
action alternatives for CERCLA municipa landfill
stesisafunction of anumber of factors including:

»  Sources and pathways of potential risks to
human health and the environment

Potential ARARs for the site (Significant
ARARs might include RCRA and/or state
closure requirements, and federa or state
requirements pertaining to landfill gas
emissions.)

Waste characteristics

Site characterigtics (including surrounding
area)

Regional surface water (including
wetlands) and groundwater characteristics
and potential uses



Because these factors are similar for many * Remediation of hot spots
CERCLA municipd landfill sites, it is possible to
focus the RI/FS and selection of remedy process. e Control and treatment of contaminated
In generd, the remedia actions implemented at groundwater and leachate
most CERCLA municipd landfill stes include:
» Control and trestment of landfill gas
» Containment of landfill contents (i.e., landfill
cap) Other areas that may require remediation include
surface waters, sediments, and adjacent wetlands.
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Section 1
INTRODUCTION

Approximately 20 percent of the sites on the
National Priorities List (NPL) are landfillswhere a
combination of principaly municipa andto alesser
extent hazardous wastes have been co-disposed.
Because these dites typicaly share similar
characterigtics, the Superfund Program anticipates
that their remediation will involve smilar waste
management approaches.

EPA has established a number of expectations
pertaining to the remediation of CERCLA sitesand
has listed them in the National Contingency Plan
(NCP). One of these expectations, which is
particularly relevant to municipd landfills, states that
engineering controls such as containment will be
used for waste that posesarelatively low long-term
threat or for siteswhere treatment isimpracticable.
The preamble to the NCP identifies municipal
landfills as a type of site where treatment may be
impracticable due to the size and heterogeneity of
the contents of many landfills. Because of this
expectation, the containment aternative should be
developed in the detailed analysis, and will often be
the appropriate response action for CERCLA
municipal landfill sites based on the nine criteria
However, other alternatives such as leachate
recirculation or “flushing” of landfill contents may
be appropriate for certain Stuations and if
determined to be practicable should not be
discounted.

A second NCP expectation states that principal
threats (eg., highly mobile and/or highly toxic
waste) will be treated, if practicable. Treatment of
hot spots within a landfill may be considered
precticable when: (1) wastes are in discrete,
accessible locations of a landfill and present a
potential principa threat to human health and the
environment and (2) a hot spot is large enough that
its remediation will significantly reduce the risk
posed by the site, but smal enough that it is
reasonable to consider removal and/or treatment.
Characterization of hot spots to determine if
trestment is practicable should be performed when
thereis either documentation or physical evidence
(e.g., aerid photographs) indicating the approximate
location of hot spots.
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Other expectationsin the NCP that may be relevant
to the remediation of municipd landfills are
summarized below.

» A combination of engineering controls and
treatment will be used as appropriate to
achieve protection of human hedth and the
environmert. An example would include
treatment of hot spots in conjunction with
containment (capping) of the landfill
contents.

» Ingtitutiona controls such as access and
deed restrictionswill be used to supplement
engineering controls as appropriate, to
prevent exposure to hazardous wastes.

»  Groundwaterswill bereturned to beneficial
uses whenever practica, within a
reasonable time, given the particular
circumstances of the site.

» Innovative technologies will be considcred
when such technologies offer the potential
for superior trestment performance or
lower costs for performance similar to that
of demonstrated technologies.

Thesmilarity inlandfill characteristicsand the NCP
expectations make it possble to streamline the
RI/FS process for municipal landfills. By
dgreamlining the RI/FS process EPA will (1)
improve the efficiency and effectiveness of decision
making at these sites; (2) provide for consistency
among the Regions in their approach to conducting
an RI/FS and sdlecting remedid actions, and (3)
facilitate more effective remedia designs.

In direct response to the need to develop tools and
methodologies to streamline the RI/FS
process for different site types (Recommenda
tion No. 23 in the Superfund Management
Review Implementation Plan), the Office of
Emergency and Remedial Response has devel-
oped this document which (1) provides informa-
tion and tools to assist in scoping an RI/FS,



(2) defines appropriate strategiesfor characterizing
media typically impacted by municipd landfills, (3)
identifies astrategy for smplifying the basdline risk
assessment (thereby alowing for early action at
these sites), and (4) identifies the most practicable
remedial action aternatives for addressing these
types of sites.

1.1 Background On Municipal
L andfills

CERCLA municipd landfill sitesare uniquein both
their size and composition. Thelandfills currently on
the NPL range in size from 1 acre to 640 acres,
while most are facilities where a combination of
principdly municipadl and to a lesser extent
hazardous wastes have been codisposed of.
Municipal wastes disposed of in these landfills
typicdly includes a heterogeneous mixture of
materials primarily composed of household refuse
such as yard and food wastes and paper, and
commercial waste such as plastics, inert mineral
waste, glass, and metals. There are four ways in
which hazardous wastes may have been disposed
of in municipa landfills. Firgt, landfills that operated
before the implementation of RCRA on November
19, 1980, typically accepted and co-disposed of both
ligud and solid hazardous waste. Second, small
quantity generators contribute varying quantities of
hazardous wastes to municipa landfills. Small
guantity generators are those that produce no more
than one kilogram per month of designated acute
hazardous waste or no more than 100 kilograms per
month of al other hazardous wastes combined (see
40 CFR 261.5). Third, some household wastes such
as batteries and paints are hazardous. And fourth,
biodegradation of wastes within the landfill can
create new compounds that are hazardous.

The dynamics within a landfill create an unknown
and changing environment. Microbia degradation of
the municipal solid waste occurs, in addition to
various unknown interactions between hazardous
and municipa solid wastes. Microbia degradation
of municipal solid waste is a dynamic process that
occurs for an indefinite period of time after waste
has been placed within a landfill. Microorganisms
naturaly occurring in the soil and refuse biodegrade
the wastes in distinct stages; each stage of
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degradation creates different byproducts.

Landfills can react with the environment in a
number of ways. One type of interaction occurs
when precipitation and/or liquid wastes disposed of
within the landfill percolate through the landfilled
massto form aliquid called leachate. L eachate may
enter the subsurface soils and groundwater or be
discharged to nearby surface waters and wetlands
from groundwater or seeps. The amount of
leachate formed from a landfill is a function of (1)
the amount of precipitation inthe area, (2) the types
of materids disposed of in the landfill, (3) the
design, size, age, and initid moisture content of the
landfill, and (4) the permesbility and porosity of
landfilled materials and the soil used to cover the
landfill. The characteristics of landfill leachate
depend upon factors such as initid concentrations
of compounds, solubilities, and vapor pressures,
rates at which compounds are transformed by
microbial and chemical processeswithin the landfill,
and the physical characteristics of the landfilled
materias. The transport and fate of leachate in the
subsurface environment is a function of the landfill
design and the characteristics of the underlying soil
types.

A second way in which landfills can interact with
the environment is through discharge to nearby
surface waters and wetlands. As mentioned
previoudy, leachate may be discharged from seeps
to local surface waters and wetlands or
contaminated groundwaters may recharge these
media. The most direct contribution however, is
often through stormwater runoff. Runoff from a
landfill may be voluminous but the contact timewith
the landfill materiasis often limited.

A third type of interaction between landfills and the
environment is through airborne emissions of gases
and vapors. Some of the volatile compounds emitted
from landfills are those present in the landfill asit is
being filled, while others are generated by
microorganisms as they degrade the wastes in the
landfill. The principa arborne emissions
(by volume) associated with landfills are
methane and carbon dioxide. These gases
are the result of anaerobic microbial
degradation of municipal solid wastes. Other
volatile compounds often emitted from



CERCLA landfills include halogenated
hydrocarbons, smple akanes, vinyl chloride,
benzene and other aromatic compounds, and
merceptons. The principal factors affecting thetype
of ar emissons include (1) the type of materials
disposed of in the landfill, (2) the age of the
landfilled refuse, (3) the type of cover overlaying
the landfilled wastes, (4) the presence or absence
of a gas extraction and treatment system, (5)
subsurface gas migration, and (6) the presence of
underground/subsurface fires. Barometric pressure
and wind speed and direction a so play an important
role in the affects to potential receptors.

1.2 Document Organization

This document is organized into six sections. The
first section isthis introduction, which includes the
gods and objectives of this project as well as a
summary of municipal landfill characteristics and
their potentialimpact on the environment. Section 2
describes the activities necessary to adequately
scope an RI/FS for a landfill site and provides a
number of tools to assist in scoping. The third
section describes site characterization strategiesfor
co-disposal facilities that either have or do not have
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suspected hot spots. Section 4 of this report
describes the remedial technologies that are
gppropriate for CERCLA Ilandfills, including the
data requirements to adequately evauate them.
Section 5 includes an analysis of the nine criteria
used to evaluate practicable technologies and
summarizes basic conclusions that can be made for
each technology in light of each of the evauation
criteria. The final section describes appropriate
remedial alternatives that have been developed for
an example municipa landfill site and presents an
evauation of these alternatives. The purpose of this
section is to illustrate how technologies might be
combined to form alternatives typically developed
for landfill Stes and how these are evaluated using
the nine criteria.

Additiondly, scoping activities, and an appropriate
dte characterization strategy, have been identified
for the example site and included as Appendix A to
better illustrate some of the concepts presented in
this document. Appendix B of this document
contains an historical record of the remedid actions
sdected for CERCLA municipa landfill sites
through FY 1989.



Section 2
SCOPING THE RI/FSFOR MUNICIPAL LANDFILL SITES

Developing a work plan is the first step in
conducting an RI/FS at amunicipa landfill site. The
process of developing a comprehensive scope of
work to be defined in the work plan is known as
scoping, and has several functions. It identifies the
preliminary remedia actionalternatives, summarizes
the RI/FS objectives, and outlines the tasks
necessary to meet these objectives. Because the
work plan is the foundation of the RI/FS, the
remedial project manager (RPM) should devote
consderable attention to preparing it and the
individual tasks. Without a definition of a proper
work plan, it isunlikely that the RI/FS or the project
objectives will be met because it is difficult to
achieve loosely defined RI/FS or project objectives
that extend over a long time. It should aso be
recognized that adjustments should be made to the
work plan as work on the RI/FS progresses and
more is learned about the site.

A primary purpose of scoping an RI/FS, therefore,
isto divide the broad project gods into manageable
tasks that can be performed within a reasonable
period of time. Proper planning aso provides the
RPM with a mechanism for measuring progress
and controlling the project.

The broad project goas for an RI/FS a any
Superfund sSite are to provide the information
necessary to characterize the dte, define ste
dynamics, define risks, and develop a remedia
program to mitigate or eliminate potential adverse
human health and environmental impacts. The tasks
that should be performed to achieve these goas
include the following:

» Evduate exigting Site data (Section 2.1)
» Conduct asite visit (Section 2.3)

» Conduct a limited dte investigation, as
necessary (Section 2.4)

» Define the conceptual site modd (Section
25)

»  Scope the risk assessment (Section 2.6)
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* ldentify preliminary applicable or relevant
and appropriate requirements (ARARS)

 Deveop prdiminay remedia action
objectives and gods (Section 2.7)

» Deveop preiminary remedia technologies
(Section 2.8)

» Develop objectives of the RI/FS (Section
2.9)

» Develop data quality objectives (DQOs)
(Section 2.10)

* Prepare an RI/FS work plan and sampling
and analysis plan

* Prepare a hedth and safety plan

*  Prepare acommunity relations plan
» Conduct Phase | site investigations
» Evauate Phase | data

» Refine remedial action dternatives

* Conduct Phase Il site investigations, if
necessary

» Evauate remedia action aternatives

The scope of work for amunicipa landfill site may
be different from the scopesfor other types of sites,
such as surface impoundments, waste piles, and
tank farms. Because waste in municipal landfills is
a heterogeneous mixture of materials and may
contain liquid and solid hazardous wastes, the
number of remedia action alternatives is limited.
Therefore, site-characterization strategies that can
be used a municipa landfill sites are limited. The
specific strategiesfor characterizing different types
of landfill sites are presented in Section 3 of this
report. This section focuses on the components of
scoping an RI/FS for municipa landfill Sites.



2.1 Evaluation of Existing Data

Exising data should be reviewed and evauated
before any other activities are performed, so that
the site dynamics can be understood and the scope
of the RI can be adequately prepared. Thorough
data evaluation isimportant because it affects both
the timing and cost of the RI/FS. The evaluation
also identifies the needs and objectives of any
limited field invedtigation, the sdection of
preliminary remedia action aternatives, the RI/FS
objectives, and the development of the DQOs.

To begin understanding site dynamics and scoping
the RI, sources of existing data should be identified
and the data should be compiled. Information on the
area’ s hydrology and geology should be collected so
that contaminant pathways can beidentified. Types
and sources of hazardous materials in the landfill
should be determined, where possible. In addition,
regulatory activities should be reviewed, including
information on any existing landfill cover. Findly,
the results of past sampling and analysis efforts
should be evaluated for their usefulness.

If, after existing data are evaluated, it is determined
that there is insufficient information to define site
dynamics and to develop the conceptua site mode,
limited field investigations should be conducted.
Limited field invedtigations are performed during
scoping, and should be limited to easily obtainable
data for which results can be received in a short
period of time. The existing data, together with the
results of any limited field investigations, should then
be used to construct the conceptual site model and
to deveop the preiminary remedid action
aternatives and the RI/FS objectives.

2.1.1 Sourcesof Information

Federal, state, and loca agencies may have
pertinent information for evaluating asite. Although
some of thisinformation may be generd, it still can
be used to establish a baseline. As an example,
records of previous ownership may indicate that
there were manufacturing operations at a ste.
Exact locations of buildings may not be available,
but the materials used in manufacturing operations
could suggest that additional analytica parameters
be tested. In addition to government sources, other
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data sources that may be particularly useful in
obtaining more specific information on a Ste
include:

*  Preliminary assessment/siteinspection data
* HRS scoring package

» Potentialy responsible party (PRP) search
report

» Aegid photographs

» State files, including inspection reports,
permit applications, and well data bases

* Interviews with state inspectors, loca
government bodies, and local residents

» Site history, ownership, operation/disposal
practices (past and present, from past
OWners, operators, or generators)

*  Weight tickets/logs

 Data from origind dSting sudies or
engineering designs

* Closure plans

Information available from other agencies and the
types of information generdly available from other
potential data sources are summarized in Table 2-1
of Guidance for Conducting Remedial
Investigations and Feasibility Studies Under
CERCLA (U.S. EPA, 1988d). Appendix B of this
document provides information on technologies
most frequently implemented at municipa landfill
sites based on a review of RODs signed through
1989.

Exigting data should be evaluated and summarized
in formats that are easily reviewed by individuals
not involved in the collection process. Reviewing
and evaluating the available data will lead to an
understanding of the site conditions
and identification of evident data gaps.
During this activity, the qudity (that s,
accuracy and precision) of the data and ther
conformance with the quality control (QC)



protocols under which they were collected should
be assessed. If possible, preliminary data (e.g.,
condition of cap) should be confirmed by onsite
observations.

2.1.2 Typesof Data and Data Quality

At this early stage, it is important to focus on
compiling as much information as possible about the
site’s characteristics and hydrogeological setting.
Although the complete set of desired information is
not dways available or of good qudity, it is
important to gather al that is available. This
information includes:

» Thelandfill’s condition, especidly its dope
gability, the presence of underground fires,
levels of methane gas, and amount of cover

» Areas of suspected contamination, unusua
surface patterns, or unusua surface
features (for example, mines)

* Boundaries of areas of

contamination

suspected

* Depth to groundwater and seasonal
fluctuations

» Exiding site conditions, such as recent
construction of neighboring houses

» Ste and property boundaries and landfill
depth

» Exigingresidentia, municipd, andindustria
wells, including construction and analytica
data

» Details of landfill construction, such as
drainage channds, clay liners, cap
congtruction (full or partid), facility base
grades, present engineering controls (if
any), and any current landfill gas venting

» Evidence of leachate seeps, contaminated
surface water runoff, or other spread of
contamination

* Nature of the soils around and under the
landfill (for example, permeability,
composition, clay, organic content)
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» Nature and characteristics of materia in
the landfill, particularly chemical
composition of hazardous waste

* Nature of disposal practices (If wastes
were segregated, locate potential hot spot
areas).

As part of this compilation, data qudity should be
evaluated to determine the uncertainty associated
with the conclusions drawn from existing data and
their usability. Uncertainty about the adequacy of
exising data can arise from two sources. the
representativeness or the specificity of the sampling
techniques used to collect the data, and the vaidity
of the analytical methods wused. The
representativeness of data can be assessed by
reviewing their sources. The rationale and method
of sample collection should be determined. The
analytical methods should be reviewed to determine
if the analyses are appropriate to the RI/FS
objectives. Datavaidation identifiesinvalid dataand
qudlifies the usability of the remaining data. Formal
data validation procedures are usedto identify data
that are the result of improper analytica
procedures. QC information, if available, can be
reviewed to assessthe vaidity of the analyses. The
ussbility of data without QC information can
sometimes be assessed by using satistical
techniques or by using professona judgment.
Statistical techniques can be used to judge whether
the data are consistent by examining ther
digribution. Data values that are exceptional may
be suspect and should be verified with additional
samples of known quaity. Additiond information on
the statistical evauation of data can be found in
Satistical Methods for Evaluating the
Attainment of Superfund Cleanup Standards,
Volume |: Soils and Solid Media (U.S. EPA,
1989).

Other information that is not classed as vdid
because of QC redtrictions can be used in
edablishing a hypothesis about contaminant
behavior over time. These data generally should not
be used in making fina decisions about the need for
cleanup, but they can help in developing an
understanding of site dynamics, sampling strategies
for the RI, and preliminary remedid action
aternatives. Factors that must be considered in
evaluating the data for their usefulness are;



» The age and comparability of the data sets.
Standard methods of sample collection and
andyss may change over time; thus,
sanple results may not be directly
comparable.

» The existence of replicate sample data for
estimating precision.

» The sampling design used to collect the
samples (for example, were both
upgradient and downgradient wells |ocated
at the landfill for the collection of the
groundwater samples?).

* The methods used to collect, preserve,
handle, and transport the samples.

» The andytical methods used to estimate
pollutant concentrations (for example, does
the analytical method provide results that
can be used for risk assessment, or is its
usefulnesslimitedtositecharacterization?).

» The length of time samples were held
before andyss (for example, volatle
organic anadlysis has a 14-day dlowable
holding time or a 7-day holding time when
not preserved with acid).

» The published sengtivity or detection limit
of the analytica methods (for example, is
the detection limit higher or lower than the
chemical-specific ARAR?). The detection
limt should be lower than both the
chemical-specific ARARs and appropriate
risk-based concentrations.

» Thequality control measures used by field
and laboratory teams (for example, were
blank samples used to determineif samples
were contaminated during collection or
analysis?).

The assessment of data reliability should aso
extend to the entire Site investigation process. The
rationale for selecting the sampling locations and for
determining the completeness of the sampling
should be evaluated. The sampling plans and
methods, if available, should be reviewed for
aspects of the site useful for determining the RI/FS
objectives.
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An important part of reviewing and evauating the
avalable dataisassessing their reliability, that is, the
extent to which the data represent site conditions.
The dates of maps, drawings, and plans should be
checked. Sampling locations should be eval uated for
representativeness. Anayticad data should be
checked against interna laboratory and source QC
criteria (blanks, duplicates, spike/recovery), and the
methods of sample collection, preservation,
handling, and sampler decontamination should be
examined for potential irregularities. If more than
one laboratory tested samples from the same area
on the gte, the results should be assessed for
consistency, and variations in methodology should
be identified.

The level of effort to review the data quaity may
be sgnificant if large amounts of potentialy high
quaity dataare available. Moretypica, however, is
the case where some analytical data are low or
unknown quality and will be used only in the
development of theinitia site conceptua model and
initid sampling planning activities. In this case, data
quality review may not require asignificant level of
effort.

2.1.3 Presentation of Available Data

Whenever possible, the available data should be
summarizedin graphs, tables, or matrices. Datacan
aso be presented as isoconcentration maps for
parameters that depict the degree and extent of
contamination for the various media or
hydrogeologic units. These compact formats alow
for efficient presentation, comparison, and use of
large amounts of data. A written summary is also
vauable for conveying data trends and genera
conditions. All summaries, whether graphic, tabular,
or written, should identify both what is known
(conditions at the site) and what is not known
(evident data gaps).

2.2 Existing Data Evaluation
Results and Report

The evaluation of existing data should result in the
preparation of a preliminary base map, geologic
cross sections, a hydrology summary, preliminary
waste characterizations, and a summary
of sampling activities and results. Figure
2-1 presents a flow diagram for gathering
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evauating, and preparing data for an RI/FS at a
municipa landfill Ste.

Inadequate data review during this stage of the
RI/FS can result in amisdirected focus of the study,
which may cause the collection of unnecessary
samples, an escalation of field investigation costs,
and/or project ddlays. As an example, inadegquate
data review during scoping to determine the need
for treatability studies for leachate/groundwater or
landfill hot spots may result in project delays and
increased costs.

2.2.1 Site Description

The dite description should provide accurate,
detailed, and current information on the site. A
physical description of the site and its surroundings
and a preliminary base map should be prepared.
Data in the hazard ranking system (HRS) scoring
package and the preliminary assessment/site
ingpection (PA/SI) should provide some of the basic
information. The base map should include:

» Surface water drainage patterns and site
discharge locations

» Locations of existing residentia, municipa,
and industrial wells, and surface water
intakes

» Presence of wetlands/floodplains, wildlife
habitats, scenic rivers, and historica
archeological resources

» Onste and offsite buildings, structures, and
piping, incuding exiging landfill gas
extraction equipment

» Areaand site topography and vegetation

» Underground and overhead utilities in the
vicinity of the site (All utilities that could
possibly impact geophysical surveys should
be identified during scoping.)

* Avalldbility of water, sewer, phone, and
electrical hookups for the site

» Nearby structures, residences, and other
land uses
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* Previous sample locations
»  Known or suspected hot spots

* Locatiions of potentid hazards (for
example, hazards due to fals, heavy-
equi pment operation aress, electrical power
lines)

* Aressof active landfilling operations

 Property lines, facility and refuse

boundaries

» Access and security (for example, roads,
fences, gates)

The site map should differentiate between the site
boundary (the area of the landfill) and the property
boundaries (total area of the property may not
necessarily be used as a landfill). The preliminary
base map can be devel oped from existing site maps,
aerial photographs, or atopographic survey. EPA’s
Environmental Photographic Interpretation Center
(EPIC) in Warrenton, Virginia, can provide awide
range of information on a Site, such as.

o Aerial photographsand andysisfor asingle
date

» Aerial photographs and andlysis over time
either for the site itself or for awider area
(historical andysis)

» Topographic mapping at 1-foot to 5-foot
contour intervals

»  Orthographic mapping, which is arectified
photoimage with a superimposed
topographic map

Exigting figures, photographs, and maps may be
useful sources of historica information but should
not be relied on for information on current site
conditions. A fly-over of the site may be necessary
to obtain current aerial photos and/or to conduct a
topographic survey. If a subcontractor must be
procured for this activity, it may have to be delayed
until the RI fieldwork is conducted.



As mentioned above, the site description should
include the areas, if any, of active landfilling
operations; locations selected for sampling or well
installation should consider the impact on the sit€'s
normal operation and maintenance. Meteorologic
data should also be collected and considered during
the development of the work plan. Meteorologic
data can be used to determine appropriate timesfor
Ste vigits, to direct sampling efforts, and to evaluate
remedia action aternatives, such as incineration,
capping, or grading. Barometric pressure data are
also usgful for interpreting landfill gas volume
collection data.

2.2.2 SiteHistory

The dte hisgory section should detail, in
chronological order, the history of previous
regulatory actions, disposa activities, types and
guantities of wastes, previous owners or operators,
Ste uses, and Site engineering studies. Significant
effort should be expended in detailing the specifics
of disposa activities and of types and quantities of
wastes. Site records and interviews with nearby
residents and former site operators are vauable
sources of this information.

The history of previous disposal activities a a
municipa landfill often directly affects the RI
objectives, specifically the need to determine
whether hot spots may be present and worthy of
investigation. In addition to investigating a potential
principal threat, the contents of hot spots are
important for associating PRPs with the site.
Identifying the chemical components may aid in
identifying the sources of the waste in the hot spots.

A brief history of operations at adjoining or nearby
fecilities and other relevant environmental
contamination at or near the site should aso be
included. These potential offsite sources of
contamination should be considered during the
development of thework plan. They may affect the
choice of sampling and monitoring well locations
and may contribute contamination to various media
Multiple sources of contaminantsin the vicinity can
make it difficult to identify al PRPs.
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2.2.3 Regional
Hydr ogeology

and Site Geology and

In addition to the preiminary sSte base map,
preliminary geologic cross sections should be
developed, if possble, to provide a three
dimensiond overview of soils and geology and the
possble extent of soil and groundwater
contamination at the site. The purpose of this effort
isto identify any changes or correlationsin the type
and movement of contamination and soil types and
gructure. This information will be used to:

Estimate the depth of the landfill
» Edtimate the depth to groundwater

* ldentify the limits of subsurface sampling
programs

»  Select appropriate soil sampling and drilling
methods

The preliminary soil/geologic cross-section can be
developed from existing Site maps, soil and geologic
publications, reports on soil borings and monitoring
well ingdlation, and andytica results of soil
sampling and groundwater sampling, if available. A
suggested type of cross-section is shown in Figure
2-2. Features shown on a cross section of thistype
should include:

» Ground surface features (for example,
buildings, above-ground tanks, roads)

» ol horizons (for example, clay lenses or
other soil layers with differing
characteristics)

* Mgor geologic units

» Locations of domestic and/or public supply
wells

» Locations of existing borings, wells, and
test pits

» Exiging sample locations, including the
location of offste sampling locations to
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determine whether offsite contaminationis
aproblem in the area

»  Depth to groundwater

If no soil borings, test pits, or monitoring wells have
been ingtalled at the Site, it may not be possible to
construct a detailed preliminary cross section.
However, geologic and soil publications--such as
United States Geologica Survey (USGS) reports,
Soil Conservation Service data, state geological
survey reports, state well databases, logs of public
supply companies, and information from loca well
drillers--should be available to give an estimate of
the thickness of unconsolidated material, the depth
to the groundwater table, and current aquifer uses
(e.g., agriculturd, drinking water).

If sufficient information from these sources is
available, this section should aso identify the origin,
texture, and distribution of unconsolidated materials,
the origin, texture, nature, and distribution of
bedrock units; and the texture and classification of
surficial soils. In addition, if available, this section
should identify rock type, porosity (primary and
secondary), areal extent of geologic units, and
structural geology. This information can help
identify complex hydrogeological units and define
recharge and discharge zones and flow systems.
The regiona and site-specific geology are described
in this section to hel p identify contaminant pathways
and develop a conceptua site moddl.

2.2.4 Hydrology

Collection and evaluation of hydrologic data should
include both surface water and groundwater
components.

2.2.4.1 Surface Water

Surface water bodies near the site should be
identified to (1) eva uate the potential impact of the
landfill on the body of water, (2) understand the
relationship, if any, between the surface water and
groundwater flow at the site, and (3) determine
their potentia to be discharge locations for treated
leachate and surface runoff from the capped
landfill.

Groundwater flow may be affected by seasonal
surface water fluctuations and may either discharge
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to surface water or be recharged by surface water
at different times of the year. Thisinformation may
be identified by comparing concurrent groundwater
and surface water level measurements taken
seasonaly. Preliminary information for groundwater
can be abtained from USGS hydrogeologic atlases,
state aquifer maps or water resource overlays, the
local board of hedlth, water control board, planning
commission, or the loca Department of Public
Works.

2.2.4.2 Groundwater

A groundwater assessment should be performed at
and near the dte to determine depth to
groundwater, local and regional groundwater flow
directions, gradients, recharge areas, discharge
areas, and to identify aquifers used by private and
public water supply wells in the area. This
information may be determined by evauating the
data gathered for the section on regional and
dte-specific  geology (Section 2.2.3). If no
monitoring wells have been installed at the site, it
may not be possible to assess specific groundwater
levels or local flow directions at the site. However,
geologic publications, as mentioned in Section 2.2.3,
should be able to give an estimate for the region of
the depth to the groundwater table.

If possible, a well survey should aso be initiated
during scoping. This survey can serve a number of
purposes, including evauating the “usability” of
exiging wells for future field activities and
accounting for pumping influences when selecting
additional sampling locations for monitoring wells.
This survey would also be useful for identifying
potentialy contaminated wells being used as
domestic, municipa, or industrid supplies. Well
ingdlation logs, if avalable, may be useful in
preparing geologic cross sections.

2.2.5 Waste Characterization

The types and quantities of wastes within the
landfill are estimated during waste characterization.
This information can be developed from landfill
disposal records; county, state, and EPA records;
interviews with  current/previous employees

of the landfill; aerid photographs, results
of sampling landfill contents, and interviews
with state inspectors. If available, the



periods of disposal should aso be estimatedto help
identify the likelihood that contaminants will be in
the landfill (for example, volatile organics
sometimes migrate quickly and may not be present)
and to establish PRP responshbility. Although
interviews and records searches are
time-consuming, the information gathered is very
useful in directing the RI/FS process and the
selection of remedia action aternatives.

2.2.6 Sampling Activities and Results

A summary of the chemical anaytica data
collected at or near the site may provide extensive
information about the potential effects of the siteon
the surrounding media and about future data needs.
This section addresses the affected media at the
site, not the sources, which are addressed under
“Waste Characterization” (Section 2.2.5). The
summary of sampling activities and results should
include the date of the study, the name of the firm
responsible for the study, the name and address of
the laboratory that performed the anayss, the
media sampled, the analytes, and the anaytical
methods used.

The usability of the data should be evaluated as
discussed in Section 2.1.2, bearing in mind that
there are several data uses (for example, site
characterization, evaluation of aternatives, PRP
determination) that require different qualities of
data. The exigting chemical analyss information
(including QC information) should beincludedinan
gppendix of the work plan.

2.3 SiteVisit

A dite vigit by the RPM and other appropriate
personnel (e.g., state and Federal agency
representatives) is necessary during the scoping
process to:

» Verifyexisting data (for example, condition
of cap, amount of soil cover, extent of

dope erosion)

Identify existing Site remediation systems
(for example, landfill gas or leachate
collection systems)
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Identify critical areas (for example,
possble equipment-staging areas, access
roadways, residential areas)

Visualy characterize wastes (for example,
leachate seeps, exposed drums, stained
s0ils)

Gather additional data to support further
Ste evaluation (for example, wetlands,
floodplains, biota)

Evaluate the practicability of geophysical
surveys

Detailed examination of a municipd landfill during
a dte vist is important for several reasons.
Observation of dope ingtability or explosve levels
of gas may indicate the need to mitigate an
immediate hazard. Details of cap construction may
affect the feashility of remedid technologies.
Remedial technologies that use heavy equipment
can also be removed from consideration by soft
ground surfaces or other conditions limiting access
to the landfill.

Characterization of waste materials by visual
observation isaso important. Visua identification of
hot spots or the physical characteristics of the
wastes (dudge-like or solid) is necessary for
sanpling preparation and for ensuring the
representativeness of sampling. The physical and
chemical characteristics of the waste are key
variables in defining aternative technologies for
remedial actions and in identifying the most
cost-effective actions. Specia wastes (radioactive,
laboratory packs, etc.) not normally associated with
municipal landfills may also be at the Site and should
be noted during the dte visit. However, the
certainty of information gathered by visud
observation during the Ste vist islimited. Idedly, a
site should be visited when vegetation is minimal.
Potential sampling locations should be identified
carefully, because later plant growth may cover
them. It is sometimes useful to visit a site after a
heavy rainfall, if possible, to observe runoff and
leachate seepages that may not be visible at other
times. A follow-up visit during a dry period may be
useful in evaluating the potential for dust generation.



The time neededto completeasite visit will depend
on the size and complexity of the site and whether
interviews will be conducted. On average, a site
vigt may take between 1 to 2 days (not including
interviews).

The following activities may be performed during
the site vigit:

» ldentification of unusua features, including

S Spill areas and stained soils

S Evidence of environmental stress to
flora or fauna and adjacent wetlands

S Presence of waste requiring specia
handling or precautions

S Presence of surface impoundments
and aboveground tanks

S Presence of underground storage
tanks, aboveground vents, or fill pipes

» Examination of landfills, including

S Evidence of dope ingtahility, leachate
seeps, soil erosion

S Details of cap congtruction, stability,
areas of cover cracking, erosion, or
subsidence

S Evidence of gas release through cap
S Approximate perimeter of the landfill

S Evidence of partialy buried drums or
other hazardous materids

S Localized areas of stressed vegetation
or detection on explosimeter

S Factors affecting the accessibility of
the landfill to heavy equipment, such as
moisture content of the soil, width of
benches/access roads
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S ldentification of site features that may
interfere with the performance of
geophysica surveys

Field characterization of wastes, including

S General nature  of the
wastes--residential, industrial, udges,
or amixture

S Physica sate of the wastes--dry, wet,
very compressible, firm, free liquids

S Physica properties of exposed
wastes--odor, gas generation, state of
decomposition

S Preliminary measurementsin hot areas
with anorganic vapor analyzer (OVA)

| dentification of:
S Site utilities, facilities, and structures

S Unusua wastes (laboratory packs,
cylinders)

S Drainage patterns

S Possible offsite sources of
contamination

S Recent construction, including housing
developments

Divison of dte into grids to facilitate
identification of target areas and future
remedial activities (a cartesan grid is
effective)

Identification of access, egress, staging,
and security points

Interviewswith local residents (opportunity
to confirm well survey and also necessary
for preparation of community relations plan
[CRP])



Identification and confirmation of features
on the preliminay base map and
soil/geologic cross-section

Preparation of photographs of site features

Performance of air quality monitoring for
high levels of volatiles or methane

A health and safety plan (HSP) should be prepared
for theinitial stevisit unlessan HSP was devel oped
for previous site work, in which case this plan may
be adequate. If no plan exists, alimited HSP should
be developed on the basis of existing data. The
RPM should coordinate with the Regional Hedlth
and Safety Officer on the need for the HSP and
contents. Requirementsfor an HSP can befound in
Occupational Safety and Health Guidance
Manual for Superfund Activities (National
Ingtitute of Occupationa Safety and Health, 1984),
Guidance on Remedial Investigations Under
CERCLA (U.S. EPA, 1985¢), and Sandard
Operating Safety Guides (U.S. EPA, 1984c).

2.4 Limited Fied Investigation

After existing data have been evaluated and a site
visit has been conducted, a preliminary conceptual
Site modd depicting the site's dynamics should be
developed. If the information required to develop
this model isincomplete, alimited field investigation
(LFI) should be conducted. (See Section 2.5 for
information on the conceptual ste model.) The LF
should be redtricted to the collection of easly
obtainable data, which can be gathered quickly. Its
purpose is to define the scope of work as precisaly
aspossible, given the availableinformation. The LFI
typicaly involves field measurements but may
include chemica analysis of groundwater from
existing wells or samples from other easly
accessble sample locations. The limited field
investigation is normally performed during the
preparation of the work plan and before extensive
sampling begins for the RI.

Table 2-1isaligt of the possible activitiesthat could
be performed during an LH a a municipa landfill
site. This table should not be interpreted to mean
that al of these objectives (and actions to meet the

Word-searchable Version — Not a true copy

2-12

objectives) should be met to adequately scope an
RI/FS for amunicipa landfill site. Rather, the data
requirements for adequately scoping the project
should be determined on a site-by-site basis. Data
needs will differ for each site and will depend on
factors such as the results of the existing-data
evaluation, the number and type of potentia
contaminant pathways and receptors, and the RI
objectives.

RI reports for municipa landfills were reviewed to
determine the usual activities performed during
limited field investigations at landfills. These
activities are shown in Table 2-1 and can include:

Property surveys
Topographic surveys

Surveys of location, elevation, accessibility
of monitoring wells

Wil surveys for dl resdential wellswithin
the current or potentially affected area

Collection and analysis of samples from
existing monitoring and residentia wells

Surface and volatile emissions survey

Water level measurements taken from
exiging monitoring wells

Survey of gas levels in nearby residences
to determine if they are near the explosive
range (also in ongite buildings and confined
spaces)

Most of this information requires field
measurements, which would not be gathered during
the dte vigt. Genera investigation Table 2-1
continued activities that could be done during the
dte visit are described in Section 2.3 and not
repeated here.

Wdl ingdlation and other activities requiring
subcontracting should be avoided during the LFI.
Sampling isdso typicaly not performed; however,
sampling of existing and residential



Table 2-1

LIMITED FIELD INVESTIGATION OPTIONS FOR
MUNICIPAL LANDFILL SITES

uncertainties in boundaries.

Page 1 of 2
Activity Objectives Action
Generd Investigation Identify previous Site Conduct property survey or
owner/operators and delineate perform atitle search or identify
Ste boundaries. Estimate property ownership from tax

records, or plat maps.

L ocate existing monitoring
wells.

Perform location and € evation
survey of existing monitoring
wells.

Evaluate site drainage patterns. | Review topographic maps and
perform hydrologic survey.

Evaluate site-cover conditions Perform visual surface

and surface water drainage. ingpection with topographic
maps. Conduct surface
emissons survey.

Evaluate gas migration,
potentia, if applicable.

Measure explosive gas levelsin
nearby residences, or onsite
buildings, if present. Also
measure in water meter boxes
and utility corridors, if landfill
gas poses a threat.

Locate sampling locations.

Survey agrid for the site and
cross-reference to sample
locations.

Determine landfill subsidence, if
survey is otherwise required.

Measure elevations along crown
of fill or ingal benchmarksin
areas of potential subsidence
(requires repeat visits by
surveyor).

Geotechnical Investigation

Describe geologic features,
classify soil.

Conduct visuad observation of
mechanica erosion, dope
instability, differential
settlement, and ponding caused
by subsidences and cracking.
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Table 2-1

LIMITED FIELD INVESTIGATION OPTIONS FOR
MUNICIPAL LANDFILL SITES

Page 2 of 2

Activity Objectives

Action

Hydrogeologic Investigation Evaluate usefulness of existing
monitoring well network.

Conduct awell survey for al
wells (residential, commercid,
industria). Determine local uses
of groundwater and accessibility
of existing wells. Obtain
permission for use.

Determine if existing wells are
obstructed (e.g., by sounding to
the bottom of the well).

Review preiminary locations for
new monitoring wells.

Perform fracture-trace analysis
in areas with fractured bedrock
(can be done through EPIC

studly).

Determine location of residentid
wells and their construction.

Perform well survey for all
residential wells adjacent to, and
downgradient from, the landfill.
Obtain well logs from federal,
date, locd utilities, or municipal
agencies.

Determine direction of
groundwater flow and estimate
gradients.

Record water level
measurements from existing
wells (at least quarterly, to
determine seasond variations).

Determine rate of groundwater
flow in strata and bedrock
fractures.

Perform hydraulic conductivity
tests on existing wells.

Confirm previous sampling results
for both existing monitoring and
residential wells and collect
additional data as necessary.
Identify areas of groundwater
contamination and types of
contaminants.

Collect and anadlyze* samples
from monitoring and residential
wells. Record quality
parameters for the samples
analyzed. Compare new results
with values from previous
studies.

Determine if residential wells
adjacent to, and downgradient
from, the landfill are
contaminated.

Collect and analyze* tap water
samples before any filtration unit
and conduct preliminary risk
assessment.

provide valuable information for scoping future fieldwork.

*Sample collection and andysisis not usualy performed as a part of an LFI but is an option that could
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wdls has been included in this table because this
information, if obtainable, will grestly assst in
scoping the RI/FS.

The tasks required to perform a limited field
investigation may be included in the statement of
work for an EPA contractor if the siteis designated
as afund-lead site, or they may be attached to the
consent order for aPRP-lead RI/FS. Performing an
LFI during the development of the work plan often
saves both time and money. Thisisbecauseit takes
less time and is less costly to scope the RI/FS
correctly the first time than to rescope certain
aspects of the project at alater date.

2.5 Conceptual Site Model

The conceptua site model is developed so that an
understanding of the site dynamics can be obtained.
Its purpose is to describe the site and its environs
and to present hypotheses regarding the suspected
sources and types of contaminants present,
contaminant rel ease and transport mechanisms, rate
of contaminant release and transport (where
possible), affected media, known and potentia
routes of migration, and known and potential human
and environmental receptors. In general,
quantitative data should be incorporated wherever
possible. Hypotheses presented by the model are
tested, refined, and modified throughout the RI.

Generdly, a conceptual site model is based on the
existing data evaluation and is developed before any
fidd activities, including those performed as part of
an LF. If insufficient information is available to
develop a conceptua site model, the LFI provides
the information needed to develop a sufficient
model for scoping further investigations.

The conceptua site moddl is atool that can assist
the site manager in determining the scope of the
project, identifying data needs, and establishing
preliminary remedial action objectives. For example,
if residentia areas are upwind of the site and
existing data indicate no volatile emissons of
concern, then air may be considered an unaffected
medium in the moded and no further data should be
collected during the RI. On the other hand, if
residential wells near the landfill are contaminated

Word-searchable Version — Not a true copy

2-15

and existing groundwater data are limited, then the
ste model will indicate that groundwater is an
affected medium and the collection and anaysis of
samples from this medium should beincluded inthe
RI.

A generic conceptual site model for municipal
landfills was developed so that a basis for project
scoping could be established. The conceptua site
model was developed for municipa landfill Stes
with data collected from review of 71 municipal
landfill RODs. Figure 2-3 presents a schematic
diagram of this model, and Figure 2-4 depicts the
information as a flow diagram. This generic model
may be utilized to develop a Site-specific modd.
After evauating the data and completing asite visit,
the RPM should determine which contaminant
release and transport mechanisms are appropriate
for the municipd landfill ste in question. For
example, if hospital wastes or radionuclides are in
the landfill, then they should be added as a
contaminant source, and the release mechanism,
affected media, exposure pathways, and rcceptors
should be identified. Likewise, contaminant release
and transport mechanisms and media that are not
affected by the landfill should be deleted from
Figure 2-4. For example, if the landfill is in a
depressed area and surface runoff flows into the
landfill area and not away from it, then the two
associated rel ease mechanisms, runoff and erosion,
can be éiminated from the modd. However, if
there is uncertainty about the existence of specific
contaminant release and transport mechanisms, it
should be retained.

The key eement in the development of the
conceptua site model isto identify those aspects of
the model that require more information to make a
decision about remediation. For example, if it isnot
possible to decide whether remova or containment
of a known hot spot is the most cost-effective
aternative because of uncertainty about volume,
ealy field efforts should include measures to
estimate the volume of the materia within the hot
spot. Or, suppose that existing data show that only
volaile organics are of concern in the residentia
wells. For streamlining the anaytica program,
chemical analysis of groundwater samples should
then be focused on the target compound list
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parameters (U.S. EPA, 19883), with someandys's
of the target analytes list parameters (U.S. EPA,
19879) to confirm their absence.

The stemodd will aso indicate the potential human
and environmental receptors affected by the site. If
quantitative information is developed as part of the
conceptual modd, it may be possible to develop a
preliminary evaluation of potential risks to
receptors. Experience and judgment can be used to
focus on the contamination that causesthe greatest
risk or, if standards are available [such as maximum
contaminant levels (MCLS)], they can be used to
identify potentially affected receptors and the need
to initiate remedia action (see Section 2.6).

The site model can aso help identify preliminary
remedia action aternatives. For example, if
contaminated groundwater from the landfill isbeing
used for residentia water supply, then preliminary
remedial action aternatives could include any of the
folowing, depending on the dte conditions:
dternative water supply, online water treatments
systems for each household, capping to prevent
downward percolation of precipitation and
associated transport of the contaminants from the
landfill to the groundwater, and a slurry wall to
prevent additional horizontal movement of the
contaminated groundwater.

2.6 Risk Assessment

The risk assessment isinitiated to help to determine
whether the contaminants of concern at the site
pose a current or potentia risk to human health or
the environment and to help determine whether
remedial action is warranted. The assessments are
site-specific and may vary in the exent to which
quditative and quantitative anadyses are utilized,
depending on the complexity and particulars of the
site, aswell asthe availability of pertinent ARARS,
and other criteria and guidance.

The Risk Assessment Guidance for Superfund:
Human Health Evaluation Manual (U.S. EPA,
1989K) describes a preliminary identification of
potential human exposure that is included in the
development of the work plan and the Sampling and
Andysis Plan. Thisassessment isbased on existing
data and information and on the conceptua site
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model and is designed to identify data gaps, provide
a focus for the RI/FS, and provide support for
remediation to proceed, if appropriate.

The baseline risk assessment is a quantitative,
chemical-oriented eval uation of the potential threats
to human health and the environment that would be
posed by a site in the absence of any remedial
action, i.e.,, the no-action dternative. The basdline
risk assessment is usudly quantitative, athough
quditative analyss may be appropriate and
sufficient. A basdline risk assessment identifiesand
characterizes the toxicity of contaminants of
concern, potential exposure pathways, potentia
human and environmenta receptors, and the extent
of expected impact or threat under the conditions
defined for the site. The basdline risk assessment
can be used as atool to streamline remedia action
decisons by identifying areas where remediation
should proceed immediately (see Section 3.7). The
risk assessment for comparison of remedial
alternatives isdesigned to identify potential threats
to human health or the environment that may arise
from the execution of various types of remediation
activities. Section 6.3 presents a comparative
andysis of aternatives for an example municipa
landfill site.

The preliminary identification of exposures is
conducted during the scoping of the RI/FS and is
based on information from the PA/Sl and possibly
other previousinvestigations. Thisexercise usesthis
exigting information to identify the potential area of
contamination, chemicas of concern, routes of
contaminant transport, and potentia exposure
pathways to identify data needs and to focus the
RI/FS. Because options for remedial action at
municipa landfill Stesarelimited, it may be possible
to use this preliminary information, with the addition
of toxicity information or ARARS to initiate
remedial action, if appropriate. Specificaly, early
action may be warranted when human health or
environmental standards for one or more
contaminants in a given media are clearly
exceeded. However, because there is
often not a lot of data avalable a this
stage, or because data is of questionable quality, it
may not be possible to justify an early or interim
remedial action at this stage. However, if the



need for an interim or early action is suspected
(e.g., temporary landfill cover, groundwater
remediation, respectively) but insufficient data are
available, these data needs should be identified and
the corresponding data should be collected early in
the RI process. This may alow for decisions on
potential early or interim remedia actions to be
made during the basaline risk assessment (Section
3.7). Detailed information can be found on scoping
risk assessmentsin the documentsRisk Assessment
Guidance for Superfund--Human Health
Evaluation Manual (U.S. EPA, 1989)), and Risk
Assessment  Guidance for Superfund--
Environmental Evaluation Manual (U.S. EPA,
1989c).

2.7 Preliminary Remedial Action
Objectives and Goals

Preliminary remedia action objectivesand godsare
developed during the scoping of the RI/FSto assst
in identifying preliminary remedia action
aternatives and RI data requirements. Remedial
action objectives are general descriptions of what
the remedial action is expected to accomplish. The
preliminary remedia action objectives are based on
the existing data for the site and the conceptua site
model. Remedial action objectives are aimed at
protecting human health and the environment and
should specify:

The contaminant(s) of concern

The exposure rate(s) and receptor(s)

An acceptable contaminant level or range
of contaminant levels for each exposure
route

Examples of general remedia action objectives for
media of concern a municipa landfill sites are
presented in Table 2-2.

Remedia action godls are a subset of the remedial
action objective; theremedia action goasconsst of
chemical concentrations that are protective and
serve as specific numeric goals for the remedia
action. Preliminary remedia action goas should be
developed with the preiminary ARARs and
exposure assessment. An example of apreliminary
remedial action goa would be to prevent ingestion
of groundwater containing TCE above 5
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micrograms per liter. In this example, the
preliminary remedia action god is based on the
MCL for TCE.

It is necessary that both the preliminary risk
assessment and preliminary ARARs be used in
developing the preliminary remedia action gods. A
description of the preliminary risk assessment is
presented in Section 2.6.

As pat of identifying remedid action goals,
ARARSs that typicaly apply to municipa landfill
stes are divided into three types:

e Chemical-specific ARARs (MCLs,
MCLGs, etc.)

Location-specific  ARARs  (floodplains,
wetlands)

Action-specific  ARARs (performance
design standards)

Potential federal ARARs that may affect municipal
landfill sites are discussed in Section 5 of this
report.

To assist in developing preliminary remedid action
goals, an ARARs table should be developed and
should include identifiable contaminants of concern,
affected media, regulatory agencies concerned with
the media (federa, state, or local), potentia
remedial action alternatives (see Section 2.8), and
regulatory agencies concerned with that action. A
more detailed list of chemical concentrationswill be
generated during development of the DQOs.

Promulgated state ARARS that are more stringent
than federa requirements and have been identified
in atimely manner must aso be included (although
they may later be waived if they have not been
consistertly applied). In particular, the <ate
ARARs for landfill cap design, extracting and
monitoring landfill gas, or discharging contaminated
groundwater should be incorporated. It isimportant
that care be wused in identifying and
diminating potentiadl  ARARs a this stage
of the scoping process. In developing
remedial action goals, "to-be-considered"
(TBC) material such as proposed MCLs
should aso be evauated. TBC materia



Table 2-2
PRELIMINARY IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES
FOR MEDIA OF CONCERN AT MUNICIPAL LANDFILL SITES

Environmental Media

Remedia Action Objective

Soilg/Landfill Contents (Primarily
from hot spots)

Prevent direct and dermal contact with, and ingestion
of contaminated soil/landfill contents

Air/Dust Prevent inhaation
Landfill gas Prevent inhalation and explosion
Surface water Prevent ingestion, adsorption, and bioconcentration
Sediment Prevent ingestion, adsorption, and bioconcentration
Groundwater Prevent ingestion and dermal adsorption

Prevent migration to surface waters
Leachate Seeps Prevent onsite inhalation and dermal adsorption

Prevent migration to surface waters

includes nonpromulgated advisories and guidance
issued by the federal or state government, and often
reflects the latest scientific information on hedlth
effects, detection limits, and technical feasibility.

2.8 Preliminary Remedial
Technologies

2.8.1 Development of Preliminary Remedial
Action Alternatives

Preliminary identification of remedial action
aternatives for each medium of interest should
begin after the identification of the preliminary
remedial action objectives. Developing the
preliminary remedid action aternatives a thistime
and before determining the Rl scope has several
advantages.

» Defining the degree of detail necessary in
delinegting the extent of groundwater or
soil contamination

Identifying data needed for evaluating
remedia action technologies
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Identifying action-specific ARARs that
may influence the scope of RI activities

The number of practicable remedid actions
available for municipa landfillsislimited. They are
based on previous experience, engineering
judgment, and the NCP expectations. As stated in
the NCP, EPA expects that containment
technologieswill generally be appropriate for waste
that poses a relatively low long-term threat or
where treatment is impracticable (40 CFR Sec.
300.430(a)(iii)(A)). In addition, U.S. EPA expects
trestment to be considered for identifiable areas of
highly toxic and/or mobile material that constitute
the principal threat(s) posed by the site (40 CFR
Sec. 300.430(A)(iii)(C)). Remedia actions which
are most practicable for municipa landfill sites are
discussed in more detail in Section 4.

The remedid action dternatives developed at this
time will be refined throughout the RI/FS. Although
these alternatives will direct the site
characterization activitiesand will form the basisfor
the FS, they do not necessarily have to limit the
dternatives considered later in the FS. However, if
dternatives that are not identified here are later
considered in the FS, it may be necessary
to collect additional site data in a



second phase of the RI. This approach may
contradict the goal of streamlining the RI/FS for
municipal landfill sSites, and it is therefore important
that potentialy viable dternatives are not eiminated
too early in the process. On the other hand,
alternatives should be ruled out at this stage if they
are clearly unsuited for the site (that is, technically
infeasible or inappropriate for the site and waste
characteristics) or if the costs are grossy
excessive. An example of an impracticable
aternative might be excavation and incineration of
the contents of a landfill that contains more than
100,000 cubic yards of waste.

As stated previoudly, remedial action objectivesare
developed as a first step in identifying remedia
action aternatives. General response actions (for
example, treatment or containment) are then
identified to satisfy the remedia action objectives
for each medium of concern. Technology types (for
example, chemical treatment) necessary for
achieving each remedial action objective are
identified, followed by the identification and
evauation of technology process options for each
technology. Uncertainties about existing ste
conditions that preclude choosing aremedial action
alternative should be highlighted to focus sample
design, collection, and andytical methods.

The dte characterization proposed a municipal
landfill sites (see Section 3 of this report) reflects
the number of remedia dternatives available.
Several technologies or aternatives are unlikely to
survive screening in the FS for effectiveness,
implementability, or cost reasons. Thesealternatives
should be eliminated in the preliminary screening
stage or as potentia dternatives are being
developed. As an example, complete excavation of
a large landfill with subsequent treatment or
disposal is not generally feasible because the costs
would be grossly excessive for the effectiveness
they provide. Additionally, excavation of a landfill
may cause greater risks than it prevents. Likewise,
treatment or offste disposa is not typicaly
consideredfor landfill contents because most of the
waste within landfills is a heterogeneous mixture of
materials.

Remedial action aternatives for landfill sites are
practicaly limited to source control by capping and
possibly removal or treatment of hot
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spots, groundwater extraction and treatment, and
landfill-gas control. Onsite surface water,
sediments, and wetlands are typically addressed by
either source control or groundwater treatment.
These alternatives are often combined with
indtitutional controls, aternative water supply, or
fencing for a complete remedia action. As with al
Superfund sites, the no-action aternative must also
be evaluated for dl media. Thisdternativeinvolves
no additiona activities by EPA, thereby providing a
baseline for evaluating other aternatives.

Figure 2-5 portrays a conceptua model for
identifying technologies that will lead to
achievement of specific remedial action objectives
a municipd landfill Sites.

2.8.2 Review of Remedial Technologies in
CERCLA Landfill RODs

To identify the most viable remedial technologies
for use a municipal landfill stes on the NPL,
CERCLA landfill RODs through 1989 were
reviewed. Table B-1, in Appendix B of this
document, lists RODs that were reviewed. A
source control ROD has not yet been completed for
some of the gites, and a footnote in Table B-1
indicates those sites where partial remedies have
been implemented to date (for example, remedies
for groundwater contamination). The information
presented in this section is based on the NCP
expectations and the remedies outlined in the ROD
documents. Since the ROD precedes the remedial
design and remedia action (RD/RA) phase, some
of the remedies indicated may not have been
implemented yet. However, the information is till
valuable for remedy selection purposes. Additiona
information on the status of specific remedial
actions can be gathered by contacting the EPA
Regiona office in which a specific ROD was
written.

A comprehensive list of the technologies used at
specific sites in each of the EPA Regionsis aso
presented in Appendix B (Table B-2). When
conducting afeasibility study for a specific site, an
EPA RPM could use this list to identify steswithin
his or her region for which the same technologies
were considered. Additiona information could then
be gathered on those sitesto help in the FS process.
Table B-3, dso included in Appendix B, presents a
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Figure 2-5
IDENTIFICATION OF REMEDIAL TECHNOLOGIES
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summary by EPA Region of the frequency with
which specific technologies were implemented at
the CERCLA municipd landfill dtes. This
information was used to determine which
technologies appear to be most practicable for
CERCLA municipa landfill sites based on past
experience.

Table 2-3 presents brief descriptions of remedia
technologies that could be agpplied to various
environmental media a municipa landfill Stes.
These technologies were identified on the basis of
the ROD review mentioned above. Alsoincluded in
this table are comments that can assist the RPM
during development of remedia action aternatives.
The evauation comments identify situations where
a technology may be practicable, and therefore,
worthy of consideration. A detailed description of
the most practicable technologies, including the data
requirementsto eval uate these technol ogies, can be
found in Section 4 of this report.

The need for treatability testing to evaluate remedial
technologies should be identified during project
scoping. During scoping, a literature survey should
be conducted to gather information on a
technology's applicability, performance,
implementability, relative costs, and operation and
maintenance requirements. If practical candidate
technologies have not been sufficiently
demonstrated or cannot be adequately eval uated on
the basis of available information (eg.,
characterization of a waste alone is insufficient to
predict trestment performance or the size and cost
of treatment units), then treatability testing should
be performed. The treatability testing program
should be designed and implemented during the R,
while other field activities are underway. Additional
information on treatability studies can be found in
the documents titled, Guide for Conducting
Treatability Sudies under CERCLA (U.S. EPA,
1989i) and Summary of Treatment Technology
Effectiveness for Contaminated Soil (U.S. EPA,
1989K).

2.9 Objectivesof the RI/FS

The overdll objectives of the RI/FS are to:

Complete a field program for collecting
data of known and acceptable quality to

Word-searchable Version — Not a true copy

2-23

evauate the type, extent, and magnitude of
contamination in the surface and
subsurface soils, landfill gas, groundwater,
surface water, and sediment of ponds and
wetlands

Determine the present and future risks to
human hedlth and the environment from
existing contamination

Develop and evauate remedia action
alternatives where unacceptable risks are
identified

If arisk to human hedth or to the environment
exists and remedid action is necessary, the
objective of the RI/FS is to select a cost-effective
remedial action that minimizes or eiminates
exposure to contaminants from the landfill.
Achieving this objective requires a series of
decisons involving severa interrelated activities.
These activities are based on the work plan, which
specifies the information necessary for developing
a cost-effective data-collection program and for
supporting subsequent decisions.

During scoping, decisions are made to identify the
remedial action dternatives that could be
implemented if certain site conditions were met.
Information about a site is gathered to determine
whether the site meets the conditions that would
dlow a particular alternative to be implemented.
The objectives of the RI are therefore to
characterize the site to assess if risks to human
health or to the environment are present and to
provide sufficient information to develop and
evaluate remedial action alternatives. Physical
information about the site is necessary to
differentiate among the technologies available for
eachremedia action dternative. Thisinformationis
obtained during the RI. In addition to specific field
tasks, the RI objectives should address the broad
project goas. If this information has not been
previoudy collected during the initid site scoping, it
must be collected during the RI. This information
includes characterizing the landfill for the
environmental setting, the proximity and size of
human population, the nature of the problem(s), the
treatability testing for contaminated groundwater
and leachate (and possibly for hot spots), and the
potentia remedia actions.



Table 2-3

REMEDIAL ACTIONSUSED AT LANDFILL SITES

Page 1 of 7

Environmental Media

General Response

Remedial Technologies

Process Options

Description

Evaluation Comments

Actions
Soilg/Landfill Contents No Action No action. Required by NCP to be carried through
detailed analysis of alternatives.
Access Restriction Deed Restrictions All deeds for property within potentially Potentially viable.
contaminated areas would include
restrictions on use of property.
Groundwater Permits All deeds for property with potentially Potentially viable.
Restrictions contaminated areas would include
restrictions on development and domestic
use of groundwater.
Fencing Security fencesinstalled around potentially | Potentially viable.
contaminated areas to limit access.
Containment Surface Controls Grading Reshaping of topography to manage Potentially viable.
infiltration and run-off to control erosion.
Revegetation Seeding, fertilizing, and watering until a Potentially viable.
strand of vegetation has established itself.
Cap Native Sail Uncontaminated native soil placed over Viablein cases where direct contact/erosion
landfill. are prime threats. Also may beviablein
cases where magjority of sourceisbelow
water table and leaching is not a significant
release mechanism. Unless engineered to
do so, will not result in reduction in
infiltration.
Single barrier FML liner or compacted clay over site. Potentially viable in situations whereit is
Usually protected with additional fill above, | not necessary to comply with RCRA
and topsoil. Clay cap is normally 2 feet Subtitle C.
thick.
Double barrier Compacted clay covered with a synthetic Potentially viable. Provides maximum

membrane (20 millimeter minimum)
followed by 1 foot of sand and 1.5 feet of
fill and 6 inches of topsoil to provide
erosion and moisture control and freeze-
thaw protection.

protection from exposure due to direct
contact. Also, thisisthe most effective
capping option for reducing infiltration in
compliance with RCRA guidance.
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Table2-3

REMEDIAL ACTIONSUSED AT LANDFILL SITES

Page 2 of 7

Environmental Media

General Response

Remedial Technologies

Process Options

Description

Evaluation Comments

Actions
Soils/Hot Spots Removal Excavation Mechanical Use of mechanical excavation equipment to | Potentially viable for hot spot areas. May
Excavetion remove and load landfill wastes for release VOCs to the atmosphere posing a
disposal. threat to nearby residents. Although VOC
release are usually controllable, potential for
fires and explosions from methane gas
present.
Drum Removal Excavation of subsurface drums appliesto | Potentially viable for hot spot areas.
hot spots areas. A drum grappler, adrum Potential for fires and explosions from
cradle, or ading attached to a backhoe or flammable material.
crane, or afront-end loader can be used
from drum removal.
Consolidation Refers to consolidation under alandfill cap | Potentially viable for hot spot areas.
of excavated material from hot spot areas.
Disposal Onsite RCRA Type Landfill | Permanent storage facility onsite, double RCRA landfills are usually not constructed
lined with clay and a synthetic membrane onsite because of typically poor site
liner and containing a leachate collection/ characteristics and great expense.
detection system.
Disposal Offsite RCRA Landfill Transport of excavated soil to a RCRA Potentially viable for hot spot areas. RCRA
permitted landfill. Land Disposal Regulations may require
treatment of waste prior to disposal.
Soil Treatment Thermal Treatment Onsite Incineration Landfill wastes are thermally destroyed in a | Potentially viable for hot spot areas. High

controlled oxygen sufficient environment.

concentration of inorganics would inhibit
efficiency. May require pretreatment for
debris.

Low Temperature
Thermal
Volatilization

VOCsremoved from soil in adrying unit.

Potentially viable for VOC hot spot areas.
However, it israrely effective by itself
because of mixed nature of waste material
including inorganics and nonvolétile
fraction of organics, and may require
pretreatment of debris.
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Table2-3

REMEDIAL ACTIONSUSED AT LANDFILL SITES

Page 3 of 7

Environmental Media

General Response

Remedial Technologies

Process Options

Description

Evaluation Comments

Actions
Soil/Hot Spots In Situ Treatment Biologica Treatment Biodegradation Soils seeded with microorganisms and Potentially viable for hot spot areas. Pilot
(Continued) nutrients to allow biological degradation. testing is required to design the
biodegradation process. Effectivenessis
uncertain since results have not been
demonstrated with diverse mixed wastes
typically present at municipal landfill sites.
Physical Treatment Vapor Extraction Volatile organics stripped from soil and Potentially viable--applicable for removal of
recovered in vapor form through extraction | VOCs; inorganic and semivolatile
wells. contamination would remain..
Solidification/ Soil mixed with an pozzolanic/cement Potentially viable for hot spot areas.
Stabilization material which can solidify and reduce Effective for soils contaminated with
mobility of contaminants. inorganics and low concentrations of
organics.
Offsite Treatment RCRA Incinerator Incineration of contaminated soils at a Rarely viable due to unavailability and
RCRA-permitted facilities. expense.
Air/Dust Containment Dust Controls Cover/Cap Uncontaminated native soil placed over Potentially viable for dust control.
landfill.
Groundwater and No Action No Action. Required by NCP to be carried through
Leachate detailed analysis of alternatives.

Institutional Alternate Water Supply Public Water Supply | Residentswill be connected to public water | Potentially viable.

Controls supply.

Containment Vertica Barriers Slurry Wall Trench around site or hot spot is excavated | Potentially viable--effectiveness depends on
whilefilled with abentonite slurry. Trench | site characteristics. Slurry wall should be
is backfilled with a soil- (or cement) keyed into aguitard or bedrock.
bentonite mixture.

Horizontal Barriers Bottom Sealing Controlled injection of slurry in notched Potentially viable--however, very rarely
injection holes to produce horizontal barrier | used because of ineffectivenessin
beneath site. achieving an adequate sedl.

Collection Extraction Extraction Wells Series of wellsto extract contaminated Potentially viable. May include perimeter

groundwater.

wellsto collect leachate as well as
downgradient wells to capture offsite
migration of contaminated groundwater.
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Table2-3

REMEDIAL ACTIONSUSED AT LANDFILL SITES

Page 4 of 7

Environmental Media

General Response

Remedial Technologies

Process Options

Description

Evaluation Comments

Actions
Groundwater and Treatment (may also | Leachate Collection Leachate Draing/ System of perforated pipe laid in trenches Potentially viable.
L eachate (continued) apply to surface Collection Trench onsite to collect contaminated groundwater
water) and lower water table.

Biologica Treatment

Aerobic

The use of agrobic microbes to biodegrade
organic wastes.

Potentially viable for organics. Sudge
produced.

Anaerobic

The use of anaerobic microbesto
biodegrade organic wastes.

Potentialy viable for organics. Sludge
produced.

Chemical Treatment

lon Exchange

Contaminated water passed through a bed
or resin material where exchange of ions
occurs between the bed and water.

Potentially viable.

Oxidation

Oxidizing agents added to waste for
oxidation of heavy metals, unsaturated
organics, sulfides, phenalics, and aromatic
hydrocarbons to less toxic oxidation states.

Potentially viable.

Metals Precipitation

Inorganic constituents altered to reduce the
solubility of heavy metals through the
addition of a substance that reacts with the
metals or changes the pH.

Potentially viable.

pH Adjustment

Neutralizing agents (such aslime) added to
adjust the pH. This may be doneto
neutralize awaste stream or to reduce the
solubility of inorganic constituents as part
of the metal's precipitation process.

Potentially viable.

Physical Treatment

Granular Activated
Carbon (GAC)
Adsorption

Passage of contaminated water through a
bed of adsorbent so contaminants adsorb on
the surface.

Potentially viable.

Air Stripping

Mixing of large volumes of air with water
in apacked column or through diffused
aeration to promote transfer of VOCs from
liquid to air.

Potentially viable.

Sedimentation

Suspended particles are settled out as a
pretreatment or primary treatment step.

Potentially viable.
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Table2-3

REMEDIAL ACTIONSUSED AT LANDFILL SITES

Page 5 of 7

Environmental Media

General Response
Actions

Remedial Technologies

Process Options

Description

Evaluation Comments

Groundwater and
L eachate (continued)

Treatment
(continued)

Physical Treatment
(continued)

Sand Filtration

Used to filter out suspended particles. May
be preceded by coagulation/flocculation
step to increase the effectiveness of sand
filtration.

Potentially viable.

Disposal

Onsite Discharge

Aquifer Reinjection

Extracted, treated groundwater is reinjected
into the agquifer to accelerate the cleanup

May not be viable due to state ARARSs.

Offsite Discharge

POTW

Extracted groundwater discharged to local
POTW for further treatment.

Potentially viable. Requires extensive
negotiations with POTW.

Groundwater Monitoring

Groundwater monitoring of existing or new
wells to detect changes in groundwater
movement or contamination.

Potentially viable.

Landfill Gas (LFG)

Collection

Passive Vents

Pipe Vents

Atmospheric vents are used for venting
LFG at pointswhereit is collecting and
building up pressure. Vents are often used
in conjunction with flares.

Potentially viable.

Trench Vents

Constructed by excavating a deep narrow
trench surrounding the waste site or
spanning a section of the area perimeter.
The trench is backfilled with gravel,
forming a path of least resistance through
which gases migrate upward to the
atmosphere. Trenches are most successfully
used where the depth of LFG migrationis
limited by groundwater or an impervious
formation.

Potentially viable.

Interceptor Trenches

Used when alandfill contains saturated
refuse near the surface. Constructed by
excavating a deep, narrow trench
surrounding the waste site or along a
section of the perimeter. Backfilled with
gravel to form a path of least resistance.

Potentially viable.
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Table2-3

REMEDIAL ACTIONSUSED AT LANDFILL SITES

Page 6 of 7

Environmental Media

General Response

Remedial Technologies

Process Options

Description

Evaluation Comments

Actions
Landfill Gas (LFG) Collection Active Systems Extraction Wells Applied extraction vacuum will serveto Potentially viable.
(Continued) (Continued) withdraw LFG in both the horizontal and
vertical directions. Wells are connected by a
collection header which leadsto a
blower/burner facility. Vacuum blowers
serve to extract the LFG from the wells and
push the collected gas through a free vent
or waste gas burner.

Air Injection System | Wells are constructed in the natural soil Potentially viable. Application of this
between the landfill and threatened technology is site specific. Injection wells
structures. A blower pumps air into the must be located a sufficient distance from
wells, creating a pressurized zone which the landfill to prevent forcing air into the
both retards LFG flow and dilutes refuse. Spacing and depth of wells are also
subsurface methane concentrations. important.

Treatment Thermal Destruction Enclosed Ground Enclosed ground flare systems consist of a | Potentially viable--however, could produce

Flares refactory-lined flame enclosure. Waste is secondary air pollutants from the process.
sometimes mixed with a supplemental fuel
and fed through avertical, open-ended pipe.

Pilot burners next to the end of the pipe
ignite the waste.
Monitoring Monitoring Wells Potentially viable.
Surface Water and Removal Excavation Mechanical Use of mechanical excavation equipment to | Potentially viable. Potential for secondary
Wetlands Sediments Excavation remove and load contaminated sediments migration of contaminants via surface water
for disposal. during excavation.
Dewatering Wédlls or Trenches Temporary lowering of water table. Usually | Potentially viable way to reduce the risk of
done in conjunction with sediment removal. | secondary migration of contaminants during
excavation.
Disposal Offsite Disposal/ RCRA Landfill Transport of excavated sediment to a Potentially viable. Treatment may be based
Discharge RCRA permitted landfill. on land disposal restrictions.
Treatment Physical Stabilization Soil mixed with stabilizing reagents (e.g., Potentially viable for sediments

lime, fly ash) which can stabilize
contaminants.

contaminated with inorganics and low
concentrations of organics.

Thermal Treatment

Contaminated sediments are thermally
destroyed in a controlled oxygen-sufficient
environment.

Potentially viable. Ash may require
additional treatment for inorganics.
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Table2-3

REMEDIAL ACTIONSUSED AT LANDFILL SITES

Page 7 of 7

Environmental Media

General Response

Remedial Technologies

Process Options

Description

Evaluation Comments

Actions
Surface Water Detention and Stormwater Controls Grading Reshaping of topography to manage Potentially viable. Usually implemented
Sedimentation Revegegation infiltration and run-off to control erosion. with the construction of a cap.
Collection Surface Controls Pumping, Diversion, Collection of surface water for removal, Potentially viable.
or Collection rerouting, or treatment.
Treatment Physical, Chemical, and See Grondwater and Treatment of surface water using biological, | Potentialy viable for small ponds or
Biologica Treatment Leachate Process chemical, or physical treatment to remove lagoons. Will usually be donein
Options organic or inorganic contaminants. See conjunction with treatment of groundwater
descriptions of process options under or leachate.
groundwater and leachate treatment.
Monitoring Gaging Stations Surface water monitoring to measure flow Potentially viable.

and containment concentration.
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Tables 2-4 and 2-5 present more specific RI
objectivesfor both Phase | and Phase |1 fieldwork.
A phase is defined as a time period where
additional sample collection may be necessary to
characterize asite more completely. Activitiessuch
as recontracting for services or remobilizing onto a
ste would be considered a separate “phase” of
fiddwork. Ideally, site characterization of both
sources (landfill and hot spots) and other affected
media should be conducted in one phase. In some
cases, however, because of the site's complexity,
Phase Il sampling may be required. Phase | and
Phase Il sampling are often, but not necessarily,
sequential. These investigations can take place on
digntly different schedules or take place
smultaneoudy, depending on the anaytica
turnaround time and field observations.

If sufficient information is not collected in a sngle
phase to characterize a site adequately, it may be
necessary to conduct a Phase Il investigation.
Phase || investigations are more frequently required
for potential or existing groundwater contamination
or a landfill sites with nearby wetlands and/or
surface water. Phase | groundwater investigations
typicaly estimate the plume location and may be
aufficient to initiste remedid actions for plume
containment. Phase Il groundwater investigations
typicdly further refine the extent of groundwater
contamination and are typically used to ad in the
design and implementation of the final response
actions. Similarly, Phase | wetland and/or surface
water investigations determine if the wetlands or
surface waters are affected, while Phase Il wet
lands and/or surface water investigations determine
the magnitude and extent of the impact. Phase |
investigations for landfill contents and landfill gas
are not typically done, because adequate
information for characterizing these mediaisusualy
obtained from the Phase | investigation.

2.10 Development of DQOs

DQOs are qualitative and quantitative statements
specifying the required quality of the data for each
specific use. DQOs are based on the concept that
different data uses often require data of varying
quality. An example of different data uses for the
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RI/FSinclude site characterization, risk assessment,
and alternatives evauation.

DQO development is begun during generation of
the conceptual ste modd and further refined during
definition of the preliminary remediation goals.
DQOs, however, are not made final or documented
until after the RI objectives have been established.
There are three objectives in developing DQOs.
One is to obtain a well-defined sampling and
andysis plan (SAP). The SAP consists of a field
sampling plan (FSP) and aquality assurance project
plan (QAPP). The SAP identifies the number and
types of samples to be collected, the appropriate
method of analysis, and the reason the information
from these sampl esis necessary to make necessary
remedial decisons. The second objective in
developing DQOsisto identify the required QA/QC
procedures to ensure the quality of the data being
collected. The third objective is to integrate the
information required by the decision makers, data
users, and technical specialists associated with the
RI/FS process. Thisintegrated approach alowsfor
a cost-effective RI/FS implementation program.

The DQO process includes three stages for
identifying the data quality needed to characterize
asite adequately. The stages are:

o Stagel. Identify decision types
Identify and involve decision makers,

technical specidists, and other data
users

Evaluate available information for
uncertainty or adequacy for making
decisions

Specify the RI/FS objectives and the
critical decisions that would affect
potential remedia actions

Stage 2. ldentify data uses and needs

| dentify data uses and types

| dentify data quality and quantity needs

Evaluate sampling and andlysis options



Table 2-4

MUNICIPAL LANDFILL SITES

PHASE | REMEDIAL INVESTIGATION OBJECTIVESFOR

Page1of 4

Activity

Phase | Objectives
(Activities Generally Performed After Work Plan is Approved)

Objectives

Action

Site Mapping/Site Dynamics

Map site and determine topography;
determine site boundaries, drainage patterns,
and other geophysical features.

Use photogrammetric methods from
aerial photography; conduct fly-
over, if necessary.

Geophysical Investigation

Investigate presence of buried ferromagnetic
materials (drums) where documentation and/or
physical evidence indicates their presence.

Determine waste fill locations and determine
geologic strata.

Conduct magnetometer and/or
ground-penetrating radar survey.

Conduct electromagnetic
conductivity survey.

Geotechnical Investigation

Evaluate the physical properties of geologic
unit governing transport of contaminants.

Collect data on soil characteristicsto
determine if onsite soil can be used asfill
material and to determine placement of a
potential cap or

Identify offsite borrow-source for cap
construction

Evauate existing cap to determine physical
properties.

Collect data on permeability,
porosity, hydraulic head, percent
organic carbon, etc.

Measure soil characteristics such as
plasticity index, moisture content,
porosity, and permeability.

Survey local areafor appropriate
material.

1) Collect data on permeability,
porosity, and measure thickness.

2) Determine Atterberg limits.

3) Determine extent of vegetation
cover, any vegetative stress, and
erosion.

4) Monitor landfill settlement (e.g.,
topographic survey and benchmark
installation and survey).

Hydrogeologic Investigation

Determine depth of wells and screen intervals
for existing shallow and deep wells.

Identify and characterize hydrogeologic units.

Obtain soil classification or geologic
data.

1) Drill borings around landfill for
development of boring logs to better
define the aquifers and confining
layers; drilling through landfill
contents may be conducted after
evaluating health, safety, and other
risks.

2) Perform down-hole geophysical
surveys.
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Table 2-4

MUNICIPAL LANDFILL SITES

PHASE | REMEDIAL INVESTIGATION OBJECTIVESFOR

Page 2 of 4

Activity

Phase | Objectives
(Activities Generally Performed After Work Plan is Approved)

Objectives

Action

Hydrogeologic Investigation
(Continued)

Determine direction of groundwater flow and
estimate vertical and horizontal gradients.

Determine rate of groundwater flow and
evaluate the feasibility of groundwater
extraction.

1) Install monitoring wells and take
water level measurements from new
and exigting wells.

2) Investigate yield of private and
public wells.

Install monitoring wells and perform
hydraulic conductivity tests on new
and existing wells; check water
levels at amaximum of once a
month during the RI.

Meteorological Investigation

Determine prevailing wind direction and air
speed to evaluate remedial actions.

Collect and analyze wind speed and
direction data.

Chemical Investigation
Groundwater

Identify extent and type of groundwater
contamination to perform an assessment of
human health risks.

Identify upgradient water quality for each
geologic unit.

Determine upgradient concentration.

Determine source of groundwater
contamination.

Determine whether seasonal fluctuations
occur in contaminant concentrationsin the
groundwater and in hydraulic characteristics.

Evaluate feasibility of groundwater treatment
systems.

Install monitoring well in aquifers of
concern; design monitoring well
network to determine the extent of
the plume (wells should also be
located in “clean” areato confirm
that the end of the plumeislocated
both vertically and horizontally);
collect and analyze samples.

Install upgradient monitoring wells
in aquifers of concern.

Install monitoring wells upgradient
of the landfill and collect and
analyze samples.

Collect and analyze groundwater
samples and compare results to the
landfill waste characteristics and
background levels.

Sample and analyze groundwater
during different seasons.

Obtain COD, BOD, metals, and
other conventional water quality
data.
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Table 2-4

MUNICIPAL LANDFILL SITES

PHASE | REMEDIAL INVESTIGATION OBJECTIVESFOR

Page 3 of 4

Phase | Objectives
(Activities Generally Performed After Work Plan is Approved)

Determine groundwater and surface water
interactions during several periods during the
RI.

Determine background concentration of
surface water and sediment.

Determine surface runoff impact on surface
water quality; determine the type and extent
of contamination in nearby surface waters and
sediments.

Determine the absence or presence of
contamination in onsite ponds.

Activity Objectives Action
Leachate Identify extent and type of leachate to Collect ana analyze |leachate data.
evaluate feasibility of groundwater treatment
system.
Estimate amount of leachate production from Ingtall leachate wellsin or around
landfill. landfill and measure |eachate head.
Perform water balance calculation
on landfill.
Surface Water and Sediment Determine viability of treatment technologies. | Collect field measurements on

Redox and DO.

Install staff gauges onsite, survey
gauges, measure surface water levels
and groundwater levels
concurrently.

Collect and analyze upstream water
and sediment samples.

Collect and compare up- and
downgradient surface water to
downgradient groundwater samples,
also collect up- and downgradient
sediment samples.

1) Collect and analyze samples from
nearest |leachate seeps and compare
to stream water quality.

2) Collect and analyze surface water
and sediment samples at increasing
distances away from the landfill and
compare results to landfill waste
and background levels.

1) Collect and analyze surface water
and sediment samples for onsite
ponds.

2) Conduct toxicity testing
(bioassay).
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Table 2-4

MUNICIPAL LANDFILL SITES

PHASE | REMEDIAL INVESTIGATION OBJECTIVESFOR

Page 4 of 4

Activity

Phase | Objectives
(Activities Generally Performed After Work Plan is Approved)

Objectives

Action

Landfill Gag/Air

Identify areas within the landfill containing
high concentrations of explosive of toxic
landfill gas to perform an assessment of
human health risks due to air toxics and
explosive hazards, to evaluate the feasibility
of gas collection and treatment, to evaluate
need for immediate action, and to evaluate
other remedial actions.

1) Obtain flow-related data from
exigting and newly ingtalled gas
vents, estimate emission rates, and
perform air modeling.

2) Obtain samples of landfill gas
from within the landfill using the
leachate headwell.

Estimate concentrations of selected VOCs
being emitted to the atmosphere.

Collect and analyze ambient air
samples.

Landfill Gas/Groundwater

Identify areas within the landfill containing
high concentrations of explosives or toxic
landfill gasto determineif VOCs act or may
act as a source of groundwater contamination.

Obtain flow-related data from
exigting and newly ingtalled gas
vents, estimate emission rates, and
perform air modeling.

Hot Spots

Investigate areal extent, depth, and
concentration of contaminants at hot spotsin
the landfill’ s contents.

Collect and analyze samples from
potential hot spot areas
(documentation and/or physical
evidence must exist to qualify hot
spot as “potential”), with more
extensive sampling within confirmed
hot spot areas.

Environmental Evaluation

Delineate wetlands.

Determine impact of landfill on nearby
wetlands.

Describe aquatic and terrestrial community in
vicinity of site and aguatic community
downstream of site.

Determine impact of remedial action on
wetlands/flood plains.

Conduct wetlands delineation
survey.

Collect and analyze surface water
and sediment from nearby wetlands.

Collect or observe aguatic or
terrestrial organismsin the vicinity
of the site; conduct sensitive
receptor survey.

Delineate wetlands/flood plain areas
in vicinity of site.

*Refer to Section 2, Site Characterization Strategies, for an explanation of when these activities are appropriate.
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Table2-5

MUNICIPAL LANDFILL SITES*

PHASE || REMEDIAL INVESTIGATION OBJECTIVESFOR

Page 1 of 2

Activity

Phase |l Objectives
(Activities Generally Performed After Work Plan is Approved)

Objectives

Action

Geophysical Investigation

Further investigate probable presence of
buried ferromagnetic materials (drums).

Excavate probable drum burial area.

Geotechnical Investigation

Further evaluate the physical properties
governing transport of contaminants through
identified pathways.

Collect additional dataon
permeability, porosity, hydraulic
head, percent organic carbon, €tc.;
model pathways.

Hydrogeologic Investigation

Determine depth of wells and screen intervals
for existing shallow and deep wells.

Further identify and characterize
hydrogeologic units.

Further determine direction of groundwater
flow and estimate gradients.

Determine rate of groundwater flow and
evaluate the feasibility of groundwater
extraction.

Obtain additional soil classification
or geologic data; review Phase | RI
results.

1) Drill additional borings
throughout site for development of
boring logs to better define the
aquifers and configuring layers
(hedlth, safety, and long-term risk
associated with drilling into the
landfill should be weighed against
the potential usefulness of the data
for evaluating aternatives).

2) Perform down-hole geophysical
surveys, as appropriate.

Install additional monitoring wells
and take water level measurements
from new and existing wells.

Install monitoring wells and perform
hydraulic conductivity and pumping
tests on new and existing wells;
check water levels at a maximum of
once amonth during the RI.

Chemical Investigation
Groundwater

Identify extent and type of groundwater
contamination to delineate plume.

Redetermine upgradient concentration if Phase
| results inconclusive

Further determine whether seasonal
fluctuations occur in contaminant
concentrations in the groundwater and in
hydraulic characteristics.

Further evaluate feasibility of groundwater
treatment systems.

Ingtall additional monitoring wellsin
aquifers of concern; collect and
analyze samples.

Install additional monitoring wells
upgradient of the landfill and collect
and analyze samples.

Sample and analyze groundwater
with additional rounds of sampling
from the same location(s).

Obtain additional COD, BOD, and
other conventional water quality
data; initiate treatability studies, as
necessary.
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Table 2-5

PHASE || REMEDIAL INVESTIGATION OBJECTIVESFOR

MUNICIPAL LANDFILL SITES*

Page 2 of 2

Phase |l Objectives
(Activities Generally Performed After Work Plan is Approved)

additional areas within the landfill containing
high concentrations of explosives or toxic
landfill gas to perform an assessment of
human health risks due to air toxics and
explosive hazards, to evaluate the feasibility
of gas collection and treatment, and to
evaluate other remedial actions.

Activity Objectives Action
Surface Water and Sediment Further determine effect of groundwater on Collect and compare additional up-
surface water. and downgradient surface water and
sediment samples to downgradient
groundwater samples.
Compare additiona stream and water levels Install additional staff gauges onsite,
during severa periods during the RI. survey gauges, measure surface
water levels and groundwater levels
concurrently.
Landfill Gag/Air If initial results are inconclusive, identify Obtain additional flow-related data

from existing and newly installed
gas vents, estimate emission rates,
and perform air modeling.

Landfill Gas/Groundwater

If initial results are inconclusive, identify
additional areas within the landfill containing
high concentrations of explosives or toxic
landfill gasto determineif VOCs act or may
act as a source of groundwater contamination.

Obtain additional flow-related data
from existing and newly installed
gas vents, estimate emission rates,
and perform air modeling.

Environmental Evaluation

Describe aquatic and terrestrial community in
vicinity of site and aguatic community
downstream of site on a seasonal basis.

Collect or observe aguatic or
terrestrial organismsin the vicinity
of the site on a seasonal basis.

*Refer to Section 2, site Characterization Strategies, for an explanation of when these activities are appropriate.
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- Review precision, accuracy,
representatives, completeness, and
comparability (PARCC) parameters

e Stage 3. Design data collection program

- Assemble data
- Design program

Although the elements of Stage 1 can be thought of
as distinct steps, they are continuous, incorporating
additional information as it becomes available.
DQOs should be undertaken in an interactive and
iterative manner; DQO elements are continually
reviewed and evaluated as data are compiled.

The output of the DQO process is a well-defined
SAP, with summary information provided in the
project work plan. Documentation is supplied,
detalling the type of samples believed to be
necessary for each matrix to obtain sufficient
representation of site conditions. The desired
PARCC of the chemical analyses are aso
documented.

Before the DQOs are developed, a detailed list of
potential ARARS specifying the required chemical
concentrations should be prepared. In addition, a
preliminary risk assessment may be conducted and
chemical concentrations relating to a 10 to 10°
risk range should be determined. The purpose of the
ARARs and risk assessment information is to
determine the contaminants of concern and the
required analytical detection limits. These ARARS
should include both federal and state requirements,
because some states may have their own more
stringent standards. The detection limits noted
during the assembly of the ARARs should be
incorporated in the DQOs.

A combination of laboratory services may be used
to achieve the DQOs so that time and money are
used efficiently. There are five levels of data
methodologies and associated quality control that
can be used during an RI:

* Level | is the lowest quality data but
providesthefastest results. Field screening
or anadysis provides Level | data. It can be
used for health and safety monitoring and
preliminary screening of samplesto identify
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those requiring confirmation sampling
(Level 1V). The generated data can
indicate the presence or absence of certain
congtituents and is generdly quditative
rather than quantitative. It is the least
costly of the analytical options.

 Level Il data are generated by field
laboratory analysis using more-
sophisticated portable analytical
instruments or a mobile laboratory onsite.
This provides fast results and better-quality
data than in Level |. The analyses can be
used to direct aremoval action in an area,
reevaluate sampling locations, or direct
ingtallation of a monitoring well network.

* Level Il data may be obtained by a
commercid laboratory with or without CLP
procedures. (The laboratory may or may
not participate in the CLP.) The analyses
do not usualy use the vaidation or
documentation proceduresrequired of CLP
Level IV anaysis. The anayzed
parameters are relevant to the design of
the remedia action.

e Level IV data ae used for risk
assessment, engineering design, and cost-
recovery documentation. All analyses are
performed in a CLP analytical laboratory
and follow CLP procedures. Level IV is
characterized by rigorous QC protocols,
documentetion, and vaidation.

» Level V data are those obtained by
nonstandard analytical procedures. Method
development or modification may be
required for specific condituents or
detection limits.

»  Other. Thiscategory includes data obtained
from analyses of the physical properties of
s0il, such as Atterberg limits and soil
moisture.

Tables 6-1 through 6-3 in Appendix A of this
report present an example of a DQO summary
for an example landfill site. The anaytica
levels ae mixed to provide an optima
analytical program. For example, in the case of



groundwater, Level | data can consist of screening
for volatile organic compounds (VOCs) using a
photoionization detector, and Level 11l can be
obtained from andyzing for parameters needed for

treatment such as iron and manganese. Level Il

data can consist of analysis of the groundwater by

an onsite mobile laboratory. Placement of the
monitoring wells canthen be readjusted in thefield,

if necessary. Level IV data would provide the

results of site characterization and risk assessment.

Level V datawould be obtained for chemicals such
as vinyl chloride (for vinyl chloride, the detection
limit required for risk assessment, based on a 10°

cancer risk, is lower than the detection limit

established in CLP methodol ogy).

The first phase of DQO development is complete
once the field program has been defined. The RI
tasks necessary to achieve the DQOs must be
specified in the work plan and may be atered or
redefined, depending on the results of fieldwork.
Additional information on DQOs can be found in
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the documentstitled Data Quality Objectives for
Remedial Response Activities, Volumes | and 11
(U.S. EPA, 1987b and U.S. EPA, 1987c).

2.11 Section 2 Summary

This section illustrates the key components of
scoping an RI/FS for a CERCLA municipa landfill
site. The primary purpose of scoping an RI/FSisto
dividethe broad project goalsinto manageabl e tasks
that can be performed within areasonable period of
time. The broad project goals for an RI/FS at any
Superfund site are to provide the information
necessary to characterize the site, define site
dynamics, define risks, and develop a remedia
program to mitigate potential adverse public health
and environmental impacts. To obtain the necessary
data to achieve these goals, Section 3 presents
various site-characterization strategies and the
associated field tasks for municipa landfill Sites.



Section 3
SITE CHARACTERIZATION STRATEGIES

Once a work plan has been developed, field
activitiesare undertaken to further characterize the
site. The purpose of site characterization is to
assess the risks to human hedth and the
environment posed by the site and to develop a
remediation strategy to mitigate these current and
potential threats.

As described in Section 2, site characterization
begins with an evauation of previous data and
analyticd results. Thisinformation iscombined with
field investigations to fill in data gaps and to test
hypotheses about the site devel oped during scoping.
In this section, characterization activities are
described by the different media that might be
contaminated by a municipa landfill ste, and
different site characterization strategies for two
types of municipal landfill sites are discussed.

Most municipa landfill sites on the NPL are
co-disposal facilities that may or may not have
known or suspected hot spots. Hot spots consist of
highly toxic and/or highly mobile materiad and
present a potentia principa threat to human health
or the environment (see 40 CFR Sec.
300.430(a)(2)(iii)(C)). Excavation or treatment of
hot spotsis generaly practicable where the waste
type or mixture of wastesisin adiscrete, accessible
location of a landfill. A hot spot should be large
enough that its remediation will significantly reduce
the risk posed by the overdl site, but smal enough
that it is reasonable to consider remova and/or
treatment.

The two principal types of municipd landfillsare as
follows.

» Landfill Type I. This is a co-disposa
facility where records or some other form
of evidence indicate that hazardous wastes
were disposed of with municipad solid
wastes. There are no known or suspected
hot spot areas, and historical records and
physica evidence, such as aeria
photographs and the site visit, do not
document any discrete subsurface disposa
areas.
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» Landfill Type II. This is a co-disposa
facility where approximate locations of hot
spots are known or suspected, either
through documentation, physical evidence,
or consistent employee/resident interviews.
Smdl- to moderate-sized landfills (for
example, less than 100,000 cubic yards)
that pose aprincipal threat to human hedlth
and the environment are included in this
group because it may be appropriate to
consider excavating and/or treatment of the
contents of these landfills.

Placing municipal landfill dStes into these two
categories dlows more efficient characterization
through avoidance of extensive and unnecessary
sampling, and streamlines the RI/FS process. It
should be noted that the distinction between these
landfill types will not always be clear. Therefore,
the application of the approaches described below
should be flexible and adapted to the specific Site
characteristics.

In generd, categorizing landfills into different types
alows the site characterization to focus on
detecting and then characterizing hot spots.
Because there are no known or suspected hot
spots, the feasibility study for Landfill Type | can
focus on capping aternatives as part of an operable
unit. Thisfocused feasibility study could precede or
be conducted concurrently with the groundwater
investigation, particularly at sites where leachate is
not a problem. At Landfill Type I, more effort can
be expended on characterizing and remediating the
hot spots. At these sites, the feasibility studies can
focus on the operable units and remedial action
alternatives for these units.

Site characterization strategies for the landfill types
are described below by medium. The focus of the
descriptionsis primarily on those media most often
requiring remediation at municipa landfill Stes(e.g.,
groundwater, leachate, landfill contents/
hot spots, and landfill gas). Other areas
such as wetlands, surface water, and sediments
are also discussed, but in less detall,
since the nature of contamination is not unique



to municipd landfill stes and information is readily
available from other sources. The descriptionswere
prepared asif the Site investigations were done in
only one medium. However, at most sites, this will
not be the case. The user should read all
descriptions applicable to the site, and coordinate
sampling and investigation efforts as described in
Section 2.10, Development of DQOs. Sample
requirements should be reviewed in al media of
concernto determine the most efficient and concise
method of obtaining data.

Site characterization efforts may generate a large
amount of data. Organization of the datais essential
to proper interpretation. During planning of surveys
or well ingtallations, consideration should be givento
data organizati on--mapping, geol ogic cross sections,
grid points, etc.--aswell asto organization of results
from field instrument analyses.

3.1 Groundwater

Characterizing asite’ sgeology and hydrogeology as
well as developing an understanding of the regional
geology and hydrogeology is paramount to the site
characterization process. Data gathered for site
characterization of geology and hydrogeology
sgnificantly affect the selection of an appropriate
remedial action strategy. The type of cap selected,
the location of the groundwater extraction system
and amount of groundwater extracted, and the
necessity for collecting and treating landfill gas are
dl affected by the geology and hydrogeology of the
site. General procedures for Phase | and Phase ||
gte characterizations of regiona and site-specific
geology and hydrogeology are described below.
More specific information on placement of
monitoring wells by landfill type is given in Section
313

All Phase | and Phase |l characterization activities
can be done a both types of landfill sSites.
Depending on the type and quality of data gathered
both before and during development of the RI/FS
work plan, some of these activities may have been
performed. Further information on characterizing
ste hydrogeology is available in Guidance on
Remedial Actions for Contaminated
Groundwater at Superfund Sites (U.S. EPA,
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1988e).
3.1.1 Groundwater Investigations

The characterization of the groundwater beneath
and near a Site is often completed in two phases.
Theinitid dte characterization study is based on a
review of existing literature describing the regiona
and local geology and ste history. This literature
includes local government records and aeria
photographs. The second phase is based on the
review of existing literature and is used to design a
sampling and monitoring program to answer
questions devel oped during the first phase.

The initia characterization of the hydrogeology and
the groundwater conditions (done before or during
the limited field investigation) depends on an
understanding of the relationship of the site geology
and groundwater flow characteristics. At a
minimum, a description of the site geology should
include the lithology of geologic units underlying the
gte that are contaminated or used as Class | or |1
aquifers, and the relationship among the units.

3.1.1.1 Phasel Site Characterization

In Phase |, geological information about the area,
gathered during the limited field investigation, and
intrusive activities such as drilling and geophysical
surveys (described in further detail in Section 3.2)

is reviewed. The data gathered for the Phase | site
characterization should be sufficient to provide a
general understanding of the hydrogeol ogical regime
of the region and its relationship to the landfill. The
information should give a generd picture of the
local gtratigraphy, depositional environments of the
strata, the tectonic history as it relates to tilting,

folding, or fracturing of the strata present,
groundwater depth and flow direction, the unitsthat
are contaminated or used as Class | or Il aguifers,
and local groundwater uses, including the effects of

pumping (withdrawal). After this information has
been gathered and reviewed, aregiona conceptual
mode of the Hydrogeology should be devel oped
(see Section 2.5). Future field investigations are
based on this model and are developed to fill in the
data gaps and to answer hypotheses presented by
the moded!.



This conceptual model is revised as new
information is developed from thefied investigation.

A limited number of boreholes with wells and
piezometers monitoring discrete  water-bearing
zones should be installed during the Phase | gite
characterization. For characterization purposes, it
may be useful if at least one borehole is drilled into
the first confining layer beneath the uppermost
aquifer (water table or unconfined aquifer).
Boreholes and monitoring wells should be drilled at
the site in numbers and locations sufficient to
characterize the geology, water levels, and
groundwater flow beneath the site. Sufficient
borings and wells should be ingtalled to permit the
construction of meaningful geologic cross sections.
The densty of data points should describe the
relaionships between geologic and hydrologic
conditions. For example, if groundwater flow is
controlled by fractures in tilted strata, a sufficient
number of wells should intersect or cross the
fractured strata.

Information derived from the borings should be
sufficient to:

» Correate stratigraphic units

* ldentify zones of possble high hydraulic
conductivity

* |dentify confining layers

o ldentify any unusual or unexpected
geologica features such as faults,
fractures, facies changes, solution
channédls, etc.

In some cases, samples should be collected to test
for geotechnica and geochemical parameters.
Tests could include cation exchange capacity if
metal's contamination is expected, bulk densty and
moisture content for treatment characteristics,
permeability and porosity for containment or
extraction effectiveness, and analytical parameters
(e.g., TAL metals, TCL organics) for contaminant
fate and transport.

Each boring should be documented with aboring log
that describes:

» Soil classifications or rock types
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e  Structural features such as fractures and
discontinuities

» Depth to water

»  Depth of boring and reason for termination

» Development of soil zones and vertical
extent

* Any evidence of contamination

e Geotechnical information such as blow
counts, color, grain-size distributions, and
plasticity

 Wdl condruction details (if boring is
finished as a monitoring well)

At least the first borehole should be sampled
continuoudy to determine if the subsurface
materias are variable. Samples should be collected
from every significant stratigraphic contact and
formation, especially the confining layers.
Subsequent borings may be sampled at
predetermined intervals that are justified based on
the subsurface characteristics. All boreholes in
which piezometers or monitoring wells are not
installed must be properly abandoned. Soil samples
should be described by a qudified geologist,
geotechnical engineer, or soil scientist.

Groundwater quality samplesthat identify the extent
and type of contamination should be collected in the
aquifer of concern. The aquifer of concern is the
unit where contamination is known or suspected or
one that is used as a Class | or Il aquifer.
Upgradient water quality for the aquifers of
concern should also be established. Seasona
fluctuationsin contaminant concentrations should be
determined. Wedl pars may be required to
determine the vertica direction of flow between the
water table and a lower aquifer. The deep well of
the pair candso determineif the contamination has
entered a lower aquifer. Wells penetrating lower
aquifers must be constructed with care so that they
do not become conduits for contamination. If such
wells are intended only to determine the hydraulic
relationship between two aquifers, they
should not be placed downgradient from a
potential contaminant source. They should only



be placed downgradient from a source if the
hydraulic relationships of that areamay be different
than a other locations or if contamination is
suspected or documented.

The Phase | site characterization should beflexible
to accommodate revisons to the scope as
information becomes available. For example,
groundwater sampling results may be obtained with
a fast turnaround time during the Phase | fied
activities. Thiswould alow refining theinvestigation
program in the field to delineste contamination and
possbly limit the need or extent of a Phase Il
investigation.

3.1.1.2 Phasell Site Characterization

Phase |1 site characterization is warranted if the
data obtained in Phase | are insufficient to assess
risks to human hedth and the environment and to
develop and evaluate remedial action alternatives.
If the information obtained in Phase | cannot
answer questions on the direction and rate of
groundwater flow, effectiveness of anobserved or
presumed aquiclude, extent of observed
contamination, or location of known or presumed
contamination, a Phase Il site characterization is
necessary. For instance, descriptions from the
boring logs may indicate that a confining layer is
possibly continuous acrossthe site, but aquifer tests
or analytical dataindicate that the confining layer is
discontinuous. Inthis case, additiona borings, wells,
and aquifer tests may be necessary to resolve the
conflicting data.

Phase Il site characterizations are also necessary
if previously unknown hot spots are detected during
the Phase | Site activities and additiona borings or
wells are beyond the capability of the driller. Data
should be obtained during Phase Il ste
characterization activitiesto place the hydrogeol ogy
of known and newly discovered hot spotsin context
with the geology of the site and region.

During this phase, the compatibility of the naturally
occurring clay minerals and other rock and
soil-forming materias with any known chemicalsin
the landfill should be examined. Soil and rocks with
a high carbonate content will be attacked by acids,
increasing their permeability. Clays similar to
bentonite can be ineffective barriers to the
migration of some organic compounds. Laboratory
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determination (X-ray diffraction) of the clay types
may be necessary.

Data gathered during Phase || site characterization
activities should primarily be directed towards
identifying potentia targets and optimizing the
analytica program. Additiona monitoring wells
should be installed, and groundwater and |leachate
samples should be collected from areas where
Phase | activities indicate that contamination has
spread or is spreading. Sampling in “clean” areas
should be minimized unless Phase| activities did not
adequately define these areas. Monitoring wellsare
needed to identify the limits of the plume, and as
such, would be at the end of the plume in areas
considered “clean.” Additional piezometers can be
ingtaledif groundwater and leachate rate and flow
direction need to be clarified for modeling and
descriptive purposes.

If the necessary characterization is largely done
during Phase | activities, then fewer boreholes and
less additional indirect investigation will be
necessary during Phase Il activities, Placement of
boreholes, piezometers, and monitoring wells should
be carefully reviewed o that essentia information
on leachate and groundwater is collected. Drilling
an excessve number of boreholes will not
necessarily provide useful information on the site's
hydrogeology. Additional information on placement
of monitoring wells is provided in Section 3.1.3.

3.1.2 Data Requirements

A detailed description of groundwater remedial
action dternativesfor municipa landfill sites can be
found in Section 4.5. To evauate the various
remedial action aternatives, data gathered before or
during the site characterization of groundwater
should include:

» Theregiona geologic regime and regional
groundwater flow direction

« A hydrogeologic investigation to
characterize the groundwater aquifer
including the depth to water, flow direction,
flow rate, the extent and nature of
confining layers, fractures, and any
potential pathways for contaminant
migration at the site



» Location of site-specific items of interest
such as outcrops, springs, seeps, leachate
outbreaks, and surface drainage features

» The compatibility of the suspected
contaminants with naturaly occurring
materials at the site

* |dentification of actud or potentialy
useable aguifers (e.g., Class| and Classl|
aquifers) and water-bearing units and their
physica properties (including linkage
between aquifers)

o (Climaic and topographic conditions
affecting groundwater recharge and
discharge, erosion, flooding, and surface
water conditions of interest

» ldentification of potential pathways for
contaminant migration

»  Geologic conditions, hazards, or congtraints
that could contribute to offsite contaminant
migration or that might preclude certain
remedia alternatives

o Site-gecific anaysis such as BOD and
COD (see Section 4.5)

3.1.3 Placement of Monitoring Wells
3.1.3.1 Objectives

The objective of ingtaling monitoring wells is to
determine if the landfill has affected the
groundwater system. Monitoring wells are used to:

»  Determine subsurface conditions, including
confining layers and zones of high

permesbility

»  Determine background (upgradient) water
qudlity

» Locate contaminant plumes
e  Characterize groundwater contaminants

*  Characterize hot spots
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Because there are many uses for monitoring wells
at municipd landfill dStes, there are no smple
procedures for determining appropriate placement.
Smple geology characterized by horizonta, thick,
homogeneous, unfractured strata tends to reduce
the number of soil borings and monitoring wells.
More complicated geology, including fractured,
tilted, folded, thin, or heterogeneous geologic strata
tends to increase the number of soil borings and
monitoring wells necessary to adequately
characterize a dte. Landfill conditions that lead to
more detail ed investigationsinclude known locations
of the disposa of hazardous wastes and loss of
containment (liner or durry wall) integrity.

3.1.3.2 Procedures

Landfill Type I. Thisisamunicipd landfill where
co-disposal of hazardous and municipal wastes
occurred, but the disposa in a discrete, accessible
location of highly toxic and/or highly mobile materia
that presents a potentia principal threat to human
hedth or the environment, is not known. The
presence of hazardous congituents in the
groundwater is a concern a this type of landfill.
The number of wells should be determined on a
site-specific basis.

Upgradient Monitoring Wells. The number of
wells increases with the complexity of site geology
and landfill design or history. Upgradient monitoring
wells should be in a*“clean” area so that they may
provide representative background groundwater
qudity in the agquifer of concern. They should be
screened in the same strata as the downgradient
monitoring wells unless the bedrock dips steeply or
rock types change rapidly across the site. Location
of the monitoring wells should aso consider
groundwater and contaminant velocity at the site.
Groundwater that moves dowly and where the
contaminants are widely dispersed will require
careful location of upgradient wells to avoid the
plume. The location of upgradient monitoring wells
should consider surface water or agricultural and
industrial activities that may be affecting the
groundwater quality upgradient of the landfill. A
preliminary estimate of contaminant travel distances
should be determined so initid well ingtalation
approaches can be determined.



Downgradient M onitoringWells. Downgradient
monitoring wells should be near the landfill
boundary and in the saturated zone. If the landfill
liesabove the saturated zone, the leachate migration
pathway to the groundwater should be considered
before monitoring well placement is determined. In
cases where complex interbedding, especialy of
dluvid depodts, underlie the landfill, additional
monitoring wells may be required. It should aso be
recognizedthat glacia stratigraphy can aso bevery
complex.

Downgradient monitoring wells should be located
dong any zone that may offer preferential
groundwater movement. Geologic features such as
solution channels, faults, or permeable linear sand
lenses should aso be considered in downgradient
monitoring well placement, since these features can
act as groundwater conduits. Other features that
affect the placement of downgradient monitoring
wells include fill areas, buried pipes and utility
trenches, areas with high hydraulic gradients, and
areas with high groundwater velocities. Placement
of downgradient monitoring wells should aso
consider low-permeability zones associated with
such features as clay lenses, dense bedrock, and
glaciatill that can differentially retard groundwater
flow.

The use of field data or rapid turnaround data from
anearby laboratory can provide useful information
in the placement of monitoring wells. For example,
an ongte laboratory could be used during well
ingtalation to provide andytica results that would
be used to reevaluate the proposed monitoring well
network. Groundwater samples could be anayzed
for selected VOCs and inorganic anions to aid in
determining the extent of the groundwater plume.
Inorganic anions such as chloride and sulfate are
persistent chemicals that can be used as indicators
of contaminant transport. Therefore, mapping
elevated levels of theseindicator chemicalsrelative
to upgradient concentrations can give a more
accurate picture of the extent of the groundwater
plume than just VOC analysis. Because of
volatization, adsorption, and degradation, VOCs
may diminish in concentrations more rapidly than
the inorganic ions,

Word-searchable Version — Not a true copy

Other Monitoring Wells. Additiond monitoring
wells needto beinstalled and sampled to determine
the integrity of any confining layers and to
determine whether the confining layer is continuous
or breached. Where a confining layer exists,
monitoring wells should be ingtdled in the areain
order to assess vertical flow between the upper and
lower aquifer, and the groundwater flow in the
lower aguifer. In general, numerous boreholes or
wells through confining layers should be avoided
when the site conceptual model indicatesavery low
potential for contamination of the underlying
aquifer.

Monitoring Well Screen Placement. Monitoring
wells should be completed in the first aquifer
encountered beneath the landfill and other discrete
zones beneath. That aguifer will usually be
unconfined at the landfill location. The nature of the
suspected contaminants should be used to
determine the ideal screen location in the aquifer.
Most typica landfill contaminants are soluble
enough to be detected by laboratory instruments, so
screening in the upper portion of the aquifer should
detect any contamination present.

If a highly variable geology exidts at the site, each
screen should be open only to one stratum. If a
screen is open to more than one stratum,
contaminants may move to uncontaminated zones,
and the actud zone of contamination will be
impossible to determine. A typica screen length is
5 feet, but longer screen lengths are required in
zones of very low permeability or where water
levels are known to change over great intervals.
Generaly, screens should be no longer than 20 feet.

If the contaminant is a dense, hon-aqueous phase
liqud (DNAPL), the screens must monitor the
bottom of the first aguifer. If this distance is
excessive, saveral monitoring wellswith overlapping
screens aretypicaly ingaled. DNAPL migrationis
generdly controlled by the top surface of the
confining layer, and islittle affected by the hydraulic
gradient. Additional monitoring wells and boreholes
may be required to define this surface. A DNAPL
will enter deeper aquifers if breaches in the
confining layer are encountered. DNAPLS may
move through clays at order-of-magnitude greater
velocities than water. Monitoring wells should



be placed in the lower aguifer to determine the
hydraulic gradient between the two aquifers, and to
determine if contamination has reached the lower
aquifer. DNAPLSs can migrate to the bottom of the
lower aquifer, but often this distance is great and
the nature and topography of the underlying
aquitard are difficult to define.

The viscosity and dispersivity of the contaminant
should aso be considered during monitoring well
screen placement. A highly viscous liquid will
migrate very dowly in the subsurface. Its
movement may be affected more by capillary
attraction than by normal factors of gradient and
hydraulic conductivity. A highly dispersve
compound, on the other hand, can migrate quickly
by dispersion and extend downgradient much faster
than the gradient and hydraulic conductivity
indicate.

Organic contaminants that are less dense than
water may be detected with screens that extend
from at least 5 feet above the saturated zone to
about 15 feet into the saturated zone. This detects
any floating, non-agueous phase contaminants.
Screen openings should be confined to a single
stratum.

Landfill Typell. Theprincipa concern at thistype
of landfill is the known or suspected hot spots.
Monitoring well and screen placement described for
Landfill Type | can be employed, but additional
monitoring wells should be placed downgradient of
al confirmed hot spots. (The presence of hot spots
is confirmed using the geophysica survey
procedures described in Section 3.2.)

Hot spots should be treated as unique sites within
the landfill. The hot spot may be isolated with up-
and downgradient monitoring wells within the
landfill. Test pits should beinstalled in such areasto
investigate the subsurface materials. This will
restrict remediation to asmaller area. Care must be
exercised because drilling through the landfill to
ingal the monitoring wells could compromise the
integrity of any liners, puncture isolated drums, or
penetrate a gas pocket, causing an explosion
hazard. Also, because of the nature of landfill
material, the integrity (or quality) of sampling
locations within the landfill is unknown.
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3.1.3.3 Guidelines

The summary documents presenting the datashould
contain concise, narrative descriptions of the data
but must rely on clear, detailed figures to present
the spatial relationships of groundwater, geology,
and the landfill. Geologic cross sections based on
the boring logs must depict dl significant soil and
rock units, geologica structures, zones of high
permeability and confining layers present, and the
depth to water and the unconfined and confined
water levels. The locations of dl borings should be
displayed on an appropriate map. The lines of the
cross sections should be shown, and surface
features should be located on the cross sections.

A map showing the monitoring well locations should
also be prepared. The map can display water levels
and develop water level contours and show
groundwater flow direction, groundwater divides,
recharge, and discharge areas. In cases where
more than one aquifer exists, the map can aso be
used to show the direction of vertical groundwater
flow.

3.1.4 Groundwater Summary

Table 3-1 summarizesthe conditionsthat determine
monitoring well locations and numbers. A flowchart
summarizing the decisions necessary to determine
sampling and monitoring locations is presented in
Figure 3-1. Thedecision pointsillustrated acrossthe
top of the figure must be considered separately in
determining monitoring well placement. For
ingance, a determination of where to place
upgradient monitoring wells does not eiminate
decisons on where to place wells to characterize
zones of permeability.

The Phase | and Phase |1 site characterizations
goply to both landfill types as well as other NPL
sites. Placement and number of monitoring wells
vary according to the size of the Site, the geology of
the area, and the type of landfill.

3.2 Leachate

The main factor contributing to leachate quan-
tity is infiltration. However, other factors-



Table 3-1

CONDITIONSTHAT DETERMINE MONITORING WELL LOCATION AND NUMBERS

Conditions

Monitoring Well Location

Number of Monitoring
Wells

Landfill in saturated zone

Downgradient near landfill boundary but
aong zones of high hydraulic
conductivity, including hot spots.

OR

If no zones of high permeability, near
downgradient boundary of landfill or
near confirmed hot spot.

High.

Moderate.

Landfill above saturated
zone

Possibly at some distance from
downgradient landfill boundary or hot
spot--depends on subsurface features
controlling fluid movement in vadose or
saturated zone.

OR
If homogeneous geology, downgradient
in uniform array.

High.

Moderate to high.

Landfill in vadose zone

Intercept leachate downgradient.

Moderate.

Interlayered confining layers

Top of each confining layer
downgradient.

At least one per confining
layer.

Breached or continuous
confining layer

Top of confining layer and in next lower
aquifer downgradient.

At least two.

No upgradient contaminant
source

Upgradient of landfill boundary—distance
depends on groundwater velocity and
contaminant dispersivity—in same strata
as monitoring wells on downgradient side
of landfill or asrequired by geology.

Relatively few—at least one,
probably more.

Upgradient contaminant
sources

Near potential source and upgradient of
landfill and downgradient of source-in
same strata as monitoring wells on
downgradient side of landfill or as

required by geology.

One per source and per
Strata.
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including groundwater and surface water recharge
and the water generated as part of refuse
decomposition--al contribute to the quantity of
leachate generated. L eachate production generally
follows a cyclic pattern depending on local rainfal,
runoff, and evapo-transpiration rates. Leachate
typicdly carries many suspended and dissolved
materials;, the specific nature and concentration
depend on the landfill history as well as its
degradation stage. Typica |leachate concentration
ranges are presented in Table 3-2. Thelarge ranges
presented may be duein part to analysis of leachate
diluted by groundwater. Additiona information on
leachate composition and contaminant
concentrations in leachate can be found in
Characterization of MWC Ashes and Leachates
fromMSW Landfills, Monofillsand Co-Disposal
Stes (U.S. EPA, 1987f).

Leaching is a contaminant release mechanism,
potentialy transporting contamination to onsite and
offste groundwater through groundwater
movement, or to onsite surface water, sediments,
and nearby wetlands by recharging due to leachate
seeps. Leaching is usually the contaminant release
method of greatest concern at landfill sites.

3.2.1 LeachatelInvestigations
3.2.1.1 Objectives
The objectives of leachate investigations are to:

Determine location of leachate seeps

Determine chemical characteristics of
|eachate

L ocate potential source areas (in Situations
where there are no known or suspected hot
spots, the entire landfill may be considered
asource)

Determine leachate impact on groundwater
Leachate samples may be analyzed to confirm or

complement data obtained from anaysis of
groundwater and soil samples.
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3.2.1.2 Procedures

Landfill Type I. Type | landfills include those
landfills where a combination of municipa and
hazardous wastes have been co-disposed. At these
types of landfills, discrete hot spot locations are
neither known nor suspected. At these sites, a
water balance identifying water sources and
discharges should be performed for the entire site
to estimate annual leachate production. Leachate
collection locations should be identified for

sampling. The location where |leachate discharges
ultimately depends on the site's physica and
geological characteristics. In most cases, at least

part of the leachate that discharges from the landfill

migratesinto the underlying groundwater system. In
this case, leachate acts as groundwater recharge
and its detection and collection can become very
difficult. The actual zone depends on the
permeabilities of the materialsinvolved and in their

specific gravities, mixing (turbulent versus laminar
flow), and diffusion. Where underlying refuse, solil,

or rock strata are impervious, leachate will

discharge on the surface either at the landfill toe or

somewhere on the opes.

At both landfill types, it may be necessary to sample
the surface waters. Leachate can move laterally
below ground toward a creek or stream, affecting
the water quality. Samples should be collected both
upstream and downstream of the siteto monitor this
gtuation properly. At other sitesin which therefuse
is deposited on impervious clays and in areas of
high precipitation, the leachate can outcrop at the
top and sides of the fill and flow with the surface
runoff directly to areceiving water body. Samples
should be collected at the leachate seep and
upstream of the seep.

When a number of seeps are present in the same
area, compositing of samplesfrom these seeps may
be appropriate in some limited cases. The
advantage of compositing is that the costs of
analysis, data vaidation, and database activities are
lowered while not diminating sampling of any of the
seeps. The disadvantage is that information on the
individua seeps isnot available. Compositing would
not be appropriate if significant differences in
leachate composition are expected.



Table 3-2*

RANGE OF TYPICAL DOMESTIC REFUSE
LEACHATE CONSTITUENT CONCENTRATIONS

Concentration Range Per Liter

Constituent (mQ)
Iron 200- 1,700
Zinc 1-135
Arsenic 0-70
Lead 0-14
Phosphate 5-130
Sulfate 25 - 500
Chloride 100 - 2,400
Sodium 100 - 3,800
Nitrogen (Kjeldahl) 20 - 500
Hardness (as CaCOs) 200 - 5,250
COD 0 - 750,000
BOD 9 - 55,000
TOC 5-30,000
TDS 0- 51,000
TSS 2 - 140,000
Total Residue 1,000 - 45,000
Nickel 0.01-0.38
Copper 0.10-9.0
pH 4.00-85

*From Characterization of MWC Ashes and Leachates from
MSW Landfills, Monofills, and Co-Disposal Stes (EPA, 1987f)
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When collecting samples, field observations can be
used to determine if samples from adjacent
locations can be composited into one representative
sample. Samples from leachate seepsthat are near
each other can be composited if they 1) are
smilarly colored, 2) have smilar liquid phases, and
3) appear smilar when scanned with field
instruments. Samples from opposite sides of the
landfill should not be composited. Further
information on leachate sampling methods is
available in Volumes | and Il of EPA’s A
Compendium of Superfund Field Operations
Methods (EPA, 1987h).

If available, samples should also be collected from
leachate collection drains and/or extraction wells
using pumping or bailing, except for VOCs, which
must be collected using a bailer. Samples should be
analyzed for priority pollutant organics and metals
and cyanide. Other parameters, such as BOD,
COD, pH, TDS, TSS, oil and grease, TOC,
chlorides, nitrite, nitrate, anmonia, total phosphorus,
and sulfides should be analyzed to provide data for
design of aleachate treatment system.

In many landfills, leachate is perched within the
landfill contents, above the water table. In the
absence of leachate collection systems at Landfill
Types | and |1, leachate wells installed into the
landfill, as part of the site characterization, may
provide good hydrologic information on the ste.
That is, placing alimited number of leachate wells
in the landfill is an efficient means of gathering
information regarding the depth, thickness, and
types of the waste; the moisture content and degree
of decomposition of thewaste; leachate head levels
and the composition of landfill leachate; and the
elevation of the underlying natural soil layer.
Additiondly, leachate wedlls provide good locations
for landfill gas sampling. Leachate wells should not
be placed where there are existing leachate
collection systems, to prevent possible damage to
these structures. Inaddition, it should be noted thét,
without the proper precautions, placing wells into
the landfill contents may create health and safety
risks. Also, ingdlation of wells through the landfill
base may create conduits through which leachate
can migrate to lower geologic strata. And finaly,
the installation of wells into landfill contents may
make it difficult to ensure the reliability of the
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sampling locations.

The number of leachate wells will vary for each
landfill. In cases where the refuse is fairly thick,
clusters or nested wells may be appropriate to
determine if leachate composition varieswith depth.
Samples should be analyzed for parameters
previoudy described.

Landfill Typell. Typell landfillsdiffer from Type
| landfills in that thereis evidence of hot spot areas.
In these cases, treatment of hot spots may be a
way of reducing the amount and concentration of
leachate generated. As with Landfill Type I, a
water baance for the entire ste should be
performed to estimate annual leachate production.

At landfills that are suspected or known to contain
hot spots, leachate wells should not be used as a
substitute for test pits and actual waste sampling.
However, chemical anayses of the leachate may
demonstrate aprincipal threat to the groundwater or
surface water systems not observed from analysis
of environmental samples showing lower
concentrations.

For any sample collection method used, more than
one round of sampling is recommended to
characterize the leachate properly. A minimum of
two sampling events, one during a dry period and
the second during or immediately after precipitation,
should be performed to determine variability in
leachate composition.

3.2.1.3 Guidelines

Fdd screening techniques described in Section
3.3.1.3 may be useful in determining which samples
are amenable to compositing or forwarding to the
analytical laboratory. Visua observations, dte
topography, and surface drainage patterns are also
important in determining the appropriate leachate
sampling locations.

3.2.2 Data Requirements

A detailed description of leachate remedia action
dternatives can be found in Section 4.3. To
evauate the various remedial action alternatives,
data gathered before or during characterization of
leachate should include:



A contour map to define surface water
drainage pattern

»  Soil characterigtics including permeability,
grain size distribution, and moisture content
to determine the physical properties
governing contaminant transport

» Climatological characterigtics including
temperature and precipitation to help
determine approximate leachate volumes
for the site

» Waste characteristics, including BOD,
COD, pH, TDS, TSS, oil and grease,
chlorides, nitrite, nitrate, ammonia, tota
phosphorus, sulfides, and metas, to
determine a suitable leachate treatment
system

» Depth to groundwater and groundwater
flow direction and velocity to evauate the
feasbility of leachate or groundwater
extraction and treatment

3.2.3 Leachate Summary

Leachate sampling at seeps and streams is
recommended for both landfill types. Leachate can
move laterally below ground toward a creek or
stream, affecting the water quality. Sampling
streams and | eachate seeps can provide information
on actual or potential water quality impacts.
Ingtdlation of leachate wells at landfill Types| and
Il can provide information such as depth, thickness,
and types of waste; leachate head levels and the
composition of landfill leachate; and the elevation of
the underlying naturad soil layer. Table 3-3
summarizes the recommended leachate sampling
locations.

Figure 3-2 presents a logic flow diagram for
leachate sampling.

3.3 Landfill Contents/Hot Spots

Containment has generaly been identified as the
most practicable remedia technology for municipal
landfills because the volume and heterogeneity of
landfill contents often makes treatment
impracticable. Characterization of municipa landfill
contents therefore is generaly not necessary
because containment of the landfill contents do not
require such information. More extensive
characterization activities and development of
remedial alternatives (such as thermal treatment or
stabilization) may be appropriate for hot spots. The
following subsections discuss site characterization
strategies for landfill Types | and Il for surficial
soils, capsand liners, and landfill contents (including

hot spots).

3.3.1 Landfill Contents/Hot
I nvestigations

Spot

Typicaly, investigations at municipa landfills are
separated into four areas:

* Surficid soils
* Caps
e Liners

e Landfill contents

Surficia investigations are undertaken if there is
either physical evidence or data that suggest the
presence of substantially contaminated surficial
soil in the generd aea of the landfill.
Surficid  sampling investigations should be
limted if surface soils are planned to be

Table 3-3
LEACHATE SAMPLING PROGRAM

Location

Minimum Sampling Events

Collection drain

Two—collect one during dryer and one
during wetter period of the year.

Surface locations-steam, seeps

Same as above.
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Has
leachate
been sampled
and
characterized ?

Yes

- Perform water balance for site

- Identify existing leachate collection locations

- Sample at leachate collection locations

- |[dentify leachate seeps

- Sample surface waters upstream and downstream

- Collect leachate from seeps at toe or on slopes of landfill

Is
disposal
of hazardous
waste known
or
suspected ?

Characterize as
Solid Waste Landfill,
as Necessary

- Install leachate wells if no leachate
collection system exists (optional;
decision should be based on benefit/cost
analysis)

- Collect leachate samples from wells

'

CHARACTERIZE
LANDFILL TYPES | AND I

Figure 3-2
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coveredwith acap. Cap and liner investigationsare
undertaken when previous engineering studies or
field observations indicate their presence at a site,
while landfill content investigations are undertaken
to characterize known or suspected hazardous
waste disposal areas (potential hot spots). Small to
moderate-sized landfills (e.g., less than 100,000
cubic yards) may also undergo subsurface
investigations if the landfill poses either an existing
or potential threat to human hedth or the
environment and if it is appropriate to consider
remediation of the entire contents of these landfills
through excavation, trestment, or disposal.

It should be noted that investigations into landfill
contents are rarely implemented a municipa
landfills. This is due primarily to problems in
excavating through refuse and the heterogeneous
nature of the refuse, which makes characterization
difficult. Sampling of landfill contents may,
however, be useful for enforcement purposes (e.g.,
identifying PRPs). Drilling through the base of the
landfill is not recommended due to the potentia for
migration of leachate to lower geologic strata
However, in generd, drilling into refuse for
ingalation of various extraction systems (for
example, leachate and landfill gas) is commonly
implemented (see Sections 4.2 and 4.4).

3.3.1.1 Objectives

The genera purpose of characterizing soils and hot
spots is to define the risks posed by these
media/contaminants and select the appropriate
remedial action aternatives for further evauation.
However, the specific objectives, and therefore, the
sampling procedures, vary for each type of
investigation. The objectives of each type of soils
investigation are described below:

Topographic Surveys. The objectives of
performing topographic surveysat municipd landfill
stes are to:

Establish a basis for determining the total
and differential settlement of the existing
cap

Document erosion gullies and other
relevant topographic features that might
affect the remediation scheme or point to
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anomdlies that require further investigation
Surficial  Soil Investigation. Surficid soil
investigations are performed to:
 Determine the distribution and
concentration of contamination in surficia
ils

Document erosion patterns

Determine if the surficid soils, ether in
whole or just in hot spots, should be
included in the source control actions for
the landfill.

Investigations of surficia soils should be limited if
there are plans to place a new cover system over
the existing surficia soils. However, if surficia soils
are sggnificantly contaminated, particularly in hot
spots, then separate source-control remediation of
the contaminated soils may be considered; an
investigation of contamination in the topsoil is
appropriate, even if there are plans to place a final
cover over most of the existing surficia soils.

Surficid soil investigations are normally focused on
anomalies observed at the surface, such as;

L eachate seeps
e Stains or other discoloration in the surficia
ils

Stressed vegetation

Anaysis of surficid soil and sediment samples may
confirm or complement data from anayss of
surface waters. While the presence or absence of
contamination of surficial soils may have no
relationship to groundwater contamination, there
may be contamination of surficia soils and no
groundwater contamination, or vice versa.

Cap Investigation. A cap investigation is
intended to determine if a new cover system
would be required to reduce infiltration of
water, to collect gas, to minimize eroson, or to
meet ARARs. Another purpose is to define
total and differentia settlement that might



occur if a new cover system is placed on the
landfill. 1f excessive settlement is predicted, the
waste will probably require stabilization before fina
closure with an engineered cover system.

Existing caps may either be engineered or not. The
degree of sophigtication employed in the
investigation of an existing cap will depend to a
great extent on whether it is planned to use dl or

part of the existing cap in a new, engineered cover

system. If none of the existing cap will be
incorporated into the new cover system (e.g., if the

exigting cap will be buried beneath a new cover),
detailedinvestigations of the existing cap are usualy

not necessary. If an existing cap was not properly

designed and congtructed, it will usualy not be
possible to incorporate the existing cap within the
profile of anew, engineered cover system, although

the existing cap may serve as foundation support

for the new cover system. In many cases, acursory
investigation of the existing cap will verify that it

was not constructed to engineering standards. In
this situation, more detailed characterization of the
existing cap is not necessary.

If it is suspected that an existing cap was
engineered, and information on the design and
congtruction of the cap is not available, then
preliminary work should be performed to verify that
the cap was properly designed and constructed. For
example, suppose excavation of severa test pits
reveds that the cap consists of 12 inches of topsoil
underlain by 2 feet of low-permeability soil that
appears to have been compacted. Thisinformation
suggests that the existing cap was engineered with
the intention of including a layer of topsoil above a
hydraulic barrier layer. If preliminary information
indicates that the cap was engineered, and if it is
desired to investigate the feasibility of incorporating
al or part of the existing cap in the final cover
system, then detailed characterization tests are
needed to confirm the properties of the existing cap.

The objectives of a cap investigation are to:

» Determine the approximate thickness,
compodtion, and horizontal extent of the
exiging cap (a greater level of detail is
needed if the existing cap isengineered and
will be incorporated in the finad cover
system)

» Determineif any hot spots of soil
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contamination are present in the existing
cap and characterize these hot spots to the
extent necessary to determine whether the
soils can be covered and left in the landfill
or whether the hot spots need to be
excavated and separately remediated for
source control

e Document the integrity of the existing cap
(e.g., determine if roots have penetrated
through the cap) and determine the
geotechnical and other relevant properties
of the existing cap if the existing cap was
engineered and will be an integra part of
the final cover system

e Evauae potentia settlement (total and
differentid) of the landfill and the fina
cover system that will be placed on the
landfill

» Evauate the stability of any dopes and the
capacity of the waste to support the final
cover sysems and any surficia loadings
such as those from surface traffic or
construction equipment

Liner Investigation. Liner investigations are
rarely performed, even if there is evidence of a
liner, since the liner could be punctured during the
invedtigation and contribute to groundwater
degradation. If aliner investigation is going to be
performed, then the objectives may include:

»  Confirming the existence of aliner
» Determining its permegbility

e Evauating, if possible, its susceptibility to
chemical damage

A liner investigation could also be undertaken to
determine the probability that contaminants will

migrate to the groundwater.
Subsurface Soil and Landfill Contents
Investigation. The purpose of subsurface

sampling is to obtain a portion of soil (disturbed or
undisturbed) or landfilled materialsfor chemical and
geotechnical andysis. This can be done by drilling
and taking samples of the subsurface soils and
landfill contents or by excavating test



pits or trenches. As previously described,
subsurface investigations may only be used at
municipal landfills where documentation or physical
evidence exists to indicate the presence of hot
spots.

The objectives of subsurface testing, using test pits
or trenches, are to:

Evaluate the integrity of any buried drums
» Determine the degree of contamination of
any unsaturated soil

Surface geophysica surveys are performed to
identify areas of buried metal and other areas of
concern. Based on the results, test pit locations can
then be selected to investigate areas where drums
or tanks are suspected. Magnetometer surveys
(total field and vertical gradient), electromagnetic
surveys, and soil gas surveys can be used to identify
test pit sites. It should be noted, however, that
landfills contain many products other than metal
drums. Therefore, magnetometers and
electromagnetic surveys are used only when there
is evidence to suggest large, discrete areas of drum
disposd. Trenching, test pitting, and boring
installation are used to characterize hot spot areas.
Test pits and trenches allow a larger, more
representative area to be observed and permit
selection of specific samplesfrom relatively shallow
subsurface materias (biased grab sampling). Test
pits and trenches are typically dug to confirm the
results of surface geophysical investigations, while
borings are typicaly used to investigate deeper
contamination. Also, soil gas surveys can be used to
identify hot spots if the suspected contaminants
include VOCs. The soil gas survey may be able to
identify areas of higher VOC concentrations that
can later be investigated with test pits or borings.

3.3.1.2 Procedures
Landfill Typel

A Type | municipa landfill is one in which
co-disposal of hazardous and municipa waste
occurred, but the location of highly toxic and/or
highly mobile material, which presents a potential
principal threat to human health or the environment
(hot spots), is not known.
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Topographic Surveys. Topographic dataare often
required to document erosiona features, to identify
topographic anomalies that might be related to
deteriorated drums or other hot spots, and to
provide abasisfor evaluating the potential total and
differential settlement resulting, from decomposition
of waste or compression of waste from the weight
of the final cover system. The survey should be
designed to define areas with a differentia
settlement as small as 6 inches over horizontal
distances of 10 feet. To document settlement over
time, a series of settlement markers should be
established on a grid pattern of gpproximately 100
feet (more in areas with known settlement
problems).

Surficial Soils. Surficia soils are investigated to
determine the distribution and concentration of
contamination, to document erosion patterns, and to
determine if surficia soils should be included in
source control actions. Before the sampling is
initiated, the soils exposed at the surface should be
examined visudly for evidence of daining; fidd
personnel should also look for signs of vegetation
stress. Geophysical techniques such as
electromagnetics or ground-probing radar may be
helpful in identifying anomdies, hot spots, or other
zones of surficia soil that warrant investigation. If
it isanticipated that an engineered cover system will
be constructed over the area of concern, sampling
of surficia soils may not be necessary or sampling
efforts may belimited. If thereisan engineered cap
on the landfill, surficid soil samples for analysis of
contaminant concentration may not be needed
unless surficid soil islikdly to remain asis, and the
history of the soil used for the cap is unknown.

To sample surficid soils, a grid often is
superimposed on each area suspected of
contamination, e.g., stained areas or
vegetation-stressed areas. Soil samples can be
collected at alternate nodes on the grid. The node
sampl es can be composited to reduce the number of
andyses. The anayses from at least two
background samples should be available for
comparison. Background samples should be
obtained from areas with a smilar soil compostion
on the Ste, but outsde the influence of the
site. Previous activities at any offsite locations
should be considered before collecting back-



ground samples, since these offsite activities could
introduce contamination.

The depths of the surficial soil sample and the
analytical parameters vary from site to Site but, in
general, should be specified as follows:

e Samples for priority pollutant metals and
cyanide analyses should be collected from the
0- to 6-inch depth to characterize direct
exposure risks (i.e., contact and ingestion).

Samples for VOC anayses should be collected
from the 18- to 24-inch depth because these
compounds tend to evaporate from the soil at
shallower depths.

Other sampling depths may be appropriate based on
dgte-gpecific  circumstances (e.g., depth to
groundwater, soil structure). While samples from
different nodes may be composited horizontaly,
vertical compositing is not recommended, except
over short intervals, because compositing will
obscure anaytical results. Additionally, compositing
samples for VOC analysis is not recommended
because of losses during mixing of samples.
Additional analyses can be performed, depending on
the results of the site history and previous waste
characterization studies. Additional analytica
parameters could include RCRA hazardous waste
characteristics, total BTU content, and bulk weight
of the materid.

The frequency of surficia soil sampling dependson
the characteristics of the soil and waste, and
requires professiona judgment. For example,
contaminant migration from uniformly deposited
waste in a relatively uniform soil will be more
predictable than migration from random placement
of wastes in a heterogeneous environment such as
alandfill. Sampling will, therefore, be required at a
higher frequency near the landfill area, since
contaminants can be expected to migrate
irregularly.

Surficial soil samples can be collected using
stainless steel trowels or shovels, hand augers, or
s0il sampling tubes. Samples containing voldtile
compounds must be scaled to prevent losses.
Special techniques may be required to preserve soil
samples so that levels of contami-
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nation do not change between sampling and
anaysis.

Cap I nvestigation. The cap investigation must be
carefully planned to maximize the vaue of data
collected and to ensure that unnecessary data are
not collected. Firgt, it must be determined whether
the existing cap islikely to have been engineered. In
most cases, the existing cap will not have been
engineered, and sinceit is recommended that these
type cover systems are not used as part of a new
engineered cover system (except as a foundation)
detailed assessment of the geotechnical properties
of the cap materials is usualy not necessary.
However, basic information concerning the
approximate thickness and lateral extent of the
exising cap, compostion of the cap, and
characteristics of the soils that make up the cap will
need to be developed. There are many techniques
that may be used in determining the thickness and
lateral extent of the cap, including surface
geophysica techniques such as ground-penetrating
radar. However, drilling of holes or excavation of
test pits will generally be needed either done or as
a means to cdibrate surface geophysical
techniques. Sampling a a frequency of
gpproximately one exploratory boring or trench per
acre is suggested. Samples should be analyzed to
determine the liquid and plastic limits of the soils,
percentage of fines, percentage of gravel, moisture
content, shear strength, and any other relevant
parameters.

For more detailed investigations, an appropriately
sized grid can be superimposed on severa areas of
the existing cap. Samples can be collected either at
aternate nodes on the grid or randomly. Areas
selected for sampling should include both
representative locations and those areas where
erosion, cracking, or fracturing has occurred.

Shdlow test pits can be dug to expose a cross
section of the cap. Test pits can be dug by hand or
with abackhoe. Test pits are usualy excavated no
more than 1 foot below the thickness of the
cap. Exploratory borings, drilled with a hand
auger or truck-mounted equipment, can aso
yidd information on the materiads that make
up the existing cap. Sampling tubes can be
pushed or driven into the cap materias if
the characteristics of the in situ materia need



to be identified. Otherwise, disturbed samples of
materials generaly are collected for later usein the
laboratory. Procedures described in ASTM
Standard D420, Standard Guide for Investigating
and Sampling Soil and Rock, should be followed.

If undisturbed samples are to be obtained, a
thin-walled sampling tube (often called “Shelby
tube”) should be used. Shelby tubes are pushed into
the cap using a drill rig, hydraulic ram, or other
devicethat provides astraight, steady push. Itisnot
recommended that the sampling tube be pushed
directly with abackhoe becausethat usudly tiltsthe
tube. Also, the sampling tube should never bedriven
into the soil if an undisturbed sample is sought. The
sampling tube usualy is not pushed more than about
18 inchesinto the soil; a push of 6 inches or lessis
recommended for very stiff or hard, cohesive soils.
Once a sample has been obtained, it is classified in
the field, extruded from the sampling tube, and
seded in a sample-holding device or seded directly
in the tube. Samples then are placed in specially
designed boxesthat hold the samplesin position and
prevent their disturbance during transport back to
the laboratory. Collection of undisturbed samples
should be in accordance with ASTM Standard
D1587, Sandard Practice for Thin-Walled Tube
Sampling of Soils. Transport and storage of
samples should be in accord with ASTM Standard
D4220, Sandard Practices for Preserving and
Transporting Soil Samples.

Undisturbed samples are tested routindly to
determine the moisture content and density of the
soil and are subjected to relevant tests to define the
0l property of interest, eg., shear strength.
Undisturbed soil samples are sometimes tested for
more routine properties, such as liquid and plastic
limit, to develop abasisfor comparing the results of
various laboratory tests.

Tests to determine compaction characteristics are
usualy performed on large, bulk samples of the
materials obtained from soil borings or test pits.
However, unless the existing materials in the cap
will be excavated and recompacted, thereisusually
no need for compaction tests other than to verify
that the existing materials are well or poorly
compacted. (In most cases, the existing cover

Word-searchable Version — Not a true copy

3-19

materias are assumed to be poorly compacted.)

Sometimes the permeability (to air or water) of
existing cap materials will require evauation. If the
exising cap, or a layer within the existing cap, is
expected to have alow permeability, acombination
of laboratory permeability tests on undisturbed
samples and fidd (in Stu) permeability tests is
recommended. However, field tests are time
consuming and difficult; they are usudly
recommended only when the use of the existing cap
materias for alow-permesbility barrier in the fina
cover system is being considered. Laboratory
permeability tests usualy are performed at a
frequency of 1 per acre per lift on modern,
engineered, low-permeability barriers of compacted
s0il. A smilar frequency would be appropriate for
evauation of apre-existing barrier that isthought to
have been engineered or otherwise constructed to
achieve a low permeability. The recommended
method for laboratory permesbility testingisASTM
D5084, Hydraulic Conductivity of Saturated
Porous Materials Using a Flexible Wall
Permeameter.

In some circumstances, the existing cap may have
a high permegbility, and the materia could be used
as a gas collection layer within the final cover
system. Accurate measurement of extremely high
gas permesbility is difficult; accepted methods of in
Stu testing do not exist. The permegbility to arr is
probably best evaluated on the basis of grain size
and permesbility to water, as measured in the
l[aboratory. With an exising materid that is
suspected of having a high permeability, the main
issue to be investigated is whether the material has
aufficiently high permeability over the full ared
extent of the site. Thus, testing of many samples (at
least three tests per acre) to establish consistency
of high permeability would be appropriate.

After the initial stage of geotechnica investigation
and sampling iscompleted, the results are evaluated
to determine whether more field work is needed.
Additional tests may be necessary to
evaluate various issues. For example, it
may be necessary to construct test patches
of the proposed cover materia over the landfill
to determine the feasbility of constructing and



compacting materials for the final cover system on
weak, compressible waste materials.

Waste I nvestigation. The physicd and biologica
properties of the landfill contents have an influence
on the feasibility of placing a final cover on a Site.
Some wastes are so compressible or biologicaly
ungable that technical problems can arise in
constructing and maintaining a final, engineered
cover because of excessive settlement. In such
cases, it may be necessary to physicaly or
biologicdly stabilize the waste prior to placement of
afinal cover. The need to stabilize the waste prior
to construction of a final cover may be a critica
issue in the feasibility study of closure of the Site.

The depth of waste must be accurately defined so
that settlement patterns can be calculated. Surface
geophysica techniques, such as seismic refraction,
can be useful in defining the depth of wastein some
circumstances. Drilling soil borings is the most
relisble way to determine the depth of the waste;
however, in some cases, this may pose
unacceptable health and safety risks. Particular
attention should be given to eva uating the variability
of thickness of the waste because a variable
thickness can cause significant and harmful
differentia settlement of the final cover.

It may be advantageous to initiate a program to
measure settlement of the landfill. This would
include the ingtalation of one or more benchmarks
outsde the fill area and periodic surveying of
settlement markers placed on the surface of the
existing cap. The measurement of settlement may
need to extend through the RI/FS and into the
remedial design in order to monitor for a sufficient
time. Differential settlement isoften morecritical to
the performance of a final cover system than is
total settlement. The magnitude of differentia
settlement, expressed as the amount of settlement
over a specified horizontal distance, that existsin a
cap can be a useful indicator of future problems
with differential settlement. Sometimes more
extensve testing may be needed to quantify
differential settlement and to define the need for
stabilizing the underlying waste. Examples of these
types of sudiesinclude:

Passage of a heavy, vibratory compactor
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over the surface of the site and
measurement of the resulting settlement

Prototype deep, dynamic compaction
(whichinvolves dropping alarge weight on
the surface to compact underlying
materials)

Construction of a test fill on the existing
cap

The degree of decomposition of the landfill is often
relevant to issues such as potentia for future
settlement and generation of gas. Knowledge of the
amount of organic materias, volatile solids, ash
content, and moisture content usudly helps in
understanding the condition and stability of the
buried waste.

Geotechnica tests such as shear strength and
consolidation tests often are impractica for solid
wastes because large fragments of solid waste
cannot be small laboratory test specimens.
However, if the waste is homogeneous and free of
large fragments, such tests are practical and should
be performed to characterize the strength and
compressibility of the waste.

When laboratory testing of samples from municipal
landfills is impractical (as is usudly the case), the
engineering team generaly will be forced to rely
upon published data on the geotechnica properties
of waste. These properties are sensitive to the bulk
density and moisture content of the waste. An
attempt to quantify bulk dendty (even if
approximate) and moisture content of the waste
may yield valuable data for purposes of estimating
other characteristics of the waste material.

The potentia for the waste to produce gases from
volatilization or decomposition should be evaluated.
Andyss of gas from venting wells usualy is
definitive.

Liner Investigations. Liner investigations should
be performed only if previous engineering studies
indicate the presence of a liner and the liner is
eadly accessble. In genera, soil borings should
not be taken through any liner because
contamination may be spread by puncturing
the confining layers. However, in prac-



tice, it is impossible to confirm that a liner exists
without drilling to the liner and sampling it; this will
usudly require some penetrations. The penetrations
must be carefully sealed using techniques similar to
those for sealing monitoring wells.

If the liner extends to the sides of the municipa
landfill, then samples may be collected at the edge
of the liner. For low-permesbility soil liners, teststo
define permeability, as described for caps, should be
performed. For geomembranes, the liner samples
should be collected where leachate seeps are
evident, if possible, and examined for deterioration.

Favorable results (e.g., low permeability), from the
tests do not necessarily mean that the unexamined
portion of the liner is preventing groundwater
contamination. Rips, tears, or uneven distribution of
liner materials could exist. Hydrogeological studies
also should provide more information on the
condition of any liner, athough these studies may
provide inconclusive data

Landfill Typell

Landfill contents are generaly only sampled where
hot spots are suspected from either physical
evidence or record searches or when the landfill is
smaller than 100,000 cubic yards and it has been
determined that (1) the landfill poses an actua or
potential risk to human health or the environment,
and (2) it is practicable to consider excavation
and/or trestment of the contents. Landfill sampling
is not normally performed wunder other
circumstances, since it canbe assumed that landfill
contents are heterogeneous. The horizontal extent
of hot gpots should be ddineated using
magnetometer, electromagnetic (terrain
conductivity), or soil gas surveys. Electromagnetic
surveys are used principally to detect drum clusters
buried near the surface (e.g., approximately one
half times the coil spacing); magnetometer surveys
are used to detect drums buried as degp as 15 feet
beneath the surface; and soil gas surveys are used
to detect leaking drums containing VOCs.
Confirmation and contaminant quantification in hot
spot areas are done by excavating test pits or
drilling soil borings.
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These survey methods develop numerous data
points. Reduction, processing, and presentation are
mgor concerns in proper interpretation and
analyses of the data. If available, data taken in the
fild should be electronicaly recorded and
downloaded to a computer system for processing.
Additiond information on the use of these methods
may be found in Quantitative Magnetic Analysis
of Landfills (Bevan, 1983) and Magnetic Survey
Methods Used in the Initial Assessment of a
Waste Disposal Site (Fowler, date unknown).

Magnetometer Survey. A magnetometer
measures the total magnetic field of the earth and
its localized perturbations. A metal mass such as
steel drums or other ferrous materias distorts this
magnetic field and is indicated on the readout.
Magnetometer surveysare used at municipd landfill
Stesto determine the extent, location, and relative
magnitude of drum disposal areas and may provide
useful information in determining the extent of the
landfill boundary. A magnetometer survey may be
conducted rapidly with minima Iabor and fidld time.

Before conducting a magnetometer survey, an
gppropriate-sized grid islaid out over the portion of
the landfill suspected to contain the buried drums.
The lines should be generdly oriented in a
north-south fashion, and should be plotted and
labeled on a site topographic map. Data intervals
(points on the line) should be greater than 10 feet,
and space between traverse lines should be at least
25 feet. In dtuations where the size and
gpproximate mass of a suspected object is known,
the characteristics of the suspected object would
dictate the line intervals and points. A fixed point
should be established where base data can be
collected at various times during the day. This
information can be used for correction purposes.

During the magnetometer survey, the field team
should note any potential interference. These may
include any steel on the surface, construction debris
that may contain steel rebar, fences, power lines,
and other buildings. Some of the locd interferences
with the magnetometer sensor can be minimized by
increasing the distance between the ground and the
Sensor.



Totd field and vertical gradient measurements are
collected using the magnetometer. Vertical gradient
data have higher resolution than the total field data
and minimize potentid noise problems (eg.,
interference from miscellaneous ferrous materials
such as wire). The totd field and vertical gradient
data are collected smultaneoudy. At the completion
of the magnetometer survey, data can be corrected
for the effects of the diurnal changes in the loca
megnetic field. Once this is done, a magnetic
contour map is prepared to interpret magnetic
anomalies.

Electromagnetic (Terrain Conductivity)
Survey. An electromagnetic survey measures the
conductivity variations between landfill soils and
suspected drum disposal areas. These surveys
indicate where buried drums may belocated. Depth
estimates can be generdized by incorporating
magnetometer components and both the horizontal
and vertical components of the electromagnetic
survey data. Magnetometer data is dependent on
the amount of ferrous mass and the depth of which
it is buried. A large mass that is buried very deep
will look the same as a small mass buried near the
surface. By combining the vertica and horizontal
electromagnetic survey data, one can determine
how deeply a particular massis buried.

The objective of an electromagnetic survey is to
locate buried metallic and/or conductive masses
such as discrete drum disposal areas. However,
conductivity variations in soils or landfill materias
often limit the survey’s ability to distinguish the
disposal areas. An electromagnetic survey can be
used for rapid data collection with minima dste

preparation.

Before conducting an electromagnetic survey, an
appropriate-sized grid is laid out over the portion of
the landfill suspected to contain the subsurface
materials. Data are often collected at 3-meter coil
separations but can be extended to 10, 20, and
40-meter gpacings, depending on the depth of
investigation required. If soil conditions permit (i.e.,
thin or non-existent clay layers), ground penetrating
radar can aso be used. The different coil
separationsand orientations (vertical and horizontal)
hep identify whether conductivity variations are
caused by shallow or deep sources. The data are
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plotted and contoured to describe the source
disposal area.

Soil Gas Survey. If a magnetometer or
electromagnetic survey does not accurately define
the boundaries of subsurface drum disposa areas
and the contaminants of concern are VOCs, soil
gas surveys can be conducted. Also, if the hot spot
is an aea of open dumping of hazardous
substances, including VOCs, a soil gas survey may
be useful in delineating the area extent. As part of
the soil gas survey, ground probes are driven to
planned depths, and avacuum pump isused to draw
the samples from the probe. Soil gas samples are
collected in Tedlar bags or stainless steel bombs, or
are adsorbed onto carbon or analyzed in the field
with an OVA. Initidly, vertica profiles of organic
gases in the soil pore spaces are measured and
plotted at several locations. Based on these vertical
profilesand the particular organic gases present, the
sampling depth for more soil gas samples is
selected.

Once a constant sampling depth is established, soil

gas samples are collected on an appropriate-sized
grid laid out over the suspected disposal area. Once
the location is better delineated, additional sampling

on a smaler grid may be conducted to refine the

limits of the area. If results from the initia vertica

profiles do not provide sufficient data to find a
solvent plume, the soil gas survey may be

discontinued. The sampling depth may be limited by

the presence of buried drums, and extreme care
should be exercised when driving probes into

landfills.

Anayses of the samples can delineate the
boundaries of contaminated subsurface areas.
These surveys can aso be used to minimize the
number of test pits, geotechnical borings or
monitoring wells that must be drilled or instaled.
Soil gas surveys can save the time and expense
included in drilling additiona geotechnica borings
and monitoring wells; however, they are more
time-consuming and expensive than magnetometer
and electromagnetic surveys.

Test Pitsor Trenches. Depending on the results
of the geophysical surveysand soil gas surveys, test
pits or trenches may be excavated.



OSHA requires that some type of investigative
method such as test pitting be used prior to any
excavation. Test pits or trenches are typically
excavated by backhoes due to the anticipated
hazardous nature of any subsurface materials. The
gze of the excavation depends primarily on the
following:

Approximate area of the buried materials
Space required for efficient excavation

Economics and efficiency of available
equipment

Test pits normaly have a cross section that is 4 to
10 feet square; test trenches are usually 3 to 6 feet
wide and may extended for any length to revedl
conditions aong aspecific line. Further information
ontest pitsisavailablein EPA’sA Compendium of
Superfund Field Operations Methods (EPA,
1987h).

Trenches or pits should not be excavated too
closely together. Sufficient space should be
maintained between excavations to put soils that
will be stockpiled for cover, and to allow accessand
free movements by haul vehicles and operating
equipment. Excavated soil should be stockpiled to
one sde in one location. If possble, it should be
downwind of the excavation and away from the
edge of the pit to reduce pressure on the walls.
Soils should be placed on a sheet of heavy plastic to
prevent additional contamination of surface soils.

If the excavation uncovers drums, they should be
caefully examined for identifying markings.
Information stenciled on drums can sometimes be
used to identify PRPs. Any labels on the outside of
the drums should aso be used to specify additional
analytical parametersfor soil testing. Samples are
selected by depth, visual observetions (eg., soil
gaining), the concentration or types of VOCs
detected during the screening process, and
stratigraphic relationships.

The field supervisor selectsthe depth intervals after
consultation with the project hydrogeologist and
chemist. At least one sampleis collected from each
wall and the bottom of the excavation for field
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screening. If visua observations and the field
screening procedures indicate that the samples are
smilar, they may be composited before laboratory
anaysis. If visual observations, field screening, or
stratigraphic relationships indicate that the samples
are different, then they should be anayzed
separately by the laboratory. Samples of possible
waste materids (e.g., leaks from buried drums or
tanks) should not be composited.

Test pits excavated into fill are generaly more
unstable than pits dug into natural in-place soils.
Any required samples should be gathered without
entering the test pit or trench. Samples of leachate,
groundwater, and sidewall soils can be taken with
telescoping poles, etc., or if necessary, from the
bucket of the backhoe. If intact or crushed drums
are encountered, they should not be removed.
Drummed materials should not be tested unless the
drums are degraded and leaking, as evidenced by
the presence of liquids in the test pits around them.

Dewatering may be required to assure the stability
of the sde walls. This isan important consideration
for excavationsin landfill materia. Liquidsremoved
as a result of dewatering operations must be
handled as potentially contaminated materias. The
water from any excavated saturated soils and
eroson or sedimentation of these soils should be
controlled. A temporary detention basin and a
drainage system should be considered, if necessary,
to prevent contaminated wastes from spreading.

Following completion of sampling and test pit
logging, test pits are backfilled to grade. If excess
material shows evidence of gross organic
contamination or photoionization detector (PID)
readings above background, it should be drummed.
Otherwise, the excavated materials should be
evenly spread over the test pit area and covered
with uncontaminated soil.

The analytica results are compared with the
groundwater plume data to identify groundwater
contaminant source areas. Thisinformation is used
to identify the potential for future contaminant
releases to the groundwater; to evauate
containment, treatment, and disposal dternativesfor
the hot spots; and to identify PRPs.



Soil Borings. In some cases it may be appropriate
to drill soil borings within the landfill contents to
characterize known hot spots. The number and
depth of borings should be based on site specific
conditions such as the suspected size and depth of
the hot spot, and potentia variability in contaminant
levels within the hot spot. Prior to drilling soil
borings into a hot spot, ageophysica survey should
be completed as well as a review of any existing
information (such as disposal records) on the nature
of contamination in the hot spot.

Care must be exercised when sampling landfill
contents because drilling through the landfill could
compromise the integrity of any liners (particularly
synthetic membrane liners), or penetrate a gas
pocket causing an explosion hazard or release of
VOCs. Sampling landfill contents can dso be
difficult, as garbage bags, baing wire, €etc., cling to
the augers. Sampling should be extended to the
bottom of the landfill only in situations where the
depth of the landfill isknown and whereit isknown
that there is no liner. Sampling should not penetrate
the base of the landfill.

Landfill content samples are usualy taken at
interval s approved by thefield engineer or geologist.
Samples are typicaly taken at each change in
material type and are based on sampling using field
monitoring instruments. Where sampling is difficult
or a larger volume of material is needed, a
larger-diameter  split-spoon sampler (3-inch), a
Shelby tube, apitcher-type sampler, or apiston-type
sampler might be required.

3.3.1.3 Guidelines

Determining the extent of soil contamination can be
very time consuming and costly. It is important to
keep the principal focus for conducting any soil
sampling in the proper perspective, that is, defining
grossly contaminated soil that will be addressed by
remedial action dternatives developed for the
landfill contents or hot spots. Characterization of
landfill contents is not necessary when capping is
the only practicable remedia action alternative.

A combingtion of field instruments and appropriate
laboratory samples can be used to preliminarily
determine the type and extent of contamination
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while minimizing cost and time. However, fied
andytical techniques have certain limitations:

« OVAorPID. If VOCsarein the sail, the
use of an organic vapor andyzer (OVA) or
photoionization detector (PID) may indicate
the presence of VOCs. However, the head
space reading from a sample will depend
on time delay after sampling, temperature,
seal of lid on sample container, and wind.
The results of the head space reading
indicate VOC contamination, but usualy do
not produce quantitative results. It should
be noted, when selecting an instrument,
that an OV A will detect methane where a
PID will not.

Mobile Laboratory Gas Chromatograph.
The use of a field gas chromatograph
requires the availability of a power supply
or battery packs with a clean area. This
alows the analysis of samples for many
contaminants depending on the column
used, but does not provide total
contaminant levels.

Metas Anayses. Field instruments for
metals anayses are limited to detection of
certain indicator compounds, such as
copper, mercury, and chromium, but do not
detect levels below 10 ppm.

Mobile Laboratory PCB Anayss,
Polychlorinated byphenyls (PCBs) in the
soils can be detected in the field using the
proper extraction solvent and gas
chromatograph (GC). These surveys can
provide immediate information on the
lateral extent of soil contamination.
However, this usually requiresthe use of a
field lab set up at the Site and generally isa
large expensefor timely turnaround (PCBs
can be analyzed on a field portable GC,
with the right column).

Acids or Bases. Soil pH can be measured
by mixing standard volumes of soil and
deionized water and measuring the
resulting pH of the durry with apH meter.



3.3.2 Data Requirements

To evduatethe variousremedid action aternatives
for landfill contents and hot spots, data gathered
before or during the site characterization of landfill
contents’hot spots should include:

» 1foot contour maps on an appropriate
scde (e.g., 1 inch equals 50 feet) so that
dope length and gradients can be assessed
for capping alternatives

Soil characterigtics, including permesbility,
gran sze, Atterberg limits, and erosion
rates, for grading, capping, and thermal
treatment alternatives

Waste characteristics of hot spot areas
incuding TAL metals, TCL organics,
RCRA waste characteristics (e.g.,
ignitability, corrosvity, reactivity), total
BTU content, bulk weight of the materid,
and results of any pilot testing (if
necessary) for thermal treatment
aternatives

Climaic conditions including the 25-year,
24-hour storm, frost depth, and surface
water runoff velocity for cap design

Existing cap characteristics

Geologic characteristics and groundwater
depth for capping and hot spot excavation
aternatives

Future uses of the site

3.3.3 Landfill Contents/Hot Spots Summary
Table 3-4 summarizes the sampling requirements
for soils and landfill contents. Figure 3-3 shows a
logic diagram for the decisons necessary to
characterize soils and landfill contents by landfill
type. For Landfill Type I, the following dSte
characterization is necessary:

Soils at leachate seeps

Areas with stressed vegetation
Stained soils

Existing caps and liners, if accessble
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Geophysical surveys and test pits are not required.

For Landfill Type IlI, the following ste
characterization steps are necessary:

Soils at leachate seeps

Areas with stressed vegetation
Stained soils

Exigting caps and liners, if accessible

Hot spot areas involving geophysical and
soil gas surveys, test pits and borings

3.4 Landfill Gas

Several gases ae typicaly generated by
decomposition of organic materiasinalandfill. The
compostion, quantity, and generation rates of the
gases depend on such factors as refuse quantity
and composition, refuse placement characteristics,
landfill depth, refuse moisture content, and amount
of oxygen present. The principal gases generated
are carbon dioxide, methane, nitrogen, and
occasiondly, hydrogen sulfide. Vinyl chloride,
toluene, benzene, hydrogen cyanide, and other toxic
contaminants may also be present.

During alandfill’ searly stagesthe refuse undergoes
aerobic decomposition, and the principa gas
generated is carbon dioxide. Once al the free
oxygen is depleted, the refuse decomposition
becomes anaerobic, and the principa gases become
carbon dioxide and methane. Migration of landfill
gas can pose onsite and offsite fire and explosion
hazards. In addition, landfill gas can be aninhaation
hazard and can become soluble in groundwater.

3.4.1 Landfill GaslInvestigations
3.4.1.1 Objectives

The god of landfill gas characterizationisto identify
areas in the landfill containing high concentrations
of explosive or toxic landfill gasto:

o Perform an assessment of human health
risks due to ar toxics and explosive
hazards
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LOGIC DIAGRAM FOR SOQILS /
LANDFILL CONTENTS SAMPLING
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Table 3-4
SUMMARY OF SAMPLING REQUIREMENTS FOR SOIL AND LANDFILL CONTENTS

Medium To Be
Investigated

Sample L ocation

Consider ations

Surficid soil--stained or
stressed areas, |eachate

Horizontal composites from
alternate grid nodes or random

Metals and cyanide at 0-6 inches.
Volatile organics a 18-24 inches.

seeps locations on the grid.
Exigting Cap Representative random areas Permeability, compaction tests.
and areas where erosion, Test pits to determine cap depth.
cracking, fracturing occurs.
Exiding liners, if Accessible edges of liner. Clay and soil--permeshility,
accessible compaction.
Geotextile--suspectibility to chemical
damage.

Landfill contents

Randome areas in landfill of less

Stratigraphic changes, analyses for

than 100,000 yds?3.* contaminants indicated by record
search.
Hot spots Grids for surface geophysical Use surface geophysical methods first,

methods, one sample from each
wall and bottom of test pit--
composite or discrete.

excavate test pits.

*Sampling of landfills of small to moderate volume is dependent on (1) whether the landfill poses a
potentia principa threat to human health or environment, and (2) whether it is practicable to consider
excavation, disposal, or treatment of the landfill contents.

Evaluate the feashility of gas collection
and treatment

Evauate other remedia actions

The landfill gas investigation can be focused to
collect data specific to the remedia aternatives
avalable for landfill gas. These remedia
aternatives typicaly include active or passve
landfill gas collection systems which are described
in Section 4.4. The following subsections discuss
the objectives, the procedures, and generd
guiddines for Site characterization of landfill gas.

3.4.1.2 Procedures
Various landfill gas collection methods can be used,

depending on the type of landfill, and are described
below.
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Landfill Type I. Methane gas as well as other
potential toxic gases are of concern at this type of
landfill where disposal of hazardous wastes with
municipal wastes has occurred, but there are no
known or suspected hot spots. Grid sampling for
landfill gas at random aress is the recommended
approach for this type of landfill. Landfill gas
samples should be collected from areas of the
landfill where methane production is suspected,
such as for sites where a passive venting system
already exists. Field screening may be used to
identify these areas if they are not aready known.
However, note that any field screening instrument
employing aPID will not respond to methane dueto
methane’ s high ionization potentid. Flameionization
detectors such as the OVA can be used to screen
for methane. M ethane-specific Draeger tubes can
also provide a qualitative measure of the presence
of methane in Ilandfill gas. Analysis



should include VOC andysis to identify the
presence of toxic organics. If specific contaminants
of concern have been identified,
contaminant-specific Draeger tubes can be used. If
specific contaminants have not been identified, GC
andyss for target compound list (TCL) VOCs
should be performed.

Soil gas probes are commonly used to collect landfill
gas samples due to the relative ease of sample
collection using this process. An appropriately sized
grid can be superimposed on atarget area, and the
nodes sampled (grid sampling). A grid size of 100
feet by 100 feet is often used. Grids can be
tightened to address smaller target areas of known
methane production. The use of soil gas probes can
aso be helpful in evaluating potential offsite
migration.

Samples are analyzed using a gas chromatograph.
Sampling equipment should be decontaminated
between sampling points to prevent any
cross-contamination. Using the OVA with a
charcoal pre-filter can help improve the quditative
measure of methane concentration in landfill gas.
The charcoa filter adsorbs most of the
non-methane gases, which results in an OVA
reading closer to the actual methane concentration
in the gas sample.

Samples can be collected from existing gas vents or
from test pits. A typical test pit can be 1 cubic foot
insize (e.g., approx. 1 foot deep). It iscovered with
aboard with a small opening on top. Gas samples
can be pumped using a small electric or battery
operated pump from this opening into a Tedlar bag
(or stainless stedl canister). The Tedlar bag samples
can be anayzed using the OVA or by onsite
anadysis using amobile GC, and istypicaly used for
fast-turn-around results. Samples can be collected
using existing extraction wells following this same
procedure. Stainless steel canisters are state-of-
the-art ar/gas collection devices that can be
shipped for offsite analysis more readily than the
other collection devices, but are expensive and
require elaborate decontamination procedures
before they canbereused. Special care should also
be taken with the fidd and trip blanks for air
samples due to possible cross-contamination or
[aboratory problems.
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Landfill Typell. Likelandfill Typel, methane gas
aswell asother potential toxic gasesare of concern
at thistype of landfill where disposa of hazardous
wastes with the municipal wastes occurred, and
there are known or suspected hot spots. Grid
sampling of random areas for methane sampling is
recommended if no known methane production
areas have been identified. Known hot spots can be
sampled for toxic contaminants (such as VOCs
suspected to be present) on atighter grid, based on
the size of the hot spot area. Sample collection
procedures described for Landfill Type | can be
employed; VOC andysis should definitely be
performed to identify the presence of toxic
organics. If specific contaminants of concern have
been identified, contaminant- specific Draeger tubes
can be used; followup of laboratory analysis of
these specific contaminants should be conducted. If
specific contaminants have not been identified, GC
anaysisfor TCL VOCs should be performed.

Further information on landfill gas sampling methods
isavailablein EPAs A Compendium of Superfund
Field Operations Methods (EPA, 1987h).

3.4.1.3 Guidelines

A gas monitoring program is difficult to establish
because of the difficulty in predicting wherethe gas
will migrate. If the cover materia for a landfill has
ahigh clay content, is well compacted, or iswet or
frozen, it is not too likely that the gas will diffuse
uniformly up through the cover. Plots of
isoconcentration lines of gas concentrations
determined from field monitoring may assst in
determining migration patterns. Monitoring for
landfill gas around the perimeter of the landfill may
also be useful in determining latera migration
patterns.

A landfill gas monitoring program may aso include
some sampling in residentia areas. This may
indude sampling for landfill gas in nearby
basements of resdential or commercia buildings.

3.4.2 Data Requirements

A detailed description of landfill gasremedial action
aternatives can be found in Section 4.4.



To evauatethe variousremedia action aternatives,
data gathered before or during the site
characterization of landfill gas should include:

o Contour maps to determine possible
migration patterns

e Geologic, hydrogeologic, and soil
characteristics including permeability,
moisture content, geologic strata, pH, and
depth to bedrock and groundwater to
determine potential gas migration patterns

» Landfill gas characteristics including
composition, moisture content, quantity, and
heat and methane content to determine
treatment alternatives

»  Types of microorganisms present in waste
to determine biodegradation stages (for
estimating gas production)

3.4.3 Landfill Gas Summary

Table 3-5 summarizes the recommended sampling
locations for landfill gas. Figure 3-4 illustrates the
decison process required to determine the
appropriate sampling approach to be implemented.

For Landfill Type I, soil gas probes and grids over
a 100- by 100-foot area with sampling for methane
and VOCs is recommended. For Landfill Type II,
the same sampling locations are recommended, with

the exception that a tighter grid (based on the size
of the hot spot) is used in hot spot areas, and that
sanpling for methane, VOCs, and specific
contaminants associated with the hot spots is
recommended.

3.5 Wetlands and Sensitive
Environments

Many municipal landfills have been built on or next to
natural wetlands or other sensitive environments.
Sensitive environments next to municipa landfills
may be contaminated by inflows of leachate through
the surface water or groundwater pathways. In
addition, contaminated sediments in wetlands may
adsorb heavy metals or complex organicsin leachate
and source materia from municipa landfills. The
following subsections broadly discuss the objectives,
procedures, and guidelines for characterizing nearby
wetlands and sensitive environments.

3.5.1 Wetlands and Sensitive Environment
Evaluation

Data gathered before or during the environmental
evduation will be used to characterize the
contamination and its extent (e.g., sediment volume)
and to assess the impact of contamination on
indigenous biota. Wetlands should be delineated in
accordance with the Federal Manual for Identifying
and Delineating Jurisdictional Wetlands (U.S. Fish
and Wildlife Service, et a., 1989).

Table3-5
LANDFILL GASSAMPLING PROGRAM
Landfill Type Sampling L ocations Analysis
I Soil gas probes at node of 100- by 100- | Methane and VOCs.

foot grid over random areas.

Soil gas probes at nodes of 100- by
100-foot grid over random areas and
tighter grid over hot spots (based on
size of hot spot area).

Methane, VOCs, and
specific contaminants.
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3.5.1.1 Objectives

The objectives of the environmental evaluation are
to:

Determine the impact of the site on
sengitive environments (e.g., habitats,
wildlife)

Determine the impact of remedia action
on wetlands or floodplains

These environmental evauations are normaly
performed, if the municipa landfill isbuilt on or next
to wetlands or other sensitive environments. The
principal focus of these investigations is the
sediments. However, other media of concern may
indude surface water and aquatic species. The
environmental eva uation should provide information
regarding compliance with other environmenta
statutes, such as the Endangered Species Act, the
Coastal Zone Management Act, and the Executive
Order on Floodplains and Wetlands. Additiona
information on conducting environmental
evauations can be found in Risk Assessment
Guidance for Superfund, Volume
[I--Environmental Evaluation Manual (U.S.
EPA, 1989c).

3.5.1.2 Procedures

Landfill Type |. The approach to the
environmental evaluation will be the same for both
landfill types. A review of the data from the
leachate investigation (Section 3.2.1) and the landfill
content/hot spot invegtigation (Section 3.3.1) may
be useful in determining contaminants that may
affect wetland areas.

If surface water drainage patternsindicate possible
deposition of contaminated sediment in a wetlands
area, aminimum of one composite sediment sample
from the major drainage channel and at least two
background sediment samples from the wetlands
area should be collected. If the composite sampleis
contaminated, then additional grab samples should
be collected to delineate the ared extent of
contamination. The number of additional samplesto
be collected should be determined on a case-
by-case basis, depending on the potentia extent of
contamination.
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In areas where vegetation stress is visible,
composite sediment samples should be collected
near the affected flora. Two background samples,
if not aready collected for comparison purposes,
should be collected. These samples will indicate if
contamination from the landfill is present that may
require that biota sampling be done.

Data from other media investigations should be
reviewed, because additional pathways could be
identified. For example, where leachate seeps into
groundwater and discharges into a wetlands area,
background samples and samples of the potentially
contaminated area, both sediment and groundwater,
should be collected at the point of groundwater
recharge.

A qudlified field biologist should survey the areaand
note plant and animal species, if the area is
indicated as a sendtive environment during the
records searches or the site visit. Any remedial
action aternatives considered for the site should
incdude mitigation procedures for these sensitive
environments.

Landfill Type Il. The environmental evaluation
will be the same for Type Il landfills as for a Type
I landfill. However, the invedtigation and
remediation of hot spot areas may be a viable
means of reducing or eliminating the source of
wetlands contamination.

3.5.1.3 Guidelines

After data from the environmental evaluation and
other media invedtigations are collected, an
exposure assessment should be performed. The
exposure assessment should particularly review
potential biota targets and the probability that they
will be affected by the site. If contamination is
present and will harm the sensitive environments,
then aquatic and terrestrial tissue sampling or acute
or chronic toxicity testing should be considered to
further assessthe impact of the site. Biotasampling
could include:

Sampling of visbly affected plant life

Invertebrate sampling in riverbeds

Fish shocking, if recreational fishing area



Capture and sampling of native wildlife, if
it is known to be consumed by humans

Terrestrial and aguatic tissue sampling is labor
intensve and expensive and should only be
conducted if warranted by the exposure
assessment. These types of studies are very rarely
performed during an RI/FS. A more detailed
description of collection of biota sampling is
described in the documents titled Guidance for
Conducting Remedial Investigations and
Feasibility Sudies Under CERCLA (U.S. EPA,
1988d), and EPA’s A Compendium of Superfund
Field Operation Methods (EPA, 1987h).

3.5.2 DataRequirements

A description of remedia action dternatives for
wetlands contamination can befound in Section 4.6.
To evaduate remedia action aternatives, data
gathered before or during the environmental site
characterization should include:

» Contaminants and concentrations in the
sediments and volume of contaminated
sediments to assess remedial  action

dternatives

Species of flora and fauna that may be
affected by contaminants and remedia
action aternatives (Fauna should include
birds, terrestria wildlife, and aguatic
wildlife))

A coordinated approach should be used when
conducting an environmental evaluation, because
groundwater and surface water investigations
(Sections 3.1 and 3.6) often overlap environmental
evaluations. For example, leachate from amunicipal
landfill can seep into groundwater, which recharges
to a wetlands area. The groundwater investigation
would identify the contamination pathway and could
provide additiona information on potentia
contamination in the wetlands. Both media
characterization efforts, therefore, should be
integrated.

3.5.3 Wetlands Summary

Table 3-6 summarizes the sampling rationae for an
environmental evauation, while Figure 3-5

Table 3-6
SUMMARY OF SAMPLING REQUIREMENTS
FOR ENVIRONMENTAL EVALUATION

Environments in affected area.

Mediato Be Minimum Number of Samples
Investigated Sample L ocations
Wetlands Collected sediment sample from One composite sample per mgjor
affected area and background samples. drainage channel; two
background.
Collect additiona sediment samples to Depends on size of potentialy
confirm extent of contamination. contaminated area.
Sengtive Observe sample aquatic/terrestria life Depends upon biota in affected

Collect aquatic/terrestria life for tissue

area.

Depends upon biota in affected
area.

One composite sample per area.

studies.
Collect sediment sample from stressed
area.
Groundwater Collect surface water sediment and
(Section 3.1) groundwater samples.

(See Section 3.1)
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to characterize
sensitive
environment ?

Have
aquatic /
terrestrial biota
been surveyed
previously ?

Yes

Sample surface water
- sediment locations in

the sensitive environment,
Survey biota.
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surface water, and
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NEAR MUNICIPAL LANDFILL SITE

Figure 3-5

LOGIC DIAGRAM FOR ENVIRONMENTAL

Word-searchable Version — Not a true copy 233 ASSESSMENT NEAR MUNICIPAL LANDFILLS



shows atypica flow chart to determine sampling
locations. The sampling and monitoring locations
apply equdly to both types of landfills.

3.6 Surface Water

Many municipal landfills are near surface water
bodies, including rivers, intermittent streams, ponds,
and lakes. Surface water may be contaminated by:

Site surface water runoff

Surface seepage of leachate

L eachate seepage to groundwater, which
recharges to a surface water body

3.6.1 Surface Water Investigation

The surface water investigation must be
coordinated with the groundwater, leachate, and
landfill contents’hot spots investigations (Sections
3.1, 3.2, and 3.3, respectively). Therationaefor the
location of surface water sampling and monitoring
points is often derived from the investigation of
other media

3.6.1.1 Objectives

The objectives of the surface water investigation
are asfollows:

Determine the impact of the site on
surface water and sediments (e.g., from
landfill runoff and |eachate seeps)

Determine contaminant concentration in
upstream samples

Evduate surface water hydrology,
induding drainage patterns, flow, and
surfacewater/groundwater rel ationships,
as necessary

Determine the waste characteristics of
surface water and sediments

Determine the extent of contamination
and sediment volumes
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Determinethetidal or seasona effects of
the surface water on the landfill

Determine impact of flooding on cap
design and potentia erosion

Much of the above information can be obtained
through record searches, initia site investigations,
and agencies such as the USGS, Soil Conservation
Service, and other public agencies. Field
investigations of water level measurements and
sampling should be conducted to supplement this
information (see Guidance for Conducting
Remedial Investigations and Feasibility Studies
Under CERCLA (U.S. EPA, 1988d)).

3.6.1.2 Procedures

Landfill Type I. Contamination of surface water
and sediment is primarily of concern at Type Il
landfills. However, since unknown amounts of
hazardous wastes may be commingled with
municipal wastes, migration of contaminants to
surface waters vialeachate and runoff may also be
of concern a some Type | landfill sites. The
approach to both investigating surface water and
sediment contamination will be smilar for both
landfill types. The types of surface watersthat may
need to be investigated at municipa landfill sites
include rivers, streams, lakes, ponds, or lagoons.

Many municipa landfills are located near rivers or
streams. Surface water and sediment samples
should be collected upgradient (i.e., upstream) of
the site, far enough to avoid any tidal influences,
and downgradient of any known drainage/leachate
seeps. In areas where tidal influence is a
consideration, samples should be composited from
several locations in both the upgradient and
downgradient areas. Care should be taken so that
cross-contamination of these samples by other
industries or other adjacent landfills is avoided.
Sediment and surface water samples should be
collected upgradient and downgradient in each
adjacent river or stream. Additional sampling
locations might be added depending upon the size of
the site, the number of rivers or streams near the
landfill, and the location of drainage or leachate
seeps to the river or stream.



Typical analytical parametersfor surface water and
sediment samples include pH, temperature, TSS,
inity, and specific contaminant concentrations.
These data provide capacity of the water to carry
contaminants and water/sediment partitioning
(Guidance for Conducting Remedial
Investigations and Feasibility Studies Under
CERCLA (U.S. EPA, 1988d)). Specific sampling
techniques are described in EPA’sCompendiumof
Superfund Field Operations Methods (EPA,
1987h).

If contamination of a river is suspected or
documented, river water levels and corresponding
flows should be monitored upgradient from the site
and downgradient from any leachate seeps or
runoff. This information can be used to assess
dilution effects and potentia seasona variations in
contaminant concentrations due to changing water
levels. Care should be taken when choosing river
flow monitoring locations so that impacts from
permitted or nonpermitted discharges from
industries or adjacent landfills are avoided. Often,
USGS and various state agencies monitor river flow
at various points aong mgor rivers or streams.
These data bases can be used for water level, flow
rate, and drainage data needs. The locations may
not be ideal, but a water balance can provide a
reasonable estimate for site characterization. If the
river is not monitored, a minimum of two water
level oaff gauges should be ingaled, one
upgradient from the site and one downgradient from
the site in each adjacent river or stream.
Precipitation data can be acquired from local
weather bureaus or the National Climatic Data
Center in Asheville, North Carolina

Water level measurement frequency will depend
upon the data needs of the site. At a minimum,
measurements should be conducted during the
surface water sampling. More frequent
measurements are required to determine tidal or
seasonal influences.

Some municipa landfills are located near
intermittent streams. These streams often transport
contamination from landfills as a result of surface
water runoff during or after periods of heavy
rainfal. Contamination can also be the result of an
accidental release of contaminants such as

Word-searchable Version — Not a true copy 335

overflow of a surface impoundment. If
contamination is suspected as a result of seasonal
landfill runoff, surface water and sediment samples
should be collected during or immediately following
periods of heavy rainfall. An evauation of the
drainage patterns of the site should indicate optimal
sampling locations. One sample should be collected
where runoff or overflow enters the stream
channel, and one sample should be collected
upgradient of thegite, if possible. Additional surface
water samples may be collected to assess the
impact of contamination from the intermittent
stream on the water quality of any rivers or lakes
downstream.

Intermittent streams are not usually monitored by
other agencies. The stream depth, width, and flow
rate during or after periods of heavy rainfall should
be measured. The USGS can be consulted for
estimates of water drainage in a particular area.
Local weather bureaus should be contacted for
precipitation data.

Many municipa landfills are Situated near lakesand
ponds or have small ponds on the site. Lakes and
ponds are often contaminated by surface water
runoff and leachate seeps from the landfill. In
addition, groundwater contaminated from leachate
seeps could recharge to nearby lakes and ponds.

Surface water and sediment samples should be
collected near the drainage or leachate seeps and
background samples should be collected upgradient
of leachate seeps. Care should be taken to prevent
cross-contamination from industria dischargersand
other landfills. Additional sampling may be required
to assess seasonal/tidal fluctuations and multiple
point discharges.

Larger surface water bodies should be monitored to
determine tidal and seasonal fluctuationsthat affect
the extent of contamination and groundwater flows.
As mentioned above, the USGS and other agencies
may already monitor water levels and flows to
lakes. These data bases should be used. USGS data
can be found in their WATSTORE files, and U.S.
EPA data can be found in their STORET files.
Precipitation data can be obtained from loca
weather bureaus or the National Climatic Data
Center in Asheville, North Carolina



Landfill Typell. For landfillsthat are suspected or
known to have hot spot areas, investigation and
remediation of hot spot areas may be a viable
means of reducing or diminating the source of
contamination of surface water and sediment
contamination. In some situations, hot spots may
extend into surface water sediment. Information on
characterizing hot spots can befound in Section 3.3.

3.6.1.3 Guidelines

Data to be collected should include sampling of
potentidly affected surface waters and sediments
from ponds, lakes, rivers, and streams (upgradient
and downgradient).

At aminimum, surface water and sediment samples
should be collected near drainage or |eachate seeps.
Background samples should aso be collected
upgradient of leachate seeps and upstream of the
landfill site for streams and rivers.

The determination of anaytica parameters for
sediment and surface water samples should

the landfill contents/hot spot investigation (Section
3.3.1) and the leachate investigation (Section 3.2.1)
should indicate contaminants of concern for the
surface water investigation.

3.6.2 Data Requirements

Surface waters are generally not treated at
municipa landfill sites. However, removal and
management of contaminated sediments from
surface water may be required. A description of
remedial action aternatives for surface water and
sediments can be found in Section 4.7. Data needs
for evaluating surface water and sediment remedial
alternatives can be quite extensive depending on the
extent of potentially contaminated surface water at
a specific site. Since surface water data needs are
largely dependent on the investigation of other
media, they are discussed under the surface water
investigation (Section 3.6.1).

3.6.3 Surface Water Summary

Table 3-7 summarizes the recommended sampling

correlate with leachate analysis and hot spot locations for surface waters. A flowchart
analysis. A review of the data generated from summarizing the decisions necessary to
Table 3-7
SAMPLING AND MONITORING RATIONALE FOR SURFACE WATER
AND SEDIMENTS NEAR MUNICIPAL LANDFILL SITES
Sampling/Hydrological
L ocation Monitoring L ocation Considerations
Rivers Upgradient of site, down gradient Tidd influence, seasond influence,
of site. leachate seeps, groundwater recharge,
number of rivers/'streams bordering the
Background samples. site.
Intermittent Upgradient and downgradient from | Seasona influence.
Streams leachate seep/surface water run-
off/seep.
Ponds Points of known run-off/seep and Seasonal influence, groundwater
background samples. relationships, other related rivers or
streams.
Lakes Points of known run-off/seep and Tida influence, seasond influence,
background samples. leachate seeps, groundwater relationships,
other related rivers or streams.
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determine sampling and monitoring location is
presented in Figure 3-6. The sampling and
monitoring locations are equally applicable to both
types of landfills.

3.7 Basdine Risk Assessment

Basdline risk assessments evaluate the potential
threat to human hedlth and the environment in the
absence of any remedia action. They often provide
the basis for determining if remedia action is
necessary and the judification for performing
remedia actions. The basdline risk assessment can
also be used to support a finding of imminent and
substantial endangerment if such a finding is
required as part of an enforcement action. It should
be noted that the risk assessment is performed by
EPA regardless of whether it is an
enforcement-lead sSite or not. Detailed guidance for
conducting risk assessmentsis provided in theRisk
Assessment Guidance for Superfund, Volume
I--Human Health Evaluation Manual (U.S. EPA,
1989)); and the Risk Assessment Guidance for
Superfund--Environmental Evaluation Manual
(U.S. EPA, 1989c).

In general, the objectives of a basdine risk
assessment may be attained by identifying and
characterizing the following:

Toxicity and levels of hazardous
substances in relevant media (for
example, air, groundwater, soil, surface
water, sediment, and biota)

Environmental fate and transport
mechanisms, such as physical, chemical,
and biological degradation processes and
hydrogeologica conditions

Potential human and environmental
receptors

Extent of expected impact or threat; and
the likelihood of such impact or threat
occurring (that is, risk characterization)

Levels of uncertainty associated with the
aboveitems

The level of effort required to conduct a basgline
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risk assessment depends largely on the complexity
of the site. The god is to gather sufficient
information to characterize the potential risk from a
Ste adequately and accurately, while a the same
time conduct this assessment as efficiently as
possble. Use of the conceptual site model
developed and refined previoudy will help focus
investigation efforts and, therefore, streamline this
effort. Factors that may affect the level of effort
required include:

. Number, concentration, and types of
chemicals present

Extent of contamination

Qudity and quantity of avalable
monitoring data

Number and complexity of exposure
pathways (including the complexity of
release sources and transport media)

Required precision of sample analyses,
which in turn depends on site conditions
such as the extent of contaminant
migration and the proximity,
characterigtics, and size of potentialy

exposed population(s)

Availability of appropriate standards
and/or toxicity data

3.7.1 Components of the Baseline Risk
Assessment

The basdline risk assessment process can be
divided into four components:

. Contaminant identification
Exposure assessment
Toxicity assessment
Risk characterization

A brief overview of each component follows.

3.7.1.1 Contaminant Identification

The objective of contaminant identification is to
screen the information that is available on
hazardous substances or wastes present at the site
and to identify contaminants of concern to



Have surface

No
. water and sediments
been previously
sampled?
N Are previous
w4 ° samples adequate

to characterize
surface water?

Have water levels,

Yes

drainage pathways
been previously
monitored?

Yes

Is alternative data

base information
available?

— Sample surface water
and sediment
— Perform water level monitoring

>

Are existing
data adequate
fo characterize
site?

Data from leachate,
environmental assessment,
and groundwater
investigations

CHARACTERIZE \

SITE SURFACE WATER )
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Figure 3-6
LOGIC DIAGRAM FOR SURFACE WATER/
SEDIMENT SAMPLING NEAR MUNICIPAL LANDFILL



focus subsequent efforts in the risk assessment
process. Contaminants of concern may be selected
because of their intrinsic toxicological properties,
because they are present in large quantities, or
because they are presently in or potentially may
move into critical exposure pathways (for example,
drinking water supply).

3.7.1.2 Exposur e Assessment

The objectives of an exposure assessment are to
identify actual or potential exposure pathways, to
characterize the potentially exposed populations,
and to determine the extent of the exposure.
Detailed guidance on conducting exposure
assessments is provided in the Exposure Factors
Handbook (U.S. EPA, 1989dd), and in the
Superfund Exposure Assessment Manual (U.S.
EPA, 1988a3).

3.7.1.3 Toxicity Assessment

Toxicity assessment, as part of the Superfund
baseline risk assessment process, considers (1) the
types of adverse hedlth or environmental effects
associated with individual and multiple chemical
exposures; (2) the relationship between magnitude
of exposures and adverse effects; and (3) related
uncertainties such as the weight of evidence for a
chemicdl’s potentia carcinogenicity in humans.

3.7.1.4 Risk Characterization

In the fina component of the risk assessment
process, the potentia risks of adverse heath or
environmental effects for each of the exposure
scenarios derived in the exposure assessment, are
characterized and summarized. Estimates of risks
are obtained by integrating information devel oped
during the exposure and toxicity assessments to
characterize the potential or actua risk, including
carcinogenic risks, noncarcinogenic risks, and
environmental risks. The find analysis should
include a summary of the risks associated with a
ste including each projected exposure route for
contaminants of concern and the distribution of risk
across various sectors of the population. In addition,
such factors as the weight-of-evidence associated
with toxicity information, and any uncertainties
associated with exposure assumptions should be
discussed.
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3.7.2 Using the Baseline Risk Assessment
to Streamline Remedial Action Decisions

The baseline risk assessment often provides
judtification for performing remedial action at asite.
Once a potentia risk to human hedth or the
environment has been demonstrated, an evaluation
of the appropriate remedial measuresto mitigatethe
risk must be performed. The results of the baseline
risk assessment are used in combination with
chemical-specific ARARs to determine clean-up
levels, which in turn help to direct appropriate
remedial measures. Options for remedia action at
municipd landfill sites, however, are often limited.
Therefore, in many cases, it may be possible to
sreamline or limit the scope of the basdine risk
assessment in order to initiate remedia action on
the most obvious landfill problems
(groundwater/leachate, landfill contents, and landfill
gas). Ultimately, it will be necessary to demondtrate
that the find remedy, once implemented, will
address dl pathways and contaminants of concern,
not just those that triggered the need for remedia
action.

Rapid implementation of protective measures for
the mgor problems a a landfill ste may be
accomplished by:

1. Using the conceptual site model and RI-
generated data to perform a quditative risk
assessment that identifies contaminants of
concern in the affected media, contaminant
concentrations, and their hazardous properties
that may pose arisk through the various routes
of exposure.

2. ldentifying pathways that are an obvious threat
to human hedth or the environment by
comparing RI-derived contaminant
concentration levels to standards that are
potentidl  chemical-specific  applicable or
relevant and appropriate reguirements
(ARARS) for the action. These may include:

. Non-zero maximum contaminant level
goas (MCLGs) and MCLs for
groundwater and leachate (40 CFR
300.430(e))

. State air quality standards for landfill gas



When potential ARARS do not exist for a specific
contaminant, risk-based chemical concentrations
should be used.

Where established standards for one or more
contaminants in a given medium are clealy
exceeded, remedial action is generally warranted
(quartitative assessments that consider all
chemicals, their potential additive effects, or
additivity of multiple exposure pathways are not
necessary). In cases where standards are not
clearly exceeded, amore thorough risk assessment
may be advisable before deciding whether or not to
take remedid action.

The benefits of performing early or interim actions
at a landfill site include speeding up the clean-up
process and reducing the impact on other affected
media (e.g., wetlands) at a site while the RI/FS
continues. The effect of early action at a landfill
should be factored into any ongoing risk
assessment. For example, if leachate seepage that
had been contaminating surface water and wetlands
is stopped as a result of an early action, then the
risk assessment developed subsequently for the
stream sediments and wetlands should assume no
further loading. Any early actions also need to be
designedfor flexibility so that they will be consistent
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with subsequent actions. For example, it may be
necessary to adjust a groundwater pump-and-trest
early action designed to attain MCLs to achieve
even lower levels, determined to be necessary
under a subsequent risk assessment, in the interest
of protecting environmental receptors in the
wetlands into which the groundwater discharges.

Although this process allows for early
implementation of remedial measures, a risk
assessment will be required to demonstrate that the
fina remedy at the site is protective of human
hedlth and the environment.

3.8 Section 3 Summary

This section provides information on how to
characterize CERCLA municipa landfill sites so
that site dynamics and site risks can be defined.
Also included in this section is a description of the
basdine risk assessment for municipa landfills.
Section 4 describes technologies most practicable
for remediating CERCLA municipa landfill sites.
The information in these two sections can then be
used to assist in the development of appropriate
remedial action aternatives to mitigate potentia
adverse human hedlth and environmenta impacts of
municipd landfill Sites.



Section 4
DETAILED DESCRIPTION OF TECHNOLOGIES

4.1 Remedial Action Objectives

Because many CERCLA municipal landfill sites
share smilar characteristics, they lend themselves
to remediation by similar technologies. EPA has
established a number of expectations as to the
types of remedia daternatives that should be
developed during the detailed analysis stage; they
are listed in the National Contingency Plan (40
CFR 300.430(8)(1)). For municipd landfill Stes, it
is expected that:

» The principa threats posed by a site will
be treated wherever practical, such asin
the case of remediation of a hot spot.

»  Engineering controls such as containment
will be used for waste that poses a
relatively low long-term threat or where
treatment is impractical.

* A combination of methodswill be used as
gppropriate to achieve protection of
human health and the environment. An
exanple of combined methods for
municipal landfill steswould be trestment
of hot spots in conjunction with
containment (capping) of the landfill
contents.

* Inditutional controls such as deed
regrictions will be used to supplement
engineering controls, as appropriate, to
prevent exposure to hazardous wastes.

» Innovative technologieswill be considered
when such technol ogies offer the potential
for superior treatment performance or
lower costs for performance similar to
that of demongtrated technologies.
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e Groundwater will be returned to beneficia
uses whenever practica, within a
reasonable time, given the particular
circumstances of the site.

As a first step in developing remedia action
aternatives, remedial action objectives need to be
developed. Typicaly, the primary remedia action
objectives for remediating municipa landfill sites
include:

* Preventing direct contact with landfill
contents

* Reducing contaminant
groundwater

leaching to

e Controlling surface water runoff and
erosion

* Remediating hot spots

* Collecting and treating contaminated
groundwater and leachate

e Contralling and treating landfill gas

* Remediating contaminated surface water
and sediments

* Remediating contaminated wetland areas

Based on the above remedial action objectivesfor
CERCLA municipd landfill sites and the EPA
expectations outlined in the NCP, the following
points should be considered in order to streamline
the development of remedial action aternatives:



*  Generdly, the most practicable remedial
dternative for landfills is containment
(capping). Depending on site
characterigtics, containment could range
from a soil cover to a multi-component
impermeable cap.

* Treatment of soils and wastes may be
practicable for hot spots. Consolidation of
hot spot materials under alandfill capisa
potential aternative in cases when
treatment is not practicable or necessary.

» Extraction and treatment of contaminated
groundwater and leachate may be
required to control offsite migration of
wastes. Additionally, extraction and
treatment of leachate from landfill
contents may be required. Collection and
treatment may be necessary indefinitely
because of continued contaminant
loadings from the landfill.

» Condructing an active landfill gas
collection and treatment system should be
considered where (1) existing or planned
homes or buildings may be adversdy
affected through either exploson or
inhaation hazards, (2) fina use of the site
includes allowing public access, (3) the
landfill produces excessive odors, or (4) it
is necessary to comply with ARARs.
Most landfills will require a least a
passive gas collection system (that is,
venting) to prevent buildup of pressure
below the cap and to prevent damage to
the vegetative cover.

A review of the selected remedies in the records
of decison (RODs) EPA has signed through FY
1989 for CERCLA municipa Ilandfill dtes
indicates that certain technologies are
implemented more often than others (Appendix
B). Based on this review of technologies used
most frequently at CERCLA municipa landfill
sites and, based on the NCP expectations, alist of
technologies has been devel oped. The descriptions
in this section of these technologies is intended to
streamline the RI/FS process by making available
alist of technologies practica for useat CERCLA
municipal landfills. The list of technologies
described in this section is not intended to dleviate
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the responsihility of the feasibility study team to
consider other, possibly appropriate technologies.
Design considerations and data needs have also
been included to help guide the data-gathering
tasks associated with remedial investigations.

The technology discussions have been grouped by
media for organizational reasons. However, the
interactions between media should be considered
when assembling technologies into aternatives.
For example, leachate, contaminated groundwater,
and landfill gas condensate may al require
treatment using some or all of the same processes.

While the descriptions focus primarily on
technol ogies used at landfill sites, brief descriptions
of surface water and groundwater remediation are
included. Often, contamination of these media
must be addressed, although the nature of the
remedial aternatives is not necessarily unique to
landfill sites. Likewise, mitigation of wetlands is
addressed because a significant number of
municipa landfill sites are located within or close
to wetlands.

4.2 Landfill Contents
4.2.1 Access Restrictions

Access redtrictions at municipa landfill sites are
intended to prevent or reduce exposure to onsite
contamination. They include actions such as
fencing, signage, and restrictive covenants on the
property deed to prevent development of the site
or use of groundwater below the site. Access
restrictions may also be imposed to reduce
required maintenance and to protect the integrity
of aremedia dternative such as a landfill cap.
Some of the conditions at a municipa landfill ste
that may warrant access restrictions include:

» Landfills where no cap has been
constructed

o Landfills where passve venting of
landfill gas is being used or cases
where no landfill gas controls have
been implemented and gas emissons
may be a health hazard



* Landfills where erosion of the cover may
be of concern (limit all-terrain vehicles,
vehicular traffic, creation of foot paths,
etc.)

» Landfills where ligbility concerns may
warrant limiting access

Situations where access restrictions such asfencing
may not be necessary include:

* Rural areas where heavy use is unlikely
and where occasional trespassing, such as
for hunting, does not present arisk

»  Urban areasin situations where the landfill
is capped and landfill gas does not present
a sgnificant risk and where the loca
community may desire that the land be
used for an appropriate purpose such as a
park area. In cases where fencing is not
necessary, it may still be prudent to post
signs to warn trespassers of potential risks.

The two types of access restrictions most used at
municipa landfill Stesinclude deedrestrictionsand
fencing. Conditions in the area of the site should be
evaluated in the 5-year reviews to assess the
continuing or future need for access restriction.

4.2.1.1 Deed Restrictions

Restrictive covenants on deeds to the landfill
property areintended to prevent or limit site use and
devel opment. Restrictive covenants, written into the
landfill property deed, notify any potential purchaser
of the landfill property that the land was used for
waste disposa and that the land use must be
restricted in order to ensure the integrity of the
waste containment system. The effectiveness of
deed restrictions depends on state and local laws,
continued enforcement, and maintenance. Most
restrictions are subject to changes in political
jurisdiction, lega interpretation, and level of
enforcement. Some, such as aquifer use
restrictions, are voluntary and are not enforceable.
In addition, some states do not alow deed
restrictions to be placed on properties due to
inherent problems associated with enforcement.
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Because deed redtrictions are generally used in
conjunction with other remedial actions, the specific
prohibitions outlined in the restrictive covenant are
based on the type of remedia action implemented
at the site and how the effectiveness of that
remedial action can be improved through deed
restrictions. For municipa landfill stes, the maor
purpose of deed restrictions is to protect the
integrity of the cap. The restrictive covenant should
limit subsurface development (excavation),
excessve vehicular traffic (including off-road
vehicles and dirt bikes), and groundwater use.
Additional deed restrictions may be required for
effective implementation of other technologies. The
permissble uses/limitations for the specific landfill
property should be identified based on the risk the
Ste poses and the remedid actions likely to be
implemented.

4.2.1.2 Fencing

When necessary, fencing is used to physicdly limit
access to the landfill ste. Signs may be posted to
make clear to potential trespassers that there may
be a health threat associated with going onthesite.
Sgns typicaly are posted at equa intervals aong
the perimeter of the site and along roads leading to
the site. The most common type of fence used to
limit access is a chain-link fence about eight feet
high. Barbed wire on top of the fence may also be
required to deter trespassing. Gates alone may be
sufficient if only vehicular traffic needs to be
limited. The primary data needed for fence
evauation is a determination of the area to be
fenced. First, however, the location and potential
risks of the landfill site, dong with local land use
restrictions, should be identified to determine
whether fencing is necessary at all.

4.2.2. Containment

Containment refers to technologies that isolate the
landfill contents and mitigate offsite migration
through the use of engineering controls.
Containment technologies include surface controls

and capping.
4.2.2.1 Surface Controls

Surface control technologies are designed to
control and direct site runoff (potentially for



treatment) and to prevent offsite surface water
from running onto the site. These technologies
reduce water infiltration into the waste and
associated leachate generation, and dow down the
rate of cap erosion. Surface controls to divert
run-on and minimize infiltration a municipa landfill
sites often are implementedin conjunction with Ste
closure. Such controls are dmost always employed
in concert with other technologies such as
ingtalation of alandfill cap. Landfill covers, likeany
other disturbed soils, are prone to erosion, which
can result in exposing and eventualy mobilizing
contaminated materials. Therefore, if necessary,
erosion and sediment controls should be considered,
including space requirements for sedimentation
basins and erosion control structures. Surface
controls most commonly used at municipa landfill
Sites are grading and revegetation.

Grading. Grading modifies topography in order to
promote positive drainage and control the flow of
surface water. A properly graded surface will
channel uncontaminated surface water around the
landfill, thereby minimizing infiltration through the
landfill cap.

Grading is adso the genera term for techniques that
reshape the surface of landfills in order to control
eroson and to manage surface water infiltration,
run-on, and runoff. Designing proper dope lengths
and gradients, and creating berms and swales are
common grading techniques used to control and
route surface water. Earth fill, typically from offsite
borrow sources, may be required to change sope
gradients and to construct earthen berms.
Regrading exigting fill materid is recommended in
Stuations wherethereisasgnificant quantity of fill,
if analysis shows the fill is acceptable to reuse.
Significant cost savings could be made by using
exiging fill and thereby minimizing the cost of
transporting fill materia from an offsite source.

Generally, dopes on top of the landfill range from 3
percent to 8 percent in order to promote runoff and
control erosion. Sideslopes can be as steep as
3H:1V (33 percent) aslong as benches (horizontal
steps) are provided to interrupt the dopes and thus
control soil eroson and maintain dope Sability.
Steeper dopes can exist under certain sope
conditions.
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However, the use of dopes less steep than 3H:1V
is recommended.

Municipa solid wastes usudly settle during the life
of alandfill due to decomposition of organic wastes
and the weight of superimposed loads of refuse and
s0il. The settlement may be significant, especidly in
the deepest points of the landfill whichtypicaly are
located at the center of the landfill. Settlement can
result in changing surface dopes and possbly
flattening some of these slopes. A well prepared
grading plan will take settlement into account by
recommending dopesthat will ill be effective after
settlement. Potential settlement problems can be
identified by placing benchmarks that can be
surveyed at various times throughout the RI/FS
process. Continued operations and maintenance
(O& M) will aso be required to maintain adequate
surface slopes.

Grading techniques are well developed and
commonly used in landfills around the U.S. They
are often performed in conjunction with capping and
revegetation and have a considerable impact by
reducing leachate generated due to infiltration.

Some implementation and O&M considerations
concerning an adequate grading plan include the
following:

* A well designed grading plan should result
in runoff from the site being controlled.
Also, water that would otherwise run onto
the site will be diverted.

o A properly graded site will reduce the
contact time of runoff water on the landfill,
thus reducing the rate of infiltration of
surface water into the landfill.

» FEroson of cover soil can be controlled
through grading, and soil retention will
encourage the growth of beneficia
vegetation.

» The cost of eath fill may be high,
especidly when the borrow source is
remote. Free fill may be available from
large construction projects.



There will be a need for ongoing
maintenance because soil erosion and
settlement of waste can change the slope
gradient.

Some of the benefits such as reduced
infiltration rate or reduced volume of
leachate can be hard to quantify in landfills
where there is no leachate collection
system.

In order to develop an adequate grading plan, the
following data should be gathered:

Likely distance to borrow source

The extent to which the exigting fill could
be used as part of the grading plan

Exiging topography and boundary of
project earthworks (area to be graded)

Climatological data
precipitation)

(for  example,

Stormwater retention and sedimentation
boring requirements

Soil data for the grading soil (for example,
runoff curve number, permegbility, grain
Size digtribution)

Sope length and gradient limits-for
example, maximum and minimum length
and gradient. (Top slopes range from 3
percent to 8 percent; sidesopes, if lined,
typicaly are not steeper than 3H:1V, with
abench for every 25-foot risein elevation.)

Maximum alowable erosion per acre--
typically, 2 tons per acre per year (U.S.
EPA, 1989d).

e Maximum stormwater flow velocity and
type of materia available for ditch lining.
Ditchor channel protection depends mainly
on the type of soil where the channd is
being excavated (for example, grass,
gravel, gabions, grouted gabions, concrete,
plastic lining, etc.). For example, channels
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excavated in fine grave will require lining
when flow velocity exceeds 2.5 feet per
second, while dluvid slts can withstand
velocities up to 2.7 feet per second without

lining.

Revegetation. Revegetation is a method used to
stabilize the soil surface of a landfill site and
promote evapotranspiration. Revegetation
decreases erosion of the soil by wind and water,
reduces sedimentation in stormwater runoff, and
contributes to the development of anaturally stable
surface. It is aso used to improve the aesthetics of
the landfill, which is especially important when the
Ste isbeing considered for use as recreational land.

Revegetation is used as a temporary measure to
stabilize the soil surface or as a permanent feature
when the closed landfill site is being reclaimed for
other uses. A systematic revegetation plan includes
sdection of a suitable plant species, seedbed
preparation, seeding/planting, mulching and/or
chemical stabilization, fertilization, and maintenance.

Revegetation is used most in concert with other
containment technologies such as caps. Since most
caps include an impermeable layer, revegetation
may require a drainage layer over theimpermeable
layer to avoid rotting of the plant roots. In dry
climates, irrigation may be necessary at times to
maintain strong plants. Trees and shrubs with deep
roots that might penetrate the impermeable cover
layer should be prevented from growing on landfill
covers.

Some implementation and O&M considerations
concerning revegetation include the following:

Revegetation will reduce soil erosion by
wind and water, improve site aesthetics,
and increase evapotranspiration due to
plants.

The requirement for periodic maintenance
(such as mowing) should be considered.

The potential need for irrigation, which is
codtly and may conflict with objectives of
reduced infiltration, should be considered.



Some plant species commonly used for revegetation
include Kentucky bluegrass, tall fescue, meadow
fescue, redtop bentgrass, smooth bromegrass, field
bromegrass, orchard grass, annua ryegrass,
timothy, and red canary grass. Revegetation
typicaly includes grass and legume mixtures.
Revegetation species can be selected using the
state’s Soil Conservation Service guiddines. Also,
the EPA Office of Research and Development has
developed a computer model, titted Veg Cover,
which can be used to provide information on the
selection of revegetation species. Additiondly, the
type of plant speciesto be used in different climates
and conditions can be found in Design and
Construction of Coversfor Solid Waste Landfills
(U.S. EPA, 1979a).

The type of plant species selected for revegetation
depends on a number of factors. Primary data
needs for determining an appropriate plant species
for revegetation are:

» Type of seeding--temporary or permanent

» Time of year when the seeding is to be
performed

 Type of climate at the landfill (annua
precipitation, low/high temperatures)

» Topographic characteristics (for example,
slope stegpness, drainage patterns)

»  Soil characterigtics (for example, nutrients,
pH, moisture content, organic content, grain
size digtribution)

Other factors that should be considered in selecting
aplant speciesinclude:

* Minimizing the level of maintenance
required after seeding

» Effects of incressed surface soil
permeability due to root system and
possible increased infiltration through the
cover
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4.2.2.2 Cap (Landfill Cover)

The selection of an appropriate cap design will
depend not only on the technical objectives but also
on risk factors and the identified ARARSs for the
landfill site. A discussion and some examples of
potential ARARs for municipa landfill sites are
presented in Section 5. Additiona guidance for
determining requirementsto CERCLA sites can be
found in the CERCLA Compliance with Other
Laws Manual: Part | (U.S. EPA, 1988c).

A determination should be made on which RCRA
closure requirements are relevant and appropriate
for the specific site of concern. RCRA Subtitle D
closurerequirements are generaly applicable unless
a determination is made that Subtitle C is gpplicable
or relevant and appropriate. In general, RCRA
Subtitte C would be applicable if the waste is a
listed or characteristic waste under RCRA, and the
waste was disposed of after November 19, 1980
(effective date of RCRA) or the response action
congtitutes treatment, storage, or disposa, as
defined by RCRA. The decision about whether a
RCRA requirement is relevant and appropriate is
based on consideration of a variety of factors,
including the nature of the waste and its hazardous
properties, and the nature of the requirement itsalf.
State closure requirements that are more stringent
than the Federa requirements must be used in
determining a final cover design. These regulatory
requirements should be integrated with the technical
objectives for the Site, based on site characteristics,
to determine the best capping aternatives to be
evauated in detail.

Capping technologies may be designed to reduce
surface water infiltration, control emissions of gas
and odors, reduce erosion, and improve aesthetics.
Capping technologies aso provide a stable outside
surface that prevents direct contact with wastes.
The different types of capping technologiestypically
used at landfillsinclude:

» Native soil cover
* Single barrier (eg., clay)
» Composite barrier (e.g., clay plus FML)

Figure 4-1 is a smplified decison tree for
determining an appropriate profile cap based on site
and waste characteristics.



3QIND NOLLO3TAS HIAOD TJANVT
L-p 24nbid
-1o1em Buiyulip J0 80Inos & se pasn Bujeq

10U S| JoleMpUNOIB B18UM Says 10 ‘uonendioaid [enuue MO LiiM SUOIBaI ‘SSeW JUBUILUBIUOD JO SWNJOA jleWS
e BuiuIRIuoD SBlis epnjoul Aew pue UIBdU0d Arewud 8yl J0U S} UORRIYUI B18YM SUOIENNS 9pNjoL) sBjdwex]

Jaisieq ey} o} uoialoid epiroid 1eyl s1ake| jeuctippe spnoul Aew sdeo Jenreq-sibulg

‘uonenjul 8onpe o) paubisep 8q UeD JBACD |10S B} yBnoyle ‘1orIuo 1alIp JuaAsid 0} s 8andelqo Alewud

suo|ss|w3 seD |lijpue’
Bujjonuo) pue Jslempunols
0] $80UBISqQNG SNopIRZeH {0
Buyoes Buiziwiuiy JO POy U!
papaaN Aliqeljey jo ea16a( YOI

suaissiwg
SeD Jlijpue] jolluo)
‘uonenU] IUBABId
‘U0ISOI] BZIWIUIN
“oBUOY) 10841(] 1UBASIH

deq Jeleg-slisodwo)
1e8i5) 8iy 18YeMpUNOIL)

0} Bujyoea seoueisqng
snoplezeH Jo sxsiY pue ii4 u
ssepy ieuiweuo) Wwedubis

suoissiwg
SeD |ipue] [eny/ElUsiod
pue ,'sjenbapy pelep|suo)

s) Jelueg ojbuig jo Aujgeled
‘Sysly |elusWUONAUT JO yyesH
seq) |jijpue] |01IU0D uewn} s|jqeidsdoeun 0} 8INGUILCD
‘uoilellju] 8ZIWIUIN o} Dmswaxm S| Jerempunolr) o}
‘UOISOIT BZIWIUIN @ocﬁmo:w snoplezeH jo Buiyoes'

‘1oRIU0n 10811 UBAB)d

SuoisSIW3g

q den Jeuteg-e|buig

ejqeaioRId 10U S| 8|gE] 181BM

ay) Bulemon puy ‘sige) 18JeM
8yl mojog a1y |lId Ul Saouelsang
snopiezey jo ebejusoied weoipubis

lejempunols) Jo

g UOISOI] eZIWIUIN UoBUIWBIUOY |BLIUIWN pUE [jijpue]
“JoBUCY 108 HUsAsid uj SeoURISQNS SNOpieZeH [BWIUIN

10A0Q) |10 OAleN

3dAl H3IAOD S3ALLO3Mr80 VIG3INaY 'SOILSIHALOVHVHO THAANV]

Word-searchable Version — Not a true copy



The primary data needed for designing a cap
system include:

»  Depthto groundwater beneath waste (caps
may be of limited benefit in areas of high
groundwater if they are the only remedial
action used)

» Auvailability of cover materias (caps may
be high in cost if the desirable materid is
not locally available)

* Rate or magnitude of waste settlement
under the cap (changes in waste thickness,
degree of decompostion, and potential
presence of large, near-surface voids
should be known)

»  Steepness of dopes
e Cover soil characteristics

- Proctor compaction Properties
- Permeability

- Gran size gradation

- Shear Strength

- Atterberg limits

- Fiedd moisture capacity

» Maximum frost depth at the location of the
gte

» Anticipated westher conditions at the site
(for example, temperature, precipitation,
wind)

» Proximity to residentia, commercia, or
industria units

» Futureland use of the site

The efficiency of the covers may be calculated
using EPA’s computer model, HELP (hydrologic
evauation of landfill performance). HELP is a
quasi-two-dimensiond hydrologic modd of vertical
water movement through the landfill cap. The
model accounts for the effects of surface water
runoff,evapotranspiration, soil moisturestorage, and
lateral flow through drainage layers to predict the
rate of water infiltration through covers. The HELP
model is available from EPA’s Risk Reduction and
Engineering Laboratory (RREL ) in Cincinnati, Ohio.
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Soil Cover. The use of native soil (nonclays) as
cover for containment of wastes may be
appropriate in arid climates where surface water
infiltration (and subsequent leachate generation) is
not a controlling factor. Native soil caps are used
when the primary objectiveisto control erosion and
prevent direct contact. However, in regions having
more evapotranspiration potentiad than rainfal,
native soil covers can be engineeredto also reduce
infiltration. This is accomplished by incorporating
field storage capacity within the cap sufficient to
store the largest seasonal inflow event. Such water
baance designs can be performed and verified
using the HEL P model. Native soil coversmay also
be appropriate on stabilized or solidified wastes, or
as temporary caps to prevent direct contact with
wastes. A temporary cap as an interim action may
be warranted in situations where the settlement rate
of the landfill contents has not stabilized.

Native soils used to reduce the rate of infiltration in
aid regions typicdly have high fiedd storage
capacities (for example, 0.3 vol/val). Soilswith high
field storage capacity have a high percentage of
fine materia (passing U.S. No. 200 sieve; for
example, siltsand sandy silts). Also, native soilscan
be mixed with additives and mechanicdly
compacted to lower their permesbility and make
them more suitable for reducing infiltration. The
required field storage capacity and permeability of
s0il that is used to reduce infiltration depends on the
following factors:

» Climatologica data for the region where
the landfill is located (for example,
precipitation for the design storm event,
temperature, and depth of evaporative
Zone)

o Characteristics related to the type and
condition of vegetation that is expected to
be planted (for example,
evapotranspiration)

e Physica characteristics of the site (for
example, dope gradient and thickness of
native soil layer)

Unless a water balance analysis is performed as
part of the design of a native soil cover, the



native soil cover provides only separation,
protection, and/or a vegetative layer. Generaly,
native soils are suitable for vegetation due to their
high organic content. A typical native soil cover that
provides these limited functions is 18 to 24 inches
deep, has a permeability less than or equa to 1 x
10° cm/sec, and a field storage capacity less than
0.3 vol/ival.

Implementation and O&M considerations
concerning native soil coversinclude the following:

» Soil coversare generdly low ininitid cost.

»  Construction materiasgenerally arereadily
available from local sources.

» Soil covers usudly should be vegetated to
minimize eroson.

» Unless designed to do so, soil covers are
not very effective in reducing infiltration.
(If reduced infiltration is the design god,
fidd permeability testing should be
performed prior to congtruction to verify
that the expected low permeability can be
achieved.)

» Eroson can expose waste if cover is not
adequately maintained through continued
O&M.

» Native soil may not be naturally useful asa
barrier layer in many cases and may
require processing.

* Native soil may not be stable on steep
dopes (greater than 33 percent); therefore,
congtructibility may limit the ope to less
than 25 percent.

Single Barrier. The main functions of a single
barrier landfill cap are to reduce surfaceinfiltration,
prevent direct contact, limit gas emissons, and
control erosion. The two most commonly used
barrier layers are clay soils and FMLs. Both serve
as low-permesability barrier layers that reduce
surface water infiltration into the landfill. The
barrier layer is usualy overlain by a drainage layer
and/lor a vegetativel protective layer. A water
balance analysis must be performed if adrainage
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layer is incorporated into the cap. The clay
materials generally used are natural clays but also
can be processed clay minerals such as bentonite
mixed with native soils. The clay barrier must have
apermeability less than 1 x 107 to be effective as
abarrier. If bentonite is used, the high shrink-swell
potential needs to be considered.

Clay materias can achieve very low permeabilities
(e.g., 1 x 107 cm/sec) if they are well compacted
and if their moisture content is optimum, as
determined in the laboratory. Upon surface drying,
clayey soils form desiccation cracks that can allow
surface water to infiltrate. Also, in cold climates,
clay may be damaged by freeze-thaw action unless
it is buried below the frost depth. In order to
prevent surface drying, alayer of cover soil should
be placed over the clay layer to aid in maintaining
the clay’s moisture and to provide a base for
revegetation. Also, a soil cover layer can prevent
freeze-thaw damage to the clay if the cover layer
is of a depth equal to or greater than the local
maximum frost depth.

FMLs, on the other hand, are synthetic materials
that, if punctured, can alow surface water to
permeste into the landfill. A cover of soil over the
FML, aswell as abedding layer under the FML, is
necessary to protect the integrity of the liner and to
alow for revegetation.

Recently, bentonite panels have been marketed for
use as liners for municipa landfill Stes. Previoudy,
these panels have been wused for lining
impoundments and lagoons, waterproofing
structures, lining spill containment areas, and smilar
uses. The panels consists of adry granular sodium
bentonite layer approximately 1/4 inch thick with a
woven geotextile on each side which alows some
bentonite, upon hydration, to seep through the mesh
to facilitate a seal between overlapping panels.
When hydrated, the bentonite is capable of
expanding up to 15 times its former volume if
unconfined. This characteristic provides a sea
when the materia is confined and provides some
sef-hedling at small holes or penetrations. Severa
landfill sites are presently using these panels with
apparent success. However, use of these panels
may require demonstration to the appropriate
regulatory agencies that the preferred



liner system will meet the performance objectives
of the applicableregulations, evenif theregulations,
as written, are not met. Care must be used in
gpplications of bentonite board barriers on sopes.
As the bentonite hydrates, its shear strength
decreases and slope failures may result.

Weather conditions must be considered when
constructing a landfill cap. If clay is used, dry,
windy climates make moisture control difficult.
Freezing temperatures, rain, and excessive natural
moisture make proper placement of clay difficult.
FML ingtallation is not affected as much by hot, dry,
or wet wesather, but wind and cold temperature can
cause problems. Caution must be used in wet
weather, however, to ensure the integrity of FML
seams. The FML must be dry for proper seaming.

Subgrades for both clay and FML barrier layers
must be prepared to provide asound foundation for
the barrier layer. Thismay require stripping existing
vegetation, scarifying and compacting existing cover
soils, or placing and compacting a layer of fill. The
integrity of the foundation layer should be verified
by proof rolling, when possible. Visble soft zones
should be excavated and recompacted. A smooth
steel roller should be used to dress the surface of
the subgrade before placement of an FML.

A typica cross section of a single-barrier cap
consists of the following layers (from visible top to
top of waste):

» Vegetative and protective layer--24 inches
of native soil

Optiond drainage layer--12 inches of sand
(permeability $ 1 x 102 cm/sec) or a
composite drainage net

Barier layer--24  inches of clay
(permesbility £ 1 x 107 cm/sec) or a 30-mil
(minimum) FML

 Bedding layer--12 to 24 inches of
compacted sdect native soil or sand
subgrade
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Regulations of individud sates or specific
applications may require a different cross section;
however, the function of the above-described
system would meet the intent of most requirements
of asingle-barrier cap.

Some implementation and O&M considerations
concerning single-barrier capsinclude the following:

» Either aclay or FML cap should result in
lov permeability and reduction of
infiltration.

Thereis a known history of operating and
placement experience for both clay and
synthetic liners.

A single barrier clay cap can be relatively
low in cogt if clay is locally available.
However, it may be very expensive if the
borrow source is remote.

Several choices of materials are used to
manufacture FMLs (e.g., PVC, HDPE,
etc.) depending on the specific application.
The selection of material is usualy made
during design.

An FML cap may be more difficult to
repair than a clay cap.

A clay cap may be made less permeable
by increasing bentonite admixture.

A clay cap and an FML require careful
placement with strict QA/QC, especialy
around any gas vents.

Both FMLs and clays may react to
chemica attack and become more
permesable.

Clay caps require careful design and strict
QA/QC. Fidd permesbility tests should be
conducted before construction to verify
that the desired low permesbility criterion
can be achieved using the specified
materia and equipment.



Clay caps may be subject to damage by
weather elements (freeze-thaw and
surface drying).

Problems may rise with clay or FML caps
and/or drainage layers in cases where
substantia landfill settlement is expected.

In some cases, it may be useful to
construct a temporary cover until the rate
of settlement subsides and then construct a

fina cap.

Composite Barrier. A composite-barrier cap
provides an additiona barrier layer, which reduces
the rate of infiltration morethan asingle-barrier cap
does. A composite barrier consists of a compacted
clay layer overlain by asynthetic liner (FML). The
composite barrier, in turn, is overlain by an optiona
drainage layer and by a top vegetative/protective
layer.

» The vegetative/protective layer provides
dability and erosion control. It aso
provides protection for the synthetic liner
and for the drainage layer.

The synthetic or natural drainage layer
provides drainage of infiltration water in
order to maintain a hydraulic head of no
more than 1 foot on top of the synthetic
liner barrier.

The synthetic and clay barrier layers
provide maximum infiltration protection.

The subgrades under the bottom barrier
layer and overtop of the waste provide a
bedding layer and can act as a gas
collection layer, if required.

A composite-barrier cap is to be used when the
landfill contains RCRA listed wastes, waste
sufficiently similar to RCRA listed waste, or RCRA
characteristic waste. The need for a
composite-barrier cap in cases where landfills
contain much lower concentrations of hazardous
contaminants than that of RCRA characteristic or
listedwastes must be judged on asite-specific basis
and may depend on factors such as dte
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characteristics and potential receptors.
Composite-barrier caps are also required in some
states (New York 6NY CRR Part 360) for closure
of municipal solid waste facilities.

RCRA providestechnica guidance (U.S. EPA, July
1989d) that defines the types of layers EPA
condders to be appropriate for a cap for new
RCRA landfill cells. This guidanceisaTBC (to be
considered) and is intended to meet the RCRA
regulations requiring a cap of equal or lower
permesbility than underlying liners or native soils.
The minimum thicknessesfor the layersinaRCRA
cap (from visible top to top of waste) are as
follows:

Vegetative and protective layer--24 inches
of naive soil

Drainage layer--12 inches of sand
(permesbility $ 1 x 102 cm/sec) or geonet
(transmissivity $ 3 x 10° m?/sec)

First barrier layer component--FML (20-mil
minimum)

Second barrier [ayer component--24 inches
of clay (permesbility £ 1 x 107 cm/sec)

Bedding layer (optiona)--12 inches of
native soil or sand subgrade

The fina design profile of a typica composite cap
will aso include geotextiles as a filter between the
protective cover and the drainage layer and as a
protective layer over the synthetic barrier if alayer
of natural drainage stone is used. A geosynthetic
must not be placed between the two barrier layers
or the effectiveness of the composite will be
compromised. Multilayer caps pose a stability
problem on slopes. Laboratory direct shear tests
must be performed to measure the interfacefriction
angles between the various layers. To ensure
dability, a dope sability andysis should be
performed for each interface.

Some implementation and O&M considerations
concerning composite-barrier caps include the
following:



A composite barrier provides enhanced
protection against infiltration.

Onsite materid potentialy can be used for
some of the layers.

A composite-barrier cap will meet RCRA
requirements for new landfill cells.

Construction requires strict QA/QC.

Stability problems may occur on sideslopes
greater than 10 percent.

Problems may arise with clay layers,
synthetic barriers, and/or drainage layersin
cases where substantial landfill settlement
is expected.

Lysimeters may be useful to monitor the
cover performance (leak detection) where
cover stability is uncertain.

In some cases, it may be useful to
construct atemporary cover until the rate
of settlement subsides and then construct a
final composite-barrier cap.

4.2.3 Removal/Disposal

Remova of contaminated soils a municipa landfill
sites is generaly limited to hot spots or, when
practicable, to landfills with a low to moderate
volume of waste (e.g., less than 100,000 cubic
yards). Complete excavation of the municipa
landfill contentsis often not considered practicable
because of the large volume of waste typically
found a8 CERCLA municipa landfill sites. No
examples of complete excavation werefound in the
review of remedia actions outlined in the RODs
listed in Appendix B.

As previoudly stated, hot spots that are appropriate
for excavation and remova should be indiscrete,
accessible locations of alandfill whereawaste type
or mixture of wastes presents a principa threat to
human hedlth or the environment. The area should
be large enough so that remediation will significantly
reduce the risk posed by the overall site and smdll
enough to be reasonably practicable for removal
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and/or treatment. Hot spots will not be investigated
and characterized unless some form of
documentation or physical evidence (for example,
aerial photography) existsto support their existence.
In cases where it is not clear whether a hot spot
poses a principal threat and it is practicable to
excavate, at least one aternative should be
developed for removal/treatment of that area. This
dternative will be considered during detailed
analysis of remedia action aternatives.

4.2.3.1 Excavation (Hot Spots)

Excavation of hot spots will be required prior to
consolidation, treatment (except in Situ treatment) or
disposd offsite. Excavation of hot spots to remove
contaminated soils will require the use of standard
congtruction equipment or Specia  equipment
adapted to minimize disturbance of the deposit or
secondary migration. Also, any excavations must be
performed in accordance with OSHA. Typically,
mechani cal equipment such as backhoes, bulldozers,
and front-end loaders is used for excavation. The
use of scrapers and draglines usualy makes it
difficult to adequately control site dispersion. While
the selection of specific equipment normaly is
based on contractor preference, the selection also
depends on the water table location, the water
content, and consistency and strength of the
contaminated soils to be excavated. It is aimost
aways cost-effective to excavate contaminated soil
in thin, 4- to-12-inch layers to minimize the volume
to be managed.

In many cases, due to landfilling practices
and the weight of overlying materia, drums
may be crushed and empty. Isolated drums
located throughout the landfill may not
be identifiable nor represent a principal threat.
In the event that buried, full drums,
are encountered, the hazards associated with
the drums must be evaluated. Evauation
may be accomplished by staging, opening,
sampling and analysis followed by transport and
disposd. Ambient ar should be monitored
continuoudy during drum removal activities. A drum
grappler, a drum cradle or ding attached to a
backhoe or crane, or afront-end loader can be used
for drum removal. Drums may be opened by bung
removers or drum cutters. Depending on their



condition, removed drums may need to be over-
packed into salvage drums prior to transport.

Some implementation and O&M considerations
concerning excavation include the following:

Excavation of hot spots is a conventiond,
demonstrated technology that can be
cost-effective, particularly whenareas are
consolidated with other landfill material

prior to capping.

Solid material above the water table can be
excavated with very little secondary
migration and good control of depth of cut.
By using the proper excavation equipment
and sediment control devices, the effect of
surface runoff can be minimized.

Waste disposal may require handling,
sockpiling, and truck hauling of large
volumes of materidl.

Good control of depth of excavation can be
difficult under water. In some cases,
excavation would require the construction
of impermeable barriers and site
dewatering.

In sStuations where excavation extends
below the water table, dewatering is likely
to be required. Consideration should be
given to seasonal fluctuations in the
groundwater table. Significant shoring and
dewatering costs may be diminated by
excavating at timeswhen thewater tableis
low.

Site accessihility to heavy equipment should
be evaluated to determine whether track
vehicles may be required.

The distance over which excavated
material must be hauled should be
evaluated to determine whether separate
moving equipment (such as dump trucks) is
required.

Seasonal (climate) constraints on
excavation activities may affect the
schedule for excavation. Depending on the

Word-searchable Version — Not a true copy

4-13

Size of the area, temporary enclosures and
portable heating devices may be used if
excavation occurs during winter months.

Enclosure of the excavation area may be
necessary if volatile organic compound
(VOC) emissions are high.

Potential exposure to workers and nearby
communities during excavation must be
considered. Enclosed cabs may be
necessary to minimize operator exposure.

The primary dataneedsfor preparing an excavation
planfor removal of contaminated materials include:

Waste characteristics--Excavation is not
suited for materias with a low solids
content (dewatering may be required).
Total suspended solids (TSS), tota
dissolved solids (TDS), volume-weight
(percentage of moisture) analysis may be
necessary to determine the solids content if
contamination extends below the water
table. Other data such as particle size,
viscodty, and pH may aso assist in
material handling needs. Andysis for
hazardous waste parameters (for example,
TAL metals, TCL organics) and
geophysical testing (for example,
magnatometry or ground penetrating radar)
may be warranted if the presence of buried
drums is suspected.

Water table levels (and seasonal
fluctuations, if data exists)

Volume of contaminated materid

Geologic characteristics from geologic
maps and boring logs to assessdifficulty of
excavation

Climate information from Nationa Climatic
Center (NCC) or local weather bureau to
assess frequency of rains, seasonal
variations in temperature



4.2.3.2 Consolidation

A common disposal option for outlying hot spots at
municipa landfill sites is consolidation with other
landfill materia followed by capping. Consolidation
may aso be a practicable alternative for disposal of
wastes in undesirable locations (for example,
wetlands) or contaminated sediments. The objective
of consolidation isto relocate contaminated material
from outlying areas into the landfill contents to
minimize the required size of alandfill cap.

Since consolidation within the area of contamination
is not considered management of the material, Land
Disposal Restrictions (LDR) requirements do not
aoply. Therefore, material can be consolidated
without being treated first. In sSituations where
contamination has spread to eroding sideslopes,
contaminated soil can be excavated and
consolidated within the landfill, thereby reducing the
required area of the cap. Consolidated material can
also be used as fill under the cap as called for by
the grading plan.

Some implementation and O&M considerations
concerning consolidation include the following:

e Consolidation is usudly implemented in
conjunction with capping, and the cap
design may be influenced by the volume
and nature of the material being
consolidated.

Consolidation may require handling,
gockpiling, and truck hauling of large
volumes of material.

Considerations and data needs listed under
excavation should aso be reviewed.

Potential exposure to workers and nearby
communities during consolidation activities
must be considered.

The primary data needs to evaluate consolidation
are basicaly covered under the data needs for
preparation of an excavation plan. The most
important information to coordinate with the
selection and design of alandfill cap will include:

Word-searchable Version — Not a true copy

4-14

hot
site

Waste characteristics of
spot--determined during
characterization

Volume of contaminated materia
4.2.3.3 Disposal Offsite (Hot Spots)

Offste land disposa is generdly considered the
least desrable adternative for remediation.
However, offste disposal may be employed if
onsite treatment followed by disposa under the
landfill cap is not feasible. Onsite disposal may not
be feasible or practical if the waste is regulated
under RCRA and must be disposed of in a RCRA
landfill.

The requirements for offsite disposa of
contaminated soils will be based largely on the
RCRA LDRs. The LDRs may be applicableto the
contaminated soils if it is determined that the soils
have been contaminated by a restricted listed
RCRA waste or if the contaminated soils exhibit a
RCRA hazardous waste characteristic. As
previoudy stated, LDRs do not apply if the hot
spots are to be consolidated (only) under the landfill

cap.

If it is determined that the contaminated soils are a
RCRA waste, the LDRs may require that aspecific
concentration level be achieved prior to land
disposal in a RCRA landfill or that a specified
technology be used for treatment prior to disposd in
aRCRA landfill. If aconcentration is specified and
the soilsare below these concentrations, the soilsdo
not have to be treated prior to offsite disposal in a
RCRA landfill. It is possible that treated soils,
particularly if incinerated, could be delisted and
disposed of ongte or in a solid waste landfill.

If the soilsare aRCRA waste, offsite land disposal
must be at a permitted RCRA hazardous waste
landfill that meets the requirements of RCRA
Suntitte C. The design features of a RCRA
hazardous waste landfill are defined in 40 CFR 264
Subpart N. Themajor requirements of such landfills
include an impervious cap; adoubleliner; aleachate
detection, collection, and remova system; run-on
and runoff control systems; and wind dispersa
controls.



In the absence of other regulations, solid waste
landfills will be regulated under RCRA Subtitle D.
In most cases, however, state regulations govern
the design, construction, operation, and closure of
solid waste landfills. Currently, in many states, the
requirements for new solid waste landfills are
approaching the complexity and restrictiveness of
requirements for disposal of hazardous waste.

CERCLA Section 121(d)(3) and the CERCLA
offste policy contain another set of requirements
that will impact the offsite disposal of CERCLA
wastes. EPA’s current offsite policy (OSWER
Directive 9834.11, November 13, 1987ff) describes
procedures that must be observed when a
CERCLA response action involves offste
management of CERCLA wastes. The general
requirements of the offsite policy are to be codified
and expanded in a proposed rule, which will
supersede the current policy when findized (see 53
FR 48218 (November 29, 1988)). Generdlly, this
policy requires that an offsite facility accepting the
waste have no relevant violations or other
environmental conditions that pose a significant
threat to public health, welfare, or the environment,
or otherwise affect the satisfactory operation of the
facility. The purpose of this policy isto direct these
wastes only to facilities determined to be
environmentaly sound and thus avoid having
CERCLA waste contribute to present or future
environmental problems. A Regiona Offsite
Coordinator has information on the acceptability of
commercia facilities in the region to receve
CERCLA wastes.

Some implementation and O&M considerations
concerning offsite disposal of contaminated soilsin
a RCRA or hazardous waste landfill include:

Landfilling may be the best or only disposal
method for certain solid hazardous wastes.

Based on LDRs, treatment of soils may be
required prior to disposal.

In addition to the LDRs, offsite disposal
must comply with the CERCLA offsite

policy.
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High volume wastes may be disposed of
more economicdly by landfilling than by
treatment, athough landfilling does not
reduce toxicity, mobility, or volume of
wastes.

Waste handling and landfilling technology is
well developed. However, offsite disposal
in a landfill cannot be considered
permanent remediation of the contaminated
material, and future risk and ligbility are
associated with landfilling of wastes.

There are no specific design considerations
associated with offsite disposal; however,
associated technologies such as excavation and
s0ils treatment may be employed prior to offsite

disposdl.

In order to evaluate the offsite disposal options, the
following data should be gathered:

» Characteristics of waste to determine
suitability for offsite disposa (for example,
RCRA characteristic tests, moisture
content, hazardous waste parameters). The
potential landfill(s) that may be used for
offste disposa should be contacted to
determine what anaysis they require.
These tests should be included in the
anaysis of hot spots.

Volume of waste to be disposed offsite.
4.2.4 Hot Spots Treatment

Based on review of the remedial actions that are
being conducted a municipa landfill Stes on the
NPL, it was found that the most often selected soils
treatment technology is onsite thermal treatment
(incineration). Offsite incineration is rarely chosen
as an acceptable aternative because of the current
lack of avalable capacity. Although in-situ
treatment is likewise rardy used, this type of
response action, particularly in-situ stabilization and
ingtu vapor extraction, may warrant some
consideration if the type of soil contamination is
treatable by thistechnology. Other technologies for
treatment of hot spots are, at the present time,
rarely selected. This is probably because of the
heterogeneous nature of landfill wastes and the



corresponding complexity associated with
implementing in Situ technologies at landfill Stes. As
with excavation, soil treatment is considered a
feagble alternative only for hot spots and, when
practicable, for contents of small to moderate
landfills (e.g., less than 100,000 cubic yards).

4.2.4.1 Thermal Treatment (Onsite)

Thermal treatment is an appropriate method for the
destruction or treatment of combustible organicsin
s0il. Onsite thermal treatment can be conducted in
a fied-erected facility or mobile unit. Low
temperature thermal volatilization can also be used
to remove VOCs (or semivolatiles if operated at
high enough temperatures) in a soil drying unit.
However, this technology is rarely effective by
itself because of the mixed nature of landfill waste
material that incudes inorganics and nonvolatile
fraction of organics.

Thermal treatment exposes waste materia to ahigh
temperature for a specific period of time. When
heated in the presence of sufficient oxygen for
combustion (incineration), the waste is chemicaly
transformed into innocuous substances such as
carbon dioxide and water. This process aso
produces ash and a certain amount of oxides and
acid gases, depending on the composition of the
waste and the process conditions under which it is
oxidized. When heated in the absence of oxygen
(pyrolysis), the waste decomposes, producing a
resdue and a variety of vapor-phase compounds
that can then be incinerated.

Anaysis and characterization of the waste usually
determine whether it can be treated by incineration.
The analysis also provides the physical property
data used in the design of process equipment.

Incineration technologies include rotary kiln,
fluidized bed, multiple hearth, radiant heat, molten
sdlt, liquid injection, and molten glass. Pyrolysis
technol ogiesincludeconventiond pyrolyticreactors,
rotary hearth pyrolyzer, ultra-high temperature
reactors, and starved-air combustion. The most
commonly used system has been rotary kiln
incineration. It is usualy desirable not to specify in
the feasibility study which incineration process
option will be used.
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Rather a representative option, such as rotary kiln,
can be presented as an example with the actual
process option decision being made during design or
by the contractor based on performance
specifications. It should be noted that the use of
performance specifications allows for a variety of
both innovative and established incineration
technologies to be considered.

Some implementation and O&M considerations
concerning the use of therma treatment for
contaminated hot spot materid include the
following:

e Space requirements typicaly are modest
but should be considered.

» Typicdly, efficiency of destruction is high,
emissions can be effectively controlled, and
destruction/treatment is immediate.

» Waste heat recovery may be possible and
should he considered.

* The weight and volume of combustible
waste may be reduced by more than 90
percent through thermal treatment. In some
cases, incineration of solid waste (e.g.,
s0ils) may result in little or no reduction in
volume; however, the solid feed will be
decontaminated.

* Residues may be ddlistable and disposed of
onsite (although exceedance of the TCLP
characteristics for metals may require
solidification prior to ongte disposal).

» Capital and operating costs are typicaly
high and should be considered.

» Ashdisposa may have to be a a RCRA
landfill if it is classfied as a hazardous
waste.

» Supplemental fuel is required for startup
and may be necessary to maintain
combustion.

o Sonificant materiad handling, prepro-
cessing, and post-processng may be



required (for example, for rocks, drums).

Products of incomplete combustion (PICs)
may be generated that are difficult to
assess or control.

Data needed for evauation of thermal trestment
technologies and for design purposes include the
following:

» Waste characterization data (For wastes
with high concentrations of inorganics,
thermal treatment may not be the best
aternative, or other treatment technologies
may be needed inconjunction with
incineration. Also, physical characteristics
such as large percentage of rocks and
boulders may indicate that waste
segregation or pretreatment is required.)

Heat content of waste (A BTU analysis
should be done to evaluate the need for
auxiliary fuel.)

Filot testing during either the feasibility
study or the predesign phase (Such testing
is often requiredto evaluate the treatability
of the contaminated soils by thermal
means.)

4.2.4.2 Stabilization

Stabilization, which is used for treatment of viscous
fluids, solids, and contaminated soil, is a feasible
option for hot spots. To date, tabilization (or
solidification) has rarely been used at municipal
landfill sites. However, it appears to be potentially
feesble for soils contaminated by inorganics.
Stabilization has also been used for treatment of
low-leve-radiation-contaminated soils and for soils
contaminated by low concentrations of organics,
whereby leaching of organics is reduced but not
eliminated.

Stabilization using an onsite batch process consists
of excavation of wastes, onste mixing with
reagents in a batch plant (for example, a cement
kiln) and finaly, replacement in the landfill area.
Use of a batch process will trigger LDRS; treated
waste will either have to be disposed of in an offsite
RCRA landfill or may be delisted and disposed of
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ondte or in an offste solid waste landfill. In situ
dabilization refers to processes where stabilizing
reagents (pozzaanic material) are added in place to
improve physical characteristics of waste by
rendering wastes nonhazardous and nonleachable.
Reagents are mixed with the contaminated waste
using standard earth-moving equipment such as
backhoes, drag lines, bucket loaders, or by
large-diameter augers. In Situ stabilization offersthe
advantage that soils can be treated in place.
However, greater quality control, such as assurance
of complete mixing of regents, can be achieved
using a batch plant.

Pretreatment such as screening, segregation, and
removal of larger objects such as drums and debris
may be necessary. In Situ stabilization is typically
accomplished in relatively shdlow lifts, commonly
about 2 feet deep, sincelarge quantities of materials
are moved as a mass to accomplish mixing. Depth
of contamination is aso generdly limited to
approximately 12 feet, although this technology can
potentidly be used for deeper contamination by
progressively removing <olidified wastes while
increasing working depth. For deeper gites,
excavation and addition of reagents using a batch
plant may be appropriate.

The ratio and composition of reagents vary
depending on the waste. A wide range of
common pozzolanic stabilizing reagents can
be sdected, depending on what is locally
avallable, and reagents can be proportioned
on the basis of untreated waste characteristics. A
typical formulation of stabilizing agents might be
30 percent fly ash, 30 percent kiln dust, 20 percent
portland cement, and 20 percent hydrated lime.
Most inorganic hazardous sludges can be mixed
directly with pozzolanic materials to form a
hardened oil-like materid. Extraneous materias
such as asbestos, sulfides, and solid plastics may
increase the strength of the treated material.
Impurities such as organic materias, silt, clay,
lignite, fine dust, sulfates, or soluble meta sats may
retard or inhibit setting and curing, may
reduce strength, or may cause swelling and
slitting of the solidified mass. Typicaly,
wastes containing high levels of organic (e.g., 10
to 20 percent) congtituents require some
form of pretreetment before solidification
with pozzolanic materials. Treatability



studies must be performed to determine if the
contaminated waste/soil isamenableto stabilization.

Because of the nature of stabilization, the fina
volume of treated waste typically is 10 to 30
percent greater than the origina volume of waste.
However, volume increases of 50 to 100 percent
are posshle, depending on waste and ste
characteristics.

Some implementation and O&M considerations
concerning stabilization include the following:

* A wide variety of inexpensive reagents is
available.

The technology is applicable to many
different waste materials.

Waste remains onsite (this may or may not
be an advantage, depending on site-specific
circumstances).

Use of abatch process will trigger LDRSs.

There may be a sgnificant increase in
volume that should be considered.

Difficulty may arise in verifying sufficient
mixing and completion of the process.

Stabilization may not be applicable to
wastes containing moderate to high
concentrations of organics.

It may be difficult to control odors, VOCs,
or dust during processing.

Wastes containing drums, construction
debris, etc., may require some
pretreatment.

Long-term monitoring will be necessary to
verify whether contaminants are leaching
to the groundwater.

Evauating the long term effectiveness of
dabiliztion should be included in the
5-year review.
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Data that should be gathered for design and
implementation of stabilization include:

» Waste characterization (Inorganic and
organic hazardous constituents, and a
measure of the total organics present such
as tota organic carbon [TOC]).
Treatability studies should aso be
performed during the FS to evauate if the
waste is amenable to sahilization,
particularly when organics are present.
Treatability testswill need to be conducted
during design to optimize the formulation of
stabilization agents.

Depth of waste to be stabilized (Depth
should be less than 12 feet for in Situ
stabilization.)

Total bulk unit weight of materid (Soilswill
typicdly be between 80 to 110 Ibg/ft?;
liquids and sludgestypically range between
63 to 80 |bs/ft3.)

4.2.5 Innovative Treatment Technologies

4.2.5.1 Description of Technologies

The focus of this document has beenon traditiond,
previoudy used, and proven remedia technologies.
This section is intended to address some innovative
treatment technol ogies that may be appropriate for
remedia actions a municipa landfill stes. It is
important that the evaluation of aternatives for
municipa landfill Stesnot belimited to conventional
technologies, particularly in situations where more
effective or less costly treatment can be achieved
by using innovative remedial technologies.

The following two technologies are presented as
innovative technologies that may be viable for hot
spots a municipal landfill sites:

* Vapor extraction
* Indgtu bioremediation
Other innovative technologies may aso be viable
and should be considered if they are appropriate to
Site characteristics.



Soil Vapor Extraction. Soil vapor extraction
(SVE) isanin situ process used to remove VOCs
from soil. This technology may be suitable for
treating hot spots contaminated with VOCs;
removal of VOCs can significantly reduce the
mohility of the other contaminants present, such as
inorganicsor semivolatile organics. SVE congsts of
a network of wells with perforated well screens.
These wells are packed with gravel and sealed at
the top with bentonite to prevent short circuiting.
The extraction wells are connected to the suction
side of avacuum extraction unit through a surface
collection manifold. The vacuum extraction unit
inducesaflow of air through the subsurfaceinto the
extraction wells. The vacuum not only draws
vapors from the unsaturated zone, but it also
decreases the pressure in soil voids, thereby causing
the release of additiona volatile organic compounds
(VOCs). The extracted gas flows through the
surface collection manifold and is ether vented to
the atmosphere, connected to avapor-phase carbon
adsorption system, or flared, depending on the
nature and extent of VOC contamination. Although
SVE is considered to be an innovative technology,
many full-scale applications have aready been
installedand are currently operating or have aready
achieved performance objectives.

Standard procedures that exist for instdling landfill
gas recovery wells in municipal landfills should be
applied to the ingallation of SVE wells. The
presence of landfill gas in municipd landfills
requires that specia health and safety precautions
be taken. The presence of landfill gas may aso
require modified VOC control systems. SVE can be
“shortcircuited” by debrisand noncontinuouslifts of
material. More extraction wells installed closer
together are necessary to ensure sufficient
treatment. One or more wells in each lift may be
necessary.

SVE treatment may be particularly cost-effective
for municipa landfills that will require landfill gas
control. Once SVE treatment is completed, the
wells can be used to collect or vent landfill gas (see
Section 4.4).

In Situ Bioremediation. In Situ biodegradation is
the process of enhancing microbia action to
remediate subsurface contaminants that are
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adsorbed to soil particles or dissolved in the water
phase. This technology is designed to biodegrade
chlorinated and non-chlorinated organic
contaminants by employing aerobic bacteria that
use the contaminants as their carbon source. This
technology could be applied to remediate
contaminated soil and groundwater without
excavating overlying soils. The technology uses
specia strains of cultured bacteria and naturally
occurring microorganisms to achieve
biodegradation. The end result is carbon dioxide,
water, and bacterial biomass.

The most common in Situ biodegradation method
couples the stimulation of the activity of native
microorganisms through oxygen and inorganic
nutrient addition with the more conventional
“groundwater pump and treat” approach. This
approach is generally the most demonstrated and
most appropriate application or in situ
biodegradation.

Conventional pump and treat cleanup is a passive
approach that largely relies on the partitioning of
adsorbed contaminants into the water phase. This
patitioning will be the rate limiting step in the
removal process, potentialy requiring an extended
period of time to completely remove the adsorbed
contaminant from the soil. In Situ biodegradation
(i.e., by adding nutrients to groundwater) provides
a more direct attack on the adsorbed contaminant
phase. This direct attack may significantly reduce
the amount of time required for the remediation of
the adsorbed contaminants. Stimulating subsurface
microbid activity can also increase the rate at
which contaminants are flushed from the
subsurface in a pump and treat system.

4.2.6 References

Some of the more common references on remedial
technologies for soilglandfill contents are listed
bel ow.
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4.3 Leachate

4.3.1 Collection of Leachate

Leachate from landfills is a product of natural
biodegradation, infiltration, and groundwater
migrating through the waste. Landfill leachate is
typicdly high in biochemicd oxygen demand
(BOD), chemica oxygen demand (COD), and
heavy metals. The function of aleachate collection
system is to minimize or diminate the migration of
leachate away from the solid waste unit. This
systemistypically used to control seepage dong the
sdedopes of alandfill and to prevent dischargesto
surface and groundwater systems. Leachate
collection systems commonly used are subsurface
drains and vertical extraction wells.

4.3.1.1 SubsurfaceDrains

Subsurface drains consist of underground,
gravel-filled trenches generally equipped withtile or
perforated pipe for greater hydraulic efficiency.
They are used to intercept and channel leachate to
asump, wet well, or appropriate surface discharge
before it can infiltrate to the main aquifer system.
Drains, usudly installed at the edge of the wastefill,
can aso be used to collect contaminated
groundwater and transport it to a central area for
treatment or proper disposal. Typicaly, subsurface
drains are ingtaled at the perimeter of the landfill,
dthough in landfillswhere thethickness of fill isless
than approximately 15 feet, it may be appropriate to
consder indalation within the landfill. Depth of
waste as well as hazards associated with
excavating landfill material usualy prevents
ingalation of drains within the landfill.

4.3.1.2 Vertical Extraction Wells

Vertical extraction wells are wdls drilled in the
waste and screened in a highly permeable water
bearing zone. This zone may be perched above the
surrounding water table or may be in the
groundwater. The intent is to collect highly



contaminated leachate or |eachate/groundwater
mix. The wells, which typicaly run to the base of
the landfill, are fitted with a pump to extract
leachate and create a negative pressure zone to
promote |leachate flow towards the wells. It should
be noted that without the proper precautions,
placing wells into the landfill contents may create
hedlth and safety risks. Perimeter wellsmay aso be
installed at the landfill boundary as a source control
measure to control offsite migration of leachate and
contaminated groundwater. Maintenance of the
wells is essential because the permeable layer is
prone to fouling due to hiologica growth or
precipitation of metal hydroxides.

Some implementation and O&M considerations
concerning leachate collection include the following:

A properly designed leachate collection
system should provide a reduction in the
potential for migration of leachate to
surface water and groundwater.

Digribution and discontinuities of liquids
within the landfill will affect the placement
and number of wells required.

Hydraulic head will vary throughout the
landfill.

Extraction systems will require ongoing
maintenance to maintain effectiveness.

Drilling conditions must be considered.

Creating a low-pressure zone may attract
water in the landfill.

Leachate collection is typicaly cost-
effective compared to recovering dispersed
contaminants (that is, extraction and
treatment of offsite contaminated
groundwater plume).

A leachate collection system may result in
anincrease in landfill settlement asaresult
of leachate extraction.

An effective collection system generaly
will require a thorough characterization
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of the hydrogeology of the site before
design or ingtalation of the system.

Congderation should be given to possible
hedth and safety risks, difficulty in drilling
and ingdlation conditions in landfill
materias, and resultant high costs (drilling
within the landfill may require at least
Level B hedlth and safety protection).

The primary data needed for designing a leachate
collection system include:

» Topographic characteristics of the site (for
example, dopes, drainage divides)

Ste soil characteristics (for example,
permegbility, grain size distribution)

Climatological characteristics (for example,
precipitation, temperature)

Hydrogeologic  characteristics  (for
example, depth to groundwater,
groundwater flow direction and velocity)

Waste characteristics (for example,
composition, moisture content, age)

4.3.2 Treatment of Leachate

Either onsite or offsite treatment of leachate may
be feasble options for municipal landfill Stes.
Leachate from municipal landfill Stes may have
high concentrations of organic matter (measured in
terms of BOD and COD), and high concentrations
of inorganics. Leachate qudity varies from ste to
site, and will aso vary over time. For example,
BOD concentrations may decrease over time.
Once the constituents and associated
concentrations are known for the leachate,
appropriate treatment technol ogies can be sel ected.

Typical concentration ranges for some
contaminants that leach from municipa landfillsare
liged in Table 3-2 of this document. The large
ranges may be due in part to analysis of leachate
that has been diluted by groundwater. Additional
information on leachate composition and
contaminant concentrations in leachate can be
found in Characterization of MWC Ashes and



Leachates from MSW Landfills, Monofills and
Co-Disposal Stes (EPA, 1987f).

Leachate generaly is treated by conventional
means such as biological trestment, physica
treatment, or chemica treatment. The chemical
characteristics of the leachate must be determined
in order to design an onsite treatment system. This
chemica analysisincludes:

e Quantifying the condtituents in the
leachate (organics and inorganics),
especially the compounds to be removed

Determining the variability of leachate
characteristics

Measuring BOD, COD, and TOC (gross
indicators of organic loading for biologica
treatment and granular activated carbon
[GAC])

Measuring other conventional parameters
for leachate such as total dissolved solids
(TDS), chlorine, dkalinity, nitrate, nitrite,
ammonia, total phosphorous, and sulfide

Measuring pH (effects the efficiency of
biological treatment and reagent
requirements of metals precipitation)

Determining influent flow to the treatment
systems (and anticipated variability in flow
such as from seasond variaion in
leachate production)

Measuring total suspended solids(TSS) in
the leachate (high solids content [for
example, >50 ppm] may require
pretreatment before carbon adsorption)

Measuring oil and grease in the leachate
(high concentrations [for example, >10
ppm], may require pretreatment)

Conducting trestability during predesign,
as required, to optimize the treatment
system
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4.3.2.1 Onsite Treatment

The degree of treatment depends to a great extent
on the strength of the leachate and whether the
effluent isto be discharged directly to surface water
or to a publicly owned treatment works (POTW).
The most common technologies used a municipal
landfill sites to treat leachate include biological
treatment for remova of biodegradable organics,
physical trestment such air stripping and carbon
adsorption for VOC removal, and chemical
treatment, such as metds precipitation for removal
of inorganics. Treated |leachate could be discharged
ongte depending on the extent of treatment. Onsite
discharge can be done by groundwater aquifer
reinjection or by discharge to surface water.
Groundwater aquifer reinjection depends on state
groundwater standardsin the areawherethe siteis
located. Discharge to surface water will have to
comply to NPDES Permit requirements.

Chemical Treatment. In chemica treatment,
hazardous constituents are atered by chemica
reactions. During the process, hazardous
compounds may be destroyed or dtered; the
resultant products may <ill be hazardous but
transformed to a more convenient form for further
processing. The most common chemical treatment
for landfill leachate is precipitation of heavy metals.
Precipitation will remove soluble heavy metalsfrom
leachate by forming insoluble metal hydroxides,
sulfides, or carbonates. Heavy metals typicaly
removed by precipitation include arsenic, cadmium,
chromium, copper, lead, mercury, nickel, and zinc.
Metas are often removed to either meet NPDES
permit limits or as pretreatment to reduce metals
toxicity for biologica treatment. Chemical
precipitation involves dteration of the ionic
equilibrium to convert soluble metd ionsto insoluble
precipitates. These precipitates are then removed
by solids separation processes such as
sedimentation and filtration.

Precipitation reactions for leachate treatment
purposes are usudly induced by one or more of the
following steps:



Add a substance that reacts directly with
the compound in solution to form a less
soluble compound.

Add a substance that shifts the solubility
equilibriumto apoint that no longer favors
the continued solubility of the compound.
For instance, pH affects the equilibrium
concentration of ionic species. This is
particularly true when the respective solid
phase is a hydroxide or carbonate
compound.

Change the temperature of asaturated or
nearly saturated solution to decrease
olubility.

Most precipitation reactions are carried out by
adding appropriate chemicasand mixing. Common
additives include time, soda ash, and caustic. The
main liquid stream's pH may need to be adjusted
after removal of the solid precipitates.

Biological Treatment. Biological meansare used
in treating leachate contaminated primarily by
biodegradable organic compounds. Biologica
treatment is especidly effective in treating landfill
leachate that typically has high levels of BOD and
COD (eg., 0-750,000 mg/1).

Inbiological treatment, wastewater is contacted by
a culture of microorganismseither suspended inthe
wastewater or attached to a solid medium. The
organic compounds in the wastewater are
metabolized by the organisms asafood and energy
source. Organics are thus removed from solution
and biomass and metabolic waste gases such as
carbon dioxide and methane are produced.
Biologica treatment systems are configured as
fixed growth, suspended growth, or a combination
of both. They can be designed to treat hundreds of
millions of gallons per day (MGD) or as little as 1
galon per minute (0.0014 MGD).

Biological treatment processes canbe classified as
aerobic or anaerobic. Aerobic treatment systems
require oxygen, either inair or in pureform, to meet
the metabolic needs of the micro-organisms.
Aerobic treatment systems are the most frequently
used form of biological treatment. These systems
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consst of a reactor, where the waste stream is
brought in contact with a culture of organisms, and
usudly a clarifier or other solids-separation device
where organisms suspended in sol ution are removed
by sedimentation.

Anaerobic treatment systems are used most often
for treating high-strength wastes. These systems
are often followed by an aerobic treatment system
for additional organics remova. Compared to
aerobic  systems, anaerobic treatment systems
produce less biomass per pound of BOD removed.
I'n addition, anaerobic treatment produces methane
of sufficiently high concentration to be used in some
cases for energy recovery. Anaerobic digestersare
also frequently used in the treatment of dudge
produced in aerobic treatment. In this process, the
dudge is reduced in volume and methane gas is
produced as a by-product.

Physical Treatment. Two types of physica
treatment technol ogies most commonly used to treat
leachate are air stripping and granular activated
carbon (GAC) for the remova of organics. Other
conventional physical treatment technologies such
as sedimentation and filtration may aso have to be
incorporated as part of the overal treatment
system.

Activated carbon is usually applied after
conventional trestment as a polishing operation for
removal of trace concentrations of residual organics
andlor heavy metds. It is adso used for the
reduction of COD and BOD, for the remova of
toxic or refractory organics, and for the removal
and recovery of certain organics and inorganics
from agueous waste. Applicationsinvolving organic
solutes are most effective when the solutes have a
high molecular weight, low water solubility, low
polarity, and a low degree of ionization. Many
organic compounds such as phenolics, aromatics,
and chlorinated hydrocarbons are readily adsorbed
on the surface of activated carbon. In addition,
certain heavy metds such as cadmium, chromium,
copper, nickel, lead, and zinc can be removed from
water with carbon, adthough this technology is not
widely used for metals removal.

Most organic and some inorganic solutes are
absorbed as the leachate stream is passed



through the carbon, usualy in packed beds. When
the carbon reaches its maximum capacity for
adsorption, or when effluent concentrations are
unacceptable, the spent carbon isreplaced by fresh
carbon. The carbon may be regenerated offsite
whereby the adsorbed contaminants are
incinerated, or the carbon may be disposed of in a
RCRA landfill if regeneration is not cost-effective.

Contacting methods for granular carbon include
adsorbers in pardlel, adsorbers in series,
moving-bed, and upflow-expanded beds. Carbon
loadings can approach 1 pound of COD removal
per pound of carbon. The concentration of COD in
the influent can typically be as high as 1 to 5
percent. Suspended solids in the influent should
generdly be less than 50 ppm to minimize
backwash requirements. Actual carbon usage rates
are determined during pilot testing.

Air gripping isused in municipa landfill gpplications
for the removal of VOCs from leachate or
groundwater. When leachate containing a volatile
compound is brought to equilibrium conditions with
air, some portion of the volatile compound transfers
from the water to the air. The resulting
concentrations of the volatile compound in the air
and in the water are a function of the beginning
concentration in the water, the temperature, the
pressure, and the degree of volatility of the
compound. The volatility of the compound--that is,
its tendency to leave the water and enter the air--is
expressed by Henry's law constant for the
particular compound. The Henry's law constant is
the ratio of the concentration of the compound in
the air to its concentration in water at equilibrium
conditions.

L eachate contaminated with avolatile compound is
fed into the top of atower while alarge air stream
is forced into the bottom. Thetower isusudly filled
with a packing medium that provides a large
surface area for contact between the air and
leachate. The air exitsthe top of the tower with the
volatile compound. The leachate is collected at the
bottom of the tower and is either pumped to another
process areafor further treatment or discharged. It
should be noted that leachate may foul the packing
medium and reduce the effectiveness of air
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sripping.

If sufficiently low concentrations are involved, the
air can be discharged to the atmosphere. Otherwise,
ar pollution control devices such as vapor-phase
carbon may be needed. State air pollution
regulations must be followed for emission controls.

Computerized mathematical models are available to
estimate the effectiveness of air stripping for
removing many organic compounds. However,
critica operating parameters should be determined
experimentally through pilot studies.

4.3.2.2 Offsite Treatment

Direct discharge to a POTW may be appropriate
for leachate streams containing concentrations of
contaminants that are amenable to treatment
provided by the POTW. More often, pretreatment
may be required before discharge to the POTW.
Magor considerations include the constituents of the
leachate and their concentrations, the type of
treatment used by the POTW, the remaining
treatment capacity of the POTW, the volume of
leachate to be disposed of, and the expected
duration of the discharge. A high rate of flow for an
extended time may require a capita expenditure to
increase the capacity of the treatment works. Early
contact with the POTW during the feasibility study
process is important to determine the acceptability
of the leachate for treatment at the POTW.

Treatment to reduce the concentrations of
organics and metals can be expected
at most POTWs. However, the NPDES
permit for the POTW may have metas
limitetions that will preclude the treatment
of leachate. The removal efficiency depends

on the type and concentration of
contaminants. Removal of organics and
metals will be primaily from dsripping in

aeration basins, adsorption onto biological floc,
and biological degradation. Fate of Priority
Pollutants in Publicly Owned Treatment
Works (U.S. EPA, 1982c) is a good source
for information on treatability and on the
aoplicability of different treatments for a particular
waste stream. The need for treatability testing



or pretreatment of the waste stream must be
determined on the basis of the probable effect of
the contaminants on the POTW.

Treatment processestypically employed at POTWs
include:

» Anaerobic processes-Including rotating
biologica contactors, oxidation ditches,
activated dludge reactors, and tricking
filters

Aerobic processes-Including anaerobic
contact reactors, anaerobic filters,
fluidized bed systems, and various fixed-
film systems

Physical/chemical  processes-Including
dissolved-gas flotation, chemical
coagulation, sedimentation, and filtration

Special considerations for discharge to a POTW
include the proximity of the nearest POTW sanitary
sewer sufficient to handle the flow, pretreatment
requirements, and the potentiad hedth risk to
POTW employees of treating wastes from
CERCLA dites. Congtruction of gravity main or
force mains to transport the discharge to the
POTW collection system may be cost effective
compared to onsite trestment. Typicaly it is cost
effective to transport only low flow rates (for
example, less than2 gpm) viatrucksto the POTW.

If theleachateisto betrucked offsite for treatment,
anditis classified as a RCRA hazardous waste, a
RCRA Part B permit would be required by the
POTW to accept the leachate. In this situation,
another offsite option would beto treat the leachate
at aRCRA treatment, storage, and disposd facility
(TSDF). Thereare severa RCRA TSDF invarious
parts of the country that treat leachate. If the
leachate is discharged to the sewer system (that is,
piped to the POTW) the POTW is exempt from
RCRA as outlined in 40 CFR 261.4(a)(2)(ii).

A dischargeto aPOTW isgenerally considered on
offgte activity, even if CERCLA waste is
discharged to a sewer located onsite. Therefore,
the offsite policy and proposed regulations would
gcneraly apply to a discharge of CERCLA waste
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to a POTW (see Section 4.2.3.3).

Some implementation and O&M considerations
concerning offsite treatment include the following:

* The possble dimination of potentidly
strict limits for discharging to surface
water or groundwater

The acceptability at sites with sensitive
public relations issues

The limited capacity of aPOTW to handle
the leachate volume and contaminant
loading

The possible tendency of the POTW
permitting authority to set stringent
discharge standards because there is no
categorical standard for CERCLA
operations and because of public fear or

mistrust of “hazardous waste”
(Frequently, discussions on the
acceptability of the discharge and

discharge standards will extend well into
the predesign and design phases of
Superfund sites.)

The liability of a discharger if the
discharge causes the POTW to violate its
NPDES permit, or if dudge from the
POTW fails toxicity criteria or other
standards (Some treatability testing at the
POTW may be required to determine
whether pass-through of leachate
contaminants is likely.

Problems at siteswith leachate of variable
quality

User fees usualy imposed by POTWs
recelving discharge

The partial remova of many organics by
adsorption on the biomass (Land
application of the sludge by the POTW
may reintroduce contaminants to the
environment and should be evauated.)

Need to contact the POTW to determine
if overflows or bypasses occur



during wet weather in the sewer to be
used (If so, then precautions such as
temporary storage of leachate during wet
weather may be necessary.)

Classfication as a RCRA waste of
leachate that is trucked offsite (RCRA
waste will have to be treated at a RCRA
TSDF instead of at a POTW.)

Data on leachate characteristics, which may
include parameters such as COD, BOD, pH, TSS,
TOC, TDS, as well as hazardous constituents such
as inorganics (metals, cyanide), volatile organics,
and semivolatile organics will be required by the
POTW to assess whether it can accept the waste
stream. Treatability testing will be necessary to
evaluate the effects of the leachate on the POTW
system as well as on removal capabilities.

4.3.3 References

Additiona references on remedia technologies for
leachate are listed below.

Collection:

U.S. Environmental Protection Agency. RCRA
Guidance Document Landfill Design, Liner
Systems and Final Cover. (Draft). July 1982.

U.S. Environmental Protection Agency. Lining of
Waste Impoundment and Disposal Facilities.
SW870. 1983.

U.S. Environmenta Protection Agency.Handbook
of Remedial Action of Waste Disposal Stes
(Revised). EPA/625/6-85/006. October 1985.

U.S. Environmental Protection Agency. Leachate
Plume Management. EPA/540/2-85/004.
November 1985.

U.S. Environmental Protection Agency.
Technology Briefs, Data Requirements for
Selecting Remedial Action Technology.
EPA/600/2-87/001. January 1987.

U.S. Environmenta Protection Agency. Guidance
on Remedial Actions for Contaminated
Groundwater at Superfund Stes. EPA/540/6-
88/003. December 1988.
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Treatment:
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Adsorption Handbook. Ann Arbor Science, Ann
Arbor, MlI. 1980.

Clark, Viessman, and Hammer. Water Supply and
Pollution Control. IEP-Dun-Donnell. New Y ork.
1977.

Metcalf & Eddy, Inc., revised by Tchobanoglous.
Wastewater Engineering: Treatment, Disposal,
Reuse. 2nd Ed. McGraw-Hill. New York, New
York. 1979.

Treyba, R. Mass Transfer Operations. 3rd Ed.
McGraw-Hill. 1983.

U.S. Environmental Protection Agency. Fate of
Priority Pollutantsin Publicly Owned Treatment
Works. EPA/440/1-82/303. 1982.

U.S. Environmenta Protection Agency. Permit
Guidance Manual on Hazardous Waste Land
Treatment Demonstrations, Draft. EPA 530-SW-
84-015. December 1984.

U.S. Environmental Protection Agency. Handbook
of Remedial Action of Waste Disposal Stes
(Revised). EPA/625/6-85/006. October 1985.

U.S. Environmental Protection Agency. Guidefor
Identifying Cleanup Alternatives at Hazardous
Waste Stes and Spills. EPA/600/3-83/063.
December 1985.

U.S. Environmental Protection Agency.
Technology Briefs, Data Requirements for
Selecting Remedial Action Technology.
EPA/600/2-87/001. January 1987.

U.S. Environmental Protection Agency.
Characterization of MWC Ashes and Leachates
from MSW Landfills and Co-Disposal Sites.
EPA/530/SW-87/028A. October 1987.

U.S. Environmental Protection Agency. Guidance
on Remedial Actions for Contaminated
Groundwater at Superfund Stes. EPA/540/
6-88/003. December 1988.



U.S. Environmental Protection Agency. CERCLA
Ste Discharges to POTWs. EPA/540/6-90/005.
August 1990.

4.4 Landfill Gas

4.4.1 Collection of Landfill Gas

Landfill gas (LFG) is produced naturaly when
organic materia from a landfill decomposes. LFG
collection should be considered in the following
Stuations:

*  When homes and buildings are (or are

planned to be) adjacent or close to the
landfill

When wastes have a high organic content

When future use of the site may involve
alowing access to the public (for
example, as a park)

When emissions pose an unacceptable
health risk

When the landfill produces excessive
odors

When gas pressure building under the cap
can damage it and/or curb vegetative
growth on the cap

When state ARARSs require treatment of
the LFG

A proper landfill cover decreases odors and vertical
migration of gas. However, it increases lateral gas
migration and with it the potential of entrapping
explosive methane gas in nearby structures. The
lateral movement of LFG can be intercepted by
either permeable or impermeable systems.
Permeabl e interception systems capture gasthat is
moving laterdly and provide conduits for the gasto
escape to the surface. These systems typicaly
consist of horizontal trenches and/or pipes and
vertical wells. Impermeable interception systems
block the flow of the gas and also provide conduits
to the surface. Typical components of impermeable
systems are barriers made of clays and synthetic
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liners.

Most often they are used in conjunction with
trenches.

Design considerations for LFG collection include:

Volume and type of wastes present

Depth of fill

Subsurface geology of the site
Field measurements

Waste constituents
LFG concentrations

Moisture content of waste
Preferential flow paths
Soil permesbilities

LFG collection systems are divided into two main
groups. passive systems and active systems.

44.1.1 Passive Systems

Passive LFG control systems alter subsurface gas
flow paths without using mechanical components.
Generdly, they direct subsurface flow to points of
controlled release through the use of
high-permesbility systems. Flow paths to outside
areas are blocked through the use of low-
permeability barriers. High-permeability systems
usualy consist of trenches or wellsexcavated at the
boundary of the landfill and backfilled with
permesble material (for example, gravel, crushed
stone, etc.) to create a preferential gas flow path.
Low-permeability barriers typicaly condst of
clay-linedor synthetic-lined (HDPE, PV C, Hypaon,
etc.) trenches or walls. Passive systems are not
used to recover landfill gas, instead their only useis
to control the release of landfill gas to the
atmosphere. Typical passive systems are pipe vents
and trench vents.

Pipe Vents. Pipe vents are used for venting LFG
at points where it is collecting and building up
pressure. They are often used with flares that burn
the gas at the point of release. Pipe vents typicaly
are smple, inexpensive, and effective at reducing
localized LFG pressure.



However, some considerations concerning pipe
vents include the following:

»  They potentidly will have a smdl zone of
influence (less than 5 feet in compacted
refuse).

e They may result in increased odor
problems (due to LFG release to the
atmosphere).

e« There may be a potentiad danger of
exploson at the point of release, which
should be considered and eval uated.

Trench Vents. Trench vents usudly consist of
gravel trenches surrounding the waste site. They
formapath of least resistance through which gases
migrate upward to the atmosphere. A barrier
system can be added to the outside of thetrench to
increase its effectiveness in controlling LFG.

Trenchventstypically are more effective than pipe
vents for containment and control. They require
litle maintenance, and they ae rddtively
inexpensive. If there are houses nearby, trench
vents, possbly in conjunction with pipe vents,
should be considered to minimize the potentia for
lateral migration of LFG. Gas migrating lateraly
into basements can create toxic or explosive
conditions. Some considerations concerning trench
vents include the following:

* Runoff can infiltrate and clog open vents.

e Gases may migrate under the trench if it
is not constructed to a sufficient depth or
keyed into an impervious layer.

» Thereispotentid for failure of thebarrier
system below a 15- to 20-foot depth.

»  Odor problems are possible.

The most important data needed for designing a
passive gas control system are:
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»  Topographic characteristics of the site (for
example, contour elevation map)

e Soil characterisics (for  example,
permesbility, grain-sze didribution, soil
content)

e Geologic characteristics (for example,
type of subsurface strata, PpH,
temperature, depth of bedrock)

e Climatologic characteristics (for example,
precipitation, temperature)

e Hydrogeologic  characteristics  (for
example, depth to groundwater inside and
outside the landfill)

« Waste characteristics (for example,
composition, biodegradables and organics
content, moisture content)

4.4.1.2 Active Systems

Active systems to control LFG restrict subsurface
migration of gases. The systems use mechanical
means to alter pressure gradients and redirect
subsurface gas flow. Magjor system components
generdly include gas extraction wells, gas collection
headers, vacuum blowers or compressors, and gas
treatment or use systems. Active systems are
typicdly used in landfills where severe odor
problems exist, they are aso used to prevent LFG
from migrating to and endangering nearby
structures. LFG recovery and sale or use as a
source of energy are only possible with active
systems.

Gas extraction wells are drilled to the seasonal low
groundwater level or to the base of the landfill.
Typicdly, a perforated pipe is set in the well with
permeable material surrounding the pipe. At thetop
of the well, the pipe is nonperforated and the
surrounding areais sealed with concrete or clay. A
gas collection header is connected to the top of the
pipe and to several other extraction wells spaced at
regular intervals. Vacuum blowers or compressors,
connected to the headers, are used to create a
negative pressure area, which causes gases to be
drawn up from the extraction wells. Then
gases are treated and ether released to



the atmosphere or recovered and used to generate
energy.

The most common active system is an onsite
extraction well system. It consists of a series of
extraction wdls in the landfill, typicaly 100 to 300
feet apart. The applied extraction vacuum
withdraws LFG in both the horizontal and vertica
directions. Vacuum blowers extract the LFG from
the wells, and push the collected LFG through a
free vent or waste-gas burner. Enclosed flares
have proven effectivein destroying the combustible
components of the LFG and thereby eliminating
odor problems.

Some implementation and O&M considerations
concerning active gas control systems include the
following:

» Active gas control systems can provide
effective LFG control with an area of
influence larger than that of passive
systems (depending on the design).

Odors and reactive organic gas emissions
are reduced as compared to passive
systems.

There is potentia for use of LFG.

The expense is greater compared to
passve systems because of the
complicated design and mechanica
equipment required.

Regular O&M is required for optimal
results (depends on the design and volume
generated). For example, collection
syssems may become clogged with
biologica growth or sediments.

Condensate handling is required (possibly
classified as a RCRA hazardous waste).

Modifications after startup may be
necessary because of the variability of
0lid waste and soils placed at the site
(affects gas production).

Landfill settlement may cause collection
piping to bend.
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The typica data needed for designing an active
system include;

Topographic characteristics of the site (for
example, contour elevations map)

Soil  characteristics  (for  example,
permesbility, moisture content, grain size
digtribution)

Geologic characteristics (for example,

type of subsurface strata, pH,
temperature, depth of bedrock)

e Hydrogeologic characteristics (for
example, depth to groundwater)

e Waste characteristics (for example,

composition, moisture content, percent
compaction)

Depth, volume, and approximate
settlement rate of wastes

442 Treatment of Landfill Gas

4.4.2.1 Thermal Treatment (Enclosed Ground
Flares)

When treatment of LFG is necessary, the most
common technology used at CERCLA municipal
landfill sites is thermal treatment using enclosed
ground flares. Treatment of landfill gas may be
necessary in situaions where homes or buildings
are close to the landfill, when fina use of the site
includes alowing public access, when the landfill
produces excessive odors, or when state or federal
ar dandards are violated. Faes ae a
well-established technology and are being used at
many landfills worldwide.

Enclosed ground flare systems consist of a
refractory-lined flame enclosure (or stack) with a
burner assembly at its base. A pilot light isinstalled
near the waste-gas burner head. Combustion air
dampers are instaled at the base of the flare to
control excess air. In the operation of an enclosed
ground flare system, landfill gas is mixed with a
supplemental fudl, if required to support combustion,
and fed through a vertical, open-ended pipe. Pilot
burners (usually at least three) next to the end of
the pipe ignite the waste.



Enclosed ground flares are used extensively for
operations involving landfill gasdisposal. (They can
also be used to burn gases collected from a soil
vapor extraction operation.) Earlier operationswith
landfill gas flaring have consistently used elevated
open flares. Open flares are still very common at
non-CERCLA municipa landfill Stes. However, the
enclosed flare is increasingly popular and is, in
some instances, being considered the Best
Avalable Control Technology (BACT) for new
ingtdlations. Thisemerging technology isaresult of
the perceved improvement in combustion
efficiency and in control of enclosed flares over
open flares. Particularly at CERCLA sites, the
presence of a visible flame on open flares may
cause public concern or may be considered a
nuisance. Use of open flares is still common in
emergencies or for when the quality and quantity of
gas fluctuates widdly.

The most important limitation for flare operation is
the quality of the gas. If the LFG is less than 20
percent methane, then auxiliary fuel is necessary.
Auxiliary fud is desirable if methane concentration
ranges from 20 to 30 percent. If high operating
temperatures are desired, additional fuel may be
required in any case. Auxiliary fud will rapidly
drive the operational costs up, especidly if
inexpensve fud is not available nearby.

Regulatory guidance for flare operation is limited,
so operating conditions are usualy guided by
engineering judgment. The assumed minimum limits
for operations are 1,400EF and 1 second of
residence time. Data for evaluating destruction
efficiency are somewhat limited. The indications
are that destruction efficiencies should be greater
than 90 percent for most trace air-toxic compounds,
with many flares probably realizing greater than 99
percent destruction efficiencies.

Caution should be used when predicting trestment
performance. Destruction efficiency can be highly
variable, and predicting performance for a specific
ste may require pilot testing. Most organic
compounds should be destroyed effectively with
adequate temperature and residence time;
however, test data are limited. In many cases,
demonstrating high destruction efficiency isdifficult
because detection levels cannot be measured
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precisely using current sampling and analytical
protocols. In most cases, enclosed flares
consgtently achieve greater than 98 percent in
overal combustion efficiency. Operations usually
can achieve smokeess combustion with no visble
flame outside the stack. Enclosed ground flares can
be built for virtudly any flow of LFG from alandfill
site. However, 5,000 standard cubic feet per minute
of LFG per flareisapractica upper limit, and lower
flows may be more appropriate to dlow for
operational flexibility and to reduce potentia
equipment problems.

The EPA Office of Air Qudity, Planning, and
Standards is developing new source emission
guidelines and performance standards for collection
and treatment of landfill gas. The air emisson
standards will apply to new municipa solid waste
landfills as well as to those facilities that have
accepted waste since November 8, 1987, or that
have capacity available for future use. The
proposed rule would require an active landfill gas
collection and control system for solid waste
landfills where emissions exceed 100 megagrams
per year of nonmethane organic compounds
(NMOC). Control (i.e, treatment) would be
achieved using flares. Since the proposed rule is
currently under development, some changes may be
made. Also, judgment should be used in determining
whether these guidelines and standards are rel evant
and appropriate to a specific CERCLA municipal
landfill site. These standards and guidelines were
developed for municipa solid waste landfill Stes as
opposed to CERCLA sites where there is typically
co-disposal of both municipal solid waste and
hazardous waste.

Some implementation and O&M considerations
concerning enclosed ground flares include the
following:

e Enclosed ground flares should diminate
odorsand air emissions.

Generaly, enclosed ground flares are easy
to implement and can be used for
short-term as well as long-term
applications.

There is no possibility for heat recovery.



There is a potential need for steam to
control emissions.

There are high noise levels.

Costs of supplemental fuel and its
availability must be considered.

The data needed for screening and predesign of a
flaring system include:

* The quantity (standard cubic feet per
minute) of LFG to be treated

The heat content of waste (Btu/cubic
foot)

Waste congtituents, including methane
content

Bench or pilot testing is often required to determine
destruction and removal efficiencies.

4.4.3 References

Additiona references on remedia technologies for
LFG are listed below:

Argonne National Laboratory. An Annotated
Bibliography: Environmental Impacts of
Sanitary Landfillsand Associated Gas Recovery
Systems. ANL/CNSV-27. February 1982.

Emcon Associates-Ann Arbor Science. Methane
Generation and Recovery from Landfills. 1980.

Lutton, R.J. et a. Design and Construction of
Coversfor Solid Waste Landfills. 600-2-79-165.
U.S. Environmental Protection Agency. August
1979.

Noyes Data Corporation. Landfill Methane
Recovery. Energy Technology Review #80. 1983.

Seebold, James A. Practical Flare Design.
Chemica Engineering. December 1984.

U.S. Environmental Protection Agency. RCRA
Guidance Document Landfill Design, Liner
Systems and Final Cover. (Draft). July 1982.
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45 Groundwater

4.5.1 Collection, Treatment, and Disposal

Collection and treatment of groundwater is a
common component of the overal remediation of
municipa landfill dtes. Typicdly, groundwater is
extracted at the perimeter of the landfill to manage
offsgte migration of leachate and is extracted
downgradient to capture the contaminated
groundwater plume. The two typesof groundwater
collection systems used most often are extraction
wells and subsurface drains.

Subsurface drains (which are aso often used for
leachate collection) consst of underground,
grave-filled trenches generally equipped with tile or
perforated pipefor greater hydraulic efficiency. The
drains can be used to collect contaminated
groundwater and transport it to a central area for
treatment or proper disposal. Drains are typically
used in geological units of low permesdbility.

Extraction wells are used more frequently then
subsurface drains. Well diameter, flow rate, and
spacing are determined based on the desired
groundwater capture zone and the hydrogeologic
characteristics of the aguifer.

Contaminated groundwater is usualy treated and
disposed of aong with leachate (see Section 4.3.2).
The chemical parametersthat aretypically elevated
in samples of contaminated groundwater from
municipd landfill sites include BOD, COD, VOC,
TDS, chloride, nitrite, nitrite, ammonia, totd
phosphorous, sulfides, and metals. Aswith leachate,
treatment of contaminated groundwater (or
pretreatment in cases where discharge is to a
POTW) may involve conventiona treatment
systems such as hiologica treatment (organic
removal), metals precipitation, and air stripping or
GAC for VOC remova (polishing).

4.5.2 Containment
45.2.1 Vertical Barriers (Slurry Walls)
Vertical barriers may be a viable technology for

groundwater containment at municipal landfill sites.
Their use warrants some consideration



sincethey may improvethe overall effectiveness of
a containment system. Extraction wells are often
used with slurry wallsto increase the effectiveness
of the durry wal by creating an inward
groundwater gradient. In some cases, groundwater
extraction wells aone may provide adequate
containment of contaminated groundwater.

An upgradient barrier may be used to reduce the
amount of groundwater contacting a contaminated
area whereas a downgradient barrier may be used
to resrict the migration of contaminated
groundwater away from a contaminated area.
These barriers acting aone are probably not
auitéble for most landfill sites because of their
limited effects on movement of groundwater. It is
difficult to completely intercept groundwater using
just durry walls, therefore, they are usudly
implemented with other containment technologies
such as a groundwater extraction system and
landfill cap.

Anided barrier will completely encircle the landfill
area, will be keyed into a lower acquitard
(impervious layer), and will include a low
permesbility cap and a groundwater collection
system to maintain an inward hydraulic gradient
acrossthe barrier. Such abarrier isgenerally much
more effective in controlling movement of
groundwater and pollutants than an upgradient or
downgradient barrier or a partially-penetrating
barrier (that is, one that is not keyed in to an

impervious layer).

The most common type of vertical barrier used at
landfill sites, (as well as other hazardous waste
sites) is a soil-bentonite durry wall. Soil-bentonite
slurry walls are used as vertical barriers to reduce
the horizontal permeability of soil. Thesewalls can
be excavated a limited distance into rock material
(i.e., keyed into bedrock) but are not generaly
ingtaled in rock.

Typicdly, the wall is constructed using a backhoe
or specialty clamshell, which is used to excavate a
trench 2.5 to 4 feet wide in one pass. Thetrenchis
kept open by the use of a bentonite durry. In
addition, this bentonite durry creates a filter cake
on the sides of the trench as the dlurry flows
lateraly into the soil. This filter cake consists of a
layer of bentonite with low permeability.
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Trenches are generaly less than 200 feet deep.
Trenches up to 50 feet deep are usually excavated
usng specia backhoes;, deeper trenches are
excavated with clanishells or other equipment.

The soil excavated from the trench is usually used
as backfill materia to mix with the bentonite durry.
Where sufficiefft fines are not present (10 to 30
percent by weight that can pass through a No. 200
seve), additiona fines from adjacent borrow areas
and/or bentonite may be added to decrease the
permesbility. The backfill mixing is generaly done
adjacent to the trench and requires an area at |least
as wide as the depth of the trench. The backfill
materia is then placed into the trench using a
bulldozer.

The permesbility of the composite trench will
generaly be in the order of 1 x 107 to 1 X 10°
cm/sec, depending on the type of backfill material
used. The backfill permesbility is sometimes
affected by the migrating contaminants, and
compatibility testing should be performed to
determine this effect. For example, if there is
migration of nonagueous-phase solvent from the
landfill, the bentonite Slurry may not be an effective
barrier. Other design considerations include the
piping of the bentonite fines into the trench under
pressure in dStuations where there is large
differential in water pressure on the barrier.

Some implementation and O&M considerations
concerning durry walls include the following:

e Surry wals can improve the overal
effectiveness of a containment system by
usng the walls in conjunction with
extraction wells and a landfill cap.

A durry wall is generdly ardatively low
cost, proven technology.

The necessary construction equipment is
widdly available.

The use of durry walsisgenerdly limited
to relatively flat and unconfined sites.



For a durry wall to be effective, the
geologic characteristics of the site should
dlow it to be keyed into bedrock or into
an aquitard.

There may be problemswith construction
if the landfill dte is located within a
wetland area.

There may be construction difficulties for
durry walls deeper than 50 feet.

The production of large quantities of
excess durry (for deep trenches) that
may have to be disposed of as a
hazardous waste should be considered.

A distance of 50 to 75 feet of open area
adjacent to the trench is required for
mixing bentonite with backfill materias.

The primary dataneeded for designing adurry wall
include:

» Exiding topography and boundary of the
proposed durry wall. (The construction of
a durry wal requires relatively flat
topography and sufficient areato mix the
bentonite durry and operate excavation
equipment.)

Geologic data such as soils type, soil
chemisiry, and types of subsurface
formations

Depth to acquitard and groundwater as
well asrate and direction of flow

Chemica characterization of leachate,
groundwater, and landfill wastes
(Compatibility testing with durry wall
material may aso be required.)

4.5.3 References

Additional references on groundwater remediation
are listed below.

Collection, Treatment, and Disposal

Clark, Viessman, and Hammer. Water Supply and
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Pollution Control. IEP-Dun-Donnell. New Y ork.
1977.

Freeze et al. Groundwater. Prentice-Hall, Inc.
Englewood Cliffs, New Jersey. 1979.

Kedy. Optimizing Pumping Strategies for
Contaminant Studies and Remedial Actions.
Groundwater Monitoring Review. 1984. p. 63-14.

Keely and Tsang. Velocity Plots and Capture
Zones of Pumping Centers for Groundwater
Investigations: Groundwater, Vol. 21, No. 6. 1983.
p. 701-14.

Metcalf & Eddy, Inc., revised by Tchobanoglous.
Wastewater Engineering: Treatment, Disposal,
Reuse. 2nd Ed. McGraw-Hill. New York, New
York. 1979.

Treybal, R. Mass Transfer Operations. 3rd Ed.
McGraw-Hill. 1983.

U.S. Environmental Protection Agency. Handbook
of Remedial Action of Waste Disposal Sites.
(Revised) EPA/625/6-85/006. October 1985.

U.S. Environmental Protection Agency. RCRA,
Groundwater Monitoring Technical Enforcement
Guidance Document. OSWER-9950.1. September
1986.

U.S. Environmental Protection Agency.
Technology Briefs, Data Requirements for
Selecting Remedial Action Technology.
EPA/600/2-87/001. January 1987.

U.S. Environmenta Protection Agency. Guidance
on Remedial Actions for Contaminated
Groundwater at Superfund Sites. EPA/540/6-
88/003. December 1988.

U.S. Environmenta Protection Agency. Evaluation
of Groundwater Extraction Remedies, Volumel,
Summary Report. EPA/540/2-89/054. September
1989.

U.S. Environmental Protection Agency.
Performance Evaluations of Pump and Treat
Remediations: Groundwater Issue Paper.
EPA/540/4-89/005. 1989.



U.S. Environmental Protection Agency. Basics of
Pump and Treat Groundwater Remediation
Technol ogies. EPA/600/8-90/003, March 1990.

U.S. Environmental Protection Agency. CERCLA
Ste Discharges to POTWSs. EPA/540/6-90/005.
August 1990.

Xanthakos, P. Surry Walls, New York.
McGraw-Hill. 1979.

4.6 Wetlands

Many municipal landfill stes may have been built
on or adjacent to natural wetlands and remedid
activities may affect the wetland habitat. This
section briefly reviews the possible consequences
to wetlands of a nearby municipa landfill at an
NPL ste, and provides a rationale for mitigating
unavoidable damage. Two topics are discussed:
removing or managing contaminated wetland soil,
and mitigating the effects on wetlands of site
remediation. When evauating damage to
environmentaly sensitive areas, consideration
should also be given to potential natural resource
damage claims.

4.6.1 Removal or Management of Wetlands
Sediments

Wetlands adjacent to municipa landfills may be
contaminated by inflows of leachate through
surface water and groundwater pathwaysincluding
springs and seeps. Anaerobic sediments in the
wetlands may concentrate and sequester heavy
metals or complex organics present in the leachate.
These compounds may reach levels that are
hazardous to humans or to the biologica
components (flora and fauna) of the wetland.
Under these conditions, remediation of the wetland
areas may be required. Wetlands sediments can be
physcdly removed through dredging and then
disposed of with other hazardous solids.

Because of the potentia for dredging to harm
indigenous wetland biota, it should be considered
only as a last resort after a careful environmental
risk assessment of the site demonstrates that a
sgnificant risk actually exigts. If the potential for
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risk is marginal and is outweighed by the potential
for environmental harm from sediment removal,
then sediment pollutants can be stabilized and
reduced over time by liming, bioremediation, or
other technologies. Adding lime to a wetlands area
would be done to neutralize acidic groundwater or
leachate that had migrated into the wetland. In situ
stabilization could potentidly be used to immobilize
contaminated sediments, athough this may harm
wetland biota. In dStu  bioremediation could
potentialy be implemented to reduce concentration
of organic contamination over time. More
information on these and other technologies can be
found in the document titled Handbook of
Remedial Action at Waste Disposal Sites (U.S.
EPA, 1985a). This ondte management of
contaminated sediments may require monitoring to
verify the rate of contaminant reduction.

4.6.2 Mitigating Wetlands L osses

When existing natural wetlands must be disturbed
through the remova of contaminated sediments to
protect human hedth and the environment,
aternative approaches may be used to compensate
for the functional loss of wetlands. To this end,
disturbance to wetlands will be minimized if the
affected areais as small as possible. The effects of
dredging may be mitigated by timing dredging
activities to avoid critical biota lifestages (for
example, dredging can be conducted when plant
populaions are dormant and migratory wildlife are
not present). Silt screens, hay baes, and other
construction techniques should be used to minimize
the potential for migration of contaminated
sediments during dredging activities. In addition,
compensation for wetland loss may be achieved by
restoring damaged wetlands or creating new
wetlands. Restoration may include enhancing water
flows to or natura hydrology of existing drained
wetlands. Restoration provides faster and more
vauable habitat enhancement than does creation of
new wetlands. However, creation of new wetlands
may be necessary when restoration is not possible.

Creating wetlands can aso mitigate the
wetlands damage associated with some
remedia activities at municipd landfill stes. To the
greatest extent practical, new wetlands should
provide functional values greater than or equa



to the valueslost from the effected wetland. These
values can be assessed using the Corps of
Engineers Wetlands Evaluation Technique.
Additiond information can be found in the
document titled Wetland Evaluation Technique
(WET), Volume I1I: Methodology, Corps of
Engineers (U.S. Army Corps of Engineers, 1987).
When practical, created wetlands should be of the
same general habitat type as the areas that were
affected and should be located in the same
watershed. Since larger, contiguous wetland areas
generaly provide better habitat and associated
environmental vaues than smaler, isolated
wetlands, new wetlands should be constructed as
part of larger wetlands/aquatic systems. A larger,
new wetland areamay be created to offset theloss
of a number of smaller, isolated wetlands affected
by municipa landfill remediation.

4.6.3 References

Additiond information on evaluation and mitigation
of wetlands can be found in the following
documents:

Adamus, P.E., et a. Wetland Evaluation
Technique (WET): Volume I1--Methodology. U.S.
Army Corps of Engineers. 1987.

Hammer, D.A. Constructed Wetlands for
Wastewater Treatment. LewisPublishers, Chelsea,
Michigan. 1989.

US. Army Corps of Engineers. Wetland
Evaluation Technique (WET). U.S. Army
Engineer WaterwaysExperiment Station. Wetlands
Research Program. 1987.

U.S. Environmental Protection Agency.
Constructed Wetlands and Aquatic Plant
Systems for Municipal Wastewater Treatment.
(Design Manual) EPA/625/1-88/022. 1988.

U.S. Fish and Wildlife Service, et d. Federal
Manual for Identifying and Delineating
Jurisdictional Wetlands. An Interagency
Cooperative Publication. 1989.
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4.7 Surface Water and Sediments

4.7.1 Treatment of Surface Water

Generdly, surface waters such as large ponds,
rivers, or streams are not treated at municipal
landfill sites. However, in situations where small
ondte ponds or lagoons exis, it may be viable to
treat and dispose of contaminated surface water.
Management of surface waters in these instances
will likey be done in conjunction with contaminated
groundwater and leachate. Contaminated surface
water will likely be more dilute than leachate or
groundwater and may require only minor polishing.
Although, this may not be true for onsite lagoons in
Stuations where disposal of liquid wastes may have
occurred. Typicaly, removal of VOCs and
samivalatile compounds from surface water may be
achieved using air stripping and/or GAC. More
concentrated waste streams may aso require
neutraization, metals precipitation, and biological
treatment for removal of COD and BOD. In situ
gabilization is aso commonly used for lagoon
closures for wastes containing primarily inorganic
contaminants and 10 to 20 percent of organic
congtituents. Additiond discussion regarding viable
treatment technologies can be found in Section
4.3.2. Since treatment of surface waters will likely
be for a short duration compared to groundwater or
leachate treatment, routing surface water to the
groundwater treatment system may be feasible, or
it may make sense to use portable (skid mounted)
treatment units if additional capacity is needed.

4.7.2 Removal and M anagement of Sediments

In some cases, it may be necessary to remove
contaminated sediments from adjacent surface
waters. Because of the potential for dredging to
harm indigenous biota, dredging should be
considered only after a careful risk
assessment demondrates that a dsgnificant
risk actualy exists from contaminated sediments.
When evauating the risks posed by contaminated
sediments, consideration should also be given
to the potential for environmenta harm from



sediment removal. However, with thisin mind, a
risk assessment for a particular site may result in
the conclusion that remova of contaminated
sediments is necessary to mitigate unacceptable
risks to human health or the environment.

When excavating sediments below the water
surface (dredging) the type of equipment depends
on considerations such as the need to control
secondary migration, the depth of the contaminated
sediment, the consistency of the contaminated
sediment, the size of the area to be excavated, and
the depth of excavation. For small deposits, the
sediment may be reached from shore using a
backhoe or clamshell. For large deposits, equipment
such as a floating clamshell, backhoe, or a
cutterhead hydraulic dredge should be considered.
The most feasble and common aternative for
managing excavated sediments is to consolidate
them with other landfill material under the landfill
cap, athough sediments may need to be filtered
prior to consolidation to remove excess water. See
the discusson on ARARs (Section 5.2) for
municipa landfill sites regarding the viability of
consolidation of sediments managed as a hazardous
waste. Excavation of contaminated material will
include semi-solids and sediments.

Semi-solids are composed of saturated earth or
other materials that have the consistency of wet
concrete. These materials may flow when disturbed
and are too soft for excavation with ordinary
earth-moving equipment such as bulldozers or
front-end loaders. Tracked equipment may be used
working from firm ground or barge mounted
equipment can be used. Accurate control of the
depth of excavation of semi-solids is difficult with
draglines and crane-suspended clam shells. More
accuracy can be obtained by using a toothless
bucket as found on a "Gradall" (used for cleaning
ditches and slopes) or as adapted to a conventional
backhoe. Cutterhead dredges can a so be operated
with reasonable accuracy.

Sediments are fluid-like deposits that do not hold
their shape and must be excavated asadurry. This
requires handling large volumes of water
(frequently 80 to 90 percent). Excavation
equipment may be either floating or operated from
shore. Equipment used for removing sediments may
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indude hydraulic dredges (with or without
cutterhead), barge-mounted pumps, vacuum trucks,
or a pneumatic dredge. In pneumatic dredging,
compressed ar is injected into a Venturi pipe, and
air, water, and sediment is lifted and discharged at
the surface.

Secondary migration is often a problem with
sediment removal below water and thus may
require dewatering of the excavation area, using
sediment control barriers to minimize migration of
sediments, or conducting a final sweep of the area
to remove any redeposited sediment. Dewatering a
submerged site is often advantageous because it
minimizes the contaminated liquid that is carried
with the solids. Post-remova verification sampling
can aso bedifficult without dewatering. Temporary
dewatering is done by driving sheet meta piling or
shoring into the ground around the excavation area
and continuoudly pumping (that is baling) water out
of the area until excavation is complete.

4.7.3 References

Additiona references on remedia technologies for
surface water and sediments are listed below:

U.S. Environmentd Protection Agency. Handbook
of Remedial Action at Waste Disposal Stes
(Revised). EPA/625/6-85/006. October 1985.

U.S. Environmental Protection Agency. The
Superfund Innovative Technology Evaluation
Program: Technology Profiles. EPA/540/5
89/033. November 1989.

U.S. Environmentd Protection Agency. Systems to
Accelerate In Stu Sabilization of Waste
Deposits. EPA/540/2-86/002. September 1986.

U.S. Stedl. Steel Sheet Piling Handbook. 1976.

4.8 Section 4 Summary

This section provides a description of
technologies most practicable for remediation
of CERCLA municipd landfill stes. This list of
technologiesis based on the NCP expectations and
a review of remedial actions selected in



RODsfor CERCLA municipa landfill stesthrough aternatives at Superfund sites. The objective is to

FY 1989. illusrate how each technology might affect the
aternative evaluation process.

In Section 5, these technologies are anayzed

against each of the nine criteria used to evaluate
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Section 5
EVALUATION CRITERIA

Once remedia action alternatives are sufficiently
defined, each aternative is assessed against nine
evauation criteria. During the detailed analysis of
alternatives, thesecriteriaare considered individual
and are equally weighted for importance. For the
purpose of this section, the evaluation criteria have
been divided into three groups based on the function
of the criteria during remedy selection. The three
groups include the threshold criteria, the balancing
criteria, and the modifying criteria

The threshold criteria relate to statutory
requirements that each aternative must satisfy in
order to be digible for selection. These are:

» Oveadl protection of human hedth and
the environment--The assessment against
this criterion describes how the
aternative, as a whole, achieves and
maintains protection of human health and
the environment.

e Compliance with applicable or relevant
and appropriate requirements (ARARS),
unless a waiver is obtained--Under this
criterion, an aternative is assessed in
terms of itscompliancewith ARARS, or if
awaiver isrequired, how it isjustified.

The balancing criteria are the technical criteria
that are considered during the detailed analysis. The
technologiesidentified as being most practicablefor
remediation of CERCLA municipa landfill stes
have, therefore, been evaluated in light of the
following feasibility study balancing criteria

» Long-term effectiveness and
permanence--Under this criterion, an
aternative is assessed interms of itslong-
term effectiveness in maintaining
protection of human health and the
environment after response objectives
have been met. The magnitude of residua
risk and adequacy and reliability of
controls are taken into consideration.
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* Reduction of toxicity, mobility, or volume
(TMV) through treatment-Under this
criterion, an aternative is assessed in
terms of the anticipated performance of
the specific treatment technologies it
employs. Factors such as the volume of
materials destroyed or treated, the degree
of expected reductions, the degree to
which treatment is irreversible, and the
type and quantity of remaining residuas
are taken into consideration.

o short-term  effectiveness--Under  this
criterion, an aternative is assessed in
terms of its effectiveness in protecting
human hedlth and the environment during
the construction and implementation of a
remedy before response objectives have
been met. The time until the response
objectives have been met is also factored
into this criterion.

» Implementability--Under this criterion, an
dternative is assessed in terms of its
technical and adminigtrative feasibility and
the availability of required goods and
services. Also considered is the rdliability
of the technology, the ability to monitor the
effectiveness of the remedy, and the ease
of undertaking additional remedia actions,
if necessary.

» Cost--Under thiscriterion, an dternativeis
assessed in terms of its present worth
capital and operation and maintenance
(O& M) costs.

Each of the five balancing criteria represents a
sgnificant element of the evaluation process.
However, in the case of certain technologies
frequently used at municipa landfills, evaluation
under some of the five criteria may require less
andysis. For example, a clay cap does not
reduce TMV through treatment, so the evaluation
of a clay cap under this criterion does not
require any effort, regardiess of the site. Even
though these criteria do not require additiona



andysis to evauate, the basic conclusonwill still be
important during the alternative evaluation. It should
be noted that al aternatives may not need to be
evauated with respect to al of a criterion’s
subcriteria. The key isto identify the subcriteriaby
which the aternatives vary significantly and to
focus the evaluation on those factors.

Table 5-1 identifies technol ogies frequently used at
municipa landfill sites and summarizes how the
technology may affect the aternative evaluation
criteria. The objective of the table is to present
basc conclusions that can be made for each
technology in light of each of the balancing criteria,
and to identify for each technology the level of
effort required under each criterion. The effort for
andysis (i.e, level of anaysis) is deemed low,
moderate, or dggnificant, depending on the
technology being considered for incluson in a
particular dternative. For example, using
incineration as part of an aternative may require
sgnificant analysis of potential risks to human
hedlth and the environment due to air emissions
from the incinerator. The two threshold criteria
(overdl protectiveness of human hedlth and the
environment, and compliance with ARARS) have
not been included in Table 5-1 because these
criteria are evaluated only once the technologies
have been assembled into complete alternatives.

The modifying criteria areformally assessed after
the public comment period. However, state or
community views are considered during the
feasbility study to the extent they are known. The
modifying criteria are as follows:

» State/support agency acceptance
»  Community acceptance

Communication with the state/support agency and
community is initiated during scoping and continues
throughout the RI/FS. Once the preferred
aternative has been identified in the proposed plan,
and the proposed plan has been issued for public
comment, these criteriaare evaluated. Based on the
comments received during the forma comment
period, the lead agency may modify aspects of the
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preferred alternative or decide that another
aternative is more appropriate. More information
about al of the criteria, including a comprehensive
lig of subcriteria, can be found in Chapter 6 of
Guidance for Conducting Remedial
Investigations and Feasibility Studies Under
CERCLA (U.S. EPA, 1988d). Below, asummary is
provided regarding al criteria as they affect
municipa landfill Stes.

5.1 Overall Protection of
Human Health and
the Environment

When evauating aternatives in terms of overal
protection of human health and the environment,
consideration should be given to the manner in
which dte risks identified in the conceptua ste
model are eliminated, reduced, or controlled through
treatment, engineering controls (for example,
containment), or ingtitutiona controls. Potential
threats to human hedlth and the environment
resulting from municipa landfills may include:

* Leachate generation and groundwater
contamination

*  Soil contamination (including hot spots)
» Thelandfill contents themselves

o Landfill gas

*  Wetlands contamination

 Contamination of surface waters and
sediments

The overall assessment of protection of human
health and the environment is based on evauating
how each of these potential threats has been
addressed in terms of a composite of factors
assessed under other evauation criteria, especialy
long-term effectiveness and permanence,
short-term effectiveness, and compliance with
ARARS.



Table5-1

EVALUATION OF TECHNOLOGIESFREQUENTLY USED AT
MUNICIPAL LANDFILLS

Page 1 of 3

Evaluation in Termsof Long-Term Effectiveness

Evaluation in Terms of Reduction

Evaluation in Termsof Short-Term

Evaluation in Terms of

Evaluation in

Technology and Permanence of TMV Through Treatment Effectiveness Implementability Termsof Cost
Deed Relies on access devel opment restrictions to Not atreatment technology. No effort No health or environment impacts during Ability to implement depends on local Low.
Restrictions manage residual risk. Difficulty in enforcement to evaluate. implementation. Thiscriteriais not very important ordinances. May bedifficult if legal Significant

resultsin low reliability of controls. Because of for thistechnology and will not vary from site to requirements are not in place, especially offsite. effort (difficult)
virtually no long-term effectiveness, almost no site. Almost no effort to evaluate. Owner approval needed for deed restrictions. tocostbutisa
effort to evaluate. Important criteria since the ability to implement minor cost.

will vary from siteto site. Need to contact state

or local authorities. Significant effort to

evaluate.

Fencing Relies on limiting access to manage residual risk Not atreatment technology. No effort With the exception of physical hazards associated Easy to implement. Equipment readily Low. Little
from direct contact. Reliability of controlsis to evaluate. with routine construction activities, minimal available. Almost no effort to evaluate. effort to cost.
uncertain. Fencing limits accessto the site health or environmental impacts during
although trespassing is possible. Because of implementation. Almost no effort to evaluate.
virtually no long-term effectiveness, aimost no
effort to evaluate.

Grading/ Minimal reduction of residual risk, may reduce risk Not atreatment technology. No effort Inhalation and direct contact risk if wasteis Easy to implement. Almost no effort to eval uate. Low. Little

Revegetation from direct contact and reduce |eachate formation to evaluate. disturbed. Proper health and safety protection may effort to cost.
by controlling runoff. May lessen risk from direct mitigaterisk. If risk is quantified, moderate effort
contact. Continued maintenance required to achieve to evaluate.
long-term reliability. Because of virtually no long-
term effectiveness, almost no effort to evaluate.

Soil Cover Reduction of residual risk from direct contact. With Not atreatment technology. No effort Inhalation and direct contact risk if wasteis Easy to implement. Determine presence of soil Low. Moderate

proper maintenanceisreliablein longer term. May
use HEL P model to evaluate |eachate reduction.
Significant effort to evaluate.

to evaluate.

disturbed. Community impact through increased
dust and noise from construction and truck traffic if
soil isfrom offsite. Need to determine amount of
truck traffic and risk from vehicular and
construction accidents. Moderate effort to eval uate.

nearby. Moderate effort to evaluate.

effort to cost.

Single-Barrier
Cap

Reduction of residual risk from direct contact.
Lessens future |eachate formation and subsequent
groundwater contamination by reducing potential
for infiltration by 70-90 percent. Requires long-
term maintenance. May use HEL P model and risk
assessment to help evaluate. Significant effort to
evaluate.

Not atreatment technology. No effort
to evaluate.

Inhalation and direct contact risk to workersif
waste is disturbed. Community impact through
increased dust and noise from construction and
truck trafficif clay sourceif offsite. Need to
determine amount of truck traffic and risk from
vehicular and construction accidents. Moderate
effort to evaluate.

For aclay cap, relatively easy to implement.
Need local source of clay, which may be
difficult to find in certain regions. Synthetic
liner requires specialty contractorsto assure
proper installation. Moderate effort to evaluate.

Medium if
landfill islarge.
Moderate effort
to cost.

Composite-
Barrier Cap

Reduction of residual risk from direct contact.
Minimizes future leachate formation and
groundwater contamination by virtually
eliminating infiltration (99 percent reduction).
Will last for 20 to 30 years before replacement is
needed if properly designed and maintained.
Greater reliability than single barrier cap because of
redundancy of barriers, although reliability with
large differential settlements may be poor. May use
HELP model or risk assessment. Significant effort
to evaluate.

Not atreatment technology. No effort
to evaluate.

Inhalation and direct contact risk to workersif
waste is disturbed. Community impact through
increased truck traffic if clay/soil sourceis offsite.
Need to determine amount of truck traffic and risk
from vehicular and construction accidents.
Moderate effort to evaluate.

Synthetic liner requires specialty contractorsto
assure proper installation. Need a source of clay,
which may be difficult to obtain in some

regions. Determine presence of clay nearby.
Moderate effort to evaluate.

Medium-High,
depending on
size of landfill.
Moderate effort
to cost.
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Evaluation in Termsof Long-Term Effectiveness

Evaluation in Terms of Reduction

Evaluation in Termsof Short-Term

Evaluation in Terms of

Evaluation in

Technology and Permanence of TMV Through Treatment Effectiveness Implementability Termsof Cost
Excavation: Long-term effectiveness same as cap after Not atreatment technology. No effort Disturbance of waste isarisk to workers. Proper Same as cap chosen,; if dewatering of excavation Medium-High,
Consolidation consolidation. May use arisk assessment. May need to evaluate. health and safety requirements may mitigate risk. volumeislarge, may complicate depending on

significant effort to evaluate. Community impacts through volatilization of implementation. Sampling needed to determine areabeing
waste, dust, and increased truck traffic if cap source extent of hot spot. Significant effort to evaluate considered.
isoffsite. Significant effort to evaluate to determine depending on extent of RI data. Moderate effort
volatilization risk, amount of truck traffic, and risk to cost.
from vehicular and construction accident.

Excavation of Effectiveness dependent on the type of offsite Not atreatment technology. No effort Disturbance of wasteisrisk to workers. Same as cap plus possible added difficulty of Medium-High.

Hot Spots: facility and whether or not there was a significant to evaluate. Community impacts through volatilization, excavating waste in water. Sampling needed to Moderate effort

Offsite Disposal reduction in risk due to excavating the hot spot transport of hazardous material through determine extent of hot spots. Need to find to cost.

at Landfill area. Significant effort to evaluate if use risk community, and increased truck traffic. Significant hazardous waste landfill with capacity.
assessment. effort to evaluate to determine volatility risk, Significant effort to evaluate.

release of hazardous waste risk, extent of truck
traffic, and risk from vehicular and construction
accidents.

Excavation of Lessresidual waste onsite to manage. The Treatment to reduce toxicity, Possible impacts from disturbance of waste and Metals present may still fail TCLP characteristic High.

Hot Spots: reduction in risk will depend on how much of the mobility, and volume. The improper air emissions. No hazardous waste taken test. It may be difficult to control air emissions Significant

Onsite overall risk posed by the site has been reduced by significance of TMV reduction will through community. Significant effort to evaluate and sufficient space must be available on site. effort to cost.

Incineration excavating the hot spot area. Incineration very depend on the magnitude of the threat by determining risk from air emissions. Significant effort to evaluate.
effective in long-term for hot spot waste. the hot spot area posed. Moderate
Significant effort to evaluateif risk assessment is effort to evaluate.
conducted.

Stabilization Improved long-term effectiveness over cap alone if Reduction in mobility of Significant health and environmental impacts Materialsreadily available. May be difficult to Medium-High.
used with cap. If used for outlying hot spots contaminants. No reductionin possible because waste is compl etely mixed. achieve sufficient mixing in situ to stabilize Significant
without cap will result in some reduction in risk toxicity. Potential increase of waste Impacts from odor, dust, and volatiles. Moderate waste. Need treatability studies to determine effort to cost.
but will not be as effective as excavation by volume of 10-50 percent. effort to evaluate. feasibility. Significant effort to evaluate.
reducing mobility and consolidation under a cap. Stabilization may be reversible over
May not be effectiveinimmobilizing organic time. Significant effort to evaluate.
contaminants. All waste remains. Need to
determine permanence and long-term risk. May be
significant effort to evaluate.

Subsurface Some risk from groundwater remainsfor along Not atreatment technology. Evaluate No significant impacts during implementation. Easy to implement if subsurfaceis consistent Low-Medium.

Drains (leachate time until groundwater remediation is complete. If with treatment. Drainsare usually not installed in landfill. Long with well known. Wells not reliablein fractured Significant

& G.W.) designed as such, may control further migration. time needed to achieve cleanup goals. Significant bedrock. Significant effort to evaluate. effort to cost.
Capture zone analysis may be required. Significant effort required to determine time until cleanup
effort to evaluate. goalsare met.

Groundwater Somerisk from groundwater remains for along Not atreatment technology. Evaluate Installation of wellsin landfill material may result Easy to implement if subsurface is consistent Low-Medium.

Extraction Wells time until groundwater remediation is complete. with treatment. in impacts to the community and workers from and well-defined. Wells not reliablein fractured Significant

(leachate & May effectively control further migration of potential VOC emissions. Also, drilling creates bedrock. Significant effort to evaluate. effort to cost.

G.W) contaminated groundwater migration. Capture zone potential explosion hazards. Significant effort

analysis may be required. Significant effort to
evaluate.

required to determine time until cleanup goals are
met.
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Evaluation in Termsof Long-Term Effectiveness

Evaluation in Terms of Reduction

Evaluation in Termsof Short-Term

Evaluation in Terms of

Evaluation in

Technology and Permanence of TMV Through Treatment Effectiveness Implementability Termsof Cost
Onsite Water Conventional technologies used to treat |eachate and Treatment provides areduction in If air striping is used without gaseous control, may Usually easy to implement and equipment is Low-Medium.
Treatment and GW (metals precip, air stripping, GAC, bio toxicity and/or volume depending on be some impacts. Ultimate disposal of water and available. Treatment of leachate and GW Moderate effort
Discharge treatment) are proven and reliableaslong as O&M is the process option selected. There residuals may have an impact. Time until generally uses conventional, proven to cost.
(leachate and continued and proper disposal assumed. Significant may beresidualsleft in the form of environmental clean up goals are met depends on technologies. Unusual processes may be more
G.WwW) effort to determine influent and effluent sludge or carbon. Treatment is not extraction. Collection system may haveto be difficult. Discharge requires either NPDES

concentrations and reliability. necessarily irreversible. Significant operated permanently because there are continued permit or meeting substantive requirements of
effort to evaluate. loadings from the landfill. Very difficult to the permit.
reliability predict when groundwater goal's can be
met at landfill perimeter. Significant effort to
evaluate.

Treatment of May not bereliable as onsite treatment since the Toxicity and/or volume may be Transport of water via pipe has potential for Often, POTWSs refuse to accept water, even if Low.

POTW POTWstypically do not remove all hazardous reduced by POTW. However, negative impacts on the environment viaspills, pip pretreated. Reliability is plant specific. POTW Significant
constituents. Contaminants may accumulatein residuals remain. Significant effort to rupture, leaksresulting ininfiltration. POTW would need additional monitoring to evaluate effort to cost.
sludges, and proper disposal may not be assured. evaluate. bypasses through overflows, exposure to POTW effectiveness. Significant effort to determine Depends on
Potentially lessreliablein rural areas with small workers. Significant effort to evaluate to determine feasibility and find capacity. information
systems. Difficult to determine reliability. environmental impacts. supplied by
Significant effort to evaluate. POTW.

Slurry Walls Difficult to maintain and therefore may not provide Not atreatment technology. No effort If waste is disturbed, may be limited risk to Technical implementability depends on site Medium-High.
long-term reliability Moderate effort to evaluate to evaluate. workers or community. Almost no effort to geologic conditions. Difficult to monitor Significant
because of difficult to quantify, may be qualitative evaluate. reliability. Significant effort to evaluate. effort to cost.
evaluation.

LFG Passive Not as effective as an active system in controlling Not atreatment technology. No effort Protects cap in short-term. May impact the Can beinstalled as part of new cap or in existing Low. Moderate

Vents offsite migration in the long-term. Primarily protects to evaluate. environment and community through gasrelease. cap. Moderate effort to evaluate. effort to cost.
cap from abuildup of gas and collects gaslocal to Modeling may be required. Significant effort to
the passive well or trench. Moderate effort to evaluate.
evaluate.

Active Gas Collects gas either through landfill or though Not atreatment technology. Evaluate May be an impact to workers drilling through Fairly easy to implement as part of new cap or Low-Medium.

Collection subsurface adjacent to landfill. Is effective for long- with treatment technology. landfill. Moderate effort to evaluate if wasteis existing cap. Able to monitor effectiveness. Significant
term collection of gas. With proper disposal, disturbed. Moderate effort to evaluate. effort to cost.
removes most risk from the landfill gas. Modeling
may be needed to determine effectiveness.

Significant effort to evaluate.

LFG Thermal Effective means of managing collected LFG. Reduces toxicity and volume No significant impact during installation. Even Easy to implement. May be difficult to monitor Medium.

Treatment Treatment levels may vary over time, requiring long- considerable. Treatment is with proper operation, may be slight risk to the effectiveness because of low detection limits Significant

(Flares) term monitoring. Significant effort to determine irreversible. Moderate effort to community depending on the constituentsin the needed. Significant effort to evaluate. effort to cost.
reliability and treatment levels. evaluate although not difficult gas. Significant effort to evaluate if modeling is

because of irreversibility. conducted.

Removal, Long-term effectiveness affected by cap type used Not atreatment technology. No effort Disturbance of sediments may further contaminate Technical difficult to implement dueto the Low-Medium.

Onsite after consolidation. Effectiveness also depends on to evaluate. the surface water. Dredging may have impact on possibility of dispersing contamination during Significant

Consolidation magnitude of risk reduced through excavation of wetlands or surface water biota. Sediments are often dredging. Approval for dewatering/rerouting of effort to cost.

of Sediments sediments. Significant effort to evaluate. left in place to protect aquatic life. Significant stream before excavation may be difficult

effort to evaluateif risk is determined. because of environmental impacts. Sampling
during removal needed. Feasibility requires
significant effort to evaluate.

Compensatory No management of residuals. Only areplacement of Not atreatment technology and no The construction of weltand in aclean areawill Complex to implement successfully. Many Medium-High.

Wetlands damaged wetlands. Effectivenessis not an issue. residualsremain. No effort to have positive environmental impacts. No impact to ecological factors need to be taken into account. Significant
Almost no effort to evaluate. evaluate. community or workersif areaisclean. Almost no Significant effort to determineimplement effort to cost, if

effort to evaluate. ability. possible.
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5.2 Compliance With ARARS

Ongte remedia actions at CERCLA municipa
landfill Stes must comply with al ARARs of other
environmental statutes, unless a waiver can be
judtified. These statutes include those established by
U.S. EPA and other federal agencies and those
established by the state in which the release
occurred, if the state’ s standards are promul gated,
more stringent than the federal standards, and are
identified in atimely manner.

By way of defining “applicable” and “relevant and
appropriate’: applicable requirements are federal
or state requirements that “specifically address a
hazardous substance, pollutant, contaminant,
remedia action, location, or other contaminant,
remedia action, location, or other circumstance
found at a CERCLA site” (NCP Sec. 300.5).
Relevant and appropriate requirements are
federa or state laws that, while not applicable to a
hazardous substance, pollutant, contaminant,
remedial action, or other circumstance a a
CERCLA dite, “address problem or sStuations
aufficiently similar to those encountered at the
CERCLA gite that their use is well suited to the
particular site.” (NCP Sec. 300.5).

Another factor in determining which requirements
must be compiled with is whether the requirement
is substantive or adminigtrative. Onsite CERCLA
response actions must comply with substantive
requirement of other environmenta laws but not
with adminigtrative requirements. Substantive
requirements include cleanup standards or levels of
control; in genera, administrative requirements
prescribe methods and procedures such as fees,
permitting, inspection, and reporting requirements.

In addition to the legaly binding requirements
established as ARARs, many federal and state
programs have developed criteria, advisories,
guidelines, or proposed standards “to  be
considered” (TBC). This TBC materid may
provide useful information or recommend
procedures if (1) no ARAR addresses a particular
Stuation, or (2) if existing ARARS do not provide
protection. In such stuations, TBC criteria or
guidelines should be used to set remedial action
levels. Their use should be explained and judtified in
the administrative record for the site.
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A more detailed discussion of the generd issues
associated with ARARs and TBCs can be found in
the following documents: the preamble to the NCP,
55 FR 8741-8766 of March 8, 1990; and CERCLA
Compliancewith Other Laws Manual (U.S. EPA,
1988b).

ARARSs are divided into three types.

» Chemical-specific ARARS
* Location-specific ARARs
» Action-specific ARARSs

Tables 5-2 and 5-3 list the federa location and
action-specific ARARs that typicaly are pertinent
to CERCLA municipd landfill stes. ARARS
pertinent to air striping, incineration, and direct
discharge to POTWSs are aso included because
these technologies are frequently used a municipal
landfill sites. Chemical-specific ARARS have been
identified for an example site and are listed in
Section 4.1 of Appendix A. A discussion of state
ARARSs follows the information regarding federal
ARARSs.

5.2.1 Federal ARARs
5.2.1.1 Chemical-Specific ARARs

Chemica-specific  requirements are usualy
technology- or risk-based numerica limitations or
methodologies that, when applied to site-specific
conditions, result in the establishment of acceptable
concentrations of a chemical that may be found in
or dischaged to the ambient environment.
Information regarding the use of chemical-specific
ARARS in risk assessments can be found in the
documents Risk Assessment Guidance for
Superfund, Volume Il--Human Health
Evaluation Manual (Part A), Interim Fina (U.S.
EPA, 1989)), and Risk Assessment Guidance for
Superfund, Volume II--Environmental
Evaluation Manual, Interim Fina (U.S. EPA,
1989c). Examples of chemical-specific ARARsand
TBCs are listed for the example site and can be
found in Appendix A of thisreport. Thefollowing is
a discussion of the chemical-specific ARARs that
typicaly are pertinent to landfill site.



Table5-2

POTENTIAL FEDERAL LOCATION-SPECIFIC ARARSAT MUNICIPAL LANDFILL SITES

Page 1 of 2
L ocation Requirement Prerequisite(s) Citation Comments

1. | Within 61 meters (200 feet) | New treatment, storage, or disposal of RCRA hazardous waste; PCB 40 CFR 264.18(a) | Counties considered seismically active listed in

of afault displaced in hazardous waste prohibited. treatment, storage, or disposal. 40 CFR 264 Appendix VI.

Holocenetime
2. | Within 100-year floodplain | Facility must be designed, constructed, RCRA hazardous waste; PCB 40 CFR 264.18(b) | Applicableif part of the landfill isin the 100-year

operated, and maintained to avoid washout. | treatment, storage or disposal. 40 CFR 761.75 floodplain.

3. | Withinfloodplain Action to avoid adverse effects, minimize Action that will occur ina Executive Order Applicableif part of the landfill isin the 100-year

potential harm, restore and preserve natural
and beneficial values of the floodplain.

floodplain, i.e., lowlands, and
relatively flat areas adjoining inland

11988, Protection
of Floodplains,

floodplain.

and coastal waters and other flood- (40 CFR 6,
prone areas. Appendix A)

4. | Within salt dome formation, | Placement of noncontainerized or bulk liquid | RCRA hazardous waste; placement. | 40 CFR 264.18(c) | Need to verify that the site does not contain any
underground mine, or cave hazardous waste prohibited. salt dome formations, underground mines, or

caves used for waste disposal.

5. | Critical habitat upon which | Action to conserve endangered species or Determination of endangered species | Endangered Need to identify whether any endangered species
endangered species or threatened species, including consultation or threatened species. Species Act of are known to exist on the site. May apply in rural
threatened species depends | with the Department of the Interior. 1973 (16 USC aress.

1531 & seq.); 50
CFR Part 200, 50
CFR Part 402
6. | Wetland Action to minimize the destruction, loss, or | Wetland as defined by Executive Executive Order Applicable if wetlands are present next to or on
degradation of wetlands. Order 11990 Section 7. 11990, Protection | thesite.
of Wetlands, (40

CFR 6, Appendix
A)

Action to prohibit discharge of dredged or Clean Water Act
fill material into wetland without permit. Section 404; 40
CFR Parts 230,
231
7. | Wildernessarea Areamust be administered in such amanner | Federally owned area designated as Wilderness Act Need to verify that the siteis not within a Federal
aswill leave it unimpaired aswildernessand | wilderness area. (16 USC1131eg | Wilderness Area.
to preserve its wilderness character. seq.); 50 CFR
35.1 eq seq.
8. | Wildliferefuge Only actions allowed under the provisions of | Areadesignated as part of National 16 USC668dd e | Needto verify that the siteis not within a
16 USC Section 668 dd(c) may be Wildlife Refuge System. seq.; 50 CFR Part | Nationa Wildlife Refuge.
undertaken in areas that are part of the 27

National Wildlife Refuge System.
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POTENTIAL FEDERAL LOCATION-SPECIFIC ARARSAT MUNICIPAL LANDFILL SITES

Table5-2

Page 2 of 2
L ocation Requirement Prerequisite(s) Citation Comments
9. Area affecting stream or river Action to protect fish or wildlife. Diversion, channeling, or other Fish and Wildlife The Fish and Wildlife Coordination Act requires
activity that modifies a stream or Coordination Act | consultation with the Department of Fish and
river and affects fish or wildlife. (16 USC 661 et Wildlife prior to any action that would alter a
seq.); 40 CFR body of water of the United States.
6.302
10. Within area affecting national wild, | Avoid taking or assisting in action Activities that affect or may affect Scenic Rivers Act Need to verify that national wild or scenic rivers
scenic, or recreational river that will have direct adverse effect any of therivers specified in Section | (16 USC 1271 et are not located on the site and will not be
on scenic river. 1276(a). seg. Section 7(a); affected by site remediation.
40 CFR 6.302(¢)
11. Within coastal zone Conduct activities in manner Activities affecting the coastal zone | Coastal Zone Applicable if the site has direct access to coastal
consistent with approved state including lands thereunder and Management Act aress.
management programs. adjacent shorelands. (16 USC Section
1451 et seq).
12. Oceans or waters of the United Action to dispose of dredge and fill | Oceans and waters of the United Clean Water Act Applicableif disposal of dredge and fill material
States material into ocean watersis States. Section 404, 40 in ocean watersis planned.
prohibited without a permit. CFR 125 Subpart
M; Marine
Protection
Resources and
Sanctuary Act
Section 103
13. Within area where action may cause | Action to recover and preserve Alteration of terrain that threatens National Should scientific, prehistorical, or historical
irreparable harm, loss, or artifacts. significant scientific, prehistoricd, Archaeologica artifacts be found at the site, this will become
destruction of significant artifacts historical, or archaeological data. and Historical applicable.
Preservation Act
(16 USC Section
469); 36 CFR Part
65
14. Historic project owned or Action to preserve historic Property included in or eligible for National Historic Need to identify whether the siteisincluded in

controlled by federal agency

properties; planning of action to
minimize harm to National Historic
Landmarks.

the National Register of Historic
Places.

Preservation Act
Section 106 (16

USC 470 et seq.)
36 CFR Part 800

the national Register of Historic Places.
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POTENTIAL FEDERAL ACTION-SPECIFIC ARARSFOR MUNICIPAL LANDFILL SITES

Page 1 of 13
Actions Requirements Prerequisites Citation Comments
Air Stripping Design system to provide odor-free operation. CAA Section 1012 Odor regulations are intended to limit nuisance conditions from air pollution

emissions.

Filean Air Pollution Emission Notice (APEN) 40 CFR 522 State will have particular interest in emissions for compounds on their hazardous,

with the State to include estimation of emission toxic, or odorous list. Preliminary meeting with state prior to filing APEN is

rates for each pollutant expected. recommended in the regulation. Meeting would identify additional issues of
concern to the State.

Include with filed APEN the following: Thisadditional work and information isnormally 40 CFR 522 State may identify further requirements for permit issuance after first review. These

applicable to sources meeting the “major” criteria provisions follow the federal Prevention of Significant Deterioration(PSD)

* Modeled impact analysis of source emissions. and/or to sources proposed for nonattainment areas. framework with some modifications. Additional requirements could include
ambient monitoring and emission control equipment design revisions to match

« Provide aBest Available Control Technology Lowest Achievable Emission Requirements (LAER).

(BACT) review for the source operation.

While apermit is not required for an onsite CERCLA action, the substantive
requirements identified during the permitting process are applicable.

Predict total emissions of volatile organic Source operation must be in an ozone 40 CFR 522 The control technology review for thisregulation (RACT) could coincide with the

compounds (VOCs) to demonstrate emissions do nonattainment area. BACT review suggested under the PSD program.

not exceed 450 Ib/hr, 3,000 |b/day, 10 gal/day, or

allowable emission levelsfrom similar sources

using Reasonable Available Control Technology

(RACT).

Verify through emission estimates and dispersion 40 CFR 61°

modeling that hydrogen sulfide emissions do not

create an ambient concentration greater than or

equal to 0.10 ppm.

Verify that emissions of mercury, vinyl chloride, 40 CFR 612 Regulation 8 indicates any source emitting the regulated compounds is subject to

and benzene do not exceed levels expected from thisregulation. However, some of the specific regulations further restrict the scope

sources in compliance with hazardous air pollution of applicability.

regulations.

Capping Placement of acap over hazardous waste (e.g., RCRA wastein landfill. 40 CFR 264.228(a) RCRA capping requirements could be relevant and appropriate to capping

closing alandfill, or closing asurface
impoundment or waste pile as alandfill, or similar
action) requires a cover designed and constructed
to:

Provide long-term minimization of infiltration
of liquids through the capped area.

« Function with minimum maintenance.
« Function with minimum maintenance.

« Promote drainage and minimize erosion or
abrasion of the cover.

« Accommodate settling and subsidence so that
the cover’ sintegrity is maintained.

« Haveapermeability lessthan or equal to the
permeability of any bottom liner system or
natural subsoils present.

Significant management (treatment, storage, or

disposal) of hazardous waste will make
requirements applicable; capping without

disturbance will not make requirements applicable,
but technical requirements may be relevant and

appropriate.

(Surface Impoundments)
40 CFR 264.258(b)
(Waste Piles)

40 CFR 264.310(a)
(Landfills)

hazardous wastesin place. RCRA is generally considered relevant if it can be
verified, through review of records, interviews, or other means, that the landfill
accepted RCRA wastes after November 19, 1980. The appropriateness of RCRA
requirementsis based also on each requirement’ stechnical meritin agiven
situation.

If agroundwater containment problem exists, aRCRA cap would serveto isolate
and contain landfill solids and contaminated soils and limit infiltration of
precipitation. EPA guidance on RCRA capsfor new RCRA landfill cellsincludes
multibarrier caps of clay and liners.

Excavation and reconsolidation of the wastes onsite, in alocation outside of the
current area of contamination, would make these requirements, aswell asthe
landfill construction and operation requirements applicable for wastes that can be
designated as hazardous. If the wastes are excavated and reconsolidated in their
current location, the capping requirements are applicable. The major determining
factors are thelocation of the final disposal, and the classification of the waste
materials.
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Page 2 of 13
Actions Requirements Prerequisites Citation Comments
Estimate free liquids, stabilize wastes before capping 40 CFR 264.228(a)
(surface impoundments)
Restrict post-closure use of property as necessary to 40 CFR 264.117(c)

prevent damage to the cover.

Prevent run-on and run-off from damaging cover.

Protect and maintain surveyed benchmarks used to
locate waste cells (landfills, waste piles).

40 CFR 264.228(b)
49 CFR 264.310(b)

40 CFR 264.310(b)

Disposal or decontamination of equipment, 40 CFR 264.111

structures, and soils.
Closure with Waste Eliminate free liquids by removal or solidication. 40 CFR 264.228(a)(2) See discussion under Capping.
in Place (Capping) Stabilization of remaining waste and waste residues 40 CFR 264.228(a)(2)

to support cover. and

40 CFR 264.258(b)

Installation of final cover to providelong-term 40 CFR 264.310

minimization of infiltration.

Post-closure care and groundwater monitoring. 40 CFR 264.310

Clean Closure
(Removal)

General performance standard reguires minimization
of need for further maintenance and control;
minimization or elimination of post-closure escape of
hazardous waste, hazardous constituents, |eachate,
contaminated runoff, or hazardous waste
decomposition products.

areaof contamination.

May apply to surface impoundment or to

excavation and returned to land.

Disturbance of RCRA hazardous waste (listed or
characteristic) and movement outside the unit or

contaminated soil, including soil from dredging
or soil disturbed in the course of drilling or

40 CFR 264.111

Clean closure removal of contaminated materials does not appear to be
feasible for most municipal landfill sites because of the large volume of
wastes. However, clean closure removal may be considered for portions of the
site, such as hot spot areas. The RCRA clean closure requirements would be
considered relevant and appropriate to contaminated wastes which are not
hazardous, but which are similar to hazardous wastes.

Disposal of decontamination of equipment,
structures, and soils.

40 CFR 264.111 and 268

The RCRA Land Disposal Restrictions require treatment of RCRA wastes to
specified levels or by specified technologies. The RCRA requirements would
be considered relevant and appropriate to wastes that are not RCRA
hazardous wastes, but which are similar (same constituents) as RCRA wastes.

RCRA Land Disposal Restrictions require treatment of RCRA wastes to
specified levels or by specified technologies before

land disposal. If treatment to the specified level or by the specified
technology is not achievable or appropriate, avariance must be obtained from
the EPA. If the wastes are determined to be RCRA wastes, these requirements
would be applicable.
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Actions Requirements Prerequisites Citation Comments
Clean Closure Removal or decontamination of all waste residues, Not applicable to undisturbed material. 40 CFR 264.228(a)1) In the event that the wastes being removed are determined to be hazardous
(Removal) contaminated containment system components (e.g., and wastes, the requirements of this section would be applicable.
(cont’d.) liners, dikes), contaminated subsoils, and structures Disposal of RCRA hazardous waste (listed or 40 CFR 264.258

and equipment contaminated with waste and | eachate,
and management of them as hazardous waste.

Meet health-based levels at unit.

characteristic) after disturbance and movement
outside the unit or area of contamination.

Consolidation

Areafrom which materials are removed should be
remediated.

Disposal by disturbance of hazardous waste
(listed or characteristic) and moving it outside
unit or boundary of contaminated area.

See Closure

If nonhazardous wastes are excavated and moved outside the current area of
contamination, these requirements will become relevant and appropriate.
These regulations are intended to insure that when wastes are consolidated at
acentral location, the satellite areas (former locations of the wastes) are
remediated.

If the wastes which are excavated for consolidation are determined to be
hazardous wastes, this regulation will be applicable.

Consolidation in storage piles/storage tanks will
trigger storage requirements.

See Container Storage, Tank Storage,
Waste Pilesin thistable.

RCRA requirements for storage in containers, tanks, or pileswill be relevant
and appropriate for nonhazardous wastes which are similar to RCRA
hazardous wastes, or for hazardous wastes disposed prior to November 1980,
which are excavated from the site and stored prior to consolidation and/or
disposal.

If excavated materials can be classified as hazardous wastes, the requirement
will be applicable.

Placement on or in land outside unit boundary or area
of contamination will trigger land disposal
requirements and restrictions.

After November 8, 1988.

40 CFR 286 (Subpart D)

Certain listed hazardous wastes are not eligible for disposal in landfills or
other land-based facilities unless treated to RCRA specified criteria. The
requirement may be relevant and appropriate to some nonhazardous wastes at
municipal landfill sites which are contaminated with hazardous constituents
at levels similar to thosein listed wastes, and are excavated for
reconsolidation and disposal outside the current area of contamination.

If any of the wastes are determined to meet the definitions of the restricted
hazardous wastes, the requirements will be applicable.

Develop fugitive and odor emission control plan for
thisaction if existing site plan in inadequate.

CAA Section 101°and 40 CFR 522

Odor regulations are intended to limit nuisance conditions from air pollution
emissions. Fugitive emission controls are one feature of the state
implementation plan used to achieve/maintain the ambient air quality
standards for particul ate matter.

Filean Air Pollution Emission Notice (APEN) with 40 CFR 522 See discussion under Air Stripping.
state to include estimation of emission rates for each

pollutant expected.

Include with the filed APEN the following: Thisadditional work and information isnormally 40 CFR 522 See discussion under Air Stripping.

« Modeled impact analysis of source emissios

« A Best Available Control Technology (BACT)
review for the source operation

applicable to sources meeting the “major” criteria
and/or to sources proposed for nonattainment
areas.
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Consolidation Predict total emissions of volatile compounds (VOCs) Source operation must be in an ozone 40 CFR 522 See discussion under Air Stripping.
(cont’d.) to demonstrate emissions do not exceed 450 Ib/hr, nonattainment area.

3,000 Ib/day, 10 gal/day, or allowable emission levels

from similar sources using Reasonably Available

Control Technology (RACT).

Verify through emission estimates and dispersion 40 CFR 612 See discussion under Air Stripping.

modeling that hydrogen sulfide emissions do not

create an ambient concentration greater than or equal to

0.10 ppm.

Verify that emissions of mercury, vinyl chloride, and 40 CFR 61 See discussion under Air Stripping.

benzene do not exceed levels expected from sourcesin

compliance with hazardous air pollution regulations.
Containment Usetwo liners below the waste, atop liner that RCRA hazardous waste (listed or characteristic) 40 CFR 264.220 If anew, onsite surface impoundment is constructed to hold influent and/or
(Construction of prevents waste migration into the liner, and a bottom currently being placed in a surface impoundment. effluent from atreatment process, or to hold groundwater, surface water or
New Surface liner that prevents waste migration through the liner leachate that is not a hazardous waste, these requirements are relevant and
Impoundment throughout the post-closure period. Soil/debris being managed as RCRA hazardous appropriate to construction, operation, and maintenance of the impoundment.
Onsite) (See waste.

Closure and Waste
in Place and Clean
Closure)

Dike Stabilization Design and operate facility to prevent overtopping due Existing surface impoundment containing 40 CFR 264.221 These requirements would be relevant and appropriate to the construction
to overfilling; wind and wave action; rainfall; run-on; hazardous waste or creation of new surface and operation of anew surface impoundment or the operation and
malfunctions of level controllers, alarms, or other impoundments. maintenance of an existing surface impoundment onsite to contain
equipment; and human error. groundwater, surface water, leachate, or the influent or effluent of atreatment

system that is not a hazardous waste.

Direct Discharge Applicable federal water quality criteriafor the Surface discharge of treated effluent. 50 FR 30784

of Treatment
System Effluent

protection of aquatic life must be complied with when
environmental factors are being considered.

(July 29, 1985)

Applicable federally approved state water quality
standards must be complied with. These standards may
bein addition to or more stringent than other federal
standards under the CWA.

Surface discharge of treated effluent.

40 CFR 122.44 and state regulations
approved under 40 CFR 131

If state regulations are more stringent than federal water quality standards,
the state standards will be applicable to direct discharge. The state has
authority under 40 CFR 131 to implement direct discharge requirements
within the state, and should be contacted on a case-by-case basis when direct
discharges are contemplated.

The discharge must be consistent with the requirement
of aWater Quality Management plan approved by EPA
under Section 208(b) of the Clean Water Act.

CWA Section 208(b)

Discharge must comply with substantive but not administrative
requirements of the management plan.

Use of best available technology (BAT) economically Surface discharge of treated effluent. 40 CFR 122.44(a) If treated effluent is discharged to surface waters, these treatment
achievableisrequired to control toxic and requirements will be applicable. Permitting and reporting requirements will
nonconventional pollutants. Use of best conventional be applicable only if the effluent is discharged at an offsite location. The
pollutant control technology (BCT) isrequired to permitting authority should be contacted on a case-by-case basis to

control conventional pollutants. Technology-based determine effluent standards.

limitations may be determined on a case-by-case basis.

The discharge must conform to applicable water Surface water discharge affecting waters outside 40 CFR 122.44(d)(4) No discharge is expected to affect surface water outside certifying state.

quality requirements when the discharge affects a state
other than the certifying state.

certifying state.
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Actions

Requirements

Prerequisites

Citation

Comments

Direct Discharge
of Treatment
System Effluent
(cont’d.)

Discharge limitations must be established for all toxic
pollutants that are or may be discharged at levels
greater than those that can be achieved by technol ogy-
based standards.

Surface discharge of treated effluent.

40 CFR 122.44(e)

Exact limitations are based on review of the proposed treatment system and
receiving water characteristics, and are usually determined on a case-by-case
basis. The permitting authority should be contacted to determine effluent
limitations.

Discharger must be monitored to assure compliance.
Discharge will monitor:

« Themass of each pollutant discharged.
« Thevolume of effluent discharged.

« Frequency of discharge and other measurements as
appropriate.

Surface discharge of treated effluent.

40 CFR 122.43(i)

These requirements are generally incorporated into permits, which are not
required for onsite discharges. The substantive requirements are applicable,
however, in that verifiable evidence must be offered that the discharge
standards are being met. The permitting authority should be contacted to
determine monitoring and operational requirements.

Approved test methods for waste constituents to be
monitored must be followed. Detailed requirements for
analytical procedures and quality controlsare
provided.

Permit application information must be submitted,
including adescription of activities, listing of
environmental permits, etc.

Monitor and report results as required by permit (at
least annually).

40CFR 122.21

40 CFR 122.44(j)

Comply with additional permit conditions such as:

« Duty to mitigate any adverse effects of any
discharge.

« Proper operation and maintenance of treatment
systems.

40 CFR 122.41(i)

Develop and implement a Best Management Practices
(BMP) program and incorporate in the NPDES permit
to prevent the release of toxic constituentsto surface
waters.

The BMP program must:

« Establish specific procedures for the control of toxic
and hazardous pollutant spills.

Include a prediction of direction, rate of flow, and
total quantity of toxic pollutants where experience
indicates areasonable potential for equipment
failure.

« Assure proper management of solid and hazardous
waste in accordance with regul ations promulgated
under RCRA.

Surface water discharge.

40 CFR 125.100

40 CFR 125.104

These issues are determined on a case-by-case basis by the NPDES permitting
authority for any proposed surface discharge of treated wastewater. Although
aCERCLA siteremediation is not required to obtain an NPDES permit for
onsite discharges to surface waters, the substantive requirements of the
NPDES permit program must be met by the remediation action if possible.
The permitting authority should be consulted on a case-by-case basis to
determine BMP requirements.
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Requirements

Prerequisites
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Comments

Direct Discharge

Sample preservation procedures, container materials,

Surface water discharge

40 CFR 136.1-136.4

These requirements are generally incorporated into permits, which are not

of Treatment and maximum allowable holding times are prescribed. required of onsite discharges. The substantive requirements are applicable,

System Effluent however, in that verifiable evidence must be offered that standards are being

(cont’d.) met. The permitting authority should be consulted on a case-by-case basis to
determine analytical requirements.

Dischargeto Pollutants that pass through the POTW without 40 CFR 403.5 If any liquid isdischarged to a POTW, these requirements are applicable. In

POTW¢ treatment, interfere with POTW operation, or accordance with guidance, adischarge permit will be required even for an

contaminate POTW sludge are prohibited.

onsite discharge, since permitting is the only substantive control mechanism
availableto aPOTW.

Specific prohibitions preclude the discharge of
pollutants to POTWs that:

« Createafireor explosion hazard in the POTW.
« Arecorrosive (pH<5.0).

« Obstruct flow resulting in interference.

« Aredischarged at aflow rate and/or concentration
that will result in interference.

 Increase the temperature of wastewater entering the
treatment plant that would result in interference; but
in no case raise the POTW influent temperature
above 104EF (40EC).

Discharge must comply with local POTW pretreatment
program, including POTW-specific pollutants, spill
prevention program requirements, and reporting and
monitoring requirements.

RCRA permit by rule requirements must be complied
with for discharges of RCRA hazardous wastes to
POTWs by truck, rail, or dedicated pipe.

40 CFR 403.5 and local POTW
regulations

40 CFR 264.71
and
40 CFR 264.72

Categorical standards have not been promulgated for CERCLA sites, so
discharge standards must be determined on a case-by-case basis, depending
on the characteristics of the waste stream and the receiving POTW. Some
municipalities have published standards for non-categorical, non-domestic
discharges. Changesin the composition of the waste stream due to
pretreatment process changes or the addition of new waste streams will
require renegotiation of the permit conditions.
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Discharge of The five conditions that must be satisfied before 40 CFR 230.10 Thisactionisnot envisioned as part of the site remediation.
Dredge and Fill dredge and fill is an allowable alternative are: 33 CFR 320-330
Material to

Navigable Waters

« There must be no practicable alternative.

« Discharge of dredged or fill material must not cause
aviolation of state water quality standards, violate
any applicable toxic effluent standards, jeopardize
an endangered species, or injure amarine sanctuary.

« No discharge shall be permitted that will cause or
contribute to significant degradation of the water.

« Appropriate steps to minimize adverse effects must
be taken.

« Determinelong- and short-term effects on physical,
chemical, and biological components of the aquatic
ecosystem.

Dredging Removal of all contaminated sediment. Disposal by disturbance of hazardous waste and See discussions under Clean Closure,
moving it outside the unit or area of Consolidation, Capping
contamination.
Excavation Areafrom which materials are excavated may require Disposal by disturbance of hazardous waste and 40 CFR 264 Disposal and Closure If contaminated materials that are not hazardous wastes are excavated from

cleanup to levels established by closure requirements.

moving it outside the unit or area of
contamination.

Requirements

the site during remediation, the RCRA requirements for disposal and site
closure (of the excavated area) may become relevant and appropriate. See
discussions under Capping, Clean Closure, Closure with Waste In-Place, etc.

If the excavated material's can be classified as hazardous wastes, the disposal
and closure requirements would be applicable.

Movement of excavated materialsto apreviously
uncontaminated, onsite location, and placement in or
on land may trigger land disposal restrictions.

subject to land disposal restrictions.

Materials containing RCRA hazardous wastes

40 CFR 268 (Subpart D)

Theland disposal restrictionsrestrict disposal of certain hazardous wastes.
Some municipal landfill wastes may be derived from or may be sufficiently
similar to restricted wastes to make the land disposal restrictions relevant
and appropriate.

For wastes that can be classified as restricted hazardous wastes, land disposal
isprohibited unlessthey are treated to defined standards. Chemical
characterization f the wastes will be necessary to determine the applicability
or relevance of thisrequirement.

All listed and characteristic hazardous wastes or soils
and debris contaminated by a RCRA hazardous waste
and removed from a CERCLA site may not be land
disposed until treated as required by Land Ban. If
alternative treatment technol ogies can achieve
treatment similar to that required by Land Ban, and if
this achievement can be documented, then avariance
may not be required.

Waste disposed was RCRA waste.

40 CFR 268

If soil isacharacteristic waste, and if waste disposed prior to November 1980
isnow designated as a RCRA waste, then soils/sediment and |eachate
contamination from those wastes must be managed as a RCRA waste.
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Excavation
(cont’d.)

Develop fugitive and odor emission control pan for
thisaction if existing site planisinadequate.

CCA Section 101°and 40 CFR 52*

See discussions under Consolidation.

Filean Air Pollution Emission Notice (APEN) with
state to include estimation of emission rates for each
pollutant expected.

40 CFR 522

See discussions under Consolidation.

Include with the filed APEN the following:
« Modeled impact analysis of source emissions.

« A Best Available Control Technology (BACT)
review for the source operation.

This additional work and information is normally
applicable to sources meeting the “major” criteria
and/or to sources proposed for nonattainment
areas.

40 CFR 522

See discussions under Consolidation.

Predict total emissions of volatile organic compounds
(VOCs) to demonstrate emissions do not exceed 450
Ib/hr, 3,000 Ib/day, 10 gal/day, or allowable emission
levels from similar sources using Reasonably
Available Control Technology (RACT).

Source operation must be in an ozone
nonattainment area.

40 CFR 522

See discussions under Consolidation.

Verify through emission estimates and dispersion
modeling that hydrogen sulfide emissions do not
create an ambient concentration greater than or equal to
0.10 ppm.

40 CFR 612

See discussions under Consolidation.

Verify that emissions of mercury, vinyl chloride, and
benzene do not exceed levels expected from sourcesin
compliance with hazardous air pollution regulations.

40 CFR 61°

See discussions under Consolidation.

Gas Collection

Proposed standards for control of emissions of volatile
organics (CAA requirementsto be provided).

Proposed standard; not yet ARAR.

52 FR 3748
(February 5, 1987)

Thisisaproposed rule. If the requirement isfinalized in its proposed form, it
may be applicable or relevant and appropriate to some of the remedial actions
at municipal landfill sites. The proposed standard would impose restrictions
on RCRA treatment, storage, and disposal facilities that would limit the
allowable emissions of volatile organics from these facilities. If this
requirement isfinalized, it will be closely examined with respect to remedial
alternatives at municipal landfill sites.

Design system to provide odor-free operation.

CAA Section 101°

See discussion under Consolidation.

and
40 CFR 522
Filean Air Pollution Emission Notice (APEN) with 40 CFR 52* See discussions under Consolidation.
state to include estimation of emission rates for each
pollutant expected.
Include with the filed APEN the following: This additional work and information is normally 40 CFR 522 See discussions under Consolidation.

« Modeled impact analysis of source emissions.

« A Best Available Control Technology (BACT)
review for the source operation.

applicable to sources meeting the “major” criteria
and/or to sources proposed for nonattainment
areas.
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Gas Collection Predict total emissions of volatile organic compounds Source operation must be in an ozone 40 CFR 522 See discussion under Consolidation.
(cont’d.) (VOCs) to demonstrate emissions do not exceed 450 nonattainment area.
Ib/hr, 3,000 Ib/day, 10 gal/day, or allowable emission
levels from similar sources using Reasonably
Auvailable Control Technologies (RACT)
Verify through emission estimates and dispersion 40 CFR 612
modeling that hydrogen sulfide emissions do not
create an ambient concentration greater than or equal to
0.10 ppm.
Verify that emissions of mercury, vinyl chloride, and 40 CFR 612 See discussions under Consolidation.
benzene do not exceed levels expected from sourcesin
compliance with hazardous air pollution regul ations.
Groundwater Excavation of soil for construction of slurry wall may Disposal by disturbance of hazardous waste and See Consolidation, Excavationin If waste materials or contaminated soil that are not hazardous wastes are
Diversion trigger cleanup or land disposal restrictions. moving it outside the unit or area of thistable. excavated or otherwise disturbed during the construction of agroundwater
contamination. diversion structure, the requirements of this section would be relevant and
appropriate.
If the excavated wastes or contaminated soil can be classified as hazardous
wastes, these requirements would be applicable.
Incineration Analyze the waste feed. RCRA hazardous waste. 40 CFR 264.341 If incineration is selected as one of the remedial alternativesfor site
(Onsite) remediation, these requirements would be relevant and appropriate to the
Dispose of all hazardous waste and residues, including 40 CFR 264.351 disposal by incineration of potentially nonhazardous site wastes. The wastes
ash, scrubber water, and scrubber sludge. would have to be analyzed prior to incineration to insure that the wastes
cannot be classified as hazardous wastes.
No further requirements apply to incineratorsthat only 40 CFR 264.340 If wastes to be incinerated can be classified as hazardous wastes, the
burn wastes listed as hazardous solely by virtue of the requirements of 40 CFR 264.341, 351, and 340 would be applicable.
characteristic of ignitability, corrosivity, or both; or
the characteristic of reactivity if the wastes will not be
burned when other hazardous wastes are present in the
combustion zone; and if the waste analysis shows that
the wastes contain none of the hazardous constituents
listed in Appendix V111 which might reasonably be
expected to be present.
Performance standards for incinerators: 40 CFR 264.343
« Achieveadestruction and removal efficiency of
99.99 percent for each principal organic hazardous
constituent in the waste feed and 99.9999 percent for
PCBsand drums.
« Particulate emissions must be less than 180 mg/dscf 40 CFR 264.342

(.08 graing/dscf) corrected to 7% O..

« Reduce hydrogen chloride emissionsto 1.8 kg/hr or
1 percent of the HCL in the stack gases before
entering any pollution control devices.
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Incineration Monitoring of various parameters during operation of 40 CFR 264.343
(Onsite) (cont’'d.) theincinerator isrequired. These parametersinclude:

« Combustion temperature.

« Wastefeed rate.

« Anindicator of combustion gas velocity.
« Carbon monoxide.

Land Treatment Ensure that hazardous constituents are degraded, RCRA hazardous waste. 40 CFR 264.271 See discussions under Consolidation.
transformed, or immobilized within the treatment zone.
Maximum depth of treatment zone must be no more 40 CFR 264.271

than 1.5 meters (5 feet) from theinitial soil surface, and
more than 1 meter (3 feet) above the seasonal highwater

table.
Demonstrate that hazardous constituents for each waste 40 CFR 264.272
can be complete degraded, transformed, or immobilized
in the treatment zone.
Minimize run-off of hazardous constituents. 40 CFR 264.273
Maintain run-on/run-off control and management 40 CFR 264.273
system.
Special application conditionsif food-chain crops are 40 CFR 264.276
grown in or on treatment zone.
Unsaturated zone monitoring. 40 CFR 264.278
Special requirementsfor ignitable or reactive waste. 40 CFR 264.281
Special requirements for incompatible wastes. 40 CFR 264.282
Special requirementsfor RCRA hazardous wastes. RCRA waste No's. F020, F021, F022, F023, F026, 40 CFR 264.283
F027.
Design system to operate odor free. CAA Section 101°
and
40 CFR 522
Filean Air Pollution Emission Notice (APEN) with 40 CFR 522 See discussions under Consolidation.
state to include estimation of emission rates for each
pollutant expected.
Include with the filed APEN the following: This additional work and information is normally 40 CFR 522 See discussions under Consolidation.
applicable to sources meeting the “major” criteria
« Modeled impact analysis of source emissions. and/or to sources proposed for nonattainment
areas.

* A Best Available Control Technology (BACT)
review for the source operation.
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Land Treatment Predict total emissions of volatile organic compounds Source operation must be in an ozone 40 CFR 522 See discussions under Consolidation.
(cont’d.) (VOCs) to demonstrate emissions do not exceed 450 nonattainment area.
Ib/hr, 3,000 Ib/day, 10 gal/day, or allowable emission
levelsfrom similar sources using Reasonably
Available Control Technology (RACT).
Verify through emission estimates and dispersion 40 CFR 612 See discussions under Consolidation.
modeling that hydrogen sulfide emissions do not
create an ambient concentration greater than or equal to
0.10 ppm.
Verify that emissions of mercury, vinyl chloride, and 40 CFR 612 See discussion under Consolidation.
benzene do not exceed levels expected from sourcesin
compliance with hazardous air pollution regul ations.
Operation and Post-closure care to ensure that site is maintained and 40 CFR 264.118 (RCRA, Subpart G) Post-closure requirements for operation and maintenance of municipal
Maintenance monitored. landfill sites are relevant and appropriate to new disposal unitswith
(0&M) nonhazardous waste, or existing units capped in-place.
In cases where municipal landfill site wastes are determined to be hazardous
wastes, and new disposal units are created, the post-closure requirements will
be applicable.
Removal General performance standard requires minimization of Disturbance of RCRA hazardous waste (listed or 40 CFR 264.111 Clean closure removal of contaminated materials does not appear to be

need for further maintenance and control; minimization
or elimination of post-closure escape of hazardous
waste, hazardous constituents, |eachate, contaminated
runoff, or hazardous waste decomposition products.

Disposal or decontamination of equipment, structures,
and soils.

Removal or decontamination of all waste residues,
contaminated containment system components (e.g. ,
liners, dikes), contaminated subsoils, and structures
and equipment contaminated with waste and leachate,
and management of them as hazardous waste.

Meet health-based levels at unit.

RCRA hazardous wastes are subject to land disposal
restrictions. Land disposal restrictions set performance
requirements on treatment of the wastes before land
disposal. The effective datafor final group of RCRA
wastesis May 8, 1990. Extensions to the effective
dates have been granted for specific RCRA wastes that
are contained in soil and/or debris.

characteristic) and movement outside the unit or
areaof contamination.

May apply to surface impoundment or to
contaminated soil, including soil from dredging
or soil disturbed in the course of drilling or
excavation and returned to land.

Not applicable to undisturbed material.
Disposal of RCRA hazardous waste (listed or

characteristic) after disturbance and movement
outside the unit or area of contamination.

Management of listed hazardous waste.

40 CFR 264.111

40 CFR 264.228(a)(1)
and

40 CFR 254.258

40 CFR 244.111
40 CFR 268

feasible for municipal landfill sitesin general dueto the lack of suitable
offsite treatment or disposal facilitiesto accept the large volume of wastes
typically found at municipal landfill sites and theimpossibility of meeting
the requirement at a site with contaminated groundwater. However, clean
closure removal may be considered for portions (hot spots) of municipal
landfill sites. The RCRA clean closure requirements would be considered
relevant and appropriate to contaminated wastes which are not hazardous, but
which are similar to hazardous wastes.

In the event that the wastes being removed are determined to be hazardous
wastes, the requirements of this section would be applicable.

If the wastes found at the municipal landfill site are found to be RCRA
wastes, the Land Disposal Restrictions will be applicable.

If the wastes are not RCRA wastes but contain the same or similar
constituents to those in RCRA wastes, then the Land Disposal Restrictions
may be relevant and appropriate.
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Slurry Wall Excavation of soil for construction of slurry wall may Disposal by disturbance of hazardous waste and See Consolidation, Excavationin See discussions under Consolidation and Excavation.

trigger cleanup or land disposal restrictions. moving it outside the unit or area of thistable.

contamination.

Surface Water Prevent run-on, and control and collect runoff from a Land-based treatment, storage, or disposal units. 40 CFR 264.251(c)(d) Therequirements for control of run-on and run-off will be relevant and
Control 24-hour, 25-year storm (waste piles, land treatment appropriate to all remediation alternatives that manage nonhazardous waste

facilities, landfills) 40 CFR 264.273(c)(d) and include onsite land-based treatment, storage, or disposal.

40 CFR 264.301(c)(d) The requirements will be applicable to any remediation measures that include
land-based treatment, storage, or disposal of hazardous wastes.

Prevent over-topping of surface impoundment. 40 CFR 264.221(c) Thisrequirement will be relevant and appropriate to the construction and
operation of an onsite surface impoundment, or to operation of an existing
onsite surface impoundment managing nonhazardous wastes.

These requirements would be applicable to the construction or operation of a
surface impoundment for the storage or treatment of hazardous waste.
Treatment Standards for miscellaneous units (long-term Use of other unitsfor treatment of hazardous 40 CFR 264 Therequirement will be relevant and appropriate to the construction,

retrievable storage, thermal treatment other than wastes. These units do not meeting the (Subpart X) operation, maintenance, and closure of any miscellaneous treatment unit (a

incinerators, open burning, open detonation, chemical, definitionsfor units regul ated el sewhere under treatment unit that is not el sewhere regulated) constructed on municipal

physical, and biological treatment units using other RCRA. landfill site for treatment and/or disposal of nonhazardous wastes.

than tanks, surface impoundments, or land treatment

units) require new miscellaneous units to satisfy These requirements would be applicable to the construction and operation of

environmental performance standards by protection of amiscellaneous treatment unit for the treatment and/or disposal of hazardous

groundwater, surface water, and air quality, and by wastes.

limiting surface ans subsurface migration.

Treatment of wastes subject to ban on land disposal Effective datafor CERCLA actionsis November 40 CFR 268 These regul ations are applicable to the disposal of any municipal landfill site

must attain levels achievable by test demonstrated 8, 1988, for FO01-F005 hazardous wastes, dioxin (Subpart D) waste that can be defined as restricted wastes.

available treatment technologies (BDAT) for each
hazardous constituent in each listed waste.

promulgated in 40 CFR 268.

wastes, and certain “ California List” wastes. Other
restricted wastes have different effective dates as

These requirements are relevant and appropriate to the treatment prior to land
disposal of any wastes that contain components of restricted wastesin
concentrations that make the site wastes sufficiently similar to the regul ated
wastes. The requirements specify levels of treatment that must be attained
prior to land disposal.

Prepare fugitive and odor emission control plan for this
action

CAA Section 1012
and

See discussions under Consolidation.

40 CFR 522
Filean Air Pollution Emission Notice (APEN) with 40 CFR 522 See discussions under Consolidation.
state to include estimation of emission rates for each
pollutant expected.
Include with the filed APEN the following: This additional work and information is normally 40 CFR 522 See discussions under Consolidation.

* Modeled impact analysis of source emissions.

« A Best Available Control Technology (BACT)
review for the source operation.

areas.

applicable to sources meeting the “major” criteria
and/or to sources proposed for nonattainment
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Table5-3
POTENTIAL FEDERAL ACTION-SPECIFIC ARARsSFOR MUNICIPAL LANDFILL SITES

Page 13 of 13

Actions

Requirements

Prerequisites

Citation

Comments

Treatment (cont'd.)

Predict total emissions of volatile organic compounds
(VOCs) to demonstrate emissions do not exceed 450
Ib/hr, 3,000 Ib/day, 10 gal/day, or allowable emission
levelsfrom similar sources using Reasonably
Available Control Technology (RACT).

Source operation must be in an ozone
nonattainment area.

40 CFR 522

See discussions under Consolidation.

Verify through emission estimates and dispersion
modeling that hydrogen sulfide emissions does not
create an ambient concentration greater than or equal to
0.10 ppm.

40 CFR 612

See discussions under Consolidation.

Verify that emissions of mercury, vinyl chloride, and
benzene do not exceed levels expected from sourcesin
compliance with hazardous air pollution regul ations.

40 CFR 612

See discussions under Consolidation.

Underground
Injection of
Wastes and
Treated
Groundwater

UIC program prohibits:

« Injection activities that allow movement of
contaminants into underground sources of drinking
water (USDW) and resultsin violations of MCLs or
adversely affect health.

« Construction of new Class |V wells, and operation
and maintenance of existing wells.

Wells used to inject contaminated groundwater that
has been treated and is being reinjected into the same
formation from which it was withdrawn are not
prohibited if activity is part of CERCLA or RCRA
actions.

40 CFR 144.12

40 CFR 144.13

40 CFR 144.14

All hazardous waste injection wells must also comply
with the RCRA requirements.

40 CFR 144.16

Waste Pile

Useliner and leachate collection and removal system.

waste that is used for treatment or storage.
B — E—

RCRA hazardous waste, non-containerized
accumulation of solid, nonflammable hazardous

40 CFR 264.251

Notes:
2 All of the Clean Air Act ARARs that have been established by the federal government may be covered by matching state regulations. The state may have the authority to manage these programs through the approval of itsimplementation plans (40 CFR 52

b

c

d

Subpart G).

Action alternatives from ROD keyword index.

Bulk storage requires the preparation and implementation of aspill prevention, control, countermeasures (SPCC) plan (see 40 CFR 761.65(c)(7)(ii) for specification of container sizes that are considered “bulk” storage containers).

These regulations apply regardless of whether the remedial action dischargesinto the sewer or trucks the waste to an inlet to the sewage conveyance system located “upstream” of the POTW.
An approved incinerator (under Section 761.70) can be used to destroy any concentration pf PCBs; a high-efficiency boiler approved under Section 761.60(a)(2)(iii) can be used for mineral oil dielectric fluid from PCB-contaminated electrical equipment

containing PCBsin concentrations greater than or equal to 50 ppm but less than 500 ppm; and a RCRA-approved incinerator (under RCRA paragraph 3005(a)) can be used for PCBs that and not subject to the incinerator requirements of TSCA.
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Maximum Contaminant Levels (MCL5s).
MCLS are enforceable drinking water standards
established by U.S. EPA under the Safe Drinking
Water Act. MCLs establish the maximum leve of
a contaminant that is allowed in water delivered to
any user of a public water system. An MCL for a
specific contaminant is required by law to be set as
close asfeasible to the maximum contaminant level
goal (MCLG) (see Section 5.2.2.1) for the same
contaminant, taking into consideration the best
technology, treatment techniques, and other factors
(including costs).

MCLS, as the enforceable requirements of the
SDWA, are potentidl ARARS pursuant to
CERCLA Section 121(d)(2)(A)(i). The NCP
further states that MCLs generally have the status
of ARARs for groundwater when the MCLGs are
not an ARAR and the MCLs are relevant and
appropriate under the circumstances of the rel ease.
A discussion of this issue can be found on page
8753 of the preamble to the March 8, 1990, fina
NCP. Typically, MCLsare considered relevant and
appropriate to groundwater Class| and 1l aquifers.
Compliance with an ARAR generdly would be
measured at the landfill boundary (not a the
property boundary).

In some cases, awaiver of the MCLsmay need to
be obtained. As an example, a landfill with waste
beow the water table may continue to exceed
MCLsin groundwater far into the future because of
continued leaching of waste. In such cases,
groundwater collection and treatment may not
achieve MCLs a the landfill boundary, and a
waiver for technical impracticality would need to be
obtained. A technica impracticality waiver for
termination of a groundwater/leachate collection
and treatment system is usualy available at some
extended time in the future for municipa landfill
sites in the vent that MCLs are not achievable
[SARA 121(d)(4)(C)].

Maximum Contaminant Level Goals
(MCLGSs). MCLGs are non-enforceable goals for
drinking water set by U.S. EPA under the Safe
Drinking Water Act. MCLGs represent a
contaminant level presenting “no known or
anticipated adverse effects on the hedth of

Word-searchable Version — Not a true copy

522

persons; and alowing for an additional adequate
margin of safety beyond that level. MCLGs are
listed in 40 CFR 141.50.

Based on the NCP, 40 CFR 300.430(e)(2)(i)(B),
MCL Gs above zero should be attained by remedial
actions for ground or surface water that isacurrent
or potentia source of drinking water where the
MCLGs are determined to be relevant and
gppropriate under the circumstances of the release.
Whenthe MCL G for a contaminant has been set at
zero, the MCL promulgated for that contaminant
should be attained for current or potential sources
of drinking water, where the MCL is relevant and
appropriate. In cases where ARARs (for example,
MCLs, MCLGs) are not available for a particular
contaminant, or in cases where ARARs are not
sufficiently protective (e.g., because of multiple
contaminants), remediation goals should be based
on a risk assessment where acceptable exposure
levels generally are concentrations that represent an
excess upper bound lifetime cancer risk to an
individua of between 10 and 10©.

Secondary Maximum Contaminant Levels.
Secondary MCLs are non-enforceable goals for
drinking water established by EPA under the Safe
Drinking Water Act. Secondary MCLSs pertain to
contaminantsthat, if present in excessive quantities,
may discourage the utilization of a public water
supply because they affect qualities such as taste,
color, odor, and corrosivity. Secondary MCLs are
TBCsand arelisted in 40 CFR 143. In many cases,
exceedance of secondary MCLs is the first
indication of amore serious problem with adrinking
water source.

Federal Water Quality Criteria (FWQC).
FWQCs are non-enforceable guidelines devel oped
by EPA under the Clean Water Act. However, they
are potential ARARs because SARA and the NCP
state that FWQC shall be attained “where relevant
and appropriate under the circumstances of the
release” (CERCLA Section 121(d)(2)(B); 40 CFR
300.430(e)(2)(iI)(E)). Two types of criteria
have been set by EPA, one for the protection of
human health and another for the protection of
aguatic life. FWQCs set quantitative levels of



pollutants in water, the levels such that water
qudity is adequate for aspecified use. Theselevels
are based solely on data and scientific judgments
regarding the relationship between concentrations
of apollutant and resulting effects on environmental
and human heath. FWQCs do not reflect
consderation of economic or technologica
feaghility. FWQCs are used by the states to set
ther own water quaity standards for surface
water. They are aso typically used by state and
federal agencies in setting National Pollution
Discharge Elimination System (NPDES) discharge
permit levels.

Whether a water quality criterion is relevant and
appropriate depends on the designated or potentia
water uses, the environmental media affected, the
purpose for which such criteria were developed,
and the latest available scientific information
avalable (see CERCLA Section 121(d)(2)(B)(i)).
Although a state may develop its own use
classfication scheme, designated uses generaly
include recresation, protection, and propagation of
fishand aguatic life; agricultural and industrial uses;
public water supply; and navigation.

For water designated as a public water supply,
MCL/MCLGs would generally be relevant and
appropriate; the criteria that reflect fish
consumption may aso be relevant and appropriate
if fishing isincluded in the state’ sdesignated use. If
the state has designated a water body for
recreation, a water quality criteria reflecting fish
consumption alone may be relevant and appropriate
if fishing is included in the recreational use
designation. Generally, water qudity criteriaare not
relevant and appropriate for other uses, such as
industria or agricultural, since exposurereflected in
the water quality criteriaare not likely to occur. The
two types of FWQC are discussed below:

» FWQCs for Human Health Protection:
One goal of the FWQC is to protect
humans from hazards associated with two
routes of exposure, including exposure
from drinking the water and exposure from
consuming aquatic organisms, primarily
fish. There are nonbinding guiddines
provided that address exposure from both
routes, and from fish consumption alone.
The criteria identify concentrations
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equating to specified levels of cancer risk
(203, 10°, and 107) for carcinogens or
threshold-level concentrations for
noncarcinogens that represent the water
concentrations at which there would be no
chronic adverse hedlth effects. There are
alsocriteriafor chemicalswith organoleptic
properties (that is, affecting taste or odor
but not health). These criteriaare based on
concentrations at which there would be no
taste or odor problems. The FWQC vaues
for human hedlth protection can befoundin
the Federal Register, Vol. 45 (No. 231), FR
pg. 79318, November 29, 1980--Water
Quadlity Criteria

FWQCs for Aquatic Life Protection: The
FWQC criteriafor the protection of aquatic
life present two sets of values, one based
on the protection of aguatic life from acute
exposure and the other from chronic
exposures. When data are not sufficient to
set a criterion, the lowest reported acute or
chronic-effects level published in the
literature is used. A summary of water
qudity criteria may be found in Quality
Criteria for Water (U.S. EPA, 1986ad),
whichiscommonly referred to asthe* Gold
Book.”

Office Of Drinking Water Health Advisories.
The hedth advisories are non-enforceable
guidelines (TBCs) that present the EPA Office of
Water's most recent determination regarding the
concentration level of drinking water contaminants
bdow which adverse effects would not be
anticipatedto occur. Thisleve includesamargin of
safety to protect sensitive members of the
population and is subject to change as new health
information becomes available. Levelsare specified
for 1-day, 10-day, longer term (e.g., 10 percent of
one's lifetime, 7 years), and lifetime exposure
periods.

5.2.1.2 Location-Specific ARARs

Location-specific ARARs are the restrictions
placed on the concentration of hazardous
substances or the conduct of activities solely
because they occur in specia locations. These



requirements relate to the geographical or physica
position of municipa landfill Sites rather than to the
nature of the contaminants or the proposed remedia
actions. These requirements may limit the type of
remedial action that can be implemented and may
impose additiona constraintson the cleanup action.
The restrictions caused by flood plainsand wetlands
are among the most common location-specific
potential ARARsfor municipd landfill Sites. Federa
location-specific ARARs for municipa landfill sites
are presented in Table 5-2, a the end of this
section. The following is a discusson of the
location-specific ARARS that typicaly are most
pertinent to landfill Sites.

Wetlands. Remediation of municipa landfill sites
located next to wetland areas will have to be
implemented in a manner which minimizes the
destruction, loss or degradation of wetlands (40
CFR 6.302(a)). Additionally, the Clean Water Act
Section 404 prohibits discharge of dredged or fill
material into a wetland area. Situations where
wetlands arefilled or have been irreparably harmed
may require the creation of new wetlands.
Information on the Corps of Engineers methodology
for identifying and evaluating wetland areas can be
found in the document Wetland Evaluation
Technique (WET) (U.S. Army Corpsof Engineers,
1987).

Floodplains. Remediation of landfill sites located
within floodplains (for example, lowlands, and
relatively flat areas adjoining inland and coastal
waters) will have to be carried out to the extent
possible, to avoid adverse effects, and to preserve
natural and beneficial values of the floodplain (40
CFR 6.302(b)). For example, remedid actions
should not be designed and constructed in a manner
that destroys the usefulness of afloodplain, thereby
potentially causing adjacent areas to become
flooded.

5.2.1.3 Action-Specific ARARs

Action-specific ARARs are usually technology-
or activity-based requirements or limitations on
actions taken with respect to hazardous sub-
stances. These requirements typicaly define
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acceptable  treatment, storage, and disposal
procedures for hazardous substances during the
implementation of the response action. The
requirements generally set performance or design
standards for specific activities related to managing
hazardous wastes a municipal landfill Stes.
Action-specific ARARs for municipa landfill sites
are shown in Table 5-3, located at the end of this
section. The following is a discusson of the
action-specific ARARs that typically are most
pertinent to landfill Sites.

RCRA ClosureRequirements. A determination
must be made on which RCRA closure
requirements are applicable or relevant and
appropriate for the specific site of concern. RCRA
Subtitte D requirements are generaly applicable
unless a determination is made that Subtitle C is
applicable or relevant and appropriate. RCRA
Subtitle C would be applicable if the waste is a
listed or characteristic waste under RCRA, and (1)
if the waste was disposed of after November 19,
1980 (effective date of RCRA) or (2) the response
action congtitutes current trestment, storage, or
disposa as certified by RCRA. The decision about
whether a RCRA requirement is relevant and
appropriate isbased on consideration of avariety of
factors, including the nature of the waste and its
hazardous properties, and the nature of the
requirement itself. State closure requirements that
are an ARAR and that are more stringent than the
federal requirements must be attained (or waived).
Listed hazardous wastes are found in 40 CFR Part
261, Subpart D. Characteristic hazardous wastes
under RCRA are described in 40 CFR Part 261,
Subpart C.

Because containment of landfill wastes is a
common element of most remedia actions at
municipa landfill sites, the most significant closure
requirements will likely be the RCRA requirements
concerning landfill covers. RCRA Subtitle C closure
requirements specify that a landfill cover for a
permitted facility have a permeability less than or
equal to the permeahility of any bottom liner system
or natural subsoils present (40 CFR 264.310).
Additional information on landfill covers can be
found in Section 4 of this document.



Land Disposal Restrictions. Offsite digposd of
contaminated soils from hot spots may be a viable
component of a remedial action aternative for a
municipa landfill dte. In Stuations where the
material is regulated as hazardous under RCRA
Subpart C, land disposal of contaminated soils
offsite will be based largely on the RCRA Land
Disposal Restrictions (LDRS). The LDRs may be
goplicable to the contaminated soils if it is
determined that the soils have been contaminated
by a redricted, lised RCRA waste or if the
contaminated soils are a RCRA characteristic
waste. The LDRs may require that a specific
concentration level be achieved or that a specified
technology be used for treatment prior to land
disposal in aRCRA facility. Treatment of hot spots
and subsequent disposal may also trigger LDRs.

If soils contain RCRA waste, offsite land disposal
must be at a permitted RCRA hazardous waste
landfill that meets the requirements of RCRA
Subtitle C, that is in compliance with CERCLA
Section 121(d)(3) and the Superfund offsite palicy.
The design features of a RCRA hazardous waste
landfill are defined in 40 CFR 254 Subpart N. If the
soils are not aRCRA waste or if they are delisted,
offsite disposal may be at a solid waste landfill that
is in compliance with the offsite policy and
CERCLA Sec. 121(d)(3). In the absence of other
regulations, solid waste landfills are regul ated under
RCRA Subtitle D. However, in most cases, state
regulations govern the design, congtruction,
operation, and closure of solid waste landfills.

Air Emission Treatment Requirements.
Severa alternatives for remediation of landfill sites
may include technologies that result in a discharge
of contaminants to the air. Table 5-3 presents a
summary of the federal requirements concerning air
emissions for technologies commonly implemented
at municipal landfill Stes. The need for air emission
treatment should be evaluated based on federal and
state requirements and an evaluation of human
health risks. Technologiesthat typically result in air
emissons include ar dripping, collection and
treatment of landfill gas, excavation and
consolidation of contaminated soils, andincineration.
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The EPA Office of Air Quality, Planning, and
Standards is currently developing new source
emission guiddines and performance standards for
collection and treatment of landfill gas. The
proposed rule (a TBC) would require an active
landfill gas collection and control system for solid
waste landfills with emissons exceeding 100
megagrams per year of nonmethane organic
compounds. Treatment of landfill gas (eg., by
enclosed ground flares) would be required to
demonstrate a destruction removal efficiency of 98
percent or emissions less than or equa to 20 ppm
(volume dried) of nonmethane organic compounds.
Since these emission guidelines and standards are
currently under devel opment, some changes may be
made.

The proposed air emission standards will apply to
new municipal solid waste landfills as well as to
those facilities that have accepted waste since
November 8, 1987, or that have capacity available
for future use. For CERCLA municipal landfill
remediations, these requirements woul d be potential
ARARs for al records of decision (RODs) signed
after the rule' s promulgation date. The standardsin
this rule, once promulgated, will be applicable for
those municipa landfill stes on the NPL that
accepted waste on or after November 8, 1987, or
that are operating and have capacity for future use.
In cases where these standards are not applicable,
such as landfill sites that accepted waste prior to
November 8, 1987, they may ill be determined to
be relevant and appropriate. The determination of
relevance and appropriateness is made on a
dte-specific basis pursuant to NCP Section
300.400(g) (55 Federa Register 8841, March 8,
1990). Judgment should be used in applying these
guidelines and standards since they will apply to
municipad solid waste landfills as opposed to
CERCLA siteswhere thereistypically co-disposa
of both municipa solid waste and hazardous waste.

5.2.2 State ARARs

In general, in order for a state requirement to be
considered an ARAR, it must:

» Bepromulgated (belegaly enforceableand
of generd applicability)



Be identified to EPA in atimely manner

Not result in an in-state ban on land
disposal of hazardous waste
than

Be more federa

requirements

stringent

Evenif the state standard meets these conditions, it
may be waived if it is found not to have been
applied uniformly and consstently throughout the
State.

Because many states may be revisng ther
standards in any given year, more stringent state
standards for municipa landfill sites need to be
identified on a case-by-case basis. The aspects of
state requirements that are likely to be more
stringent are described below.

5.2.2.1 Chemical-Specific ARARS

State Drinking Water Acts. Many states
administer drinking water acts that contan
chemical-specific standards and criteria that are
often ARARs for groundwater remediation. A
review of state standards should be conducted to
see if any standards or criteria (such as drinking
water action levels) exist that are more stringent
than federa standards (for example, MCLs and
MCLGs). For cases where a more stringent state
standard exists for a particular compound, the state
standard should be used, where relevant and
appropriate under the circumstances of the release
(most drinking water standards are not legally
“applicable’ to groundwater). In addition, states
often have health advisories that are more stringent
than federal criteria These TBCs may be
considered as well.

Clean Water Act. Many states administer the
federal Clean Water Act and its important
component, the NPDES program, which contains
standards and criteria for discharge of treated
waters to nearby surface waters (see Section
5.2.2.3).

5.2.2.2 Location-Specific ARARS

Wetlands. State requirements for designation of
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wetlands should be reviewed to determine if they
are more stringent than the Corps of Engineers
methodology. Stringent state methodologies for
identifying wetlands can expand the extent of
wetlands requiring mitigation. In cases where
wetlands have been contaminated or destroyed,
mitigation measures may need to be included in the
remedia action. State requirements can differ
significantly from federa regulations.

Floodplains. State ARARSs often prohibit the siting
of landfillsin floodplains, which in turn may restrict

ongite disposd options.
5.2.2.3 Action-Specific ARARS

NPDES Program. Pretreatment requirements for
discharge directly to a publicly owned treatment
works (POTW) under the NPDES program may be
dictated by aloca or regional government agency.
A careful review of astate’' s NPDES requirements
and of the potential pretreatment requirements that
would be imposed by the POTW is therefore
necessary. Frequently, discussons on the
acceptability of adischargeto a POTW will extend
well into the predesign and design phases at
Superfund sites. There is aso a tendency for
POTW permitting authorities to set stringent
discharge standards because there is no categorical
standard for CERCLA operations and because of
public fear or mistrust of “hazardous waste.”

Direct discharge of treated effluent offsite to a
surface water body would also require an NPDES
discharge permit. In many cases EPA has
delegated implementation of this program to the
states. Therefore, as with discharge to aPOTW, a
review of astate’sSNPDES requirements should be
conducted if direct discharge offsite to a surface
water is being considered.

Closure Requirements. State requirements for
cover of hazardous and solid waste landfills should
be reviewed to determine whether more stringent
design criteriaexist for the construction, operation,
and closure of landfills. The state may aso have
erosion and sedimentation control regulations. Local
requirements (e.g., erosion control regulations) and
closure requirements such as minimum standards
for cover designs may be important TBC materia



athough they are generally not ARARS (unless
they represent the state standards).

Air Emission Treatment Requirements. As
with the water programs, many states administer
the Clean Air Act (CAA). State air emission
standards should be reviewed for technologies such
asincineration or air stripping to seeif requirements
more stringent than federal CAA requirements
exist. Landfill gas emissions may aso be regulated
Under state air regulations.

5.3 Long-Term Effectiveness and
Per manence

Some aspects of long-term effectiveness include
the ability of a cap to maintain its integrity, the
ability of groundwater extraction to meet cleanup
levels, and the long-term maintainability of leachate
or gastreatment systems. Long-term effectiveness
also includes an evauation of the magnitude of
residual risk. Because the technologies generally
considered practicable for municipal landfill sites
will not completely diminate the hazardous
substances at a landfill, long-term management of
waste is a critical issue. Complete eval uation under
this criterion should require determining the risk
posed by the remaining waste. One of the more
time-consuming tasksassociated with theeval uation
under this criterion may be the need to estimate
infiltration through an existing or new landfill cap.
Groundwater and air modeling also may be needed.
EPA’s computer model HELP (hydrologic
evaluation of landfill performance), which is
discussedin Section 4.2 (Landfill Contents), may be
useful in evaluating this criteria

5.4 Reduction of TMV Through
Treatment

Generdly, reduction of TMV a municipa landfill
sites occurs through treatment of hot spots.
However, TMV can aso be reduced through
treatment of groundwater, leachate, or landfill gas.
When treatment is used, a number of factors must
be considered. Naturally, the treatment process
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used and the materials treated must be evaluated.
This evauation can be particularly significant for
innovative technol ogiesor conventiona technologies
being applied to a waste that has unusua
characteristics. The volume of materia destroyed
or treated must be evaluated, as well asthe degree
of expected reductions. Also, the degree to which
treatment is irreversble must be considered,
particularly for technologies like stabilization.
Technologies such as capping and fencing that
provide no treatment do not require evauation
under this criterion.

5.5 Short-Term Effectiveness

A significant issue of short-term effectivenessisthe
effect on the community of truck traffic as large
quantities of cap material are hauled onto the site.

Both noise and potential increases in vehicular
accidents must be considered (construction of a
typical 40-acre multilayer cap requires about 32,500
truckloads of capping material). Other issues such
as potential VOC emissions during excavation of

hot spots and during construction and operation of

ondte treatment systems are associated with
worker and community protection during remedia
activities. Also included under this criterion are the
environmental impacts resulting from the remedial
action. To evaluate this criterion, the time required
to achieve the response objectives must be
determined, including an estimate of timeto achieve
remediation of leachate and groundwater.

56 Implementability

Adminigrative implementability is the relative
difficulty of coordinating and obtaining approvas
from other agencies to perform certain activities.
The difficulty of meseting this subcriterion will vary
from site to site, and depends primarily on the
location of the site and what other agencies are
involved. There may be significant administrative
implementability i ssues associated with offsite deed
redtrictions and alternative water supplies. The
enforceability of deed restrictions tends to vary
greatly, depending on loca laws and ordinances.
Likewise, the adminigtrative implementability of



treating leachate or groundwater at a POTW
depends on how receptive local treatment plant
officials are to accepting contaminated water from
the site. It is not uncommon for discussions with
POTWs to extend well into the remedial design
phase.

The technica implementability of a technology,
including the ability to construct and/or operate the
technology, and the reliability of the technology,
largely depends on the treatability of the
contaminated material. For example, technical
difficulties are likely when using incineration for
wastes that are high in metals, or when using in situ
stabilization for wastes containing moderate to high
levels of organics. Thetechnica implementability of
some technologieswould aso depend on availability
of sufficient space for the materials-handling and/or
equipment. Also, the ability to monitor the
effectiveness of a remedy is a consideration,
particularly for atechnology likein situ stabilization.
The ease of undertaking additional remedia actions,
if necessary, must aso be considered. The
treatment technologies that have been identified as
being most practicable for municipa landfill sites
are proven conventional technologies (a few
innovative technologies have also been discussed).

The availability of goods and serviceswill also vary
from Steto Siteand will depend primarily onaste's
location and accessibility. As an example, the
implementability of bringing in truckloads of fill
material will depend on the source of the materia
and the accessibility to the site.

5.7 Cost

InTable 5-1, anindication is given of whether each
technology will have alow, medium, or high impact
on total cost if included as part of an aternative.
Costs can be difficult to estimate for groundwater
extraction and treatment and for hot spot
excavation and/or trestment because the volume of
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contaminated groundwater and hot spotsis difficult
to estimate accurately during the RI/FS. FS cost
estimates should provide an accuracy of +50
percent to -30 percent using data available from the
RI.

5.8 State Acceptance

Under this criterion, an aternative is evaluated in
terms of the technica and administrativeissuesand
concerns the state (or support agency) may have.
Thisis acriterion that is addressed in the record of
decison (ROD) once formal comments are
received on the RI/FSreport (to the extent they are
known, state concerns are considered earlier in the
process as well). Frequently, state acceptance is
closaly related to compliance with state ARARS.

5.9 Community Acceptance

Under this criterion, an aternative is evauated in
terms of the issues and concerns the public may
have. As with state acceptance, this is a criterion
that is addressed in the ROD once the comments
have been formally received on the RI/FS report
(aso, to the extent they are known, community
concerns are considered early in the process as
well).

5.10 Section 5 Summary

This section presents each of the evaluation criteria
and illustrates how each of the technologies
identified in Section 4 may affect each of the
dternative evauation criteria In the following
section, aternatives typically developed for a
municipa landfill site are presented. The section
describes how the technologies discussed in this
section (Table 5-1) might be combined and then
evaluated as alternatives using the nine criteria



Section 6
DEVELOPMENT AND EVALUATION OF ALTERNATIVES
FORTHE EXAMPLE SITE

Based on thereview of practicabletechnologiesfor
municipd landfill sites (see Section 4) and the actua
characteristics of the example site (see Appendix
A), a range of typica alternatives has been
developed. The purpose is to illustrate how
technol ogies might be combined to form aternatives
typicdly developed for landfill dStes. Some
components of these alternatives may not be
gpplicable to other sites, depending on their specific
characteristics. Table 6-1 presents an evaluation of
each dternative with respect to the threshold
criteria, overal protection of human health and the
environment, and compliance with ARARs and the
five balancing criteria described in Section 5. The
modifying criteria, state acceptance, and community
acceptance are not included in Table 6-1 sncethey
are not formally evaluated during the FS. Thesetwo
criteria are addressed in the Record of Decision
(ROD) and are used as a basis for modifying an
aternative due to formal comments from the state
or community on the FS report and proposed plan.
Addressing state and community concerns is
incorporated throughout the RI/FS process; formal
use of the modifying criteriaonce the proposed plan
has been issued is not the first time these concerns
are addressed.

The example site, considered a co-disposal facility
with a known hot spot, is described in Appendix
A--Site Characterization Strategy for an Example
Site. To summarize, the ste is gpproximately 60
acresin size (20 acres of which isalandfill) and is
in arura area. In addition to municipa trash, the
landfill accepted chemical wastes such as solvents,
paint, paint thinners and lacquers, and industria
plating dudges. Available records show no
indication of segregation of wastes. Industria,
commercid, and municipal wastes are generaly
mixed throughout the landfill, except for liquid
industrid solvent wastes. Disposal of this waste
was generally restricted to the southern portion of
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the landfill. Exposed areas in the southern half of
the landfill have been temporarily covered with a
partial cap consisting of 2 feet of compacted clay.
The remainder of the landfill has a temporary soil
cover, athough there are some areas of exposed
wastes.

The unconsolidated deposits underlying the site are
gpproximately 135 feet thick and consist primarily
of sand and gravel of glaciofluvid and dluvid
origin. Bedrock in the vicinity of the dte,
encountered at an approximate depth of 135 feet,
consists of undifferentiated Cambrian sandstone up
to 1,200 feet thick. These sandstones are fine to
coarse grained and contain asmall amount of shale.

Some of the contaminants of concern are
trichloroethene (TCE) and vinyl chloride (VC) in
the soil and groundwater; lead, arsenic, and tota
chromium in the soil; and methane gas.

The areas of concern for the example site include:

» Landfill contents under the existing soil
cover

»  The hot spot outside the existing soil cover

* High-strength
(leachate)

(onsite)  groundwater

» Low-strength (offsite) groundwater

» Surface water sediments (from a nearby
unnamed tributary)

o Landfill gas

The ARARSs for the Example Site are discussed
below:



Table6-1
RECOMMENDED ALTERNATIVES: SUMMARY OF DETAILED ANALYSIS
EXAMPLE SITE
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Alternative 1 Alternative 2 Alternative 3 Alternative 4
Single-Barrier Cap Composite-Barrier Cap Single-Barrier Cap
Consolidation of Hot Spot Consolidation of Hot Spot Treatment of Hot Spot (onsite)
High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) Collection and
Collection and Onsite Treatment Collection and Onsite Treatment Onsite Treatment
No Action Low-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and Onsite

Onsite Treatment Onsite Treatment Treatment

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidated of Surface Water Sediments
Institutional Controls
Five-Year Review

Evaluation Criteria

Overall Protection of Human

Health and the Environment

No action taken. Not
considered to be protective
of human health and the
environment

Construction of acap reducesthe risk of
exposure to the landfill contents, and reduces
leaching of contaminants to the groundwater.
Institutional controls and monitoring of
groundwater quality will berequired during
aquifer restoration to protect public health and
the environment.

A composite-barrier cap will be morereliable
than asingle-barrier cap in terms of preventing
direct contact with landfill contents and
reducing infiltration. Institutional controlswill
still be required during the period of aquifer
restoration for protection of public health and
the environment.

Treatment of hot spots provides additional protection to
human health and the environment by reducing the volume
of contamination at the site. Aswith Alternative 2 and
Alternative 3, institutional controlswill still be required
during the period of aquifer restoration to prevent the use
of contaminated groundwater.

Compliancewith ARARs

No action taken. Not
considered to bein
compliance with ARARs.

Expected to bein compliance with ARARSs.

Expected to bein compliance with ARARSs.

Expected to bein compliance with ARARs.

Long-Term Effectiveness

. Magnitude of Residual
Risk

Existing infiltration
through cap will continue.
Infiltration allows leaching
of contaminantsto
groundwater. Risks from
direct contact will also
remain.

Reduction of residual risk from direct contact.
L essens future potential for groundwater
contamination by reducing infiltration. The
groundwater is collected and treated; however,
the source of contamination remains,
presenting a possible future risk that
contamination will breach the containment
system.

Potential for infiltration is reduced over single-
barrier cap protection. The groundwater is
collected and treated; however, the source of
contamination remains, presenting apossible
futurerisk that contamination will breach the
containment system.

Lessresidual waste onsite to manage since hot spots will
be excavated and incinerated and the groundwater will be
collected and treated. Excavation may reduce long-term
risk. The groundwater is collected and treated; however, a
portion of the source of contamination remains, presenting
possible future risk that contamination will breach the
containment system.

. Adequacy and
Reliability of Controls

Continued erosion of
existing cap likely to occur.
Wastes could eventually be
exposed with potential for
exposure onsite or transport
of contaminantsin runoff to
wetlands.

Improved reliability over no action. Requires
long-term maintenance to maintain the
integrity of the cap.

Increased reliability over the single-barrier cap.
Synthetic liner provides an additional barrier
for reducing infiltration and | eachate generation
resulting frominfiltration. Potential for rupture
of synthetic liner from differential settling.
Requires|long-term maintenance to maintain the
integrity of the cap.

Provides the greatest long-term effectiveness and
permanence since hot spotswill be treated. Continued
maintenance will be required to maintain the integrity of
the cap.
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Table6-1
RECOMMENDED ALTERNATIVES: SUMMARY OF DETAILED ANALYSIS
EXAMPLE SITE
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Alternative 1 Alternative 2 Alternative 3 Alternative 4
Single-Barrier Cap Composite-Barrier Cap Single-Barrier Cap
Consolidation of Hot Spot Consolidation of Hot Spot Treatment of Hot Spot (onsite)
High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) Collection and
Collection and Onsite Treatment Collection and Onsite Treatment Onsite Treatment
No Action Low-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and Onsite

Onsite Treatment Onsite Treatment Treatment

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidated of Surface Water Sediments
Institutional Controls
Five-Year Review

Evaluation Criteria

Reduction of Toxicity,
Mobility, and Volume

1 Treatment Process Used
and Materials Treated

A treatment technology is
not included as part of this
alternative.

Conventional treatment of groundwater
including metal s precipitation, biological
treatment (activated sludge), GAC.

Conventional treatment of groundwater
including metal s precipitation, biological
treatment (activated sludge), GAC.

Hot spotsto be treated onsite viaincinerator. Same as
Alternative 2 and 3 for groundwater treatment.

Amount of Hazardous
Materials Destroyed or
Treated

Expected Reductionsin
Toxicity, Mobility, and
Volume

Irreversibility of the
Treatment

Type and Quantity of
Treatment Residual

A treatment technology is
not included as part of this
aternative.

A treatment technology is
not included as part of this
alternative.

A treatment technology is
not included as part of this
aternative.

A treatment technology is
not included as part of this
alternative.

High-strength groundwater (leachate) collected
from perimeter wellswill be treated, primarily
to prevent offsite migration of contaminated
groundwater. Offsite groundwater will be
collected and treated. The rate of hazardous
materials destroyed will depend on the
extraction rate (that is, whether ahigh or low
flow rateis selected).

Toxicity or volume of contaminated
groundwater may be reduced by treatment
system.

Groundwater treatment process may not be
irreversible.

Sludge from metal s precipitation process may
need to be disposed of at aRCRA landfill.

High-strength groundwater (Ieachate) and low
strength groundwater (offsite) will be collected
and treated. The amount of hazardous materials
destroyed will depend on the extraction rate
(that is, whether ahigh or low flow rateis
selected).

Toxicity or volume of high strength
groundwater may be reduced by treatment
system.

Groundwater treatment process may not be
irreversible.

Sludge from metal s precipitation process may
need to be disposed of at aRCRA landfill.

Reduction in the hazardous organic constituents would be
achieved by incineration of hot spots. Same as Alternative
2 and 3 for groundwater.

TMV would be reduced through the treatment of hot spot
areas. Same as Alternative 2 and 3 for groundwater.

Incineration is permanent. Same as Alternative 2 and 3 for
groundwater.

Ash fromincinerator will be placed under cap. Same as
Alternative 2 and 3 for groundwater residuals.
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Table6-1
RECOMMENDED ALTERNATIVES: SUMMARY OF DETAILED ANALYSIS
EXAMPLE SITE

Page 3 of 6
Alternative 1 Alternative 2 Alternative 3 Alternative 4
Single-Barrier Cap Composite-Barrier Cap Single-Barrier Cap
Consolidation of Hot Spot Consolidation of Hot Spot Treatment of Hot Spot (onsite)
High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) Collection and
Collection and Onsite Treatment Collection and Onsite Treatment Onsite Treatment
No Action Low-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and Onsite

Onsite Treatment Onsite Treatment Treatment

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidated of Surface Water Sediments
Institutional Controls
Five-Year Review

Evaluation Criteria

Short-Term Effectiveness

Protection of
Community during
Remedial Action

Protection of Workers
during Remedial Action

Environmental |mpacts

Not action taken.

Nonerequired.

No remedial action.

Possible impacts from consolidation activities.

Community impact through increased dust and
noise from construction and truck traffic. Truck
traffic introduces risk from vehicular accidents.

Potential risk to workers through inhalation
and direct contact during grading and
excavation of hot spots. Proper dust control
and health and safety protection will mitigate
risk.

Potential for exposure to waste or runoff of
contaminants to Polk River during
implementation. Potential negative impact
from possible secondary migration of
contaminated surface water sediments during
removal for consolidation under cap.

Possible impacts from consolidation activities.
Community impact through increased dust and
noise from construction and truck traffic. Truck
traffic introduces risk from vehicular accidents.

Potential risk to workers through inhalation
and direct contact during grading and
excavation of hot spots. Proper dust control and
health and safety protection will mitigate risk.

Potential for exposure to waste or runoff of
contaminants to Polk River during
implementation. Potential negative impact from
possible secondary migration of contaminated
surface water sediments during removal for
consolidation under cap.

Possible impacts from disturbance of waste and improper
air emissions. Adverse impactsto air quality from
malfunctions of incinerator and poor destruction efficiency
could also be expected. Community impact through
increased dust and noise from construction and truck
traffic. Truck traffic introduces risk from vehicular
accidents.

Greatest potential for safety-related problems because it
involves the excavation of contaminated materials. Direct
exposure and inhalation is the safety risk to workers.
Although detailed planning, design, and implementation
can minimize the potential safety problemsto onsite and
offsite personnel, they cannot be totally eliminated.
Potential negative impact due to air emissionsfrom
incineration. Potential for exposure to waste or runoff of
contaminants to Polk River during implementation.
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Table6-1
RECOMMENDED ALTERNATIVES: SUMMARY OF DETAILED ANALYSIS
EXAMPLE SITE

Page 4 of 6

Alternative 1

Alternative 2

Alternative 3

Alternative 4

No Action

Single-Barrier Cap
Consolidation of Hot Spot
High-Strength Groundwater (L eachate)
Collection and Onsite Treatment
Low-Strength Groundwater Extraction and
Onsite Treatment
Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Composite-Barrier Cap
Consolidation of Hot Spot
High-Strength Groundwater (L eachate)
Collection and Onsite Treatment
L ow-Strength Groundwater Extraction and
Onsite Treatment
Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Single-Barrier Cap
Treatment of Hot Spot (onsite)
High-Strength Groundwater (L eachate) Collection and
Onsite Treatment
L ow-Strength Groundwater Extraction and Onsite
Treatment
Dischargeto Unnamed Tributary
Consolidated of Surface Water Sediments
Institutional Controls
Five-Year Review

Evaluation Criteria

Short-Term Effectiveness
(continued)

. Time Until Remedial
Action Objectives are
Achieved

No time requirements.

Lessthan 2 years should be required to
implement components of the remedy. If alow
flow extraction rate (e.g., 200 gpm) is selected
the goal for achieving groundwater
remediation would be 15 years. If ahigh flow
extraction rate (e.g., 500 gpm) is selected the
goal for achieving groundwater remediation
would be 5 years. This assumes continued
collection of leachate and acompletely
effective leachate collection system controlling
offsite migration of contaminated groundwater.

Lessthan 2 years should be required to
implement components of remedy. Goal for
achieving remediation isthe same as
Alternative 2.

Groundwater remediation will be the same as Alternative 2.
However, incineration of hot spots and dredging of surface
water sediments will require additional time to implement
the source control components of this remedy. The source
control components should be implemented in less than 4
years.
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RECOMMENDED ALTERNATIVES: SUMMARY OF DETAILED ANALYSIS
EXAMPLE SITE

Page5 of 6
Alternative 1 Alternative 2 Alternative 3 Alternative 4
Single-Barrier Cap Composite-Barrier Cap Single-Barrier Cap
Consolidation of Hot Spot Consolidation of Hot Spot Treatment of Hot Spot (onsite)
High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) Collection and
Collection and Onsite Treatment Collection and Onsite Treatment Onsite Treatment
No Action Low-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and Onsite

Onsite Treatment Onsite Treatment Treatment

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidated of Surface Water Sediments
Institutional Controls
Five-Year Review

Evaluation Criteria

Implementability

1 Technical Feasibility

- Ability to construct
and operate
technology

- Reliability of
technology

- Ability to monitor
effectiveness of
remedy

- Ease of undertaking
additional remedial
action, if any

Availability of Services
and Materials

No action taken.

Not applicable.

Relatively easy to implement. Implementation
of thisalternative uses conventional
equipment and technologies.

Monitoring effectivenesswould be relatively
easy, based on visual inspection and
groundwater monitoring.

Monitoring and evaluating effectiveness of
sediments removal will have to consider
potential adverseimpacts from secondary
migration and physical disruption of biota
during excavation activities.

Materialsto construct cap readily available.
Dewatering and dredging equipment may
require some lead time to secure but should be
available.

Synthetic liner isdifficult to install. Otherwise,
this remedy uses conventional equipment and
technologies.

Sincetwo barriers are installed, acomposite-
barrier cap would be more reliable than asingle-
barrier cap.

Monitoring effectiveness would be based on
visual inspection and groundwater monitoring.

Monitoring and evaluating effectiveness of
sediments removal will haveto consider
potential adverseimpacts from secondary
migration and physical disruption of biota
during excavation activities.

Materialsto construct cap are readily available.
Dewatering and dredging equipment may
require some lead time to secure but should be
available.

Incineration is highly questionable due to the
heterogeneous nature of the waste material and its mixture
with large quantities of soil and debris. Reliable
confirmation sampling after excavation of sediments may
be difficult.

Monitoring effectiveness would be based on visual
inspection and groundwater monitoring.

Same as Alternative 2 and 3 for monitoring and evaluating
effectiveness of sedimentsremoval.

Materials to construct cap are readily available. Dewatering
and dredging equipment may require some lead time to
secure but should be available. Likewise, incineration
equipment should be available but will require some lead
time, including time for pilot testing.
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Table6-1
RECOMMENDED ALTERNATIVES: SUMMARY OF DETAILED ANALYSIS
EXAMPLE SITE

Page 6 of 6
Alternative 1 Alternative 2 Alternative 3 Alternative 4
Single-Barrier Cap Composite-Barrier Cap Single-Barrier Cap
Consolidation of Hot Spot Consolidation of Hot Spot Treatment of Hot Spot (onsite)
High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) High-Strength Groundwater (L eachate) Collection and
Collection and Onsite Treatment Collection and Onsite Treatment Onsite Treatment
No Action Low-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and L ow-Strength Groundwater Extraction and Onsite
Onsite Treatment Onsite Treatment Treatment

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidation of Surface Water Sediments
Institutional Controls
Five-Year Review

Dischargeto Unnamed Tributary
Consolidated of Surface Water Sediments
Institutional Controls
Five-Year Review

Evaluation Criteria

Implementability
(continued)

1 Administered Feasibility

- Ability to coordinate
and obtain approval
from other agencies

Administrative problems
affecting alternative
feasibility are not expected.
However, no action will
likely be unacceptable since
the remedy is not protective
and there will not be
compliance with ARARs.

Discussions with the state for an NPDES
permit for discharge of treated groundwater to
the unnamed tributary to the Polk River are
uncertain and may extend into design.

Discussions with the state for an NPDES
permit for discharge of treated groundwater to
the unnamed tributary to the Polk River are
uncertain and may extend into design.

Sufficient space must be available onsite to build
incinerator. More difficult to implement than other
alternatives.

Same as Alternative 2 and 3 for discharge of treated
groundwater.

cost

None.

Medium.

Medium-high.

High.
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6.1 Example Site ARARSs

In addition to the potential federa ARARSs listed in
Section 5, state requirements for the example site that
are promulgated, more dstringent than federa
requirements, and applicable or relevant and appropriate
are discussed below. It is emphasized that this
discussion on specific state ARARS applies only to the
Example Site. The purpose of this discussion is to
present sometypical state requirementsthat may affect
the development and evauation of remedia alternatives.

6.1.1 Chemical-Specific ARARs
6.1.1.1 Groundwater

Chemical-specific state standards for the Example Site
indude state groundwater enforcement clean-up
standards and preventive action limits. A list of the
specific state groundwater enforcement standards and
preventative action limits that apply to the example site
can be found in Appendix A. Typicaly, corrective
actions may be more extensive if enforcement
standards are exceeded. In general, preventive action
limits apply wherever groundwater is monitored. State
enforcement standards apply at the following locations:

* Any point of groundwater use

» At or beyond the property boundary of the
facility

*  Any point within the property boundary beyond
the three-dimens onal design management zone,
if oneis established by the state

The design management zone is an imaginary boundary
at some horizontal distance from the waste boundary
that extends downward through all saturated geologic
formations. For land disposal facilities with feasbility
studies that were approved by the state after October
1, 1985, a horizontal distance of 150 feet is used for the
design management zone.
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6.1.1.2 Surface Water

Potential state ARARs for the Example Site for
protection of aquatic life include state ambient water
quality criteria for aguatic life protection. A list of the
specific state ambient water quality criteriathat apply to
the Example Site can be found in Appendix A. Any
direct discharge of treated water (including
groundwater or leachate) to the unnamed tributary of
the Polk River would likely have to achieve these
standards to comply with NPDES requirements.

6.1.2 Location-Specific ARARs

Nolocation-specific state ARARs exist that are stricter
than the federal ARARSs listed in Table 5-2. Most
sgnificantly, the site is not located within the 100-year
floodplain nor have wetlands been impacted by the
Example Site.

6.1.3 Action-Specific ARARs
6.1.3.1 Soils/Landfill Contents

The Example Site has more stringent action-specific
state ARARs than the federal ARARs for the
congtruction of a solid waste landfill cover. Portions of
these cover requirements specify including a2-foot clay
layer with a 1.5- to 2.5-foot cover layer and 0.5 foot of
topsoil on the surface. The purpose of this requirement
is to assure that adequate freeze-thaw protection is
included in the design of the cap. Otherwise, expansion
and contraction during freeze-thaw events could result
in the formation of cracks in the landfill cover.

6.2 Development of Alternatives

When developing dternatives, it is important to
reevaluate pathways from the conceptual site model
that may not represent a significant threat to human
hedth or the environment at this site. For example,
landfill gas does not appear to be a significant threat to
human hedlth and the environment at the Example Site
because the area is rura and only a smal



amount of gas is generated. Therefore, future use
of the site may allow some access (such as for
hunting). Because some landfill gasis likely to be
generated, it may be appropriate to include passive
vents in the design of alandfill cap.

For municipd landfill stes with minima hazardous
waste and no known hot spots, it may not be
necessary to consider a composite-barrier cap or
0ils treatment and consolidation. An exception
might be sites where erosion has dispersed some
contaminated soils without any discernable hot
spots. In these instances, some consolidation of
surficia soils may reduce the area that needs to be

capped.

The range of dternatives developed for the
Example Site is composed of the four aternatives
described below.

6.2.1 Alternative 1--No Action Alternative

Under Alternative 1, no action would be taken. The
no-action aternative is required as part of the NCP
and provides a basdline against which other
alternatives can be compared.

6.2.2 Alternative 2

Alternative 2 is composed of the four components
listed below.

Component 1.  Containment

e Condruction of a single-barrier cap (to
cover entire landfill). Freeze-thaw
protection would be included as part of the
design of the cap. Passive vents would be
ingtaled to vent landfill gas. Long-term
monitoring of landfill gas would aso be

included as part of the remedy.
o Surface controls (as part of cap
construction)
S Grading
S Revegetation
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Component 2. Consolidation of the hot spot under
the clay cap

e Since the hot spot is generaly within the
landfill contents, consolidation would only
be required to the extent necessary to
minimize the size of the landfill cap.

Component 3. Groundwater extraction and
treatment

* High-strength groundwater  (leachate)
collection by perimeter wells, and onsite
treatment with discharge to the unnamed
tributary to the Polk River

» Low-strength groundwater (offsite)
extraction (by wells) and onsite treatment
with discharge to the unnamed tributary to
the Polk River

Component 4. Consolidation of surface water
sediments under landfill cap

» Consolidation of surface water sediments
from the unnamed tributary would include
dredging the sediments and consolidating
them with other materia under the landfill

cap.

Component 5. Ingtitutiond controls

e Deed redtrictions to;

S Limit site access
S Prohibit groundwater use

Component 6. Five-year review

Alternative 2 would minimize infiltration of surface
water and potential for direct contact with the
landfill contents. Passive ventswould beinstalled to
prevent accumulation of landfill gas.
Perimeter wells would be installed around
the landfill to capture high-strength groundwater
(leachate) resulting from onsite contamination.
Downgradient extraction wells would be



ingtalled to capture offsite groundwater. The
sdlection of a groundwater extraction rate for
collection and treatment of offsite groundwater
would be determined during design. It is estimated
that, if atotd offsite groundwater extraction rate of
500 gpm is selected, it would require at least 5
years to achieve MCLs at the landfill boundary. If
a tota offisite groundwater extraction rate of 200
gpmisselected, it isestimated that at least 15 years
would be required to achieve MCLs at the landfill
boundary. These estimates assume that the onsite
perimeter groundwater extraction wells would be
completely effective at controlling offste migration
of leachate. Extracted groundwater would be
treated onsite and discharged to the unnamed
tributary to the Polk River.

High-strength (onsite) groundwater would require
removal of inorganics using metas precipitation,
removal of oxygen demand (BOD, COD) using
activated dudge biologica treatment, and removal
of VOCs and semivolatiles using air stripping or
GAC. Low- strength (offsite) groundwater would
only require remova of VOCs and semivolatiles.
Becausethe siteisrural and because the threat due
to direct contact would be minimized, construction
of afence has not been included in this dternative.
Deed restrictions, however, would be placed,
prohibiting onsite groundwater use or Ste
development.

Sediment consolidation (from the unnamed
tributary) could reduce the potentia for offsite
migration of contamination in the long term.
However, sediment dredging could have
unacceptable  short-term  impacts due to
resuspension of contaminated sediments. To
minimize short-term impacts, temporary dewatering
of the excavation areas should be performed before
sediment removal.

6.2.3 Alternative 3

Alternative 3 is composed of the six components
listed below.
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Component 1. Containment

Composite-barrier cap

S The layers of the composite-barrier
cap may include (from the top): a
vegetative layer, a drainage layer, a
flexible membrane liner (first barrier),
a clay layer (second barrier), and a
bedding layer. As with a clay cap,
freeze/thaw protection (that is, 3 feet
of soil) would be part of the design of
the composite-barrier cap. The design
would aso include the ingtalation of
passive vents to vent landfill gas.
Long-term monitoring of landfill gas
would also be included as part of the

remedy.

Surface controls (as part of

construction)

cap

S Grading
S Revegetation

Component 2. Consolidation of the hot spot under
the landfill cap

Since the hot spot is generaly within the
landfill contents, consolidation would be
required only to the extent necessary to
minimize the size of the landfill cap.

Component 3. Groundwater extraction and
treatment

Collection via perimeter wells and onsite
treatment of high-strength groundwater
(leachate). Effluent would be discharged to
the unnamed tributary to the Polk River.

Offgsite extraction (by wells) and onsite
treatment of low-strength groundwater.
Effluent would be discharged to the
unnamed tributary to the Polk River.



Component 4. Consolidation of surface water
sediments under landfill cap

» Consolidation of surface water sediments

from the unnamed tributary would include

dredging the sediments and consolidating

them with other material under the landfill

cap.
Component 5.  Ingtitutional controls
» Deed redtrictions to:

S Limit site access
S Prohibit groundwater use

Component 6. Five-year review

Alternative 3 is similar to Alternative 2 except a
composite-barrier cap would be constructed instead
of a single-barrier cap. A composite-barrier cap
would provide maximum protection against direct
contact and would minimize potentid infiltration. A
composite-barrier cap would aso adhere to the
design requirements of RCRA guidance for new
landfill cells. Aswith Alternative 2, the selection of
a pumping rate for extraction of offsite groundwater
would be determined during design.

6.2.4 Alternative4

Alternative 4 is composed of the six components
listed below.

Component 1.  Containment

» Single-barrier cap
S Includes ingtallation of passive vents
for landfill gas and long-term
monitoring of landfill gas
o Surface controls (as part of cap
construction)
S Grading
S Revegetation
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Component 2. Treatment of the hot spot
* Ongteincineration
» Consolidation of ash under landfill cap
Component 3. Groundwater extraction and
treatment

Collection and onste treatment of
high-strength  groundwater  (leachate).
Effluent would be discharged to the
unnamed tributary to the Polk River.

S Perimeter wells

Low-strength groundwater extraction and
ondgte treatment. Effluent would be
discharged to the unnamed tributary to the
Polk River.

S Offdgtewdls

Component 4. Consolidation of surface water
sediments under landfill cap
» Consolidation of surface water sediments
from the unnamed tributary would include
dredging the sediments and consolidating
them with the other material under the
landfill cap.

Component 5. Ingtitutiond controls

Deed restrictions to:

S Limit Site access
S Prohibit groundwater use

Component 6. Five-year review

In addition to the components outlined for
Alternative 2, Alternative 4 includes treatment of
material excavated from the hot spot areaby onsite
incineration. Consolidation of the ash under the
landfill cap is anticipated. By including treatment,
this aternative would provide some reduction in
toxicity, mobility, or volume. Because the hot spot
area would be trested rather than consolidated
under the cap, a single-barrier cap is considered
adequate.



6.3 Comparative Analysis
of Alternatives

As part of thefeasibility study, anindividua andysis
is conducted where each of the remediation
aternatives is compared to the nine criteria
described in Section 5 of this document (see Table
6-1). A comparative analysis of aternatives is
conducted following the individuad andysis. The
comparative analysis focuses on the significant
differences between the alternatives. Because al
the aternatives (except no action) include collection
and treatment of leachate and offsite contaminated
groundwater, the comparative analysis does not
focus on this aspect of the remedial action. A pump
and treat alternative is more effective, protective,
expensive, and reliable than no action, and reduces
the volume of contaminants. It isaso moredifficult
to implement.

A comparative analysis of the alternatives with
respect to the threshold criteria and balancing
criteriafollows. Aswith the individua andysis, the
modifying criteria of state acceptance and
community acceptance are not included because
they are used to modify an aternative based on
formal state and community comments once the
proposed plan has been released.

6.3.1 Overall Protection of Human Health and
the Environment

Alternatives 2 through 4 are protective of human
hedth and the environment. Ingestion of
contaminated groundwater is prevented by
groundwater collection and treatment. Direct
contact with waste and release of VOCs from
waste would be mitigated by either of the proposed
caps. The combination of the leachate collection
system (perimeter wells), offsite groundwater
extraction wells, and ether a single- or
composite-barrier cap would mitigate groundwater
contamination.

The decrease in permeability of the composite-
barrier cap does not increaseits protectiveness, just
its effectiveness and reliability. The potentia
increase in infiltration from using a single-barrier
cap instead of a composite-barrier cap may
increase the amount of leachate that is collected
and treated but will not necessarily reduce
protectiveness. Incineration of the hot spot may
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increase protectiveness by reducing the
contaminant source and subsequent contaminant
load to groundwater, thereby potentially reducing
groundwater and leachate treatment costs.

The no-action alternative is not considered
protective since risk from the various pathways is
not controlled.

6.3.2 Compliance With ARARS

The state in which the Example Site is located
requires sanitary landfills to be closed with a cap
consisting of 2 feet of clay as a minimum barrier
layer and sufficient cover material to protect against
freeze/thaw damage. Alternatives 2, 3, and 4 will be
designed to meet this requirement. The incinerator
and groundwater pump and treat system would also
be designed to meet all action- and
chemical-specific ARARSs.

The objective of Alternatives 2 through 4 would be
to meet chemical-specific ARARsfor groundwater
(for example, MCLs, MCLGs, state groundwater
enforcement standards) at the landfill boundary. For
these standards to be maintained (once they are
achieved), theleachate collection system (perimeter
wells) and the landfill cap would have to be
maintained.

The no-action dternative would not be in
compliance with ARARs.

6.3.3 Short-Term Effectiveness

Effects on the community during remedid actions
are related to the degree of truck traffic needed to
import cap materials and the amount of earth
moved during cap construction. Thetruck traffic of
Alternative 3 (composite-barrier cap) is anticipated
to be dightly greater than Alternatives 2 and 4, and
sgnificantly greater than the no-action aternative.
The truck traffic would cause nuisances from noise
and dust and increase the risk of vehicular
accidents.

Adverse hedlth effects on the community may be
increased by Alternative 4 (treatment of hot spot)
as aresult of waste disturbance and the possibility

of improper ar emissons from incinerator
malfunctions or poor destruction efficiency.
Although air emission controls and



monitoring can limit risk from incinerator ar
emissions, it would be more difficult to control VOC
releases as a result of disturbing the waste. The
rural nature of the site should make the effects
negligible.

Adverse hedth effects on workers during cap
construction and groundwater remediation
construction are not expected to be significant.
Incineration of soils in the hot spot (Alternative 4)
may pose a greater risk to workers than
consolidation of the hot spot under the landfill cap
(Alternatives 2 and 3). Alternatives 2, 3, and 4 dll
involve excavation of the hot spot, which may pose
risks to workers from potential VOC emissions.
However, since the hot spot is generaly within the
landfill, consolidation (Alternatives 2 and 3) may
involve only a smal amount of excavation to
minimize the size of the landfill cap, whereas
excavation and incineration (Alternative 4) would
involve excavation of the entire hot spot area and
may result in a greater risk from VOC emissions.
Alternative 4 may also result in greater risk of
construction injuriesfrom assembly of the materias
handling and incinerator system, and excavation and
consolidation of surface water sediments.
Compared to the no-action dternative, al three
alternatives have a significant increase in risk to
workers.

Environmental impacts for Alternatives 2, 3, and 4
do not differ significantly. There is a possibility of
waste or runoff affecting the Polk River during
implementation of these aternatives.

The time required for implementation of source
controls is the only time variation between
Alternatives 2, 3, and 4. Design and construction
would require from 2 years for Alternatives 2 and
3 (consolidate hot spot and cap) to 4 years for
Alternative 4 (incinerate hot spot and cap).

6.3.4 Long-Term Effectiveness

All dternativesleavethelandfill in placeand rely on
indtitutiona controls, such as state prohibition of
congtruction on landfills, to prevent development. If
the landfill is devel oped, hazardous materials could
be deposited on the surface from earth-moving
activities (grading or excavation), resulting in
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exposure to users of the site or transport of
contaminants to the unnamed tributary of the Polk
River. Assuming regular cap maintenance,
Alternatives 2, 3, and 4 are roughly equivaent in
their ability to prevent direct contact and erosion.

The amount of resduas is typicaly gauged by the
contaminant mass that would reach the
groundwater. While thisis difficult to estimate, the
effect of the residuds is related to the infiltration
rate and the remaining contaminant mass.
Alternative 4 removes and treats the hot spot,
thereby removing a sgnificant portion of the
contaminant mass. Alternative 3 uses a
composite-barrier cap, which would reduce
infiltration more effectively than the single-barrier
clay cap proposed for Alternatives 2 and 4. It is
estimated that infiltration could be reduced by as
much as 75 percent by using a composite-barrier
cap instead of a single-barrier clay cap.
Alternatives 2, 3, and 4 dl offer a significant
effectiveness advantage over the no-action
aternative.

The composite-barrier cap is more reliable than a
clay cap because of the extra barrier. Maintaining
the long-term reliability and effectiveness of both
types of caps would require continued operations
and maintenance. Incineration of the hot spot by
Alternative 4 may reduce the critical need of
maintaining cap reliability by reducing the source of
contamination.

6.3.5 Reduction of Toxicity, Mobility, and
Volume Through Treatment

All of the dternatives, except the no-action
dternative, have groundwater treatment. The
reduction in toxicity, mobility, or volume from
groundwater treatment would be the same for
Alternatives 2, 3, and 4. The only significant
difference concerning treatment is the use of
incineration in Alternative 4. Compared to the
landfilled material, the amount of hazardous material
treated is not estimated to be large. Y et, because
the treated area represents the most contaminated
material, the toxicity of the remaining material
would be significantly reduced. Incineration is a
permanent, nonreversible trestment process.



6.3.6 Implementability

While Alternatives 2, 3, and 4 have no serious
implementability issues, there are differences
between the dternatives. The synthetic liner for
Alternative 3 requires specia handling during
ingalation to ensure integrity. The incinerator for
Alternative 4 may take some effort to locate. Tria
buns will then be necessary. Consderable
operating attention will be required because of the
heterogeneous nature of the waste. Inaddition, the
technical intent of relevant emission permits will
have to be met and demonstrated before the
incinerator can operate.

6.3.7 Costs
The costs of the alternativesincreaseincremental ly

from no-action to Alternative 4. The relative costs
of the aternatives are shown in Table 6-1.

Word-searchable Version — Not a true copy

6-14

6.4 Section 6 Summary

This section has been developed to illustrate how
the evaluation process is applied to a typica
CERCLA municipa landfill ste. The previous
sections focused primarily on technologies that are
most practicable for landfill sites. This section
demonstrates how these technologies might be
combined into aternatives and evaluated.
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Appendix A

Site Characterization Strategy
for an Example Site
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Section 1
INTRODUCTION

This appendix has been developedto illustrate how
information provided in the body of this
report--specificaly, in Sections 2, 3, and 4 of
Conducting Remedial Investigationsg/Feasibility
Sudies for CERCLA Municipal Landfill
Sites--could be used to devel op a scope of work for
a specific landfill Site. The example provided in this
gppendix should be useful to EPA, dtates, potentialy
regponsble parties (PRPs), and remedial
investigation contractors.

Specificaly, the purpose of this appendix is:

 To present the scope of work to be
completed at an example site including a
Ste description, objectives of the RI/FS,
and task-by-task breskdowns of the
planned work

e To illustrate an example of the leve of
characterization for a CERCLA municipal
landfill site necessary to support
subsequent decisons (This leve of
characterization is based on previous
experience and best engineering judgment.)

e To identify preiminary remedial action
aternatives that are practicable for the
example landfill site based on the NCP
expectations, site conditions, and review of
remedial alternatives most often used at
landfill sites (see Section 4 of thisreport on
Development and Selection of Remedia
Action Alternatives.)

This RI/FS characterization strategy is developed
for a gspecific municipa landfill sSite, hereafter
referred to as the example site. This document will
focus on hot spots, seeps, landfill gas, and
groundwater/leachate as the principa media of
concern. These were selected because they
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are generadly the media directly associated with
municipal landfills. By focusing on these four media,
the example scope of work can be less complicated
and applied to other media. The omission of other
potentialy affected media, such aswetlands, in this
example does not imply that they should be omitted
from investigation and remediation at sites where
they are present.

The example site used for preparing this work plan
is described in detail in Section 2 of this gppendix.
In order to present technically supportable
conditions for the example site, the geology and
hydrology used were taken from the work plan of
an actual municipal landfill site located in the State
of Wisconsin. Some of the characteristics, such as
the names of the river basins, rivers, and distances
to hydrologic features, have been changed. In
addition, an assumption has been made that the
RI/FS at the example site is federally funded.

This appendix begins with a description of the
example site and its history. It then presents the
decisons made from evaluating existing data,
conducting limited field investigations, and
developing data quality objectives. Future tasks
required for conducting the RI/FS are described
next. These tasks follow the standardized RI/FS
tasks described in Appendix B of the RI/FS
Guidance (U.S. EPA, 1988a).

The example ste is a municipd landfill that is
located in a primarily rural area of County X,
Wiscongn. The site was proposed for the NPL in
1982 after site inspection and HRS scoring by an
EPA Fied Investigation Team (FIT). Investigation
by FIT indicated elevated levels of volatile organic
compounds (VOCs) and metals in groundwater
samples taken from nearby residential wells.



The overd| gods of the RI/FSfor the example site associated with contaminants found at the Ste

are:
e To develop and evauate remedid
» Tocomplete afield program at the site for dternatives for the site if there are
collecting data to determine the nature and unacceptable human health or
extent of contamination at the site and the environmenta risks

human health and environmenta risks
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Section 2
EVALUATION OF EXISTING DATA

This section presents a summary of the available
information on the example site. Information was
obtained from the HRS package, state files,
interviews with past employees of the landfill,
records kept by thelandfill, and available engineers
reports for closure of the landfill. This section
includes the following subsections:

» Site Description

» SiteHistory
* Regional and Site-Specific Geology
» Hydrology

e Hazardous Materials Characterization

» Cap Characterization

»  Description and Results of Past Sampling
and Anadysis Activities

2.1 Site Description

The example dte, shown in Fgure 2-1, is
gpproximately 60 acres and islocated in County X,

Wisconsin, anareathat isprimarily rural. Thereare
gx residences located within one-haf mile of the
dte and a community of 300 people is located 5
miles northwest of the landfill. The primary use of

the land near the site is farming.

Approximately 20 acres of the 60-acre site are
composed of a landfill which accepted both
chemical wastes and municipa trash. Existing
structures on the site include a gate house and an
office. Thereisasmall tributary running within 200
feet west of the site which dischargesinto the Polk
River. Private drinking water wells, screened within
asand and gravel aquifer, arelocated downgradient
of the site. The landfill was closed by the state in
1980 when contamination was found in these
residential wells.

Industrid, commercial, and municipal wastes are
generdly mixed throughout the fill area, with the
exception of liquid industrid solvent wastes which
were generaly restricted to the southeastern half of
the landfill. Between 1980 and 1982, exposed areas
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in the southern half of the landfill were temporarily
covered with a partial cap congisting of 2 feet of
compacted clay. The remainder of the landfill has
a temporary soil cover athough there are some
areas of exposed waste. Some of the contaminants
of concern are trichloroethene (TCE) and vinyl
chloride (VC) in the soil and groundwater; lead,
arsenic, and tota chromium in the soil; and methane
gas.

2.2 SiteHistory

A summary of the landfill’s history was formulated
after reviewing relevant site records and
correspondence for information regarding sSte
operations, waste disposa practices, waste
descriptions, site engineering studies, historical
aerial photographs, and potentially responsible party
operations. A condensed version of the site history
follows.

The landfill, which is privately owned, waslicensed
by the State of Wisconsin to operate from 1969 to
1980, when the state ordered itsclosure. Statefiles
indicate that in 1969 the landfill began operations,
receiving residential, commercial, and industrial
refuse and liquid wastes. In 1971, the state required
that an area be designated specificaly for the
disposal of liquid industria solvents. Interviewswith
dte operators indicated that the solvents were
disposed of in the southeastern portion of the landfill
to satisfy the stat€'s requirements; however,
disposal was generdly done throughout the landfill
prior to thistime. Landfill operations during the first
three years of operation were conducted without an
attendant. Thereafter, operating hours were posted
and an operator was present to record incoming
waste and to measure the nonresidential waste for
record-keeping and billing purposes.

Daly landfill operation records indicate that two
major industrial companies began solvent waste
disposa in 1970. The solvent wastes were
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storedin 55-galon drums, which wereleft or buried
at the siteif they were damaged or leaking or could
not be easily emptied. A large number of drums
were aso buried in the southeastern portion of the
landfill.

In 1971, the dSite began receiving paint, paint
thinners, paint residues, lacquers, plating dudges,
and industrial process dudges. In 1975, a Consent
Order issued by the County Circuit Court prohibited
the disposal of these materials.

In 1979, the state sampled nearby domestic wells
for compliance with drinking water standards. The
investigations indicated that groundwater
contamination had occurred and as a result the
landfill was ordered to stop its operation in 1980.
Between 1980 and 1981, closure plans were
prepared by acontractor hired by the owner. Wells,
shown by Figure 2-1, were drilled to the base of the
landfill content to provide data for the closure
scenarios. In 1981, apartial cap, consisting of 2 feet
of compacted clay, was placed over the
southeastern haf of the landfill to cover mgjor areas
of exposed wastes and the liquid solvent disposal
area. Theremaining portion of thelandfill previoudy
had been covered with soil from an unknown
source.

Investigations by FIT in 1986 indicated elevated
levels of volatile organic compounds (VOCs) and
metals in groundwater samples taken from nearby
residential wells. Elevated levels of methane gas
were also found. To date the primary contaminants
of concern have been 1,1-dichloroethene
(1,2-DCE), cis-1,2-dichloroethene (cis-1,2-DCE),
tetrachloroethene (PCE), 1,1,1-trichloroethane
(1,1,2-TCA), trichloroethene (TCE), vinyl chloride
(VC), toluene, ethylbenzene, bis(2-e/h)phthalate,
polychlorinated biphenyls (PBCs), lead, arsenic, and
tota chromium.

This appendix outlines the technica approach and
associated activities to complete the RI/FS for the
site. It isbased on datagathered by the state and by
FIT. These data were analyzed to develop the
conceptual stemode!, identify additional dataneeds,
and determine the scope of the RI/FS activities.
The site received a Hazard Ranking Score of 30.0
whichexceeded the 28.5 scoring and therefore was
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high enough to be proposed for the NPL.

Limited field investigations were conducted by the
remedia contractor in 1988 to provide data needed
to fully scope the RI. Detailed discussions of these
investigations are in Section 3.

2.3 Regional and Site-Specific
Geology

The following sections describe the regiona and
site-specific geology of the area.

2.3.1 Regional Geology

The example site lies within the lower valley of the
James River Basin, which was a mgor glacia
drainage way across the “driftless area’ to the
Missssppi River. Consequently, the site contains
thick deposits of unpitted outwash comprising of
stratified sand and gravel to an estimated depth of
135 feet. Bedrock in the James River Basin
consists mainly of sedimentary rock of Cambrian
and Ordovician ages. Sandstoneis predominant, but
the Prairie du Chien Group and Galena-Platteville
units ae primarily dolomite and limestone,
respectively. The greatest thickness of Cambrian
and Ordovician rock, approximately 1,700 fest,
occurs in the southern tip of the basin where the
youngest bedrock formations cap high ridges. The
Cambrian sandstone has a broad outcrop area
because it is nearly flat lying and has been exposed
by erosion as indicated by Soil Conservation data
for this county.

Igneous and metamorphic crystaline rocks of
Precambrian age form the basement and are the
bedrock surface in the northern part of the basin.

Erosion of the sandstone and dolomite bedrock has
occurred in this unglaciated region throughout
geologic time. The erosion has cut numerous deep
valeys into what was once a fairly level plateau
forming a dissected upland with steep relief. In
some parts of the county, the differencein elevation
between the valley bottoms and the adjacent ridge
tops is as much as 500 feet.



2.3.2 Site-Specific Geology

The soil underlying the example site belongs to the
Painfiedd series, which congists of fine to loamy
fine sand, that are prevaent on aluvial terraces.
This soil exhibits excessive drainage and is easily
eroded by the wind.

The unconsolidated deposits at the site are
approximately 135 feet thick and consist primarily
of sand and gravel of glaciofluvia and dluvid
origin. The siteis located within an eroded bedrock
valley that was filled with outwash transported by
the James and Polk Rivers near the end of the
Wisconsin Stage Glaciation. Atterberg limit tests
were performed by the closure contractor on the
surface silt and clay and results indicate that these
strata are nonplastic. The hydraulic conductivity of
the silt and clay was estimated to range from 1 x
102 to 1 x 10° cm/sec (Contractor, 1979). The
other strata observed a the site consists
predominantly of very fine to coarse sand with
trace amounts of gravel, slt, and clay. The
hydraulic conductivity of this strata was estimated
to range from 1 x 102 to 1 x 10® cm/sec
(Contractor, 1979).

Bedrock in the vicinity of the site conssts of
undifferentiated Cambrian sandstone up to 1,200
feet thick. This undifferentiated sandstone includes
the St. Lawrence Formation, Jordan, Franconia,
Gdesvillee Eau Clare, and Mount Simon
Sandstones. These sandstones are fine to
coarse-grained and contain asmall amount of shae.

Bedrock was encountered a a depth of 134 feetin
aresidential well south of the site.

2.4 Hydrology

The location of the landfill in relation to the Polk
River is criticd in understanding the surface
water-groundwater flow regime at the site.

2.4.1 Surface Water
The Polk River flows south-southwesterly to within

600 feet of the site. An unnamed tributary to the
Polk River flows within 200 feet west of the site
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(Figure 2-1). As the river flows past the site, its
channel branches into channels that are tributaries
to the James River. The main channel of the James
River flows southeast within 2 miles of the site. The
James River is dammed approximately 4 miles
south of the site, forming Lake Ohio (Figure 2-2). A
leachate seep has been identified that flows from
the western position of the toe of the landfill to the
unnamed tributary of the Polk River.

2.4.2 Groundwater

Groundwater flow directions were determined on
the basis of water levels at nearby residential wells
completed in the unconsolidated deposits of sand
and gravel, and one existing monitoring well nest
completed to the base of the landfill. These water
levels have been measured quarterly since 1979.
Horizontal groundwater flow is to the
south-southwest for the majority of the year.
However, during the spring runoff period the flow
is altered, and groundwater flows to the
south-southeast away from the river.

The horizontal groundwater gradient, calculated
from available quarterly dataduring the period 1979
to 1986, ranged from 2.2 x 103 to 2.2 x 10“ and
averaged 53 x 10% remaining reatively flat
throughout the year. This variation in horizontal
groundwater gradients is a result of seasona
varidion associated with spring runoff. Vertica
groundwater gradients measured during the
investigation indicate that thereisadight downward
gradient of 1 x 10

2.4.3 SurfaceWater-Groundwater Relationship

A review of the measurements of groundwater
level indicates that the direction of groundwater
flow displays variation. The groundwater flow
regime at the site is predicated on the seasonal
surface water fluctuations in the Polk and James
Rivers. Thesefluctuationsare directly related to the
Polk River and Lake Ohio, which either recharges
the adjacent sand-and-gravel aquifer or receive
groundwater discharge as the river and lake
levels fluctuate. During the magjority of the
year, groundwater is discharging to the
river, however, during spring runoff, when
surface water levels are high, the river
recharges the sand-and-gravel aquifer. This
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modifiesthe direction of groundwater flow from the
south-southwest to the south-southeast, away from
theriver.

2.5 Hazardous M aterials
Characterization

Since landfill operations began, the 20-acre landfill
had received a variety of municipal, commercid,
and industria wastes. Landfill records (gate dips)
kept by the operators identified the waste haulers,
indicated whether or not the delivery was a
municipal or industrial waste, and listed the
approximate quantities deposited. The gate dipsdid
not provide waste descriptions nor did they include
ddiveries that occurred outside of the landfill
operating hours. Consequently, a complete
inventory of the wastes disposed of at the landfill is
not available. Other records, however, from the
county, the state, EPA, and past employees of the
landfill were used to develop a partid list of the
waste deposited at the landfill. Waste disposed at
the site consisted primarily of solid waste, including
paint cans, bottles, plastic, paper, degreasers, and
other commercia and municipal garbage. The
wastes of concern generdly consisted of
chlorinated and nonchlorinated organics,
water-based and oil-based paints, paint thinnersand
lacquers, waste oil, automobile and household
batteries, and industrial process dudges.

Available records show no indication of segregation
of wastes. Industrial, commercia and municipa
wastes are generally mixed throughout the fill area
except for liquid industrial solvent wastes. In 1971,
the state restricted disposal of the liquid industrial
waste to the southern portion of the landfill. The
wastes were generally buried as soon as it was
received and the cover material compacted.

2.5.1 Source Description

Records indicate that a nearby electroplater
contributed the greatest quantities of liquid wastes,
congisting primarily of naphtha-based solvents used
in the metal-cleaning process and wastes from paint
spray and machine shop cleaning fluids. Paint
residues and solvents were aso delivered to the
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landfill in 55-gallon drums. These drums were
buried intact at the site if the drums could not be
eadly emptied or if they were damaged or leaking.
A large portion of the drums were buried in the
southeast portion of the landfill. There are no other
known industrial liquid wastes at the site.

2.5.2 Waste Description

Review of existing records suggests that various
industria process dudges brought to the facility may
have contained high concentrations of inorganics
such as chromium, arsenic, and lead. Review of
exiging records also suggests that waste solvents
also were brought to the site. Waste solvents
consisted primarily of naptha, toluene, ethanol, and
paint residues. The naphtha-based solvents were
primarily mineral spirits, which aretheleast volatile
of the napthas. Mineral spirits are a watery,
colorless liquid with a gasoline-like odor. Their
components are dightly soluble in water. Records
indicate that waste ethanol (ethyl acohol) brought
to the site had previoudy been used as a solvent for
resins, ails, hydrocarbons, surface castings, and
cleaning preparations. Ethanol isacolorless, volatile
liquid with a pungent taste. It has an ethereal,
wine-like odor and is miscible in water.

The records also suggest that the solvent
components of the paint wastes include highflash
petroleum and toluene. Toluene is amethylbenzene
(C,Hg), which is a colorless, mobile liquid with a
distinct aromatic odor and isimmiscible in water.

2.6 Cap Characterization

In 1980, the state ordered the landfill closed. The
owner then hired a contractor to prepare a closure
plan for the landfill. In early 1981, closure
investigations indicated that a partia cap was
required over the southern portion of the landfill
where the industrial liquid solvent wastes were
buried and where there were areas of exposed
wastes. In 1982, the owner submitted aclosure plan
to the state indicating that a cap, consisting of 2 feet
of compacted clay with 6 inches of topsoil, was to
be placed over the southern portion of the landfill.
The remaining portion of the landfill had been



previoudy covered with soil from an unknown
source (Figure 2-3).

As-built or final grading plans for the clay cap are
not known to be available. The existing cap was
visudly observed for cracking and erosion during an
ingpection that was performed during the Site visit.
There were no mgjor signs of cracking or failure of
the existing clay cap, however, there was some
minor sSidedope erosion.

2.7 Description and Results of
Past Sampling and
Analysis Activities

Organic and inorganic data, shown in Table 2-1
(well locations shown in Figure 2-1), are available
for fiveresdential wells near the Site and two onsite
monitoring wells installed by the owner of the
landfill for closure investigationsin 1981. All wells
are completed in the unconsolidated deposits of
sand and gravel. Based on drillers’ logs, the five
residential wells range in depth from 45 to 58 feet
and are completed as open-end sted pipes.
Monitoring well GWI S has an open interval from 36
to 46 feet and GWID has an open interva from 62
to 72 feet. Both monitoring wells are PV C with the
open interva being dotted PVC.

The dite has a variety of organic contaminants in
the groundwater and soil that appear on the Target
Compound List (TCL) and the Target Analyte List
(TAL), including VOCs such as TCE and VC;
semivolatile organic compounds such as
bis(2-e/h)phthalate and phenol, and metals such as
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lead, arsenic, and chromium. VOC concentrations
were highest at the southeast corner of the landfill.
Methane gas was detected at concentrations above
the lower explosive limit at the eastern end of the
landfill. Low levels of VOCs were found in al of
the residentia wells. These wells are al located to
the south of the site.

Sampling of the seven wells was conducted by the
contractor hired by the owner and the analysiswas
done by a private |aboratory not participating in the
Contract Laboratory Program. The QA/QC
procedures of the sampling and analysis are not
readily available. Sample anaysis methodologies
were inappropriate for some contaminants; the
detection limit for VC in groundwater was above
the maximum contaminant level (MCL) of 2 ppb.
Therefore, conclusions with regard to hedlth risks
for this contaminant cannot be made because the
choice of analytica methods and reliability of the
groundwater data are suspect. For purposes of this
work plan, the above data will be used only for
project planning and to identify preliminary
remediation goas.

Only limited conclusions can be drawn from the
exiging data. The full areal and vertical extent of
groundwater contamination can not be determined
because al of the wells sampled showed VOC
contamination. Well R-5, however, did not show
exceedances, of primary MCLs. The depth of
contamination, and the extent of contaminant
migration to the south and west of the site have not
been determined. Upgradient concentrations are
also unknown. These data gaps need to befilled in
the RI.



POLK RIVER

FFICE
> "PARKING

R-2
& i

- B

- 5

LEGEND RSP

s

- RESIDENTIAL WELLS

Figure 2-3
LOCATION OF EXISTING CAP
EXAMPLE SITE

Word-searchable Version — Not a true copy A28



Table2-1

SUMMARY OF GROUNDWATER SAMPLING AND ANALYTICAL RESULTS?

(Fg/l)
Residential Wells Onsite Wells
Contaminant
(R-1) | (R2 | (R3) | (R4 | (R5 | (GWIS) | (GWID)

1,1-DCE 2.0 20 9.9 3.2 <5 8.5 4.5
cis-1,2-DCE 11.0 13.0 17.0 15.0 NA 16.0 10.0
PCE 2.6 3.3 335 3.9 <5 28.9 18.6
1,1,1-TCEA 36.0 | 36.0 | 90.0 55 | <5.0 85.0 40.0
TCE 72.0 | 120.0 | 100.0 | 100.0 | 2.3J 110.0 75.0
VC <6.0 | <6.0 5.1 53 <5.0 55 4.2
Toluene 1,100 | 980 | 1,020 | 640 | 400 5,000 1,500
Ethylbenzene 700 | 850 920 | 200 | 200 | 10,500 500
bis(2-e/h)phthalate 820 | 640 | 580 120 45 980 780
Lead 17.3 | <1.0 1.3° <1.9 NA 16.5 14.0
Arsenic 29 <4.0 2.7 3.2 NA 3.2
Total Chromium 7.0 170 | 270 | <5.0 | <5.0 251 18.2

aSamples were collected in January 1981 as part of a closure investigation conducted by
the contractor hired by the owner.

bEstimated value.
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Section 3
SITE DYNAMICS

Understanding the dynamics between the site and
itsenvironsincluding potential receptors, is essentia
to successfully scoping the RI/FS. This section
discusses the limited field activities conducted
during development of this work plan to better
understand the site dynamics; the conceptua site
model describing the site’'s dynamics;, and the
preiminary remediation goals that have been
developed as aresult of thisinformation.

3.1 Limited Field Investigation

Insufficient data were available to adequately
define the dynamics at the site and, hence, to
develop the conceptua sitemodel and designthe R
program. Therefore, alimited field investigation was
performed to collect data to further determine the
RI scope. Prior to the limited field investigation, a
dgte visit was conducted. The general features of
the landfill were observed and documented. The
perimeter of the landfill itsalf was identified, along
with access and egress to and from the site.
Nearby residents were interviewed, and
photographs were taken. During the site visit, data
on VOCs, radioactivity, and explosivity hazards
were obtained using field analytical equipment (the
HNu, radiation meter, and explosimeter) to
determine appropriate health and safety levels. Site
conditions differing from those reported in existing
reports were also documented.

A summary of the limited field investigation
objectives, activities, and results are shown by
Table 3-1. The limited field investigation was
conducted for several reasons. The site boundaries
were not defined and maps of the site were not
available. Reports indicate that there are seven
ongte wells. Two of the existing wells, GWIS and
GWID, were located during the site visit. The other
five wells could either not be located during the site
vigt or the limited field invedtigation or were
unusable. The viable wdl nest (GWIS and GWID)
penetrates through the landfill contents.
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In-situ hydraulic conductivity tests were conducted
by the RI contractor in May, 1988, on three (R1,
R2, and R3) of the fiveresidentia wellsand the one
onsite well nest (Figure 2-1). Based on the results
of these tedts, the hydraulic conductivity of this
sand-and-gravel aquifer ranges from 9.8 x 103
cm/sec to 2.1 x 10"t cm/sec with ageometric mean
of 7.4 x 102 cm/sec. Table 3-2 summarizes results
of the in-stu hydraulic conductivity testing. In
generd, this aquifer is very transmissive. This
information aids in the placement of the new
monitoring wells and provides anearly indication of
contaminant migration.

Water level measurements were taken from the
nearby residential and onsite wells. The water level
at the ongite well was dightly higher than the other
wells, indicating a possible loca groundwater
mound.

3.2 Conceptual Site Model

Figure 3-1 summarizes the conceptual site model
for the example site. The entire landfill will be
considered as the source of the contaminants;
however, disposd records indicate that high levels
of VOCs are present in the waste disposed of
primarily in the southeastern corner (solvent drums
and liquid solvents) of the landfill.

Table 3-3 shows the preliminary exposure path-
ways under current and future use at the site.
Organics and inorganics are released from the
landfill to the groundwater by leaching caused by
compresson and/or by percolation. The
contaminated groundwater is used as an offsite
water supply source. Leachate discharges via seeps
to the small tributary of the Polk River. Landfill gas
present at the landfill can migrate and pose on- and
offsite fire and explosion hazards. Landfill gas can
a so become soluble in groundwater.



Table3-1

LIMITED FIELD INVESTIGATION OBJECTIVESFOR

boundaries.

from tax records.

THE EXAMPLE STE
Page 1 of 2
Activity Objectives Action Results
Generad Delineate site boundaries, | Conduct property survey or Site boundaries defined.
Investigation estimate uncertaintiesin identify property ownership

Evaluate present site

Visually inspect site for gas/

No evidence of gas/fire/

conditions. fire/explosion damage, run- explosion damage was observed.
off pathways, leachate seeps, | Several areas of exposed wastes
exposed wastes, cover are present. Additionally
conditions, access concerns. | leachate seepage from the
landfill was observed. Runoff
pathways to the unnamed
tributary of the Polk River were
located.
Locate existing Perform atopographic Two of the seven existing onsite

monitoring wells.

survey and location and
€levation survey of existing
monitoring wells.

wellswere located.

Evaluate site drainage Perform atopographic Site drainage patterns were
patterns. survey. defined.

Locate preliminary Perform atopographic Preliminary locations of new
locations for new survey. monitoring wells were

monitoring wells.

determined.

L ocate surface waters,
wetlands, sensitive
environments.

Conduct site visit.

An unnamed tributary of the
Polk River flowswithin 200 ft of
the west side of the landfill.

Evaluate site-capping
conditions and surface
water drainage.

Perform visual surface
inspection with topographic
maps.

Capping and drainage appeared
to bein fair condition with minor
sideslope erosion.

L eachate was observed seeping
from the side of the landfill.

I nitiate measurements of
landfill settlement rate.

Install benchmarks.

Benchmarksinstalled; quarterly
readings will be taken.

Site preliminary locations
for trailer, decon pad, and
secured storage area.

Conduct site visit.

Locations were identified.

Evaluate site access to
water, utilities, and
telephone.

Conduct site visit.

Water may be available near the
site from an upgradient well; if
not, water will need to be
trucked to the site, Also, a utility
pole and atelephone line are
needed.
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Table3-1

LIMITED FIELD INVESTIGATION OBJECTIVESFOR

instability, and ponding
caused by subsidences and
cracking.

THE EXAMPLE STE
Page 2 of 2
Activity Objectives Action Results
Geotechnical Describe geologic Conduct visual observation Minor sideslope erosion of the
Investigation features, classify soil. of mechanical erosion, slope | cap was observed.

Hydrogeologic
Investigation

Evaluate useful ness of
existing monitoring well
network.

Determine accessibility of
existing wells.

Determine, by sounding to
the bottom of the well, if
existing wells are obstructed.

Five of the seven wells could
not be found; however, one well
nest was located.

Of the two wells located, both
werejudged suitable for future
sampling.

Reviews preliminary
locations for new
monitoring wells.

Review topographic map and
conduct site survey.

Preliminary locations for new
monitoring wells were observed.

Conduct well inventory:
determine local
groundwater uses and
construction of wells.

Perform well survey for all
wells (residential, commercial,
industrial) adjacent to, and
downgradient from, the
landfill. Obtain permission for
use.

The majority of the residential
wellsarein use and information
regarding their construction
exists. There were no commercial
or industrial wellsidentified.

Confirm direction of
groundwater flow and
estimate gradients.

Record water level
measurements from existing
wells.

A monitoring well located in the
landfill showed adlight water-
level elevation compared to
other wells, indicating the
possibility of alocal ground-
water mound.

Determine rate of
groundwater flow in
strata and bedrock
fractures.

Perform hydraulic
conductivity testson
existing wells.

Permesability of hydrogeologic
units was estimated,; rate of
groundwater flow was
calculated; groundwater
extraction seemsfeasible.

Estimate interaction
between groundwater and
surface water.

Conduct an investigation of
the unnamed tributary on
foot to determineif thereis
groundwater infiltration.

It appears that the groundwater
is recharging the unnamed
tributary.
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Table 3-2
RESULTSOF IN-SSTUHYDRAULIC CONDUCTIVITY TESTS
Well Number Test Number K Geometric Mean
R1 1 2.1 x 101 cm/sec
2 1.9x 10t cm/sec
3 1.5x 10! cm/sec 1.8 x 10! cm/sec
R2 1 4.8 x 102 cm/sec
2 4.2 x 102 cm/sec
3 5.1 x 102 cm/sec 4.7 x 102 cm/sec
R3 1 3.0x 102 cm/sec
2 3.2x 102 cm/sec
3 2.9 x 102 cm/sec 3.0x 102 cm/sec
GWIS 1 9.5x 10?2 cm/sec
2 9.5 x 102 cm/sec
3 1.1x 10t cm/sec 1.0x 10 cm/sec
GWID 1 1.2 x 102 cm/sec
2 9.8 x 10° cm/sec 1.1 x 10° cm/sec
Geometric Mean 7.4 x 10? cm/sec
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Table 3-3
PRELIMINARY POTENTIAL EXPOSURE PATHWAYSUNDER CURRENT AND

FUTURE USE FOR THE EXAMPLESSITE

Pathways Retained
Release Transport Exposure Exposure Potential Exposure . ]
Source M echanism Medium Point Route Receptors Potential Existing Potential
Chemicalsin Erosion Direct Contact Onsite Ingestion Site workers Exposed wastes in southeast section Yes No, if covered
fill and/or in Dermal Absorption Future site workers | of landfill.
drums Trespassers
Excavation Direct Contact Onsite Ingestion Site workers Landfill not likely to be excavated in No No, if not
Dermal Absorption Future site workers | future. Land value is not expected to excavated
Inhalation be high enough to justify expense of
developing site.
Leaching Groundwater Onsite Ingestion Groundwater users No current use of groundwater onsite. No No
Dermal Absorption Potential for future use of onsite
Inhalation groundwater is minimal because of
landfill.
Leaching Groundwater Onsite Ingestion Groundwater users Use of sand and gravel aquifer. Wells Yes Yes
Dermal Absorption could be installed in the future.
Inhalation
Leaching Leachate Seep Stream Bioconcentration Aquatic organisms Depends on degree of attenuation Unknown Yes
Ingestion and dilution.
Leaching Leachate Seep Stream Ingestion of fish that People who Depends on degree and frequency of Unknown Yes
bioconcentrated consume fish exposure and amount ingested.
chemicals
Leaching Leachate Seep Stream Ingestion Recreational water Depends on dilution with surface Unknown Yes
Dermal Absorption users water and degree of exposure.
Inhalation
Leaching Landfill Gas Onsite Inhalation Site workers Potential exists for migration into the Yes Yes
Explosion Future site workers | groundwater. Potential for exposure
during site investigation.
Leaching Landfill Gas Onsite Inhalation Residents Potential exists for migration into the No Yes
Explosion Areaworkers groundwater.
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Receptors at the site include site workers, future
dte workers, trespassers, residents, and area
workers. Site workers, future site workers, and
trespassers can make derma contact with the
exposed wastes. Residents and area workers can
come into contact with the groundwater through
ingestion, inhalation, and/or derma contact; and
with landfill gasthrough inhaation. Explosionisaso
aconcern for landfill gas.

3.3 Préiminary Exposure
Assessment

Exposure pathways must be identified in order to
adequately definethe preliminary remediation godls.
Exposure pathways describe how a chemical can
move from its source to areceptor. Components of
an exposure pathway include a contaminant source,
release mechanism, and the transport, migration,
and fate of the contaminant.

3.3.1 Chemicals Previously Detected at the
Site

The known types of waste disposed of at the landfill
and their chemica characteristics are briefly
discussed in Section 252 of this appendix.
Chemical analytical data for these compounds are,
however, available only for a limited set of
contaminants. The type of contaminants and levels
detected in the groundwater are shown by Table
2-1. The contaminants detected are:

1,1-DCE lead

PCE arsenic

1,1,1-TCA tota chromium
TCE ethylbenzene
cis-1,2-DCE toluene

VC bis(2-e/h)phthalate

3.3.2 Contaminant Source

The contaminant sources at the site are the wastes
disposed of in the landfill. They include:

»  Chemicds and drums containing chemicals
distributed throughout the landfill
* A largenumber of drumsdisposed of inthe

Word-searchable Version — Not a true copy

southeastern portion of the landfill

» The“designatedared’ whereliquid solvent
wastes were dso dumped in the
southeastern section of the landfill

» Media now contaminated by wastes (e.g.,
groundwater, possibly surface water, and
sediments of the unnamed tributary)

3.3.3 Release M echanism

The mechanisms for contaminant release at the site
include;

e Leaching of contaminants into the
groundwater

» Leachate seeps discharging to adjacent
soils and surface water

» Eroson of cover materid, exposing landfill
contents so they are released by runoff

Release of landfill gas containing volatile organics

3.3.4 Contaminant Transport
The primary transport mechanisms are:

*  Movement with groundwater

* Movement of leachate seeps

*  Movement with surface water runoff
*  Movement of landfill gas

Leaching of contaminants from the landfill materids
has occurred as indicated by the groundwater
contamination and the possible presence of amound
under the landfill. Thisis the release mechanism of
greatest concern at the site because with no
additiona action, it has the potential to add the
greatest amount of contaminantsto the environment
and to affect receptors via drinking water wells.
Continued release, however, may occur from
lesking drums, continued low-rate infiltration from
contaminated soils, wastes in contact with the
groundwater, or exposure of waste to surface
runoff as a result of erosion. Migration of landfill
gas is aso of concern a the site because
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of both exploson potentia by a buildup of methane
in enclosed spaces and air-quality degradation by
volatile (vinyl chloride) carcinogens.

3.3.5 Contaminant Migration

After contaminants have entered the ground-water,
several migration pathways are possible depending
on their widely varying sorption characteristics.
Shdlow groundwater could migrate downgradient
or to deeper aquifers and eventualy to potentia
receptors offsite. Existing data indicate that the
contaminant plume has moved offsite as evidenced
by the contamination in the nearby residential wells.

Based on the hydraulic conductivitiesand gradients
determined during the limited field investigations,
and an estimated time of 20 years, groundwater
recharge velocities were calculated. Most of the
detected VOCs are expected to be found within
approximately 1,000 feet of the Site.

Contaminants in the leachate seeps may migrate
offsite to the unnamed tributary to the Polk River.
Potential receptors include aguatic and terrestrial
organisms in the stream aswell as human receptors
who may consume fish from the stream or use the
stream for recreational purposes.

Contaminants in the form of landfill gas may also
migrate from the site seeking escape into the
atmosphere. Microbia decomposition of organic
wastes under anaerobic conditions produces a gas,
which is generally 50 to 55 percent methane and 40
to 45 percent carbon dioxide.

3.3.6 Contaminant Fate

The following discusson describing the fate of
contaminants detected in the study areais based on
areview of literature and relevant site conditions.

VOCs were detected in groundwater within the
landfill and in nearby residential wells. Under
exiging site conditions, the VOCs could be
transported with groundwater, leachate seeps,
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or surface-water runoff to surface waters. During
transport in the groundwater, the contaminants may
be subject to adsorption, hydrolysis, and biologica
degradation under aerobic or anaerobic conditions.
Upon transport to surface water the chemicals may
be adsorbed to sediments or taken up by aquatic
organisms, and with exposure to aerobic conditions
and sunlight, subjected to voldtilization, biologica
transformation, hydrolysis, or photolysis. The
primary mechanisms that affect the migration and
fate of the organic compounds are: adsorption on
sediments, voltilization, degradation, and uptake by
aquatic organisms.

3.3.7 Exposure Pathways

The potential exposure pathways associated with
the site are shown in Table 3-3. The major potential
exposure pathways associated with the site are:

* Release of contaminant to the
groundwater, contaminant migration
through the groundwater, and exposure
through use of the groundwater as a
drinking water source

* Release of a contaminant from leachate
seeps to surface water (stream) and the
exposure to aguatic and terrestria
organisms in the stream

» Erosion of cover material and exposure of
landfill contents leading to exposure of
nearby residents, site workers, future site
workers, future site users, trespassers, or
terrestrial wildlife

Landfill gas migration leading to fire and
exploson and air quality degradation which
can affect residents, area workers, site
workers, and future site users

Identifying these exposure pathways aids in the
development of the remedia action objectives and
preliminary remediation gods, which are presented
in Section 4.3 of this gppendix.



Section 4
PRELIMINARY IDENTIFICATION OF REMEDIAL ACTION
ALTERNATIVES

4.1 Potential ARARsfor the
Example Site

A description of the federal and state |ocation-and
action-specific ARARs for CERCLA municipal
landfill sites can be found in Sections 5 and 6,
respectively, of thebody of thisreport (Conducting
Remedial Investigation/Feasibility Sudies for
CERCLA Municipal Landfill Stes). Potentia
federal location-specific ARARs for the example
site are presented in Table 5-2 in the body of this
document; no state location-specific requirements
(Section 6) wereidentified that were more stringent
than the federa location-specific ARARSs.

The most significant potentiad location-specific
ARARsinvolvewetlands and floodplains. Although
there are no wetland areas presently known to exist
near the gte, if any are discovered remediation will
have to be implemented in amanner that minimizes
the destruction, loss or degradation of the wetland
areas (Executive Order 11990, Protection of
Wetlands--40 CFR 6, Appendix A). Additionaly,
the Clean Water Act Section 404 prohibits
discharge of dredged or fill materia into a wetland
area without a permit. If it is determined that the
example gdte is within the floodplain of the Polk
River, then remediation will have to avoid adverse
effects and preserve natural and beneficia values
of the floodplain (Executive Order 11988,
Protection of Floodplains-40 CFR 6, Appendix A).

Potential federal action-specific ARARs are
presentedin Table 5-3in the body of this document.
The most significant action-specific ARAR will be
in compliance with RCRA closure requirements. At
a minimum, remediations will have to comply with
RCRA subtitle D closure requirements. Compliance
with RCRA Subtitle C requirements will be
necessary if it is determined to be applicable or
relevant and appropriate. Subtitte C will be
goplicable if the results of the RI indicate that the
waste in thesoutheast corner of the landfill contains
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RCRA characteristic or listed waste and that the
response action for those wastes constitutes
treatment, storage, or disposa as defined by
RCRA. A determination of relevance and
appropriatenesswill depend on anumber of factors,
including the nature of the waste, its hazardous
properties, and the nature of the requirement itself.
Sinceit is probable that acap will be constructed at
the example site, compliance with state cover
design requirements will be necessary. The state
requires sufficient freeze-thaw protection with
minimum cover requirement including a 2-foot clay
layer with a 1.5 to 2.5-foot cover layer and 0.5 foot
of topsail.

In situations where RCRA requirements are
potential ARARS, disposd of contaminated soilswill
be influenced by the RCRA Land Disposa
Restrictions (LDRs). The LDRs may be applicable
to contaminated soilsif it is determined that the soils
have been contaminated by a restricted, listed
RCRA waste or if the contaminated soils are a
RCRA characteristic hazardous waste. The LDRs
may require that a specific concentration level be
achieved or that a specified technology be used for
treatment prior to offsite disposal a a RCRA
facility.

Some of the alternatives for the example site may
include technologies that result in discharge of
contaminants to the air. Technologies that typicaly
result inair emissionsincludeair stripping, collection
and treatment of landfill gas, excavation and
consolidation of contaminated soils; and
incineration. Table 5-3, in the body of this document
summarizes the requirements concerning air
emissons for these technologies, which may be
implemented at the example site.

State and federal chemical-specific ARARs (e.g.,
MCLs, state groundwater enforcement standards)
will have to be complied with when



determining appropriate cleanup levels for
groundwater. The MCLGs, established under the
Safe Drinking Water Act, that are set at levels
above zero, should be attained by remedial actions
for ground or surface waters that are current or
potential sources of drinking water. Where the
MCLG for a contaminant has been set at alevel of
zero, the MCL for that contaminant should be
attained. More stringent state standards that have
been promulgated, areidentified in atimely manner,
and have been applied consistently by the state, will
have to be attained unless awaiver is used. Tables
4-1 through 4-4 of this appendix present the
potential chemical-specific ARARsfor the example
site. Water quality criteriahave beenincluded inthe
tables along with drinking water standards since it
is likely these criteria would be the basis for
establishing discharge requirements for discharges
to the unnamed tributary to the Polk River.

4.2 Review of Analytical Results
and Comparison to ARARS

Table 2-1 in this appendix provides a summary of
the groundwater sampling and andytical resultsfor
both residential and onsitewells. The sampling data
for these seven wells are described as not being of
CLP quality, with QA/QC procedures not available,
and with a detection limit higher than the MCLsfor
some chemicals. However, it is clear that al wells
show some VOC contamination.

To show how the streamlined approach described
in Section 3.7.2 of this document may suggest that
a certain remedial action (such as capping) be
initiated, the contaminant concentrations actually
detected in residential wells are compared to the
ARARSs for each contaminant. Because ingestion
of groundwater is a direct exposure route, any
contaminant concentration above its ARAR
(federal non-zero MCLGs or MCL ) would indicate
that remedial action is warranted. After comparing
Tables 2-1 (contaminant levelsin residentia wells)
and 4-1 (potential chemical-specific ARARS), it is
obvious that severa residentid wells have
contaminant concentrations above ARARS,
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particularly well R-3 where 1,1-DCE, PCE, TCE,
V C, and ethylbenzene concentrations are al above
their federal MCLs. Therefore, based on this
review of preliminary groundwater data, the
folowing conclusions can be made to expedite
remediation:

1. Initial RI fieldwork should include obtaining
data that can be utilized to make this
comparison and determination. If validated RI
data confirms that contaminant levels in
residential wells clearly exceed ARARS,
remediation to address contamination in
residential wells as an early action or interim
action is warranted.

2. Based on the volume and heterogeneity of
waste within the landfill, capping can be
identified as the only practicable alternative for
the landfill contents (discussed in Section
4.4.1). Therefore, in order to reduce the
continued contaminant loading to groundwater
capping dternatives for the example site may
be evaluated as an early action.

A more thorough quantitative baseline risk
assessment isrequired for other exposure pathways
since there is not clear exceedance of ARARS.
These areas include risks associated with hot spot
areas, landfill gas, and surface water and
sediments.

4.2.1 Baseline Risk Assessment

The approach described above for the baseline risk
assessment of the example site deals only with
residential groundwater data, ingestion of
groundwater as the route of exposure, and
comparison to federa MCLs for the toxicity
assessment. The purpose isto expedite remediation
of groundwater since ARARS appear to be clearly
exceeded. A more thorough baseline risk
assessment, considering dl potentia exposure
pathways for both human and environmenta
exposure, will be necessary to show that the fina
remedies will protect human hedlth and the
environment. The following documents provide
guidance regarding more thorough basdline risk
assessments:



Table4-1
POTENTIAL FEDERAL CHEMICAL-SPECIFIC ARARsFOR THE EXAMPLE SITE®
Secondary
Chemical® MCL MCLG MCL
Hy/l Hy/l Hg/l
Trichloroethylene 5 0 N/A
final 1987 proposed 1985
Vinyl Chloride 2 (0 N/A
final 1987 final 1985
1,1-Dichloroethylene 7 7 N/A
final 1985 final 1985
cis-1,2-Dichloroethylene 70° 70° N/A
proposed 1989 proposed 1989
Benzene 5 0 N/A
final 1987 final 1985
Ethylbenzene 700° 680 30°
proposed 1989 proposed 1985 proposed 1989
Toluene 2,000¢ 2,000¢ 40°
proposed 1989 proposed 1985 proposed 1989
Xylenes (total) 10,000° 440 20¢
proposed 1989 proposed 1985 proposed 1989
Tetrachloroethylene 5e 0 N/A
proposed 1989 proposed 1984
1,1,1-Trichloroethane 200 200 N/A
Final 1987 Final 1985
Bis(2-ethylhexyl)phthlate N/A N/A N/A
Lead 509 201 N/A
Arsenic 500 50 N/A
proposed 1985
Chromium 11 509 1200 N/A
final 1986 proposed 1985
Chromium VI 50eh 1200 N/A
final 1986 proposed 1985
Copper 1,300 1,300 1,000
proposed 1988 proposed 1988 proposed 1989
Mercury (Inorganic) 2 2 N/A
proposed 1989 proposed 1989
Manganese N/A N/A 50
Iron N/A N/A 300
aSource, unless otherwise note - Integrated Risk Information System (IRIS), March 1990
bSome of the ions that may be used for plume mapping at the example site (e.g., chloride, sodium, sulfate) do
not have chemical-specific ARARs
associated with them. These parameters are being analyzed for use as conservative indicators in determining the
extent of groundwater
contamination.
°Federal Register 45 CFR (141)
dU.S. EPA Hedlth Advisories
®Federal Register 54 CFR (97)
fFor water entering the distribution system, not at the tap
9Federal Register 40 CFR (141)
"Proposed 100 pg/l for total chromium (111 and V1), 54 CFR (97)
Federal Register 53 (160), 8/18/88
N/A = not available
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Table4-2

POTENTIAL FEDERAL CHEMICAL-SPECIFIC TBCsFOR THE EXAMPLE SITE®

Page 1 of 2
Ambient Water Quality Criteria
H Health A icO i Fresh Health Advisory Oral P
Chemicals uman t quatic Organisms (Freshwater) | oyal Reference Dose Longer Term Adult ral Potency
Water & Fish Fish Only AcuteLC ChronicLC mg/kg-day and Children Cancer Classification (mg/kg-day)*
ug/R ph/R ug/R ug/R ugR

ITrichloroethylene 2.7 80.7 45,000 None 0.00735° No suitable data B2¢ 0.011¢°

10 cancer risk | 10 cancer risk
\Vinyl Chloride 24 5254 - - - 46° AP 2.3°

10 cancer risk | 10°° cancer risk
1,1-Dichloroethylene 0.033 1.85 11,600 None 0.009 3,500° C 0.6

10 cancer risk | 10 cancer risk
cis-1,2-Dichloroethylene - - - - 0.01° 3,500° D None
Ethylbenzene 1,400 3,280 32,000 None 0.1 3,400 D None
[Toluene 14,300 424,000 17,500 None 0.3 3,460° D None

(assume 0.5
absorption factor)

Xylene (total) - - N/A N/A 2 27,3000 D None
Tetrachloroethylene 0.8 8.85 5,280 840 0.01 5,000 Pending N/A

10°¢ Cancer Risk | 10° Cancer risk
1,1,1-Trichloroethane 18,400 1,030,000 None None 0.09 125,000¢ D None

(assume 0.3
inhalation retention
(factor)
Bis(2-ethylhexyl)phthlate 1.75 5.88° 940 3 0.02 N/A B2 0.014
L ead 50 N/A 82 32 Inappropriate N/A B2 N/A
IArsenic 0.0022 0.175 360 190 Pending N/A A 15
Chromium 111 170,000 3,433,000 980 120 1 840 N/A N/A
(Chromium VI 50 N/A 16 11 0.005 840 A N/A
by inhalation only

Benzene 0.66 40 5,300 None Pending Not calcul ated due A 0.029

10 cancer risk | 10 cancer risk to carcinogenicity from inhal ation data

Copper -- -- 6.5 -- -- -- D None
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Table4-2

POTENTIAL FEDERAL CHEMICAL-SPECIFIC TBCSFOR THE EXAMPLE SITE?

Page 2 of 2
Ambient Water Quality Criteria
Ith ico - osh Health Advisory oral
Chemcial® Human Healt Aquatic Organisms (Freshwater) Oral Reference Dose Longer Term Adult ral Potency
Water & Fish Fish Only AcuteLC ChronicLC mg/kg-day and Children Cancer Classification (mg/kg-day)*
ug/R uh/R ug/R ug/R ugR
Mercury - - 4.857" 1.302" - - D None

[FSource, unless otherwise noted - Integrated Risk Information System (IRIS), March 1990
PU.S. EPA Health Advisories

EPA Health Effects Assessment Summary Tables (HEAST) Fourth Quarter FY 1989
Federal Register 45 (231)

Finterim Addendum to DEHP Criteria

Risk Assessment Forum Document, 1988

[for use

as conservative indicatorsin determining the extent of groundwater contamination.
"Mercury (11). Ambient Water Quality Criteriafor Mercury - 1984, EPA

At ahardness of 50 mg/L Federal Register, Vol. 50 p. 30784, July 29, 1985
N/A - not available

LC - lethal concentration
--- =no value found

U.S. EPA Cancer Classification

GroupA  Human carcinogen -- sufficient evidence of carcinogenicity in humans

Group B1  Probable human carcinogen -- limited evidence of carcinogenicity in human

Group B2  Probable human carcinogen -- sufficient evidence of carcinogenicity in animals

GroupC  Possible human carcinogen -- limited evidence of carcinogenicity in animals

GroupD  Not classifiable asto human carcinogenicity -- thereisno animal evidence, or human or animal evidenceisinadequate
Group E Evidence of noncarcinogenicity for humans

Some of theions that may be used for plume mapping at the example site (e.g., chloride, sodium, sulfate) do not have chemical specific ARARSs associated with them. These parameters are being analyzed
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Table4-3

STATE GROUNDWATER STANDARDS

FOR THE EXAMPLE SITE
Enfor cement Preventative Action
Chemical Standard® LimitP
(ng/l) (ng/l)
Arsenic 50 5
Chromium 50 5
1,2-dichloroethylene 100 10
(cis)
1,1-Dichloroethene 0.24 0.024
Ethybenzene 1,360 272
Lead 50 5
Manganese 50 5
Selenium 10 1
Silver 50 5
Toluene 343 68.6
Tetrachloroethylene 1.0 0.1
1,1,1-Trichloroethane 200 40
Trichloroethene 18 0.18
Vinyl chloride 0.015 0.0015
Xylene 620 124
Zinc 5,000 2,500

4Chemicals are those to which state standards apply. Typically, there will not be
state groundwater standards for all the chemicals detected in the groundwater.
"The list presented is based on areview of Wisconsin groundwater standards-NR

140.
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Table 4-4
STATE AMBIENT WATER QUALITY CRITERIA
FOR AQUATIC LIFE PROTECTION
FOR THE EXAMPLE SITE

State Water Quality

Criteria®
Chemical Chronic® Toxicity
Acute® Toxicity Criteria (ug/l)
Criteria (ug/l)

Arsenicd 363.8 153.0
Benzoic acid - -
bis-2-Ethylhexylphthalate - -
chromium(hexavalent)¢ 14.2 9.7
Chromium(trivalent) 3,301.1 95.4

1,1-Dichloroethene - -

1,2-Dichloroethene (cis) -- -

Ethylbenzene - -

Tetrachloroethylene -- -

1,1,1-Trichloroethane - -

Trichloroethene -- --

Vinyl chloride -- -

Xylenes -- --

Notes:
aBased on Wisconsin Water Quality Criteriafor Protection of Freshwater Aquatic Life (Warm
Water Sportfish Classification). From Wisconsin Administrative Code NR 105.

Acute Toxicity Criteriais the maximum daily concentration of a substance which ensures
adequate protection of sensitive aquatic species and may not be exceeded more than once
every 3 years.

°Chronic Toxicity Criteriais the maximum 4-day concentration of a substance which ensures
adequate protection of sensitive aquatic species and may not be exceeded more than once
every 3 years. CTC are based on acute/chronic toxicity ratios as defined in NR 105.06(5).

dCriterialisted is applicable to the “tota recoverable” form. Typically, state water quality
criteriawill not exit for al the contaminants found at the site.
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U.S. EPA. Risk Assessment Guidance for
Superfund--Human Health Evaluation
Manual, Part A. Interim Fina. EPA/
540/1-89/002. December 1989.

U.S. EPA. Risk Assessment Guidance for
Superfund. Volume H. Environmental
Evaluation Manual. EPA/540/1-89/001.
March 1989.

4.3 Preliminary Remedial Action
Objectives and Goals

Preliminary remedia action objectives and goals
have been developed for the example site to assist
in identifying preiminary remediad action
aternatives and RI datarequirements. Theremedia
action objectives for the example site are as
follows:

Provide adequate protection to human
hedth and the environment from direct
contact or ingestion of the hazardous
congtituents in wastes or soil from landfill

Provide adequate protection to human
hedth and the environment from direct
contact, ingestion, or inhaaion of the
hazardous constituents in groundwater
beneath the landfill or groundwater that has
migrated from the landfill

Provide adequate protection to human
hedth and the environment from direct
contact or ingestion of the hazardous
congtituents in surface water and
sediments of the unnamed tributary

Provide adequate protection to human
hedth from inhaaion of exploson of
landfill gases

Preliminary remediation goals were developed
based on the remedia action objectives, existing
data (Section 2.7), preliminary ARARS (Section
4.1), and the exposure assessment (Section 3.3).
Because of the limited usability of the data (see
Section 2.7), these goals will be revised as more
information on the site becomes available. The
preliminary remedia action gods are follows:
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Prevent ingestion of contaminated
groundwater exceeding non-zero MCLGs
or MCLs (where MCLGs are set at zero).

Prevent direct contact with landfill contents
and minimize continued contaminant
loading to groundwater.

Prevent direct contact and ingestion of
contaminated soils from hot spot areas.

Provide adequate protection to human
hedth from inhdation or exploson of
landfill gas. Potential collection and
treatment requirements will be established
based on an analysis of the data to be
collected in the RI (including a risk
assessment).

Provide adequate protection to human
hedth and the environment from direct
contact or ingestion of contaminated
surface waters or sediments of the
unnamed tributary. Specific remediation
requirements will be established based on
risk after an analysis of the data to be
collected inthe RI.

4.4 Preliminary Remedial Action Alternatives

Several technologiesand/or dternatives are unlikely
to survive screening in the FS for technicdl,
implementation, or cost reasons. As an example, the
excavation of thelandfill with subsequent treatment
or disposa ondgte or offste is not a feasble
dternative for the example site because of the
substantial cost that would be associated with a
landfill of this size (20 acres, or approximately
750,000 cubic yards), the significant health and
safety concerns that would arise during excavation
in areas of solvent disposal, and the potentia for fire
or exploson of the landfill gases. Likewise,
containment of groundwater with a cutoff such as
adurry wall is not considered practicable because
an aquitard does not appear to be present at the
site. The following sections discuss the practicable
remedial actions for the media of concern at the
ste.



As required by the NCP, the no-action aternative
is included and involves no additiona activities by
EPA, thereby providing a basdline for evaluating
other alternatives.

441 Landfill Contents

The most practicable remedid action aternative for
this medium is containment with or without
ingtitutional controls. The containment aternatives
might include: (1) regrading and revegetation of
exising cap and implementation of ingtitutiona
controls, (2) construction of a single-barrier cap
with or without ingtitutiond controls, or (3)
construction of a composite-barrier cap with or
without ingtitutional controls. The purpose of the
first aternative would beto provide some protection
against direct contact and would improve surface
water drainage, thereby reducing infiltration. The
second two dternatives would provide superior
protection against further groundwater
contamination by minimizing the potentid for
infiltration and would provide a barrier to prevent
contaminated soil from eroding during precipitation
events. Reducing infiltration and subsequent
leachate generation would also mitigate leachate
seeps. Capping can also provide gas control,
particularly if implemented in conjunction with agas
collection system. A composite-barrier cap will be
more effective and rdiablein preventing infiltration
than a single-barrier cap, however, both designs
may satisfy applicable or relevant and appropriate
requirements (ARARS). All three caps may be
viable, depending on the remedia objectivesand the
results of the RI. The factors that may affect the
type of cap to be used are presented in Figure 4-1
of the body of this report (Conducting Remedial
Investigations/Feasibility Studies for CERCLA
Municipal Landfill Stes). Theseaternativescould
be used in conjunction with afence and arestrictive
covenant on the landfill property to prevent future
Site development.

If RI data indicate that landfill gas presents a
hazard to human health and the environment, then
deed restrictions may aso be imposed on areas in
the vicinity of the siteto limit exposure to thelandfill
gas. Another measure may be to vent and treat the
landfill gas as described in Section 4.3.4.
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4.4.2 Hot Spots

The practicable aternatives for the contaminated
soils in the southern portion of the site include: (2)
excavation and disposd, (2) excavation, treatment,
and disposal (ongite or offsite) of treated material,
or (3) consolidation of hot spot areas under alandfill

cap.

The first two aternativeswould involve excavation,
possible trestment, and disposal of the soil/wastein
the solvent disposa area of the landfill. Both
dternatives would protect against further
contamination of the groundwater and surface
water and against direct contact. Excavation could
be accomplished using conventional construction
equipment (e.g., backhoe); the risks to local
resdents and site workers during execution
activities will be evaduated during the analysis of
remedial action dternatives. Treatment of
contaminated soil/waste, if necessary, would likely
be done onsite (offste treatment of soils from
municipal landfill sites is rarely done because of
avalability and cost). The most viable onste
treatment options include incineration and
solidification/stabilization. The most common type of
incineration process is rotary kiln, but often the
decisionismade during design or by the remediation
contractor based on performance criteria
Solidification/stabilizationinvol vesadding pozzolanic
agents such as lime, cement, and fly ash to the
soil/waste in situ or in abatch process. The selected
treatment method may be largely dependent on
whether the waste is a RCRA-restricted waste or
not, and therefore whether the land disposal
restrictions apply.

Disposal of excavated soil/waste should occur
ongite and be incorporated under the landfill’ s final
cover. All soil/waste treated onsite would probably
be disposed of in the same place from which it was
removed if the treated wastes are not considered
RCRA wastes.

The required level of treatment of RCRA-
restricted wastes before disposal is dependent on
the RCRA land disposal restrictions (LDRS) that
apply to the specific contaminant. In order to
determine the level of trestment required, the
process(es) generating the contaminants must be
identified and the appropriate RCRA hazardous
waste number determined.



In addition to information on the process that
generated the hazardous waste, information needed
to select a treatment and disposal option includes:
the type and concentrations of contaminants in the
s0il, the volume of contaminated soil, the moisture
content of the soil, and the soil type. Also,
information on the types and population densities of
resident micro-organismssuitablefor biodegradation
of contaminants may be needed if contaminant
concentrations are sufficiently high. Potentia
exposures from dermal contact, entrainment of soil
particles in air, and release of volatiles during
remediation would be evaluated and necessary
actions taken.

The third aternative for this area would be
consolidation of the hot spots to reduce the area of
the final landfill cap. Thisalternativeissimilar to the
first aternative, except that, when alandfill cap is
constructed, the hot spot areas would be included
under the cap, or materia from the hot spot areas
would be excavated to the extent necessary to
consolidate these materials under the landfill cap.
This aternative would prevent direct contact with
the contaminated soil and prevent contamination of
surface water. Further contamination of
groundwater would be reduced by preventing
infiltration of runoff through the contaminated soil.

4.4.3 Groundwater/L eachate

The existing data shows that four of the five
residential wellstested exceeded primary MCLS, as
presentedin Table 2-1 of thisappendix. Practicable
aternatives for groundwater remediation will
include extraction, treatment, and disposal of the
contaminated groundwater. The two strategies
associated with groundwater extraction include
placement of perimeter wells to capture leachate
and placement of downgradient wells to capture
contaminated groundwater that has migrated
offsite. Leachate extraction wells in conjunction
with alandfill cap may also be used to stop leachate
seeps. Collection trenches are aso an option for
groundwater/leachate extraction; however,
extraction wells are more likely to be used because
of the depth of groundwater contamination.

Extraction, treatment, and disposa of contaminated
groundwater would help stabilize the contaminant
plume and provide for ground-water remediation.
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Groundwater samples should aso be analyzed to
characterize the contaminant types and
characteristics and the conventional
parameters--such as hardness and iron
content--needed to design a treatment system.

Extraction wells would be located in areas that
would maximize the yield of contaminated
groundwater. Perimeter wells could be placed
around the landfill to capture leachate and provide
a containment system to minimize offsite migration
of contaminants via groundwater and leachate
seeps. Placement of wells down-gradient within the
contaminated plume would be used to remediate
contaminated groundwater that has already
migrated offsite. The extracted groundwater would
then be treated before discharge, either onsite or at
a POTW. Theinformation needed to design amore
comprehensive groundwater extraction system
includes the chemical parameters associated with
the contaminated plume and the hydraulic
characteristics of the aquifer.

Either ongite or offsite trestment of contaminated
groundwater will likely be feasible. Typicdly,
leachate or high strength contaminated groundwater
from municipd landfill stes will be high in
concentrations of organic matter. Treatment is
usudly by conventional means such as biologica
treatment (e.g., activated dudge), physica
treatment (e.g., granular activated carbon (GAC) or
air stripping), and/or chemica treatment (eg.,
metals precipitation).

Based on known data, ongite treatment might be
accomplished using air stripping for VOC removal
and/or GAC for remova of semi-volatile
contaminants. Depending on the contaminants and
their concentrations, GAC columns could aso be
used without air stripping to remove VOCs, aswell
as sentivolatile contaminants.

Average and peak flow rates and contaminant
concentrations and properties would need to be
identified to design the treatment system.
Information on the hardness, biochemica oxygen
demand (BOD), chemica oxygen demand (COD),
total suspended solids (TSS), iron, and other
conventional pollutant parameters would be needed
as wel in order to determine if other
treatment processes (such as biologica or



chemical treatments) are necessary in addition to,
or as a replacement for, the air stripping and/or
GAC treatment. At the landfill, the BOD tests could
be prone to interferences from metas and other
materials present. COD is therefore usualy more
representative of the leachate. This information
could be used to determine the probability and
severity of sealing and fouling occurring in the bed
of an air stripper and GAC column. Sand filters or
cartridge filters may be necessary to prevent
sedling and fouling of the GAC columns. Also, if ar
stripping is used, vapor-phased GAC may be
required to remove VOCs from the air stripper
emissions.

For ongte remedid actions, the substantative
requirements of the ARARs, but not the
administrative requirements, must be met. Effluent
from an onsite treatment system could be
discharged to the Polk River; an NPDES permit
could be required for this disposa method and
gppropriate ARARs (such as MCLs or water
qudity criteriad) would be met.

As an interim action, or to supplement a
groundwater extraction and treatment system, an
alternate water supply could be provided to affected
or potentialy affected residentsto limit exposure to
contaminated groundwater. The water authority
could provide the dternate water supply by
extending the existing digtribution system or
ingdling a new deep well. Alternatively, bottled
water could be used for temporary drinking and
cooking. A comprehensive well inventory and
subsequent sampling of nearby residentia wells is
needed to conduct a risk assessment to determine
whether providing an dternate water supply is
warranted.

444 Landfill Gas

The potential dternatives for this medium includes
collection and possible trestment of landfill gas. This
dternative involves intercepting the methane gas
using passive vents, which typicaly consist of free
venting structures; active ventsif air emissions are
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locally controlled; or collection of the gas by onsite
extraction wells for treatment. Passive vent
systems require that ahighly permeable material be
placed in the path of gas flow to intercept the
landfill gas and discharge it to the air. An active
vent system is used to control the venting of gases
into the atmosphere when the constituents of the
gas are of concern from an air quality standpoint.
After collection, if necessary, landfill gas can then
be incinerated using enclosed ground flares.
Enclosed ground-flare systems consist of a
refractory-lined flame enclosure (or stack) with a
burner assembly at its base. Because of the rura
nature of the example site, a passive venting system
without treatment may be acceptable.

Information needed to determine the need for gas
collection and treastment would be collected by
placement of monitoring gas probes within the
landfill as well as aong the landfill perimeter and
analyzed for methane, TCE, and vinyl chloride. The
potential for pressure build-up below a landfill cap
and potentia for damage to a vegetative cover will
be evauated based on the quaity and quantity of
landfill gas estimated to be generated at the site.

445 Surface Water and Sediments

Contaminated sediments in the nearby unnamed
tributary to the Polk River may require remediation.
The most practicable aternatives for remediating
contaminated sediments include excavation and
consolidetion under the landfill cap or leaving
sediments in place and relying on natural
attenuation. Sediment removal can be accomplished
with conventional dredging or excavation equipment
operated from shore.

The advantage of relying on natura attenuation to
remediate sediments is that dredging activities can
often cause secondary migration of contaminants
which can potentially have significant environmental
impacts. If dredging is done, these impacts should
be minimized by dewatering during excavation
activities.



Section 5
REMEDIAL INVESTIGATION AND FEASIBILITY
STUDY OBJECTIVES

The overall gods of the RI/FS are to:

* Complete a field program for collecting
data to quantify the extent and magnitude
of contamination in the groundwater,
subsurface soils, surface water/sediments,
and landfill gas

» Determine if unacceptable risk exists to
human hedlth and the environment

 Develop and evauate remedia action
aternatives if unacceptable risks are
identified
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Table 5-1 shows the objectives of the Phase | RI
for the Example Landfill site. After evaluation of
the Phase | data, it may be necessary to conduct a
Phase II. A Phase Il would be conducted if the
objectives of the Phase | R1 are not accomplished.
For example, if the Phase | Rl groundwater
sampling results indicate a contaminant plume but
not enough data was collected to determine the
extent of the plume, then further investigations will
be warranted.

The objectives and actions listed in Table 5-1 only
aoply to the example site. These may vary for
actual sites where the contaminated media and site
conditions differ from the example site.
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PHASE |

Table5-1

REMEDIAL INVESTIGATION OBJECTIVES FOR

THE EXAMPLE STE

Page1of 3

Activity

Phase | Objectives
(Activities Generally Performed After Work Plan is Approved)

Objectives

Action

Site Mapping/Dynamics

Map site and determine topography;
determine site boundaries, drainage
patterns, and other geophysical features.

Use photogrammetric methods from
aerial photography; conduct fly-over,
if necessary.

Geophysical Investigation

Investigate probable presence of buried
ferromagnetic materials (drums) in
southern portion of the landfill.

Conduct magnetometer and/or ground
penetrating radar survey.

Geotechnical Investigation

Evaluate the physical properties
governing transport of contaminants
through identified pathways.

Collect data on soil characteristics to
determine if onsite soil can be used asfill
materia and to determine placement of a
potential cap.

Evaluate existing cap to determine
physical properties.

Measure current landfill settlement rate.

Collect data on permeability, porosity,
hydraulic head, percent organic carbon,
etc.

Measure soil characteristics such as
plasticity index, moisture content,
porosity, and permeability.

1) Collect data on permeability,
porosity, and measure thickness.

2) Determine Atterberg limits.

3) Determine extent of vegetation
cover, any vegetative stress, and
erosion.

Monitor landfill benchmarks.

Hydrogeologic Investigation

Determine selection of screen settingsin
both the shallow and deep wells.
Identify and characterize hydrogeologic
units.

Determine direction of groundwater flow
and estimate gradients.

Obtain soil classification or geologic
data.

1) Place monitoring wells at points
around the landfill to better define the
aquifers and confining layers.

2) Perform down-hole geophysical
survey.

1) Install monitoring wells and take
water level measurements from new
and existing wells.

2) Investigate yield of private and
public wells.

Determine rate of groundwater flow and
evaluate the feasibility of groundwater
extraction.

Install monitoring wells and perform
hydraulic conductivity tests on new
and existing wells; check water levels
a a maximum of once a month during
theRI.

Meteorological Investigation

Determine prevailing wind direction and
air speed to evaluate remedial aternatives.

Collect and analyze wind speed and
direction data.
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Table5-1
PHASE | REMEDIAL INVESTIGATION OBJECTIVESFOR
THE EXAMPLE SITE
Page 2 of 3
Phase | Objectives
(Activities Generally Performed After Work Plan is Approved)
Activity Objectives Action
Chemical Investigation
Groundwater Identify extent and type of groundwater Install monitoring wells in aquifers of
contamination to perform an assessment concern; design monitoring well
of human health and environmental risks network to determine the extent of the
to determineif remedial actionis plume (wells should also be located
necessary. downgradient in “clean” areato
confirm that the end of the plumeis
located); collect and analyze samples.
Install upgradient monitoring wellsin
Identify upgradient water quality for each | aquifers of concern and collect and
geologic unit. analyze samples.
Determine source of groundwater Collect and analyze groundwater
contamination. samples and compare results to the
landfill waste characteristics and
background levels.
Determine whether seasonal fluctuations Sample and analyze groundwater with
occur in contaminant concentrationsin the | aminimum of two rounds of sampling
groundwater and in hydraulic from the same location(s).
characteristics.
Evaluate feasibility of groundwater Obtain COD, BOD, and other
treatment systems. conventional water quality data.
Leachate Identify extent and type of leachate seeps | Collect and anayze leachate and seep
to evaluate feasibility of groundwater data.
treatment system.
Install leachate wells around land-fill
Estimate amount of leachate production and messure leachate head.
from landfill.
Perform water balance calculation on
landfill.
Surface Water and Sediment Determine viability of treatment Collect field measurements on DO and
technologies temperature.
Determine effect of groundwater on Collect and compare up- and
surface water. downgradient surface water and
sediment samples to downgradient
groundwater samples.
Compare stream and groundwater levels Install staff gauges onsite, survey
during several periods during the RI. gauges, measure surface water levels
and groundwater levels concurrently.
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Table5-1

THE EXAMPLE STE

PHASE | REMEDIAL INVESTIGATION OBJECTIVESFOR

Page 3 of 3

Phase | Objectives
(Activities Generally Performed After Work Plan is Approved)

containing high concentrations of
explosive or toxic landfill gasto perform
an assessment of human health risks due
to air toxics and explosive hazards, to
evaluate the feasibility of gas collection
and treatment, and to evaluate other
remedial actions.

Estimate concentrations of selected VOCs
being emitted to the atmosphere.

Activity Objectives Action

Surface Water and Sediment Determine background concentration of Collect and analyze upstream water

(Continued) surface water and sediment. and sediment samples; include

toxicity testing.

Surface Water and Sediment Determine surface runoff impact on 1) Collect and analyze samples from
surface water quality; determine the type nearest |leachate seeps and compare
and extent of contamination in nearby to stream water quality.
surface waters and sediments.

2) Collect and analyze surface water
and sediment samples at increasing
distances away from the landfill and
compare results to landfill waste
and background levels.

Landfill Gag/Air Identify areas within the landfill Obtain flow-related data from

newly installed gas vents, estimate
emission rates, and perform air
modding.

Collect and analyze landfill gas
samples from onsite and perimeter
sampling points.

Collect and analyze ambient air
samples.

Landfill Gas/Groundwater

Identify areas within the landfill
containing high concentrations of
explosives or toxic landfill gasto
determine if VOCs act or may act asa
source of groundwater contamination

Obtain flow-related data from
newly installed gas vents, estimate
emission rates, and perform air
modding.

Hot Spots (Soil)

Investigate areal extent, depth, and
concentration of contaminants at hot
spotsin the landfill’ s soil.

Collect and analyze perimeter
samples with more extensive
sampling around known hot spot
area.

Environmental Evaluation

Determine impact of landfill on nearby
stream.

Describe aquatic and terrestrial
community in vicinity of site and aquatic
community downstream of site

Determine impact of remedia action on
stream.

Collect and analyze surface water
and sediment from nearby stream.

Observe aguatic or terrestrial
organisms in the vicinity of the site.

Collect biota samples from stream
adjacent to site.
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Section 6

DATA QUALITY OBJECTIVES

The data to be collected during the RI will be used
for dte characterization, risk assessment, and
remedial action adternative evauation. The
objectives of the Rl and the necessary actions to
accomplish the objectives are shown in Table 5-1.
The number and types of samples of soil,
groundwater, leachate, sediments, surface water,
and landfill gas to be collected for a sufficient
representation of the conditions at the site; the
chemicals of concern for which the samples are to
be andyzed;, and the precison, accuracy,
representativeness, compl eteness, and comparability
(PARCC) parametersto be used are summarized
in Tables 6-1 through 6-3.

In order to achieve the established DQOs, a
combination of |aboratory services will be used for
a more efficient use of time and money. All five
levels of data quality will be used during the RI as
described below:

 Level I--Fidd screening. This levd is
characterized by the use of portable
instruments that can provide real-time data
to assg in the optimization of sampling
point locations and for health and safety
support. Data can be generated regarding
the presence or absence of certain
contaminants (especidly volatiles) at
sampling locations. An HNu will be used
for Leve | analysisfor soil samplesand to
monitor concentration of VOCs in air for
hedth and safety considerations during
drilling. Additionally an explosimeter will be
used during drilling and soil probe
ingallation; a radiation meter will be used
initidly to determine if harmful levels of
radioactivity exist at the site.

* Level Il--Fidd andyss This levd is
characterized by the use of portable
analytical instruments that can be used
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ongte or in mobile laboratories stationed
near asite (close-support labs). Depending
on the types of contaminants, sample
matrix, and personnel skills, quditative and
quantitative data can be obtained. An
onsite mobile laboratory will be used during
well ingtallation to provide anaytical results
that will be used to re-evauate the
proposed monitoring well  network.
Groundwater samples will be andyzed for
selected VOCsand inorganicions (chloride
and sulfate) to aid in determining the extent
of the groundwater plume. Soil gas samples
will aso be analyzed for VOCs to
determine the extent of the solvent disposal
area.

Level Ill--Laboratory andysis using
methods other than the CLP Routine
Analytical Services (RAS). This levd is
used primarily in support of engineering
studies using standard EPA approved
procedures. Some procedures may be
equivaent to CLP RAS, without the CLP
requirements for documentation. Anaysis
will include COD, BOD, TOC, and TSSin
groundwater and leachate samples.

Level IV--CLP RAS. This leve is
characterized by rigorous QA/QC
protocols and documentation and provides
qualitative and quantitative analytical data.
Some regions have obtained similar support
via ther own regiona laboratories,
university laboratories, or other commercia
laboratories. This level will be used for
confirmatory sampling of groundwater, hot
spots, surface water, and sediments.
Anayses performed will include TCL
organics and TAL metals.



Level V--Nonstandard methods. Theseare
andyses that may require method
modification and/or development. CLP
Special Analytica Services (SAS) are
considered Level V. Thislevel will be used
for vinyl chloride in groundwater and
leachate where lower detection limits are
warranted.
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Other--Geotechnical testing to determine
s0il characteristics and other data, such as
pH and conductivity, will be conducted to
ad in the engineering design of
alternatives. Geotechnica analysis will be
done by a commercid laboratory.
Conductivity and pH will be analyzed inthe
fied.



Table 6-1

DATA QUALITY OBJECTIVES SUMMARY FOR GROUNDWATER/LEACHATE
OF THE EXAMPLE LANDFILL SITE

Page 1 of 3

Data Quality
Objective Elements

Site Characterization

Risk Assessment

Engineering Design
of Alternative

Objective

. Identify extent and type of
contamination

. Determine if contaminants
are present in residential
wells

. Assess risks due to
ingestion

. Evaluate feasibility
of groundwater
treatment system

Data Quality Factors

Prioritized Data Use(s)

Site characterization

Risk assessment

Engineering design of
aternative

Contaminants of Concern

TCE, vinyl chloride, lead,
arsenic, chloride, chromium

TCE, vinyl chloride, lead,
arsenic, chromium

COD, BOD, pH,
conductivity

Level of Concern (ARARs)?

TCE 5 ppb 5 ppb N/A
Vinyl chloride 2 ppb 2 ppb N/A
Lead 50 ppb 50 ppb N/A
Arsenic 50 ppb 50 ppb N/A
Chloride N/A N/A NI/A
Sulfate N/A N/A N/A
Chromium 50 ppb 50 ppb N/A
Reporting Limit®
TCE 5 ppb 5 ppb N/A
Vinyl chloride 10 ppb 2 ppb N/A
Lead 5 ppb 5 ppb N/A
Arsenic 10 ppb 10 ppb N/A
Chloride 50 ppb N/A N/A
Sulfate 50 ppb N/A N/A
Chromium 10 ppb 10 ppb N/A
Appropriate Analytical Levels I, 1V IV andV 111 and Other

Critical Samples

Residentia wells

Residentia wells

Monitoring wells

Data Quality Needs

Sampling/Analysis Procedures

¢ Sample Collection®
e Sample Analysis

Level I--Fid Screeningf

Use of HNu

N/A--Not applicable

a These are federal MCLs from the SDWA. While federal ARARSs are stated for this example, state ARARS may

preclude the federal ARARS.

b Thelisted values are the Contract Required Quantitation Limits (CRQLS) taken from the CLP SOWs (Level 1V).
Since reporting limits in some cases are at or above levels of concern, special analytical services (SAS) reporting limits
(Level V) may be required to achieve lower detection limits (e.g., vinyl chloride). This CRQL is matrix dependent and
may not be achievable in every sample,

¢ Sample collection procedures are outlined in the A Compendium of Superfund Field Operations Methods, August 1987.

Level | analytical methods are not compound specific, only quantitative for total organics.
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Table 6-1

DATA QUALITY OBJECTIVES SUMMARY FOR GROUNDWATER/LEACHATE
OF THE EXAMPLE LANDFILL SITE

Page 2 of 3

Data Quality
Objective Elements

Site Characterization

Risk Assessment

Engineering Design
of Alternative

Level 1l--Field Analysis®

TCE

Vinyl chloride
Lead

Arsenic
Chloride
Sulfate
Chromium'

GC/ECD/PID
GC/ECD/PID
Atomic Absorption
Atomic Absorption
lon Chromatograph
lon Chromaograph
Atomic Absorption

Level 111--Non-CLP Lab Methods?

COD EPA 405.1
BOD EPA 410.1
TS EPA 209
TOC

Level IV--CLP RAS
TCE CLP Organic SOW CLP Organic SOW N/A
Lead CLP Inorganic SOW CLP Inorganic SOW N/A
Arsenic CLP Inorganic SOW CLP Inorganic SOW N/A
Chromium CLP Inorganic SOW CLP Inorganic SOW N/A

Level V-CLP SAS"
Vinyl chloride EPA 601

Other
pH pH meter

Specific Conductance

Conductivity meter

PARCC Parameters

.  Precision

- TCE <14

- Vinyl chloride +25%

- Lead +20%

- Arsenic +20%

- Chromium +20%

*  Accuracy'

- TCE 71-120%
- Vinyl chloride 75-125%
- PCB N/A

- Lead 75-125%
- Arsenic 75-125%
- Chromium 75-125%

N/A—Not applicable

¢ Method used by the onsite mobile laboratory.

f Only total chromium will be detected.

9 Level Il analysisisonly for parameters not on the CLP TLC and TAL lists and for cases where QC requirements are less
stringent than that of the CLP methods. Level |11 analysisis not applicable for the selected contaminants of concern listed
except for COD and BOD in groundwater and TCE and vinyl chloride in landfill gas.

h Level V-CLP SAS methods may include modified versions of CLP RAS methods to achieve lower detection limits, to provide
project-specific QC, to analyze for non-CLP parameters or to use non-CL P methods but still provide the levels and types of
QA/QC and deliverables prevented by CLP RAS.

i Thelisted values precision and accuracy in analysis of water samples are based on CLP RAS SOW requirements and do not
necessarily reflect actual method performance.
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Table 6-1

DATA QUALITY OBJECTIVES SUMMARY FOR GROUNDWATER/LEACHATE
OF THE EXAMPLE LANDFILL SITE

Page 3 of 3

Data Quality
Objective Elements Site Characterization

Risk Assessment

Engineering Design
of Alternative

« Representatives
« Completenesst
« Comparability'

must be assessed after all data are reviewed.

I Qualitative parameter, which considers the project as a whole. No numerical criteria can be set.
k Can be expressed as a quantitative assessment of the percentage of valid data received. Also includes a qualitative parameter and

I A qualitative parameter that can be maximized through the use of standard sampling, analysis, and data review techniques.
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Table 6-2
DATA QUALITY OBJECTIVES SUMMARY FOR HOT SPOTS, FILL, AND CAP INVESTIGATION
OF THE EXAMPLE LANDFILL STE

Page 1 of 3
Data Quality
Objective Elements Hot-Spot Areas Fill Cap Investigation
Objective o ldentify highly contaminated |« Determineif fill can beused for [+ Determine existing cap
areas that may be present capping characterigtics
onsite
e Assessrisk dueto direct
contact
Data Quality Factors
Prioritized Data Site characterization, risk Engineering design of aternative Engineering design of
Use(s) assessment, and engineering aternative
design of aternatives
Contaminants of TCE, PCB, lead, arsenic, Geotechnical parameters Permeability, porosity,
Concern chromium, treatability depth
parameters
Level of Concern (ARARS)?
TCE 636 ppb
Vinyl chloride 0.3 ppb
PCB 0.091 ppb
Lead 105 ppb
Arsenic 3 ppb
Chromium (111) 75,000, (VI) 375 ppb
Reporting Limit ®
TCE 5 ppb
Vinyl chloride 10 ppb
PCB 80 ppb
Lead 500 ppb
Arsenic 1,000 ppb
Chromium 1,000 ppb
Appropriate Analytical | Site characterization: II, 111, 1V Engineering design of alternative, Engineering design of
Levels Risk assessment: 1V and V Il aternative, Other
Critical Samples Clean samples at outer Collect samples from perimeter of
boundary of contaminated area | waste areato determine areal
extent of waste
Data Quality Needs
Sample/Analysis
Procedures
» Sample Collection®
e Sample Analysis
Level |-Field Screening

a  While federal ARARs are stated for this example, state ARARs may preclude the federal ARARs. Numbers listed should be
updated to incorporate current guidance. For carcinogens, numbers are based on the 10 cancer risk. For noncarcinogens,
numbers are based on the reference dose. All numbers are calculated for a 17-kg child ingesting 0.2 gms of soil per day.

b The listed values are the Contract Required Quantitation Limits (CRQLS) taken from the CLP SOWs (Level 1V). The CRQL is
matrix dependent and may not be achievable in every sample. The actual reporting limit will also be affected by moisture
content for soil and sediment samples. Some samples are analyzed as received but reported on a dry-weight basis. Since reporting
limits in some case are at or above levels of concern, SAS reporting limit (Level V) may be required to achieve lower detection
limits (e.g., vinyl chloride).

¢ Sample collection procedures are outlines in the A Compendium of Superfund Field Operations Methods August 1987.

4 Level | analytical methods are not compound specific, only quantitative for total organics. Not used for soil investigation.
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Table 6-2
DATA QUALITY OBJECTIVES SUMMARY FOR HOT SPOTS, FILL, AND CAP INVESTIGATION
OF THE EXAMPLE LANDFILL SITE
Page 2 of 3
Data Quality
Objective Elements Hot-Spot Areas Fill Cap Investigation
Level II-Field Analysis®
TCE GC/ECD/PID
Vinyl chloride GC/ECD/PID
Lead X-ray Fluorescence
Arsenic X-ray Fluorescence
Chromiumf X-ray Fluorescence
Level 111-Non-CLP Lab
M ethods®
Level IV-CLPRAS
TCE CLP Organic SOW
Vinyl chloride CLP Organic SOW
PCB CLP Organic SOW
Lead CLP Inorganic SOW
Arsenic CLP Inorganic SOW
Chromium CLP Inorganic SOW
Level V-CLPSAS
Other
Moisture Content
Permesability ASTM 2216-80 N/A
In Situ Density’ SW 846, Method 9100 SW 846, Method 9100
Atterberg Limits N/A
Grain Size Analysis ASTM D4318 N/A
BTU content ASTM D422 N/A
TCLP
PARCC Parameters
» Precision
- TCE <20
- Vinyl Chloride +25%
- PCB +25%
- Lead +20%
- Arsenic +20%
- Chromium +20%
e Accuracy’
- TCE 62-137%
- Vinyl chloride 75-125%
- PCB 75-125%
- Lead 75-125%
- Arsenic 75-125%
- Chromium 75-125%
¢ Level Il methods used by the onsite mobile laboratory and soil gas analysis.
f Only total chromium will be detected.
9 Level Il analysisisonly for parameters not on the CLP TLC and TAL lists and for cases where QC requirements are less
stringent than those of the CLP methods. Level 111 will not be used for these media.

h Level V-CLP SAS methods may include modified versions of CLP RAS methods to achieve lower detection limits, to provide
project-specific QC, to analyze for non-CLP parameters, or to use non-CL P methods, but they still provide the levels and types
of QA/QC and deliverables prevented by CLP RAS. Level V will not be used for these media.

i Method report in Methods for Soil Analysis, Section 13.2

i Thelisted values for precision and accuracy in analysis of soil, sediment, and water samples are based on CLP RAS SOW
requirements and do not necessarily reflect actual method performance. Precision and accuracy performance for landfill gas
samples are method dependent and should be determined on a project-specific basis.

Word-searchable Version — Not a true copy

AG-7




Table 6-2

OF THE EXAMPLE LANDFILL SITE

DATA QUALITY OBJECTIVES SUMMARY FOR HOT SPOTS, FILL, AND CAP INVESTIGATION

Page 3 of 3

Data Quality
Objective Elements

Hot-Spot Areas

Fill

Cap Investigation

* Representativeness:
* Completeness
e Comparability™

k' Qualitative parameter, which considers the project as awhole. No numerical criteria can be set.
I Can be expressed as a quantitative assessment of the percentage of valid data received. Also includes a qualitative parameter and

must be assessed after all data are reviewed.
m A qualitative parameter that can be maximized through the use of standard sampling, analysis, and data review techniques.
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Table 6-3
DATA QUALITY OBJECTIVES SUMMARY FOR SURFACE WATER, SEDIMENT
AND LANDFILL GASOF THE EXAMPLE LANDFILL SITE

Page 1 of 3
Data Quality
Objective Elements Surface Water Sediment Landfill Gas
Objective Evauate impact of surface Evaluate impact of surface water Identify areas within the
water runoff from the site to the | runoff from the site to the landfill containing high
unnamed tributary sediment of the unnamed tributary | concentrations of selected
VOCs. Identify landfill gas
contaminant concentration
at perimeter of site to
evaluate impact from
offsite migration.
Data Quality Factors
Prioritized Data Site characterization, risk Site characterization Site characterization
Use(s) assessment
Contaminants of TCE, PCB, lead, arsenic, TCE, PCB, lead, arsenic, Methane, TCE, vinyl
Concern chromium chromium chloride
Level of Concern (ARARS)?
TCE 2.7 ppb 636 ppb N/A
Vinyl chloride 2.0 ppb 0.3 ppb N/A
PCB 0.000079 ppb 0.091 ppb N/A
Lead 50 ppb 105 ppb N/A
Arsenic 0.0002 ppb 0.35 ppb N/A
Chromium 50 ppb (1) 75,000, (1V) 375 ppb N/A
Methane N/A N/A No federal ARAR®
Reporting Limit ©
TCE¢ 5 ppb 5 ppb
Vinyl chloride® 10 ppb 10 ppb
PCB 0.5 ppb 80 ppb N/A
Lead 5 ppb 500 ppb N/A
Arsenic 10 ppb 1,000 ppb N/A
Chromium 10 ppb 1,000 ppb N/A
Methane? N/A N/A
Appropriate Analytical | Site characterization and risk Site characterization: 1V Site characterization: 111
Levels assessment: 1V and V
Critical Samples Samples from the groundwater | Samples from the groundwater and | Samples from areas of the
and leachate seeps leachate seeps landfill whereitis
suspected that methane gas
is produced

@ Surface water—These are based on the Federal Ambient Water Quality Criteria, a nonenforceabl e guidance document under the

CWA and are either based on toxicity protection (lead, chromium) or the 10 cancer risk level. The selected criteria are the

chronic criteria for protection of Aquatic life. The level of concern for chromium is for both the total and hexavalent species.

While federal ARARs are stated for this example, state ARARs may preclude federal ARARs if they are more stringent.

Several states have air toxics emissions regulations. Guidance on air ARARSs can be found in the National Air Toxics

Information Clearinghouse Database Report on state, local, and EPA air toxics.

¢ Thelisted values are the Contract Required Quantitation Limits (CRQLSs) taken from the CLP SOWs (Level 1V). This CRQL is
matrix dependent and may not be achievable in every sample. The actual reporting limit will also be affected by sample moisture
content for sediment samples. Some samples are analyzed as received but reported on a dry-weight basis. Since reporting limits
in some cases are at or above levels of concern, SAS reporting limits (Level V) may be required to achieve lower detection limits
(e.g., vinyl chloride).

d  Thereporting limit for TCE, vinyl chloride and methane is dependent upon the volume of gas sampled and should be established
for each sampling event.
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Table 6-3
DATA QUALITY OBJECTIVES SUMMARY FOR SURFACE WATER, SEDIMENT

AND LANDFILL GASOF THE EXAMPLE LANDFILL SITE

Page 2 of 3
Data Quality
Objective Elements Surface Water Sediment Landfill Gas
Data Quality Needs
Sample/Anadysis
Procedures
« Sample Collection®
o Sample Anaysis
Level |-Field Screening
Level II-Field Analysis?
Level 111-Non-CLP Lab
Methods"
Methane N/A N/A T014
TCE N/A N/A TO14
Vinyl chloride N/A N/A T014
TSS EPA 209 N/A N/A
Alkalinity N/A N/A
Hardness N/A N/A
TOC N/A N/A
Grain Size Analysis | N/A ASTM D422 N/A
% Moisture N/A N/A
% Solids N/A N/A
Level IV-CLPRAS
TCE CLP Organic SOW CLP Organic SOW
Vinyl Chloride CLP Organic SOW CLP Organic SOW
PCB CLP Organic SOW CLP Organic SOW
Lead CLP Inorganic SOW CLP Inorganic SOW
Arsenic CLP Inorganic SOW CLP Inorganic SOW
Chromium CLP Inorganic SOW CLP Inorganic SOW
Level V-CLPSAS
Toxicity Tests*
Other
Eh Eh Meter EPA 9045 N/A
pH pH Meter pH Meter N/A
Specific Conductance | Conductivity Meter EPA 126.1 N/A

N/A—Not applicable.

toxicity test are done.

E  Sample collection procedures are outlined in the A Compendium of Superfund Field Operations methods August 1987.

f Level | analytical methods are not compound specific, only quantitative for total organics. Level | will not be used for the
surface water sediment, and landfill gas media.

9 Level Il will not be used for analysis of the surface water, sediment, or landfill gas samples.

h Level Il analysisisonly for parameters not on the CLP TLC and TAL lists and for cases where QC requirements are less
stringent than that of the CLP methods. Level 11l analysis is not applicable for the selected contaminants of concern listed
except for TCE and VC in landfill gas.

i CLP RAS methods are not currently available for landfill gas. These samples will always be analyzed by Level 111 methods.

I Level V-CLP SAS methods may include modified versions of CLP RAS methods to achieve lower detection limits, to provide
project-specific QC, to analyze for non-CLP parameters, or to use non-CL P methods but still provide the levels and types of
QA/QC and deliverables prevented by CLP RAS. Some standard SAS methods are reported for landfill gas.

k' Acute and chronic bioassays are done for surface water with invertebrate, vertebrate and plant species. For sediments, EP
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Table 6-3
DATA QUALITY OBJECTIVES SUMMARY FOR SURFACE WATER, SEDIMENT
AND LANDFILL GASOF THE EXAMPLE LANDFILL SITE

Page 3 of 3
Data Quality
Objective Elements Surface Water Sediment Landfill Gas
PARCC Parameters
o Precision
- TCE <14 <20
- Vinyl Chloride +25% +25%
- PCB +25% +25%
- Lead +20% +20%
- Arsenic +20% +20%
- Chromium +20% +20%
- Methane N/A N/A
o Accuracy™
TCE 75-125% 62-137%
Vinyl chloride N/A 75-125%
PCB N/A 75-125%
Lead N/A 75-125%
Arsenic N/A 75-125%
Chromium N/A 75-125%
Methane N/A N/A
« Representativeness’
« Completeness®
e Comparability®

N/A—Not applicable.

' Thelisted values for precision and accuracy in analysis of water samples are based on CLP RAS SOW requirements and do not
necessarily reflect actual method performance. Precision and accuracy performance for landfill gas samples are method
dependent.

m  Qualitative parameter, which considers the project as a whole. No numerical criteria can be set.

n Can be expressed as a quantitative assessment of the percentage of valid data received. Also includes a qualitative parameter and
must be assessed after all data re reviewed.

° A qualitative parameter that can be maximized through the use of standard sampling, analysis, and data review techniques.
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Section 7
RI/FSTASKS

The field investigation is conducted to provide data
that can be used to determine the type and extent of
contamination at the Site and to identify if the Site
poses risks to human hedth and the environment.
The RI/FS tasks described in this work plan have
been developed to meet these objectives. This
section of the work plan follows the standard
format outlined intheRI/FS Guidance (U.S. EPA,
19884). Severa of these activities were conducted
before developing this work plan. These activities
include the evduation of exigting data and the
performance of limited field investigations. The
results of both of these activities are reported in
Section 2 and 3, respectively, of this appendix.

7.1 RI/FSTasks

The following tasks have been identified for the
RI/FS:

» Task 1--Project Planning
*  Task 2--Community Relations Activities
» Task 3-Fidd Investigations

I Subtask 3A--Fieldwork Support

I Subtask 3B--Surveying and
Mapping

I Subtask 3C--Geophysica Investigation
I Subtask 3D--Soil Gas Survey
I Subtask 3E--Cap Investigation

I Subtask 3F--Source Testing, Test Pits,
Soil Samples (perimeter)

I Subtask 3G--Hydrogeologic
Investigation
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1 Subtask 3H--Groundwater
Sampling

I Subtask 3I--Residential Well
Sampling

1 Subtask 3J--Surface Water and
Sediment Sampling

1 Subtask 3K--Landfill Gas Emissions
Sampling

I Subtask 3L--RI-Derived Waste
Disposa

» Task 4--Sample Analysig/Data Vdidation
» Task 5--Data Evaluation

* Task 6--Risk Assessment

* Task 7--Remediad Investigation Report

e« Task 8--Remedial Alternative

Development
e Task 9--Alternatives Evauation

e Task 10--Fessibility Study Report

Task 11--Treatability Studies

7.1.1 Task 1--Project Planning

Included in this task are limited field investigation
activities, existing data evaluation, development of
the work plan; obtaining appropriate approvals for
the work plan, budget, and schedule; preparation of
the sampling and analysis plan (SAP), which
consists of the Quality Assurance Project Plan
(QAPP) and the Fiddd Sampling Plan (FSP);
preparation of the Site Safety Plan (SSP); project
management and agency coordination; obtaining
easements and permits, if necessary; and meetings
among EPA, the State, and the contractor.



Development of the RI/FS work plan includes
formulation of DQOs, identification of the
necessary RI/FS tasks, and preparation of budgets
and schedules for implementing the proposed RI/FS
tasks. Results of the existing data evaluation are
presented in Section 2 of this document and results
of thelimited field investigation activitiesreported in
Section 3 were utilized to develop the scope of RI
activities. Potentidl ARARs and remedia action
aternatives for the example site are discussed in
Section 4 of this document. This information was
aso utilized to develop the RI scope.

A SAP will be prepared in conjunction with the
work plan that will include a QAPP, FSP, and an
SSP for the proposed field activities. The QAPP
will specify the anaytical procedures and the
methods for analytical choices and data reduction,
vaidation, and reporting. The FSP will indicate
proposed sampling locations, collection procedures,
and the equipment necessary for sampling and
testing. The procedures outlined in the
Compendium of Superfund Field Operations
Methods (U.S. EPA, 1987c) and the Users Guide
to the Contract Laboratory Program(U.S. EPA,
1988b) will be used to develop the. FSP. Sample
custody procedures, including those related to
chain-of custody, adso will be delineated in the FSP
and will conform to the procedures detailed in the
National Enforcement Investigation Center’'s
Policies and Procedures for Sample Control.
Preparation of the SSP will aso be based on
historical information, OSHA regulations, and
corporate health and safety policies.

At critical junctures of the project, it will aso be
necessary to conduct meetings between EPA, the
contractor, and other appropriate parties to discuss
project deliverables and the schedule and to
evaluate the need for additional studies. Table 7-1
summarizes the subject, frequency, participants, and
locations of proposed meetings for all tasks.

7.1.2 Task 2--Community Relations Activities

A community relations plan will be prepared
addressing activities that EPA will conduct with
residents and government officials involved with
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the site. The plan will contain the following sections.
» Sitedescription
* Higory of the site
*  Community issues
»  Objectives of the community relations plan
»  Community relations activities

» Schedule of community relations activities
through ROD

Information presented in the plan will be developed
from previous work conducted a the site and
interviews conducted with federal, state, and local
officials and residents, as appropriate.

Public meeting contractor support can be provided
by issuing Agency-approved public notices,
supplying court recorders, and preparation of visual
aids. In addition, project updates will be developed
to provide information regarding project status. An
update will be distributed at the beginning of the
fidd invedtigation, and a second once the field
investigation is complete. A proposed plan
summarizing the alternative selection process and
the preferred remedid action aternative will be
prepared for public comments. A final fact sheet
will be prepared after the ROD is signed to explain
the remedial action alternative selected for the Site.

7.1.3 Task 3--Field Investigation

All efforts to prepare for onsite work, with the
excluson of sample andlysis, are included in this
task.

7.1.3.1 Subtask 3A--Fieldwork Support

Fieldwork support includes those activities that are
necessary before the field activities can be
implemented. The following sections describe these
activities and include those associated with
subcontractor and equipment procurement and site
setup.



Task
Budgeted Subject of
Under Meeting
1 Project kickoff meeting
1 Project progress
meetings
1 Public meetings
2 Community relations
organizational meeting
3 Discuss field activities
7 RI Outline Report
7 Draft RI Report
8 RA screening
10 FS Outline
10 Draft FS report
Note:

Table 7-1
PROJECT MEETING SUMMARY FOR THE RI/FSAT THE EXAMPLE SITE

Meeting Participants*

No. of Anticipated Point Anticipated
Meetings in Schedule Contractor EPA Region Other Meeting Location
2 Before initiation of project Project manager Remedia project State representative, EPA office and the
tasks (PM), task leaders manager (RPM), Natural Resource site
technical advisors, Trustees, if
project officer appropriate
6 Quarterly for duration of PM, task leaders RPM and technical State representative, 3in EPA office
RI/FS advisors (as Natural Resource 3in contractor’s
appropriate) Trustees, if office
appropriate
2 Before RI/FS initiation and PM RPM, technical PRP and State Site
following EPA issuance of FS advisors representatives
report, and public review
period and comment period
3 Before RI/FSinitiation, before  PM, community RPM, risk assessment  State representative EPA office
issuing proposed plan, and relations specialist specialist
before issuing final fact sheet
2 During field activities PM, senior RPM hydrogeol ogist State representative EPA office or at site,
hydrogeol ogist if necessary
1 After RI field datais available
1 After EPA review of draft RI PM, senior RPM, technical State representative, EPA office
report hydrogeol ogist, risk specialists Natural Resource
assessment specialist Trustees, if
appropriate
1 During RA screening PM, process engineer ~ RPM, technical State representative Remedial
specialists contractor’s office
1 After RA screening
1 After EPA review of draft FS  PM, process engineer ~ RPM, technical State representative, EPA office
report specialist Natural Resource

" Meeting participants may vary depending on the EPA Region.

Trustees, if
appropriate
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Subcontractor Procurement. Severad of the
investigative activities that will be conducted during
the course of the RI will require services typicaly
provided by contractors other than those scoping
and performing the RI/FS. Services expected to be
subcontracted are:

»  Congtruction of decontamination pad

» Provison of trailer for onsite office and
mobile laboratory and hookups of eectricity
and telephone

»  Obtaining sample bottles

*  Surveying and topographic mapping

» Drilling and ingdlation of monitoring wells

» Geophysica studies

» Excavation of hot spot areatest pits

» Fencing of investigation waste storage area

* Commercial laboratory for engineering
design analysis (BOD, COD, €tc.)

»  Geotechnica |aboratory andysis
» Removal of RI-derived waste, if necessary
» Treatability studies, as appropriate

Equipment Procurement and Site Setup. This
element involves securing and shipping field
equipment and health and safety equipment/
materias ongite and setting up an onsite field office
trailler and support area. A mobile trailer will be
rented for use as an onsite office and for storing
equipment and supplies. Thistrailer will also house
the onste mobile laboratory. The trailer will be
equipped with air conditioning (fieldwork planned
for the summer), telephone, water, and electricity.
A decontamination pad will also be constructed.
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7.1.3.2 Subtask 3B--Surveying and Mapping

A preliminary search for existing maps and aeria
photographs from sources such as the Department
of Transportation and the U.S. Geologica Survey
was made during the evaluation of existing data. An
aerial topographic survey of the ste and
surrounding area will be conducted. This aerial
survey will be field checked by a ground survey
crew who will establish a localized baseline and
benchmark for future sampling and to tie-in new
wdl locations. Stream contours will also be
establishedfrom water depths. Thetopographic site
map covering the 60 acres of the site and
immediate surrounding area will consist of contour
lines on 1-foot intervalsand use ascale of 1" = 75'.
A topographic map with a contour interval of 2 feet
and a scale of 1" = 100" will be developed for a
much broader area of 145 acresand will includethe
surface-water drainage system. The locations of
surface features such as power lines, fences, and
sewers will so be located on the stemap to aid in
the geophysicd investigations.

7.1.3.3 Subtask 3C--Geophysical | nvestigation

Surface geophysica surveys will be performed in
the southeast section of the landfill. The purpose of
these studies is to confirm suspected landfill areas
that may contain buried hazardous waste drums, to
ad in selecting test pit sites, and to delineate the
extent of the fill. The need for the geophysica
investigation was determined during the scoping
activities where indications of a buried drum area
were identified through review of existing aeria
photographs and interviews with former employees.
A magnetometer survey (total field and vertical
gradient) will be used to meet these objectives. It
should be noted, however, that landfills contain
many products other than drums that are made
of metal. Therefore, this type of investigation
is used only when there is evidence to suggest
large discrete areas of drum disposa. While
the survey cannot specifically distinguish
between drums and other metal objects,
they can delineate areas of buried metal
masses. Subsequent investigations such as the test
pits will be used to further explore the specific
nature of the buried metal and to investigate



subsurface soil conditions below areas of waste

disposdl.

M agnetometer Survey. A magnetometer survey
will be conducted to determine the location, extent,
and relative magnitude of the drum disposa area
Before the survey, a 100-foot by 40-foot grid will be
lad out over the southeastern portion of the landfill,
which encompasses the area of suspected drum
disposal (Figure 7-1). A magnetometer base station
will also be established to monitor diurna changes
in the magnetic field (for correction purposes).
Once the grid and base station have been located,
magnetometer readings will be collected at 20-foot
centers using an Magnetometer/Gradiometer. Any
other readings made from locations not marked by
agrid flag will be located by positioning a marked
tape or rope aong the appropriate line.

The magnetometer survey will condst of totd field
measurements and vertical magnetic gradient
measurements. Vertical gradient data are capable
of higher resolution thanthe tota field dataand will
minimize potential noise problems. The tota field
and gradient data will be collected smultaneoudly.

Upon completion of the magnetometer survey, data
will be corrected for the effects of the diurna
changes in the local magnetic field. Once this has
been done, a magnetic contour map will be
prepared to interpret magnetic anomalies.

7.1.3.4 Subtask 3D--Soil Gas Survey

A soil gas survey will be conducted in conjunction
with the magnetometer survey to locate the
boundaries of the drum disposa aea The
magnetometer survey may be inconclusive if the
number of drums per unit area is low or if the
drums are buried deeply. A soil gas survey will be
concentrated in the southeast corner of the landfill.
A soil gas survey, coupled with the mobile
laboratory analysis of the soil gasfor afew selected
VOCs, may provide immediate information on the
lateral extent of contamination of the soil (primarily
in the liquid solvent disposa areq) and possibly the
groundwater. This survey may aso minimize
thenumber of geotechnical borings and monitoring
wells that must be drilled or installed.
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Soil gas ground probeswill be used to savetime and
expense. Ground probes will be driven to the
desired depth and a vacuum pump used to draw a
sample from the probe. The soil gas sampleswill be
collected in Tedlar bags.

Sample analyses will be furnished by an onsite
mobile laboratory. The laboratory will use a gas
chromatograph with a photoionization detector.
Samples will be andyzed for 1,1-DCE, TCE,
1,1,1-TCA, and toluene.

Initialy vertical profiles of organic gases present in
the soil pore spaceswill be measured and plotted at
several locations. A sampling depth of at least 4
feet will also be selected, based on the measured
vertical profiles. However, sampling probe depth
within the landfill may be limited by the presence of
buried drums and extreme care must be exercised.
Once this congtant sampling depth is established,
0il gas samples will be collected across a grid.
Samples will be collected on a 20-foot by 20-foot
orid laid out over an areameasuring 200 feet by 200
feet. Initidly, samples will be collected nearest the
suspected disposal location. Once the location is
identified, sampling on a 10-foot by 10foot grid will
be done to more accurately identify the limits of the
area. In the event that results from the initial
vertical profiles do not provide data to sufficiently
locate the solvent plume, the soil gas survey will be
discontinued. A maximum of 80 soil gas samples
will be taken in the initial effort. An additional
maximum of 20 soil gas samples will be taken on a
100-foot by 100-foot grid to identify the extent of
the groundwater contamination south of the disposal
area. Depending on the location of the solvent
disposal areg, this survey may include additional
areas within the landfill.

7.1.3.5 Subtask 3E--Cap I nvestigation

The cap covers the southern portion of the landfill
as shown in Figure 2-1. Because the cap was
engineered and may be used as a component of the
final cover system, further investigation on its
congtruction iswarranted. The objectives of the cap
investigations are to:
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»  Determine the permeability of the existing
cap

» Evaluate the susceptibility to damage from
freezing, drying, and eroson

»  Determine thickness of existing cap

Permesability tests performed on undisturbed
(Shelby tube) sampleswill be used to determine the
effectiveness of the cap as it currently exists.
Undisturbed and remol ded sample permeability and
dengity tests will be compared to explore the
susceptibility of the cap soil to damage from
freezing and drying. Characterization and
permesbility testing will aso be used to support
evauation of remedial aternatives such as
congtruction of a multilayer cap. These objectives
can be achieved as explained in the following

paragraphs.

A maximum of seven test pits (see Figure 7-1) will
be dug at the site to show the constructed cross
section of the cap. The visua extent of cracking,
layering, root-penetration and vegetation success
will be noted when the pits are dug. The test pits
will be hand dug or dug with a narrow-bucket
backhoe and are expected to be about 2 feet deep.
A nuclear density gauge will be used to determine
in Stu density and moisture content at various
locations across the site. The quantity and locations
of the nuclear density testswill be determined inthe
fidd.

Samples from the test pits will be sent to a
geotechnica laboratory for andysis if it is
determined during the test pit program that the cap
is a clay cap. A summary of the sampling and
andysis program is presented in Table 7-2. The
samples will be tested for moisture content and will
be characterized by grain size andyss, and
Atterberg limits. One moisture-density relation test
will be performed using a soil sample taken from a
representative test pit. A flexible-wall permesbility
test will be performed on a remolded sample,
compacted to 95 percent maximum density at the
optimum moisture content. Thisdatawill be used to
determine the permeability of the existing cap and
whether the cap has the geotechnical properties
necessary to be used as a base if anew cap were
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constructed over the existing material.

Shelby tube samples will be taken at each of the
test pit locations. The Shelby tubes will be pushed
using the backhoe bucket that is needed for the
hydrogeologic investigation. If the characterization
tests performed on the test pit samples indicate
markedly different soil types, additional Shelby tube
samples may be necessary. Shelby tube samples
will be analyzed for in-situ density and moisture.
Flexible-wall permesbility testswill be performed on
samples taken from the Shelby tubes.

Geotechnica laboratory testswill require monitoring
of the procedures and equipment being used.
Specifications for each test will be prepared and
included as part of the drilling subcontract. The
drilling subcontractor will be responsible for
retaining a laboratory (with the remedia
contractor’'s approval) who is capable of
conforming to the specifications. A geotechnical
engineer will visit the laboratory at least once to
review the procedures and equipment being used.

Alsoadditional permeability testson different localy
available soils or onsite soil-bentonite clay mixtures
will be performed. This is necessary because it is
expected that acap will be needed for the currently
uncapped northern section of the landfill. And
because it may be necessary to upgrade the existing
cap if it has a high permesbility or isgeotechnicaly
unstable.

After the initial stage of geotechnica investigation
and sampling is completed, the results will be
evduated to determine whether or not more
fieldwork is needed. Results of the permesbility
tests will be reviewed aong with compaction tests.
To fully evauate capping dternatives, it will be
necessary to construct test patches of the proposed
cover material over the landfill to determine the
feasbility of achieving the desred reative
compaction. Compaction over thelandfill may bean
issue because of potential problems with the soft
(refuse) subgrade.

Landfill settlement will be monitored through-
out the RI by surveying changes in benchmarks
that were ingalled during the Limited Field
Investigation. If substantia settlement is till



Table7-2

SUMMARY OF SAMPLING AND ANALYSISPROGRAM FOR EXISTING CAP AND HOT SPOTS

Additional
Target Field and Volume Needed
Detection Proposed Analytical Sour ce of No of. Rinsate Trip for
Medium Analysis Limits Method Analysis Samples? Blanks Blanks’ Replicates QA/QC Lots
Existing Cap M oisture Content®d -- ASTM 2216-80 Geotech Lab 7 -- -- -- -
Permeability Test®? - SW 842 Geotech Lab 7 - - - -
Method 9100

In Situ Density®d - - Geotech Lab 7 - - . .
Atterberg Limits® -- ASTM D4318 Geotech Lab 7 -- -- -- --
Grain Size -- ASTM D422 Geotech Lab 7 -- -- -- --

Hot Spot TCL BNA Extractables CRDL Organic SOW87 CLP-RAS 36 1/day -- 1/20 Double volume

each samples per 20 samples

TCL Pesticides/PCBs CRDL Organic SOW87 CLP-RAS 36 1/day -- 1/20 Double volume

each samples per 20 samples

TCL Volatile Organics CRDL Organic SOW87 CLP-RAS 36 1/day 1/day 1/20 Double volume

each samples per 20 samples

TAL Inorganics CRDL Inorganic SOW88 CLP-RAS 36 Vday -- 1/20 Double volume

each samples per 20 samples

Cyanide CRDL Inorganic SOW88 CLP-RAS 36 1/day -- 1/20 Double volume

each samples per 20 samples

Mercury CRDL Inorganic SOW88 CLP-RAS 36 1/day -- 1/20 Double volume

each samples per 20 samples

CRDL -- Contract Reguired Detection Limit

TCL -- Target Compound List

TAL — Target Analyte List

RAS -- Routine Analytical Service
CLP — Contract Laboratory Program
BNA -- Base Neutral and Acid
8Geotechnical test samples correspond to one sample per cap investigation test pit. Analytical samples for the hot spot area correspond to 12 samples per source (hot spot) test pit.
bTrip blanks are only necessary for volatile organic samples.

°QC samples are not collected for geotechnical samples. Sample results are reviewed an experienced geotechnical engineer for conformity with the specified ASTM method.

“The proposed analytical method for in situ density is reported in Methods of soil Analysis, Section 13.2.
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occurring, then a temporary cap may need to be
designed and ingtaled until the settlement rate has
decreased.

7.1.3.6 Subtask 3F--SourceTesting, Test Pits

The objectives of the source testing program are:
(2) to evauate the integrity of the buried drums, (2)
determine the extent of contamination of
unsaturated soil in the solvent disposal area, and (3)
determine the approximate volume of the hot
spot(s). The test pit excavation will be done in the
one-hdf acre area believed to be used for drum
disposal. Personnel will conduct sampling of thetest
pitsin Level B protection.

Test pit depths are limited by the dability of
subsurface materials and the maximum depth of the
backhoe. Backhoestypically can reach depths of at
least 25 feet below grade, but actual test pit depths
are expected to be less because of soil stability
limitations. For this reason, the maximum depth of
test pits is estimated to be 20 feet below grade.
Specific excavating equipment cannot be identified
until an excavating contractor has been selected,
but it will probably be a track-mounted backhoe.
Three test pits in the southeastern section of the
landfill will be logged and photographed to
document the subsurface conditions encountered.
No attempt will be made to enter the pits, and
samples will be collected directly from the backhoe
bucket. Excavated portions of the existing cap will
be kept for replacement of the cover and the
excavated waste will be placed on plastic sheetsin
a separate area from that of the cover materia to
prevent contamination of surface soils.

If intact or crushed drums are encountered, the field
excavation crew will leave them undisturbed.
Drums will not be removed from test pits.
Drummed materialswill not be tested unless drums
are degraded and lesking, as visually evidenced by
the presence of liquids in the test pits around the
drums; samples will be obtained from the backhoe.
If afree-floating liquid layer isfound, the pit will be
lined with asorbent materia and closed immediately
after samples of the liquid are collected.
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Following completion of sampling and test pit
logging, each test pit will be backfilled to grade. If
a strong contaminant profile is observed in the test
pit wall, the field excavation crew will backfill the
test pit to roughly the same condition it was in
before excavation. The most contaminated material
based on HNu screening, will be backfilled into the
test pit first with the least contaminated going in
last. Any remaining excavated materials that can
not be placed into the test pit will be left at the test
pit location and covered with clean clay fill obtained
from an offsite borrow area.

The quditative data obtained from the field
screening will be used in conjunction with visua and
sratigraphic information derived from the test pit
logging to select soil samples for submittal to the
CLP for analyses. The chemica information
obtained from the CL P analysiswill be compared to
the groundwater plume data to identify groundwater
contaminant source areas. The chemical
information will also characterize the type and
concentration of contaminants in the source areas.
This soil information is necessary to characterize
the potential for future contaminant releases to the
groundwater and to evaluate containment,
treatment, and disposal aternatives for the hot spot
in the FS.

The proposed location of the test pits is shown in
Figure 7-2. A maximum of 36 test pit samples will
be submitted for TCL and TAL anayses. This
number assumes a maximum of 12 samples each
from the three test pits. The actua number of
sampleswill depend on field observations and actua
test pit depth. Samples will be considered as having
low or medium concentrations, depending on the
HNu readings. Sampling methods and protocol will
be discussed in detail in the SAP. Someor al of the
il samples may be depth-interval samples.
Samples will be selected by depth, based on visual
observations (e.g., soil staining); the concentrations
or types of VOCs detected during the soil gas
survey and stratigraphic relationships. The sampling
team leader will decide on the depth interval after
consultation in the field with the project
hydrogeologist and chemist. A summary of the
sampling and analysis program ispresented in Table
7-2.
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information on health and safety concerns for test
pit excavations can be found in Compendium of
Superfund Field Operation Methods (U.S. EPA,
1987c).

7.1.3.7 Subtask 3G--Hydrogeologic
Investigation

The purpose of the hydrogeologic investigation isto
accomplish the following:

 Refine the conceptud modd of the
groundwater flow system in relationship to
underlying hydrostratigraphy

o FEvaduae the aquifer properties and its
response to pumping

» Locate monitoring wells for the collection
of analytical data to define the type and
extent of contamination

»  Provide information on pathwaysfor usein
the risk assessment

Based on thorough review of existing data the
following investigations are intended to fill in the
data gaps and thereby fulfill the objectives listed
above.

Geotechnical Borings. To refine the conceptual
model and thesubsurfacestratigraphicrelationships,
and to aid in delineating the extent of the VOC
plume in thevicinity of thelandfill, eight soil borings,
will be drilled and sampled (Figure 7-3). The
rationde and proposed depth of each boring is
presented in Table 7-3. The number and location of
borings may change depending on the results of the
initia borings. For instance, if soil contamination is
found in borings west or east of the site, based on
field observations and soil gas probe readings,
additional borings would be * ingtalled upgradient
northwest or northeast of the landfill. In the event
that the stratigraphy is more complex or the
groundwater contamination more extensive than
that presented in the evaluation of existing data, a
maximum of 16 more geotechnica borings may be
required. The location for these borings will be
based on the information developed
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from the initia eight soil borings.

All borings will be advanced using a6.25-inch (ID),
screened hollow-stem auger. EPA  will be
responsible for obtaining easements and permits at
al offgte locations.

Three of the soil borings will be advanced to
bedrock, which is expected to be approximately 135
feet below ground surface. The other five borings
will be advanced to a depth of about 70 feet below
ground surface to determine the stratigraphy of the
fill units benesth the south portion of the landfill and
south of the landfill in the vicinity of the potential
groundwater migration pathways. Each
geotechnical boring will be sampled a 5-foot
intervals usng a standard split-spoon  sampler
following ASTM Standard D-1586 for the Standard
Penetration Resistance Test. Boreholes where
monitoring wells are not installed will be abandoned
by injecting athick bentonite durry from the bottom
of the borings to the ground surface using the
tremie method.

Each boring will be logged by an experienced
geologist, geotechnical engineer, or soil scientist.
Samples will be described using the Unified Soil
Classification System terminology. Samples will be
collected for grain size analysis and/or Atterberg
limits based on changes in stratigraphy. The
decison to submit a sample for geotechnical
andysis will be made in the field by the supervising
geologis, engineer, or scientist but in no case will
exceed three samples per boring.

Information obtained from the soil boring program
will help to determine the need for additional
monitoring wells and the depths at which monitoring
wellswill beingtaled. Thisstratigraphic information
is aso necessary to identify potential migration
pathways and to evauate the fate and transport of
released contaminants.

Drill cuttings generated during the soil boring
program will be collected and stockpiled onsite.
These cuttings will be covered with clean clay fill
obtained from an offsite borrow area. The cuttings
will be consolidated with other waste under thefinal
cap for the landfill.
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Table7-3
RATIONALE FOR SOIL BORING LOCATIONSFOR
THE EXAMPLE SITE
Boring L ocation Proposed Depth Rationale

B-1 Bedrock » Stratigraphy in west side of site where data are
scarce, helps determine screen interval for
monitoring wells

B-2 70 feet o Stratigraphy in SW portion of the site where data
are scarce, helps determine screen interval for
monitoring wells

B-3 70 feet » Heps determine location of downgradient
monitoring nest

B-4 70 feet » Helps determine location of downgradient
monitoring nest, stratigraphy in SW corner of Ste
where data are scarce

B-5 Bedrock « Stratigraphy of potential migration pathways, helps
locate monitoring wells, extent of contamination

B-6 70 feet » Stratigraphy of potentia migration pathways, helps
locate monitoring wells, extent of contamination

B-7 70 feet » Downgradient stratigraphy, helps locate monitoring
wells, extent of contamination

B-8 Bedrock » Stratigraphy in SE portion of the site, where data are
scarce
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Monitoring Well Installation. To better define
potentiometric relaionshipsin thevicinity of thesite
and evaluate the extent of groundwater
contamination, 15 new monitoring wells will be
instaled and one existing well nest will be used. An
ongite laboratory will be used during well instalation
to provide analytica results that will be used to
reevaluate the proposed monitoring well network.
Groundwater samples will be analyzed for selected
V OCs and inorganic anions (chloride and sulfate) to
ad in determining the extent of the groundwater
pume. The inorganic anions are persistent
chemicals which can be used as indicators of
leachability and transport. Therefore, mapping
elevated levels of theseindicator chemicalsrelative
to upgradient concentrations can give a more
accurate picture of the movement of the
groundwater and possible extent of the contaminant
plume than just VOC analysis. Because of
volatization, adsorption and degradation, VOCs may
diminish in concentrations more rapidly than the
inorganic ions.

Potential locations for the new wells are shown in
Figure 7-4. The rationae for each location is
presented in Table 7-4. This rationale is based on
the assumption that subsurface conditions are
homogeneous. If subsurface conditions are
heterogeneous, additiona wells may be necessary.
Also, based on the conceptua site modd, it is
possble that the horizontal or vertica extent of
groundwater contamination may be greater than
that estimated from existing data and the results of
the VOC and inorganic ion analysis to be done by
the onsite mobile laboratory, therefore an additional
number of monitoring wells may be necessary. For
purposes of this work plan, a maximum of 15
additional wells are estimated. The need for these
wells and their locations will be assessed in thefield
by the project manager in conjunction with EPA’s
RPM.

One two-well monitoring well nest will be installed
upgradient (background) of the landfill to determine
upgradient groundwater quality. A second
monitoring well nest (with three wells), in addition
to the exising ongte landfill wel nest, will be
installed just off the southwest corner of the landfill
to evauate groundwater quality within the landfill.
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Because there is an existing well nest onsite, and
for health and safety reasons, installing an additional
well nest ongite is not proposed. A third (two-well)
and a fourth (three-well) nest is proposed to
measure downgradient groundwater quality. Three
sgngle wellsare proposed to measure the westward,
eastward and southerly extent of groundwater
contamination and to investigate the possible
groundwater mound. One two-well monitoring well
nest is proposed to evauate the vertical distribution
of contaminants downgradient of the landfill and to
determine if avertical gradient exists.

At least Sx of the remaining monitoring wells will
be ingaled in geotechnical borings described
earlier. These monitoring wells will be installed
immediatdy after completion of the geotechnical
borings at each location. The elevations of each
monitoring well measuring point will be determined
and water levels recorded. This information is
needed to determine the groundwater flow system.
The information obtained from completion of this
task will be important to the analysis of the fate and
transport of congtituents released from the landfill
and to the identification of contaminant migration
pathways.

The boreholes for the monitoring wells will be
advanced using screened hollow-stem augers
(6.25-inch ID). This size dlows sufficient annular
space between the well and the auger wall to
introduce afilter pack and sedl. If dternativedrilling
methods are required, only methods using clear
water, air, or cable tool will be considered.

Following ingtalation, each monitoring well will be
developed until substantialy free of sediment, and
until pH and conductivity are stable to the
satisfaction of the project hydrogeologist. Wellswill
be devel oped using the surge-and-bail method. Well
development water will be discharged as described
under Section 7.1.3.12--RI-Derived Waste
Disposd.

During ingtdlation of the 15 new wells, groundwater
samples will be collected from three depths
(water table, mid-depth, and above bedrock)
at each location. These samples will be analyzed
by the onsite mobile laboratory for
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Table 7-4
RATIONALE FOR MONITORING WELL LOCATIONS
Well Number Proposed Depth Rationale for Location

MW-1S 45 feet Can monitor quality of upgradient groundwater
(background)

MW-1M 90 feet

MW-2S 45 feet Can monitor quality of groundwater migrating
from the landfill (Samples will aso be collected
from existing onsite well nest.)

MW-2M 90 feet

MW-2D 135 feet

MW-3S 45 feet Can monitor quality of downgradient
groundwater and depth of contamination

MW-3D 135 feet

MW-4S 45 feet Can monitor quality of downgradient
groundwater

MW-4M 90 feet

MW-4D 135 feet

MW-5M 70 feet Can monitor westward extent of groundwater
contamination

MW-6M 70 feet Can monitor eastward extent of groundwater
contamination

MW-7M 70 feet Can monitor southward extent of groundwater
contamination

MW-8S 45 feet Can monitor quality of downgradient
groundwater and depth of contamination

MW-8M 70 feet

Note: Location of monitoring wells are dependent on results from the onsite mobile laboratory and soil

gas anadysisif performed.
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four selected VOCs--1,1-dichlorethene (1,1-DCE),
trichloroethene (TCE), 1,1,1,-trichloroethene (1,1,1-
TCA), and toluene, and two inorganic ions--chloride
and sulfate. The results will be plotted on site maps
and will be used to evauate the new monitoring
well network. If the analytical resultsindicate high
levels of the four VOCs and the two inorganic ions
from the downgradient wels, then additional
downgradient wells will be ingtalled.

Water Level Monitoring. All new monitoring
wels will be surveyed to establish horizontal
location and elevation of the measuring points.
Elevation measurements will be taken on the riser
pipe with the measuring point designated by achisel
mark. All devations will be referenced to the
benchmark previoudy established at the site. All
wells will be located horizontdly to within plus or
minus 5 feet. Vertica elevations of measuring
points will be made to the nearest 0.01 foot.

Water levels will be collected at amaximum of one

a month from new and existing monitoring wellsfor

the duration of the RI. This is assumed to be 5
months. An electric water-level indicator graduated
in 0.1-foot increments will be used.

Aquifer Tests. The purpose of the aguifer testsis
to determine the physical characteristics of the
underlying aquifer sufficiently to alow evauation of
groundwater collection alternatives. Both pumps
tests and dlug tests will be conducted.

This pump test is important for understanding how
the aquifer responds to pumping given the site's
proximity to constant-head boundaries. A 6-inch
(minimum) 1D, fully penetrating production well
would be drilled using mud rotary techniquesfor the
purpose of conducting a 72-hour pump test. Eight
monitoring wells will be used as observation wells
for this test. Groundwater sampleswill be collected
during the pump test for analysis of CLP routine
analysis of TCL organic and TAL inorganic
packages. The layout of the pump and observation
wells that will be used for the test is shown by
Figure 7-4. The production well will belocated inan
areawhere it could be used later as agroundwater
extraction well. The final location and depth of the
screened interval will be selected in consultation
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with the RPM after screening results of the
groundwater and soil samples for the mobile
laboratory are evaluated.

The pump test may generate up to 1,000 gpm for 3
days. This volume of water (4.3 million galons) is
too large to store ongte and will have to be
discharged to the loca POTW. Permission will
have to be obtained from the POTW. If permission
is not obtained, the pump test will not be performed
and the dug test results will be used to characterize
the hydraulic properties of the aguifer. The
disadvantage of using only dug testsis that thereis
a higher degree of uncertainty in the parameter
estimates and the influence of constant head
boundaries is not determined.

Sug testswill aso be performed to measurein-field
hydraulic conductivity. Slug tests will be completed
after the wells are developed. Tests will be
conducted by ether withdrawing a known volume
of water or by inserting a cylinder of known
dimension and recording changes in water level at
the time.

7.1.3.8 Subtask 3H--Groundwater Sampling

Informeation obtained from the new monitoring wells
will be used to study the possible groundwater
mound and its effect on contaminant migration, to
determine the vertica and lateral extent of the
VOC contamination, and to evauate source
containment and groundwater extraction and
treatment alternatives.

After well installation and recovery, groundwater
samples will be collected from the new wells and
from the existing landfill well nest. Groundwater
sample collection will begin with the least
contaminated wells and conclude with the most
contaminated to prevent cross contamination of
samples. Samples will be collected from within the
hollow-stem auger after purging at least three well
volumes to remove stagnant water or stratified
contaminants and until the pH and conductivity are
stable. Purge water will be collected or discharged
on the ground as described in Section 4.2.3.12--
RI-Derived Woaste Disposal. Groundwater
elevations will be measured before purging wells.
Samples from each well will aso be
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submitted to the CLP for analysis of routine TCL
organic and TAL inorganic packages, specia
analytical service (SAS) for vinyl chloride as well
as for BOD, COD, TOC, and TDS. Efforts will
also be made to identify Tentatively Identified
Compounds (TIC) if they are detected in significant
concentrations since they also could pose a human
hedlth risk. Field parameters of pH, temperature,
and specific conductance will be measured at the
time of sample collection. Details on sampling
methods, collection of blanks and duplicates,
preservation of samples, and sample handling and
shipping will be presented in the SAP.

A second round of groundwater sampling will begin
4 months after completion of the first round to
verify the previous results. Samples will be
submitted to the CLP for the same analyses
outlined above for round one. Field parameters will
also be the same as above. A summary of the
sampling and analysis program ispresented in Table
7-5.

7.1.3.9 Subtask 3I--Residential Well Sampling

Residentia wells in the vicinity of the landfill are
sampledto verify reported contamination, to provide
additiondl data as to the extent of contamination,
and to identify wellsthat may not be affected by the
contaminant plume.

To accomplish these objectives, a total of nine
resdentid wells (shown in Figure 7-5) will be
sampled during the two rounds of groundwater
sampling. Five wells (R1-R5) will be sampled to
provide additiona data on the extent of groundwater
contamination; the four remaining residential wells
(R6-R9) are not anticipated to be contaminated and
will be sampled only to verify that contamination
has not migrated to them. Available information on
the 9 wells including well depths and construction
detaills was collected during limited field
investigations.

Grab samples will be obtained from the cold water
taps, at a point prior to treatment, after the wells
have been adequately purged to remove stagnant
water. Samples will be submitted for CLP andysis
of routine TCL organic and TAL inorganic
packages, except for the vinyl chloride analysis,
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whichwill require aspecia andyticd service (SAS)
request. Effortswill also be made to identify TICs.

Homeowners will be contacted for permission to
sample. Their requests with respect to the sampling
schedule will be adhered to at al times. A well
inventory form will be completed for each well
sampled.

7.1.3.10 Subtask 3J-L eachate Sampling

There is no existing data on either the observed
leachate seep or leachate within the landfill. The
objectives of the leachate study are to identify the
approximate amount of leachate production and the
compostion of the leachate. Composition
information will be used to characterize the leachate
and to determine competibility of leachate treatment
with groundwater treatment.

The leachate seep located on the west side of the
landfill will be sampled twice. Grab sampleswill be
taken at the toe of the landfill. One sample will be
taken at the same time as the surface water
sampling presented below. The other samplewill be
takenin the spring after awet period when the flow
from the seep is higher than normal. These two
samples will indicate the range of composition of
the leachate seep. Leachate seep samples will be
analyzedfor TCL organics, TAL inorganics, BOD,
COD, pH, TDS, and oil and grease.

Water quality and wellhead data from the
groundwater monitoring wells will be used to aid in
the estimation of leachate composition and
production. The data from the shallow well within
the landfill will be a useful source of this data,
Sampling of these wellswas covered under Subtask
3H. A summary of the sampling and analysis
program is presented in Table 7-5.

7.1.3.11 Subtask 3K--Surface Water and
Sediment Sampling

No existing data on surface water and sediment
contamination of the unnamed tributary to the Polk
River are available. As discussed in Section 4.3 of
this appendix, site contaminants may have migrated
by way of surface runoff and groundwater
recharge. To determine if this has

A7-18



Table7-5

SUMMARY OF SAMPLING AND ANALYSISPROGRAM FOR GROUNDWATER

Additional
Target Proposed Field and Volume Needed
Detection Analytical Sour ce of No. of Rinsate Trip for
Medium Analysis Limits Method Analysis |Samples®| Blanks [Blanks® | Replicates QA/QC Lots
Groundwater |TCL BNA Extractables CRDL 625 CLP-RAS 52 1/day -- 1/20 samples |Triple volume
each per 20 samples
TCL Pesticides/PCBs CRDL 625 CLP-RAS 52 -- 1/20 samples |Triple volume
1/day per 20 samples
each
TCL Volatile Organics (prepurge 0.5 ppb 524.2 CLP-SAS 52 1/day 1/day 1/20 samples |Triple volume
and purged samples) each per 20 samples
TAL Inorganics CRDL 200.7 CLP-RAS 52 1/day -- 1/20 samples |Double volume
- Metals each per 20 samples
- Cyanide CRDL 335.2 CLP-RAS 52 1/day 1/20 samples |Double volume
each per 20 samples
Biochemical Oxygen -- 507 Non-CLP 34 -- -- 1/20 samples -
Demand (BOD)
Chemical Oxygen -- 410 Non-CLP 34 -- -- 1/20 samples -
Demand (COD)
Total dissolved -- 209 Non-CLP 34 -- -- 1/20 samples -
Solids (TDS)
Total Organic Carbon -- 415.1 Non-CLP 34 -- -- 1/20 samples --
(TOC)

CRDL -- Contract Required Detection Limit
TCL -- Target Compound List

TAL —Target Analyte List

SAS -- Specia Analytica Service

RAS -- Routine Analytical Service

CLP — Contract Laboratory Program

BNA -- Base Neutral and Acid

TOC-- Total Organic Carbon

@Two rounds of sampling from 26 wells (15 new wells, 2 existing wells, 9 residential wells). Only the 17 monitoring wells (not residential wells) will be analyzed for BOD, COD TDS,

and TOC.

bTrip blanks are only necessary for volatile organic samples.
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happened, four surface water and sediment samples
will be collected from the stream and submitted for
CLP andysis of routine TCL organics and TAL
inorganics and toxicity testing. One of the sampling
locations will be upgradient of the landfill to
determine background levels in the river. Two
locations will be aong the banks of theriver closest
to the landfill and the remaining location will be
downgradient of the landfill. These locations are
shown in Figure 7-6. The sampling will occur in
midsummer during aperiod of relatively low stream
flow to determine maximum groundwater impact on
the streem. A summary of the sampling and
analysis program is presented in Table 7-6.

7.1.3.12 Subtask 3L --Landfill Gas Emissions
Sampling

Significant amounts of methane and other gases
such as vinyl chloride are typicaly generated by
decomposition of the materials within the landfill.
These gases will be sampled during Phase | to
support an evaluation of the extent of gasmigration
into the soil surrounding the landfill and the rate of
contaminant emissions to the ambient air. To
accomplish this objective, eight onsite gas probes
will be ingaled within the landfill, six offsite gas
probes will beinstalled a ong the southern border of
the site near the residential area, and three offsite
gas probes will be installed dong the northern
border. The proposed landfill gas sampling locations
are shown in Figure 7-7.

The probes will be placed to a depth of at least 5
feet. The collection proceduresfor methane gasare
the same as those described in Section 7.1.3.4 for
s0il gas sampling.

7.1.3.13 Subtask 3M--RI-Derived Waste
Disposal

Wastes derived from the Rl field tasks will include;
drill cuttings from monitoring well installation; water
produced from equipment decontamination, well
development, groundwater sampling, and aguifer
testing. Field clothes and assorted trash will also be
stored, but separately from the other waste, for final

disposal.

Cuittings will be generated as the monitoring wells
are drilled. Some monitoring wellswill be cored for
their entire length; therefore, most materia removed
from these holeswill be as core and will be retained
for logging and future reference. All cuttingswill be
collected and stockpiled onsite. These cuttings will
need to be addressed when the find alternative is
implemented.

All  water generated during equipment
decontamination and well development will be
stored onsite. Water from the pump test will need to
be discharged to the local POTW because the
quantities are too large for onsite Storage.

Drilling equipment decontamination will typicaly
consist of high-pressure steam cleaning. An area
will be designated at the site for this purpose and
berms will be built around the area for runoff
control. The areawill be lined with an HDPE liner
and the water collected for storage.

7.1.4 Task 4--Sample Analysis and Data
Validation

7.1.4.1
Laboratory

Subtask 4A--Onsite Mobile

This subtask includes mobilization, operation, and
demobilization of the mobile laboratory at the landfill
ste. The mobile laboratory will be used for
screening groundwater and soil samples for target
V OCs using a portable gas chromatograph unit. All
analytical data will be tabulated and organized for
agency review in the field. The screening data will
be used to direct other field operations, including
future drilling on monitoring wells and test pit
sampling. Sampleswill be selected for CLP analysis
based on screening results.

7.1.4.2 Subtask 4B--Data Validation

Upon completion of sample andyss, Sample
Management Office (SMO) receives the
data packages from the CLP laboratories
and distributes them to the Contract Project
Management Section (CPMS) of the Regiona
Environmental Services Divison (ESD). The
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Table 7-6
SUMMARY OF SAMPLING AND ANALYSISPROGRAM FOR
SURFACE WATER, SEDIMENT, AND LANDFILL GAS
Additional
Target Proposed Field and Volume Needed
Detection Analytical Sour ce of No of. Rinsate Trip for
Medium Analysis Limits Method Analysis Samples | Blanks [ Blanks | Replicates QA/QC Lots
L eachate TCL BNA Extractables CRDL 625 CLP-RAS 2 1/day -- 1/20 samples |Triple volume
(Seep) each per 20 samples
TCL Volatile Organics CRDL 624 CLP-RAS 2 1/day 1/day |2/20 samples [Triple volume
each per 20 samples
TAL Inorganics CRDL 200.7 CLP-RAS 2 1/day -- 1/20 samples |Double volume
each per 20 samples
Surface Water | TCL BNA Extractables CRDL 625 CLP-RAS 4 1/day -- 1/20 samples |Triple volume
(Stream) each per 20 samples
TCL Volatile Organics CRDL 624 CLP-RAS 4 1/day 1l/day |2/20 samples [Triple volume
each per 20 samples
TAL Inorganics CRDL 200.7 CLP-RAS 4 1/day -- 1/20 samples |Double volume
each per 20 samples
Sediment TCL BNA Extractables CRDL 625 CLP-RAS 4 1/day - 1/20 samples [Triple volume
(Stream) each per 20 samples
TCL Volatile Organics CRDL 624 CLP-RAS 4 1/day 1l/day |2/20 samples [Triple volume
each per 20 samples
TAL Inorganics CRDL 200.7 CLP-RAS 4 1/day -- 1/20 samples |Double volume
each per 20 samples
Landfill Gas Methane, TCE, VC * T014 non-CLP 17 -- -- 1/20 samples --
CRDL — Contract Required Detection Limit VC -- Vinyl Chloride
TCL -- Target Compound List RAS-- Routine Analytical Service
TAL - Ta_rget Analyte List CLP — Contract Laboratory Program
TCE — Trichlorethylene BNA -- Base Neutral and Acid
* The target detection limit for methane is dependent on the volume -- Base Neutral and Aci
of gas sampled and should be established for each sampling event.
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CPMS reviews al data packages resulting from
regiona sampling efforts.

After the ESD-reviewed data packages are
receivedthey will bereviewed beforeinterpretation
by the project staff. Any data noted in the review
that should be qudified will be flagged with the
appropriate symbol. Results for field blanks and
field duplicates will aso be reviewed (these may or
may not be considered by the CPMS) and the data
further qualified if necessary. The data set as a
whole will aso be examined for consistency,
anomalous results, and whether or not the data are
reasonable for the samples involved.

Any limitations on the use of the anayticad data
based on the data review and the CLP QA/QC
comments will be identified. Limitations of the
analytical datawill be presented in the RI report.

7.1.5 Task 5--Data Evaluation

Specific analyses and evaluations to be performed
under the Data Evauation subtask will include:

. Preparing groundwater contour plotsfor al
identified hydrogtratigraphic units

. Compuiting vertical and horizontal hydraulic
gradients and evaluating groundwater flow
direction in each stratigraphic unit

. Generating figures showing spatial and,
when applicable, tempora distributions of
contaminants in soil and groundwater

7.1.6 Task 6--Risk Assessment

The risk assessment will be consistent with EPA
methods as outlined in the documents Risk
Assessment Guidance for Superfund, Volume
[--Human Health Evaluation Manual (Part A)
(U.S. EPA, 1989b) and Risk Assessment
Guidance for Superfund, Volume II--
Environmental Evaluation Manual (U.S. EPA,
1989c). The results of the assessment will be
included as a chapter in the RI Report, Supporting
rik, transport, and fate caculations will be
appended, and relevant references will be cited.

Based on the risk assessment, EPA will develop
cleanup levels to guide the selection of remedial
measures for media where either ARARS do not
exist or where the ARARs are not protective.
These proposed criteria will be developed by EPA
with contractor input on the technical issues.

7.1.7 Task 7--Remedial Investigation Report

A report summarizing RI activities and findings will
be prepared and submitted to the EPA for review
and comment. Early chapters of the report
summarizing thefield investigation activitiesand the
analytical data will be submitted to U.S. EPA as
early as possible to ad in identification of ARARs
whichwill be findized during the FS. The RI report
will aso be submitted to the Agency for Toxic
Substance and Disease Registry to assist in their
health assessment of the site. The RI report will be
prepared in accordance with the current RI/FS
Guidance (U.S. EPA, 19884).

7.1.8 Task 8--Remedial Action Alternative
Development

The purpose of developing remedial action
aternatives is to produce a reasonable range of
waste management options to be analyzed more
fuly in the detalled anadysis of aternatives.
Developing aternatives includes the following
elements:

. Establishing remedid action objectives
. Developing genera response actions

. Identify and screen technologies and
process options

. Combining medium-specific technologiesto
form aternatives

. Screening dternatives, if necessary

Section 4.1 of this appendix presents the
preliminary identification of remedid actions
aternatives for the example site. The preliminary
remedia action objectives and subsegquent remedial
action alternatives are based on results
of the limited dte investigation, preiminary
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remedial goals, experience a municipa landfill Sites,
and engineering judgment.

These preliminary remedia action dternatives will
be refined on the basis of the information collected
during the RI. Additional aternatives such asdirect
remediation of surface water and sediments may
need to be developed depending on the findings of
the risk assessment. As required, a no-action
dternative will aso be retained through the
development and evaluation of the aternatives
process.

Sections 5 and 6 in the body of this report
(Conducting Remedial I nvestigations/Feasibility
Sudies for CERCLA Municipal Landfill Stes)
should be referred to for additional information on
the development, evaluation, and selection of
remedia action alternatives for the example site.

7.1.9 Task 9--Alternatives Evaluation

The fina aternatives will be evaluated to provide
EPA with a framework with which to select a
remedy for the site. The detailed analysis of these
aternatives will be conducted in three stages:
further refinement, individua andyss, and
comparative analysis.

Further refinement of the dternatives will include
developing detailed information such as:

* |dentifying design parameters for
technology components such aslandfill cap
and groundwater treatment system

*  Quantifying amounts of contaminated soils
(and possibly sediments) to be handled

» Edimating time of implementation for
construction activities

o Egtimating O& M requirements, particularly
for a groundwater pump and treatment
system and a landfill gas treatment system

* Processsizing

This information will be used to develop a cost
estimate to within +50 percent to -30 percent.

During the individual analys's, each aternative will

be evaluated with respect to the following nine
evaluation criteria:

»  Ovedl protection of human health and the
environment

* Compliance with ARARs

» Long-term effectiveness and permanence

* Reduction of toxicity, mohility, or volume
through treatment

»  Short-term effectiveness
*  Implementability

* Cost

» State acceptance

»  Community acceptance

Detailed descriptions of each of the above criteria
are reported in the RI/FS Guidance (U.S. EPA,
19884).

Fallowing the individud andyss, a comparative
andyss will be performed. The comparative
andyss will lead to the development of a
description of the strengths and weaknesses of the
dternatives relative to one another. Not al the
criteria will be used in thisevaluation; just those that
illugrate significant differences among the
alternatives. As part of thisevauation, there will be
an anaysis of how a change in the uncertainties or
assumptions made in the analysis may change the
performance of the aternatives.

7.1.10 Task 10--Feasibility Study Report

Following completion of the detailed eva uation task,
the Contractor will prepare and submit a draft FS
report for the example site to EPA for review and
comment. The report will summarize FS activities
and Rl site characterization results and will be
prepared in accordance with RI/FS
Guidance (U.S. EPA, 1988d). Information
developed during the FS such as identification
of ARARs, detailed description of aternatives,
and detalled evauation of dternaives will
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be provided to EPA for review as these items are
completed, in order to obtain input from the Agency
during the evaluation process.

7.1.11 Task 11--Treatability Studies

Any necessary laboratory, bench, or pilot scae
treatability studies required to evauate the
effectiveness of remedia technologiesand establish
engineering criteria will be identified as early as
possible. Should laboratory studies be required, a
testing plan for the studies will be prepared and
presented to EPA for review

and gpproval. This testing plan will identify the
types and goals of the studies, the level of effort
needed, a schedule for completion, and the data
management guidelines. Upon EPA approval, atest
fecility and any necessary equipment, vendors, and
analytical services will be procured. Upon
completion of the testing, the results will be
eval uated to assess the technol ogies with respect to
the goals identified in the test plan. A report
summarizing the testing program and its results will
be prepared and presented in the final FS report.
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Section 8
COST AND KEY ASSUMPTIONS

The work plan should present a section that containsacost estimate for conducting the RI/FS.
The key assumptions used in preparing this estimate should a so be presented. Thissection will
follow the same approach used in all RI/FSwork plans and isnot discussed here becauseit is
covered in the RI/FS guidance (U.S. EPA, 1988a).
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Section 9
SCHEDULE

The schedul e preparation for municipal landfill sites does not differ in approach from typical
RI/FSwork plans and istherefore not presented in this example.
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Section 10
PROJECT MANAGEMENT

Project management activities, such as staffing and coordination for municipal landfill sites,
does not differ in approach from other types of sites and is therefore not covered in this
example.
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Appendix B-1

RODSREVIEWED FOR THE MUNICIPAL LANDFILL STUDY

Page 1l of 5
Region Site DRa?e[()s)
Region | Auburn Road Landfill, NH 9/17/86
9/29/89
Beacon Heights, CT 9/23/85
Charles George, MA 12/29/83
7/11/85
9/29/88
DavisLiquid, RI 9/29/87
Iron Horse, MA 9/15/88
Kellogg-Deering Well Field, CT 9/17/86
9/29/89
Landfill & Resource Recovery, RI 9/29/88
Laurel Park, CT 6/30/88
Old Springfield, VT2 9/22/88
Winthrop Landfill, ME 11/22/85
Region 11 Combe Fill North, NJ 9/29/86
Combe Fill South, NJ 9/29/86
Florence Landfill, NJ 6/27/86
GEMS Landfill, NJ 9/27/85
Helen Kramer, NJ 9/27/85
Kin-Buc Landfill, NJ 9/30/88
Lipari Landfill, NJ 8/03/82
9/30/85
7/11/88

aSource control ROD has not yet been compl eted; only groundwater remedy
(i.e., management of migration) has been implemented.
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Appendix B-1

RODSREVIEWED FOR THE MUNICIPAL LANDFILL STUDY

Page 2 of 5
Region Site thcé([;)

Region 11 Lone Pine Landfill, NJ 9/28/84
(Continued)

Ludlow Sand & Gravel, NY 9/30/88

Old Bethpage, NY 3/14/88

Port Washington Landfill, NY 9/30/89

Price Landfill, NJ? 9/20/83

9/29/86

Ringwood Mines, NJ 9/29/88

Sharkey Landfill, NJ 9/29/86

South Brunswick Landfill, NJ 9/27/87

Volney Landfill, NY 7/31/87

Region 11 Army Creek, DE 9/29/86

Blosenski Landfill, PA 9/29/86

Craig Farm Drum, PA 9/29/89

Delaware Sand & Gravel, DE 4/29/88

Dorney Road Landfill, PA 9/29/88

Henderson Road, PA 6/01/88

9/29/89

Enterprise Avenue, PA 5/10/84

Heleva Landfill, PA 3/22/85

Industrial Lane, PA? 9/29/86

Moyer Landfill, PA 9/30/85

Reeser’s Landfill, PA 3/20/89

aSource control ROD has not yet been completed; only groundwater remedy
(i.e., management of migration) has been implemented.
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Appendix B-1
RODSREVIEWED FOR THE MUNICIPAL LANDFILL STUDY
Page 3 of 5
Region Site thcé([;)

Region I11 Strasburg Landfill, PA 3/30/89
(Continued)

Tybouts Corner, DE 3/06/86

Wildcat Landfill, DE 6/29/88

9/30/88

Region IV Airco, KY 6/24/88

AmnicolaDump, TN 3/30/89

Davie Landfill, FL 9/30/85

Goodrich, KY 6/24/88

Hipps Road Landfill, FL 9/03/86

Kassouf-Kimberling, FL 9/30/89

LeesLane Landfill, KY 9/25/86

NW 58th Street Landfill, FL 9/21/87

Newport Dumpsite, KY 3/27/87

Powersville Landfill, GA 9/30/87

Region V Belvidere Landfill, IL 6/29/88

Bowers Landfill, OH 3/31/89

Cemetery Dumps, Ml 9/11/85

Cliff/Dow Dumps, M1 9/27/87

Coshocton City Landfill, OH 6/17/88

E.H. Schilling, OH 9/29/89

2/29/84

Forest Waste, M| 3/31/88

aSource control ROD has not yet been completed; only groundwater remedy
(i.e., management of migration) has been implemented.
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Appendix B-1
RODSREVIEW FOR THE MUNICIPAL LANDFILL STUDY

Page 4 of 5
Region Site thcé([;)
Region V Fort Wayne, IN 8/26/88
(Continued)
Industrial Excess, OH 9/30/87
7/17/89
lonia City Landfill, M 9/29/88
Kummer Landfill, MN 6/12/85
9/30/88
Lake Sandy Jo, IN 9/26/86
Liquid Disposal, Ml 9/30/87
Marion/Bragg, IN 9/30/87
Mason County, M| 9/28/88
Metamora Landill, Ml 9/30/86
Miami County, OH 6/30/89
Mid-State, WI 9/30/88
New Lyme Landfill, OH 9/27/85
Northside, IN 9/25/87
Oak Grove Landfill, MN 9/30/88
Schmalz Dump, Wi 8/13/85
9/30/87
Spiegelberg, M 9/30/86
Wauconda Sand & Gravel, IL 9/30/86
Windom Dump, MN 9/29/89

aSource control ROD has not yet been completed; only groundwater remedy
(i.e., management of migration) has been implemented.
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Appendix B-1
RODSREVIEWED FOR THE MUNICIPAL LANDFILL STUDY
Page 5 of 5
Region Site Dz?elé;)
Region VI Bayou Sorrel, LA 11/14/86
Cecil Lindsey, AR 4/23/86
Cleve Reber, LA 3/31/87
Compass Industries, OK 9/29/87
Industrial Waste Control, AR 6/28/88
Region V11 Arkansas City Dump, KS 9/21/89
Conservation Chemical, MO 9/27/87
Doepke Disposal, KS 9/21/89
Fulbright/Sac River Landfill, MO 9/30/88
Todtz, Lawrence Farm, |1A 11/4/88
Region VIII Marshall Landfill, CO 9/26/86
Region I X Jibboom Junkyard, CA 5/09/85
Operating Industries, CA 7/31/87
11/16/87
9/30/88
Ordoy Disposa Site, GUAM 9/28/88
Region X Colbert Landfill, WA 9/29/87
Commencement Bay South Tacoma Channel, WA 3/31/88
Northside Landfill, WA 9/30/89

@Source control ROD has not yet been completed; only groundwater remedy (i.e.,
management of migration) has been implemented.
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Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites

GENERAL RESPONSE ACTI ON/ Regi on |
Renedi al Technol ogi es Aubur n Beacon Charl es Davi s Iron Kel | ogg Landfill & Laurel ad W nt hrop Regi on |
Process Options Road Hei ght s Geor ge Li quid Hor se Deering Res. Rec. Par k Springfield Landfill Tot al

SO LS/ LANDFI LL CONTENTS
NO ACTI ON
ACCESS RESTRI CTI ON X X X
Deed Restrictions X
Land Use Restrictions
Fenci ng X X
CONTAI NMVENT X X X X X X
Surface Controls X X
Gr adi ng
Reveget ation X X
Cap X X X X X
Clay Barrier
Mul tibarrier X X X X X
Soi | X
Synt hetic Menbrane X X
REMOVAL/ DI SPOSAL X X X
Excavati on X X X X
Mechani cal Excav.

X X X X X X X

x X

Drum Renoval
Consol i dation X
Di sposal Onsite
RCRA Type Landfill
Di sposal Offsite X
SO L TREATMENT
Bi ol ogi cal Treatnent
Physi cal Treat nent
Thernal Treat ment X
I ncineration X
O fsite Treatnent
RCRA | nci nerat or
I N- SI TU TREATMENT X
Bi odegr adati on X
Vitrification
Physi cal Treat nent X
Solidification/fixation
Vapor Extraction X

P O Kk O P P O O F P O O O F O O FP O O & B PBNPFP GRFP ONIRPW-SNWREDMNSMO
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Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites

GENERAL RESPONSE ACTI ON/ Regi on |
Renmedi al Technol ogi es Aubur n Beacon Charl es Davi s Iron Kel | ogg Landfill & Laurel ad W nt hr op Regi on |
Process Options Road Hei ght s Geor ge Li quid Hor se Deering Res. Rec. Par k Springfield Landfill Tot al

GROUNDWATER
AND LEACHATE

NO ACTI ON
Attenuation
Observation
MONI TORI NG X X X X X X X
I NSTI TUTI ONAL CONTROLS
Al ternate Water Supply X X X X X
CONTAI NMVENT
Vertical Barriers
Slurry \wall
Horizontal Barriers X
COLLECTI ON X X
Extraction X X X
Extraction Wells X X
Ext/Injection Wells
Leachate Col |l ection X X X
Col l ection trench X
Leachate Drain X X
Onsite Discharge
Aqui fer Reinjection
Surface Di scharge
Dewat eri ng
Offsite Di scharge X
POTW X
Land Application
TREATMENT X X X X
Bi ol ogi cal Treatnent X
Activated Sludge
Chenmi cal Treat ment X X X
Oxi dat i on X
| on Exchange Treat nent X
Coagul ant Addi tion X
Metal s Preciptation X X
pH Adj ust nent
Physi cal Treat nent X X X X
Adsor ption X X
Air Stripping X X X
Sedi ment ati on
Sand filtration
Fl occul ation
Li me pretreatnent
O fsite Treatnent X
POTW X

x
x
x
x
x

x
X X
X X
X X
X X

x
x
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GENERAL RESPONSE ACTI ON/ Region |
Renmedi al Technol ogi es Aubur n

Process Options Road

Appendi x B2
Technol ogi es Used at Landfill

Iron

Hor se

Sites

Landfill

&

Rec.

ad

Springfield

W nt hr op

Landfill

Regi on |

Tot al

LANDFI LL GAS

COLLECTI ON
Passi ve Systens
Pi pe Vents
Trench Vents
Active Vents
Extraction Wells
Bl ower s
TREATMENT
Thermal Destruction
Fl aring
Activated carbon
MONI TORI NG

x

N O R NP ORRFEPROO-MMN

SURFACE WATER
AND SEDI MENTS
St ormnat er controls
Di version
Renoval Disposal (sedinents)
Excavation
O fsite Disposal (sedinents)
Tr eat ment
Sol i dification
Dewat eri ng
Thernal treatnment

ORr PP ORPRERRPRP
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GENERAL RESPONSE ACTI OV
Renedi al Technol ogi es
Process Qptions

Region I1
Conbe Fill
North

Conbe Fill
Sout h

Fl orence
Land Recon.

d oucest er

Envi ron.

Mynt .

(GEMB)

Hel en
Kr amer

Renedi al

Ki n- Buc
Landfill

Appendi x B2
Technol ogi es Used at Landfill

Li pari
Landfill

Lone
Pi ne

Ludl ow
Sand

Sites

ad
Bet hpage

Port
Washi ngt on

Price
Landfill

R ngwood
M nes

Shar key
Landfill

Sout h
Bri nswi ck

Vol ney
Landfill

Region I1

Tot al

SO LS/ LANDFI LL GONTENTS

NO ACTI ON
ACCESS RESTRI CTI ON
Deed Restrictions
Land Use Restrictions
Fenci ng
CONTAI NVENT
Surface Control s
@ adi ng
Reveget ati on
Cap
Qay Barrier
Ml tibarrier
Soi |
Synt heti c Menbrane
REMOVAL/ DI SPOSAL
Excavati on
Mechani cal Excav.
Dr um Renoval
Consol i dati on
D sposal Onsite
RCRA Type Landfill
D sposal Offsite
SA L TREATMENT
Bi ol ogi cal Treatnent
Physi cal Treat nent
Thermal Treat ment
Inci neration
Ofsite Treatnent
RCRA I nci neration
I N-SI TU TREATMENT
Bi odegr adati on
Vitrification
Physi cal Treat nent
Solidification/fixation
Vapor Extraction

X X X X

x

x

X

X

x

X X X X

x
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-

ORr P OOO0OOOORrR OO0ORFR OO0OORNIEERNOOO®

Word-searchable Version — Not a true copy

B-9




11/14/90

Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites
CGENERAL RESPONSE ACTI OV Region I1 d oucest er
Renedi al Technol ogi es Conbe Fill Conbe Fill Fl orence Envi ron. Hel en Ki n- Buc Li pari Lone Ludl ow ad Port Price R ngwood Shar key Sout h Vol ney Region |1
Process Qptions North Sout h Land Recon. Myt . (GEMB) Kr amer Landfill Landfill Pi ne Sand Bet hpage Washi ngt on Landfill M nes Landfill Bri nswi ck Landfill Tot al
GROUNDWATER
AND LEACHATE
NO ACTI ON X
Attenuation X
Qbservati on
MONI TCRI NG X X X X X X X X X X X 11
I NSTI TUTI ONAL CONTROLS X
A ternate Water Supply X X
CONTAI NVENT X X X X X X X
Vertical Barriers X X X X X X X
Slurry wall X X X X X X X
Horizontal Barriers
QOLLECTI ON X X X X X X X X X X X 11
Extraction X X X X X X X X X X X X X 13
Extraction VWells X X X X X X X 7
Ext/Injection Vlls X 1
Leachate Collection X X X X X X X X 8
Col | ection trench X X X 3
Leachate Drain X X X X 4
Onsite Discharge 0
Aqui fer Reinjection X 1
Surface Discharge 0
Dewat eri ng X X 2
O fsite Discharge X X 2
POTW X X 2
Land Application 0
TREATMENT X X X X X X X X X 9
Bi ol ogi cal Treat ment X X X 3
Activated Sl udge o
Cheni cal Treat ment X X X X 4
i dation 0
lon Exchange Addition 0
Coagul ant Addi ti on 0
Metal s Preciptation X X X 3
PH Adj ust ment X 1
Physi cal Treat nent X X X X X X X X 8
Adsor ption X X 2
Ar Stripping X X X X X X 6
Sedi nent ati on X X 2
Sand filtration 0
Fl occul ati on X X 2
Lime pretreatnment X 1
Ofsite Treatment X X X X X X 6
POTW X X X X X X 6
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Appendi x B2

Remedi al Technol ogi es Used at Landfill Sites
GENERAL RESPONSE ACTI OV Region |1 d oucest er !
Renedi al Technol ogi es Conbe Fill Conbe Fill Fl orence Envi ron. Hel en Ki n- Buc Li pari Lone Ludl ow ad Port Price R ngwood Shar key Sout h Vol ney Region |1 !
Process Options North Sout h Land Recon. Mnt.  (GEMB) Kr amer Landfill Landfill Pine Sand Bet hpage Wéshi ngt on Landfill M nes Landfill Brunswi ck Landfill Tot al :
LANDFI LL GAS E
CCOLLECTI ON X X X X X X X X g!
Passi ve Systens X X X X X 5 !
Pipe Vents X 1!
Trench Vents X X X X 4 !
Active Vents X X X X X 51
Extraction Vells X X X 3!
Bl over s X X X X 4!
TREATMENT X X X X 4 !
Thermal Destruction X X X X X 51
Fl aring X X X 3 !
Activated carbon X X X 3!
MONI TORI NG X X X X X 5 !
]
SURFACE WATER H
AND SEDI MENTS :
Stormmat er control s X X X X X 51
Di versi on 0 !
Renoval Disposal (sedinents) X X X 31
Excavation X X X 3 !
Ofsite Disposal (sedinents) X 11
Tr eat ment 0 !
Solidification ol
Dewat eri ng X X 2 !
Thermal treat ment X 1
1
1
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GENERAL RESPONSE ACTI OV
Renedi al Technol ogi es
Process Qptions

Region 111
Arny
O eek

Bl osenski
Landfill

Qraig
Farm

Del avar e
Sand

Renedi al

Dor ney
Road

Appendi x B2

Technol ogi es Used at Landfill Sites

Enterprise
Avenue

Hel eva Hender son Industri al Moyer Reeser’s Stratsburg
Landfill Road Lane Landfill Landfill Landfill

Tybout s
Cor ner

W dcat
Landfill

Region I11
Subt ot al

SO LS/ LANDFI LL CONTENTS

NO ACTI ON
ACCESS RESTRI CTI ON
Deed Restrictions
Land Use Restrictions
Fenci ng
CONTAI NVENT
Surface Control s
G adi ng
Reveget ation
Cap
Qay Barrier
Ml tibarrier
Soi |
Synthetic Menbrane
REMOVAL/ DI SPCSAL
Excavati on
Mechani cal Excav.
Dr um Renoval
Consol i dati on
Di sposal Onsite
RCRA Tyoe Landfill
Di sposal Offsite
SO L TREATMENT
Bi ol ogi cal Treatnment
Physi cal Treat nent
Thermal Treat ment
I'nci neration
O fsite Treatnent
RCRA | nci ner at or
I N-SI TU TREATMVENT
Bi odegr adati on
Vitrification
Physi cal Treat nent
Solidification/fixation
Vapor Extraction

x X

x

X X X X X X

x

X X X X X

w N o R R R R

-
[N}
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Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites

GENERAL RESPONSE ACTI OV Region |11
Renedi al Technol ogi es Arny Bl osenski Caig Del avar e Dor ney Enterprise Hel eva Hender son I ndustri al Moyer Reeser’ s Stratsburg Tybout s W/ dcat Region 111
Process Options O eek Landfill Farm Sand Road Avenue Landfill Road Lane Landfill Landfill Landfill Cor ner Landfill Subt ot al

GROUNDWATER
AND LEACHATE

NO ACTI ON X

Attenuation

Qbservati on
MONI TCRI NG X X X X X X
I NSTI TUTI ONAL CONTROLS
A ternate Water Supply X X X X
CONTAI NVENT
Vertical Barriers

Slurry wall
Horizontal Barriers
QOLLECTI ON
Extraction X X

Extraction Wells

Ext/Injection Wlls X
Leachate Collection X X X X

ol l ection trench X X X

Leachate Drain X X X
Onsite Discharge

Aqui fer Reinjection

Surface Discharge

x

x x

x
X X X
xX X X

x

Dewvat eri ng
O fsite Discharge
POTW
Land Application X
TREATMENT X X X
Bi ol ogi cal Treat ment X
Activated Sl udge X
Cheni cal Treat ment
Qi dati on
I on Exchange Treat nent
Coagul ant Addi tion
Metal s Precipitation
PH Adj ust nent
Physi cal Treat nent
Adsor pti on
Air Stripping

X X X X
x

Sedi nent ati on
Sand filtration
Floccul ation
Lime pretreat nment X
Ofsite Treatnent X
POTW X

P PP OOFRPNN®WOOOOOORSEP WEROOOOOOW-IMDMBMR®WEAED-NOOOO®RERO®OO LR

Word-searchable Version — Not a true copy 513



11/14/90

Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites
GENERAL RESPONSE ACTI OV Region |11
Renedi al Technol ogi es Arny Bl osenski Caig Del avar e Dor ney Enterprise Hel eva Hender son I ndustri al Moyer Reeser’ s Stratsburg Tybout s W/ dcat Region 111
Process Options O eek Landfill Farm Sand Road Avenue Landfill Road Lane Landfill Landfill Landfill Cor ner Landfill Subt ot al
LANDFI LL GAS
COLLECTI ON X X X X 4
Passi ve Systens X X X 3
Pipe Vents 0
Trench Vents X X 2
Active Vents X X 2
Extraction Wells X 1
Bl overs 0
TREATMENT X 1
Thermal Destruction X 1
Flaring 0
Activated carbon 0
MONI TCRI NG X X X 3
SURFACE WATER
AND SEDI MENTS
Stromater control s 0
Di version X X X 3
Renoval Disposal (sedinents) 0
Excavation 0
O fsite Disposal (sedinents) X 1
Tr eat ment 0
Solidification 0
Dewat eri ng 0
Thernal treatnent 0
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GENERAL RESPONSE ACTI ON/ Regi on
(Y
Renedi al Technol ogi es Airco Ami col a

Process Options Landfill Dunp

Appendi x B2

Remedi al Technol ogi es Used at Landfill Sites

Davi e

Landsfil
|

Kassouf - Lees NwW
58th

B. F. Hi pps

Goodrich Road

Ki merling Lane St. LF

Newpor t

Dunpsite

Powersville Regi on |V

Landfill Tot al

SO LS/ LANDFI LL CONTENTS

NO ACTI ON
ACCESS RESTRI CTI ON X
Deed Restriction
Land Use Restriction
Fenci ng
CONTAI NMVENT
Surface Controls
Gradi ng
Reveget ati on X
Cap
Clay Barrier
Ml tibarrier X
Soi |
Synt hetic Menbrane
REMOVAL/ DI SPOSAL
Excavati on X X
Mechani cal Excav. X X
Drum Renoval
Consol i dati on X
Di sposal Onsite
RCRA Type landfill
Di sposal Offsite
SO L TREATMENT
Bi ol ogi cal Treatnent
Physi cal Treat nment
Thermal Treat nent
I nci neration
O fsite Treatnment
RCRA | nci ner at or
I N- SI TU TREATMENT
Bi odegr adati on
Vitrification
Physi cal Treat nment X X

X X X X

X X

Solidification/fixation
Vapor Extraction X

x
x

X X X X X X

N WO O OO0 O0OO0OO0O0O0OORFRNREFPFREFNDMOOREREPUOONMNOLDSNOWDR™DNDDMDO
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Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites

GENERAL RESPONSE ACTI ON/ Regi on
v

Renedi al Technol ogi es Airco Ami col Davi e B. F. Hi pps Kassouf - Lees NwW Newpor t Powersville Region IV
a 58t h

Process Options Landfill Dunp Landfill Goodrich Road Ki merling Lane St. LF Dunpsite Landfill Tot al

GROUNDWATER
AND LEACHATE
NO ACTI ON
Attenuation
Observation
MONI TORI NG X X X X X X X
| NSTI TUTI ONAL CONTROLS X X X X
Al ternate Water Supply X X X
CONTAI NMENT
Vertical Barriers
Slurry Wall
Hori zontal Barriers
COLLECTI ON X X X X
Extraction
Extraction Wells X X X
Ext/Injection Wells
Leachate Col |l ection X X X X
Col l ection trench X
Leachate Drain X X
Onsite Discharge
Aqui fer Reinjection
Surface Discharge
Dewat eri ng
Offsite Discharge
POTW
Land Application
TREATMENT X X X
Bi ol ogi cal Treatnent X
Activated Sl udge
Chemi cal Treat ment
Oxi dat i on
| on Exchange Treat nent
Coagul ant Addition
Metal s Perciptation
pH Adj ust ment
Physi cal Treatment X X X
Adsor ption
Air Stripping X X X
Sedi ment ati on
Sand filtration
Fl occul ati on
Li me pretreatnent
O fsite Treatnment X X
POTW X X

x
x
x
x

x
x
NNOOOOWNMNWOOOOOOOR WOOODOOOONERFRF/MOWMMPOOOOWSMSNOOO
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GENERAL RESPONSE ACTI ON/
Renedi al Technol ogi es

Process Options

Regi on
(Y
Airco

Landfill

Ami col a

Dunp

Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites

Davi e B. F. Kassouf - Lees

Hi pps

Landfill Goodrich Road Ki merling Lane

NW 58t h

St.

LF

Newpor t

Dunpsite

Powersville

Landfill

Regi on
Vv
Tot al

LANDFI LL GAS

COLLECTI ON
Passi ve Systens
Pi pe Vents
Trench Vents
Active Vents
Extraction Wells
Bl ower s
TREATMENT
Thermal Destruction
Fl aring
Activated carbon
MONI TORI NG

P O O O 00O OoONONNDN

SURFACE WATER
AND SEDI MENTS
Stormwat er controls
Di versi on
Renoval Disposal (sedinents)
Excavation
O fsite Disposal (sedinents)
Tr eat ment
Sol i dification
Dewat eri ng
Thernal treatnment

x

O P P P OO OO K
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Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites

GENERAL RESPONSE ACTI GV Region V
Renedi al Technol ogi es Bel vi dere Bowver s Cenetery aiff/Dow Coshoct on E H For est Fort I ndustri al lonia Kumrer Lake Liquid
Process Options Landfill Landfill Dunp Dunp Landfill Schil ling Vast e wayne Excess aty Landfill Sandy Jo Di sposal

Marion
Bragg

Mason
County

Met anor a
Landfill

M am
County

Md-State
Landfill

New
Li me

SO LS/ LANDFI LL OONTENTS

NO ACTI ON
ACCESS RESTRI CTI ON X X X X X X X X X X
Deed Restriction X
Land Use Restrictions
Fencing
CONTAI NVENT X
Surface Controls
G adi ng
Reveget ation X
Cap X
Qay Barrier X X
Mil tibarrier X X X
Soi | X X X X X X
Synt heti ¢ Menbrane
REMOVAL/ DI SPOSAL X X
Excavation X X X X X X
Mechani cal Excav.
Drum Renoval X X X
Consol i dati on X X
Di sposal Onsite X X
RCRA Type Landfill
Disposal Ofsite X X X X
SQA L TREATMENT X
Bi ol ogi cal Treat nent X
Physi cal Treat nent X

x

x X X X X X
x x
X X X X X X x
x X X X X x
x xX X x
x x x
x x
x X X X X
X X X X x x

x

x

x
x

Thermal Tr eat ment X
I ncineration X X X
Ofsite Treatnent
RCRA I ncineration
I N-SI TU TREATMENT X
Bi odegr adat i on
Vitrification X
Physi cal Treat nent X
Solidification/fixation X
Vapor Extraction

x

X X X X

X X X X X X X X X X

X X X X

x
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GENERAL RESPONSE ACTI GV
Renedi al Technol ogi es
Process Options

Regi on V
Bel vi dere
Landfill

Bower s
Landfill

Cenetery
Dunp

aiff/Dow
Dunp

Coshoct on
Landfill

Renedi al

E H
schilling

For est
Vast e

Appendi x B2
Technol ogi es Used at Landfill

Fort

Industri al

ayne

Excess

lonia
Gty

Sites

Kunmer
Landfill

Lake
Sandy Jo

Liquid
Di sposal

Mari on
Bragg

Mason
County

Met anor a
Landfill

M ami
County

Md-State
Landfill

New
Li me

GROUNDWATER
AND LEACHATE
NO ACTI ON
Attenuation
(oservati on
MONI TORI NG
I NSTI TUTI ONAL CONTROLS
A ternate Water Supply
GONTAI NVENT
Vertical Barriers
Slurry vall
Horizontal Barriers
QOCLLECTI ON
Extraction
Extraction Vélls
Ext/Injection Wlls
Leachate Col |l ection
Col l ection trench
Leachate Drain
Onsite Discharge
Aqui fer Reinjection
Surface Discharge
Dewat eri ng
O fsite Discharge
POTW
Land Application
TREATMENT
Bi ol ogi cal Treat nent
Activated Sl udge
Cheni cal Treat nent
Qi dation
I on Exchange Treat nent
Coagul ant Addi tion
Metal s Perciptation
pH Adj ust ment
Physi cal Treat nent
Adsor ption
Air Stripping
Sedi nent ati on
Sand filtration
Floccul ation
Lime pretreatnent
Ofsite Treatment
POTW

x

x

x

X X X X X X

xX X

x

x
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GENERAL RESPONSE ACTI GV
Renedi al Technol ogi es
Process Options

Regi on V
Bel vi dere Bowver s Cenetery
Landfill Landfill Dunp

aiff/Dow
Dunp

Coshoct on
Landfill

Renedi al

E H
schilling

Appendi x

B2

Technol ogi es Used at Landfill

For est
Vst e

Fort Industrial

ayne

Excess

lonia
aty

Sites

Kumrer
Landfill

Lake
Sandy Jo

Li quid
Di sposal

Marion
Bragg

Mason
County

Met anor a
Landfill

M anmi
County

Md-State
Landfill

New
Li me

LANDFI LL GAS

CCOLLECTI ON

Passi ve Systens
Pipe Vents
Trench Vents

Active Vents
Extraction Vélls
Bl overs

TREATMENT

Thermal Destruction
Flaring

Activated carbon

MONI TORI NG

X X X X X X

x

x

SURFACE WATER
AND SEDI MENTS
Stormater controls
Diversion
Renoval Disposal (sedinents)
Excavation
O fsite D sposal (sedinents)
Tr eat ment
Solidification
Dewat eri ng
Thermal treat ment
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GENERAL RESPONSE ACTI ON/
Renedi al Technol ogi es
Process Options

Region V Continued

Nor t hsi de
I'N

Renedi al

Cak
Grove

Appendi x B2

Technol ogi es Used at Landfill

Schmal
Dunp

z

Spi egel berg
Landfill

Sites

Wauconda
Sand

W ndom
Dunp

Regi on V
Tot al

SO LS/ LANDFI LL CONTENTS
NO ACTI ON
ACCESS RESTRI CTI ON
Deed Restriction
Land Use Restrictions
Fenci ng
CONTAI NVENT
Surface Control s

Gr adi ng

Reveget ati on
Cap

Clay Barrier

Mul tibarrier

Soi |

Synt heti ¢ Menbr ane
REMOVAL/ DI SPOSAL
Excavation

Mechani cal Excav.

Drum Renoval

Consol i dati on
Di sposal Onsite

RCRA Type Landfill
Di sposal Offsite
SO L TREATMENT
Bi ol ogi cal Treat nent
Physi cal Treat nent
Ther mal Treat ment

I nci neration
Offsite Treatnent

RCRA | nci neration
I N- SI TU TREATMENT

Bi odegr adati on

Vitrification
Physi cal Treat nent

Solidification/fixation
Vapor Extraction

X X X X X X X

X X X X X

17
12

15
12
13

~N ©

22
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GENERAL RESPONSE ACTI ON/
Renmedi al Technol ogi es
Process Options

Appendi x B2

Remedi al Technol ogi es Used at Landfill Sites

Region V Continued
Nor t hsi de Gak Schnal z
I'N Grove Dunp

Spi egel berg
Landfill

Wauconda W ndom Regi on V
Sand Dunp Tot al

GROUNDWATER
AND LEACHATE
NO ACTI ON
Attenuation
Observation
MONI TORI NG
I NSTI TUTI ONAL CONTROLS
Al ternate Water Supply
CONTAI NMVENT
Vertical Barriers
Slurry wall
Hori zontal Barriers
COLLECTI ON
Extraction
Extraction Wells
Ext/Injection Wells
Leachate Col | ection
Col l ection trench
Leachate Drain
Onsite Discharge
Aqui fer Reinjection
Surface Discharge
Dewat eri ng
O fsite Discharge
POTW
Land Application
TREATMENT
Bi ol ogi cal Treatnent
Activated Sludge
Chemi cal Treat ment
Oxi dat i on
| on Exchange Treat nent
Coagul ant Addition
Metal s Perciptation
pH Adj ust nent
Physi cal Treat nent
Adsor ption
Air Stripping
Sedi nent ati on
Sand filtration
Fl occul ati on
Li me pretreatnent
O fsite Treatnent
POTW

x

X X X X

o o

© O W W wo o

x
[
o
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Appendi x B2
Remedi al Technol ogi es Used at Landfill Sites

GENERAL RESPONSE ACTI ON/ Region V Continued
Renmedi al Technol ogi es Nor t hsi de Cak Schnal z Spi egel berg Wauconda W ndom Regi on V
Process Options I'N Grove Dunp Landfill Sand Dunp Tot al

LANDFI LL GAS

COLLECTI ON
Passi ve Systens
Pi pe Vents
Trench Vents
Active Vents
Extraction Wells
Bl ower s
TREATMENT
Thermal Destruction X
Fl aring X
Activated carbon
MONI TORI NG X X

OO W WkKF F NNERFROPRP W

SURFACE WATER

AND SEDI MENTS
St ormwat er controls 0
Di versi on X 1

Renoval Disposal 1
(sedi nents)

Excavation
Offsite Disposal
(sedi ments)

Tr eat ment
Solidification
Dewat eri ng
Thernmal treatnment

o

o onN N
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GENERAL RESPONSE ACTI ON/
Renmedi al Technol ogi es
Process Options

Regi on VI
Bayou
Sorrel

Appendi x B2

Remedi al Technol ogi es Used at Landfill Sites

Ceci |
Li ndsey

I ndustrial
Wast e

Cleve
Reber

Conpass
I ndustries

Regi on V
Tot al

SO LS/ LANDFI LL CONTENTS

NO ACTI ON
ACCESS RESTRI CTI ON
Deed Restriction
Land Use Restrictions
Fenci ng
CONTAI NMVENT
Surface Controls
Gradi ng
Reveget ati on
Cap
Clay Barrier
Mul tibarrier
Soi |
Synt hetic Menbrane
REMOVAL/ DI SPOSAL
Excavation
Mechani cal Excav.
Drum Renoval
Consol i dation
Di sposal Onsite
RCRA Type Landfill
Di sposal Offsite
SO L TREATMENT
Bi ol ogi cal
Physi cal Treat nent
Ther mal Treat ment
I nci neration
O fsite Treatnment
RCRA | nci neration
I N-SI TU TREATMENT
Bi odegr adati on
Vitrification
Physi cal Treat nent

Tr eat ment

Solidification/fixation
Vapor Extraction

X X X X

X
X X X X
N NOOOOCORRF OOORFRF OONWNWOOONOWORENDBDPRELOSMDO
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ACTI OV
Reredi al Technol ogi es
Process pti ons

Renedi al Technol ogi es Used at Landfill

Ceci |
Li ndsey

d eve
Reber

Appendi x B2

Conpass
I ndustries

Sites

Industri al
Wast e

Region M
Tot al

GROUNDWATER
AND LEACHATE

NO ACTI ON
Attenuation

Cbservation
MON TCRI NG
I NSTI TUTI ONAL CONTRCLS
Aternate Water Supply
GCONTAI NVENT
Vertical Barriers
Slurry wall
Horizontal Barriers
QCLLECTI ON
Extraction
Extraction Vélls

Ext/Injection Wlls
Leachate Col | ection
ol I ection trench
Leachate Drain
Onsite Discharge
Aqui fer Reinjection
Surface D scharge
Dewat eri ng
G fsite Discharge
POTW
Land Application
TREATMENT
Bi ol ogi cal Treat nent
Activated S udge
Chemi cal Treat nent
i dation
| on Exchange Treat nent
Coagul ant  Addi tion
Metal s Precipitation
pH Adj ust nent
Physi cal Treat nent
Adsorption
Air Stripping
Sedi nent ati on
Sand filtration
Fl occul ation
Li me pretreatnent
G fsite Treat nent
POTW

X

O OO OO0 OO0 OO0 OO0 OO0 ON OO0 O0OO0OO0ORFrRr OFPOORFRPRPFPODMNMNDNPREPORL,MOOLPR
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Appendi x B2
Renedi al Technol ogi es Used at Landfill Sites
ACTI OV Regi on VI I
Renedi al Technol ogi es Bayou Ceci | d eve Conpass I ndustri al Region I ||
Process Qptions Sorrel Li ndsey Reber I ndustries Wast e Tot al L

LANDFI LL GAS i;_

1]

COLLECTI ON X 1 I
Passi ve Systens X 1 I
Pi pe Vents 0 1
Trench Vents X 1 I
Active Vents Oy
Extraction Wl ls OII

Bl ower s 0 1
TREATMENT 0 I
Thermal Destruction 0 I
Fl aring 0 I
Activated carbon oy
MONI TCRI NG 0 |I

I

SURFACE WATER II

AND SEDI MENTS m

1

Stornwat er control s X 1y
D version 0y
Renoval Disposal (sedinments) 0 T
Excavat i on 0y
Cfsite D sposal (sedinents) 0 T
Tr eat nment Oy
Sol i dification 0II
Dewat eri ng 0
Thermal treat ment oh
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GENERAL RESPONSE ACTI OV
Renedi al Technol ogi es
Process Qptions

Region M|
Arkansas
Aty

Renedi al

Conservati on

Cheni cal

Appendi x B2
Technol ogi es Used at Landfill

Doepke
D sposal

Ful bri ght/ Sac
R ver

Sites

Law ence
Todt z

Regi on
V|
Tot al

Region M 11

Mar shal |
Landfill

Region VI 11
Tot al

IL_

SO LS/ LANDFI LL QONTENTS

NO ACTI ON
ACCESS RESTRI CTI ON
Deed Restrictions
Land Use Restrictions
Fenci ng
GCONTAI NVENT
Surface Control s
Q@ adi ng
Reveget ati on
Cap
Qay Barrier
Ml tibarrier
Soi |
Synt heti c Menbrane
REMOVAL/ DI SPCSAL
Excavat i on
Mechani cal Excav.
Drum Renoval
Consol i dati on
Di sposal Onsite
RCRA Type Landfill
Disposal Ofsite
SA L TREATMENT
Bi ol ogi cal Treat nent
Physi cal Treat nent
Thermal Tr eat nent
I nci neration
O fsite Treatnent
RCRA | nci ner at or
I N-SI TU TREATMENT
Bi odegr adat i on
Vitrification
Physi cal Treat nent
Solidification/fixation
Vapor Extraction

X

OO0 0000000000 ONOFRPORFRPRORPRNONREFPPRPWERPEPNREPRPEPNDNLEPRE

x

OO 00O 0000000000000 0DO0DO0ODO0DO0ODO0ODO0OO0OORrRFRPPFPORLOORO

i
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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CGENERAL RESPONSE ACTI QV
Renedi al Technol ogi es
Process Options

Region M1
Arkansas
Aty

Renedi al Technol ogi es Used at Landfill

Conser vat i on
Chem cal

Appendi x B2

Doepke
D sposal

Ful bri ght/ Sac
R ver

Sites

Law ence
Todt z

Regi on
Vi
Tot al

ITRegi on VI 11
Il Marshal |
jL_Landfill

1
I
Il
1L

GROUND WATER
AND LEACHATE

NO ACTI ON
Attenuation
(bservati on
MON TCRI NG
I NSTI TUTI ONAL OCCNTRCLS
Aternate Water Supply
CONTAI NVENT
Vertical Barriers
Slurry Vall
Horizontal Barriers
QOCLLECTI ON
Extraction
Extraction Wlls
Ext/Injection Wlls
Leachate Col | ection
Col | ection trench
Leachate Drain
nsite Discharge
Aqui fer Reinjection
Surface D scharge
Dewat eri ng
G fsite Discharge
POTW
Land Application
TREATMENT
Bi ol ogi cal Treat nent
Activated S udge
Chem cal Treat nent
i dation
I on Exchange Treat nent
Coagul ant Addi tion
Metal s Preciptation
pH Adj ust nent
Physi cal Treat nent
Adsorption
Air Stripping
Sedi ment at i on
Sand Filtration
Fl occul ation
Li me pretreat nent
Cfsite Treatnent
POTW

x

x

PPOORFRPROORFRPRPFPOPFPOOORFRPRORPRPFPOOOPFRPROOOOOOORRPRRFRPORRPEPPRLROMERLONDN

X X X X

OO0 O0OORrRPRPPPOOOODOODOORFRPROOORFR OO0OO0ORFrRPROPFrRPROOOODOOOOOOOOOOoO

Word-searchable Version — Not a true copy

B-28



11/14/90

Appendi x B2
Renedi al Technol ogi es Used at Landfill Sites
: Regi on
RESPONSE ACTI OV Region M| Region ' vl
Renedi al Technol ogi es Arkansas Conservati on Doepke Ful bright/Sac  Law ence M I Marshal | Region V11
Process Qptions Aty Cheni cal D sposal R ver Todt z Tot al L Landfill Tot al
LANDFI LL GAS ::
1]
QOCLLECTI ON 0y 0
Passi ve Systens 0 0
Pi pe Vents Oy 0
Trench Vents 0y 0
Active Vents 0 I 0
Extraction VWlls 0y 0
Bl ower s 0 1] 0
TREATMENT 0 0
Thermal Destruction 0 I 0
Flaring O 0
Activated carbon 0 I 0
MONI TCRI NG 0 I 0
SURFACE WATER "
AND SEDI MENTS i
Stornmwater control s 0 :: 1
D version 0 I 0
Renoval Disposal (sedinents) 0 I 0
Excavat i on 0 I 0
Cfsite D sposal (sedinents) 0 I 0
Tr eat nent 0 I 0
Solidification 0 I 0
Dewat eri ng 0 0
Thermal treat ment 0 " 0
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GENERAL RESPONSE ACTI QV
Renedi al Technol ogi es
Process Options

Region 1 X
Ji bboom
Junkyard

Qperating
I ndustries

Appendi x B2

QO dot
D sposal

Regi on | X

Tot al

SO LY LANDFI LL CONTENTS

NO ACTI ON
ACCESS RESTRI CTI ON
Deed Restrictions
Land Use Restrictions
Fenci ng
OCONTAI NVENT
Surface Controls
@ adi ng
Reveget ati on
Cap
day Barrier
Ml tibarrier
Soi |
Synt heti c Menbrane
REMOVAL/ DI SPCSAL
Excavat i on
Mechani cal Excav.
Drum Renoval
Consol i dati on
D sposal Onsite
RCRA Type Landfill
D sposal Ofsite
SA L TREATMENT
Bi ol ogi cal Treat nent
Physi cal Treat nent
Thermal Treat ment
I nci neration
Cfsite Treatnent
RCRA | nci ner at or
I N-SI TU TREATMENT
Bi odegr adat i on
Vitrification
Physi cal Treat nent
Sol i dification/fixation
Vapor Extraction

x
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GENERAL RESPONSE ACTI QV
Renedi al Technol ogi es
Process_Qptions

Region I X
Ji bboom
Junkyard

Qperating
Industries

Appendi x B2

O dot
Di_sposal

Regi on | X

Tot al

GROUNDWATER
AND LEACHATE

NO ACTI ON
Attenuation
Cbservation
MON TCRI NG
| NSTI TUTI ONAL CONTRCLS
A ternate Water Supply
CONTAI NVENT
Vertical Barriers
Slurry wall
Horizontal Barriers
QCLLECTI ON
Extraction
Extraction Wlls
Ext/Injection Wlls
Leachate Col | ection
Col | ection trench
Leachate Drain
Onsite Discharge
Aqui fer Reinjection
Surface D scharge
Dewat eri ng
Cfsite D scharge
POTW
Land Application
TREATMENT
Bi ol ogi cal Treat nent
Activated Sl udge
Chemi cal Treat ment
ki dati on
I on Exchange Treat nent
Coagul ant Addi tion
Metal s Preciptation
pH Adj ust nment
Physi cal Treat nent
Adsorption
Ar Stripping
Sedi nent ati on
Sand Filtration
Fl occul ation
Li me pretreatnent
G fsite Treatnent
POTW

x
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Appendi x B2 ]

]

]

Il

GENERAL RESPONSE ACTI QV Regi on | X i
Renedi al Technol ogi es Ji bboom Qper ating QO dot Region IX I
Process_Qptions Junkyard Industries Di_sposal Tot al Il

LANDFI LL GAS M

QCLLECTI ON 0 ::
Passi ve Systens 0 M
Pi pe Vents 0
Trench Vents 0 I
Active Vents X 1
Extraction Wlls X 1 I

Bl ower s 0y
TREATMENT X 1 M
Thermal Destruction X 1
Flaring X 1
Activated carbon 0
MON TCRI NG X 11
N

SURFACE WATER i

AND SEDI MENTS ]

I

]

Stornwat er control s X 1 I
Di ver si on 0 I
Renoval D sposal (sedinents) 0 I
Excavat i on 0 I

O fsite D sposal (sedinents) 0 I
Tr eat nment 0 I
Sol dification 0 I
Dewat eri ng 0 I
Thermal treat nent o
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Appendi x B2
Rerredi al Technol ogi es Used at Landfill Sites

GENERAL RESPONSE ACTI QV Regi on X I I
Reredi al  Technol ogi es Col bert Commencenent Nor t hsi de Region X || GRAND
Process ptions Landfill Bay WA Tot al g TOTAL
[ 1
SO LS/ LANDFI LL QONTENTS M M
1] 1]
NO ACTI ON 0 I 3 I
ACCESS RESTR CTI ON X 1 i 40 i
Deed Restriction X 1 I 20 I
Land Wse Restrictions X 1 I 16 I
Fenci ng 0 I 36 I
CONTAI NVENT X 1 I 54 I
Surface Control s 0 I 35 I
Q@ adi ng 0 I 22 I
Reveget ati on 0 I 16 I
Cap X X 2 i 68 i
Qday Barrier 0 I 25 I
Ml tibarrier X 1 I 30 I
Soi | 0 I 17 I
Synt heti ¢ menbr ane 0 I 3 I
REMOVAL/ DI SPCBAL 0 I 11 I
Excavat i on 0 I 30 I
Mechani cal Excav. 0 I 11 I
Dr um Renoval 0 i 11 i
Consol i dati on 0 I 8 I
Di sposal Onsite 0 I 5 I
RCRA Type Landfill 0 I 1 I
Di sposal Ofsite 0 I 13 I
SO L TREATMENT 0 I 5 I
Bi ol ogi cal Treat nent 0 I 1 I
Physi cal Treat nent 0 I 2 I
Thermal Tr eat nment 0 I 8 I
I nci neration 0 I 7 I
O fsite Treat nent 0 I 1 I
RCRA | nci ner at or 0 I 1 I
I N-SI TU TREATMENT 0 I 3 I
Bi odegr adat i on 0 I 1 I
Vitrification 0 I lIl
Physi cal Treat nent 0 I 12 I

Sol di fication/fixation 0 8
Vapor Extraction 0 I 5 ”
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Appendi x B2
Renedi al Technol ogi es Used at Landfill
Sites
GENERAL RESPONSE ACTI QV Regi on X 1 I
Reredi al  Technol ogi es Col bert GComrencenent Nor t hsi de Region X || GRAND
Process Options Landfill Bay WA I TOTAL "
CROUNDWATER ] ]
AND LEACHATE 1 I
] ]
NO ACTI ON 0 G
At tenuation 0 1
Cbservation 0 1y
MN TORI NG X X X 3 59
I NSTI TUTI ONAL CONTRCLS X X X 3 21y
Aternate Water Supply X X X 3 24
CONTAI NVENT 0 I 12 I
Vertical Barriers 0o 13
Slurry Wl 0 13
Horizontal Barriers 0 1
COLLECTI ON X X X 3 40
Extraction X X X 3 43
Extraction Vélls X X X 3 24
Ext/Injection Wlls 0o 2
Leachate Col | ection X 1 27
Col | ection trench 0o 10
Leachate Drain X 1 19
nsite Discharge 0 0y
Aqui fer Reinjection 0 1y
Surface Discharge 0o 0y
Dewat eri ng 0 I 6 M
O fsite D scharge 0 30
POTW X X X 3 6
Land Application 0 1
TREATMENT X X X 3 M 32 M
bi ol ogi cal Treat nent 0 9
Activated S udge 0 2
Chem cal Treat nent 0 12
ki dation 0 2
I on Exchange Treat nment 0o 2
Coagul ant Addi tion 0 2
Metal s Preciptation 0o 8
pH Adj ust nent 0 1y
Physi cal Treat nent X 1 29
Adsor ption 0 18
Air Stripping X X X 3 23
Sedi ment at i on 0 5
Sand Filtration 0o 2
Fl occul ation 0 3
Li me pretreatnent 0o 2
Cfsite Treatnent 0 I 15
POTW 0 15 1
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Appendi x B2
Renedi al Technol ogi es Used at Landfill
Sites

CENERAL RESPONSE ACTI OV Regi on X I I
Reredi al  Technol ogi es Col bert Comrencenent Nor t hsi de Region X | GRAND
Process ptions Landfill Bay WA Tot al g JOTAL
[ 1i
LANDFI LL GAS I I
] ]
QCLLECTI ON 0 I 20 I
Passi ve Systens X 1 I 17 I
Pi pe Vent 0 I 1 I
Trench Vents 0 I 10 I
Active Vents 0 I 11 I
Extraction Wlls X 1 I 9 I
Bl ower s 0 I 5 I
TREATMENT 0 I 8 I
Thermal Destruction 0 I 12 I
Fl aring X 1 I 9 I
Activated carbon 0 I 3 I
MONI TCRI NG X X X 3 i 21 "
SURFACE WATER f f
AND SEDI MENTS ] ]
Il Il
1] 1]
Stormwater control s 0 I 10 I
D version 0 I 5 I
Renoval Disposal (sedinments) 0 I 5 I
Excavat i on 0 I 5 I
Cfsite D sposal (sedinents) 0 I 2 I
Tr eat nent 0 I 4 I
Sol i dification 0 I 4 I

Dewat eri ng 0 4
Thermal treat ment 0 " 1 "
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BREAKDOMW BY REG ON OF REMEDI AL TECHNCOLOGE ES USED AT LANDFI LL SITES

Page 1 of 2
Envi ronment al General Response Renredi al Regi on 1 Regi on 2 Region 3 | Region 4 | Region 5 | Region 6 | Region 7 Region 8 | Region 9 | Region 10 Tot al
Medi a Actions Technol ogi es (10 sites) J(16 sites)|(14 sites) [(10 sites) [(25 sites) | (5 sites) | (5 sites) (1 site) (3 sites) | (3 sites) [(92 sites)
Soi | s/ No Action 0 0 1 0 0 1 0 1 0 3
gg?fehlt!s Access Restriction |Deed Restrictions 2 0 1 2 12 0 2 0 0 1 20
Fenci ng 3 9 0 3 15 4 1 1 0 0 36
Land Use Restrictions 1 0 1 4 7 1 1 0 0 1 16
Cont ai nnent Surface Control s 3 6 4 5 13 1 2 1 0 0 35
Cap 6 13 11 8 22 3 1 0 1 2 68
Soi | s/ Hot s Renoval / D sposal Excavat i on 4 2 5 4 10 3 1 0 1 0 30
Spots D sposal Onsite 0 0 0 2 2 0 1 0 0 0 5
D sposal Ofsite 1 1 1 0 6 1 2 0 1 0 13
Onsite Treatment Thermal Tr eat ment 1 1 1 0 4 1 0 0 0 0 8
In Situ Treat ment Bi ol ogi cal Treat nent 0 0 0 0 1 0 0 0 0 0 1
Physi cal Treat nent 1 1 3 3 2 2 0 0 0 0 12
G fsite Treatnent Ther mal Destruction 0 0 0 0 1 0 0 0 0 0 1
Q@ oundwat er No action 0 1 1 0 1 1 2 0 0 0 6
and Leachate
I nstitutional Al ternate Water 5 2 4 3 6 0 1 0 0 3 24
Control s Suppl y
Cont ai nnent Vertical Barriers 0 7 0 0 3 2 1 0 0 0 13
Hori zontal Barriers 1 0 0 0 0 0 0 0 0 0 1
Col | ecti on Extraction 7 13 4 4 10 1 1 0 0 3 43
Leachate Col | ection 3 8 4 4 5 1 0 1 0 1 27

Word-searchable Version — Not a true copy

B-36



Appendi x B-3
BREAKDOM BY REG ON OF REMEDI AL TECHNCLOG ES USED AT LANDFI LL SITES

Page 2 of 2
Envi ronnent al General Response Renedi al Regi on 1 Regi on 2 Region 3 | Region 4 | Region 5 | Region 6 | Region 7 Region 8 | Region 9 | Region 10 Tot al
Medi a Acti ons Technol ogi es (10 sites) J(16 sites)|(14 sites) [(10 sites) [(25 sites) | (5 sites) |(5 sites) | (1 site) | (3 sites) [ (3 sites) [(92 sites)
Q@ oundwat er Tr eat nent Bi ol ogi cal Treat nent 1 3 1 1 2 0 1 0 0 0 9
and Leachate -
(Cont i nued) Chemi cal Treat ment 3 4 0 0 3 0 1 0 1 0 12
Physi cal Treat nent 4 8 3 3 7 0 1 1 1 1 29
G fsite Treat nent 1 6 1 2 4 0 1 0 0 0 15
(at POTW
Di sposal Onsite Discharge 0 0 0 0 0 0 0 0 0 0 0
G fsite Discharge 1 2 0 0 0 0 0 0 0 0 3
Moni tori ng Monitoring Wlls 7 11 6 7 17 4 4 0 0 3 59
Landfill Gas Col | ection Passi ve Vents 4 5 3 2 1 1 0 0 0 0 17
Active Systens 1 5 2 0 2 0 0 0 1 0 11
Tr eat nent Thermal Destruction 2 5 1 0 3 0 0 0 1 0 12
Activated Carbon 0 3 0 0 0 0 0 0 0 0 3
Moni tori ng Monitoring wells 2 5 3 1 6 0 0 0 1 3 21
Surface Water Cont ai nnent Stornwater Control s 1 5 0 1 1 1 0 1 1 0 10
and Vet ands
Sedi nent s - -
Renoval D sposal Excavat i on 1 3 0 0 1 0 0 0 0 0 5
G fsite D sposal 0 1 1 0 0 0 0 0 0 0 2
Tr eat nent Solidification 1 0 0 1 2 0 0 0 0 0 4
Dewat eri ng 1 2 0 1 0 0 0 0 0 0 4
Thermal Tr eat nent 0 1 0 0 0 0 0 0 0 0 1
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