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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's review 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 at 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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GLOSSARY OF ACRONYMS AND ABBREVIATIONS

ARAR Applicable or relevant and appropriate requirement
BOD Biochemical oxygen demand
BTU British thermal unit
CAA Clean Air Act
CERCLA Comprehensive Environmental Response, Compensation and

Liability Act
CLP Contract laboratory program
COD Chemical oxygen demand
CRP Community relations plan
CWA Clean Water Act
DNAPL Dense, nonaqueous-phase liquid
DQO Data quality objective
EMSL Environmental Monitoring Systems Laboratory
EPA U.S. Environmental Protection Agency
FIT Field Investigation Team
FML Flexible membrane liner
FS Feasibility study
FSP Field Sampling Plan
FWQC Federal Water Quality Criteria
GAC Granular activated carbon
GC Gas chroraatography
GPR Ground penetrating radar
HDPE High density ppjyethelene
HRS Hazard ranking system
HSP Health and safety plan
LDR Land Disposal Restrictions
LFG Landfill gas
LFI Limited field investigation
MCL Maximum contaminant levels
MCLG Maximum contaminant level goals
NCC National Climatic Center
NCP National Contingency Plan
NPDES National Pollutant Discharge Elimination System
NPL National Priorities List
O&M Operations and maintenance
OVA Organic vapor analyzer
PARCC Precision, accuracy, representativeness, completeness, comparability
PA/SI Preliminary assessment/site inspection
PCB PoIycWorinated byphenyl
PIC Products of incomplete combustion
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PID Photoionization detector
POTW Publicly owned treatment works
ppb Pans per billion
ppm Pans per million
PRP Potentially responsible party
PVC Poly vinyl chloride
QAPP Quality assurance project plan
QA/QC Quality assurance/quality control
RCRA Resource Conservation and Recovery Act
RD/RA Remedial design/remedial action
RI Remedial investigation
ROD Record of decision
RPM Remedial project manager
SAP Sampling and analysis plan
SDWA Safe Drinking Water Act
SOW Scope of work
SVE Soil vapor extraction
TAL Target analyte list
TBC To be considered
TCE Trichloroethene
TCL Target compound list
TCPL Toxiciry characteristic leaching procedure
TDS Total dissolved solids
TMV Toxicity, mobility, and volume
TOC Total organic carbon
TSDF Treatment, storage, and disposal facility
TSS Total suspended solids
USGS U.S. Geological Survey
VC Vinyl chloride
VOC Volatile organic compound
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A broad 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 (US. EPA.
1988d). With this framework now in place, the
Office of Emergency and Remedial Response's
efforts are being focused on streamlining the
RLFS and selection of remedy process for spe-
cific classes of sites with similar characteristics.
One such class of sites is the municipal landfills
which compose approximately 20 percent of the
sites on the Superfund Program's National Pri-
orities Last (KPL). Landfill sites currently on
the KPL typically contain a combination of
principally municipal and to a lesser extent
hazardous waste and range in size from 1 acre
to 640 acres. Potential threat to human health
and the environment resulting from municipal
landfills may include:

• Leachaie generation and ground water
contamination

• Soil contamination

• Landfill contents

• Landfill gas

• Contamination of surface waters, sedi-
ments, and adjacent wetlands

Because these sites share similar characteristics,
they lend themselves to remediation by similar
technologies. The NCP contains the expecta-
tion that containment technologies will general-
ly be appropriate remedies for wastes that pose
a relatively low low-level threat or where treat-
mem is impracticable. Containment has been
identified as the most likely response action at
these sites because (1) CERCLA municipal
landfills are primarily composed of municipal,
and to a lesser extent hazardous wastes; there-
fore, they often pose a low-level lineal rather
than a principal threat; and (2) the volume and
heterogeneity of wtste within CERCLA
municipal landfills will often make treatment
impractical. The NCP also contains an

expectation that treatment should be considered
for identifiable areas of highly toxic and/or
mobile material (hot spots) that pose potential
principal threats. Treatment of hot spots within
a landfill will therefore be considered and
evaluated.

With these expectations in mind, a study of
municipal landfills was conducted with the
intent of developing methodologies and tools to
assist in streamlining the RI/FS and selection of
remedy process. Streamlining may be viewed as
a mechanism to enhance the efficiency and
effectiveness of decision-makiag at these sites.
The goals of this study to meet this objective
include: (1) developing tools to assist in scop-
ing the RI/FS for municipal landfill sites,
(2) defining strategies for characterizing munici-
pal landfill sites that are on the NPL, and
(3) identifying practicable remedial action alter-
natives Tor addressing these types of sites.

Streamlining Scoping

The primary purpose of scoping an RI/FS is to
divide the broad project goals into manageable
tasks that can be performed within a reasonable
period of time. The broad project goals of any
Superfund site are to provide the information
necessary to characterize the site, define site
dynamics, define risks, and develop a remedial
program to mitigate current and potential
threats to human health and the environment
Scoping of municipal landfill sites can be
streamlined by focusing the RI/FS tasks on just
the data required to evaluate alternatives that
are most practicable for municipal landfill sites.
Section 2 of this document describes the activi-
ties 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 remedial objec-
tives and alternatives based on the
NCP expectations and focusing on
alternatives successfully implemented at
other sites
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• Using a conceptual site model (see
Figure 2-4 for a generic model devel-
oped for municipal landfill sites based
on their similarities) to help define site
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 ade-
quately characterize the site, perform
toe necessary risk assessments), and
evaluate the practicable remedial action
alternatives

• Identifying data quality objectives
(DQOs) that result in a well-defined
sampling and analysis plan, ensure the
quality of the data collected, and inte-
grate the information required in the
Rl/FS process

• Limiting the scope of the baseline risk
assessment as discussed below

Streamlining the Baseline Risk Assessment

The baseline risk assessment maybe used to
determine whether a site poses risks to human
health and the environment that are significant
enough to warrant remedial action. Because
options for remedial action at municipal landfill
sites are limited, it may be possible to
streamline or limit the scope of the baseline
risk assessment by (1) using the conceptual site
model and RJ -generated data to perform a
qualitative risk assessment that identifies the
contaminants of concern in the affected media,
their concentrations, and their hazardous
properties that may pose a risk through the
various routes of exposure and (2) identifying
pathways that are an obvious threat 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 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 clearly
exceeded, the basis for taking remedial action is
generally warranted (quantitative assessments
that consider all chemicals, their potential addi-
tive effects, or additiviry of multiple exposure
pathways are not necessary to initiate remedial
action). In cases where standards are not clear-
ly exceeded, a more thorough risk assessment
may be necessary before initiating remedial
action.

This streamlined approach may facilitate early
action on the most ob.ious landfill problems
(groundwater and leach ate, landfill gas, and the
landfill contents) while analysis continues on
other problems such as aff-xted wetlands and
stream sediments. Dividing a site into operable
units and performing early or interim actions is
often desirable for these types of sites. This is
because 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's final 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
remedial action. The approach outlined above
facilitates rapid implementation of protective
remedial measures for the major problems at a
municipal landfill site.

Streamlining Site Characterization

Site characterization for municipal landfills can
be expedited by focusing field 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 typi-
cally affected by landfills are discussed in
Section 3 of this report. A summary of the site
characterization strategies is presented below.

Leachate/Groundwater Contamination

Characterization of a site's geology and hydro-
geology will affect decisions on capping options

i
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as well as on extraction and treatment systems
for leachate and groundwater. Data pthered
during the bydrogeologjc invet tiption are simi-
lar to those pthered during investigations at
other types of NPL sites. Groundwater contam-
ination at municipal landfill sites may, however,
vary in composition from that at other types of
sites in that it often contains high levels of
organic matter and metals.

Leachate generation is of special concern when
characterizing municipal landfill sites. The
main Actors contributing to leachate quantity
are precipitation and recharge from ground-
water and surface water. Leachate is character-
istically 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 regard-
ing the depth, thickness, and types of the waste;
the moisture content and degree of decomposi-
tion of the waste; leachate head levels and the
composition of landfill leachate; and the eleva-
tion of the underlying natural soil layer. Addi-
tionally, 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
create health and safety risks. Also, installation
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 u difficult
to ensure the reliability of the sampling
locations.

Landfill Contents

Characterization of a landfill's contents is gen-
erally not necessary because containment of the
landfill contents, which is often the most practi-
cable technology, does Dot require such
information. Certain data, however, are neces-
sary to evaluate capping alternatives and should
be collected in the field. For instance, certain
landfill properties such as the fill thickness,
lateral extenu and age will influence landfill
settlement and gas generation rates, which will
thereby have an influence oo the cover type at a
site. Also, characterization of a landfill's

contents may provide valuable information for
PRP determination. A records review can also
be valuable in ptbering data concerning
disposal history, thus reducing the need for field
sampling of contents.

Hot Spots

More extensive characterization activities and
development of remedial alternatives (such as
thermal treatment or stabilization) may be
appropriate for hot spots. Hot spots consist of
highly toxic and/or highly mobile material and
present a potential principal threat to human
health or the environment Excavation or treat-
ment of hot spots is generally practicable where
the waste type or mixture of wastes is in a dis-
crete, accessible location of a landfill. A hot
spot should be large enough that its remedia-
tion would significantly reduce the risk posed by
the overall site, but small enough thai it is
reasonable to consider removal or treatment. It
may generally be appropriate to consider exca-
vation ajxJ/or treatment of the contents of a
landrtll 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 documen-
tation 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
typically are confirmed by excavating test pits or
drilling exploratory borings. When characteriz-
ing hot spots, soil samples should be collected
to determine the waste charaaeristics; utalabil-
ity or pilot testing may be required to evaluate
treatment alternatives.

Land fill Gas

Several gases typically are generated by decom-
position of organic materials in a landfill. The
composition, quantity, and generation rates of
the gases depend on such factors as refuse
quantity and composition, placement charaaer-
istics, landfill depth, refuse moisture content,
and amount of oxygen present. The principal
gases generated (by volume) are carbon dioxide,
methane, trace thiols, and occasionally, hydro-
gen sulfide. Volatile organic compounds may
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also be present is landfill gases, particularly at
co-disposal bolides. Data generated during the
site characterization of landfill gas should
include landfill gas characteristics as well as the
role of onsite and offsite suffice emissions, and
the geologic and hydrogeologic conditions of
the site.

Streamlining the Development of Alternatives

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

* The most practicable remedial alterna-
tive for landfills is containment Such
containment may be achieved by
installing a cap to prevent vertical
infiltration of surface water. Lateral
infiltration of water or gases into the
landfill can be prevented by a peri-
meter lien en-type barrier. Caps and
perimeter barriers sometimes are used
in combination. The type of cap would
likety be either a native soil cover,
single-barrier cap, or composite-barrier
cap. The appropriate type of cap to be
considered will be based on remedial
objectives for the site. For example, a
soil cover may be sufficient if the
primary objective is to prevent direct
contact and minimi?* erosion. A single
barrier or composite cap may be
necessary where infiltration is also a
significant concern. Similarly, the type
of trench will be dependent on the
nature of the contaminant to be con-
tained. Impermeable trenches may be
constructed to contain liquids while
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. Consolida-
tion of hot spot materials under a land-
fill cap is a potential alternative in
cases when treatment is not practicable
or necessary. Consolidation-related
differential settlements may be large
enough to require placement of an
interim cap during the consolidation
phase. Once the rate of settlement is
observed to decrease, then a final cap
can be placed over the waste.

• Extraction and treatment of contami-
nated 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 indefi-
nitely because of continued contami-
nant loadings from the landfill.

» Constructing an active landfill gas col-
lection and treatment system should be
considered where (1) existing or
planned homes or buildings may be
adversely affected through either explo-
sion or inhalation hazards, (2) final use
of the site includes allowing public
access, (3) the landfill produces exces-
sive 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 vege-
tative cover.

Conclusions

Evaluation and selection of appropriate
remedial action alternatives for CERCLA
municipal landfill sites is a function of a
number of factors including:

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

• Potential ARARs for the site (Signifi-
cant ARARs might include RCRA
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and/or state closure requirements, and * Remediation of bot spots
federal or state requirements pertaining
to landfill gas emissions.) • Control and treatment of contaminated

groundwater and leachate
Waste characteristics

• Control and treatment of landfill gas
Site characteristics (including surround-
ing area) Other areas that may require remediation

include surface waten, sediments, and adjacent
Regional surface water (including wet- wetlands,
lands) and ground water characteristics
and potential uses

f Because these factors are similar for many
L CERCLA municipal landfill sites, it is possible

to focus the Rl/FS and selection of remedy
process. In general, the remedial actions imple-
mented at most CERCLA municipal landfill
sites include:

• Containment of landfill contents (i.e.,
landfill cap)

L
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Approximately 20 percent of tbe sites on the
National Priorities List (NPL) are landfills
where a combination of principally municipal
and to a lesser extent hazardous wastes have
been co-disposed. Because these site* Typically
share similar characteristics, tbe Superfund
Program anticipates that their remediation will
involve similar waste management approaches.

EPA has established a number of expectations
pertaining to the remediation of CERCLA sites
and has listed them in the National Contin-
gency Plan (NCP). One of these expectations,
which is particularly relevant to municipal land-
fills, states that engineering controls such as
containment will be used for waste that poses a
relatively low long-term threat or for sites
where treatment is impracticable. Tbe pream-
ble 10 the NCP identifies municipal landfills as
a type of site where treatment may be impracti-
cable due to ifae size and heterogeneity of tbe
contents of many landfills. Because of this
expectation, tbe containment alternative 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 redrculation or "flushing" of landfill
contents may be appropriate for cenain situa-
tions and if determined to be practicable should
not be discounted.

A second NCP expectation states that principal
threats (e.g., highly mobile and/or highly toxic
waste) will be treated, if practicable. Treatment
of hot spots within a landfill may be considered
practicable when: (1) wastes are in discrete,
accessible locations of a landfill and present a
potential principal threat to human health and
the environment and (2) a hot spot is Urge
enough that its remediation will significantly
reduce the risk posed by the site, but small
enough that it is reasonable to consider removal
and/or treatment. Characterization of hot spots
to determine if treatment is practicable should
be performed when there is either documenta-
tion or physical evidence (e.g., aerial

photographs) indicating the approximate
location of hot spots.

Other expectations in tbe NCP that may be
relevant to the remediation of municipal land-
fills are summarized below.

• A combination of engineering controls
and treatment will be used as appropri-
ate to achieve protection of human
health and the environment. An exam-
ple would include treatment of hot spots
in conjunction with containment (cap-
ping) of the landfill contents.

• Institutional controls such as access and
deed restrictions will be used to supple-
ment engineering controls as appropri-
ate," to prevent exposure to hazardous

-"wastes.

• Groundwaters will be returned to bene-
ficial uses whenever practical, within a
reasonable time, given the particular
circumstances of the site.

• Innovative technologies will be consid-
ered when such technologies offer the
potential for superior treatment perfor-
mance or lower costs for performance
similar to that of demonstrated
technologies.

The similarity in landfill characteristics and the
NCP expectations make it possible to stream-
line the RI/FS process for municipal landfills.
By streamlining the RI/FS process EPA will
(I) 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 selecting
remedial actions, and (3) facilitate more
effective remedial designs.

In direct response to the need to develop tools
and methodologies 10 streamline the RI/FS
process for different site types (Recommenda-
tion No. 23 in the Superfurid Management
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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 RVFS,
(2) defines appropriate strategies for
characterizing media typically impacted by
municipal landfills, (3) identifies a strategy for
simplifying the baseline risk assessment (thereby
allowing for early action at these sites), and
(4) identifies the most practicable remedial
action alternatives for addressing these types of
files.

1.1 Background On Municipal
Landfills

CERCLA municipal landfill sites are unique in
both their size and composition. The landfills
amenity on the NPL range in size from 1 acre
to 640 acres, while most are facilities where a
combination of principally municipal and to a
lesser extent hazardous wastes have been co-
disposed of. Municipal wastes disposed of in
these landfills typically includes a heterogeneous
mixture of materials primarily composed of
household refuse such as yard and food wastes
and paper, and commercial waste such as plas-
tics, inert mineral waste, glass, and metals.
Tbere are four ways in which hazardous wastes
may have been disposed of IB municipal land-
fills. First, landfills that operated before the
implementation of RCRA on November 19,
1980, typically accepted and co-disposed of both
liquid and solid hazardous waste. Second, small
quantity generators contribute varying quantities
of hazardous wastes to municipal landfills.
Small quantity generators are those that pro-
duce no more than one kilogram per month of
designated acute hazardous waste or no more
than 100 kilograms per month of all other haz-
ardous wastes combined (see 40 CFR 261.5).
Third, some household wastes such as batteries
and paints are hazardous. And fourth, bio-
degradatioo of wastes within the landfill can
create new compounds that are hazardous.

The dynamics within a landfill create an
unksown and changing environment Microbial
degradation of the municipal solid waste occurs,
in addition to various unknown interactions
between hazardous and municipal solid wastes.

Microbial degradation of municipal solid waste
is a dynamic process that occurs for an indefi-
nite period of time after waste has been placed
within a landfill. Microorganisms naturally
occurring in the soil and refuse bi ode grade the
wastes in d is tin a stages; each stage of degrada-
tion creates different byproducts.

Landfills can react with the environment in a
number of ways. One type of inter action occurs
when precipitation and/or liquid wastes dis-
posed of within the landfill percolate through
the landfilled mass to form a liquid called
leacnate. Leachate 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 in the area, (2) the
types of materials disposed of in the landfill,
(3) the design, size, age, and initial moisture
content of the landfill, and (4) the permeability
and porosity of landfilled materials and the soil
used to cover the landfill. The characteristics of
landfill leachate depend upon factors such as
initial concentrations of compounds, solubilities,
and vapor pressures, rates at which compounds
are transformed by microbial and chemical pro-
cesses within the landfill, and the physical
characteristics of the landfilled materials. 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 men-
tioned previously, 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 time with the landfill materials is
often limited.

A third type of interaction between landfills and
the environment Is through airborne emissions
of gases and vapors. Some of the volatile com-
pounds emitted from landfills are those present
in the landfill as it is being filled, while others

— r
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are generated by microorganisms as they
degrade the wastes in the land&ll. The princi-
pal airborne emissions (by volume) associated
with landfills are methane and carbon dioxide.
These gases are the result of anaerobic micro-
bial degradation of municipal solid wastes.
Oiher volatile compounds often emitted from
CERCLA landfills include halogenated hydro-
carbons, simple alkanes, vinyl chloride, benzene
and other aromatic compounds, and mercep-
tons. The principal factors affecting the type of
air emissions include (1) the type of materials
disposed of in the landfill, (2) the age of the
landfilled refuse, (3) the type of cover over-
laying the landfilled wastes, (4) the presence or
absence of a gas extraction and treatment sys-
tem, (5) subsurface gas migration, and (6) the
presence of underground/subsurface fires.
Barometric pressure and wind speed and direc-
tion also play an important role in the affects to
potential receptors.

1.2 Document Organization
This document is organized into six sections.
The first section is this introduction, which
includes the goals and objectives of this project
as well as a summary of municipal landfill char-
acteristics and their potential impact on the
environment. Section 2 describes the activities
necessary to adequately scope an RLFS for a

landfill site and provides a number of tools to
assist in scoping. The third section describes
site characterization strategies for co-disposal
facilities that either have or do not have sus-
pected hot spots. Section 4 of this report
describes the remedial wcfeaoJopes that are
appropriate for CERCLA landfills, including
the data requirements to adequately evaluate
them. Section 5 includes an analysis of the nine
criteria used to evaluate practicable technolo-
gies and summarizes basic conclusions that can
be made for each technology in light of each of
the evaluation criteria. The final section
describes appropriate remedial alternatives that
have been developed for an example municipal
landfill site and presents an evaluation of these
alternative* The purpose of this section is to
illustrate how technologies might be combined
to form alternatives typically -developed for
landfill sites and how these areevaluated using
the nine criteria.

Additionally, scoping activities, and an appro-
priate sjie 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 remedial actions selected for CERCLA
municipal landfill sites through FY 1989.
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Section 2
SCOPING THE RI/FS FOR MUNICIPAL LANDFILL SITES

r

Developing a work plan is the first step in
conducting an RI/FS at a municipal 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 remedial action alter-
natives, 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 considerable
attention to preparing it and the individual
tasks. Without a definition of a proper work
plan, it is unlikely that the RI/FS or the project
objecti\es will be met because it is difficult to
achieve loosely defined RI/FS or project objec-
tives thai extend over a long time. It should
also 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, there-
fore, is to divide the broad project goals into
manageable tasks that can be performed within
a reasonable period of time. Proper planning
also provides the RPM with a mechanism for
measuring progress and controlling the project.

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 remedial
program to mitigate or eliminate potential
adverse human bealUi and environmental
impacts. The tasks ir.at should be performed to
achieve these foils include the following:

• Evaluate existing site data (Section 2.1)

• Conduct a site visit (Section 2.3)

• Conduct a limned site investigation, as
necessary (Section 2.4)

• Define the conceptual site model
(Section 2,5)

• Scope the risk assessment (Section 2.6)

• Identify preliminary applicable or rele-
vant and appropriate requirements
(ARARs)

• Develop preliminary remedial action
objectives and goals (Section 2.7)

• Develop preliminary remedial technolo-
gies (Section 2-8)

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

• Develop data quality objectives (DQOs)
(Section 110)

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

• Pxepare a health and safety plan

• Prepare a community relations plan

• Conduct Phase I site investigations

• Evaluate Phase I data

• Refine remedial action alternatives

• Conduct Phase II site investigations, if
necessary

• Evaluate remedial action alternatives

The scope of work for a municipal landfill site
may be different from the scopes for other types
of sites, such as surface impoundments, waste
piles, and tank farms. Because ---aste in munici-
pal landfills is a heterogeneous mixture of mate-
rials and may contain liquid and solid hazardous
wastes, the number of remedial action alterna-
tives is limited. Therefore, site-characterization
strategies that can be used at municipal landfill
sites are limited. The specific strategies for
characterizing different types of landfill sites are
presented in Section 3 of this report. This
section focuses on the components ol scoping
an RI/FS for municipal landfill sites.
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2.1 Evaluation of Existing Data
Existing data should be reviewed and evaluated
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 is important because
it affects both the liming and cost of the RI/FS.
The evaluation also identifies the needs and
objectives of any limited field investigation, the
selection of preliminary remedial action alter-
natives, the RI/FS objectives, and the develop-
«*.« of the DQOs.

To begin understanding site dynamics and scop-
ing 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 be identified. Type* and sources
of hazardous materials in the landfill should be
determined, where possible. In addition, regula-
tory activities should be reviewed, including
information on any existing landfill cover.
Finally, the results of past sampling and analysis
efforts should be evaluated for their usefulness.

It after existing data are evaluated, it is deter-
mined that there is insufficient information to
define site dynamics and to develop_ the concep-
tual site model, limited field' investigations
should be conducted. Limited field investiga-
tions 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 develop the preliminary remedial
action alternatives and the RI/FS objectives.

2.1.1 Score** of Information

Federal, state, and local agencies may have
pertinent Information for evaluating a site.
Although some of this information may be
general, it still can be used to establish a base-
line. As aa example, records of previous
ownership may indicate that there were manu-
frcturing operations at • site. Exact locations
of buildings may not be available, but the
materials used in manufacturing operations
could suggest tbzt additional analytical
parameters be tested. In addition to govern-

ment sources, other dau sources that may be
particularly useful in obtaining more specific
information on a site include:

• Preliminary assessment/site inspection
data

• HRS scoring package

• Potentially responsible party (PRP)
search report

• Aerial photographs

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

• Interviews with state inspectors, local
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 original siting studies or
engineering designs

• Closure plans

Information available from other agencies and
the types of information generally available
from other potential dau sources are summa-
rized 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
municipal landfill sites based on a review of
RODs signed through 1989.

Existing dau should be evaluated and summa-
rized in formats that are easily reviewed by
individuals not involved in the collection
process. Reviewing and evaluating the available
dau will lead to an understanding of the site
conditions and identification of evident dau
gaps. During this activity, the quality (that is,
accuracy and precision) of the dau and their
conform a nee with the quality control (QC)
protocols under which they were collected
should bt assessed. If possible, preliminary dau

I
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(e.g., condition of cap) should be confirmed by
onsite observations.

2.1.2 Types of D»tt and Data Quality

At this early suge, it is important to focus on
compiling as much information as possible
about the site's characteristics and nydiogeolog-
ical setting. Although the complete set of
desired information is not always available or of
good quality, it is important to gather all that is
available. This information includes:

The landfill's condition, especially its
slope stability, the presence of under-
ground fires, levels of methane gas, and
amount of cover

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

Boundaries of areas of suspected con-
tamination

Depth to groundwater and seasonal
fluctuations

Existing site conditions, such as recent
construction of neighboring houses

Site and property boundaries and land-
fill depth

Existing residential, municipal, and
industrial wells, including construction
and analytical data

Details of landfill construction, such as
drainage channels, clay liners, cap con-
struction (full or partial), facility base
grades, present engineering controls (if
any), and any current landfill gas venting

Evidence of leachate seeps, contami-
nated surface water runoff, or other
spread of contamination

Nature of the soils around and under
the landfill (for exarrple, permeability,
composition, clay, organic content)

• Nature and characteristics of material in
the landfill, particularly chemical com-
position of hazardous waste

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

As pan of this compilation, data quality should
be evaluated to determine the uncertainty asso-
ciated with the conclusions drawn from existing
data and their usability. Uncertainty about the
adequacy of existing data can arise from two
sources: the representativeness or the specific-
ity of the sampling techniques used to collect
the data, and the validity of the analytical meth-
ods used. The representativeness of data can be
assessed by reviewing their sources. The ratio-
nale and method of sample collection should be
determined. The analytical methods should be
reviewed to determine if the analyses are appro-
priate to the RL/FS objectives. Data validation
identifies invalid data and qualifies the usability
of the remaining data. Forma] data validation
procedures are used to identify dau thai are the
result of improper analytical procedures.
QC infonnation, if available, can be reviewed to
assess the validity of the analyses. The usability
of dau without QC information can sometimes
be assessed by using statistical techniques or by
using professional judgment. Statistical tech-
niques can be used to judge whether the data
are consistent by examining their distribution.
Data values that are exceptional may be suspect
and should be verified with additional samples
of known quality. Additional information on
the sutistical evaluation of dau can be found in
Statistical Methods for Evaluating the Arwinmenr
of Superfund Cleanup Standards, Volume 1: Soils
and Solid Media (U.S. EPA. 1989a).

Other information that is not classed as v&'<d
because of QC restrictions can be used in esut
lishing a hypothesis about conuminam behavior
over time. These data generally should not be
used in making final decisions about the need
for cleanup, but they can help in developing an
understanding of site dynamics, sampling
strategies for the RI, and preliminary remedial
action alternatives. Factors that must be
considered in evaluating the dau for their
usefulness are:
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• The age and comparability of the dau
sets. Standard methods of sample col-
lection and analysis may change over
time; thus, sample 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 upgrad-
ieni and down gradient wells located at
the landfi" for the collection of the
groundwatt. samples?).

• The methods tsed to collect, preserve,
handle, and transport the samples.

* The analytical methods used to estimate
pollutant concentrations (for example,
does the analytical method provide
results that can be used for risk assess-
ment, or is its usefulness limited to site
characterization ?).

* The length of time samples were held
before analysis (for example, volatile
organic analysis has a 14-day allowable
holding time or a 7-day holding time
when not preserved with acid).

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

• The quality control measures used by
field and laboratory teams (for example,
were blank samples used to determine if
samples were contaminated during
collection or analysts?).

The assessment of data reliability should also
extend to the entire site investigation process.
The rationale for selecting the sampling loca-
tions 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.

An important pan of reviewing and evaluating
the available data is assessing their reliability,
that is, the extent to which the data represent
site conditions. The dates of maps, drawings,
and plans should be checked. Sampling loca-
tions should be evaluated for representativeness.
Analytical data should be checked against inter-
nal 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 site, the results should be assessed for
consistency, and variations in methodology
should be identified.

The level of effort to review the data quality
may be significant if large amounts of potential-
ly high quality data are available. More typical,
however, is the case where some analytical data
are low or unknown quality and will be used
only in the development of the initial site con-
ceptual model and initial sampling planning
activities. In this case, data quality review may
not require a significant level of effort.

2.1-3 Presentation of Available Dau

Whenever possible, the available data should be
summarized in graphs, tables, or matrices. Data
can also be presented as isoconcentration maps
for parameters that depict the degree and extent
of contamination for the various media or
hydrogeologic units. These com pa a formats
allow for efficient presentation, comparison, and
use of large amounts of data. A written
summary is also valuable for conveying data
trends and general 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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Obtain Available Data
- Background Data
- Facility Description
- Past Operation and

Disposal Practices
- Regulatory l-Rslory
- Physiography/

Topography
- Soils / Geology
- Climate / Woather
- Surface Water
- Groundwater
- Ecology / Land Use
-Sensitive Receptors
-Agency Data
-MRS
-PA/ SI
- Chronology of
Agency Involvement

- Existing Permits
- Closure Plans
- Abatement Orders

Review and Evaluate Available Data
Prepare SNe Description, Site History
Summary Maps. Tables, Matrices
Data Quality Evaluation

Prepare Preliminary Base Map
• Underground / Overhead Utilities
• Availability ol Water and Electrical Hookups
• Nearby Structures and Residences
• Areas and Locations of Known or

Suspected Hot Spots
• Limits ot Waste. II Known
• Location ot Known Potential Hazards
• Property Lines / Boundaries
• Access / Security
• Topography / Vegetation
• Drainage Features
• LandIIH Location / Size
• Buildings / Structures / Piping
• Existing WeHs and Sampling Locations

Prepare Preliminary Geologic Cross Sections
• Ground Surface Features
• SoH Horizons
• Major Geologic UnUs
• Location of Existing Borings, Wets, and Test PHs
• Sample Locations / Analytical Results
• Groundwater Table

Prepare Hydrology Summary
• Location of Surface Water Bodtes
• Seasonal Surface Water Fluctuations
• Surface Water Level Measurements
• Depth to Groundwater
• Vlsabla Leachate Seepage
• Groundwater Flow Directions and Gradients
^ Recharge and Discharge Areas
•'Identification of Class I and II Aquifers
•WeN Survey

Prepare Waste Characterization Summary
• Sources. Types and Quantities of Waste Disposed
• Disposal Periods

Prepare Sampling Activities Results Summary
• Data of Study
• Firm Responsible for Study
• Name and Address of Laboratory
• Media Samples
• Analytes Tested and Analytical Method
• Evaluate UseaWWy ol Data

Figure 2-1
FLOW DIAGRAM FOR
DATA EVALUATION AND PREPARATION



evaluating, and preparing data for an RI/FS at a
municipal landfill site.

Inadequate data review during this stage of the
Rl/FS can result in a misdirected focus of the
study, which may cause the collection of unnec-
essary samples, an escalation of field investiga-
tion costs, and/or project delays. As an exam-
ple, inadequate data review during scoping to
determine the need for treatability studies for
leachate/groundwaier or ttjid&ll hot spots may
result in project delays and increased costs.

2J.1 Site Description

The site description should provide accurate,
detailed, and current information on the site. A
physical description of the site and its sur-
roundings and a preliminary base map should
be prepared Data in the hazard ranking system
(HRS) scoring package and the preliminary
assessment* ite inspection (PA/51) should
provide some of the basic information. The
base map should include:

• Surface water drainage patterns and site
discharge locations

• Locations of existing residential, munici-
pal, and industrial wells, and surface
water intakes

• Presence of wetlands/flood plains, wild-
life habitats, scenic rivers, and historical
arcbeological resources

• Onsite and offcite buildings, structures,
and piping, including existing landfill gas
extraction equipment

• Area and site topography and vegetation

• Underground and overhead utilities in
the vicinity of the site (All utilities that
could possibly impact geophysical sur-
veys should be identified during
scoping.)

• Availability of water, sewer, phone, and
electrical hookups for the site

• Nearby structures, residences, and other
land uses

• Previous sample locations

• Known or suspected hoi spots

• Locations of potential hazards (for
example, hazards due to falls, heavy-
equipment operation areas, electrical
power lines)

• Areas of active landfilling operations

• Property lines, facility and refuse bound-
aries

• 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 developed from
existing site maps, aerial photographs, or a
topographic survey. EPA's Environmental
Photographic Interpretation Center (EPIC) in
Warremon, Virginia, can provide a wide range
of information on a site, such as:

• Aerial photographs and analysis for a
single date

• Aerial photographs and analysis over
time either for the site itself or for a
wider area (historical analysis)

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

• Orthographic mapping, which is a recti-
fied photoimage with a superimposed
topographic map

Existing figures, photographs, and maps may be
useful sources of historical 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.

i
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As mentioned above, the site de.--ription should
include the areas, if any, of active landfilling
operations; locations selected for sampling or
well installation should consider the impact on
the site's normal operation and maintenance.
Meicorologic data should also be collected and
considered during the development of the work
plan. Meteorologic data can be used to deter-
mine appropriate times for site visits, to direct
sampling efforts, and to evaluate remedial
action alternatives, such as incineration, cap-
ping, or grading. Barometric pressure data are
also useful for interpreting landfill gas volume
collection data.

2.2.2 Site Histon

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

The history of previous disposal activities at a
municipal landfill often direct!} affects the RI
objectives, specifically the need to determine
whether hoi 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 facilities and other relevant environ-
mental contamination ai or near the site should
also be included. These potential off site
sources of con lamination should be considered
during the development of the work plan. They
may affect the choice of sampling and monitor-
ing well locations and may contribute contami-
nation to various media. Multiple sources of
contaminants in the vicinity can make it diffi-
cult to idemifv all PRPs.

2.2-3 Regional
Hydrogeology

•nd Site Geology and

In addition 10 the preliminary site base map,
preliminary geologic cross sections should be
developed, if possible, to provide a three-
dimensional overview of soils and geology and
the possible extent of toil and groundwater con-
tamination at the site. The purpose of this
effon is to identity any changes or correlations
in the type and movement of contamination and
soil types and structure. This information will
be used to:

• Estimate the depth of the landfill

• Estimate the depth to groundwater

• Identify the limits of subsurface
sampling programs

• Select appropriate soil sampling and
drilling methods

/

The pjeHtninary soil/geologic cross-section can
be developed from existing site maps, soil and
geologic publications, reports on soil borings
and monitoring well installation, and analytical
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 this type should
include:

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

• Soil horizons (for example, clay lenses
or other soil layers with differing char-
acteristics)

Major geologic units

• Locations of domestic and/or public
supply wells

• Locations of existing borings, wells, and
test pits

• Existing sample locations, including the
location of offcite sampling locations to
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determine whether offsite conumination
is a problem ID the area

• Depth to groundwater

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

If sufficient information from these sources is
available, this section should also identify the
origin, texture, and distribution of unconsoli-
dated 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 regional
and site-specific geology are described in this
section to help identify contaminant pathways
and develop a conceptual site model.

2.2.4 Hydrology

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

2.2.4.1 Surface Water

Surface water bodies near the site should be
identified to (1) evaluate the potential impact
of the landfill on the body of water, (2) under-
stand the relationship, if any, between the
surface water and groundwater flow at the site,
and (3) determine their potential to be dis-
charge 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 to surface water or be recharged by
surface water at different times of the year.
This information may be identified by compar-
ing concurrent groundwater and surface water
level measurements taken seasonally. Prelimi-
nary information for groundwiter can be
obtained from USGS hydrogeologic atlases,
state aquifer maps or water resource overlays,
the local board of health, water control board,
planning commission, or the local Department
of Public Works.

2.2.4.2 Groundwater

A groundwater assessment should be performed
at and near the site to determine depth to
groundwater. local and regional groundwater
flou directions, gradients, recharge areas, dis-
charge areas, and to identify aquifers used by
private and public water supply wells in the
area. This information may be determined by
evaluating the data gathered for the section on
regional and siie-spedfic geology (Section
2.2.3). If no monitoring wells have been
installed at/the site, it may not be possible to
assesi*piecific groundwater levels or local flow
directions ai the site. However, geologic publi-
cations, 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 also be initiated
during scoping This survey can serve a number
of purposes, including evaluating the "usability"
of existing wells for future field activities and
accounting for pumping influences when select-
ing additional sampling locations for monitoring
wells. .This survey would also be useful for
identifying potentially contaminated wells being
used as domestic, municipal, or industrial
supplies. Well installation logs, if available,
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 characteriza-
tion. This information can be developed from
landfill disposal records; county, state, and EPA
records; interviews with current/previous
employees of the landfill; aerial photographs:
results of sampling landfill contents; and inter-
views with state inspectors. If available, the
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periods of disposal should also be estimated to
help identify the likelihood that contaminants
will be in the landfill (for example, volatile
organic* sometimes migrate quickly and may
not be present) and to establish PRP responsi-
bility. Although interviews and records searches
are time-consuming, the information gathered is
very useful in directing the RI/FS process and
the selection of remedial action alternatives.

22.6 Stapling Activities and Results

A summary of the chemical analytical data
collected at or near the site may provide exten-
sive information about the potential effects of
the site on 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 Characteriza-
tion" (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 labora-
tory that performed the analysis, the media
sampled, the anarytes, and the analytical meth-
ods 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 alternatives, PRP
determination) that require different qualities of
data. The existing chemical analysis informa-
tion (including QC information) should be
included in an appendix of the work plan.

2.3 Site Visit
A site visit by the RPM and other appropriate
personnel («.§., state and Federal agency repre-
sentatives) is necessary during the scoping
process to:

• Verify existing data (for example, condi-
tion of cap, amount of soil cover, extent
of slope erosion)

• Identify existing site remediation systems
(for example, landfill gas or leachate
collection systems)

• Identify critical areas (for example, pos-
sible equipment-staging areas, access
roadways, residential areas)

• Visually characterize wastes (for exam-
ple, leachate seeps, exposed drums,
stained soils)

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

• Evaluate the practicability of geophysi-
u>l surveys

Detailed examination of a municipal landfill
during a sr.e visit is important for several
reasons. Observation of slope instability or
explosive levels of gas may indicate the need to
mitigate an immediate hazard. Details of cap
construction may affect the feasibility of
remedial 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 is also important. Visual identifica-
tion of hot spots or the physical characteristics
of the wastes (sludge-like or solid) is necessary
for sampling preparation and for ensuring the
representativeness of sampling. The physical
and chemical characteristics of the waste are
key variables in defining alternative technolo-
gies for remedial actions and in identifying the
most cost-effective actions. Special wastes
(radioactive, laboratory packs, etc.) not normal-
ly associated with municipal landfills may also
be at the site and should be noted during the
site visit. However, the certainty of information
gathered by visual observation during the site
visit is limited. Ideally, 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 some-
times useful to visit a site after a heavy rainfall,
if possible, to observe runoff and leachate seep-
ages that may not be visible at other times. A
follow-up visit during a dry period may be use-
ful in evaluating the potential for dust
generation.

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

The following activities may be performed
during the site visit:

• Identification of unusual features,
including

Spill areas and stained soils

Evidence of environmental stress
to flora or fauna and adjacent
wetlands

Presence of waste requiring special
handling or precautions

Presence of surface impoundments
and abovegrojnd tanks

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

• Examination of landfills, including

Evidence of slope instability.
leachaie seeps, soil erosion

Details of cap construction, stabili-
ty, areas of cover cracking, erosion,
or subsidence

Evidence of gas release through
cap

Approximate perimeter of the
landfill

Evidence of partially buried drums
or other hazardous materials

Localized areas of stressed vegeta-
tion or detection on explosimeter

Factors affecting the accessibility
of the landfill to heavy equipment,
such as moisture content of the
soil, width of cinches access roads

Identification of site features thai
may interfere with the perform-
ance of geophysical surveys

Field characterization of wastes,
including

General nature of the wastes--
residential, industrial, sludges, or a
mixture

Physical state of the wastes-dry,
wet, very compressible, firm, free
liquids

Physical properties of exposed
wastes-odor, gas generation, state
of decomposition

Preliminary measurements in hot
areas with an organic vapor
analyzer (OVA)

Identification of:

Site utilities, facilities, and struc-
tures

Unusual wastes (laboratory packs,
cylinders)

Drainage patterns

Possible offsite sources of
contamination

Recent construction, including
housing developments

Division of site into grids to facilitate
identification of target areas and future
remedial activities (a cartesian grid is
effective)

Identification of access, egress, staging,
and security points

Interviews with local residents (opportu-
nity to confirm well survey and also
necessary for preparation of community
relations plan [CRP])
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• Identification and confirmation of fea-
tures on the preliminary base map and
soil̂ eologic 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 pre-
pared for the initial site visit unless an HSP was
developed for previous site work, in which case
this plan may be adequate. If no plan exists, a
limited HSP should be developed on the basis
of existing data. The RPM should coordinate
with the Regional Health and Safety Officer on
the need for the HSP and contents. Require-
ments for an HSP can be found in Occupational
Safety and Health Guidance Manual for Super-
paid Activities (National Institute of Occupa-
tional Safety and Health, 1984), Guidance on
Remedial Investigations Under CERCLA (U.S.
EPA, 19&5e), and Standard Operating Safety
Guides (US. EPA, 1984c).

2.4 Limited Field Investigation
After existing data have been evaluated and a
site visit has been conducted; 'a preliminary
conceptual site model depicting the site's
dynamics should be developed. If the informa-
tion required to develop ibis mode] is incom-
plete, a limited field investigation (LFI) should
be conducted. (See Section 2.5 for information
on the conceptual site model.) The LFI should
be restricted to the collection of easily obtain-
able data, which can be gathered quickly. Its
purpose is to define the scope of work as
precisely as possible, given the available infor-
mation. The LFI typically involves field mea-
surements but may include chemical analysis of
groundwater from existing wells or samples
from other easily accessible sample locations.*
The Umiied field investigation is normally
performed during the preparation of the work
plan and before extensive sampling begins for
theRL

Table 2-1 it a list of the possible activities that
could be performed during an LFI at a munici-
pal landfill site. This table should not be inter-
preted to mean that all of these objectives (and

actions to meet the objectives) should be met to
adequately scope an RLFS for a municipal
landfill site. Rather, the data requirements for
adequately scoping the project should be deter-
mined on a site-by-site basis. Data needs will
differ for each site and will depend on factors
such as the results of the ens ting-data evalua-
tion, the number and type of potential contami-
nant pathways and receptors, and the RI
objectives.

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

• Property surveys

• Topographic surveys

• Surveys of location, elevation, accessibil-
ity of monitoring wells

• Well surveys for all residential wells
within the current or potential!) affected
area

• Collection and analysis of samples from
existing monitoring and residential wells

• Surface and volatile emissions survey

» Water level measurements taken from
existing monitoring wells

• Survey of gas levels in nearby residences
to determine if they are near the explo-
sive range (also in onsite buildings and
confined spaces)

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

Well installation and other activities requiring
subcontracting should be avoided during the
LFI. Sampling is also typically not performed;
however, sampling of existing and residential
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Table 2-1
LIMITED FIELD INVESTIGATION OPTIONS FOR

MUNICIPAL LANDFILL SITES

PIT 1 of 2

Activity

General Investigation

GeotechnicaJ Investigation

is

Objectives

Identify previous site owner/
operators and delineate site
boundaries. Estimate
uncertainties in boundaries.

Locate existing monitoring
wells.

Evaluate site drainage patterns.

Evaluate site-cover conditions
and surface water drainage.

Evaluate gas migration,
potential, if applicable.

fs

Locate sampling locations.

Determine landfill subsidence,
if survey- is otherwise required.

Describe geologic features,
classify soil.

Action

Conduct property survey or
perform a UUe search or identify
property ownership from tax
records, or plat maps.
Perform location and elevation
survey of existing monitoring
wells.
Review topographic maps and
perform hydrologic survey.

Perform visual surface inspection
with topographic maps. Conduct
surface emissions survey.
Measure explosive gas levels in
aearby residences, or onsite
buildings, if present. Also
measure in water meter boxes
and utility corridors, if landfill
gas poses a threat.

Survey a grid for the site and
cross-reference to sample
locations.
Measure elevations along crown
of fill or install benchmarks in
areas of potential subsidence
(requires repeat visits by
surveyor).

Conduct visual observation of
mechanical erosion, slope
instability differential
settlement, and ponding caused
by subsidences and cracking.

2-13



Table 2-1
LIMITED FIELD INVESTIGATION OPTIONS FOR

MUNICIPAL LANDFILL SITES

Page 2 of 2

Activity

Hydrogeologic Investigation

Objectives

Evaluate usefulness of existing
monitoring well network.

Review preliminary locations
for new mom ion ng wells.

Determine location of
residential wells and their
construction.

Determine direction of
ground water flow and estimate
gradients.

Determine rate of groundwater
flow in strata and bedrock
fractures.

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.

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

Action

Conduct a well survey for all
wells (residential, commercial,
industrial). Determine local uses
of groundwater and accessibility
of existing wells. Obtain
permission for use.

Determine if existing wells ire
obstructed (e.g., by sounding to
the bottom of the well).
Perform fracture- trace analysis in
areas with fractured bedrock
(can be done through EPIC
study).
Perform well survey for all
residential wells adjacent to, and
downgradient from, the landfill.
Obtain well logs from federal,
state, local utilities, or municipal
agencies.
Record water level measure-
ments from existing wells (at
least quarterly, to determine
seasonal variations).
Perform hydraulic conductivity
tests on existing wells.

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

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

'Sample collection and analysis is not usually performed as a pan of an LFI but is an option that
could provide valuable information for scoping future fieldworlc.
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wells has been included in this table because
this information, if obtainable, will greatly assist
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 site is
designated as a fund-lead site, or they may be
attached to the consent order for a PRP-lcad
Rl/FS. Performing an LF1 during the develop*
men i of the work plan ofien saves both time
and money. This is because it takes less time
and is less costry to scope the RI/FS correctly
the first time than to rescope certain aspects of
the project at a later date.

2.5 Conceptual Site Model
The conceptual 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 release and transport
mechanisms, rate of contaminant release and
transport (where possible), affected media,
known and potential 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.

Generally, a conceptual site model is based on
the existing data evaluation 2nd is developed
before any field activities, tncrading those per*
formed as pan of an LFI. If insufficient infor-
mation is available to develop a conceptual site
model, the LFI provides the information needed
to develop a sufficient model for scoping fur-
ther investigi -ons.

The conceptual site model is a tool that can
assist the site manager in determining the scope
of the project, identifying data needs, and estab-
lishing preliminary remedial action objectives.
For example, if residential areas are upwind of
the site and existing data indicate no volatile
emissions of concern, then air may be consid-
ered an unaffected medium in the model and no
further daw should be collected during the Rt
On the other band, if residential wells near the

landfill are contaminated and existing ground-
water data are limited, then the site model will
indicate that groundwater is an affected medium
and the collection and analysis of samples from
this medium should be included in the RI.

A generic conceptual site model for municipal
landfills was developed so that a basis for
project scoping could be established. The con-
ceptual site model was developed for municipal
landfill sites 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 model. After evaluating
the data and completing a site visit, the RPM
should determine which contaminant release
and transport mechanisms are appropriate for
the municipal landfill site in question. For
example, if hospital wastes or ndionuclides are
in the landfill, then they should be added as a
contaminant source, and the release mechanism,
affected media, exposure pathways, and recep-
tors_>belild be identified. Likewise, contami-
nant release and transport mechanisms and
media that are not affected by the landfill
should be deleted from Figure 2-4. For exam-
ple, 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
release mechanisms, runoff and erosion, can be
eliminated from the model. However, if there
is uncertainty about the existence of specific
contaminant release and transport mechanisms,
it should be retained.

The key element in the development of the
conceptual site model is to identify those
aspects of the model that require more informa-
tion to make a decision about remediation. For
example, if it is not possible to decide whether
removal or containment of a known hot spot is
the most cost-effective alternative because of
uncertainty about volume, early field efforts
should include measures to estimate the volume
of the material within the hot spot. Or, sup-
pose that existing data show that only volatile
orgarucs are of concern in the residential wells.
For streamlining the analytical program, chemi-
cal analysis of ground water samples should then
be focused on the target compound list
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parameters (U.S. EPA, 1988a), with some
analysis of the target anaJytes list parameters
(U.S. EPA, I987g) to confirm their absence.

The site model will also indicate the potential
human and environmental receptors affected by
the site. If quantitative information is devel-
oped as part of the conceptual model, it may be
possible to develop a preliminary evaluation of
potential risks to receptors. Experience and
judgment can be used to focus on the contami-
nation that causes the greatest risk or, if stan-
dards are available [such as maximum contami-
nant levels (MCLs)j, they can be used to iden-
tify potentially affected receptors and the need
to initiate remedial action (see Section 2.6).

The site model can also help identify prelimi-
nary remedial action alternatives. For example,
if contaminated groundwater from the landfill is
being used for residential water supply, then
preliminary remedial action alternatives could
include any of the following, depending on the
site conditions: alternative water supply, on-
line water treatments systems for each house-
bold, 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 addi-
tional horizontal movement of jhe contami-
nated groundwater.

of t fee

2.6 Risk Assessment
The risk assessmeni is initiated to help to deter-
mine whether the contaminants of concern at
the site pose a current or potential risk to
human health or tie environment and to help
detennine whether remedial action is warranted.
The assessments are site-specific and may vary
in the exent to which qualitative and quantita-
tive analyses are utilized, depending on the
complexity and particulars of the site, as well as
the availability of pertinent ARARs, and other
criteria and guidance.

The KsJc Assessment Guidance for Supcrfund:
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 Analysis Plan. This assessment is based on
existing data and information and on the

conceptual site model and is designed to
identify data gaps, provide a focus for the
RI/FS, and provide suppott for remediation to
proceed, if appropriate.

The baseline risk assessment is a quantitative,
chemical-oriented evaluation 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 alter-
native. The baseline risk assessmeni is usually
quantitative, although qualitative analysis may
be appropriate and sufficient. A baseline risk
assessment identifies and characterizes the
toxicity of contaminants of concern, potential
exposure pathways, potential human and envi-
ronmental receptors, and the er.ent of expected
impact or threat under the conditions defined
for the site. The baseline risk assessment can
be used as a tool to streamline remedial action
decisions by identifying areas where remediation
should proceed immediately (see Section 3.7).
The risk assessment for comparison of remedial
alternatives is designed 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 analysis of alternatives
for an example municipal landfill site.

The preliminary identification of exposures is
conducted during the scoping of the RI/FS and
is based on information from the PA/SI and
possibly other previous investigations. This
exercise uses this existing information to iden-
tify the potential area of contamination, chemi-
cals of concern, routes of contaminant
transport, and potential exposure pathways to
identify data needs and to focus the RI/HS.
Because options for remedial action at munici-
pal landfill sites are limited, it may be possible
to use this preliminary information, with the
addition of toxicity information or ARARs to
initiate remedial action, if appropriate. Specifi-
cally, early action may be warranted when
human health or environmental standards for
one or more contaminants in a given media are
dearly exceeded. However, because there is
often not a lot of data available at 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, ground water
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remediation, respectively) but insufficient diu
are available, these data needs should be
identified and the corresponding data should be
collected early in the RI process. This may
allow for decisions on potential early or interim
remedial actions to be made during the baseline
risk assessment (Section 3.7). Detailed
information can be found on scoping risk
assessments in the documents Risk Assessment
Guidance for Superfund-Human Health
Evaluation Manual (U.S. EPA, 1989j), and Risk
Assessment Guidance for Superfund--
Environmenial Evaluation Manual (U.S. EPA,
I989c).

2.7 Preliminary Remedial
Action Objectives and Goals

Preliminary remedial action objectives and goals
are developed dun: r the scoping of the Rl/FS
to assist in idemjymg preliminary remedial
action alternatives and RI data requirements.
Remedial action objectives are general descrip-
tions of what the remedial action is expected to
accomplish. The preliminary remedial action
objectives are based on the existing data for the
site and the conceptual 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 remedial action objectives
for media of concern at municipal landfill sites
are presented in Table 2-2.

Remedial action goals are a subset of the reme-
dial action objective; the remedial action goals
consist of chemical concentrations that are
protective and serve as specific numeric foals
for the remedial action. Preliminary remedial
action goals should be developed with the pre-
liminary ARARs and exposure assessment. An
example of a preliminary remedial action goal
would be to prevent ingestion of groundwater
containing TCE above 5 micrograms per liter.

In this example, the preliminary remedial action
goal 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 remedial action
goals. A description of the preliminary risk
assessment is presented in Section 2.6.

As pan of identifying remedial action goals,
ARARs that typically apply to municipal land-
fill sites are divided into three types:

Chemical-specific
MCLGs, etc.)

ARARs (MCLs,

* Location-specific ARARs (flcodplains.
wetlands)

* Action-specific ARARs (performance
design standards)

Potential federal ARARs that may affect muni-
cipal landfill sites are discussed in Section 5 of
this report"'

To assist in developing preliminary remedial
action goals, an ARARs table should be devel-
oped and should include identifiable contami-
nants of concern, affected media, regulatory
agencies concerned with the media (federal,
state, or local), potential remedial action alter-
natives (see Section 2.8), and regulatory agen-
cies concerned with that .action. A more
detailed list of chemical concentrations wilt be
generated during development of the DQOs.

Promulgated state ARARs that are more strin-
gent than federal requirements and have been
identified in a timdy manner must also be
included (although they may later be waived if
they have not been consistently applied). In
particular, the state A> \Rs for landfill cap
design, extracting and monitoring landfill gas, or
discharging contaminated grounlwater should
be incorporated. It is important that care be
used in identifying and eliminating potential
ARARs at this stage of the scoping process. In
developing remedial action foals, "to-be-consid-
ered* (TBC) material such as proposed MCLs
should also be evaluated. TBC material
includes aonpromulgated advisories and guid-
ance issued by the fedeil or state government.
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Table 2-2
PRELIMINARY IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES

FOR MEDIA OF CONCERN AT MUNICIPAL LANDFILL SITES

Environmental Media

Soils/Landfill Contents
(Primarily from hoi spots)
Air/Dust
Landfill gas

Surface water
Sediment

Groundwater

Leachate Seeps

Remedial Action Objective

Prevent direct and dermal contact with, and ingest ion of,
contaminated soil/landfill contents
Prevent inhalation

Prevent inhalation and explosion

Prevent ingestion, adsorption, and bioconcemration
Prevent ingestion, adsorption, and bioconcemration

Prevent ingestion and dermal adsorption

Prevent migration to surface waters

Prevent onsite inhalation and dermal adsorption

Prevent migration to surface waters

i

and often reflects the latest scientific informa-
tion on health effects, detection limits, and
technical feasibility.

2.8 Preliminary Remedial
Technologies -""

2J.1 Development of Preliminary Remedial
Action Alternatives

Preliminary identification of remedial action
alternatives for each medium of interest should
begin after the identification of the preliminary
remedial action objectives. Developing the
preliminary remedial action alternatives at this
time and before determining the RI scope has
several advantages:

• Defining the degree of detail necessary
in delineating the extent of groundwater
or soil coDiamination

• Identifying data needed for evaluating
remedial action technologies

• Identifying action-specific ARARs that
may influence the scope of RI activities

The number of practicable remedial actions
available for municipal landfills is limited. They
are based on previous experience, engineering
judgment, and the NCP expectations. As stated
in the NCP, EPA expects that containment
technologies will 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 treatment 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)). Remedial actions which are most
practicable for municipal landfill sites are dis-
cussed in more detail in Section 4.

The remedial action alternatives developed at
this time will be refined throughout the R1/FS.
Although these alternatives will direct the site
characterization activities and will form the
basis for the FS, they do not necessarily have to
limit the alternatives considered later in the FS.
However, if alternatives 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 sites, and it is therefore
important that potentially viable alternatives are
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not eliminated 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
(thai is, technically infeasible or inappropriate
for the site and waste characteristics) or if the
costs are grossly excessive. An example of an
impracticable alternative might W excavation
and incineration of the contents of a landfill
that contains more than 100,000 cubic yards of
waste.

As stated previously, remedial action objectives
are developed as a first step in identifying reme-
dial action alternatives. General response
actions (for example, treatment or containment)
are then identified to satisfy the remedial action
objectives for each medium of concern. Tech-
nology types (for example, chemical treatment)
necessary for achieving each remedial action
objective are identified, followed by the identifi-
cation and evaluation of technology process
options for each technology Uncertainties
about existing site conditions that preclude
choosing a remedial action alternative should be
highlighted to focus sample design, collection,
and analytical methods.

The site characterization proposed at municipal
landfill sites (see Section 3 of this report)
reflects the number of remedial alternatives
available. Several technologies or alternatives
are unlikely to survive screening in the PS for
effectiveness, im pie men lability, or cost reasons.
These alternatives should be eliminated in the
preliminary screening stage or as potential
alternatives are being developed. As an exam-
ple, complete excavation of a large landfill with
subsequent treatment or disposal is not general-
ly 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, treat*
mem or ofisite disposal is not typically consid-
ered for landfill contents because most of the
waste within landfills is a heterogeneous mix-
ture of materials.

Remedial action alternatives for landfill sites
are practically limited to source control by cap-
ping and possibly removal or treatment of bot
spots, ground water extraction and treatment,
and I and fill-gas control. Onsite surface water,
sediments, and wetlands are typically addressed
by either source contro' o: groundwater treat-

ment. These alternatives are often combined
with institutional controls, alternative water
supply, or fencing for a complete remedial
action. As with all Superfund sites, the
no-action alternative must also be evaluated for
all media. This alternative involves no addi-
tional activities by EPA, thereby providing a
baseline for evaluating other alternatives.

Figure 2-5 portrays a conceptual model for
identifying technologies that wfll lead to
achievement of specific remedial action objec-
tives at municipal landfill sites.

2.8.2 Review of Remedial Technologies in
CERCLA Landfill RODs

To identify the most viable remedial technolo-
gies for use at municipal landfill sites on the
NPU CERCLA landfill RODs through 1989
were reviewed. Table B*l, in Appendix B of
this document, lists RODs that were reviewed.
A source control ROD has not yet been com-
pleted for sjame of the sites, and a footnote in
Table. B-f indicates those sites where partial
remedies have been implemented to date (for
example, remedies for ground water contamina-
tion). The information presented in this section
is based on the NCP expectations and the reme-
dies outlined in the ROD documents. Since the
ROD precedes the remedial design and remedi-
al action (RD/RA) phase, some of the remedies
indicated may not have been implemented yet.
However, the information is still valuable for
remedy selection purposes. Additional
information on the status of specific remedial
actions can be gathered by contacting the EPA
Regional office in which a specific ROD was
written.

A comprehensive list of the technologies used
at specific sites in each of the EPA R '{ions is
also presented in Appendix B (Table B-2).
When conducting a feasibility study for a speci-
fic site, an EPA RPM could use this list to
identity sites within his or her region for which
the same technologies were considered. Addi-
tional information could then be gathered on
those sites to help in the FS process. Table
B-3, also included in Appendix B, presents a
summary by EPA Region of the frequency with
which specific technologies were implemented
at the CERCLA municipal landfill sites. This
information was used to de'.ermine which tecr-
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REMEDIAL ACTION
OBJECTIVE REMEDIAL TECHNOLOGY TECHN

Prevent Direct Contact h — | Access R

Prevent Direct
Contact;
minimize erosion

Prevent Direct
Contact Mrwnize
Erosions. Reduce
Infiltration

Consol Surface
Water A Erosion

Remediate
Soils, Hot
Spots and
Sediments

Control
Contaminated
Groundwater &
Leachate

Treat
Contaminated
Groundwaier
A Leachate

Control Landfill
Gas

B^BM

•

Treat Landfill
Gas

^

— Cap*

—— Surface C

estriction —————————— -

ontrols L___ L_

i —— Excavation S Disposal ————————

i ——— i Therma Tr«frr»nt 1 ————————————

j Physical Treatment

OLOGY OBJECTIVE

L

rosion Control ) ——— —

PROCESS OPTION

IDeed Restriction

Fence

Native Soil Cover

•1 Single Barrier6

Composit Barrier0

Vegetation

unorVRunoff Control \ — ™ —— | Grading |

Consolidation (Under Cap)

Ind Deration (Onsite)

Solidification/Fixation

1

i —— | Vertical Barrier ) —— | Containment | ———— | Slurry Wall

— Leacnate uxiecoon —— , — Coitocft

' —— ( Ground*!

i —— Chemical

Her Collection —— '

Treatment ————————

on/Enhanced Containment! — ] —— f Vertical Extraction Wells

L

L
— (Biological Treatment ————————————————————— i ——

^-
Physical "r»atm«»n!

—— | OffsiteTreatment ————————

^ — | Passive Systems 1 ———— 1 Conhinrr

L— AcOve Systems ——— | Contajnr

— - ThtrmaJ Treatment | ——— | Dtstructt

IH

-
-

lent —— | ——

Subsurface Drains

Metals Precipitation

pH Adjustment

Aerobic

Anaerobic

Adsorption

Air Stripping

Sedimentation

Sand Filtration

POTW

RCRATSDF

Pipe Vents

1 — 4 Trench Vents

nent ft Collection ————

on ————

Extraction Wells

Flaring

* Landfill capi wiG Ualy bt implemented in con/unclion with access restrictions, turtet wmr confroh, and erotion connli
b Eiimplts of fc*i wfeitrt t compotiit barrier cap may bt stitcud intiud of I tinglt bvrtr cap ind jcf« titt» w!wt hRrtration i tht phmvy conctn.

Figure 2-5
IDENTIFICATION OF REMEDIAL TECHNOLOGIES
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oologies appear to be most practicable for
CERCLA municipal landfill sites based on past
experience.

Table 2-3 presents brief descriptions of remedial
technologies that could be applied to various
environmental media at municipal landfill sites.
These technologies were identified on the basis
of the ROD review mentioned above. Also
included in this table are comments that an
assist the RPM during development of remedial
action alternatives. The evaluation comments
identify situations where a technology may be
practicable, and therefore, worthy of consider-
ation. A detailed description of the most
practicable technologies, including the data
requirements to evaluate these technologies, an
be found in Section 4 of this report.

The need for treatabiliry testing to evaluate
remedial technologies should be identified
during project scoping. During scoping, a liter-
ature survey should be concluded to gather
information on a technology's applicability, per-
formance, implementability, relative costs, and
operation and maintenance requirements. If
practical candidate technologies have not been
sufficiently demonstrated or ca--.ot be ade-
quately evaluated on the basis of available
information (e.g., characterization of a waste
alone is insufficient to predict treatment perfor-
mance or the size and cost of treatment units).
then treatability testing should be performed.
The treatabiliry testing program should be
designed and im piemen led during the RI, while
other field activities are underway. Additional
information on treatabiliry studies can be found
in the documents titled, Guide for Conducting
Treatability Studies under CERCLA (US. EPA,
1989i) and Summary of Treatment Technolo$>
Effectiveness for Contaminated Soil (U.S. EPA,
1989k).

2.9 Objectives of the RI/FS

The overall objectives of the RI/FS are to:

• Complete a field program for collecting
data of known and acceptable quality to
evaluate the type, extent, and magnitude
of contamination in the surface and
subsurface soils, landfill gas, ground-
water, surface water, and sediment of
ponds and wetiands

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

• Develop and evaluate remedial action
alternatives where unacceptable risks are
identified

If a risk to human health or to the environment
exists and remedial action is necessary, the
objective of the RI/FS is to select a cost-
effective remedial action that minimizes or
eliminates exposure to contaminants from the
landfill. Achieving this objective requires a
series of decisions involving several 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 subse-
quent decisions.

During scoping, decisions are made to identify
the remedial action alternatives that could be
implemented if certain site conditions were met.
Inforrnajfo'n about a site is gathered to deter-
mine whether the site meets the conditions that
would allow a particular alternative to be imple-
mented. The objectives of the RI are therefore
to characterize the site to assess if risks to
human health or to the environment are pre-
sent and to provide sufficient information to
develop and evaluate remedial action alterna-
tives. Physical information about the site is
necessary to differentiate among the technolo-
gies available for each remedial action alterna-
tive. This information is obtained during the
RI. In addition to specific field tasks, the RI
objectives should address the broad project
goals. If this information has not been previ-
ously collected during '.he initial site scoping, it
must be collected during the RI. This informa-
tion includes characterizing the landfill for the
environmental setting, the proximity and size of
human population, the nature of the prob-
lem (s), the treatability testing for contaminated
ground water and leachate (and possibly for hot
spots), and the potential remedial actions.

Tables 2-4 and 2-5 present more specific RI
objectives for both Phase I and Phase II field-
work. A phase is defined as a time period
where additional sample collection may be
Lcce&sary to characterize a site more
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TaMt 2-4
RfMEDIAL ACTIONS USED AT IANWIIJ, SITES

SoiWLMMffiN QtttesMa

C***** •••>!•"
ArUMM

No Ad tan

Acco* Restriction

Containment

Deed Reslriclions

Gmundwater Reslriclions

Fencing

Surface Controls

Cap

rracctvi OpiMtvi

Permits

\

\

(irading

Rcvegelalion

Native SIN!

Singk harrier

Double harrier

DMcriplMSl

No action.

All deeds for property within potentially
cnntamiMtled areas would include rcslric-
lions on UK of property.

Alt deeds for property within potentially
contaminated areas would indwlc rcslrk-
Iktm on development and domestic use of
grotmdwater.

Securily tenors tmiaflcd around potentially
contaminated areas to hmrl access.

Reshaping nf topography to manage mill-
iniKm and run irft to conlP<l emjudn.

Seeding, fertihiing. and watering until a
strand of vegelalion has cslaMished itself.

I Inronlaminated nalive soil placed over
Undfill

("Ml, liner or compacted day over site.
Usually pnMecicd with additimul fill
above, and topsoil. <1ay cap is normally
2 feet Ihicfc.

CiMnpmli.nl clay cnvercd with a synthetic
membrane (20 millimclcr minimum)
Mtnwod hy 1 I(KH of sand And 1 *i feel of
fill and 6 inches of IOHMH! Id provide
rrtKion and motslurt: omlrol and (rixr/e-
Ihflw prtMcclion

fmftt mtJ

0̂ kBBBBBBBBBBEBBBBBBl •T̂ jBBBBBBBBBBBBP̂ BBBBBl

Required ny NCT lo be carried through
delated Mialyaai of alternative*.

Potentially viable.

Potentially viable.

Potentially viable.

Potentially viable.

Potentially viable.

Viable in ones where direcl contact/
emuon arc prime Ihreals. Aho may be
viable in case* where majority of tourre is
below water laMe and leaching is not i»
significant release mechanism, llnten
engineered lo do so, will not rt*ull in
rcdnrlion in mfihTalion.

Potentialhy viaKi* in silualions where il is
art necoMary lo comply with KCTKA
Subtitle C.

Potentially viable. Provides mwimum pm
lection front expowifc due to direct am
lacl. Abo, this is I he roosl effective
capping option for reducing tnfiliraiHHi in
cnmptiance wilh Kt'KA guidance

I-*;.
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RFMFDIAI. ACTIONS I1SKI* AT LANDFILL SITKS

raa*2«f 7

KlffVlfPfHItf ntM M*«i*

Soih/l Inl Spoilt

Cimrntt •**•*•***
Ac Hum

Removal

Soil Trcalmenl

.«—,»*-*.
l-Mcavitlion

Dnpnul (tattle

Dntpoutl Offsite

Theniul Trrxlmrni

™^
MrrMnical
rjn-JtvalHm

Drum Keirowat

('nmnMatkm

R<RA IVpc
1 Jindrill

KCRA Undfill

Omiic InrinenilHMi

1 nn 'lemperalnre
'fbcrmal Viilalilini-
tHMI

, ———
ll%c <rf merhanical dcaviriin«i equipmoil
In rrmtwc and kind landHtl wmtln fnr
di*|Mnal.

I ̂ rnv.ifion nf BirhtMrfiior dn»m applit* lo
hnl ftpnl arcai. A drum trappier, a dnm
rradk, nr * aling allnchcd In a hackhnc or
crane, or a fmni-rnd trader aw he med
f<* drum removal.

cap of oowalcd amterW from hot spot
arcaa.

PrrmanrM thiraftt facHirjr cmUt, douMe
lined with day and a syMhclk Membrane
linrr and fXMrialnlng a leadialc ooflcclkm/
drlrrtkw imtrm.

Tmnaport of exavaled anff lo a RCKA
pcrmillnl landhH

1 jmdnfl wiwtr* are Ihtimafly dolmyed in
M nmirnHed rwyfrn sufficienl
environment.

V(K"s removed from noil hi a drying vnil.

, ———— c ————

Potentially viable for not ipol arcM. May
release VOO to Ihc atmoipnere poahajt *
thrral In nearby residents. Although VOC
retcaaes are tnuOy mntmHaMe, potential
for fires and exploskmi fnmi mdhaiK gas
pflMJltl.

P44eMiany vvblc lor not apol Mcai.
PotevriW for fire* and enphmkmt from
flamnuNe malerial.

Potentially vlaMc for hot apol areas.

RCRA mndfms are wwaHy not conMracted
onalte fjecaiiae of typically poor the char-
acleriMici and great etpeme.

PotenliaHy vbMe for hot apol areas.
RCKA Land Disposal Rqptattnnt nay
require treatment of waale prior lo
disport.

Potentially *wWe fnr hrt apot araas. High
concemratton of inorganics wovM mWhH
efficiency. May require pretrectajenl for
dcbitB.

Potentially vtaMe fcn* VOC hot spnt areas.
However, It • taiuy effective by Hsetf
hecaMse of mtod nalwe of mslc malerut
including hmrganwi and nonvnulne
f ractlnn of OTB^MMJCS, and may require
[nvirtamttfrt <rf dehrn.
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REMEDIAL ACTIONS IIRKD AT LANDPIU. SITES

Pay **n

, ——————— ,M~

Snil/llot SfnM
(Continued)

Air/Dust

Gmundwmer and
Icachate

CMtnUUayaam.
AclaaaM

M Situ TreatuMS*

V-tOMMMHdH

No Ad km

IntlitMkNuil
Controls

CoMammeMl

Colled inn

tt̂ ^^^^J Tjjh^^^^rtja

BMogical Treatment

Physical Treatment

Oflsite Treatment

Dutl Controls

Alternate Waler Supply

Vertical llament

1 lorimnlal Harhcn

l-jitrarlinn

Pvacras OwjaMM

HiodcfradalioM

Vapor I'Jlrartwwi

\

t
Solidification/
SiahilizalHin

RCKA lncincrnt<ir

Cover/Tap

PuMic Water Supply

Slurry Wall

Hollom Sealing

|jilr»cik>n Wclh

Dt*cna4tMi

Soib H-eded «ilh micmorgamium and
nulrieaU lo aHow tMohficaJ defradaiion.

Vnlatile organica •tripped from aoil and
rcciwered in vapor form through cxi fac-
tion welb.

Sort mbed wMh an pozznUniQlcenienl
material which can aolidify and reduce
mobility of contaminants.

Incineration nf contaminated wife at a
KCKA permitted facility.

llnonntaminatcd native anil placed over
landfiH.

No Adkm.

KeMdentt will he connected lo puhhc
water supply.

Trench around tile or hot spot ia
cxravaled while filled with a heiHonrte
ulurry. Trench » hacknikd with a soil- (or
cement) hcnlonilc mature.

Controlled infection nf slurry in notched
tnfctlHHi holes lo pr<Nluce hnrirontnl
harrK-r hcncalh site

Serin nf wclh In extract contaminated
grnuiKhttiicr.

HvaMaaavai î vaaaavvHa

PoteMujMjr viabk for hot aam area*, pilot
tcting Ja reqtakcd to deaajn the
Modefradalion praceai. lUfectlveiieat b
uncertain nnce rcavto have no* been
demoiMtrated with diwene a»ned wattes
typicaNy pmen4 at municipal landfill site*.

Potentially viahk-appheahte for removal
of VOCs; morgamc and teanivolalile
oonianunatinn would femam.

Potentially viaMe for hot spot areas.
Rffecthv for anils contaminated with
morganka and tow oonoentradom of
organica.

Rjireh/ viaMe due lo unavailanility and
expense.

Potentially viable for dual control.

Required by NCP In he carried through
detailed analysis of allrmalives.

Potent tally viable.

Potentially viabte-efTeclrvencss depends on
site characteristics. Slurry wall should be
keyed mto aquilard or bedrock.

". >'

Potentially viable- -however, very rarely
used because of ineffectiveness in
achieving an adequate seal.

Potentially viaMe. May include perimeter
well* to cnllcrl IcacMle as wrll as
di<wtigradienl wclfe In capture <*(Mlc
mif>rilKHi o* ctwilaminftlcd gMHimrwaler

BP-—n



Knvtrwmirntol M>dfa

l.»mnill<<a*(U-<i)
(r<«nl<nucd)

Surface Walcr and
Wetland* Sediment*

I vfntnH Nf̂ awmt
A*UMH

Collerlion
(Continued)

Treatment '

Monitoring

Removal

Disposal

Treatment

TaMe 11
RFMKIHAI. ACTIONS |ISKI> AT 1 ANI>ni 1 SITKS

Pa***?

, ———— M ———————

Active Systems

•

'Chcrmal Destruction

Monitoring Welts

Fjcavation

Dewmcrinf;

Ittltilr t>K|NMaV

Itath.itgt.'

Physical

—— ,̂
tjitraclHHi Wells

Air Injection Syslcm

l-lnchnrd (iriHiml
1 -lairs

Mechanical
l:JKavnlMm

WdH or 1 itiMrheft

RCRAUndfill

SmhinMlNm

Ilicrmal I rcalmcni

iPnvcnpvî fi

Applied ntraclton varuiim wiM nerve In
withdraw 1 1 <i in hmh Ihc hori/onlal and
vertical dirrclioiw. Wrlh »rc ronncclcd
hy a cnllrclinn header which IcMh In a
Mower Aitirnrr facility. Vacuum Wnwcrs
wrvc hi rjlracl the l.l-li Irom the wdh
and pwh Ihc cnltrclrd CM Ihmuch x fire
vrnl or waslc c« burner.

WcH* HIT cotwtntcled in Ihe natural <mi|
hrlwcen Ihc bmdfHI «ml Ihroricned rtrnc-
mres. A Mower pumfM air into Ihc wrth,
rrrjiimjt * pi CMHI unu nwc wMcn hrth
irlimh 1 J-Xi dim MM! dihMes Mhmirfacc

trf Klnry nurd flume encloMrc. Wmk: n
unnictimes mneu wilh n mipplenicnt'il fî l
and fed Ihmuch * vrrlical. npen-cndcd
pipe. Prtol btintrr* next to Ihe end of Ihc
pipe Ignile Ihc wmic.

1 hie of mcduinicjri eaomrilon equipment
lo remove and kwd onnUtniiuled
•aHmcnls for dn|miMl.

Tempornry Iĉ vciinc of wnter t̂ Ne.
thvalty dime in coniunclkm with Kcdhncfri
rcmnwH^

Tmwport of excmited Bcnhnenl lo •
K( KA pcrmilled landfill.

Soil mteed wMh u«Nh>in« reaccMi
(e.g.. lime, fh; **h) which can Mahilixe
ciHilaminsnK,

C'nnlMnhwted srdiments are Ihermath;
dcirimycd in a controlled myeen stiff ktcnl
envtnmmenl .

IVVAnMMHNi \ •WMd̂ HlS

Poictiluny vinHe.

Polenlianjr viable. Appltariion of this
itchnotogy n «Mc •perific. Injection wcfc
•MM! he looted • kMfficienl distance from
Ihe MHdnR fo prevent forcing air mto Ihc
refute- Spacing aajd depth of wcfc arc
afcn iOTBJortaM.

potcntiaWy viaMe- -however, QMIM ptndwre
•ecnodary inr pnlhiunu from the pmccw.

PotentMny vnhle.

Potent toMy viaHe. Potential for aemndary
mifnlkm of onntaminanU via nirface
water during excavation.

Potcntiany vtadlc way to reduce the risk of
•econdary Mtfiation of contaoitnanli
dvrmR CMcavntlm.

rt^MlBmy vfaMc. TRMincnl may he
hascd on land dfepmal ralricliom.

Potent laffy viahte for •oNmeMii coniam-
inaled wrih inortanio and kn*
cnneeniratiotn of nrgaflics.

Potentiany vlaoh;. Ash may require
additional treatment for inorganic*.
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RUMRNAL ACTIONS IISKD AT LANDFILL OTTO

Surface Water

Acttaw

Deteajtkw and
Sedimentation

Collection

Treatment

Monitoring

__-*»! ———————

Stommler Controls

Surface Controls

Physical, Cheirical, and
Biological Treatment

Gaging Stations

Practaa Oplhina

C trading

Pumping. Diversion,
or Oillertion

See Grondwaler and
1 carhate Process

T

D-H-.̂ .

Keshaping of topography to manage
infihralinn and run-on to control erosion.

Collection of surface water lor removal,
rerouting, or treatment.

Treatment of surface water wing
biological, chemical, or physical treatment
to remove organic or inorganic
contaminants- See descriptions of process
options under grounowatcr and leachaie
treatment.

Surface water monitoring lo measure flow
and containment concentration.

.-

Potentially vteHe. U«ua% Jmifcanalul
with the cnnal ruction of a cap.

Potentially viable.

Potentially viable for small ponds or
lagoons. Will usually be done in
conjunction with treatment of groundwater
or leachaie.

Potentially viable.
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RKMKDIAI ACTIONS IISEI> AT IjtNDFlU.SITOS

P^»4W7

KWWVniMf HUM MlfnM

rirnumtwaicr and
Icachalc (mnuniirtl)

Onrral Rrftpofw
AHlMM

Treatment
|in.iy also apply 1o

aurfacv water)

MnwnHal Trchniilnglr*

tcachalc Collcrlion

Hinkigk'al Treatment

Chcmkral Trralrocnl

Physical Treatment

Pntrrm Optfom

IfK-halc IhatnV
( oHcrlMwt Irtnch

Arrive

Anscnthic

Itm 1 Jichaopc

OxidxlKHi

Met ah rrcciptlation

pll AdjuMmcnt

Ciraniitor Activated
Carbon (<i AC)
Adwwplkm

Air Sirtppinp

Sediment at ntfi

YW^*V^^A^^B

Sy-tirm of performed pipe laid in Irenchei
<MKilc lo colled conlamiiuricd ground
waler and towrr wnlcr lahk.

ll*c me of acmhic micmhcx lo Mndefradc
orft̂ nic wwle«.

The me nf anaerobic microhn lo No-
depude nrKanic waste*.

< 'nnlanMiuried wirier pancd Ihmugh a bed
nr reun material where otrhan^c nT ions
ormtn hclwren the bed and water.

Ondtrinf *ga*» added lo warte for mUa-
lion of homy md«h, niiMlianilrd organta.
Mnfidrftt pncHJOnca, and afoiwriic hydro1

rarhnfn In lew lone rmdalinn slate*.

Inorganic comtilveiit* ahered lo reduce
the solubility of heavy mdah through the
addition nf a nioifance thai reads with
the mdab or change* ihe pi 1.

NculnilirJnft »grnli (tvch *ai Hnw) added
tnadjuM Ihe pH. Thta may he done lo
nmlraHic a watle clreani or lo reduce Ihe
•ofability of morgaitk oonslHueirt* as pan
of ihe melah prccipitalkM) prncm.

PaxMft n( cmHMHinaled water thrmhjth a
bed of adsorbent m cnnlaminants adsorb
on thr surface.

Miring of larfe volumes nf air wtlti water
in a packed ariumn nr through diffuvd
•rottkm to prumiitc Irarwfer nf VOO
Irom liquid loair.

Sinpended partkkt are untied nut w a
prelrealment nr primary Irealmcnl step.

t̂ VttMHnMCI € -•WWWMlW

Potenliarty viable.

Potentially viable for organic*. Sludge
pnidurcd.

PotenltaHy viable for organic* Sludge
produced.

Potentially viable.

PotenDaNjr vuMe.

Potentially viabk.

Pntcntialb/ vi|Wc.

Potentially vtaMe.

PnlenllaHy viabh;.

PdtenliaNy viable.



TaMr M
BEMKDIAL ACTIONS IISKO AT IANDTILL SITES

EiiiliismnajlalMaJM

(imundwalcr Md
1 rachatc (oonHmmeO)

ijMxtf.iUi«(i IG;

General Kiapass»
Acttaaw

Treat MeM
(continued)

Onprnal

Coded »on

Kf mmWvliM 1 9ChmWvtff|!Mft

Physical Treatment
(continued)

Ontite Discharge

Offsile Discharge

(imundwaler Monitoring

passive Vcnls

rffwCtaa OpvlawB

Sand r-ltlralkm

Aquifer RcinjeclHin

pbiw
1

Pipe Vcnls

Trench Vents

Interceptor
Trenches

n-HH*.

(hed In tiher out impended panicles.
May be preceded t<y a coagulation/
fl(iccinalKin step in incrcate Ihc cffec-
ihmeu of sand fiHralMM.

(•Jilractcd, treated gmundwaier b
rctnjectcd into the aquifer In accelerate
Ihc cleanup

(•jiincted gmundwaier discharged lo local
FOTW for fvrther Iralnenl.

GmundwatcT monitoring of cxblHig or
new wrlb In detect changes In ground-
waier movement or conlaminaliofi.

Aimcnpheric venli are wed for venting
1 J (i at points where it is coHenin|[ and
huildwg up pressure. Venli are often
used in cnnjmctKMi wilh flares.

('(HKlrucled hy ncavming a deep narrow
Irrnch Mimionding the waste site nr span-
ning * section of the area perimeter The
trench it backfilled wilh gravel, forming *
path of least resistance through whkrh
gases migrate upward in Ihc atmosphere.
Trenches are HMK| successfully used where
the depth nf IjHi migration is limited hy
gmtmdwaler or an impcrviow (ormalkw.

Used when a landfill contains saturated
refuse near the surface. Constructed hy
ciravalm)! a deep, narrow trench
Mimtunding Ihc waste wlc «r akmg a
M-dion of Ihe perimeter ItackfiHcd with
gravel In form a path of least resistance.

Pa*'**?

r—— ..c ————

Potentially viable.

May nut be viable due 10 Male AKARs.

Potentially viable. Kequires extensive
negotiations wilh POTW

PotentiaHy viable.

Potentially viaNc.

Potentially viable.

Potentially viable.

J
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TaMt3-4
PHASE I REMEDIAL INVESTIGATION OBJECTIVES FOR

MUNICIPAL LANDFILL SITES-

Activity

Sue Mapping/Site Dynamics

Geophysical Investigation

Geotechmcal Investigation

Hydrogeologjc Investigation

I 0(4

Phaa* I Ot*Kt*«
(ActMttM Gcntrmlh P*rforne4 After Wort PUa k

Olfrcttm

Map site and detennine topography,
determine site boundari**, drainage
patterns, ud other geophysical festum.

Invcuifaie proenoe of buned
fenomifDetic miteruU (drunit) where
documeouiioo iDd/or physical

Deienniae vuie fill kxittont and
detennine geologic «nu.

Evtluiie the phytical propeniet of
geolofic unit fovereuij maipon of
conumininu.

CoUea diu on uil chincteratia lo
determine if onwie *oil an be uted is
fill mitenil tnd 10 deiermme pUgascr
of« potential ap or

IdeniiN offuie borro*-source for cap
couirucuon.

Evaluite ecuiin| cap 10 determine
phyiica! propenm.

Determine depth of wells and tcreen
tniervtli (or existing khallou and deep

Identify and characierize hydrofeolofic
uniu.

Acton

UK pbotoframnetric methods
(TOO aerial photography, oonduci
Qy-wer. if Decenary.

Conduct magnetometer and/or
ground -penetrating ndar aurvey.

Conduct efectromagnetic
conductivity survey

Collect data on permeability.
porosity, hydraulic bead percent
org£.; ~ carbon, etc.

Measure toil charaaeriitics such
as pluiiciTy index, moisture
cooler.:, porouty. and
permeability

Survey local areas for appropriate
material.

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

2) Determine Aiierberg limits.

3) Detennine extent of vegetation
cover, any vegetative streu. and

4) Monitor landfill tetttemeni
(e.g.. topographic survey and
benchmark installation and
turvey).

Obtain toil classification or
geologic data.

1) Drill borings around landfill for
development of bonng lop to
better deGne the aquifers and con-
fining layers; drilling through
landfill contents may be conducted
after evaluating health, safety, and
other risks.

2) Perform down-hok geophysical
survey*.

2-31



PHASE I REMEDIAL INVESTIGATION OBJECTIVES FOR
MUNICIPAL LANDFILL SITES*

2 of 4

ArtMty

Hydrogeotogic Investigation
'CoouDued)

MeteorolofJcaJ Investigation

Chemical Investigation

Groundwater

PltfM I
(AetMtta Generally PirfornW After Work Plan b Approved)

Objtctivea

Determine direction of grogadwiter flow
and estimate vertical and bonzooial
gradient*.

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

Determine prevailing wind direction and
air speed 10 evaluate remedial actions.

Identify snent and type of groundwaier
oonumiaatjon io perform an aueument
of human health risk*.

Identify upfradieni water quality for
each jcclojic unit.

Determine upfr«dirni concent ret sec.

DetenniDe »ource of froundwaier
ccaianunation.

Determine wbeiher icisoaal Quciuaiiou
occur in oootaminaot ooacenirattoos in
the (Toundwiter and in hydraulic
chartcieraticc.

Evaluaie feasibility of froundwater
ireaiment

Action

1) Install monitohni wells and
lake water level meaiuremenu
frca new and existing wells.

2) Invettifate yield of privaie and
public wells.

Install moniiorinj wells and
perform hydraulic eoaductrviiy
tests on new and existing wells:
check water levels at a maximum
of once * month during the RI

Collect snd anafyie wind speed
and direction dm

Insul! moDitonng well in aquifers
of concern: design monitoring well
network to determine the extent of
the plume (wells should also be
located in "clean" area to confirm
thai the end of the plume is
located boih vertically and
horizontally); collect and analyze
samples.

Install upfradieni monitoring wells
in aquifers of concern.

Install monitoring wells upgradient
of the landfill and collect and
analyze H

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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PHASE I REMEDIAL INVESTIGATION OBJECTTVES FOR
MUNICIPAL LANDFILL SITES*

3* f4

Actrrity

Leacbate

Surface Water and Sediment

(AetMttM Gt*mUv Perform^ After W«rit Plan fc A»«""')

Identify meal and type of tescfaaic to
evaluate teaibility of froundwater
treatment ayucm.

Estimate amount of kactute production
from landfill.

Determine viability of treatment
technoJofic*.

Determine froundwiter and surtaee
water iotencuoot during teveraJ periods
during the RI.

Determine tackfmuad tnfion of
iuriice water and tedimeoi.

Deiermine wrface runoff impact or
iurlaot water quality determine toe type
and extern of contamination in nearby
lurtace waien and aeJimenu.

Determine the abtenoe or pretence of
contamination in ouite pondi.

Collect and analyze kacfaate dau.

Insult kachate wcIU in or around
landfill and measure leacbaie
bead.

Perform waier balance calculations
on landfill

Collect field measuremenu on
Redoxand DO

lasull »tiff pure; otoiie. survey
pufet, measure 1-,-̂ tice water
levels and frouMhaier levels
concurrent ly.

Coiled and anaJyie upuream
water and udtment sampte

Collect and compare up- and
downrndienl surface water to
downgradient froundwiter
samples; abo collect up- and
downfradiem sedimeni tamples,

1) Colleci and anahie samples
from nearest kachaie seeps and
compare to stream water quality.

2) Colleci and an*Vu surface
water and teduner.: samples at
mcreasinf distance* «wt> from the
UndfiU and coecpa-e rcculu to
landril) waste and bacfcfround
levels.

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

2) Conduct toxicity
(bioatuy)
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TaW.2-4
PHASE 1 REMEDIAL INVESTIGATION OBJECTIVES FOR

MUNICIPAL LANDFILL SITES'

Pact 4 or 4

Acttvtty

Landfill Gas/Air

Landfill Gas/Groundwater

Hot Spots

Environmental Evaluation

Phaa* I ObJKUvn
(ActMUH Generally Performed Afttr Work Plan b Apprwrd)

Ot̂ eCtfrM

Identify areas within the landfill
containing high conccotrauons of
optative or tone landfill fit to perform
an assessment of buato health risks due
to air tones aad explosive hazards, to
evaluate the feasibility of ps collection
and treatment, to evaluate need for
immediate action, and to evaluate other
remedial action*.

Estimate concentrations of selected
VOO being emitted to the atmosphere

Identify areas within the landfill
containing high concentrations of
explosive* or tone landfill gas to
determine if VOCs act or may act at *
source of froundwater contamination,

[nvesupie ireal extent, depth, and
concentration of contaminants at hot
spots in the landfill'* contenu.

Defaneate wetlands.

Determine impact of landfill on nearby
wetlands.

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

Determine impact of remedial action on
wetlandbOcod plains.

Action

1) Obtain now-related data from
easting and newly installed pi
vents, estimate emission rites, and
perform air modeling.

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

Collect and analyze ambicm air
samples.

Obtain now-related data from
existing and newly installed gas
veou, estimate emission rales, and
perform air modeling

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

Conduct wetlands delineation
survey.

Collect and anaNTe surface waier
and sediment from nearby
wetlands.

Collect or observe aquatic or
terminal orpnismi in the vicinity
of the site; conduct sensitive
receptor survey.

Delineate wetlands/nood plain
areas in vicinity of site.

•Refer to Section 2, Site Characterization Strategies, for an explanation of when these activities an appropriate.
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T«Wt J-5
PHASE 0 UMED1AL INVESTIGATION OBJECTIVES FOR

MUNICIPAL LANDFILL SITES*

laf 2

Activity

Geophysical Investigation

Geotecimical Investigation

Hydrogeologic Investigation

Chemical Investigation

Groundwater

(AdMttH GtwrmDy Perform* AfUr Wwft Phut

Fanner iavMifate probabk pretence of
buried ferromagnetic materials (drum*).

Further evaluate the physical properties
governing transport of contaminants throufh

. attbwiyt.

Determine depth of wclk ind
uiierv>l» for cnstini thallow and deep well*

Further identify tod characterize nydro-
|eo)o|ic uaiu.

Funber determine direction of (rouodwiter
flo* ind ntuuic pidienu.

Deiennine me of froundwBier Dow and
eviluiie the feasibility of froundwater
exinciion.

Identify extent and type of froundwaier
eonuminiuon to dehoeate plume.

Redeienmne upcndient ooocentration if
Phate I mulu ioooodusrve.

Fun her detennine whether seasonal
fluctuations occur in contamjnim
coocentntkHtt ia the froundwaier and in
hydraulic chincieruuct

Funher evaluate feasibiliry of (round»aier
treatment systems.

probable drum burial area

Collect additional data on perme-
ability, porosity, hydraulic head,
percent orpnic carbon, etc.; model
pathway*.

Obtain additional soil dauifiation or
reolofic data; review Phaae I Rl
results.

1) Drill additional boringi tnroufhoui
site for development of bonof lop 10
bdter define the aquifers and COD-

layen (health, safety, and
risk associated with drilling

into the landfill should be weighed
apinst the potential usefulneu of the
data for evaluating alteroauvet).

2) Perform down-hole geophysical
surveys, a* appropriate.

Install additional monitoring welU and
take water level meuuremenu from
new and eostm| wells.

Install monitoring wells and perform
hydraulic conductivity and pumping
le&u on ne» and existing wells, check
water level* at a maximum of once a
month during the R)

Install additional monitoring welU in
aquifer* of concern; collect and
analyze samples.

Install additional monitoring welb
upgndiem of the landfill and collect
and analyze samples.

Sample and analyze groundwaier with
additional rounds of sampling from tbe
same location(s).

Obtain additional COD. BOD. and
other conventional water quality data.
initiate treatabil.ry studies, as
neceuarv
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Table 2-5
PRASE n REMEDIAL INVESTIGATION OBJECTIVES FOR

MUNICIPAL LANDFILL SITES*

Pagr 2 of 2

AetMrj

Surface Water and Sedimeni

Landfill Gas/Air

LudfUI Gas/Groundwater

Environmental EvaJujtioo

Phaw n OtJKttm
(ActMttH G*mral)v Performed After Wort Plan fc Approved)

ObjtctKn

Funher determine effect of groundwaier on
su lace water.

Compare addriona) itream and water tevelt
during several periods during the Rl.

If initial results are inconclusive, identify
additional areas within the landfill containing
high ooocemrauons of explosive or toxic
landfill gas to perform an alien mem of
human health risks due to air toxics and
etplouve bazanis. to evaluate the feasibility
of pa collection and treatment, and to
evaluate oihcr remedial actions.

If initial results are inconclusive, identify
additional areas within the Undfill conuuiinf
hifh concentrations of explosives or tone
landfill gas to del ermine if VOC* act or may
•ci as a source of groundwaier
contamination.

Describe aquatic and terrestrial community
in vicipiry of site and aquatk community
downstream of site on a seasonal basis.

Action

Collect and compare additional up-
aod downfndieni surface water and
sediment samples to downfndient
froundwater samples.

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

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

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

Collect or observe aquatic or
terrestrial organisms in the vicinity of
the site on a seasonal basis.

•Refer 10 SectioR 2. Stic Characienzjuon Strategies, for in explanation of wtien these activities arc appropriate.

I
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completely. Activities such as recontnciing for
services or remobUizing onto a site would be
considered a separate "phase" of fieldwork.
Ideally, site characterization of boib 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 II sampling may be required.
Phase I and Phase II sampling are often, but
not necessarily, sequential. These investigations
can take place on slightly different schedules or
take place simultaneously, depending on the
analytical turnaround time and field
observations.

If sufficient informal ion is not collected in a
single phase 10 characterize a site adequately, it
may be necessary 10 conduct a Phase II investi-
gation. Phase II investigations are more fre-
quently required for potential or existing
groundwater contamination or at landfill sites
with nearby wetlands and/or surface water.
Phase 1 ground water investigations typically
estimate the plume location and may be suffi-
cient to initiate remedial actions for plume
containment. Phase II groundwater investiga-
tions typically further refine the extent of
groundwater contamination and are typically
used to aid in the design and implementation of
the final response actions Similar!), Phase I
wetland and/or surface water investigations
determine if the wetlands or surface waters are
affected, while Phase II wei lands and'or surface
water investigations determine the magnitude
and extent of the impact Phase II investiga-
tions for landfill contents and landfill gas are
not typically done, because adequate informa-
tion for characterizing these media is usually
obtained from the Phase I investigation.

2.10 Development of DQOs
DQOs are qualitative and quantitative sta'e-
menis 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 RI/FS include site characteri-
zation, risk assessment, and alternatives
evaluation.

DQO development is begun during generation
of the conceptual site model 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 analysis plan (SAP). The
SAP consists of a field sampling plan (FSP) and
a quality assurance project plan (QAPP). The
SAP identifies the number and types of samples
to be collected, the appropriate method of anal-
ysis, and the reason the information from these
samples is necessary to make necessary remedial
decisions. The second objective in developing
DQOs is to identify the required QA/QC proce-
dures 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 RL/FS process. This integrated
approach allows for a cost-effective RL/FS
implementation program.

/
The.pQO process includes three stages for
identifying the data quality needed to character-
ize a site adequately. The stages are:

* Stage 1. Identify decision types

Identify and involve decision
makers, technical specialists, and
other data users

Evaluate available information for
uncertainty or adequacy for
making decisions

Specify the Rl/FS objectives and
the critical decisions that would
affect potential rer .=dial actions

• Stage 2. Identify data uses and needs

Identify data uses and types

Identify data quality and quantity
needs

Evaluate sampling and analysis
options
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Review precision, accuracy,
representativeness, completeness,
and comparability (PARCC)
parameters

* 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 under-
taken 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 pro-
vided in the project work plan. Documentation
is supplied, detailing the types of samples
believed to be necessary for each matrix to
obtain sufficient representation of site condi-
tions. The desired PARCC of the chemical
analyses are also documented.

Before the DQOs are developed, a deuiled 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 deter-
mined. The purpose of the ARARs and risk
assessment information is to determine the
contaminants of concern and the required ana-
lytical 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 I is the lowest quality data but
provides the fastest results. Field
screening or analysis provides Level I
data. It can be used for health and
safety monitoring and preliminary

screening of samples to identify those
requiring confirmation sampling (Level
IV). The generated data can indicate
the presence or absence of certain con-
stituents and is generally qualitative
rather than quantitative. It is the least
costry of the analytical options.

• Level II data are generated by field
laboratory anar>sis using more-sophisti-
cated portable analytical instruments or
a mobile laboratory onsite. This pro-
vides fast results and be tier-quality data
than in Level I. The analyses can be
used to direct a removal action in an
area, reevaluate sampling locations, or
direct installation of a monitoring well
network.

• Level III data may be obtained by a
commercial laboratory with or without
CLP procedures. (The laboratory may
or may not participate in the CLP.)
The analyses do not usually use the
validation or documentation procedures
required of CLP Level IV analysts. The
analyzed parameters are relevant to the
design of the remedial action.

• Level IV data are used for risk assess-
ment, engineering design, and cost-
recovery documentation. All analyses
are performed in a CLP analytical labo-
ratory and follow CLP procedures.
Level IV is characterized by rigorous
QC protocols, documentation, and
validation.

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

• Other. This category includes data
obtained from analyses of the physical
properties of soil, such as Auerberg
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 analytical
levels are mixed to provide an optimal analyti-
cal program. For example, in the case of

n

3

J
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groundwater. Level I data can consist of screen-
ing for volatile organic compounds (VOCs)
using a photoionuat ion detector, and Level III
can be obtained from analyzing for parameters
needed for treat men i such as iron and manga-
nese. Level II data can consist of analysis of
the groundwater by an onsite mobile laboratory1.
Placement of the monitoring wells can then be
readjusted in the field, if necessary. Level IV
data would provide the results of site character-
ization and risk assessment. Level V data
would be obtained for chemicals such as vinyl
chloride (for vinyl chloride, the detection limit
required for risk assessment, based on a 10"6

cancer risk, is lower than the detection limit
established in CLP methodology).

The first phase of DQO development is com-
plete 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
altered or redefined, a- ending on the results
of fieldwork. Addition^ information on DQOs
can be found in the documents titled Data

Quality Objectives for Remedial Response Activi-
ties, Volumes I and II (U.S. EPA. 1987b and
U.S. EPA, 1987c).

2.11 Section 2 Summary
This section illustrates tbe key components of
scoping an Rl/FS for a CERCLA municipal
landfill site. The primary purpose of scoping an
RLFS is to divide the broad project goals into
manageable tasks that can be performed within
a reasonable period of time. The broad project
goals for an RI/FS at any Superfund site are to
provide the information necessary to character-
ize the site, define site dynamics, define risks,
and develop a remedial program to mitigate
potential adverse public health and environ-
mental impacts. To obtain the necessary data
to achieve these goals, Section 3 presents vari-
ous site-characterization strategies and tbe asso-
ciated field tasks for municipal landfill sites.
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Section 3
SITE CHARACTERIZATION STRATEGIES

Once a work plan has been developed, field
activities are undertaken to further characterize
the site. The purpose of site characterization is
to assess the risks to human health 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 evaluation of previous data and
analytical results. This information is combined
with field investigations to fill in data gaps and
to test hypotheses about the site developed
during scoping. In this section, characterization
activities are described by the different media
that might be contaminated by a municipal
landfill site, and different site characterization
strategies for two types of municipal landfill
sites are discussed.

Mosi municipal landfill sites on the NPL are
co-disposal facilities that may or may not have
known or suspected hot spots. Hot spots con-
sist of highly toxic and/or highly mobile material
and present a potential principal threat to
human health or the environment (see 40 CFR
Sec. 300.430(a)(l)(iii)(C)). Excavation or treat-
ment of hot spots is generally practicable where
the waste type or mixture of wastes is in a dis-
crete, accessible location of a landfill. A hot
spot should be large enough that its remedia-
tion will significantly reduce the risk posed by
the overall site, but small enough that it is rea-
sonable to consider removal and/or treatment.

The two principal types of municipal landfills
are as follows:

* Landfill Type I. This is a co-disposal
facility where records or some other form
of evidence indicate that hazardous
wastes were disposed of with municipal
solid wastes. There are no known or
suspected hot spot areas, and historical
records and physical evidence, such as
aerial photographs and the site visit, do
not document any discrete subsurface
disposal areas.

• Landfill Type II. This is a co-disposal
facility where approximate locations of
hot spots are known or suspected, either
through documentation, physical evi-
dence, or consistent employee/resident
interviews. Small- to rooderaie-sized
landfills (for example, less than 100,000
cubic yards) that pose a principal threat
to human health 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 sites into these two
categories allows more efficient characterization
through avoidance of extensive and unnecessary
sampling, and streamlines the Rl/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 general, categorizing landfills into different
types allows the site characterization to focus
on detecting and then characterizing hot spots.
Because there are no known or suspected hoi
spots, the feasibility study for Landfill Type I
can focus on capping alternatives as pan of an
operable unit. This focused feasibility study
could precede or be conducted concurrently
with the groundwater investigation, particularly
at sites where leachate is not a problem. At
Landfill Type II, 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 alter-
natives for these units.

Site characterization strategies for the landfill
types are described below by medium. The
focus of the descriptions is primarily on those
media most often requiring remediation at
municipal landfill sites (e.g., groundwater. leach-
ate, landfill contents/hot spots, and landfill gas).
Other areas such as wetlands, surface water, and
sediments are also discussed, but in less detail,
since the nature of contamination is not unique
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to municipal landfill sites and information is
readily available from other sources. The
descriptions were prepared as if the site investi-
gations were done in only one medium. How-
ever, at most sites, this will not be the case.
The user should read all descriptions applicable
to the site, and coordinate sampling and investi-
ption efforts as described in Section 110,
Development of DQOs. Sample requirements
should be reviewed in all media of concern to
determine the most efficient and concise
method of obtaining data.

Site characterization efforts may generate a
large amount of data. Organization of the data
is essential to proper interpretation. During
planning of surveys or well installations, consid-
eration should be given to data organization--
mapping, geologic cross sections, grid points,
etc.-as well as to organization of results from
field instrument analyses.

3.1 Groundwater
Characterizing a site's geology and hydrogeotogy
as well as developing an understanding of the
regional geology and hydrogeology is paramount
to the site characterization process. Data gath-
ered for site characterization of geology and
hydrogeology significantly affect the-selection of
an appropriate remedial action strategy. The
type of cap selected, the location of the ground-
water extraction system and amount of ground-
water extracted, and the necessity for collecting
and treating landfill gas are all affected by the
geology and hydrogeology of the site. General
procedures for Phase I and Phase II site charac-
terizations of regional and site-specific geology
and hydrogeology are described below. More
specific information on placement of monitor-
ing wells by landfill type is given in
Section 3.13.

All Phase I and Phase II cbaraaerization activi-
ties can be done at both types of landfill sites.
Depending on the type and quality of data gath-
ered both before and during development of the
RI/FS work plan, some of these activities may
have been performed. Further information on
characterizing site hydrogeology is available in
Guidance on Remedial Actions for Contaminated

Croundwarer at Superfund Sues (U.S. ERA,
1988e).

3.1.1 Groundwuter Investigations

The characterization of the groundwater
beneath and near a site is often completed in
two phases. The initial site characterization
study is based on a review of existing literature
describing the regional and local geology and
site history. This literature includes local
government records and aerial 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 developed during the first phase.

The initial characterization of the hydrogeology
and the groundwaier conditions (done before or
during the limited field investigation) depends
on an understanding of the relationship of the
site geology and ground water flow characteris-
tics. At a minimum, a description of the site
geology should include the lit ho logy of geologic
units underlying the site that are contaminated
or used as Class I or II aquifers, and the rela-
tionship among the units.

3.1.1.1 Phase I Site Characterization

In Phase I, geological information about the
area, gathered during the limited field investiga-
tion, 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 I site characterization should be
sufficient to provide a general understanding of
the hydro geological regime of the region and its
relationship to the landfill. The information
should give a general picture of the local stra-
tigraphy, depositional environments of the
strata, the tectonic history as it relates to tilting,
folding, or fracturing of the strata present,
groundwaier depth and flow direction, the units
that are contaminated or used as Class I or II
aquifers, and local ground water uses, including
the effects of pumping (withdrawal). After this
information has been gathered and reviewed, a
regional conceptual model of the hydrogeology
should be developed (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 model.
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This conceptual modt. is revised as new infor-
mation is developed liom the field investigation.

A limited Dumber of boreholes with wells and
piezometers monitoring discrete water-bearing
zones should be installed during the Phase I site
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 unconfmed
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
installed to permit the construction of meaning-
ful geologic cross sections. The density of data
points should describe the relationships
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:

• Correlate stratigraphic units

• Identify zones of possible high hydraulic
conductivity

• Identify confining layers

• Identify any unusual or unexpected geo-
logical features such as faults, fractures,
facies changes, solution channels, etc.

In some cues, samples should be collected to
test for geoiechnica) and geochemical parame-
ters. Tests could include cat: an exchange
cap a dry if metals contamination is expected,
bulk density and moisture content for treatment
characteristics, permeability and porosity for
containment or extraction effectiveness, and
anaMical parameters (e.g., TAL metals, TCL
organic*) for contaminant fate and transport.

Each boring should be documented with a
boring log that describes:

• Soil dassifications or rock types

• 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

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

• Well construction details (if boring is
finished as a monitoring well)

At least the first borehole should be sampled
continuously to determine if the subsurface
materials are variable. Samples should be
collected Jrom every significant stratieraphic
contact and formation, especially the confining
layers. Subsequent bonnes 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 qualified
geologist, geo technical engineer, or soil
scientist.

Groundwater quality samples that 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 I or II aquifer. Upgradiem water quality
for the aquifers of concern should also be estab-
lished. Seasonal fluctuations in contaminant
concentrations should be determined. Well
pairs may be required to determine the vertical
direction of flow between the water uble and a
lower aquifer. The deep well of the pair can
also determine if the contamination has entered
a lower aquifer. Wells penetrating lower aqui-
fers 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,
thr should rot be pieced downgradien' from a
potential contaminant source. They should only
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be placed downgradient from a source if the
hydraulic relationships of that area may be
different than at other locations or if contami-
nation is suspected or documented.

The Phase I site characterization should be
flexible to accommodate revisions to the scope
as information becomes available. For example,
gronndwater sampling results may be obtained
with a Cast turnaround time during the Phase I
field activities. This would allow refining the
investigation program in the field to delineate
contamination and possibly limit the need or
extent of a Phase II investigation.

3.1X2 Phase O Site Characterization

Phase II site characterization is warranted if the
daia obtained in Phase I are insufficient to
assess risks to human health and the environ-
ment and to develop and evaluate remedial
action alternatives. If the information obtained
in Phase I cannot answer questions on the
direction and rate of groundwater flow, effec-
tiveness of an observed or presumed aquiclude,
extent of observed contamination, or location of
known or presumed contamination, a Phase II
site characterization is necessary. For instance,
descriptions from the boring logs may indicate
that a confining layer is possibly continuous
across the site, but aquifer tests pj analytical
data indicate that the confining layer is discon-
tinuous. In this case, additional borings, wells,
and aquifer tests may be necessary to resolve
the conflicting data.

Phase II site characterizations are also nece&san
if previously unknown hot spots are detected
daring the Phase I site activities and additional
borings or wells are beyond the capability of the
driller. Data should be obtained during
Phase n site characterization activities to place
the hydrofeology of known and newly discov-
ered hot spots in 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 materials with any known
chemicals in the landfill should be examined.
Soil and rocks with a high carbonate content
wfll be attacked by acids, increasing their per-
meability, days similar to bentonite can be
ineffective barriers to the migration of some

organic compounds. Laboratory determination
(X-ray diffraction) of the clay types may be
necessary.

Data gathered during Phase II site characteriza-
tion activities should primarily be directed
towards identifying potential targets and opti-
mizing the analytical program. Additional
monitoring wells should be installed, and
groundwater and leachate samples should be
collected from areas where Phase I activities
indicate that contamination has spread or is
spreading. Sampling in "clean" areas should be
minimized unless Phase I activities did not
adequately define these areas. Monitoring wells
are needed to identify the limits of the plume,
and as such, would be at the end of the plume
in areas considered "clean." Additional piezo-
meters can be installed if 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 I activities, then fewer boreholes
and less additional indirect investigation will be
necessary during Phase II activities. Placement
of boreholes, piezometers, and monitoring wells
should be carefully reviewed so that essential
information on leachate and groundwater is
collected. Drilling an excessive number of bore-
holes will not necessarily provide useful infor-
mation 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 alternatives for municipal landfill sites
can be found in Section 4.5. To evaluate the
various remedial action alternatives, data gath-
ered before or during the site characterization
of groundwater should include:

• The regional geologic regime and
regional groundwater flow direction

* A hydrogeologic investigation to charac-
terize the groundwater aquifer including
the depth to water, flow direction, flow
rate, the extent and nature of confining
layers, fractures, and any potential path-
ways for contaminant migration at the
site

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

• The compatibility of the suspected con-
taminants with naturally occurring mate-
rials at the site

• Identification of actual or potentially
useable aquifers (e.g., Class I and Class II
aquifers) and water-bearing units and
their physical propenies (including link-
age between aquifers)

• Climatic and topographic conditions
affecting groundwaier recharge and dis-
charge, erosion, flooding, and surface
water conditions o' interest

• Identification of potential pathways for
contaminant migration

• Geologic conditions, hazards, or con-
straints that could contribute to offsiie
contaminant migration or that might
preclude certain remedial alternatives

• Site-specific analysis such as BOD and
COD (see Section 4.5)

3.1.3 Placement of Monitoring Wells

3.1.3.1 Objectives

The objective of installing monitoring wells is
to determine if the landfill has affected the
ground*aier system. Monitoring wells are used
to:

• Determine subsurface conditions, includ-
ing confining layers and zones of high
permeability

• Determine background (upgradient)
water quality

• Locate contaminant plumes

• Characterize ground water contaminants

• Characterize hot spots

Because there ire many uses for monitoring
wells at municipal landfill sites, there are no
simple procedures for determining appropriate
placement. Simple geology characterized by
horizontal, thick, homogeneous, unfractured
strata tends to reduce the number of soil bor-
ings and monitoring wells. More complicated
geology, including fractured, tilted, folded, thin,
or heterogeneous geologic strata tends to
increase the number of soil borings and moni-
toring wells necessary to adequately characterize
a site. Landfill conditions that lead to more
detailed investigations include known locations
of the disposal of hazardous wastes and loss of
containment (liner or slurry wall) integrity.

3.13.2 Procedures

Landfill Type 1. This is a municipal landfill
where co-disposal of hazardous and municipal
wastes occurred, but the disposal in a discrete,
accessible location of highly toxic and/or highly
mobile matenal that presents a potential princi-
pal threat je Human health or the environment,
is not-known. The presence of hazardous con-
stituents in the groundwaier is a concern at this
type of landfill. The number of wells should be
determined on a site-specific basts.

Upgradient Monitoring Wells. The number of
wells increases with the complexity of site
geology and landfill design or history. Upgrad-
ieni monitoring wells should be in a "clean"
area so that they may provide representative
background groundwater quality in the aquifer
of concern. They should be screened in the
same strata as the downgradiem monitoring
wells unless the bedrock dips steeply or rock
types change rapidly across the site. Location
of the monitoring wells should also consider
ground water and contaminant velocity at the
site. Groundwater that moves slowly 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 thai may
be affecting the groundwater quality upgradient
of the landfill. A preliminary estimate of con-
taminant travel distances should be determined
so initial well installation approaches can be
determined.
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Downfndient Monitoring Hells. Downgradient
monitoring wells should be near the landfill
boundary and in the saturated zone. If the
landfill Iks above the saturated zone, the leach-
ate migration pathway to the ground water
should be considered before monitoring well
placement is determined. In cases where com-
plex imerbedding, especially of alluvial deposits,
underlie the landfill, additional monitoring wells
may be required. It should also be recognized
that glacial stratigraphy can also be very
complex;

Downgradient monitoring wells should be
located along any zone that may offer prefer-
ential ground*aicr movement. Geologic fea-
tures such as solution channels, faults, or
permeable linear sand lenses should also be
considered in downgradiem monitoring well
placement, since these features can act as
groundwater conduits. Other features that
affect the placement of downgradient moni-
toring wells include fill areas, buried pipes and
utility trenches, areas with high hydraulic gradi-
ents, and areas with high groundwater
velocities. Placement of downgradient moni-
toring wells should also consider low-
permeability zones associated with such features
as day lenses, dense bedrock, and glacial till
that can differentially retard groundwater flow.

The use of field data or rapid -turnaround data
from a nearby laboratory can provide useful
information in the placement of monitoring
wells. For example, an onsite laboratory could
be used during well installation to provide ana-
lytical results that would be used to reevaluate
the proposed monitoring well network.
Groundwater samples could be analyzed for
selected VOCs and inorganic in ions 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. There-
fore, mapping elevated levels of these indicator
chemicals relative to upgradient concentrations
can give a more accurate picture of the extent
of the groundwater plume than just VOC analy-
sis. Because of volatization, adsorption, and
degradation, VOCs may diminish in concentra-
tions more rapidly than the inorganic ions.

Other Monitoring Wells. Additional monitor-
ing wells need to be installed 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 installed
in the area in order to assess vertical flow
between the upper and lower aquifer, and the
groundwater flow in the lower aquifer. In gen-
eral, numerous boreholes or wells through con-
fining layers should be avoided when the site
conceptual model indicates a very low potential
for contamination of the underlying aquifer.

Monitoring Well Screen Placement Monitor-
ing wells should be completed in the first aqui-
fer encountered beneath the landfill and other
discrete zones beneath. That aquifer will
usually be u neon fined at the landfill location.
The nature of the suspected contaminants
should be used to determine the ideal screen
location in the aquifer. Most typical landfill
contaminants are soluble enough to be detected
by la bora tor.1 instruments, so screeninc in the
upper portion of the aquifer should detect any
contamination present.

If a highly variable geology exists at the site,
each screen should be open only to one stra-
tum. If a screen is open to more than one
stratum, contaminants may move to uncontami-
nated zones, and the actual zone of contamina-
tion will be impossible to determine. A rypical
screen length is 5 feet, but longer screen lengths
are iquired in zones of very low permeability
or icre water levels are known to change over
grea> intervals. Generally, screens should be no
longer than 20 feet

If the contaminant is a dense, non-aqueous
phase liquid (DNAPL), the screens must moni-
tor the bottom of the first aquifer. If this dis-
tance is excessive, several monitoring wells with
overlapping screens are typically installed.
DNAPL migration is generally controlled by the
top surface of the confining layer, and is little
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-magniiude greater
velocities than water. Monitoring wells should
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be placed in the lower aquifer to determine the
hydraulic gradient between the two aquifers,
and to determine if contamination has reached
the lower aquifer. DNAPLs can migrate to the
bottom of the lower aquifer, but often this dis-
tance is great and the nature and topography of
the underlying aquitard are difficult to define.

The viscosity and dfsperstvity of the contami-
nant should also be considered during monitor*
ing well screen placement. A highly viscous
liquid will migrate very slowly in the subsurface.
Its movement may be affected more by capillary
attraction than by normal factors of gradient
and hydraulic conductivity. A highly dispersive
compound, on the other hand, can migrate
quiclOy by dispersion and extend downgradiem
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-aqueous phase con-
taminants. Screen openings should be confined
to a single stratum.

Landfill Type II. The principal concern at this
type of landfill is the known or suspected hot
spots. Monitoring well and screen placement
described for Landfill Type I can be employed,
but additional monitoring wells should be
placed downcradient of all confirmed hot spots.
(The presence of hot spots is confirmed using
the geophysical 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
wc''s within the landfill. Test pits should be
installed h such areas to investigate the subsur-
face matemls. This will restrict remediation to
a smaller a.ea. Care must be exercised because
drilling through the landfill to install the moni-
toring wells could compromise the integrity of
any linen, puncture isolated drums, or pene-
trate 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.

3.13.3 Guidelines

The summary documents presenting the data
should contain concise, narrative descriptions of
the data but must ret) on clear, detailed figures
to present the spatial relationships of ground-
water, geology, and the landfill. Geologic cross
sections based on the boring logs must depict
all significant soil and rock units, geological
structures, zones of high permeability and con-
fining layers present, and the depth to water
and the unconfined and confined water levels.
The locations of all 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 ground water flow direction, ground-
water divides, recharge, and discharge areas. In
cases where more than one aquifer exists, the
map can also be used to show the direction of
vertical-groundwater flow.

3.1.4 Groundwater Summary

Table 3-1 summarizes the condilions that deter-
mine monitoring well locations and numbers.
A flowchart summarizing the decisions neces-
sary to determine sampling and monitoring
locations is presented in Figure 3-1. The deci-
sion points illustrated across the top of the
figure must be considered separately in deter-
mining monitoring well placement. For
instance, a determination of where to place
upgradiem monitoring wells does not eliminate
decisions on where to place wells to character-
ize zones of permeability.

The Phase I and Phase II site characterizations
apply to both landfill types as well as other
NPL sites. Placement and number of monitor-
ing 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'-
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Table 3-1
CONDITIONS THAT DETERMINE MONITORING WELL LOCATION AND NUMBERS

Conditions

Landfill in saturated zone

La, 1fill above saturated zone

Landfill in vadose zone

Intel-layered confining layers

Breached or continuous
confining layer

No upgradient contaminant
source

Upgradiem contaminant
sources

Monitoring Well Location

Downgradiem near landfill boundary but
along zones of high hydraulic conductivity,
including hot spots.
OR
If no zones of high permeability, near
downgradiem boundary of landfill or near
confirmed hot spot.
Possibly at some distance from downgradiem
landfill boundary or hoi spot-depends on
subsurface features controlling fluid
movement in vadose or saturated zone.

OR
If homogeneous geology, downgradiem in
uniform array.
Intercept leachate downgradiem.

Top of each confining layer downgradiem.

Top of confining layer and in next lower
aquifer downgradiem.

Upgradiem of landfill boundary-distance
depends on groundwater velocity and
coatarainam dispersMcy-in same strata as
monitoring wells on downgradiem side of
landfill or as required by geology.

Near potential source and upgradient of
landfill and downgradiem of source -in same
strata as monitoring wells on downgradiem
side of landfill or as required by geology.

Number of Monitoring
Wells

High.

Moderate.

High.

Moderate to high.

Moderate.

At least one per confining
layer.

At least two.

Relatively feu -at least one,
probably more.

One per source and per
strata.
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Figure 3-1
LOGIC DIAGRAM FOR MONITORING
WELL AND SCREEN PLACEMENT



including groundwater and surface water
recharge and the water generated as pan of
refuse decomposition-all contribute to the
quantity of leachate generated. Leachate pro-
duction generally follows a cyclic pattern
depending on local rainfall, runoff, and evapo-
transpiration rates. Leachate typically carries
many suspended and dissolved materials; the
specific nature and concentration depend on the
landfill history as well as its degradation stage.
Typical leachate concentration ranges are
presented in Table 3-1 The large ranges
presentee! may be due in part to analysis of
leachate dilute*, by groundwater. Additional
information on Itachate composition and con-
taminant concentrations in leachate can be
found in Characifrizarion of MWC Ashes and
Leachaies from MSV/ Landfills, Monofills and
Co-Disposal Sites (U.S. EPA, 1987f).

Leaching is a contaminant release mechanism,
potentially transporting contamination to onsite
and offsite ground water through groundwater
movement, or to onsite surface water, sedi-
ments, and nearby wetlands by recharging due
to leachate seeps. Leaching is usually the con-
taminant release method of greatest concern at
landfill sites.

3.2.1 Leachate Investigations

3.2.1.1 Objectives

The objectives of leachate investigations are to:

• Determine location of leachate seeps

• Determine chemical characteristics of
leachate

• Locate potential source areas (in situa-
tions where there are no known or sus-
pected hot spots, the entire landfill may
be considered a source)

• Determine leachate impact on
groundwater

Leachate samples may be analyzed to confirm
or complement data obtained from analysis of
groundwater and soil samples.

3.2.1.2 Procedures

Landfill Type I. Type I landfills include those
landfills where a combination of municipal and
hazardous wastes have been co-disposed. At
these types of landfills, discrete hot spot loca-
tions 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 pro-
duction. Leachate collection locations should
be identified for sampling. The location where
leachate discharges ultimately depends on the
site's physical and geological characteristics. In
most cases, at least part of the Icachaie that
discharges from the landfill migrates into the
underlying groundwater system. In this case.
leachate acts as groundwater recharge and its
detection and collection can become ven diffi-
cult. The actual zone depends on the perme-
abilities of the materials involved and in their
specific gravities, mixing (turbulent versus lami-
nar flow), and diffusion. Where underlying
refuse, soil, or rock strata are impervious, leach-
ate will discharge on the surface either at the
landfill toe or somewhere on the slopes.

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 down-
stream of the site to monitor this situation
properly. At other sites in which the refuse 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 a receiving 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 samples from these
seeps may be appropriate in some limited cases.
The advantage of compositing is that the costs
of analysis, data validation, and database activi-
ties are lowered while not eliminating sampling
of any of the seeps. The disadvantage is that
information on the individual seeps is not avail-
able. Compositing would not be appropriate if
significant differences in leachate composition
are expected.
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Table 3-2*
RANGE OF TYPICAL DOMESTIC REFUSE

LEACHATE CONSTITUENT CONCENTRATIONS

Constituent
Iron
Zinc

Arsenic
Lead
Phosphate
Sulfate
Chloride
Sodium
Nitrogen (Kjeldahl)
Hardness (as CaCO3)
COD
BOD
TOC
TDS
TSS
Total Residue
Nickel

Copper

PH

Concentration Range Per Liter
(m<)

200 - 1,700
1-135

0- 70
0- 14

5-130

25-500

100 - 2,400

100 - 3,800

20-500

200 - 5,250
0 - 750,000
9 - 55,000

5 - 30,000

0 - 51,000
2 - 140,000

1,000 - 45,000

0.01 - 0.8
0.10 - 9.0

4.00 - 8.5
•From Characterization of hfWC Ashes and Leachatesfrom MSW
Landfills, Monofills, and Co-Disposal Sites (EPA, 1987f)
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When collecting samples, field observations can
be used 10 determine if samples from adjacent
locations can be composited into one repre-
sentative sample. Samples from leachate seeps
thai are near each other can be composited if
they 1) are similarly colored, 2) have similar
liquid phases, and 3) appear similar 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 I and
II of EPA's A Compendium of Superfund Field
Operations Methods (EPA, 1987h),

If atoOable, samples should also be collected
from leachate collection drains ard/or extrac-
tion wells using pumping or bailing except for
VOCs, which must be collected using a bailer.
Samples should be analyzed for priority
poJlmam organics and metals and cyanide.
Other parameters, such as BOD. COD, pH,
"IDS, TSS, oil and grease, TOC chlorides,
nitrite, nitrate, ammonia, total phosphorus, and
sal&des should be analyzed to provide data for
design of a leachate treatment system.

In many landfills, leachate is perched within the
landfill contents, above the water table. In the
absence of leachate collection systems at Land-
fifl T\pes I and II, leachate wells installed into
the landfill, as pan of the site characterization.
may provide good hydrologrc information on
the site. That is, placing a limited number of
leachate wells in the landfill is an efficient
means of gathering in forma no n regarding the
depth, thickness, and types of the waste; the
moisture content and degree of decomposition
of the waste; leachaie head levels and the com-
position of landfill leachate; and the elevation
of the underlying natural soil layer. Additional-
ly, leachate wells provide good locations for
landfill ps sampling. Leachate wells should not
be placed where there are existing leachate
collection systems, to prevent possible damage
to these structures. In addition, it should be-
noted that, without the proper precautions.
placing wells into the landfill contents may
create health and safety risks. Also, installation
of wells through the landfill base may create
condom through which leachate can migrate to
lower geologic strata. And finally, the installa-
tion of wells into landfill contents may make it

difficult to ensure the reliability of the sampling
locations.

The number of leachate wells will van for each
landfill. In cases where the refuse is fairly-
thick, clusters or nested wells may be appropri-
ate to determine if leachate composition varies
with depth. Samples should be analyzed for
parameters previously described.

Landfill Type II. Type II landfills differ from
Type I landfills in that there is 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 balance for the entire
site should be performed to estimate annual
leachaie 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 analyses of
the leachate may demonstrate a principal 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 leachaie composition.

3.2.1-3 Guidelines

Field screening techniques described in Section
3.3.L3 may be useful in determining which
samples are amenable to compositing or for-
warding to the analytical laboratory. Visual
observations, site topography, and surface drain-
age patterns are also important in determining
the appropriate leachate sampling locations.

3.2.2 Data Requirements

A detailed description of leachate remedial
action alternatives can be found in Section 4.3.
To evaluate the various remedial action alterna-
tives, data gathered before or during character-
ization cf leachate should include:

i
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• A contour map to define surface water
drainage pattern

• Soil characteristics including permeabil-
ity, grain size distribution, and moisture
content to determine the physical proper-
ties governing contaminant transport

• Oimatological characteristics including
tempera lure and precipitation 10 help
determine approximate leachate volumes
for the site

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

• Depth to groundwater and groundwater
flow direction and velocity to evaluate
the feasibility of leachate or groundwater
extraction and ireatmem

3.2.3 Leachate Summary

Leachaie sampling at seeps and streams is
recommended for boih landfill types. Leachaie
can move laterally below ground toward a creek
or stream, affecting the water quality. Sampling
streams and leachaie seeps can provide informa-
tion on actual or potential water quality
impacts. Installation of leachate wells at land-
fill Types I and II can provide information such
a? depth, thickness, and types of waste; leachate
head levels and the composition of landfill
leachate; and the elevation of the underlying
natural soil layer. Table 3-3 summarizes the
recommended leachate sampling locations.

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

3J Landfill Contents/Hot Spots
Containment has generally been identified as
the most practicable remedial technology for
municipal landfills because the volume and
heterogeneity of landfill contents often makes
•-taunent impracticable. Characterization of
municipal landfill contents therefore is generally
not necessary because containment of the land-
fill 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 sub-
sections discuss site characterization strategies
for landfill Types I and II for surflcial soils, caps
and liners, and landfill contents (including hot
spots).

3 J.I LandtHl Contents Hot Spot Investigations

Typically, investigations at municipal landfills
are separated into four areas:

• Surftcial soils
• Caps
• Liners
• Landfill contents

Surficial investigations are undertaken if there
is either physical evidence or data that suggest
the presence of substantially contaminated surfi-
cial soil in the general area of the landfill.
Surficial sampling investigations should be
limited if surface soils are planned to be

Table 3-3
LEACHATE SAMPLING PROGRAM

Location

Collection drain

Surface locations-stream, seeps

Minimum Sampling Events

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

during

Same as above.

3-13



Has
leachate

been sampled
and

.characterized ?y

No

Yes

Perform water balance for site
Identify existing leachate collection locations
Sample at leachate collection locations
Identify 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

I
CHARACTERIZE

LANDFILL TYPES I AND 11

Figure 3-2
LOGIC DIAGRAM FOR LEACHATE SAMPLING



covered with a cap. Cap and liner investiga-
tions are undertaken when previous engineering
studies or field observations indicate iheir pres-
ence at a site, while landfill content investiga-
tions 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 health or ihe environment and
if it is appropriate to consider remediation of
the entire contents of these landfills through
excavation, treatment, or disposal.

It should be noted that investigations into land-
fill contents are rarely implemented ai munici-
pal landfills. This is due primarily to problems
in excavating through refuse and the heteroge-
neous nature of me refuse, which makes charac-
terization difficuli Sampling of landfill contents
max however. K useful for enforcement

es (e.g.. identifying PRPs), Drilling
h the ba>e o: the landfill is not recom-

mend^ due to the potential for migration of
lea:r.aie to lower geologic strata. However, in
general, drilling into refuse for installation of
various extraction systems (for example, leach-
ate and landfill gas) is commonly implemented
(see Sections 4.2 and 4.4).

3.3.1.1 Objectives

The general purpose of characterizing soils and
hot spots is to define the risks posed by these
media/contaminants and select the appropriate
remedial action alternatives for further evalua-
tion. 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 surveys at municipal
landfill sites are to:

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

• Document erosion gullies and other rele-
vapi topographir features that might

affect the remediation scheme or point to
anomalies that require further investiga-
tion

Surfldal Soil Investigation.
investigations are performed to:

Surficial soil

• Determine the distribution and concen-
tration of contamination in surficial soils

• Document erosion patterns

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

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

Surficial soil investigations are normally focused
on anomalies observed at the surface, such as:

• Leachate seeps

• Stains or other discoloration in the surfi-
cial soils

• Stressed vegetation

Ar a lysis of surficial soil and sediment samples
may confirm or complement data from analysis
of surface waters. While the presence or
absent, of contamination of surficial soils may-
have no relationship to groundwater contamina-
tion, there may be contamination of surficial
soils and no grcundwater 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 erosion, or to
meet ARARs. Another purpose is to define
total and differential settlement that might
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occur if a new cover system is placed on the
landfill. If excessive settlement is predicted, the
waste will probably require stabilization before
final closure with an engineered cover system.

Existing caps may either be engineered or not.
The degree of sophistication employed in the
investigation of an existing cap will depend to a
great extent on whether it is planned to use all
or pan 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 existing cap will be buried beneath a new
cover), detailed investigations of the existing
cap are usually not necessary. If an existing cap
was not properly designed and constructed, it
wfl] usually not be possible to incorporate the
existing cap within the profile of a new, engi-
neered cover system, although the existing cap
may serve as foundation suppon for the new
cover system. In many cases, a cursory investi-
gation 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 engi-
neered, and information on the design and
construction of the cap is not available, then
preliminary work should be performed to verify
that the cap was properly designed and con-
structed. For example, suppose excavation of
several test pits reveals thai the cap consists of
12 inches of topsoil underlain by 2 feet of low-
permeability soil that appears to have been
compacted. This information suggests that the
existing cap was engineered with the intention
of including a layer of topsoil above a hydraulic
barrier layer. If preliminary information indi-
cates that the cap was engineered, and if it is
desired to investigate the feasibility of incorpo-
rating all 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,
composition, and horizontal extent of the
existing cap (a greater level of detail is
needed if the existing cap is engineered
and will be incorporated in the final
cover system)

• Determine if any hot spots of soil con-
tamination 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

• Document the integrity of the existing
cap (e.g., determine if roots have pene-
trated through the cap) and determine
the geotechnical and other relevant
propenies of the existing cap if the exist-
ing cap was engineered and will be an
integral part of the final cover system

• Evaluate potential settlement (total and
differential) of the landfill and the final
cover system that will be placed on the
landfill

• Evaluate the stability of any slopes and
the capacity of the waste to suppon the
final cover systems and any surficial load-
ings such as those from surface traffic or
construction equipment

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

• Confirming the existence of a liner

• Determining its permeability

• Evaluating, 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 Investi-
gation. The purpose of subsurface sampling is
to obtain a portion of soil (disturbed or undis-
turbed) or land filled materials for chemical and
geotechnical analysis. This can be done by
drilling and taking samples of the subsurface
soils and landfill contents or by excavating test
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pits or trenches. As previously described, sub-
surface 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, ire to:

* Evaluate the integrity of any buried
drums

• Determine the degree of contamination
of any unsaturated soil

Surface geophysical 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), elec-
tromagnetic surveys, and soil gas surveys can be
used to identify lest pit sites. It should be
noted, however, that landfills contain many
products other than metal drums. Therefore.
magnetometers and electromagnetic surveys are
used onK when there is evidence to suggest
large, discrete areas of drum disposal. Trench-
ing, test pitting, and boring installation are used
10 characterize hot spot areas. Test pits and
trenches allow a larger, more representative
area 10 be observed and permit selection of
specific samples from relatively shallow subsur-
face materials (biased grab sampling). Test pits
and trenches are typically dug to confirm the
results of surface geophysical investigations,
while borings are typically 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.

3J.1.2 Procedures

Landfill Type I

A Type I municipal landfill is one in which
co-disposal of hazardous and municipal waste
occurred, but the location of highly toxic and/or
highly mobile material, which presents a poten-
tial principal threat to human health or the
environment (hoi spots), is not known.

Topographic Surveys. Topographic data are
often required to document erosional features,
to identify topographic anomalies that might be
related to deteriorated drums or other hot
spots, and to provide a basis for evaluating the
potential total and differential settlement result-
ing from decomposition of waste or compres-
sion of waste from the weigh) of the final cover
system. The survey should be designed to
define areas with a differential settlement as
small as 6 inches over horizontal distances of
10 feei. To document settlement over lime, a
series of settlement markers should be estab-
lished on a grid pattern of approximately
100 feet (more in areas with known settlement
problems).

Surficia) Soils. Surficial soils are investigated
to determine the distribution and concentration
of contamination, to document erosion patterns,
and to determine if surficial soils should be
included in source control actions. Before the
sampling is initiated, the soils exposed at the
surface should be examined visually for evidence
of staining; field personnel should also look for
signs of vegetation stress. Geophysical tech-
niques such as electromagnetics or ground-
probing radar may be helpful in identifying
anomalies, hot spots, or other zones of surficial
soil that warrant investigation. If it is antici-
pated that an engineered cover system will be
constructed over the area of concern, sampling
of surficial soils may not be necessary or
sampling efforts may be limited. If there is an
engineered cap on the landfill, surficial soil
samples for analysis of contaminant concentra-
tion may not be needed unless surficial soil is
likely to remain as is, and the history of the soil
used for the cap is unknown.

To sample surficial soils, a grid often is super-
imposed on each area suspected of contamina-
tion, e.g., stained areas or vegetation-stressed
areas. Soil samples can be collected at alter-
nate nodes on the grid. The node samples can
be composited to reduce the number of
analyses. The analyses from at least two back-
ground samples should be available for compar-
ison. Background samples should be obtained
from areas with a similar soil composition on
the site, but outside the influence of the site.
Previous activities at any offsite locations
should be considered before collecting back-
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ground samples, since these offsite activities
could introduce contamination.

nation do not change between sampling and
analysis.

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

• 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 anal>ses ^'iould be
collected from the IS- to 24-inch depth
because these compounds tend to evapo-
rate from the soil at shallower depths.

Other sampling depths may be appropriate
based on site-specific circumstances (e.g., depth
to groundwater, soil structure). While samples
from different nodes may be composited hori-
zontally, vertical compositing is not recom-
mended, except over short intervals, because
compositing will obscure analytical 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 characteriza-
tion studies. Additional analytical-parameters
could include RCRA hazardous waste charac-
teristics, total BTU content, and bulk weight of
the material.

The frequency of surficial soil sampling depends
on the characteristics of the soil and waste, and
requires professional 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 a landfill. Sampling will,
therefore, be required at a higher frequency
near the landfill area, since contaminants can be
expected to migrate irregularly.

Sarficial soil samples can be collected using
stainless steel trowels or shovels, hand augers,
or soil sampling tubes. Samples containing
volatile compounds must be sealed to prevent
losses. Special techniques may be required to
preserve soil samples so that levels of contami-

Cap Investigation. The cap investigation must
be carefully planned to maximize the value of
data collected and to ensure that unnecessary
data are not collected. First, it must be deter-
mined whether the existing cap is likely to have
been engineered. In most cases, the existing
cap will not have been engineered, and since it
is recommended that these type cover systems
are not used as part of a new engineered cover
system (except as a foundation) detailed assess-
ment of the geotechnical properties of the cap
materials is usually not necessary. However,
basic information concerning the approximate
thickness and lateral extent of the existing cap,
composition 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 geo-
physical techniques such as ground-penetrating
radar. However, drilling of holes or excavation
of test pits will generally be needed either alone
or as a means to calibrate surface geophysical
techniques. Sampling at a frequency of approxi-
mately 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 appropri-
ately sized grid can be superimposed on several
areas of the existing cap. Samples can be
collected either at alternate 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.

Shallow test pits can be dug to expose a cross
section of the cap. Test pits can be dug by
hand or with a backboe. Test pits are usually
excavated no more than 1 foot below the thick-
ness of the cap. Exploratory borings, drilled
with a hand auger or truck-mounted equipment,
can also yield information on the materials that
make up the existing cap. Sampling tubes can
be pushed or driven into the cap materials if
the characteristics of the in situ material need
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to be identified. Otherwise,'disturbed samples
of materials generally are collected for later use
in 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 lube (often called "Shelby
tube") should be used. Shelby tubes are pushed
into the cap using a drill rig, hydraulic ram, or
other device that provides a straight, steady
push. It is not recommended that the sampling
tube be pushed directly with a backhoe because
that usually tilts the tube. Also, the sampling
lube should never be driven into the soil if an
undisturbed sample is sought. The sampling
tube usually is not pushed more than about 18
inches into the soil; a push of 6 inches or less is
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 sealed in a sample-holding
device or sealed directly in the tube. Samples
then are placed in specially designed boxes thai
hold the samples in position and prevent their
disturbance during transport back to the labora-
tory. Collection of undisturbed samples should
be in accordance with ASTM Standard D1587,
Standard Practice for Thin-Walled Tube Sampling
of Soils. Transport and siorage of samples
should be in accord with ASTM Standard
D4220, Standard Practices for Preserving and
Transporting Soil Samples.

Undisturbed samples are tested routinely to
determine the moisture content and density of
the soil and are subjected to relevant tests to
define the soil properu of interest, e.g., shear
strength. Undisturbed soil samples are some-
times tested for more routine properties, such
as liquid and plastic limn, to develop a basis for
comparing the results of various laboratory
tests.

Tests 10 determine compaction characteristics
are usually 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,
there is usually no need for com pa a ion tests
other than to verify that ihe existing materials
are well or poorly compacted. (In most cases,

the existing cover materials are assumed to be
poorly compacted.)

Sometimes the permeability (to air or water) of
existing cap materials will require evaluation. If
the existing cap, or a layer within the existing
cap, is expected to have a low permeability, a
combination of laboratory permeability tests on
undisturbed samples and field (in situ) perme-
ability tests is recommended. However, field
tests are time consuming and difficult; they are
usually recommended only when the use of the
existing cap materials for a low-permeability
barrier in the final cover system is being consid-
ered. Laboratory permeability tests usually are
performed st a frequency of 1 per acre per lift
on modern, engineered, low-permeability barri-
ers of compacted soil. A similar frequency
would be appropriate for evaluation of a pre-
existing barrier that is thought to have been
engineered or otherwise constructed to achieve
a low permeability. The recommended method
for laboratory permeability testing is ASTM
D50&4, Hydraulic Conduemiry of Saturated
Porous-Materials Using a Flexible Wall Perme-
ameier.

In some circumstances, the existing cap may
have a high permeability, and the material could
be used as a gas collection layer within the final
cover system. Accurate measurement of
extremely high gas permeability is difficult;
accepted methods of in situ testing do not exist.
The permeability- to air is probably best evalu-
ated on the basis of grain size and permeability
to water, as measured in the laboratory. With
an existing material that is suspected of having
a high permeability, the main issue to be inves-
tigated is whether the material has sufficiently
high permeability over the full 2real extent of
the site. Thus, testing of many samples (at leasi
three tests per acre) to establish consistency of
high permeability would be appropriate.

After the initial stage of geotechnical investiga-
tion and sampling is completed, 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 material over the landfill 10
determine the feasibility of constructing and
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compacting materials for the final cover system
on weak, compressible waste materials.

Waste Imtstigation. The physical and biological
properties of the landfill contents have an influ-
ence on the feasibility of placing a final cover
en a site. Some wastes are so compressible or
biologically unstable 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 physically or biologically stabilize the waste
prior to placement of a final cover. The need
to stabilize the waste prior to construction of &
final cover may be a critical issue in the feasibil-
ity study of closure of the site.

The depth of waste must be accurately defined
so that settlement patterns can be calculated.
Surface geophysical techniques, such as seismic
refraction, can be useful in defining the depth
of waste in some circumstances. Drilling soil
borings is the most reliable 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
evaluating the variability of thickness of the
waste because a variable thickness can cause
significant and harmful differential settlement of
the final cover.

It may be advantageous to initiate a program to
measure settlement of the landfill. This would
include the installation of one or more bench-
marks outside the fill area and periodic survey-
ing of settlement markers placed on the surface
of the existing cap. The measurement of settle-
ment may need to extend through the RLFS
and into the remedial design in order to moni-
tor for a sufficient time. Differential settlement
is often more critical to the performance of a
final cover system than is total settlement The
magnitude of differential settlement expressed
as the amount of settlement over a specified
horizontal distance, that exists in a cap can be a
useful indicator of future problems with differ-
ential settlement Sometimes more extensive
testing may be needed to quantify differential
settlement and to define the need for stabilizing
the underlying waste. Examples of these types
of studies include:

• Passage of a heavy, vibratory compactor
over the surface of the site and measure-
ment of the resulting settlement

• Prototype deep, dynamic compaction
(which involves dropping a large 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 potential for
future settlement and generation of gas.
Knowledge of the amount of organic materials,
volatile solids, ash content, and moisture
content usually helps in understanding the
condition and stability of the buried waste.

Geotechnical tests such as shear strength and
consolidation tests often are impractical 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 usually
the case), the engineering team generally will be
forced to rely upon published data on the geo-
technica! properties of waste. These properties
are sensitive to the bulk "density and moisture
content of the waste. An attempt to quantify
bulk density (even if approximate) and moisture
content of the waste may yield valuable data for
purposes of estimating other characteristics of
the waste material.

The potential for the waste to produce gases
from volatilization or decomposition should be
evaluated. Analysts of gas from venting wells
usually is definitive.

Liner Investigations. Liner investigations
should be performed only if previous engineer-
ing studies indicate the presence of a liner and
the liner is easily accessible. In general, soil
borings should not be taken through any liner
because contamination may be spread by punc-
turing the confining layers. However, m prac-

I
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tice, it is impossible to confirm that a liner
exists without drilling to the liner and sampling
it; this will usually require some penetrations.
Hie penetrations must be carefully sealed using
techniques similar to those for sealing monitor-
ing wells.

If the liner extends to the sides of the municipal
landfil, then samples may be collected at the
edge of the liner. For tow-permeability soil
liners, tests to define permeability, as described
for caps, should be performed. For geomem-
brants, the liner samples should be collected
where teachaie seeps are evident, if possible,
and examined for deterioration.

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

Landfill Type II

Landfill contents are generally 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 actual or potential risk to human
health or the environment, and (2) it is practi-
cable to consider excavation and/or treatment of
the contents Landfill sampling is not normally
performed under other circumstances, since it
can be assumed that landfill contents are heter-
ogeneous. The horizontal extent of hot spots
should be delineated using magnetometer, elec-
tromagnetic (terrain conductivity), or soil gas
surveys. Electromagnetic surveys are used prin-
cipally 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 deep as 15 feet beneath
the surface; and soil gas surveys are used to
detect leaking drums containing VOCt. Confir-
mation and contaminant quantification in hot
spot areas are done by excavating test pits or
drilling soil borings.

These survey methods develop numerous data
points. Reduction, processing, and presentation
•re major concerns in proper interpretation and
analyses of the data. If available, data taken in
the field should be electronically recorded and
downloaded to a computer system for proces-
sing. Additional information on the use of
these methods may be found in Quantitative
MagnerirAnatysisof Landfills (Bevan. 1983) and
Magnetic Survey Methods Used in the Initial
Assessment of a Waste Disposal Site (Fowler,
date unknown).

Magnetometer Survey. A magnetometer mea-
sures the total magnetic field of the earth and
its localized perturbations. A metal mass such
as steel drums or other ferrous materials
distorts this magnetic field and is indicated on
the readout. Magnetometer surveys are used at
municipal landfill sites to determine the extent,
location, and relative magnitude of drum
disposal areas and may provide useful informa-
tior tr determining the extent of the landfill
boundary. A magnetometer survey may be con-
ducted rapidly with minimal labor and field
time.

Before conducting a macnetometer survey, an
appropriate'Sized grid i> laid out over the
portion of the landfill suspected to contain the
buried drums. The lines should be generally
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
situations where the size and approximate mass
of a suspected object is known, the characteris-
tics of the suspected object would dictate the
line intervals and points. A fixed point should
be established where base d* . can be collected
at various times during the day. This
information can be used for correction
purposes.

During trie magnetometer survey, the field team
should note any potential interference These
may include any steel on the surface, construc-
tion debris that may contain steel rebar, fences,
power lines, and other buildings. Some of the
local interferences with the magnetometer
sensor can be minimized by increasing the
distance between the ground and the sensor.
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Total field and vertical gradient measurements
are collected using the magnetometer. Vertical
gradient dau have higher resolution than the
total field dau and minimize potential noise
problems (e.g., interference from miscellaneous
tenons materials such as wire). The total field
and vertical gradient data are collected simulta-
neously. At the completion of the magnetome-
ter survey, data can be corrected for the effects
of the diurnal changes in the local magnetic
field. Once this is done, a magnetic contour
map is prepared to interpret magnetic anoma-
lies.

Electromagnetic (Terrain Conductivity) Survey.
An electromagnetic survey measures the con-
ductivity variations between landfill soils and
suspected drum disposal areas. These surveys
indicate where buried drums may be located.
Depth estimates can be generalized by incorpo-
rating magnetometer components and both the
horizontal and vertical components of the elec-
tromagnetic survey data. Magnetometer data is
dependent on the amount of ferrous mass and
the depth of which it is buried. A large mass
thai is buried very deep will look the same as a
small mass buhed near the surface. By combin-
ing the vertical and horizontal electromagnetic
survey data, one can determine how deeply a
particular mass is buried.

The objective of an electromagnetic survey is to
locate buried metallic and/or conduaive masses
such as discrete drum disposal areas. However,
conductivity variations in soils or landfill mate-
rials often limit the survey's ability to distin-
guish the disposal areas. An electromagnetic
survey can be used for rapid data collection
with minimal site preparation.

Before conducting an electromagnetic survey, an
appropriate-sized grid is laid out over the por-
tion 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 spacings. depending on
the depth of investigation required. If soil
conditions permit (U., thin or non-existent clay
layers), ground penetrating radar can also be
used. The different coil separations and orien-
tations (venial and horizontal) help identify
whether conductivity variations are caused by
shallow or deep sources. The data are plotted

and contoured to describe the source disposal
area.

Soil Gas Survey. If a magnetometer or electro-
magnetic survey does not accurately define the
boundaries of subsurface drum disposal areas
and the contaminants of concern are VOCs, soil
gas surveys can be conducted. Also, if the hot
spot is an area of open dumping of hazardous
substances, including VOCs, a soil gas survey
may be useful IB delineating the area extent.
As pan of the soil gas survey, ground probes
are driven to planned depths, and a vacuum
pump is -«d to draw the samples from the
probe. Son gas samples are collected in Tedlar
bags or stainless steel bombs, or are adsorbed
onto carbon or analyzed in the Held with an
OVA Initially, vertical profiles of organic
gases in the soil pore spaces are measured and
plotted at several locations. Based on these
vertical profiles and 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 appropri-
ate-sized grid laid out over the suspected dis-
posal area. Once the location is better delin-
eated, additional sampling on a smaller grid
may be conducted to refine the limits of the
area. If results from the initial venical 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.

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

Test Pits or Trenches. Depending on the
results of the geophysical surveys and soil gas
surveys, test pits or trenches may be excavated.
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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 size 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 normally 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
reveal conditions along a specific line. Further
information on test pits is available in EPA's A
Compendium of Supcrfund 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
access and free movements by haul vehicles and
operating equipment. Excavated soil should be
stockpiled to one side in one location. If possi-
ble, 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 carefully examined for identifying markings.
Information stenciled on drums can sometimes
be used to identify PRPs. Any labels on the
outside of the drums should also be used to
specify additional analytical parameters for soil
testing. Samples are selected by depth, visual
observations (e.g., soil staining), the concentra-
tion or types of VOCs detected during the
screening process, and stratigraphic relation-
ships.

The field supervisor selects the depth intervals
after consultation with the project hydrogeo-
logist and chemist. At least one sample is
collected from each wall and the bottom of the
excavation for field screening. If visual observa-

tions and the field screening procedures indicate
that the samples are similar, they may be com-
posited before laboratory analysis. If visual
observations, field screening, or stratigraphic
relationships indicate that the samples are
different, then they should be analyzed sepa-
rately by the laboratory. Samples of possible
waste materials (e.g., leaks from buried drums
or tanks) should not be composited.

Test pits excavated into fill are generally 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, ground water, and sidewail 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 pres-
ence of liquids in the test pits around them.

Dewatering may be required to assure the
stability of the side walls. This is an important
consideration for excavations in landfill
material. Liquids removed as a result of
dewatering operations must be bandied as
potentially contaminated materials. The water
from any excavated saturated soils and erosion
or sedimentation of these soils should be con-
trolled. A temporary detention basin and a
drainage system should be considered, if neces-
sary, 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 unconlaminated soil.

The analytical results are compared with the
ground water plume data to identify ground water
contaminant source areas. This information is
used to identify the potential for future contam-
inant releases to the ground water, to evaluate
containment, treatment, and disposal alterna-
tives for the hot spots; and to identify PRPs.
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Soil Borings. In some cases it may be appropri-
ate 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 potential
variability in contaminant levels within the hot
spot. Prior to drilling soil borings into a hot
spot, a geophysical 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 also be difficult, as garbage bags,
baling wire, etc., cling to the auger*. Sampling
should be extended to the bottom of the landfill
only in situations where the depth of the land-
fill is known and where it is known that there is
no liner. Sampling should not penetrate the
base of the landfill.

Landfill content samples are usually taken at
intervals approved by the field engineer or
geologist. Samples are typically taken at each
change in material type and arc 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 Sbelby tube, a
pitcher-type sampler, or a piston-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 contam-
inated soil that will be addressed by remedial
action alternatives developed for the landfill
contents or hot spots. Characterization of land-
fill contents is not,necessary when capping is
the only practicable remedial action alternative.

A combination of field instruments and appro-
priate laboratory samples can be used to pre-

liminarily determine the type and extent of
contamination while minimizing cost and time.
However, field analytical techniques have cer-
tain limitations:

• OVA or PID. If VOCs are in the soil,
the use of an organic vapor analyzer
(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 sampLng, temperature, seal of lid
on sample container, and wind. The
results of the head lace reading indicate
VOC contamination, but usually do not
produce quantitative results. It should be
noted, when selecting an instrument, that
an OVA will detect methane where a
PID will not.

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

• Metals Analyses. Field instruments for
metals analyses 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 Analysis.
Polychlorinated byphenyls (PCBs) in the
soils can be detected in the field using
the proper extraction solvent and gas
chromaiograph (GC). These surveys can
provide immediate information on the
lateral extent of soil contamination.
However, this usually requires the use of
a field lab set up at the site and generally
is a large expense for timely turnaround
(PCBs can be analyzed on a field porta-
ble GC. with the right column).

• Acids or Bases. Soil pH can be mea-
sured by mixing standard volumes of soil
and deionized water and measuring the
resulting pH of the slurry with a pH
meter.

1
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33.2 Data Requirements

To evaluate the various remedial action alterna-
tives for landfill cements and hot spots, data
gathered before or during the site characteriza-
tion of landfill contents/hoi spots should
include:

• 1-fooi contour maps on an appropriate
scale (e.g., 1 inch equals 50 feet) so that
slope length and gradients an be
assessed for capping alternatives

• Soil characteristics, including permeabili-
ty, grain size, Anerberg limits, and ero-
sion rates, for grading, capping, and ther-
mal treatment alternatives

• Waste characteristics of hot spot areas
including TAL metals, TCL organics.
RCRA waste characteristics (e.g., ignita-
bility, corrosivity, reactivity), total BTU
content, bulk weight of the material, and
results of any pilot testing (if necessary)
for thermal treatment alternatives

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

• Existing cap characteristics

• Geologic characteristics and ground water
depth for capping and hoi spot excava-
tion alternatives

• Future uses of the site

3.3.3 Landfill Contents/Hot Spots Summary

Table 3-4 summarizes the sampling require-
ments for soils and landfill contents. Figure 3-3
shows a logic diagram for the decisions neces-
sary to characterize soils and landfill contents
by >andfil] type. For Landfill Type I, the follow-
ing site characterization is necessary:

• Soils at leachate seeps
• Areas with stressed vegetation
• Stained soils
• Existing caps and liners, if accessible

Geophysical surveys and test pits are not
required.

For Landfill Type II. the following site charac-
terization steps are necessary:

• Soils at leachate seeps

• Areas with stressed vegetation

• Stained soils

• Existing caps and liners, if accessible

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

3.4 Landfill Gas
Several gases are typically generated by decom-
position of organic materials in a landfill. The
composition, quantity, and generation rates of
the gases depend on such factors as refuse
quantity and composition, refuse placement
characteristics, landfill depth, refuse moisture
content, aar mount of oxygen present. The
principal ga.--.v generated are carbon dioxide,
methane, nnr jgen , and occasionally, hydrogen
sulfide. Vinyl chloride, toluene, benzene.
hydrogen cyanide, and other toxic contaminants
may also be present.

During a landfill's early stages the refuse under-
goes aerobic decomposition, and the principal
gas generated is carbon dioxide. Once all the
free oxygen is depleted, the refuse decomposi-
tion becomes anaerobic, and the principal 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 an inhalation hazard and can
become soluble in groundwater.

3.4.1 Landfill Gas Investigations

3.4.1.1 Objectives

The goal of landfill gas characterization is to
identify areas in the landfill containing high
concentrations of explosive or toxic landfill gas
to:

• Perform an assessment of human health
risks due to air toxics and explosive
hazards
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Table 3-4
SUMMARY OF SAMPUNG REQUIREMENTS FOR SOEL AND LANDFILL CONTENTS

Medium To Be
Investigated

Surfictal soil -stained or
stressed areas, leachate
seeps
Existing cap

Existing liners, if
accessible

Landfill contents

Hot spots

Sample Location

Horizontal composites from
alternate grid nodes or random
locations on the grid.
Representative random areas and
areas where erosion, cracking,
fracturing occurs.
Accessible edge.- of liner.

Random areas in landfill of less
than 100,000yds3.'

Grids for surface geophysical
methods, one sample from each
wall and bottom of test pit-- --""'
composite or discrete.

Considerations

Metals and cyanide at 0-6 inches.
Volatile organic ai 18-24 inches.

Permeability, compaction tests.
Test pits to determine cap depth.

Clay and soil-permeability,
compaction.
Geotextile-suspectibiliry to
chemical damage.
Stratigraphic changes, analyses for
contaminants indicated by record
search.
Use surface geophysical methods
first, excavate test pits.

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

• Evaluate the feasibility of gas collection
and treatment

• Evaluate other remedial actions

The landfill gas investigation can be focused to
colleu data specific to the remedial alternatives
available for landfill gas. These remedial alter-
natives typically include active or passive landfill
gas colle^ion systems which are described in
Section 4.<i. Thr following subsections discuss
the objectives, the procedures, and general
guidelines for SIR 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

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 areas 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 already known. However, note that any
field screening instrument employing a PID will
not respond to methane due to methane's high
ionization potential. Flame ionization deteciors
such as the OVA can be used to screen for
methane. Methane-specific Draeger tubes can
a ho provide a qualitative measure of the
presence Ot methane in landfill gas. Analysis
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should include VOC analysis to identify the
presence of toxic organics. If specific contami-
nants of concern have been identified, contami-
nant-specific Draeger tubes can be used. If
specific contaminants have not been identified,
GC analysis 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 appro-
priately sized grid can be superimposed on a
target 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 produc-
tion. The use of soil gas probes can also be
helpful in evaluating potential offsiie migration.

Samples are analyzed using a gas chromato-
graph. Sampling equipment should be decon-
taminated between sampling points to prevent
any cross-contamination. Using the OVA with
a charcoal pre-filler can help improve the quali-
tative measure of methane concentration in
landfill gas. The charcoal 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 in size (e.g., approx. 1 foot deep). It
is covered with a board 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 steel
canister). The Tedlar bag samples can be ana-
lyzed using the OVA or by onsite analysis using
a mobile GC, and is typically 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 air/gas collection devices that can be
shipped for offsiie analysis more readily than
the other collection devices, but are expensive
and require elaborate decontamination proce-
dures before they can be reused. Special care
should also be taken with the field and trip
blanks for air samples due to possible cross-
contamination or laboratory problems.

Landfill Type II. Like 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 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 con-
taminants (such as VOC& suspected to be
present) on a tighter grid, based on the size of
the hot spot area. Sample collection proce-
dures described for Landfill Type I can be
employed; VOC analysis 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 labora-
tory' analysis of these specific contaminants
should be conducted. If specific contaminants
have not been identified. GC analysis for TCL
VOCs should be performed.

Further information on landfill gas sampling
methods is available in EPA'sX Compendium of
Superfund Field Operations Methods (EPA,
1987h).

3.4.1.3 Guidelines

A gas monitoring program is difficult to estab-
lish because of the difficulty in predicting where
the gas will migrate. If the cover material for a
landfill has a high clay content, is well
compacted, or is wet or frozen, it is not too
likely that the gas will diffuse uniformly up
through the cover. Plots of isoconcemration
lines of gas concentrations determined from
field monitoring may assist in determining
migration patterns. Monitoring for landfill gas
around the perimeter of the landfill may also be
useful in determining lateral migration patterns.

A landfill gas monitoring program may also
include some sampling in residential areas.
This may include sampling for landfill gas in
nearby basements of residential or commercial
buildings.

3.4.2 Data Requirements

A detailed description of landfill gas remedial
action alternatives can be found in Section 4.4.
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Section 1
INTRODUCTION

L

[In

L

This appendix has been developed to illustrate
how information provided in the body of this
repon-specifically, in Sections 2, 3, and 4 of
Conducting Remedial Investigations/Feasibility
Studies for CERCLA Municipal Landfill Sites-
could be used to develop a scope of work for a
specific landfill site. The example provided in
this appendix should be useful to EPA, states,
potentially responsible panics (PRPs), and
remedial investigation contractors.

Specifically, the purpose of this appendix is:

• To present the scope of work to be com-
pleted at an example site including a site
description, objectives of the RUFS, and
task-by-task breakdowns of the planned
work

• To illustrate an example of the level of
characterization for a CERCLA munici-
pal landfill site necessary to support
subsequent decisions (This level of char-
acterization is based on previous experi-
ence and best engineering judgment.)

• To identify preliminary remedial action
alternatives 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 this
report on Development and Selection of
Remedial Action Alternatives.)

This RLFS characterization strategy is devel-
oped for a specific municipal land. '1 site, here-
after referred to as the example site. This docu-
ment will focus on hoi spots, seeps, landfill gas,
and groundwater/leachate as the principal media
of concern. These were selected because they

are generally 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 potentially affected media,
such as wetlands, 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
appendix, 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 Rl/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 decisions made from evaluating existing
data, conducting limited field investigations, and
developing data quality objectives. Future tasks
required for conducting the Rl/FS are described
next. These tasks follow the standardized RVFS
tasks described in Appendix B of the Rl/FS
Guidance (U.S. EPA, 1988a).

The example site is a municipal landfill that is
located in • primarily rural area of County X,
Wisconsin. The site was proposed for the NPL
in 1982 after site inspection and HRS scoring
by an EPA Field Investigation Team (FIT).
Investigation by FIT indicated elevated levels of
volatile organic compounds (VOCs) and metals
in groundwaier samples taken from nearby
residential wells.
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The overall goals of the RI/FS for the example environmental risks associated with
site are: contaminants found at the site

• To complete a field program at the site * To develop and evaluate remedial alter-
for collecting data to determine the natives for the site if there are unaccept-
nature and extent of contamination at able human health or environmental
the site and the human health and risks
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Section 2
EVALUATION OF EXISTING DATA

This section presents a summary of the avail-
able information on the example site. Informa-
tion was obtained from the HRS package, state
files, interviews with past employees of the
landfill, records kept by the landfill, and
available engineers' reports for closure of the
landfill. This section includes the following
subsections:

• Siie Description
• Site History
• Regional and Site-Specific Geology'
• Hydrology
• Hazardous Materials Characterization
• Cap Characterization
• Description and Results of Past Sampling

and Analysis Activities

2.1 Site Description
The example site, shown in Figure 2-1, is
approximately 60 acres and is located in
County X, Wisconsin, an area that is primarily
rural There are six residences located within
one-half mile of the site and a community of
300 people is located 5 miles northwest of the
landfill. The primary use of the land near the
site is fanning.

Approximately 20 acres of the 60-acre site are
composed of a landfill which accepted both
chemical wastes and municipal trash. Existing
structures on the site include a gate house and
an office. There is a small tributary running
within 200 feet west of the site which discharges
into the Polk River. Private drinking water
wells, screened within a sand and gravel aquifer,
are located downgradiem of the site. The
landfill was closed by the state in 1980 when
contamination was found in these residential
wells.

Industrial, commercial, and municipal wastes
are generally mixed throughout the fill area,
with the exception of liquid industrial solvent
wastes which were generally restricted to the
southeastern half of the landfill. Between 2980

and 1982, exposed areas in the southern half of
the landfill were temporarily covered with a
partial cap consisting of 2 feet of compacted
clay. The remainder of the landfill has a
temporary soil cover although there are some
areas of exposed waste. Some of the contami-
nants of concern are trichloroethene (TCE) and
vinyl chloride (VC) in the soil and ground water;
lead, arsenic, and total chromium in the soil;
and methane gas.

2.2 Site History

A summary of the landfill's history was
formulated after reviewing relevant site records
and correspondence for information regarding
site operations, waste disposal practices, waste
descriptions, site engineering studies, historical
aena)-photographs, and potentially responsible
party operations. A condensed version of the
site history follows.

The landfill, which is privately owned, was
licensed by the State of Wisconsin to operate
from 1969 to 1980, when the state ordered its
closure. State files 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 specifically for the disposal of
liquid industrial solvents. Interviews with site
operators indicated that the solvents were
disposed of in the southeastern portion of the
landfill to satisfy the state's requirements;
however, disposal was generally done through-
out the landfill prior to this time. Landfill
operations during the first three years of opera-
tion were conducted without an attendant.
Thereafter, operating hours were posted and an
operator was present to record incoming waste
and to measure the n on residential waste for
record-keeping and billing purposes.

Daily landfill operation records indicate thai
two major industrial companies began solvent
wasie disposal in 1970. The solvent wastes were
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To evaluate the various remedial action alterna-
tives, data gathered before or during the site
characterization of landfill gas should include:

Contour maps to
migration patterns

determine possible

• Geologic, bydrogeologic, and soil charac-
teristics including permeability, moisture
content, geologic strata, pH, and depth to
bedrock and ground water to determine
potential gas migration patterns

• Landfill gas characteristics including
composition, moisture content, quantity.
and heat and methane content to deter-
mine treatmeni 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 decision 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 sampling 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 envi-
ronments. Sensitive environments next to
municipal landfills may be contaminated by
inflows of leachate through the surface water or
ground water pathways. In addition, contami-
nated sediments in wetlands may adsorb heavy
metals or complex organics in leachate and
source material from municipal landfills. The
following subsections broadly discuss the objec-
tives, procedures, and guidelines for characteriz-
ing nearby wetlands and sensitive environments.

3.5.1 Wetlands and Sensitive Environment
Evaluation

Data gathered before or during the environ-
mental evaluation will be used to characterize
the contamination and its extent (e.g.. sediment
volume) and to assess the impact of contamina-
tion on indigenous biota. Wetlands should be
delineated in accordance with the Federal
Manual for Identifying and Delineating
Junsdiciional Wetlands (U.S. Fish and Wildlife
Service, et al., 1989).

Table 3-5
LANDFILL GAS SAMPLING PROGRAM

Landfill Type

I

II

Sampling Locations
Soil gas probes at nodes of 100- by
100-foo: 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).

Analysis
Methane and VOCs.

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
sensitive environments (e.g., habitats,
wildlife)

* Determine the impact of remedial action
on wetlands or flood plains

These environmental evaluations are normally
performed, if the municipal landfill is built on
or next 10 wetlands or other sensitive environ-
ments. The principal focus of these investiga-
tions is the sediments. However, other media
of concern may include surface water and
aquatic species. The environmental evaluation
should provide information regarding compli-
ance with other environmental statutes, such as
the Endangered Species Act, the Coastal Zone
Management Act, and the Executive Order on
Floodplains and Wetlands. Additional informa-
tion on conducting environmental evaluations
can be found in Risk Assessment Guidance for
Superfund, Volume II--En\'ironmenta! Evaluation
Manual (U.S. EPA. 1989c).

3.5.1.2 Procedures

Landfill Type 1. The approach to the environ-
mental evaluation will be the same for both
landfill types. A review of the data from the
leachate investigation (Section 3.2.1) and the
land f i l l content/hot spot investigation
(Section 3.3.1) may be useful in determining
contaminants that may affect wetland areas.

If surface water drainage patterns indicate pos-
sible deposition of contaminated sediment in a
wetlands area, a minimum of one coi oosite
sediment urn pie from the major drainage chan-
nel and at least two background sediment
samples from the wetlands area should be
collected. If the composite sample is contami-
nated, then additional grab samples should be
collected to delineate the areal extent of con-
tamination. The number of additional samples
to be collected should be determined on a case-
by-case basis, depending on the potential extent
of contamination.

In areas where vegetation stress is visible, com-
posite sediment samples should be collected
near the affected Dora. Two background sam-
ples, if not already 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 qualified field biologist should survey the
area and note plant and animal species, if the
area is indicated as a sensitive environment
during the records searches or the site visit.
Any remedial action alternatives considered for
the site should include mitigation procedures
for thcic sensitive environments.

Landfill Type II. The environmental evaluation
will be the same for Type II landfills as for a
Type I landfill. However, the investigation 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 investigations 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 contamina-
tion is present and will barm the sensitive envi-
ronments, then aquatic and terrestrial tissue
sampling or acute or chronic toxiciry testing
should be considered to fun her assess the
impact of the site. Biota sampling could
include:

• Sampling of visibly affected plant life

• Invertebrate sampling in riverbeds

• Fish shocking, if recreational fishing area
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• Capture and sampling of native wildlife,
if it is known to be consumed by humans

Terrestrial and aquatic tissue sampling is labor
intensive and expensive and should only be
conducted if warranted by the exposure assess-
ment. 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 tilled Guidance for
Conducting Remedial Investigations and Feasibili-
ty Studies Under CERCLA (U.S. EPA, 1988d).
and EPA's A Compendium of Superfund Field
Operation Methods (EPA, 1987h).

3.5 J Data Requirements

A description of remedial action alternatives for
wetlands contamination can be found in Seaion
4.6. To evaluate remedial action alternatives,
data gathered before or during the environ-
mental site characterization should include:

• Contaminants and concentrations in the
sediments and volume of contaminated

sediments to assess remedial action alter-
natives

• Species of flora and fauna that may be
affected by contaminants and remedial
action alternatives (Fauna should include
birds, terrestrial wildlife, and aquatic
wildlife.)

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

3.5 J Wetlands Summary

Table 3-6 summarizes the sampling rationale for
an environmental evaluation, while Figure 3-5

Table 3-«
SUMMARY OF SAMPLING REQUIREMENTS

FOR ENVIRONMENTAL EVALUATION

Media to Be
Investigated Sample Locations

Minimum Number of Samples

Wetlands Collected sediment sample from
affected area and background samples.

Collect additional sediment samples to
confirm extent of contamination.

One composite sample per major
drainage channel; two background.

Depends on size of potentially
contaminated area.

Sensitive
Environments

Observe sample aqua tic'terrestrial life
in affected area.

Collect aquatic/terrestrial life for tissue
studies.
Collect sediment sample from stressed
area.

Depends upon biota in affected
area.

Depends upon biota in affected area.

One composite sample per area.

Groundwater
(Section 3.1)

Collect surface water sediment and
groundwater samples.

(See Seaion 3.1)

3-32



i I

Are wetlands
erwnclivA

flnvironfTtent$
totaled near
landfill site?

Yes

Have
•urfaoe

vattrand
•tdiment

samples been
collecied
before?

/
Vts

Ar«
pftvwus
ump*s
adequate

to eharactarize
wnsiitvc

Yes

iii

L

Have
aquanc /

trrtflriat biota
bMn Kurveyed
prtviously ?

No

Yes

Sample S'jrlact water -
Mdimtffl local ens in
the sensitive environment.
Survey biota •

Data from toachaie,
turtao* wiitr, and

groundwaltr
inv«)igationc

CHARACTERIZE
SENSITIVE ENVIRONMENT

NEAR MUNICIRU LANDFILL SITE

Figure 3-5
LOGIC DIAGRAM FOR ENVIRONMENTAL
ASSESSMENT NEAR MUNICIPAL LANDFILLS



shows a typical flow chart to determine
sampling locations. The sampling and monitor-
ing locations apply equally 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

• Leachate seepage to groundwater, which
recharges to a surface water body

3.6.1 Surface Water Investigation

The surface water investigation must be coordi-
nated with the groundwater, leachate, and land-
fill contents hot spots investigations (Sections
3.1, 3.2, and 3.3. respectively). The rationale for
the location of surface water sampling and mon-
itoring points is often derived from the investi-
gation of other media.

3.6.1.1 Objectives

The objectives of the surface water investigation
are as follows:

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

• Determine contaminant concentration in
upstream samples

• Evaluate surface water hydrology, includ-
ing drainage patterns, flow, and surface
water/groundwater relationships, as
necessary

• Determine the waste characteristics of
surface water and sediments

• Determine the extent of contamination
and sediment volumes

• Determine the tidal or seasonal effects of
the surface water on the landfill

• Determine impact of flooding on cap
design and potential erosion

Much of the above information can be obtained
through record searches, initial site investiga-
tions, 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 supple-
ment this information (see Guidance for
Conducting Remedial Investigations and Feasibil-
ity 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 II landfills. However, since unknown
amounts of hazardous wastes may be com-
mingled with municipal wastes, migration of
contaminants to surface waters via leachate and
runoff may also be of concern at some Type I
landfill sites. The approach to both investi-
gating surface water and sediment contamina-
tion will be similar for both landfill types. The
types of surface waters that may need to be
investigated at municipal landfill sites include
rivers, streams, lakes, ponds, or lagoons.

Many municipal 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 adja-
cent 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.
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Typical analytical parameters for surface water
and sediment samples include pH, temperature,
TSS, salinity, and specific conuminant concen-
trations. These data provide capacity of the
water to cany 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's
Compendium of Superfund Field Operations
Methods (EPA, 1987h).

If contamination of a river is suspected or docu-
mented, river water levels and corresponding
flows should be monitored upgradient from the
site and downgradiem from any leachate seeps
or runoff. This information can be used to
assess dilution effects and potential seasonal
variations in conuminant concentrations due to
changing water levels. Care should be uken
when choosing river flow monitoring locations
so thai impacts from permitted or nonpermitted
discharges from industries or adjacent landfills
are avoided. Often, USCS and various state
agencies monitor river flow at various points
along major 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 reason-
able estimate for site characterization. If the
river is not monitored, a minimum of two water
level staff gauges should be installed, one
upgradient from the site and one dowagradient
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 mea-
surements are required to determine tidal or
seasonal influences.

Some municipal landfills are located near inter-
mittent streams. These streams often transport
contamination from landfills as a result of
surface water runoff during or after periods of
heavy rainfall. Contamination can also be the
result of an accidental release of contaminants
such as overflow of a surface impoundment. If
contamination is suspected as a result of sea-

sonal landfill runoff, surface water and sediment
samples should be collected during or immedi*
atety following periods of heavy rainfall. An
evaluation 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 the
site, if possible. Additional surface water
samples may be collected to assess toe 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 municipal landfills are situated near lakes
and ponds or have small ponds on the site.
Lakes^ajkd ponds are often contaminated by
surface water runoff and leachate seeps from
the landfill. In addition, groundwater contami-
nated 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
uken to prevent cross-con lamination from
industrial dischargers and other landfills.
Additional sampling may be required to assess
seasonal/tidal fluctuations and multiple point
discharges

Larger surface water bodies should be moni-
tored to deu-mine tidal and seasonal fluctua-
tions that affect the extent of contamination
and groundwater flow.;. As mentioned above,
the USGS and other agencies may already mon-
itor water levels and flows to lakes. These data
bases should be used. USGS dau can be found
in their WATSTORE files, and U.S. EPA data
can be found in their STORET files. Precipita-
tion data can be obuined from local weather
bureaus or the National Climatic Data Center
in Asheville, North Carolina.
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Landfill Type II. For landfills thai are
suspected or known to have hot spot areas,
investigation and remediation of hot spot areas
may be a viable means of reducing or
eliminating the source of contamination of
surface water and sediment contamination. In
some situations, hot spots may extend into
surface water sediment. Information on charac-
terizing hot spots can be found in Section 3.3.

34.1.3 Guidelines

Data to be collected should include sampling of
potentially affected surface waters and sedi-
ments from ponds, lakes, rivers, and streams
(upgradient and downgradient).

At a minimum, surface water and sediment
samples should be collected near drainage or
leachate seeps. Background samples should
also be collected upgradient of leachate seeps
and upstream of the landfill site for streams and
rivers.

The determination of analytical parameters for
sediment and surface water samples should
correlate with leachate analysis and hot spot
analysis. A review of the data generated from

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
municipal landfill sites. However, removal and
management of contaminated sediments from
surface water may be required. A description of
remedial action alternatives 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 locations for surface waters. A now.
chart summarizing the decisions necessary to

Table 3-7
SAMPLING AND MONITORING RATIONALE FOR SURFACE WATER

AND SEDIMENTS NEAR MUNICIPAL LANDFILL SITES

Location

Rivers

Intermittent
Streams

Ponds

Lakes

Sampllng/TlTdrologlcal Monitoring
Location

Upgradient of site, down gradient of
site.

Background samples.

Upgradient and downgradient from
leachate seep/surface water run-
offseep.

Points of known run-off/seep and
background samples.
Points of known run -oft seep and
background samples.

\

Considerations

Tidal influence, seasonal influence, leachate
seeps, groundwater recharge, number of
rivers/streams bordering the site.

Seasonal influence.

Seasonal influence, ground water
relationship, other related rivers or streams.
Tidal influence, seasonal influence, 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 Baseline Risk Assessment
Baseline risk assessments evaluate the potential
threat to human health and the environment in
the absence of any remedial action. They often
provide the basis for determining if remedial
action is necessary and the justification for
performing remedial actions. The baseline risk
assessment can also be used to support a
finding of imminent and substantial endanger-
ment if such a finding is required as pan of an
enforcement action. It should be noted that the
risk assessment is performed by EPA regardless
of whether it is an enforcement-lead site or not.
Detailed guidance for conducting risk assess-
ments is provided in the Risk Assessment
Guidance for Superfund, Volume J-Human
Heali^. Evaluation Manual (U.S. EPA, 1989j);
and the Risk Assessment Guidance for Super-
fund-Environmenial Evaluation Manual (U.S.
EPA, 1989c).

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

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

• Environmental fate and transport mecha-
nisms, such as physical, chemical, and
biological degradation processes and
hydrogeological conditions

• Potential human and environmental
receptors

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

• Levels of uncertainty associated with the
above items

The level of effort required to conduct a base-
line risk assessment depends largely on the
complexity of the site. The goal is to gather
sufficient information to characterize the poten-
tial risk from a site adequately and accurately,
while at the same time conduct this assessment
as efficiently as possible. Use of the conceptual
site model developed and refined previously 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

• Quality and quantity of available moni-
toring 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 migra-
tion and the proximity, characteristics,
and size of potentially exposed popula-
tion (s)

• Availability of appropriate standards
and/or ton city data

3.7.1 Components of the Baseline Risk Assess-
ment

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

• Contaminant identification
• Exposure assessment
• Toxitiry 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 10 identify contaminants of concern to
forvs subsc/jpent effons in the risk assessment
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process. Contaminants of concern may be
selected because of their intrinsic lexicological
properties, because they are present in Urge
qua mi ues, or because they are presently in or
potentially may move into critical exposure
pathways (for example, drinking water supply).

3.7.1.2 Exposure Assessment

The objectives of an exposure assessment are to
identify actual or potential exposure pathways,
to characterize the potentially exposed popula-
tions, and to determine the extent of the expo-
sure. Detailed guidance on conducting expo-
sure assessments is provided in the Exposure
Factors Handbook (U.S. EPA, I989dd), and in
the Superfund Exposure Assessment Manual
(U.S. EPA, 1988aa).

3.7.1 J Toxicit) Assessment

Toxicity assessment, as pan of the Superfund
baseline risk assessment process, considers
(1) the types of adverse health 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 chemical's potential
carcinogenicity in humans.

3.7.1.4 Risk Characterization

In the final component of the risk assessment
process, the potential risks of adverse health 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
developed during the exposure and tcoticity
assessments to characterize the potential or
actual risk, including carcinogenic risks, noncar-
cinogenic risks, and environmental risks. Tne
final analysis should include a summary of the
risk* associated with a site including each
projected exposure route for contaminants of
concern and the distribution of risk across vari-
ous sectors of the population. In addition, such
factors as the weight-of-evidence associated with
toxiciry information, and any uncertainties asso-
ciated with exposure assumptions should be
discussed.

3.7.2 Using the Baseline Risk Assessment to
Streamline Remedial Action Decisions

The baseline risk assessment often provides
justification for performing remedial action at a
site. Once a potential risk to human health or
the environment has been demonstrated, an
evaluation of the appropriate remedial mea-
sures to mitigate the 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 mea-
sures. Options for remedial action at municipal
landfill sites, however, are often limited. There-
fore, in many cases, it may be possible to
streamline or limit the scope of the baseline
risk assessment in order to initiate remedial
action on the most obvious landfill problems
(groundwater/leachaie, landfill contents, and
landfill gas). Ultimately, it will be necessary to
demonstrate that the final remedy, once imple-
mented, will address all pathways and contami-
nants of concern, not just those that triggered
the neejMbr remedial action.

Rapid implementation of protective measures
for the major problems at a landfill site ma\ be
accomplished by:

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

2. Identifying pathways that are an obvious
threat to human health or the environment
by comparing RI-derived contarr;nant con-
centration levels to standards that are pot 'fi-
lial chemical-specific applicable or relevant
and appropriate requirements (ARARs) for
the action. These may include:

• Non-zero maximum contaminant level
goals (MCLGs) and MCLs for ground-
water and leachaie (40 CFR 300.430(e})

• State air quality standards for landfill gas
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When potential AKARs 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 clearly
exceeded, remedial action is generally warranted
(quantitative assessments that consider all
chemicals, their potential additive effects, or
additMty of multiple exposure pathways are not
necessary). In cases where standards are not
dearly fxwded • more thorough risk assess-
ment may be advisable before deciding whether
or not to take remedial action.

The benefits of perforrainit 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 leach-
ate seepage that had been contaminating
surface water and wetlands is stopped as a
result of an early action, then the risk assess-
ment developed subsequently for the stream
sediments and wetlands should assume no
further loading. Any early actions also need 10
be designed for flexibility so that they will be
insistent with subsequent actions. For

example, it may be necessary to adjust a
groundwater pump-and-treat early action
designed to attain MCLs to achieve even lower
levels, determined to be necessary under a sub-
sequent risk assessment, in the interest of
protecting environmental receptors in the wet-
lands into which the groundwater discharges.

Although this process allows for early imple-
mentation of remedial measures, a risk assess-
ment will be required to demonstrate thai the
final remedy at the site is protective of human
health and the environment.

3.8 Section 3 Summary
This section provides information on how to
characterize CERCLA municipal landfill sites
so that site dynamics and site risks can be
defined. Also included in this section is a
description of the baseline risk assessment for
municipal landfills. Section 4 describes technol-
ogies most practicable for remediating
CERCLA municipal landfill sites. The informa-
tion in these two sections can then be used to
assist in the development of appropriate reme-
dial action alternatives to mitigate potential
adverse human health and environmental
impacts of municipal landfill sites.

3- 40



i.

[
r

n

i:
r

Section 4

Detailed Description of Technologies



Section 4
DETAILED DESCRIPTION OF TECHNOLOGIES

ill

4.1 Remedial Action Objectives
Because many CERCLA municipal landfill sites
share similar characteristics, they lend them-
selves to remediation by similar technologies.
EPA has established a number of expectations
as to the types of remedial alternatives that
should be developed during the detailed analysis
stage; they are listed in the National Contin-
gency Plan (40 CFR 300.430(a)(l)). For muni-
cipal landfill sites, it is expected that:

• The principal threats posed by a site
will be treated wherever practical, such
as in the case of remediation of a hot
spot.

• Engineering controls such as contain-
ment v.:ii be used for waste that poses a
relate LA low long-term threat or where
treatment is impractical.

• A combination of methods will be used
as appropriate to achieve protection of
human health and the epvironmem. An
example of combined methods for
municipal landfill sites would be treat-
ment of hot spots in conjunction with
containment (capping) of the landfill
contents.

• Institutional controls such as deed
restrictions will be used to supplement
engineering controls, as appropriate, to
prevent exposure to hazardous wastes.

• Innovative technologies will be consid-
ered when such technologies offer the
potential for superior treatment perfor-
mance or lower costs for performance
similar to that of demonstrated technol-
ogies.

• Groundwater will be returned to benefi-
cial uses whenever practical, within a
reasonable time, given the particular
circumstances of the site.

As a first step in developing remedial action
alternatives, remedial action objectives need to
be developed. Typically, the primary remedial
action objectives for remediating municipal
landfill sites include:

• Preventing direct contact with landfill
contents

• Reducing contaminant leaching to
groundwaier

• Controlling surface water runoff and
• erosion

• Remediating hot spots

• Collecting and treating contaminated
ground water and leachate

• Controlling and treating landfill gas

• Remediating contaminated surface
water and sediments

• Remediating contaminated wetland
areas

Based on the above remedial action objectives
for CERCLA municipal landfill si es and the
EPA expectations outlined in th': \CP, the
following points should be considered in order
to streamline the development of remed al
action alternatives:

• Generally, the most practicable remedi-
al alternative for landfills is contain-
ment (capping). Depending on site



characteristics, 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 a landfill
cap is a potential alternative in cases
when treatment is not practicable or
necessary.

• Extraction and treatment of contami-
nated groundwater and leachate may be
required to control offsite migration of
wastes. Additionally, extraction and
treatment of leachate from landfill con-
tents may be required. Collection and
treatment may be necessary indefinitely
because of continued contaminant load-
ings from the landfill.

• Constructing an active landfill gas
collection and treatment system should
be considered where (1) existing or
planned homes or buildings may be
adversely affected through either explo-
sion or inhalation hazards, (2) final use
of the site includes allowing public
access, (3) the landfill produces exces-
sive odors, or (4) it is necessary to
comply with ARARs. Most landfills
will require at least a passive gas collec-
tion 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 decision (RODs) EPA has signed through
FY 1989 for CERCLA municipal landfill sites
indicates that certain technologies are imple-
mented more often than others (Appendix B).
Based on this review of technologies used most
frequently at CERCLA municipal landfill sites
and, based on the NCP expectations, a list of
technologies has been developed. The descrip-
tions in this section of these technologies is
intended to streamline the RiyFS process by
making available a list of technologies practical
for use at CERCLA municipal landfills. The
list of technologies described in this section is
not intended to alleviate the responsibility of
the feasibility study team to consider other.

possibly appropriate technologies. Design con-
siderations 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 con-
sidered when assembling technologies into alter-
natives. For example, leachate. contaminated
groundwater, and landfill gas condensate may
all require treatment using some or all of the
same processes.

While the descriptions focus primarily on tech-
nologiei 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 alternatives is not necessarily
unique to landfill sites. Likewise, mitigation of
wetlands is addressed because a significant
number of municipal landfill sites are located
wiihin or close to wetlands.

4.2 Landfill Contents

4.2.1 Access Restrictions

Access restrictions at municipal landfill sites are
intended to prevent or reduce exposure to
onsite contamination. They include actions
such as fencing, signage, and restrictive cove-
nants on the property deed to prevent develop-
ment 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 a remedial alternative
such .as a landfill cap. Some of the conditions
at a municipal landfill site that may warrant
access restrictions include:

• Landfills where no cap has been
constructed

• Landfills where passive venting of land-
fill gas is being used or cases where no
landfill gas controls have been imple-
mented and gas emissions may be a
health hazard
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* Landfills where erosion of the cover
may be of concern (limit all-terrain
vehicles, vehicular traffic, creation of
foot paths, etc.)

* Landfills where liability' concerns may
warrant limiting access

Situations where access restrictions such as
fencing may not be necessary include:

• Rural areas where heavy use is unlikely
and where occasional trespassing, such
as for hunting, does not present a risk

• Urban areas in situations where the
landfill is capped and landfill gas does
not present a significant risk and where
the local community may desire thai 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 trespass-
ers of potential risks.

The two types of access restrictions most used
at municipal landfill sites include deed restric-
tions and 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 are intended to prevent or limit site
use and development. Restrictive covenants,
written into the landfill property deed, notify
any potential purchaser of the landfill property
that the land was used for waste disposal and
that the land use must be restricted in order 10
ensure the integrity of the waste containment
system. The effectiveness of deed restrictions
depends on state and local laws, continued
enforcement, and maintenance. Most restric-
tions are subject 10 changes in political jurisdic-
tion, legal interpretation, and level of enforce-
ment. Some, such as aquifer use restrictions,
are voluntary and are not enforceable. In addi-
tion, some states do not allow deed restrictions
to be placed on properties due to inherent
problems associated wjih enforcement.

Because deed restrictions are generally used in
conjunction with other remedial actions, the
specific prohibitions outlined in the restrictive
covenant are based on the type of remedial
action implemented at the site and how. the
effectiveness of that remedial action can be
improved through deed restrictions. For
municipal landfill sites, the major purpose of
deed restrictions is to protect the integrity of
the cap. The restrictive covenant should limit
subsurface development (excavation), excessive
vehicular traffic (including off-road vehicles and
din bikes), and groundwater use. Additional
deed restrictions may be required for effective
implementation of other technologies. The
permissible uses/limitations for the specific
landfill property should be identified based on
the risk the site poses and the remedial actions
likely to be implemented.

4.2.1.2 Fencing

When necessary, fencing is used to physically
limit access to the landfill site. Signs may be
posted to make clear to potential trespassers
that there may be a health threat associated
with going on the site. Signs typically are
posled at equal intervals along 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 ei|hi 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 evaluation is a determination of the area
to be fenced. First, however, the location and
potential risks of the landfill site, along 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 migra-
tion 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
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treatment) and to prevent offsite surface water
from running onto the site. These technologies
reduce water infiltration into the waste and
associated leachatc generation, and slow down
the rate of cap erosion. Surface controls to
divert run-on and minimize infiltration at
municipal landfill sites often are implemented
in conjunction with site closure. Such controls
are almost always employed in concert with
other technologies such as installation of a
landfill cap. Landfill covers, like any other
disturbed soils, are prone to erosion, which can
result in exposing and eventually mobilizing
contaminated materials. Therefore, if necessary,
erosion and sediment controls should be consid-
ered, including space requirements for sedi-
mentation basins and erosion control structures.
Surface controls most commonly used at muni-
cipal 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 also the general term for techniques
that reshape the surface of landfills in order to
control erosion and to manage surface water
infiltration, run-on, and runoff. " Designing
proper slope lengths and gradients, and creating
berms and swales are common grading tech-
niques used to control and route surface water.
Earth fill, typically from offsite borrow sources,
may be required to change slope gradients and
to construct earthen terms. Regrading existing
fill material is recommended in situations where
there is a significant quantity of fill, if analysis
shows the fill is acceptable to reuse. Significant
cost savings could be made by using existing fill
and thereby minimizing the cost of transporting
fill material from an offsite source.

Generally, slopes on top of the landfill range
from 3 percent 10 8 percent in order to pro*
mote runoff and control erosion. Sideslopes
can be as steep as 3H:1V (33 percent) as long
as benches (horizontal steps) are provided to
interrupt the slopes and thus control soil ero-
sion and maintain slope stability. Steeper
slopes can exist under certain slope conditions.

However, the use of slopes less steep than
3H:1V is recommended.

Municipal solid wastes usually settle during the
life of a landfill due to decomposition of
organic wastes and the weight of superimposed
loads of refuse and soil. The settlement may be
significant, especially in the deepest points of
the landfill which typically are located at the
center of the landfill. Settlement can result in
changing surface slopes and possibly flattening
some of these slopes. A well prepared grading
plan will take &ett'*ment into account by recom-
mending slopes tha: will still be effective after
settlement. Potential settlement problems can
be identified by placing benchmarks that can be
surveyed at various tim» throughout the Rl/FS
process. Continued operations and mainte-
nance (O&M) will also 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 consider-
able 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.

• A properly graded site will reduce the
contact time of runoff water on the
landfill, thus reducing the rate of infil-
tration of surface water into the landfill.

• Erosion of cover soil can be controlled
through grading, and soil retention will
encourage the growth of beneficial veg-
etation.

• Tlie cost of eanh fill may be high, espe-
cially when the borrow source is
remote. Free fill may be available from
large construction projects.
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• There will be a need for ongoing main-
tenance because soil erosion and settle-
ment 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 existing fill
could be used as pan of the grading
plan

• Existing topography and boundary of
project earthwork* (area to be graded)

• Clima to logical data (for example,
precipitation)

• Stormwater retention and sedimentation
boring requirements

• Soil data for the grading soil (for
example, runoff curve number, perme-
ability, grain size distribution)

• Slope length and gradient Iimiis»for
example, maximum and minimum
length and gradient. (Top slopes range
from 3 percent to 8 percent; sides lopes,
if lined, typically are not steeper than
3H:1V, with a bench for every 25-foot
rise in elevation.)

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

• Maximum siormwater flow velocity and
type of material available for ditch
lining. Ditch or channel protection
depends mainly on the type of soil
where the channel is being excavated
(for example, grass, gravel, gabions,
grouted gabions, concrete, plastic lining.
etc.). For example, channels excavated

in fine gravel will require lining when
flow velocity exceeds 2.5 feei per
second, while alluvial silts can withstand
velocities up to 2.7 feet per second
without lining.

Revegeution. Revegeution is a method used to
stabilize the soil surface of a landfill site and
promote evapotranspiraiion. Revegetation
decreases erosion of the soil by wind and water.
reduces sedimentation in storm water runoff,
and contributes to the development of a
naturally stable surface. It is also used to
improve the aesthetics of the landfill, which is
especially important when the site is being con-
sidered for use as recreational land.

Revegetation is used as a temporary measure to
stabilize the soil surface or as a permanent
feature when the dosed landfill site is being
reclaimed for other uses. A systematic revege-
tation plan includes selection of a suitable plant
species, seedbed preparation, seeding, planting,
mulching-and or chemical stabilization, fertiliza-
tion, and maintenance.

Revegetation is used most in concert with other
containment technologies such as caps. Since
most caps include an impermeable layer, revege-
tation may require a drainage layer over the
impermeable layer to avoid rotting of the plant
roots. In dry climates, irrigation may be neces-
sary 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:

• Revegelation will reduce soil erosion by
wind and water, improve site aesthetics,
and increase evapotranspiraiion due to
plants.

• The requirement for periodic mainte-
nance (such as mowing) should be
considered.

• The potential need for irrigation, which
is costly and may conflict with objec-
tives of reduced infiltration, should be
considered.
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Some plant species commonly used for revege-
tauon include Kentucky bluegrass, tall fescue,
meadow fescue, redtop bemgrass, smooth
fcromegrass, field bro me grass, orchard grass,
annual ryegrass, timothy, and red canary grass.
Revegetauon typically includes grass and
legume mixtures. Revegetation species can be
fclected using the state's Soil Conservation
Service guidelines. Also, the EPA Office of
Research and Development has developed a
computer model, titled Veg Cover, which can be
•sed to provide information on the selection of
revegeiation species. Additionally, the type of
plant species to be used in different climates
and conditions can be found in Design and
Construction of Covers for Solid Waste Landfills
(US. EPA 1979a).

The type of plant species selected for revegeta-
tion 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 (annual
precipitation, low/high temperatures)

• Topographic characteristics (for exam-
ple, slope steepness, drainage patterns)

• Soil characteristics (for example, nutri-
ents, pH, moisture content, organic
content, grain size distribution)

Other factors that should be considered in
selecting • plant species include:

• Minimizing the level of maintenance
required after seeding

• Effects of increased surface soil perme- •
ability due to root system and possible
increased infiltration through the cover

4.2.2J 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 ARARs
for the landfill site. A discussion and some
examples of potential ARARs for municipal
landfill sites are presented in Section 5. Addi-
tional guidance for determining requirements 10
CERCLA sites can be found in the CERCLA
Compliance with Other Laws Manual: Pan I
(US. 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 closure requirements are
generally applicable unless a dc. -rmmation is
made that Subtitle C is applicable or relevant
and appropriate. In general, RCRA Subtitle 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 (effec-
tive date of RCRA) or the response action
constitutes treatment, storage, or disposal, as
defined by RCRA. The decision about
whether a RCRA requirement is relevant and
appropriate is based on consideration of a vari-
ety of factors, including the nature of the waste
and its hazardous properties, and the nature of
the requirement itself. State closure require-
ments that are more stringent than the Federal
requirements must be used in determining a
final cover design. These regulatory require-
ments should be integrated with the technical
objectives for the site, based on site characteris-
tics, to determine the best capping alternatives
to be evaluated in detail.

Capping technologies may be designed to
reduce surface water infiltration, control emis-
sions of gas and odors, reduce erosion, and
improve aesthetics. Capping technologies also
provide a stable outside surface that prevents
direct jcontact with wastes. The different types
of capping technologies typically used at land-
fills include:

• Native soil cover
• Single barrier (e.g., clay)
• Composite barrier (e.g., clay plus FML)

Figure 4-1 is a simplified decision tree for
determining an appropriate profile cap based on
site and waste characteristics.
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LANDFILL CHARACTERISTICS REMEDIAL OBJECTIVES COVER TYPE

i Minimal Hazardous Substances in
I Landfill and Minimal Contamination
I of Groundwater

/Significant Percentage of Hazardoi
I Substances in FM Are Below the
I Water Table. And Lowering the
VWalef Table Is not Practicable

Leaching of Hazardous Substances
to Groundwaler rs Expected to
Contribute to Unacceptable Human
Health or Environmental Risks,
Rekabflty of Single Barrier Is
Considered Adequate,0 and
Potential/Actual Landfi Gas
Emissions

Prevent Direct Contact;
Minimize Erosion a Native Soil Cover

/ Prevent Direct Contact;
I Minimize Erosion;
I Minimi/e Infiltration;
I Control Landfill Gas
^Emissions i

CSingle Barrier Cap b

•ntact;

I'lovent Infiltration;
Control Landfill Gas
Emissions

Composite-Barrier Cap
fSignificant Contaminant Mass

in Fid. and Risks of Hazardous
Substances Leaching to
Groundwater Are Great______

/ High Degree of Reliability Needed
I in Method of Minimizing Leaching
I of Hazardous Substances to
I Groundwaler and Controlling
^ landfill Gas Emissions j

1 Primary objective is to prevent direct contact, although the soH cover can be designed to reduce infiltration.

Single-barrier caps may include additional layers that provide protection to that barrier.
c Example include srtuations where infiltration is not the primary concern and may include sites containing a

small volume ol contaminant mass, regions with low annual precipitation, or srtes where groundwater is not
being used as a source ol drinking water.

Figure 4-t
LANDFILL COVER SELECTION GUIDE



The primary* data needed for designing a cap
system include:

• Depth to groundwater beneath waste
(caps may be of limited benefit in areas
of nigh groundwater if they are the only
remedial action used)

• Availability of cover materials (caps
may be high in cost if the desirable
material is not locally available)

• Rate or magnitude of waste settlement
under the cap (changes in waste thick-
ness, degree of decomposition, and
potential presence of large, near-surface
voids should be known)

• Steepness of slopes

• Cover soil characteristics

Proctor compaction Properties
Permeability
Grain size gradation
Shear Strength
Atterberg limits
Field moisture capacity

• Maximum frost depth at the location of
the site

• Anticipated weather conditions at the
sue (for example, temperature, precipi-
tation, wind)

• Proximity to residential, commercial, or
industrial units

• Future land use of the site

The efficiency of the covers may be calculated
using EPA's computer model, HELP (hydro-
logic evaluation of landfill performance).
HELP is a quasi-two-dimensional hydrologic
model of vertical water movement through the
landfill cap. The model accounts for the effects
of surface water runoff, evapotranspiration, soil
moisture storage, 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.

Soil Cover The use of native soil (nonclays) as
cover for containment of wastes may be appro-
priate in arid climates where surface water infil-
tration (and subsequent leachate generation) is
not a controlling factor. Native soil caps are
used when the primary objective is to control
erosion and prevent direct contact. However, in
regions having more evapotranspiration poten-
tial than rainfall, native soil covers can be engi-
neered to also reduce infiltration. This is
accomplished by incorporating field storage
capacity within the cap sufficient to store the
largest seasonal inflow event. Such water
balance designs can be performed and verified
using the HELP model. Native soil covers may
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 infiltra-
tion in arid regions typically have high field
storage capacities (for example, 0.3 vol/vol).
Soils with high field storage capacity have a
high percentage of fine material (passing U.S.
No. 200 sieve; for example, silts and sandy silts).
Also, native soils can be mixed with additives
and mechanically compacted to lower their
permeability and make them more suitable for
reducing infiltration. The required field storage
capacity and permeability of soil that is used to
reduce infiltration depends on the following
factors:

• Climatological data for the region
where the landfill is located (for
example, precipitation for the design
storm event, temperature, and depth of
evaporative zone)

• Characteristics related to the type and
condition of vegetation that is expected
to be planted (for example, evapotrans-
piration)

• Physical characteristics of the site (for
example, slope gradient and thickness of
native soil layer)

i

L.J
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Unless a water balance analysis is performed as
pan of the design of a native soil cover, the
native soil cover provides only separation, pro*
teciion, and/or a vegetative layer. Generally,
native soils are suitable for vegetation due to
their high organic content. A typical native soil
cover that provides these limited functions is 18
10 24 inches deep, has a permeability less than
or equal to 1 x 10'5 craAec, and a field storage
capacity less than 0.3 vol/vol.

Implementation and O&M considerations
concerning native soil covers include the follow-
ing:

• Soil covers are generally low in initial
cost.

• Construction materials generally are
readily available from local sources.

• Soil covers usually should be vegetated
to minimize erosion.

• Unless designed to do so. soil covers
are not very effective in reducing infil-
tration. (If reduced infiltration if the
design goal, field permeability testing
should be performed prior to construc-
tion to verify that the expected low
permeability can be achieved.)

• Erosion can expose waste if cover is not
adequate)) maintained through contin-
ued O&M.

• Native soil may not be naturally useful
as a barrier layer in many cases and may
require processing.

• Native soil may not be stable on steep
slopes (greater than 33 percent); there-
fore, constructibiliry may limit the slope
to less than 25 percent.

Single Barrier. The main function* of a single
barrier landfill cap are to reduce surface infil-
tration, prevent direct contact, limit gas emis-
sions, and control erosion. The two most com-
monly used barrier layers are clay soils and
FMLs. Both serve as low-permeability barrier
layers thai reduce surface water infiltration into
the landfill. The barrier layer is usually

overlain by a drainage layer and/or a vegetative
protective layer. A water balance analysis must
be performed if a drainage layer is incorporated
into the cap. The clay materials generally used
are natural clays but also can be processed clay
minerals such as benumite mixed with native
soils. The clay barrier must have a permeability
less than 1 x 10'7 to be effective as a barrier. If
bentonite is used, the high shrink-swell poten-
tial needs to be considered.

Clay materials can achieve very low permeabili-
ties (e.g., 1 x 10"7 cm/sec) if they are well
compacted and if their moisture content is opti-
mum, 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.
a layer of cover soil should be placed over the
clay layer to aid in maintaining the clay's mois-
ture and to provide a base for revegetation.
Also, a soil cover layer can prevent freeze-ihaw
damage to the clay if the cover layer is of a
depth equal to or greater than the local maxi-
mum frost depth.

FMU. on the other hand, are synthetic materi-
als that, if punctured, can allow surface water to
permeate into the landfill. A cover of soil over
the FML, as well as a bedding layer under the
FML, is necessary to protect the integrity of the
liner and to allow for revegetation.

Recently, bentonite panels have been marketed
for use as liners for municipal landfill sites.
Previously, these panels have been used for
lining impoundments and lagoons, water-
proofing structures, lining spill containment
areas, and similar uses. The panels consists of a
dry granular sodium bentonite layer approxi-
mately 1/4 inch thick with a woven geotextile on
each side which allows some bentonite, upon
hydration, to seep through the mesh to facilitate
a seal between overlapping panels. When
bydrated, the bentonite is capable of expanding
up to 15 times its former volume if unconfined.
Tins characteristic provides a seal when the
material is confined and provides some self-
healing at small holes or penetrations. Several
landfill sites are presently using these panels
with apparent success. However, use of these
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panels may require demonstration to the appro-
priate regulatory agencies that the preferred
liner system will meet the performance objec-
tives of die applicable regulations, even if the
regulations, as written, are not met. Care must
be used in applications of bentonite board
barriers on slopes. 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 natu-
ral moisture make proper placement of clay
difficult. FML installation is not affected as
much by hot, dry, or wet weather, 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 a sound founda-
tion for the barrier layer. This may 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. Visible soft zones
should be excavated and recompacied. A
smooth steel roller should be used to dress the
surface of the subgrade before placement of an
FML

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

Vegetative and protective
24 inches of native soil

laver-

• Optional drainage layer-12 inches of
sand (permeability * 1 x 10'2 cm/sec) or
a composite drainage net

• Barrier layer--24 inches of clay (perme-
ability t 1 x 10'7 cm/sec) or a 30-mil
(minimum) FML

• Bedding layer-12 to 24 inches of
compacted select native soil or sand
subgrade

Regulations of individual states 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 a single-barrier cap.

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

• Either a clay or FML cap should result
in low permeability and reduction of
infiltration.

• There is a known history of operating
and placement experience for both clay
and synthetic liners.

• A single barrier clay cap can be relative-
ly low in cost 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. HOPE,
etc.) depending on the specific applica-
tion. The selection of material is
usually 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 benionite admixture.

• A clay cap and an FML require careful
placement with strict QA'QC especially
around any gas vents.

» Both FMLs and clays may react to
chemical attack and become more per-
meable.

• Clay caps require careful design and
strict QA/QC. Field permeability tests
should be conducted before construc-
tion to verify that the desired low per-
meability criterion can be achieved
using the specified material and equip-
ment.

: J
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• Gay caps may be subject to damage by
weather elements (fteeze-thaw and
surface drying).

• Problems may rise with clay or FML
caps and/or drainage layers in cues
where substantial 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 final cap.

Composite Barrier. A composite-barrier cap
provides an additional barrier layer, which
reduces ihe rate of infiltration more than a
single-barrier cap does. A composite barrier
consists of a compacted clay layer overlain by a
synthetic liner (FML). The composite barrier,
in turn, is overlain by an optional drainage layer
and by a top vegetative/protective layer.

• The vegetative/protective layer provides
stability and erosion control. It also
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 syn-
thetic liner barrier.

• The synthetic and clay barrier layers
p r o v i d e m a x i m u m i n f i l t r a t i o n
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 listed wastes must be judged on
a site-specific basis and may depend on factors
such as site characteristics and potential

receptors. Composite-barrier caps are also
required in some states (New York 6NYCRR
Pan 360) for closure of municipal solid waste
facilities.

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

• Vegetative and protective Iayer--24
inches of native soil

• Drainage layer--12 inches of sand (per-
meability i 1 x 10"2 cm/sec) or geonet
(transmissivity * 3 x 10'5 m2/sec)

• _.-First barrier layer componeni--FML
(20-mil minimum)

• Second barrier layer component-24
inches of clay (permeability s 1 x 10"7

cm/sec)

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

The final design profile of a typical composite
cap will also include geoiextiles as a filter
between the protective cover and the drainage
layer and as a protective layer over the synthetic
barrier if a layer of natural drainage stone is
used. A geosynthetic must not be placed
between the two barrier layers or the effective-
ness of the composite will be compromised.
Multilayer caps pose a stability problem on
slopes. Laboratory direct shear tests must be
performed to measure the interface friction
angles between the various layers. To ensure
stability, a slope stability analysis should be
performed for each interface.

Some implementation and O&M considerations
concerning composite-barrier caps include the
following:
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• A composite barrier provides enhanced
protection against infiltration.

• Onsite material potentially can be used
for some of the layers.

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

• Construction requires stria QA.QC.

• Stability problems may occur on side-
slopes greater than 10 percent.

• Problems may arise with clay layers,
synthetic barriers, and/or drainage layers
in cases where substantial landfill settle-
ment 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 a temporary cover unti l the
rate of settlement subsides and then
construct a final composite -barn er cap.

423 Removal/Disposal

Removal of contaminated soils at municipal
landfill sites is generally 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 municipal landfill contents is often not
considered practicable because of the large
volume of waste typically found at CERCLA
municipal landfill sites. No examples of
complete excavation were found in the review
of remedial actions outlined in the RODs listed
in Appendix B.

As previously stated, hot spots that are appro-
priate for excavation and removal should be
indiscrete, accessible locations of a landfill
where a waste type or mixture of wastes
presents a principal threat to human health or
the environment. The area should be large
enough so that remediation will significantly
reduce the risk posed by the overall site and
small enough to be reasonably practicable for

removal and/or treatment. Ho; spots will not
be investigated and characterized unless some
form of documentation or physical evidence (for
example, aerial photography) exists to 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 alterna-
tive should be developed for removal/treatment
of that area. This alternative will be considered
during detailed analysis of remedial action
alternatives.

4.2.3.1 Excavation (Hot Spots)

Excavation of hot spots will be required prior
to consolidation, treatment (except in situ treat-
ment) or disposal offsite. Excavation of hot
spots to remove contaminated soils will require
the use of standard construction equipment or
special equipment adapted to minimize distur-
bance of the deposit or secondary migration.
Also, any excavations must be performed in
accordance with OSHA, Typically, mechanical
equipment such as backhoes, bulldozers, and
front-end loaders is used for excavation. The
use of scrapers and draglines usually makes it
difficult to adequately control site dispersion.
While the selection of specific equipment
normally is based on contractor preference, the
selection also depends on the water table loca-
tion, the water content, and consistency and
strength of the contaminated soils to be exca-
vated. It is almost always cost-effective to exca-
vate contaminated soil in thin, 4- to-12-inch
layers to minimize the volume to be managed.

In many cases, due to land fill ing practices and
the weight of overlying material, 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. Evaluation may be accomplished by
staging, opening, sampling and analysis followed
by transport and disposal. Ambient air should
be monitored continuously during drum
removal activities. A drum grappler, a drum
cradle or sling attached to a backhoe or crane,
or a front-end loader can be used for drum
removal. Drums may be opened by bung
removers or drum cutters. Depending on their
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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 conven-
tional, demonstrated technology that
can be cost-effective, particularly when
areas are consolidated with other land-
fill 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,
stockpiling, and truck hauling of large
volumes of material.

• Good control of depth of excavation
can be difficult under water. In some
cases, excavation would require the
construction of impermeable barriers
and site dewatenng.

• In situations where excavation extends
below the water table, dewatenng is
likely to be required. Consideration
should be given to seasonal fluctuations
in the groundwaier table. Significant
shoring and dewatering costs may be
eliminated by excavating at times when
the water table is low.

• Site accessibility to heavy equipment
should be evaluated to determine
whether track vehi.-'es may be required.

• The distance over which excavated
material must be hauled should be eval-
uaied to determine whether separate
moving equipment (such as dump
trucks) is required.

• Seasonal (climate) constraints on exca-
vation activities may affect the schedule
for excavation. Depending on the 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 expo-
sure.

The primary data needs for preparing an exca-
vation plan for removal of contaminated materi-
als include:

• Waste characteristics-Excavation is not
suited for materials with a low solids
content (dewatenng may be required).
Total suspended solids (TSS), total
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
panicle size, viscosity, and pH may also
assist in material handling needs.
Analysis for hazardous waste parame-
ters (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 fluctu-
ations, if data exists)

• Volume of contaminated material

• Geologic characteristics from geologic
maps and boring logs to assess difficulty
of excavation

• Climate information from National
Climatic Center (NCC) or local weather
bureau to assess frequency of rains,
seasonal variations in temperature
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4A3.2 Consolidation

A common disposal option for outlying hot
spots at municipal landfill sites is consolidation
with other landfill material followed by capping.
Consolidation may also be a practicable alterna-
tive for disposal of wastes in undesirable loca-
tions (for example,, wetlands) or contaminated
sediments. The objective of consolidation is to
relocate contaminated material from outlying
areas into the landfill contents to minimize the
required size of a landfill cap.

Since consolidation within the area of contami-
nation is not considered management of the
material. Land Disposal Restrictions (LDR)
requirements do not apply. Therefore, material
can be consolidated without being treated first.
In situations 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:

• Consolidation is usually implemented in
conjunction with capping, and the cap
design may be influenced by the volume
and nature of the material being consol-
idated.

• Consolidation may require handling,
stockpiling, and truck hauling of large
volumes of material.

• Considerations and data needs listed
under excavation should also be
reviewed.

• Potential exposure to workers and
nearby communities during consolida-
tion activities must be considered.

The primary data needs to evaluate consolida-
tion are basically covered under the data needs
for preparation of an excavation plan. The
most important information to coordinate with
the selection and design of a landfill cap will
include:

• Waste characteristics of hot spot-deter-
mined during site characterization

• Volume of contaminated material

4.2-U Disposal OflWtt (Hd Spots)

Offsite land disposal is generally considered the
least desirable alternative for remediation.
However, offsite disposal may be employed if
onsite treatment followed by disposal under the
landfill cap is not feasible. Onsite disposal may
noi be feasible or practical if the waste is regu-
lated under RCRA and must be disposed of in
a RCRA landfill.

The requirements for offsite disposal of contam-
inated soils will be based largely on the RCRA
LDRs. The LDRs may be applicable to the
contaminated soils if it is determined thai the
soils have been contaminated by a restricted
listed RCRA waste or if the contaminated soils
exhibit a RCRA hazardous waste characteristic.
As previously 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
a specific concentration level be achieved prior
to land disposal in a RCRA landfill or thai a
specified technology be used for treatment prior
to disposal in a RCRA landfill. If a concentra-
tion is specified and the soils are below these
concentrations, the soils do not have to be
treated prior to offsite disposal in a RCRA
landfill. It is possible that treated soils, particu-
larly if incinerated, could be delisted and
disposed of onsiie or in a solid waste landfill.

If the soils are a RCRA waste, offsite land
disposal must be at a permitted RCRA
hazardous waste landfill that meets the require-
ments of RCRA Subtitle C. The design fea-
tures of a RCRA hazardous waste landfill are
defined in 40 CFR 264 Subpan N. The major
requirements of such landfills include an imper-
vious cap; a double liner; a leachate detection,
collection, and removal system; run-on and
runoff control systems; and wind dispersal
controls.
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In the absence of other regulations, solid waste
landfills will be regulated under RCRA
Subtitle D. In most cases, however, stale regu-
lations govern the design, construction, opera-
tion, and closure of solid waste landfills.
Currently, in many states, the requirements for
new solid waste landfills are approaching the
com plena and resirictiveness of requirements
for disposal of hazardous waste.

CERCLA Section 121(d)(3) and the CERCLA
offsite policy contain another set of require-
ments that will impact the offsite disposal of
CERCLA wastes. EPA's current offsite polio.
(OSWER Directive 9854.11, November 13,
1987ff) describes procedures that must be
observed when a CERCLA response action
involves offsite management of CERCLA
wastes. The general requirements of the offsite
polio, are to be codified and expanded in a
proposed rule, which will supersede the current
policy when finalized (see 53 FR 48218
(November 29, 1988)). Generally, this policy-
requires thai an off sue facility accepting the
waste have no relevant violations or other envi-
ronmenta] conditions that pose a significant
threat to public health, welfare, or the environ-
ment, or otherwise affect the satisfactory opera-
tion of the facility. The purpose of this policy
is to direct these wastes only to facilities deter-
mined to be environmentally sound and thus
avoid having CERCLA waste contribute to
present or future environmental problems. A
Regional Offsite Coordinator has information
on the acceptability of commercial facilities in
the region to receive CERCLA wastes.

Some implementation and O&M considerations
concerning offsite disposal of contaminated soils
in a RCRA or hazardous waste landfill include:

• Land fill ing may be the best or only
disposal method for certain solid
hazardous wastes.

• Based on LDRs, treatment of soils may
be required prior 10 disposal.

• In addition 10 the LDRs, offsite
disposal must comply with the
CERCLA offcite policy.

• High volume wastes may be disposed of
more economically by landfill ing than
by treatment, although land fill ing does
not reduce toxiciry, mobility, or volume
of wastes.

• Waste handling and land fill ing tech-
nology is well developed. However,
off sue disposal in a landfill cannot be
considered permanent remediation of
the contaminated material, and future
risk and liability are associated with
Undfilling of wastes.

There are no specific design considerations
associated with offsite disposal; however, associ-
ated technologies such as excavation and soils
treatment may be employed prior to offsite
disposal.

In order to evaluate the offsite disposal options,
the following data should be gathered:

• Characteristics of waste to determine
suitability for of [sue disposal (for exam-

~"ple, RCRA characteristic tests, moisture
content, hazardous waste parameters).
The potential landfill(s) that may be
used for offsite disposal should be
contacted to determine what analysis
they require. These tests should be
included in the analysis 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 at municipal landfill sites
on the NPL, it was found that the most often
selected soils treatment technology is onsiie
thermal treatment (incineration). Ofrsite incin-
eration is rarely chosen as an acceptable alter-
native because of the current lack of available
capacity. Although m-snu treatment is likewise
rarely used, this type of response action,
particularly in-situ stabilization and in-situ
vapor extraction, may warrant some consider-
ation if the type of soil contamination is treat-
able by this technology. 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
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corresponding complexity associated with imple-
menting in situ technologies at landfill sites. As
with excavation, toil treatment is considered a
feasible alternative only for hot spots and, when
practicable, for contents of small to moderate
landfills (e,g., less than 100,000 cubic yards).

4£4.1 Thermal Treatment (Onslte)

Thermal treatment is an appropriate method
for the destruction or treatment of combustible
organics in soil. Onsite thermal treatment can
be conducted in a field-erected facility or
mobile unit. Low temperature thermal volatil-
ization can also be used to remove VOCs (or
sexntvotaates 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 material to a
high temperature for a specific period of time.
When heated in the presence of sufficient
oxygen for combustion (incineration), the waste
is chemically transformed into innocuous sub-
stances such as carbon dioxide and water. This
process also produces ash and a certain amount
of oxides and acid gases, depending on the com-
position 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 residue and a variety
of vapor-phase compounds that can then be
incinerated.

Analysis 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 beat,
molten salt, liquid injection, and molten glass.
Pyrolysis technologies include conventional
pyrorytic reactors, rotary hearth pyrotyzer, ultra-
high temperature reactors, and starved-air
combustion. The most commonly used system
has been rotary kiln incineration. It is usually
desirable not to specify in the feasibility study
which incineration process option will be used.

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 thermal treatment for
contaminated hot spot material include the
following;

• Space requirements typically are modest
but should be considered.

• Typically, efficiency of destruction is
high, emissions can be effectively
controlled, and destructionAreatmem is
immediate.

• Waste heat recovery may be possible
and should be 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., soils) may result in little or
no reduction in volume; however, the
solid feed will be decontaminated.

• Residues may be delistable and disposed
of onsite (although exceedance of the
TCLP characteristics for metals may
require solidification prior to onsite
disposal).

• Capital and operating costs are Typically
high and should be considered.

• Ash disposal may nave to be at a
RCRA landfill if it is classified as a
hazardous waste.

• Supplemental fuel is required for
startup and may be necessary to main-
tain combustion.

• Significant material handling, prepro-
cessing, and post'processing may be
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required (for example, for rocks.
drums).

• Products of incomplete combustion
(P!Cs) may be generated that are diffi-
cult to assess or control.

Data needed for evaluation of thermal treat-
ment 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
alternative, or other treatment technol-
ogies may be needed in conjunction
with incineration. AJso, physical char-
acteristics such as large percentage of
rocks and boulders may indicate that
waste segregation or pretreaiment is
required.)

• Heat content of waste (A BTU analysis
should be done to evaluate the need for
auxiliary fuel.)

• Pilot testing during either the feasibility
study or the predesign phase (Such
testing is often required to evaluate the
treatabiliry 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, stabiliza-
tion (or solidification) has rarely been used at
municipal landfill sites. However, n appears to
be potentially feasible for soils contaminated by-
inorganics. Stabilization has also been used for
treatment of low-level-radiation-coma, -inated
soils and for soils contaminated by low concen
trations of organic*, whereby leaching of orga-
nics is reduced but not eliminated.

Stabilization using an onsite batch process
consists of excavation of wastes, onsite mixing
with reagents in a batch plant (for example, a
cement kiln) and finally, replacement in the
landfill area. Use of a batch process will trigger
LDRs; treated waste will cither have to be
disposed of :n an offsite RCRA landfill or may-

be delisted and disposed of onsite or in an
offsiie solid waste landfill. In situ stabilization
refers to processes where stabilizing reagents
(pozzalanic material) are added in place to
improve physical characteristics of waste by
rendering wastes oonhazardous and nonleach-
able. Reagents are mixed with the contami-
nated waste using standard earth-moving equip-
ment such as backhoes, drag lines, bucket
loaders, or by large-diameter augers. In situ
stabilization offers the advantage that soils can
be treated in place. However, greater qualm
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 shallow lifts,
commonly about 2 feet deep, since large quanti-
ties of materials are moved as a mass to
accomplish mixing. Depth of contamination is
also generally limited to approximately 12 feet.
althouc' :his technology can potentially be used
for flipper contamination by progressively
removmc solidified wastes while increasing
workinc depth. For deeper sites, excavation
and addition of reagents using a batch plant
may be appropriate.

The ratio and composition of reagents van
depending on the waste. A wide range of
common pozzolanic stabilizing reagents can be
selected, depending on what is locally available,
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
hydra ted lime. Most inorganic hazardous
sludges can be mixed directly with pOLZolanic
materials to form a hardened soil-like material.
Extraneous materials such as asbestos, sulfides,
and solid plastics may increase the strength of
the treated material. Impurities such as organic
materials, silt, clay, lignite, fine dust, sulfates, or
soluble metal salts may retard or inhibit setting
and curing, may reduce strength, or may cause
swelling and splitting of the solidified mass.
Typically, wastes containing high levels of
organic (e.g.. 10 to 2C percent) constituents
require some form of pretreatment before solid-
ifir?uon with potwlaric m?teriEls.
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studies must be performed to determine if the
contaminated waste.soil is amenable to stabili-
zation.

Because of the nature of stabilization, the final
volume of treated waste typically is 10 10
30 percent greater than the original volume of
waste. However, volume increases of 50 to
100 percent are possible, depending on waste
and site 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 mam
different waste materials.

• Waste remains onsite (this may or ma\
not be an advantage, depending on site-
specific circumstances).

• Use of a batch process will tr iECer
LDRs.

• There may be a significant increase in
volume that should be considered.

• Difficulty may arise in verifying suffi-
cient 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 pretreat-
mem.

• Long-term monitoring will be necessary
to verify whether contaminants are
leaching to the groundwater.

• Evaluating the long term effectiveness
of stabilization should be included in
the 5-vear review.

Data tha t 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 total organic carbon [TOC]).
Treatabiliu studies should also be
performed during the FS to evaluate if
the waste is amenable to stabilization,
particularly when organics are present.
Treatability tests will 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 s i t u
stabilization.)

• Total bulk unit weight of material (Soils
will typically be between 80 to
110 Ibs fi3; liquids and sludges typically
range between 63 to 80 Ibs f r . )

4.2.5 Innovative Treatment Technologies

4.2.5.1 Description or Technologies

The focus of this documem has been on tradi-
tional, previously used, and proven remedial
technologies. This section is intended to
address some innovative treatment technologies
that may be appropriate for remedial actions at
municipal landfil l sites. It is important that the
evaluation of alternatives for municipal landfi l l
sites not be limited to conventional technolo-
gies, particularly in situations where more
effective or less costly treatment can be
achieved by using innovative remedial technolo-
gies.

The following two technologies are presented as
innovative technologies that may be viable for
hot spots at municipal landfill sites:

• Vapor extraction
• In situ bioremediation

Other innovative technologies may also be
viable and should be considered if they are
appropriate to site characteristics.
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Soil Vapor Extraction. Soil vapor extraction
(SVE) is an in situ process used to remove
VOCs from soil. This technology may be suit-
able for treating hot spots contaminated with
VOCs; removal of VOCs can significantly
reduce the mobility of the other contaminants
present, such as inorganics or semivolatile
organic*. SVE consists of a network of wells
with perforated well screens. These wells are
packed with gravel and sealed at the top with
bemonite to prevent short circuiting. The
extraction wells are connected to the suction
side of a vacuum extraction unit through a
surface collection manifold. The vacuum
extraction unit induces a flow of air through the
subsurface into the extraction wells. The
vacuum not only draws vapors from the un&atu-
rated zone, but it also decreases the pressure in
soil voids, thereby causing the release of addi-
tional volatile organic compounds (VOCs).
The extracted gas flows through the surface
collection manifold and is either vented to the
atmosphere, connected to a vapor-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
already been installed and are currently
operating or have already achieved performance
objectives.

Standard procedures that exist for installing
landfill gas recover, well* in municipal landfills
should be applied to the installation of SVE
wells. The presence of landfill gas in municipal
landfills requires that special health and safety
precautions be taken. The presence of landfill
gas may also require modified VOC control
systems. SVE can be "shoncircuited" by debris
and noncominuous lifts 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-effec-
tive for municipal 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 microbial action to
remediate subsurface contaminants that ire

adsorbed to soil panicles 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
ground water without excavating overlying soils.
The technology uses special strains of cultured
bacteria and naturally occurring microorganisms
to achieve biodegradation. The end result is
carbon dioxide, water, and bacteria] 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 con-
ventional "ground water pump and treat"
approach. This approach is generally the most
demonstrated and most appropriate application
of in situ biode gradation.

Conventional pump and treat cleanup is a
passive approach that largely relies on the parti-
tioning of adsorbed contaminants into the water
phase. This partitioning will be the rate
limiting step in the removal process, potentially
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 microbial activm 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 reme-
dial technologies for soils/landfill contents are
listed below.

Containment:

Ghassemi. M. Assessment of Technotog* for
Constructing and Installing Cover and Bonom
Liner Systems for Hazardous Waste Facilities:
Vol. I, Ghassemi EPA Contract No. 68-02-
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3174. U.S. Environmental Protection Agency
May 1983.

Kmet, P.. K.J. Quinn. and C Sla\-ik. Anafrsis of
Design Parameters Affecting the Collection Effi-
ciency of Clay Lined Landfills. Universiu of
Wisconsin. Sepiember 1981.

Lutton. R.J. et al. Design and Construction of
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4.3 Leachate
O.I Collection of Leachate

Leachate from landfills is a product of natural
biodegradation, infiltration, and ground water
migrating through the waste. Landfill leachate
is typically high in biochemical oxygen demand
(BOD), chemical oxygen demand (COD), and
heavy metals. The function of a leachate collec-
tion system is to minimize or eliminate the
migration of leachate away from the solid waste
unit. This system is typically used to control
seepage along the sides lopes of a landfill and to
prevent discharges to surface and groundwater
systems. Leachate collection systems commonly
used are subsurface drains and vertical extrac-
tion wells.

4.3.1.1 Subsurface Drains

Subsurface drains consist of underground.
gravel*fi:l?d trenches generally equipped with
tile or perforated pipe for greater hydraulic
efficiency. They are used to intercept and
channel leachate to a sump, wet well, or appro-
priate surface discharge before it can infiltrate
to the main aquifer system. Drams, usually
installed at the edge of the waste fill, can also
be used to collect contaminated groundwater
and transport it to a central area for treatment
or proper disposal. Typically, subsurface drains
are instaMed at the perimeter of the landfill,
although :n landfills where the thickness of fill
is less than approximately 15 feet, it may be
appropriate o consider installation within the
landfill. Dep.h ol waste as well as hazards
associated with excavating landfill material
usually prevents installation of drains within the
landfill.

4J.I.2 Vertical Extraction Wells

Vertical extraction wells are wells 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

4-21



contaminated leachaie or leachate-groundwater
mix. The wells, which typically run to the base
of the landfill, are fitted with a pump to extract
leachate and create a negative pressure zone 10
promote leachate flow towards the wells. It
should be noted thai without the proper pre-
cautions, placing wells into the landfill contents
may create health and safety risks. Perimeter
wells may also be installed at the landfill
boundary as a source control measure , to
control offsite migration of leachate and con-
taminated groundwater. Maintenance of the
wells is essential because the permeable layer is
prone to fouling due to biological 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.

• Distribution and discontinuities of
liquids within ihe 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 typically cost-
effective compared to recovering dis-
persed contaminants (that is, extraction
and treatment of offsite contaminated
groundwater plume).

• A leachate collection system may result
in an increase in landfill settlement as a
result of leachate extraction.

• An effective collection system generally
will require a thorough characterization

of the hydrogeology of the site frefore
design or installation of the system.

• Consideration should be given to possi-
ble health and safety risks, difficult), in
drilling and installation conditions in
landfill materials, and resultant high
costs (drilling within the landfill ma\
require ai least Level B health and
safety projection).

The primary data needed for designing a leach-
aie collection system include:

• Topographic characteristics of the site
(for example, slopes, drainage divides)

• Site soil characteristics (for example,
permeability, grain size d i s t r ibu t ion)

• Climatological characteristics (for
example, precipitation, temperature)

• H\drogeolocic characteristics (for
example, depth to groundwaier. cround-
waier flow direction and \elocit>)

• Waste characteristics (for example,
composition, moisture content, ace)

4.3.2 Treatment of Leachate

Either onsite or offsite treatment of leachaie
may be feasible options for municipal landfill
sites. Leachate from municipal landfi l l sites
may have high concentrations of organic matter
(measured in terms of BOD and COD), and
high concentrations of inorganics. Leachaie
quality vanes from site to site, and will also
vary over time. For example, BOD concentra-
tions may decrease over time. Once the
constituents and associated concentrations are
known for the leachate, appropriate treatment
technologies can be selected.

Typical concentration ranges for some contami-
nants that leach from municipal landfills are
listed in Table 3-2 of this document. The large
ranges may be due in part to analysis of leach-
ate that has been diluted by groundwater.
Additional information on leachate composition
and contaminant concentrations in leachaie can
be found in Charncienzonon of MU'C Ashes and
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Leachates from MSW Landfills, Monofilk and
Co-Disposal Sites (EPA, 1987f).

Leachate generally is treated by conventional
means such as biological treatment, physical
treatment, or chemical treatment. The chemical
characteristics of the teachate must be deter-
mined in order to design an onsite treatment
system. This chemical analysis includes:

• Quantifying the constituents in the
leachaie (organics and inorganics), espe*
aa!K the compounds to be removed

• Determining the variability of leachate
characteristics

• Measuring BOD. COD, and TOC (gross
indicators of organic loading for biolog-
ical treatment and granular activated
carbon [GAC])

• M e a s u r i n g o the r convent iona l
parameters for leachate such as t :al
dissolved solids (IDS), chloric,
alkalinity, 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 treat-
ment systems (and anticipated variabili-
ty in flow such as from seasonal
variation in leachate production)

• Measuring total suspended solids (TSS)
in the leachate (high solids content [for
example, >50 ppm] may require pre-
treatmem before carbon adsorption)

• Measuring oil and grease in the leach-
ate (high concentrations [for example,
>10 ppm], may require pretreatment)

• Conduc t ing t r ea t ab i l i t y during
predesign, as required, 10 optimize the
treatment svstem

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 is to be discharged directly
to surface water or to a publicly owned treat-
ment works (POTW). The most common tech-
nologies used at municipal landfill sites to treat
leachate include biological treatment for
removal of biodegradable organics, physical
treatment such air stripping and carbon adsorp-
tion for VOC removal, and chemical treatment,
such as metals precipitation for removal of
inorganics. Treated leachate could be
discharged onsite depending on the extent of
treatment. Onsite discharge can be done by
groundwater aquifer reinjection or by discharge
to surface water. Groundwater aquifer reinjec-
tion depends on state groundwater standards in
the area where the site is located. Discharge to
surface water will have to comply to NPDES
Permit requirements.

Chemical Treatment In chemical treatment,
hazardous constituents are altered by chemical
reactions. During the process, hazardous
compounds may be destroyed or altered, the
resultant products may still be hazardous but
transformed to a more convenient form for
further processing. The most common chemical
treatment for landfill leachaie is precipitation of
heavy metals Precipitation will remove soluble
heavy metals from leachate by forming insoluble
metal hydroxides, sulfides, or carbonates.
Heavy metals typically removed by precipitation
include arsenic, cadmium, chromium, copper,
lead, mercury, nickel, and zinc. Meuls are
often removed to either meet NPDES permit
limits or as pretreatment to reduce metals
toxicity for biological treatment Chemical
precipitation involves alteration of the ionic
equilibrium to convert soli* »le metal tons to
insoluble precipitates. These precipitates are
then removed by solids separation processes
such as sedimentation and filtration.

Precipitation reactions for leachate treatment
purposes are usually induced by one or more of
the following steps:
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• Add a substance that reacts directK
with the compound in solution to form
a less soluble compound.

• Add a substance thai shifts the solubil-
ity equilibrium 10 a point 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 a saturated
or nearly saturated solution to decrease
solubility.

Most precipitation reactions are carried out by
adding appropriate chemicals and mixing.
Common additives include lime, soda ash, and
causiic. The main liquid stream's pH may need
to be adjusted after removal of the solid
precipitates.

Biological Treatment. Biological means are
used in treating leachate contaminated pnmarih
by biodegradable organic compounds. Bio-
logical treatment is especial!) effective in t reat -
ing landfill leachate that typically has high
levels of BOD and COD (e.g.', 0-750,000 mglj.

In biological treatment, wasiewater is contacted
by a culture of microorganisms either suspended
in the wastewater or attached to a solid
medium. The organic compounds in the waste-
water are metabolized by the organisms as a
food and energy source. Organics are thus
removed from solution and biomass and meta-
bolic waste gases such as carbon dioxide and
methane are produced. Biological 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 (MOD) or as little
as 1 gallon per minute (0.0014 MOD).

Biological treatment processes can be classified
as aerobic or anaerobic. Aerobic treatment
systems require oxygen, either in air or in pure
form, to m«t the metabolic needs of the micro-
organisms. Aerobic treatment systems are the
most frequently used form of biological treai-
ment. These svstems consist of a reactor, where

the uaste stream is brought in contact u i t h a
cul ture of organisms, and usually a c lanf ie r or
other solids-separation device where organisms
suspended in solution are removed by
sedimentation.

Anaerobic treatment systems are used most
often for treating high-strength wastes. These
systems" are often followed by an aerobic treat-
ment system for additional organics removal.
Compared to aerobic systems, anaerobic t reat -
ment systems produce less biomass per pound
of BOD removed. In addition, anaerobic treat-
ment produces melhane of sufficient!) high con-
centration to be used in some cases for energy
recovery. Anaerobic digesters are also f requen t -
ly used in the treatment of sludge produced in
aerobic treatment. In this process, the sludge is
reduced in volume and methane gas is produced
as a by-product.

Physical Treatment. Two types of physical
t reatment technologies most commonK used to
treat leachate are air stripping and g ranu la r
activated carbon (GAC) for the remo\al of
organics. Other conventional physical treat-
ment technologies such as sedimentation and
fi l t ra t ion ma\ also have to be incorporated as
pan of the overall treatment s\stem.

Activated carbon is usualh applied after
conventional treatment as a polishing operation
for removal of trace concentrations of residual
organics and or heavy metals. It is also used for
the reduction of COD and BOD. for the
removal of toxic or refractory organics. and for
the removal and recovery of certain organics
and inorganics from aqueous waste. Applica-
tions involving organic solutes are most effec-
tive when the solutes have a high molecular
weight, low water solubility, low polarm. and a
low degree of ionizaiion. Many organic
compounds such as phenolics, aromatics, and
chlorinated hydrocarbons are readily adsorbed
on the surface of activated carbon. In addition,
certain heavy metals such as cadmium, chromi-
um, copper, nickel, lead, and zinc can be
removed from water with carbon, although this
technology is not widely used for metals
removal.

Most organic and some inorganic soluies are
absorbed as the leachate stream is passed
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through the carbon, usually in packed beds.
When the carbon reaches its maximum capacity
for adsorption, or when effluent concentrations
are unacceptable, the spent carbon is replaced
by fresh carbon. The carbon may be regener-
ated offsiie 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 parallel, adsorbers in series,
moving-bed, and upflow -expanded beds.
Carbon loadings can approach 1 pound of COD
removal per pound of carbon. The concentra-
tion of COD in the influent can typically be as
high as 1 to 5 percent. Suspended solids in the
influent should generally be less than 50 ppm to
minimize backwash requirements. Actual
carbon usage rates are determined during pilot
testing.

Air stripping is used in municipal landfill appli-
cations 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 10 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 vola-
tility 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 iu concentration in water at equilibri-
um conditions.

Leachate contaminated with a volatile
compound is fed into the top of a tower while a
large air stream is forced into the bottom. The
tower is usually filled with a packing medium
that provides a large surface area for contact
between the air and leachate. The air exits the
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
area for further treatment or discharged. It
should be noted that leachate may foul the

packing medium and reduce the effectiveness of
air stripping.

If sufficiently low concentrations are involved,
the air can be discharged to the atmosphere.
Otherwise, air pollution control devices such as
vapor-phase carbon may be needed. State air
pollution regulations must be followed for emis-
sion controls.

Computerized mathematical models are avail-
able to estimate the effectiveness of air strip-
ping for removing many organic compounds.
However, critical operating parameters should
be determined experimentally through pilot
studies.

4J.2.2 Offsite Treatment

Direct discharge to a POTW may be appropri-
ate for leachate streams containing concentra-
tions of contaminants that are amenable to
treatment provided by the POTW. More often,
pre treat mem may be required before discharge
to the POTW. Major 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 leachaie to be dis-
posed of, and the expected duration of the
discharge. A high rate of flow for an extended
time may require a capital expenditure to
increase the capacity of the treat mem works.
Early contact with the POTW during the
feasibility study process is important to
determine the acceptability of the leachaie for
treatment at the POTW.

Treatment to reduce the concentrations of
organic and metals can be expected at most
POTWs. However, the NPDES permit for the
POTW may have metals limitations thai will
preclude the treatment of leachaie. J"he
removal efficiency depends on the type and
concentration of contaminants. Removal of
or games and metals will be primarily from strip-
ping in aeration basins, adsorption onto biologi-
cal floe, and biological degradation. Faie of
Priority Pollutants in Publicfy O*ncd Treatment
Works (U.S. EPA, 1982c) is a eood source for
information on ireatability ant: on the applica-
bility of different treatment lor a particular
waste stream. The need for ireaiability testing
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or preireatment of the waste stream must be
determined on the basis of the probable effect
of ihe contaminants on ihe POTW.

Treatment processes typically employed at
POTWs include:

• Aerobic processes--Including rotating
biological contactors, oxidation ditches.
activated sludge reactors, and tricking
filter.

• Anaerobic p">cesses--Including anaero-
bic contact reactors, anaerobic filters,
fluidized bed systems, and various fixed-
film systerns

• Physical'chemical processes-Including
dissolved-gas flotation, chemical coagu-
lation, sedimentation, and filtration

Special considerations for discharge to a POTW
include the proximity of the nearest POT\v
sanitary sewer sufficient to handle the flow,
pre treat men i requirements, and the potential
health risk to POTW employees of treating
wastes from CERCLA sites. Construction of
gravity main or force mains to transport the
discharge to the POTW' collection system may
be cost effective compared to onsite treatment.
Typically it is cost effective to transport only
low flow rates (for example, less than 2 gpm)
viz trucks to the POTW.

If the leachate is to be trucked offsite for treat-
ment, and it is classified as a RCRA hazardous
waste, a RCRA Pan B permit would be
required by the POTW to accept the leachate.
In this situation, another offsite option would
be 10 treat the leachate at a RCRA treatment.
storage, and disposal facility (TSDF). There are
several RCRA TSDF in various 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)(l)(ii).

A discharge to a POTW is generally considered
on offsite activity, even if CERCLA waste is
discharged to a sewer located onsite. Therefore,
the offsite policy and proposed regulations
would generaly apply to a discharge of

CERCLA waste to a POTW (see Section
4.2.3.3).

Some implementation and O<SLM considerations
concerning offsiie treatment include the
following:

• The possible elimination of potential!)
strict limits for discharging to surface
water or groundwaier

• The acceptability ai sites with sensitive
public relations issues

• The limited capacity of a POTW 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 accept-
ability of the discharge and discharge
standards will extend well imo the
predesign and design phases of
Superfund sites.)

• The liability of a discharger if the dis-
charge causes the POTW to violate its
NPDES permit, or if sludge from the
POTW fails toxicity criteria or other
standards (Some treatability testing at
the POTW may be required to deter-
mine whether pass-through of leachate
contaminants is likely.)

• Problems at sites with leachate of vari-
able quality

• User fees usually imposed by POTWs
receiving discharge

• The partial removal of many organics by
adsorption on the biomass (Land appli-
cation of the sludge by the POTW may
reimroduce contaminants to the envi-
ronment and should be evaluated.)

• Need to contact the POTW to deter-
mine if overflows or bypasses occur
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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.)

Classification 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 constitu-
ents such as inorganics (metals, cyanide),
volatile organic*, and semivolatile organic* will
be required by the POTW to assess whether it
can accept the waste stream. Trealability
testing will be necessary to evaluate the effects
of the Jeachate on the POTW system as well as
on removal capabilities.
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4.4 Landfill Gas

4.4.1 Collection of Landfill Gas

Landfill gas (LFG) is produced naturally when
organic material from a Undfill decomposes.
LFG collection should be considered in the
following situations:

• When homes and buildings are (or are
planned to be) adjacent or close 10 the
landfill

• When wastes have a high organic
content

• When future use of the site may involve
allowing 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 vegeta-
tive growth on the cap

• When state ARARs require treatment
of the LFG

A proper land fill 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 imperme-
able systems. Permeable interception systems
capture gas that is moving laterally and provide
conduits for the gas to escape to the surface.
These systems typically consist of horizontal
trenches and/or pipes and vertical wells. Imper-
meable interception systems block the flow of
the gas and also provide conduits to the surface.
Typical components of impermeable systems arc
barriers made of clavs and svmhetic liners.

Most often they are used in conjunction
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 permeabilities

LFG collection systems are divided in to two
main eroups: passive systems and active
systems

4.4.1.1 Passive Systems

Passive LFG control systems alter subsurface
gas flov. paths without using mechanical compo-
nents. Generally the\ direct subsurface flow to
points of controlled release through the use of
high-permeability systems. Flow paths to out-
side areas are blocked through the use of low-
permeability barriers. High-permeabilirv
systems usually consist of trenches or wells
excavated at the boundary of the landfill and
backfilled with permeable material (for
example, gravel, crushed stone, etc.) to create a
preferential gas flow path. Low-permeability
barriers typically consist of clay-lined or synthe-
tic-lined (HDPE. PVC, Hypalon, etc.) trenches
or walls. Passive systems are not used to
recover landfill gas, instead their only use is 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 typically are simple, inexpensive, and
effective at reducing localized LFG pressure.
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However, some considerations concerning pipe
vents include the following:

• They potentially will have a small zone
of influence (less than 5 feet in
compacted refuse).

• They may result in increased odor prob-
lems (due to LFG release to the
atmosphere).

• There may be a potential danger of
explosion at the point of release, which
should be considered and evaluated.

Trench Vents. Trench vents usually consist of
gravel trenches surrounding the waste site.
They form a path of least resistance through
which gases migrate upward to the atmosphere.
A barrier system can be added 10 the outside of
the trench to increase iu effectiveness in
controlling LFG.

Trench vents typically are more effective than
pipe vents for containment and control. They
require little maintenance, and they are relative-
ly inexpensive. If there are houses nearb\,
trench vents, possibly in conjunction with pipe
vents, should be considered to minimize the
potential for lateral migration of LFG. Gas
migrating laterally into basements can create
toxic or explosive conditions. Some consider-
ations concerning trench vents include the
following:

• Runoff can infiltrate and clog open
ven:

• Cast may migrate under the trench if
11 is not constructed to a sufficient
depth or keyed into an impervious
la>er

• There is potential for failure of the
barrier 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:

• Topographic characteristics of the site
(for example, contour elevation map)

• Soil characteristics (for example, perme-
ability, grain-size distribution, soil
content)

• Geologic characteristics (for example.
type of subsurface strata, pH, tempera-
ture, depth of bedrock)

• Climatologic characteristics (for
example, precipitation, temperature)

• 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 J Active Systems

Active systems to control LFG restrict subsur-
face migration of gases. The systems use
mechanical means to alter pressure gradients
and redirect subsurface gas flow. Major system
components generally include gas extraction
wells, gas collection headers, vacuum blowers or
compressors, and gas treatment or use systems.
Active systems are typically used in landfills
where severe odor problems exist, they are also
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. Typically, a perforated pipe is set in
the well with permeable material surrounding
the pipe. At the top of the well, the pipe is
nonperforated and the surrounding area is
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 compres-
sors, 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 either released to
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the atmosphere or recovered and used to gener-
ate energy

The most common active system is an onsite
extraction well system. It consists of a series of
extraction wells in the landfill, typically 100 to
300 feet apan. The applied extraction vacuum
withdraws LFG in both the horizontal and
vertical directions. Vacuum blowers extract the
LFG from the wells, and push the collected
LFG through a free vent or waste-gas bu-ner .
Enclosed flares have proven effective in destroy-
ing 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 w-iih an area of
influence larger than that of passive
systems (depending on the design).

• Odors and reactive organic gas emis-
sions are reduced as compared to pas-
sive systems.

• There is potential for use of LFG.

• The expense is greater compared to
passive systems because of the compli-
cated design and mechanical equipment
required.

• Regular O&M is required for optimal
results (depends on the design and
volume generated). For example.
collection systems may become clogged
with biological growth or sediments.

• Condensaie handling is required (possi-
bly classified as a RCRA hazardous
waste).

• Modifications after startup may be
necessary because of the variability of
solid waste and soils placed at the site
(affects gas production).

• Landfill settlement may cause collection
piping to bend.

The typical data needed for designing an active
system include:

• Topographic characteristics of the site
(for example, contour elevations map)

• Soil characteristics (for example, permc-
abilm. moisture content, grain sue
distribution)

• Geologic characteristics (for example,
type of subsurface strata. pH, tempera-
ture, depth of bedrock)

Hydrogeologic characteristics
example, depth to groundwaier)

( fo r

• Waste characteristics (for example.
composition, moisture content, percent
compaction)

• Depth, volume, and approximate settle-
ment rate of wastes

4.4.2 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 munici-
pal landfill sites is thermal treatment usinc
enclosed ground flares. Treatment of landfill
gas may be necessary in situations where homes
or buildings are close to the landfill, when final
use of the site includes allowing public access,
when the landfill produces excessive odors, or
when state or federal air standards are violated.
Flares are 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 is
installed near the waste-gas burner head
Combustion air dampers are installed 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 fuel, 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.
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Enclosed ground flares are used extensively for
operations involving landfill gas disposal. (They
can also be used to burn gases collected from a
soil vapor extraction operation.) Earlier opera-
lions with landfill gas flaring have consistently
used elevated open flares. Open flares are siill
very common at non-CERCLA municipal land-
fill sites. However, the enclosed flare is increas-
ingly popular and is, in some instances, being
considered the Best Available Control
Technology (BACT) for new installations. This
emerging technology is a result of the perceived
improvement in combustion efficiency and in
control of enclosed flares over open Dares.
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 widely.

The most important limitation for flare opera-
tion is the quality of the gas. If the LFG is less
than 20 percent methane, then auxiliary fuel is
necessary. Auxiliary fuel is desirable if methane
concemrat;:n ranges from 20 to 30 percent. If
high operating temperatures are desired, addi-
tional fuel may be required in any case.
Auxiliary fuel will rapidly drive the operational
costs up, especial!) if inexpensive fuel is not
available nearby

Regulatory guidance for flare operation is
limited, so operating conditions are usually
guided by engineering judgment. The assumed
minimum limits for operations are 1,400*F and
1 second of residence time. Data for evaluating
destruction efficiency are somewhat limited.
The indications are that destruction efficiencies
should be peater 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 treat-
ment performance. Destruction efficiency can
be highly variable, and predicting performance
for a specific site may require pilot testing.
Most organic compounds should be destroyed
effectively with adequate temperature and resi-
dence time; however, lest data are limited. In
many cases, demonstrating high destruction
efficiency is difficult because detection levels

cannot be measured precisely using current
sampling and analytical protocols. In most
cases, enclosed flares consistently achieve
greater than 98 percent in overall combustion
efficiency. Operations usually can achieve
smokeless combustion with no visible flame
outside the stack. Enclosed ground flares can
be built for virtually any flow of LFG from a
landfill site. However, 5,000 standard cubic feet
per minute of LFG per flare is a practical
upper limit, and lower flows may be more
appropriate to allow for operational flexibility
and to reduce potential equipment problems.

The EPA Office of Air Quality, Planning, and
Standards is developing new source emission
guidelines and performance standards for
collection and treatment of landfill gas. The 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. The proposed rule would require an active
landfill gas collection and control system for
solid-waste landfills where emissions exceed
100 mega grams per year of non methane organic
compounds (NMOC). Control (i.e., treatment)
would be achieved using flares. Since the
proposed ruli currently under development,
some change ay be made. Also, judgment
should be u;- ;n determining whether these
guidelines a: standards are relevant and
appropriate tc 0 specific CERCLA municipal
landfill site. These standards and guidelines
were developed for municipal solid waste land-
fill sites as opposed 10 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 tbe
following:

• Enclosed ground flares should eliminate
odors and air emissions.

• Generally, enclosed ground flares are
easy to implement and can be used for
short-term as well as long-term applica-
tions.

• There is no possibility for heat recovery.
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• There is a potential need for steam 10
control emissions.

• There are high noise levels.

• Costs of supplemental fuel and its avail-
ability 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 constituents, including methane
content

Bench or pilot testing is often required to
determine destruction and removal efficiencies.

4.4.3 References

Additional references on remedial technologies
for LFG are listed below:

Argonne National Laboratory. An Annotated
Bibliography: Environmental Impacts of Sannan
Landfills and Associated Gas Recovery Svstems.
ANL/CNSV-27. February 1982.

Emcon Associates-Ann Arbor Science.
Methane Generation and Recovery from Landfills.
1980.

Lutton, RJ. et al. Design and Consrruction of
Covers for 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.
Chemical Engineering. December 1984.

U.S. Environmental Protection Agency. RCRA
Guidance Document Landfill Design. Liner
Systems and Final Cover (Draft). July 1982.

4.5 Groundwater

4.5.1 Collection, Treatment, and Disposal

Collection and treatment of groundwaier is a
common component of the overall remediation
of municipal landfill sites. Typicalh, ground-
water is extracted at the perimeter of the l and -
fill to manage offsiie migration of leachate and
is extracted down gradient to capture the
contaminated groundwaier plume. The iv,o
types of groundwater collection systems used
most ofte, are extraction wells and subsurface
drains.

Subsurface drains (which are also often used for
leachate collection) consist of underground.
gravel-filled trenches general!) equipped with
tile or perforated pipe for greater h \ d r a u l i c
efficiency. The drains can be used 10 collect
contaminated groundwater and transport it to a
central area for treatment or proper disposal
Drains are typically used in geological u n i t s of
low permeability.

Extraction wells are used more frequentK then
subsurface drains. Well diameter, flow ra te , and
spacing are determined based on the desired
groundwater capture zone and the h>droceo-
logic characteristics of the aquifer.

Contaminated groundwater is usual!) treated
and disposed of along with leachate (see
Section 4.3.2). The chemical parameters that
are typically elevated in samples of contami-
nated groundwater from municipal landfi l l sites
include BOD, COD, VOC, TDS. chloride.
nitrite, nitrite, ammonia, total phosphorous,
sulfides, and metals. As with leachate. treat-
ment of contaminated groundwater (or pretreat-
ment in cases where discharge is to a POTW)
may involve conventional treatment systems
such as biological treatment (organic removal},
metals precipitation, and air stripping or GAG
for VOC removal (polishing).

4.5.2 Containment

4.5.2.1 Vertical Barriers (Slum Walls)

Vertical barriers may be a viable technology for
groundwater containment ai municipal l and f i l l
sites. Their use warrants some consideration
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since they may improve the overall effectiveness
of a containment system. Extraction wells are
often used with slurry walls to increase the
effectiveness of the slurry wall by creating an
inward groundwater gradient. In some cases,
ground water extraction wells alone may provide
adequate containment of contaminated ground-
water.

An upgradiem barrier may be used to reduce
the amount of groundwater contacting • con-
taminated area whereas a downgradient barrier
may be used to restrict the migration of
contaminated groundwater away from a contam-
inated area. These barriers acting alone are
probably not suitable for most landfill sites
because of their limited effects on movement of
groundwater It is difficult to completch
intercept groundwater using just slurry walls,
therefore, they are usually implemented with
other containment technologies such as a
groundwater extraction system and landfill cap.

An ideal barrier will completely encircle the
landfill area, will be keyed into a lower
acquitard (impervious layer), and will include a
low permeability cap and a groundwater collec-
tion system to maintain an inward hydraulic
gradient across the barrier. Such a barrier is
generally much more effective in controlling
movement of groundwater and pollutants than
an upgradiem or downgradiem barrier or a
paniallv-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-ben tonite slurry wall. Soil-
bentonite slurry walls are used as vertical
barriers to reduce the horizontal permeability of
soil. These walls can be excavated a limited
distance into rock material (i.e., keyed into
bedrock) but are not generally installed in rock.

Typically, 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.
The trench is kept open by the use of a
bentonite slurry. In addition, tnis bentonite
slurry creates a filter cake on the sides of the
trench as the slurry flows laterally into the soil.
This filter cake consists of a layer of bentonite
with lo* permeability.

Trenches are generally less than 200 feet deep.
Trenches up to 50 feet deep are usual))
excavated using special backhoes; deeper
trenches are excavated with clamshells or other
equipment.

The soil excavated from the trench is usually
used as backfill material to mix with the
bemomie slum. Where sufficient fines are not
present (10 to 30 percent by weight that can
pass through a No. 200 sieve), additional fines
from adjacent borrow areas and/or bentonite
may be added to decrease the permeability.
The backfill mixing is generally done adjacent
to the trench and require- an area at least as
wide as the depth of the trench. The backfill
material is then placed into the trench using a
bulldozer

The permeability of the composite trench will
generally be in the order of 1 x IO"7 to 1 x 10"6

cm/sec, depending on the type of backfill mate-
rial used. The backfill permeability is some-
times affected by the m -rating contaminants,
and compatibility testinc should be performed
to determine this effect For example, if there
is migration of nonaqueous-phase solvent from
the landfill, the bentonite slurry may not be an
effective barrier. Other design considerations
include the potential piping of the bentonite
fines into the trench under pressure in situa-
tions where there is large differential in water
pressure on the barrier.

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

• Slurry walls can improve the overall
effectiveness of a contain mem system by
using the walls in conjunction with
extraction wells and a landfill cap.

• A slurry wall is generally a relatively
low cost, proven technology.

• The necessary construction equipment
is widely available.

• The use of slurry walls is generally
limited to relatively flat and unconfined
sites.
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• For a slurry wall to be effective, ihe
geologic characteristics of the site
should allow it to be keyed into bedrock
or into an aquitard.

• There may be problems wi th construc-
tion if the landfill site is located within
a wetland area.

• There may be construction difficulties
for slurry walls deeper than 50 feet.

• The production of large quantities of
excess slurry (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 materials.

The primary data needed for designing a slum
wall include:

• Existing topography and boundary of
the proposed slurry wall. (The con-
struction of a slurry wall requires
relatively flat topography and sufficient
area to mix the bentonite slurry and
operate excavation equipment.)

• Geologic data such as soils type, soil
chemistry, and types of subsurface
formations

• Depth to acquitard and groundwaier as
well as rate and direction of flow

• Chemical characterization of leachate,
groundwater, and l a n d f i l l wastes
(Compatibility testing with slurry wall
material may also be required.)

4.5.3 References

Additional references on groundwater remedia-
tion are listed below.

Collection, Treatment, and Disposal

Clark. Viessman, and Hammer. Water Supph
and Pollution Control lEP-Dun-Donnell. New
York. 1977.

Freeze et al- Groundwaier. Prentice-Hall. Inc.
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Keely. Optimizing Pumping Strategies for
Contaminant Studies and Remedial Actions:
Groundwaier Monitoring Review. 1984. p. 6.V
14.

Keely and Tsang. Velocity Plots and Capture
Zones of Pumping Centers f»r Groundwater
Investigations: Groundwater, Vol. 21. No. 6.
1983. p. 701-14.

Metcalf & Eddy. Inc., revise 1 by Tchobanoclous.
Waste*ater 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 Protect ion Acency.
Handbook of Remedial Action of Haste Disposal
Sites. (Reusedj EPA 625 6-85 006. October
1985.

U.S. Environmental Protection Agency. RCRA.
Groundwater Monitoring Technical Enforcement
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September 1986.

U.S. Environmental Protection Acency.
Technology Bnefs, Data Requirements for
Selecting Remedial Action Technology.
EPA'600/2-87-001. January 1987.

U.S. Environmental Protection Agency.
Guidance on Remedial Actions for Contaminated
Groundwater at Superfund Sites. EPA 540-6-
88003. December 1988.

U.S. Environmental Protection Agency.
Evaluation of Groundwater Extraction Remedies,
Volume I, Summary Report. EPA'540.2-89 054.
September 1989.

U.S. Environmental Projection Acency.
Performance Evaluations of Pump and Treat
Remediations: Groundwater Issue Paper.
EPA'540/4-89/005. 1989.
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U.S. Environmental Protection Agency. Basics
of Pump and Treat Groundwaier Remediation
Technologies. EPA/600,«-90/003. March 1990.

U.S. Environmental Protection Agency.
CERCLA Sue Discharges to POTWs. EPA/540/
6-90/005. August 1990.

Xanthakos, P. Slurry Wails. New York.
McGraw.Hill. 1979.

4.6 Wetlands

Many municipal landfill sites may have been
built on or adjacent to natural wetlands and
remedial activities may affect the wetland
habitat. This section briefly reviews the possi-
ble consequences to wetlands of a nearby
municipal landfill at an NPL site, and provides
a rationale for mitigating unavoidable damage.
Two topics are discussed: removing or
managing contaminated wetland soil, and miti-
gating the effects on wetlands of site remedia-
tion. When evaluating damage to environ-
mentally 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 municipal landfills may be
contaminated by inflows of leachate through
surface water and groundwater pathways includ-
ing springs and seeps. Anaerobic sediments in
the wetlands may concentrate and sequester
heavy metals or complex or games present in the
leachate. These compounds may reach levels
that are hazardous to humans or to the biolog-
ical components (flora and fauna) of the wet-
land, Under these conditions, remediation of
the wetland areas may be required. Wetlands
sediments can be physically removed through
dredging and then disposed of with other
hazardous solids.

Because of the potential for dredging to harm
indigenous wetland biota, it should be consid-
ered only as a last resori after a careful environ-
menta l risk assessment of the site demonstrates
thai a significant risk actual!} exists. If the
poicntial for nsk is marginal and is OLIweighed

by the potential for environmental harm from
sediment removal, then sediment pollutants can
be stabilized and reduced over lime 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 stabiliza-
tion could potentially be used to immobilize
contaminated sediments, although this may
harm wetland biota. In situ bioremediation
could potentially 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. I985a). This onsite
management of contaminated sediments may
require monitoring to verify the rate of contam-
inant reduction.

4.6.2 Mitigating Wetlands Losses

When existing natural wetlands must be
disturbed through the removal of contaminated
sediments to protect human health and the
environment, alternative approaches may be
used to compensate for the functional loss of
wetlands. To this end, disturbance to wetlands
will be minimized if the affected area is as small
as possible. The effects of dredging may be
mitigated by timing dredging activities to avoid
critical biota lifesiages (for example, dredging
can be conducted when plant populations are
dormant and migrator) wildlife are not present).
Silt screens, hay bales, and other construction
techniques should be used to minimize the
potential for migration of contaminated sedi-
ments 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 natural hydrology of existing
drained wetlands. Restoration provides faster
and more valuable habitat enhancement than
does creation of new wetlands. However,
creation of new wetlands may be necessary
when restoration is not possible.

Creating wetlands can also mitigate the wei-
lands damage associated with some remedial
activities at municipal landfill sites. To the
greatest extent practical, new wetlands should
provide functional values greater than or equal
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io the values lost from the effected wetland.
These values can be assessed using the Corps of
Engineers Wetlands Evaluation Technique.
Additional information can be found in the
document tilled Wetland Evaluation Technique
(WET), Volume II: 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 generally provide
better habitat and associated environmental
values than smaller, isolated wetlands, new
wetlands should be constructed as pan of larger
wetlands/aquatic systems. A larger, new wetland
area may be created to offset the loss of a
number of smaller, isolated wetlands affected b>
municipal landfill remediation.

4.6.3 References

Additional information on evaluation and miti-
gation of wetlands can be found in the
following documents:

Adamus, P.E.. et al, Wetland Evaluation
Technique (WET): Volume Il-Methodolop
U.S. Army Corps of Engineers. 1987.

Hammer. D.A Constructed Wetlands for Waste-
water Treatment. Lewis Publishers. Chelsea,
Michigan. 1989.

U.S. Army Corps of Engineers. Wetland Evalu-
ation Technique (WET). U.S. Army Engineer
Waterways Experiment Station. Wetlands
Research Program. 1987.

U.S. Environmental Protection Agency.
Consmicied Wetlands and Aquatic Plant Systems
for Municipal Wastewaier Treatment. (Design
Manual) EPA/625/1-88/022. 1988.

U.S. Fish and Wildlife Service, et al. Federal
Manual for Identifying and Delineating Junsdic-
tional Wetlands. An Interagency Cooperative
Publication. 1989.

4.7 Surface Water and Sediments

4.7.1 Treatment of Surface Water

GeneralK, surface waters such as large ponds,
rivers, or streams are noi treated at municipal
landfill sites. However, in situations where
small onsiie ponds or lagoons exist, it may be
viable to treat and dispose of contaminated
surface water. Management of surface waters in
these instances will likely be done in conjunc-
tion with contaminated groundwat-r and leach-
ate. Contaminated surface water will li ?K he
more di lute than leachate or grounduaiei and
may require only minor polishing. AJthou_eh.
this may not be true for onsiie lagoons in situa-
tions where disposal of liquid wastes may ha\e
occurred. Typically, removal of VOCs and
semivolatile compounds from surface water may
be achieved using air stripping and or GAC.
More concentrated waste streams may also
require neutralization, metals precipitation, and
biological treatment for removal of COD and
BOD. In situ stabilization is also common 1>
used for lagoon closures for wastes containing
primarily inorganic contaminants and 10 to 20
percent of organic constituents. Additional
discussion regarding \1able treatment technolo-
gies can be found in Section 4.3.2. Since treat-
ment of surface waters will likely be for a short
duration compared to groundwater or leachaie
treatment, routing surface water to the ground-
water 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 Management 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
demonstrates that a significant risk actually
exists from contaminated sediments. When
evaluating the risks posed by contaminated
sediments, consideration should also be given to
the potential for environmental harm from
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sediment removal. However, with this in mind,
a risk assessment for a particular site may result
in the conclusion that removal 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 10
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 feasible
and common alternative for managing excavated
sediments is to consolidate them with other
landfill material under the landfill cap, although
sediments may need to be filtered prior to
consolidation to remove excess water. See the
discussion on ARARs (Section 5.2) for munici-
pal 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 thai have the consistency of wpet
concrete. These materials may flow when
disturbed and are too soft for excavation with
ordinary earth-moving equipment such as bull-
dozers or front-end loaders. Tracked equip-
ment may be used working from firm ground or
barge mounted equipment can be used.
Accurate control of the depth of excavation of
semi-sol.ds is difficult with draglines and crane-
suspended clam shells. More accuracy can be
obtained by using a toothless bucket as found
on a "Gradi.*1" (used for cleaning ditches and
slopes) or «s adapted to a conventional
backhoe. Cutterheid dredges can also be
operated with reasonable accuracy.

Sediments are fluid-like deposits that do not
hold their shape and must be excavated as a
slum This requires handling large volumes of
water (frequently 80 to 90 percent). Excavation
equipment raa\ be either floating or operated
from shore. Equipment used for removing
sediments may include hydraulic dredges (with

or without cutterhead), barge-mounted pumps,
vacuum trucks, or a pneumatic dredge. In
pneumatic dredging, compressed air is injected
into a Venturi pipe, and air, water, and sedi-
ment is lifted and discharged at the surface.

Secondary migration is often • problem with
sediment removal below water and thus ma\
require debate ring of the excavation area, using
sediment control barriers to minimize migration
of sediments, or conducting a final sweep of the
area to remove any redeposiied sediment.
Dewatering a submerged site is often advanta-
geous because it minimizes the contaminated
liquid that is carried with the solids. Post-
removal verification sampling can also be diffi-
cult without dewatering. Temporan dewatering
is done by driving sheet metal piling or shoring
into the ground around the excavation area and
continuously pumping (that is baling) water out
of the area until excavation is complete.

4.7J References

Additional references on remedial technologies
for surface water and sediments are listed
below:

U.S. Environmental Protection Agency
Handbook of Remedial Action at Waste Disposal
Sues (Revised). EPA'625/6-85/006. October
1985.

U.S. Environmental Protection Agency. The
Superfund Innovative Technology Evaluation
Program: Technology Profiles. EPA/54Q/5-
89,033. November 1989.

U.S. Environmental Protection Agency. Systems
to Accelerate In Situ Stabilization of Waste
Deposits. EPA/540/2-86/002. September 1986.

U.S. Steel. Steel Sheet Piling Handbook. 1976.

4.8 Section 4 Summary

This section provides a description of technolo-
gies most practicable for remediation of
CERCLA municipal landfill sites. This list of
technologies is based on the NCP expectations
and a review of remedial i a ions selected in
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RODs for CERCLA municipal landfill siies evaluate alternatives at Superfund sites. The
through FY 1989. objective is to illustrate how each technology

might affect the alternative evaluation process.
In Section 5, these technologies are anal\?ed
against each of the nine criteria used to
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Section 5
EVALUATION CRITERIA

Once remedial action alternatives are sufficient-
ly defined, each alternative is assessed against
nine evaluation criteria. During the detailed
analysis of alternatives, these criteria are consid-
ered individually and are equally weighted for
importance. For in. purpose of this section,
the evaluation crn.r.j have been divided into
three groups base^ : r the function of the crite-
ria durin. remed) selection. The three groups
include me thresh^ criteria, the balancing
criteria, and the modifying criteria.

The threshold criteria relate to statutory
requirements that each alternative must satisfy*
in order to be eligible for selection. These are:

• Overall protection of human health and
the environmeni--The assessment
against this criterion describes how the
alternative, as a whole, achieves and
maintains protection of human health
and the environment.

• Compliance with applicable or relevant
and appropriate requirements (ARARs).
unless a waiver is obtained-Under this
crierion, an alternative is assessed in
terms of its compliance with ARARs, or
if a waiver is required, bow it is justi-
fied.

The balancing criteria are the technical criteria
that are considered during the detailed analysis.
The technologies identified as being most prac-
ticable for remediation of CERCLA municipal
landfill sites have, therefore, been evaluated in
light of the following feasibility stud) balancing
cmena:

Long-term effectiveness and perma-
nence-Under this criterion, an alterna-
tive is assessed in terms of its long-term
effectiveness in maintaining protection
of human health and the environment
after response objectives have been met.
The magnitude of residual risk and
adequacy and reliability of controls are
taken into consideration.

• Reduction of tenacity, mobility, or
volume (TMV) through treatmem--
Under this criterion, an alternative is
assessed in terms of the anticipated
performance of the specific treatment
technologies ii employs. Factors such as
the volume of materials destroyed or
treated, the degree of expected reduc-
tions, the degree to which treatment is
irreversible, and the type and quantity of
remaining residuals are uken into con-
sideration.

Short-term effectiveness-Under this
criterion, an alternative is assessed in
terms of its effectiveness in protecting
human health and the environment
during the construction and imple-
mentation of a remedy before response

-—objectives have been met. The time
until the response objectives have been
met is also factored into this criterion.

• Implementabiliry-Under this criterion,
an alternative is assessed in terms of its
technical and administrative feasibilirv
and the availability of required goods
and services. Also considered is the
reliability of the technology, the ability
to monitor the effectiveness of the
remedy, and the ease of undertaking
additional remedial actions, if necessary.

• Cost-Under this criterion, an alterna-
tive is assessed in terms of its present
worth capita] and operation and mainte-
nance (O&M) costs.

Each of the five balancing criteria represents a
significant element of the evaluation process.
However, in the case of certain technologies
frequently used at municipal landfills, evalua-
tion under some of the five criteria may require
less analysis. For example, a clay cap does not
reduce TMV through treatment, so the evalua-
tion of a clay cap under this criterion does not
require any effort, regardless of the site. Even
though these criteria do not require additional
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analysis to evaluate, the basic conclusion will
still be important during the alternative evalua-
tion. It should be noted that all alternatives
may not need to be evaluated with respect to all
of a criterion's subcriteria. The key is to identi-
fy the subcriteria by which the alternatives vary
significantly and to focus the evaluation on
those factors.

Table 5-1, at the end of this section, identifies
technologies frequently used at municipal land-
fill sites and summarizes bow the technology
may affect the alternative evaluation criteria.
The objective of the table is to present basic
conclusions that can be made for each technol-
ogy 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 analysis (i.e., level of analysis) is deemed
low, moderate, or significant, depending on the
technology being considered for inclusion in a
particular alternative. For example, using incin-
eration as part of an alternative may require
significant analysis of potential risks to human
health and the environment due to air emis-
sions from the incinerator. The two threshold
criteria (overall protective ness of human health
and the environment, and compliance wiih
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 are formally assessed
after the public comment period. However,
state or community views are considered during
the feasibility 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 Rl/FS. Once the
preferred alternative has been identified in the
proposed plan, and toe proposed plan has been
issued for public comment, these criteria are
evaluated. Based on the comments received
during the formal comment period, the lead

agenc% may modify aspects of the preferred
alternative or decide that another alternative is
more appropriate. More information about all
of the criteria, including a comprehensive list of
subcriteria, can be found in Chapter 6 of
Guidance far Conducting Remedial Investigations
and Feasibility Siudits Under CERCLA (U.S.
EPA, I988d). Below, a summary is provided
regarding all criteria as they affect municipal
landfill sites.

5.1 Overall Protection of
Human Health and

the Environment
When evaluating alternatives in terms of overall
protection of human health and the environ-
ment, consideration should be given to the
manner in which site risks identified in the
conceptual site model are eliminated, reduced,
or controlled through treatment, engineering
controls (for example, containment), or institu-
tional controls. Potential threats to human
health and the environment resulting from
municipal landfills may include:

• Leach a te generation and ground water
contamination

• Soil contamination (including hot spots)

• The landfill contents themselves

• Landfill gas

• Wetlands contamination

• Contamination of surface waters and
sediments

The overall assessment of protection of human
health and the environment is based on eval-
uating how each of these potential threats has
been addressed in terms of a composite of
factors assessed under other evaluation criteria,
especially long-term effectiveness and perma-
nence, short-term effectiveness, and compliance
with ARARs.
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5.2 Compliance With ARARS
Onsite remedial actions ai CERCLA municipal
landfill sites must comply with all ARARs of
other environmental statutes, unless a waiver
can be justified. These statutes include those
established by U.S. EPA and other federal agen-
cies and those established by the state in which
the release occurred, if the state's standards are
promulgated, more stringent than the federal
standards, and are identified in a timely manner.

By way of Refining "applicable* and "relevant
and appropriate": applicable requirements are
federal or state requirements that "specifically
address a hanrdous substance, pollutant,
contaminant, remedial action, location, or other
circumstance found at a CERCLA site" (NCP
Sec. 300.5). Relevant and appropriate require-
ments are federal or state laws that, while not
applicable to a hazardous substance, pollutant,
contaminant, remedial action, or other circum-
stance at a CERCLA site, "address problems or
situations sufficiently similar to those
encountered at the CERCLA site that their use
is well suited to the particular site." (NCP Sec.
300.5).

Another factor in determining which require-
ments must be complied with is "whether the
requirement is substantive or administrative.
Onsite CERCLA response actions must comply
with substantive requirements of other environ-
mental laws but not with administrative require-
ments. Substantive requirements include
cleanup standards or levels of control; in
general, administrative requirements prescribe
methods and procedures such as fees, permit-
ting, inspection, and reporting requirements.

In addition to the legally binding requirements
established as ARARs, many federal and state
programs nave developed criteria, advisories,
guidelines, or proposed standards "to be consid-
ered" (TBC). TT>is TBC material may provide
useful information or recommend procedures if
(1) no ARAR addresses a particular situation,
or (2) if existing ARARs do not provide protec-
tion. ID such situations, TBC criteria or guide-
lines should be used to set remedial action
levels. Their use should be explained and justi-
fied in the administrative record for the site.

A more detailed discussion of the general 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 Compliance with Other Laws
Manual (U.S. EPA, 1988b).

ARARs are divided into three types:

• Chemical-specific ARARs
• Location-spedfic ARARs
• Action-specific ARARs

Tables 5-2 and 5-3 list the federal location and
action-specific ARARs that typically are
pertinent to CERCLA municipal landfill sites.
ARARs pertinent to air stripping, incineration,
and direct discharge to POTWs are also
included because these technologies are
frequently used at 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 ARARs
follows the information regarding federal
ARARs.

5.2.1 Federal ARARs

5.2.1.1 Chemical-Specific ARARs

Chemical-sped fie requirements are usually
technology- or risk-based numerical 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 discharged 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 I-Human
Health Evaluation Manual (Pan A), Interim
Final (U.S. EPA, 1989j), and Risk Assessment
Guidance for Superjund, Volume //--Environ-
mental Evaluation Manual, Interim Final (U.S.
EPA, 1989c). Examples of chemical-sped fie
ARARs and TBCs are listed for the example
site and can be found in Appendix A of this
report. The following is a discussion of the
chemical-specific ARARs that typically are
pertinent to landfill sites.

IT
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Tnm> 5-2
roTKNTiAi. FEDERAL I-OTATHIN-SPH IH< ARAR* AT MUNICIPAL IANDMI r SITFS

P«|trl *T 2

I*c*fb«i

''

1

3.

4.

5.

A.

7.

R.

Within 61 meters (200 fed)
of » fonh* displaced in
llolncrnc lime

Within 100-year Hoodplain

Wilhin nondplam

Within tall dome fnnnalinn.
underground mine, or cave

Critical habitat upon which
endangered spent* or
rhft*encd specie, depend.

Wetland

Wilderness area

Wildlife refuse

Hv*VwM**fHv?VH

New treatment, slnrafc. or dnpiKal
of haunhitM waste pn*ihilcd.

facility must he designed, eon
slrvctcd, operated, and maintained
hi avoid washout.

Arlinn In avnid advene ef frets,
minimise potential harm, mlore
and preserve natural and hcnefii-tal
values of the rhxKtplain.

Placement of nonronlaincrired nr
bulk lM|iii«l ha/anlous waste pfo-
hihtlcd.

Action to comerve endangered
specie* nr threatened •pecic*.
inchjdiii|i cownrilaltan with the
DcpMlmciN of the Interior.

Action tn minimize the dotmction,
low, nr dcgradalkm of wrllandv

Action to |n i Mint dhchar|te of
drrdfrd or OH material into
wetland without permit.

Area mtnt he administered in such
a manner at wiH leave tl unim-
pnirrd an wiMeroeiM and tn prc-
•erve im wiMernns rharacler.

Only action* allowed under the
provninm of Ift IKr Sccti<»n AW
dd(c) may be undertaken in areas
thai are part of the National
WiMlife Refuse System

Pnn^vKHffs)

KCKA ha/aithMM W.T ÎC; PCI*
treatment, Min.ip* . (f ilispiKal

UCKA ha/ardou* waste. PC'H
Irralmrnl, sliwapc, nr dMpiKal.

Action thai will occur in a
(Inndplain, i.e , lowland*, and
rttaHvety Hal areas athjoininf inland
and maslal waters and other flood
pn»nc area*.

KCKA ha/.irdous waste; place-
mcnl.

l)derminai«on of cndanprcd
spcncx iw threatened species.

Wetland as wriincd hy FJiecuiive
Onlcr MVWSc<iMWi 7.

•

T'ederalhy owned area dcsiRnalol as
wilderness area.

Arm drsipnalcd a* part rrf
Nation.il Wikllifc Kcdipc Syslem

4 ItothMi

40( IK 2M l«(a)

40CIK2MIR(h);
4fl <TK 761.75

rxeculivc Order
IIWM, Protection of
IliKNlfrtainit. (40 (IK
6, Appendix A)

40(.TK2M.iR(c)

l-jtdaoftcml Specie*
Actnfl*rt(lftUSC
IVllrtsrq);M
<T-RFarr2M.5«
(IK Part 402

Pjcculiwe Order
IIWO, Pmteclioii of
Wetland*. (40 UK
A, Appendix A)

(Van Water Act
Section 4O4; 40 CTR
Pans 2W ?H

Wildemen Act (l«
USCini ctscq.);
W(1K t<Trlfteq.

InUSCMRddct
*et|. SO (IK Par' "

raB^BabmBfefltBBWHB•PBBJVVtBBTm^n

('ounlieii cnmidrred •enmicalh/
active listed in 40 ( 1 R 2A4
Appendix V|.

ApplicaHe if part of the landfill to
in the 100-year floodplain.

ApplicaHe if part of Ihc landfill is
in Ihc 100 year ftotxlplain.

Need lo verify that the site does not
contain any salt dome formation*,
underground mines, or caves used
fnr waste disposal.

Neetl lo identify whether awy
endangered special are known to
aisl on the Kite. May apply m nral
areas.

ApphcanK • wctlandi arc preacnl
neat lo nr on Ihc site.

Nrrd in verify that Ihc site is not
within a t-ederal Wilderncm Area,

Need In verify thai Ihc site H. mil
wilhin a National Wildlife Refuse.
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10.

II.

12.

13.

14.

Area affecting uream or
river

Within area affecting
national wild, scenic, or
recreational river

WHhin coastal zone

Oceans or walen of ihe
United Stales

Within area where action
may OHM: irreparable harm,
(ma, or destruction of
significant artifadi

1 Intone project owned or
controlled by federal •gency

Table 5-2
POTENTIAL reOOUL I/M'ATION SPH IH< ARARs AT MUNICIPAL tJlNDFILL SITES

r*Cr 1W 2

Action to protect fish or wildlife.

Avoid taking or assisting in action
thai will have direct advene effect
on scenic river.

Conduct activities in. manner con-
sistent wilh appmvcd Male nun
agemenl programs.

Action to dispose of dredge and fiH
material into ocean waters u
prohibited without a permit.

Action lo recover and preserve
artifacts.

Action lo preserve historic
properties; planning of action lo
minimise harm lo National Mrtioric
landmark*.

Pm**nMlr<ft>

Diversion, channeling, or other
activity ihal modifies a stream or
rtvrr and affects ftsh or wildlife.

Activities ihal affect or may affect
any of Ihc riven specified in
Section I27o(a).

Activities affecting the coastal /one
including lands fhcreundcr and
adjacent shordamfe.

Occam and waters of Ihc United
Slates.

Alter aim of terrain Ihal threatens
ligniticanl trirnlific. prehisloncal,
historical, or archaeological data.

Properly included in or eligible lor
Ihe National Ki'gKtcr of Historic
J'laccs.

^HnMtvfll

l-nn and WildWe
CoordmMion Act (16
(ISC: Ml el 101); 40
CFK 6.30F

Scenic Riven Act (16
1 1ST 1271 ct wq.
Section ?(•;, 40 CFR
6102(c)

Coastal Ton*
Management Act (16
US( ScclKKi I4Mel
««!-)

(lean Water Act
Section 404, 40 Cf'K
125 Subparl M;
Marine I'roimion
Resources and
Sanctuary Act
Section 101

National
Archaeological and
1 lisforical
('reservation Act (16
IJSC Sect ton 469); 36
OK Part 65

National | Itsioric
I'reservalion Ad
SeclNm 106 (16 USC
470 el seq ); .16 CIV.
I'artTlOfr

CMMSwa*

Ibe K«h and Wildlife Coordination
Act reqvirca consultMion with the
Department of 1 «h and Wrtdlife
prior lo any action ihal wnnld alter
a body of water of Ihc United
Slates.

Need to verify that national wild or
icenic rivers are not located on Ihc
tile and will not be affected by site
remediation.

Applicable if Ihe site has direct
access lo coastal areas.

Applicable if disposal of dredge *nd
fill material in ocean waters is
planned.

Should scientific, prehnforical, or
historical artifacts he found at the
sile, lh» wilt become apftlicaMc.

Need lo identify whether the site »
included iit the National Register of
Historic Places.
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|.»«̂ M»

Tim » îtilin««l wnrt MM! MnmMNiw h
MwwuNf n|ni<tr]iMt IK MMtrn mrrlmf Ifcc
'•Ufiw' cntrti* MH|*« In vmnrv pfofovrf
litt mKUHUmmrni >trjM

SIWPP tf̂ n l̂MVI flwil vf HI INI itmnr

NCHA voilr M UndtiH

•loracc, flt oHiwOT) n MBnVvnw WNMÎ

iffwtrMrMt wuf tir rrlrvMrt JHM!
•ftfwtinnjHr

I'ltallon

< AA VnHm 101"

Wf ' l t t M*

*n<-|« «•

M (1-M \f

*«(IK *lh

4»( IH M"

V
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fSwfiCY iMpniMiHiiriMsi
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(W»*c r*-.)
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MNk> IlldH tall IB •* 1 * Ikj h»«*

nc ntfnraw lnK f rrliBMWfy «BCIi«f witfc Male prim to Mwf AFI-N h tTn»»«tT»drrf
tn Ihc tr|»toto« hlcr1iN| wn*U Mnwrfy •**ltLiiiit tawn r4 oomrr* m Ihc Slat*

pnoimma InNiio Hw fadrnl ricwMlra trf Sif>WcMl IVtcrawMiMi (m >) Irnmrvnl

Rr̂ wmMTMt (lAlvK)

WMk . pen* fc MM M f̂c«4 Inr M ami* CRMO A Mfc* ** MtaMrttvc

rH»l»ttn* 1 hi^mi. nut nl Ihc tpcrrfu ii|Biilma Ivrlhct mtntl Ihr toific rrf

•flcr NnvmhCT 1*. !«• TW ̂ f<ifrtmiimi rf H' I'A tfytrg»C*li ti hnrtl »hn
ntl CMll re^VlftMflkY • l̂ fHMcW XrtH W • fMrW •HVMIMI-

cnMMi bMTii >r4Ui »M cf<M»»^Mrt̂  *n*b H^ ftoN t̂ HfiUnp nf pm-if«Mm
f f A î yiiuf HPI R*HA c*f» Inr new HI HA bMTM c*fe imfcrfct tmrfnt̂ artirr r*f*
nl tnf *•• hiVrt

fjNwrtlHi wwl nmMflMrtlMi nf (to ••»« nMNe. b> • InaMM nMtMr nf ihc rwmrt
•««• nl unn»î xl>ai. •(!•« *Mkc IhcK IB^«li i •!•<•. M »HI M Ihr bnrfliM nmlrw

tautdnv* H Ihc WH*C« m CTTJHMcJ «^ KmMnMMrrf «• Ihrh timvM hw*i*«, thr

Ihr Imirt *H«U*. •*! I'M rlauHKdKM nl Ihr wnM- nuMriwh
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V'jMWUie toe II^MMI wf r^vnvM nf MMMCMMM.

••pport cover.

lnMnlblkm of fhwl rover lo provide l"*f ta

40 (IK

40<1K
Mid

IH Jh4 MO

40 (IK 2M 1| A

t4 need OMwthMKT nl K( KA h»̂ »*l>HM w«ic
(Inlrd 11* HtMKlrmlic} tnA mntrmcttl
mHudc the MM (ir MCX <4 mnlMHHiMm

40 I I H 2fc4 111

H»|«M> Jim ttt or hi

n OKI dnlMhrrf m Ihr rtwnr nt

CVMI rfcwHT (DMnwal of ri*»fmm*tt4 MMcfiMi dna Mrt uff*»r In be tc*»ti*r for
MnU MWMttnM fcMMNrfl «tc* li(t«H>c nl Ote iMfr *»*••>< nf «m*« llnvwn. clean
rtiWHC mMmM may he UMMiJtnBJ Inr pwlrw* nf ttte utr. wcfc M tm« »nnl WTM IV
K("KA rk-Mi ftonnre nt(Mrcmc«l* •mht hr rnnMdrvnl rclnniM Mid in|wiifMiMc In
cnNi*MiMi«l wMln vhtrh MT Mil fcaMrdmtt. tnH *ktrfi an IMHtor Ht b*Mnlmn

nr 4tamt*mt*nlirm nf u|»ir"'t«i. 40 (1H 2MHI MM! IV RCKA I *nd 1>nfin»jil HelrxlttKB rrt|»*T litMmnri nl MCKA »«ln In
Irwrh « hj inrrilittJ 1«tin.i»nfic« IV HI'It A rrquimmr*it w-«W he dit«drrnl
rtfcvMM imd Hfirirî njMi- inwKlei llul HIT inn H< HA fc«»nl>"M w»*Jn. Nil whwK »i>-
MinilM (umr tufitiHMcMt) M KCKA *>M(̂

H<HA tJHtd ItMpnul Knlhnintn rrquHr iiralmrnt nl K< HA w îc* linnrriltnl
nr hy iprnliril lr(hiv*^ir-« hrl.wr lam) dnpxur II Hnlm.nl hi iV %n« ili«l

cl tw by Ihc irmilml Icftmnfcnn1 t* •*•« *rhM-vjli*V IK ar>|««<r<"'"' > » *»»'•««• """^ ••
«««nl ItiMn IV ITA IIIV wnlrs art ((tlrrmHtrtJ lo V K( KA waMn, Ihnr
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*0(l« *Z*

r^_- ,

^ . . . . . .

•fiplicjMr

hpici fvrtptin pplr«A trrMrd m RfHA tf»*TtlN-d ct**m* IV mq»*T**r»* *n*y he
irlo'Mil •!(• p~ornfci*tc lo wnptc pnppBVvî pi vMlo Ji PMMMjcif*il wpwltlt *nc t vnwh
•re cnMMMMMH wilh fcpuwdmpi ci*p*f *!•»•<* •< fcrvrh lifipivr In llpmr AM b*lrd m\irit
•MP H*T cwraffv lof raciwiprvhMtPwi MM df%|ifiul nvlvoc Ihr curmn *trn (if

MHtOf /PUHHMBi IPC MPVlPrPl Mf ^MMfy MMHUfVB frW ppflKTWlBtf PUPlCt

V. ————.-*,*.««„.*
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Pi«r4«f M

ArttMM

ClMHuMMMNI

(n.M.1)

(*nMM«meM (< "«•
Mrwim nl New !tar-

IMMe) (See Own
Mh WM*C ta Fh*c
Mid ( VMI € "liwwe;

IMr SivhiliMlmi

!>ireci Dwrlutfe <*
lre***eM SyMtM
INtanM

••MhWMMl

Mntno (KACT)

Ve»w> ifcrn«th Mil anna tmtmmn umt mumum Nmdcl«n

rmtttMrilkM |fnter HIM « OMH! to 9 It pfM.

Vefwjf HMI CBMMM4M fv Mefcwyv nw f̂l cMnvwe. MM DenveBe
•O ttnt ̂ P**̂  Itvrii e^ccwtf Nv^ MMna M cnMpfcMvc

Iter Mn MPM Mm» the •««•. • mp Itaer ihM pfrwtMi
wMIe ail|fMtoii tMn HH NaM. MM! • tmUnm Mtct llut

pnU<kMKC pmtrf.

nwvMhug; wjtf BM| wwf fll*w; ninfM^ rwî w;
•kMlwftfliniM flf level (iMMrapen. •HCBM, nf ollwr o^wpvftrMk

Ml4 MWMM Cfn«.

•MM he u*̂ <irf «Mh. IVx MMMMBI Mif he ta Mhtam

CWA.

W'flAcV l̂ tfWly MMU^WCVt ^Ml •p t̂TWfv |̂  !*.» A WMCV

Vtti«« «M(I>) of the < VMI WMCI Art

•rlnrvuMt M rumreit lo cmMnri Mwt MM! MiMm*rM«i«al
(•MMMMI the t4 hni rt«wr«itinurf pJlaimi rmtt<4
trf*»f*>0 (IH "I) t* m|»»iJ to cnrinil amvrMn>Kri

«» • CMV l̂ r<He hM«.

Ike ibih*ne MMM tnMnai to •yplir«lih wmtet ̂ uht|
rpqmrrmcnn wkm Ifcc AwhM^c *nnt* • MMc iihrt Hun
Ike ceiirfjim Mwe.

fwn^MlM

SiMtrT nprrMwiM mml hr Hi *n <w«*r

>HNuHI«NM»cM Mra

I

H( RA daw*** *Mlr (Mini <ir
thMMlcfBlN) c*rrrm»y tri«i( |4»cfil HI •
HwlMr impr nnJmritl

lU'HllllWt VMIr

1-jnlMf mrfarr mfXMMHJmrnl rudUHwiif
kwjNdnw WBUC IN rtrjliim ill nrw imlmf

SiHlacc *whM(< oJ tminl tlllwnt

SwfKC dn<lwt|C nf litMcd riflwiri

•

Nnrl.nr <fcvkM|tr <4 ItrMid rlflwnl

SwfMT *Mn dMtfcJHj*1 »llrTimi[ Mini
imtMdr (Ttlifymj >l*lr

€ IMM*

WtTH ^/*

40(1H *.(*

40<1M*l'

*U(1H IM2M

40< 1 K JMIJI

%»|K WTH4
(Jy^ ». IW^)

40 OK !2244M^U«c
n-(;n(jillo«w *|inniwil

•mh-f 40 ( IK 111

CWA VnHM HM(tt)

4HCI K UJ4*(j)

401 1 H I2J44(.IK4)

r__™*

Sec *irnMH» anJer AN S*nfft*t

Sec AHCHHMW mi<cr Aw Mtiffi»i

Sw *K«MMM MWrr AN Slripp«|

H • mem, oMtte mmlmtt imrnwnmmrmt hi craWnKirrf to hnU mtHmtmt MwlAw rfflaeNl
lin* • ite»m»f»i prateM. or to hnU |»MMM»»i(r. »»d»ce «Mrt nt k;*rluir ifcM n NTK
• kaiarAiMi «MIC. ibete tt̂ M«ci»t»ii «M fttoMit MM! M p̂nifnMc to cnminNtMM.
npemlns, M^ NiiNMCM«ce of the tmpmmamtml.

uprfMma of • ne* Miri*n hMfnMMMCM nr the npetMHM MM! •n«Hrn«»rr nf MI
nnlM| waiter .,*ftn*m4mtml nMMe to a«MM* futtiHttiMrt, turttrr wMr>. IrM-hMr. «*
ike MflMml i« cfnveiM a! * ircMHtcM •)«««• Iktf n Mil • h«Midi4H *Mle.

H MMC m»Wio«M MT Miire ttrwfeiM HMH Irdrr*! «*ler qvMHy HMMbwh. the MMr
ilwidHrfmll htM îphuMe mArecl mtxturfr IV •(»•(• hat MjHuvMy imrfrr 40 (IH
1 II to NMpfeMieM Ami AKfc»r(r tt̂ iiramiU «Mhni the *1Mr, Mid ihi»U he
nwlM^cd nm * CMC hr-c*«c K»W* <M>e* *re*1 AM hM(c« Mr niMMMptoird

I>rw1u(p MMI rnmfly wrik f*tM*MMe Iwl mil fdntwmtiMnt io|WiftMrMi (4 Ike
•HMUfCIHCIll |4MI

It irraHd rlflwrM K dnHutfrd to MwfKr walrn, Iknr itrMmrM rr̂ HtrmrMi «• hr
*|iolH*Mr rrnMtim|t mid rf f*wlm< pcifwicmi-iî  *iH hr «ffJw »Mr "nly il ihr rintif BI
p. ilnrkaifril M MI irflMir hnJt*«n IV p>-imiriiAf anthntiiy \hiHilil N- n«u#i(d «« ̂
<MC hy c*v: hau% l« Jcln mmc cfAMenl M4MlM<h

Nit tfiM lurfT • nnrrlrtl lo «4I«I iwrfMr wil«i i«llnk trrtrfyi»i( *Mlr
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IV IIMT ftnfmm

• f'jl*MMi ifnMir t*Mn4 nf Irwtc tmd
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•KfM iMjiitnur

ITJMWMMc pnmMMl HW ̂ MMMMCnt 1MVMT
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i

I~IM*M»

40CIK IV, 1 IV. 4
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*l< IH JMTI
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CMMMHMi

' .Mji di .* fc -
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>lm»d*n»i fnt •rm-caltpniral. nm-dnnxrttc <»charne». (lumf-ct •• ihc omwfumiltoii o*
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Maximum Contaminant Levels (MCLs). MCLs
are enforceable drinking water standards estab-
lished by U.S. EPA under the Safe Drinking
Water Act. MCLs establish the maximum level
of a contaminant that is allowed in water deliv-
ered to any user of a public water system. An
MCL for a specific contaminant is required by
tew to be set as close as feasible to the maxi-
mum 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 (includ-
ing costs).

MCLs, as the enforceable requirements of the
SDWA, are potential ARARs pursuant to
CERCLA Section 121(d)(2)(A)(i). The NCP
father states that MCLs generally have the
status of ARARs for ground water when the
MCLGs are not an ARAR and the MCLs are
relevant and appropriate under the circum-
stances of the release. A discussion of this
issue can be found on page 8753 of the pream-
ble to the March 8. 1990, final NCP. Typically,
MCU are considered relevant and appropriate
to groundwater Class land II aquifers. Compli-
ance with an ARAR generally would be mea-
sured at the landfill boundary (not at the
property boundary).

In some cases, a waiver of the MCLs may need
to be obtained. As an example, a landfill with
waste below the water table may continue to
exceed MCLs in ground waier far into the future
because of continued leaching of waste. In such
cases, groundwater collection and treatment
may not achieve MCLs at the landfill boundary,
and a waiver for technical im practicality would
need to be obtained. A technical unpracticality
waiver for termination of a groundwater/
Jeachate collection and treatment system is
usually available at some extended time in the
future for municipal landfill sites in the event
that MCU are not achievable [SARA

Maximum Contaminant Level Goals (MCLGs).
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 health of persons" and

allowing 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),
MCLGs above zero should be attained by
remedial actions for ground or surface water
that is a current or potential source of drinking
water where the MCLGs are determined to be
relevant and appropriate under the circum-
stances of the release. When the MCLG for a
contaminant has been set at zero, the MCL
promulgated for that contaminant should be
attained for current o. potential sources of
drinking water, where the MCL is relevant and
appropriate. In cases where ARARs (for
example, MCLs, MCLGs) aie 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 individual 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 MCLs
pertain to contaminants that, if present in
excessive quantities, may discourage the utiliza-
tion of a public water supply because they affect
qualities such as taste, color, odor, and corrosiv-
ity. Secondary MCLs are TBCs and are listed
in 40 CFR 143. In many cases, exceed a nee of
secondary MCLs is the first indication of a
more serious problem with a drinking water
source.

Federal Water Quality Criteria (FW'QC).
FVVQCs 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
S e c t i o n 121 ( d ) ( 2 ) ( B ) ; 40 CFR
300.430(e)(2)(i)(E)). Two types of criteria have
been set by EPA, one for the protection of
human health and another for the protection of
aquatic life. FWQCs set quantitative levels of

5-22
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pollutants in wa'.er, the levels such that water
qualm is adequate for a specified use. These
levels are based solely on data and scientific
judgments regarding the relationship between
concentrations of a pollutant and resulting
effects on environmental and human health.
FWQCs do not reflect consideration of
economic or technological feasibility. FWQCs
are used by the states to set their own water
quality standards for surface water. They are
also typically used by state and federal agencies
in setting National Pollution Discharge Elimi-
nation System (NPDES) discharge permit levels.

Whether a water quality criterion is relevant
and appropriate depends on the designated or
potential water uses, the environmental media
affected, the purpose for which such criteria
were developed, and the latest available scienti-
fic information available (see CERCLA Section
121(d)(2)(B)(i)). Although a state may develop
its own use classification scheme, designated
uses generally include recreation, protection,
and propagation offish and aquatic life; agricul-
tural and industnal uses; public water supply;
and navigation.

For water designated as a public water supply,
MCL'MCLGs would generalh be relevant and
appropriate; the criteria that reflect fish
consumption may also be relevant and appro-
priate if fishing is included in the state's desig-
nated use. If the state has designated a water
body for recreation, a water quality criteria
reflecting fish consumption alone may be rele-
vant and appropriate if fishing is included in the
recreational use designation. Generally, water
quality criteria are not relevant and appropriate
for other uses, such as industrial or agricultural,
since exposure reflected in the water quality
criteria are not likely to occur. The two types
of FWQC are discussed below:

• FWQCs for Human Health Protection:
One fpt.. of the FWQC is to protect
humans from hazards associated with
rwo routes of exposure, including expo-
sure from drinking the water and expo-
sure from consuming aquatic organisms,
primarily fish. There are nonbinding
guidelines provided that address expo-
sure from both routes, and from fish

consumption alone. The criteria identi-
fy concentrations equating to specified
levels of cancer risk (1CT5. 10"6, and
10"7) for carcinogens or threshold-level
concentrations for ooncarcinogens that
represent the water concentrations at
which there would be no chronic
adverse health effects. There are also
criteria for chemicals with organoleptic
properties (that is, affecting taste or
odor but not health). These criteria are
based on concentrations at which there
would be no taste or odor problems.
The FWQC values for human health
protection can be found in the Federal
Register, Vol. 45 (No. 231). FR pg.
79318, November 29, 1980-Water Qual-
ity Criteria.

• FWQCs for Aquatic Life Protection:
The FWQC criteria for the protection
of aquatic life present rwo sets of values,
one based on the protection of aquatic
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 quality criteria may
be found in Quality Cmena for Water
(U.S. EPA, 1986aa), which is commonly
referred to as the "Gold Book.'

Office Of Drinking Water Health Advisories
The health advisories are non-enforceable
guidelines (TBCs) that present the EPA Office
of Water's most recent determination regarding
the concentration leve1 of drinking water
contaminants below which adverse effects would
not be anticipated to occur. This level includes
a margin of safety to protect sensitive members
of the population and is sub, ret to change as
new health information becomes available.
Levels are specified for 1-day, 10-diy, longer
term (e.g., 10 percent of one's lifetime, 7 years),
and lifetime exposure periods.

5.2.1.2 Location-Speciflc ARARs

Location-specific ARARs are the restrictions
placed on the concentration of hazardous sub-
stances or the conduct of activities soleh
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because they occur in special locations. These
requirements relate to the geographical or
physical position of municipal landfill sites
rather than to the nature of the contaminants
or the proposed remedial actions. These
requirements may limit the type of remedial
action that can be implemented and may
impose additional constraints on the cleanup
action. The restrictions caused by flood plains
and wetlands are among the most common
location-specific potential ARARs for munici-
pal landfill sites. Federal location-specific
ARARs for municipal landfill sites are
presented in Table 5-2, at the end of this
section. The following is a discussion of the
location-specific ARARs that typically are most
pertinent to landfill sites.

Wetlands. Remediation of municipal 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 are filled 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 Corps of Engineers, 1987).

Fioodplains. Remediation of landfill sites
located within floodplains (for exam-
ple, 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, remedial actions
should not be designed and constructed in a
manner that destroys the usefulness of a flood-
plain, thereby potentially causing adjacent areas
to become flooded.

5.2. U Action-Specific ARARs

Action-specific ARARs are usually technology-
or carviry-based requirements or limitations on
actions taken with respect to hazardous sub-
stances. These requirements typically define

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 at municipal landfill
sites. Action-specific ARARs for municipal
landfill sites are shown in Table 5-3, located at
the end of this section. The following is a dis-
cussion of the action-specific ARARs that typi-
cally are most pertinent to lan<1fill sites.

RCRA Closure Requirements. A dete -nination
must be made on which RCRA closure ;equire-
ments are applicable or relevant and appropri-
ate for the specific site of concern. RCRA
Subtitle D requirements are generally 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 constitutes
current treatment, storage, or disposal as certi-
fied 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 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 Pan 261, Subpart D. Characteristic
hazardous wastes under RCRA are described in
40 CFR Pan 261, Subpan C.

Because containment of landfill wastes is a
common element of most remedial actions at
municipal 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 perme-
ability 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.

¥
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Land Disposal Restrictions. Offsite disposal of
contaminated soils from hot spots may be a
viable component of a remedial action alterna-
tive for a municipal landfill site. In situations
where the material is regulated is 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 applicable to the
conuminated soils if it is determined that the
soils have been contaminated by a restricted,
listed RCRA waste or if the conuminated 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 a
RCRA 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 require-
ments of RCRA Subtitle C, that is in compli-
ance with CERCLA Section 121(d)(3) and the
Superfund offsite policy. The design features of
a RCRA hazardous waste landfill are defined in
40 CFR 254 Subpan N. If the soils are not a
RCRA waste or if they are delisted, offsite
disposal ma> 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 regu-
lated under RCRA Subtitle D. However, in
most cases, sute regulations govern the design,
construction, operation, and closure of solid
waste landfills.

Air Emission Treatment Requirements. Several
ahernalives 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 imple-
mented at municipal landfill sites. The need for
air emission treatment should be evaluated
based on federal and state requirements and an
evaluation of human health risks. Technologies
that typically result in air emissions include air
stripping, collection and treatment of landfill
gas, excavation and consolidation of conumi-
nated soils, and incineration.

The EPA Office of Air Quality, Planning, and
Sundards is currently developing new source
emission guidelines and performance sundards
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 emissions exceeding
100 megagrams per year of nonmethane organic
compounds. Treatment of landfill gas (e.g.. b>
enclosed ground flares) would be required to
demonstrate a destruction removal efficiency of
98 percent or emissions less than or equal to 20
ppm (volume dried) of nonmethane organic
compounds. Since these emission guidelines
and sundards are currently under development,
some changes may be made.

The proposed air emission sundards will apph
to new municipal solid waste landfills as well as
to those facilities that have accepted waste since
November 8, 1987, or that have capacity avail-
able for future use. For CERCLA municipal
landfill remediations, these requirements would
be potential ARARs for all records of decision
(RODs) signed after the rule's promulgation
date. The sundards in this rule, once promul-
gated, will be applicable for those municipal
landfill sites on the NPL that accepted waste on
or after November 8, 1987, or that are operat-
ing and have capacity for future use. In cases
where these sundards are not applicable, such
as landfill sites that accepted waste prior to
November 8, 1987, they may still be determined
to be relevant and appropriate. The determina-
tion of relevance and appropriateness is made
on a site-specific basis pursuant to NCP Section
300.400(g) (55 Federal Register 8841, March 8.
1990). Judgment should be used in applying
these guidelines and sundards since trey will
apply to nv,iicipal solid waste landfills as
opposed to CERCLA sites where there is *vpi-
cally co-disposal of both municipal solid wt te
and hazardous waste.

5.2.2 State ARARs

In general, in order for a state requirement to
be considered an ARAR, it must:

• Be promulgated (be legally enforceable
and of general applicability)
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• Be identified to EPA in a timely manner

• Not result in an in-state ban on land
disposal of hazardous waste

• Be more stringent than federal require-
ments

Even if the state standard meets these condi-
tions, it may be waived if it is found not to have
been applied uniformly and consistently
throughout the state.

Because many states may be revising their
standards in any given year, more stringent state
standards for municipal 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 contain
chemical-specific standards and criteria that are
often ARARs for gioundwatcr 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 federal 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 cir-
cumstances of the release (most drinking water
standards are not legally "applicable1 to ground-
water). 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 An and its important com-
ponent, the NPDES program, which contains
standards and criteria for discharge of treated
waters to nearby surface waters (see Section
5.113).

5.2.2.2 Location-Specific ARARs

Wetlands. State requirements for designation
of wetlands should be reviewed to determine if

they are more stringent than the Corps of
Engineers' methodology. Stringent state meth-
odologies 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 remedial action. State
requirements can differ significantly from
federal regulations.

Floodplains. State ARARs often prohibit the
siting of landfills in floodplains, which in tun.
may restrict onsite disposal options.

5.2.2J Action-Specific ARARs

NPDES Program. Pretreatment requirements
for discharge directly to a publicly owned treat-
ment works (POTW) under the NPDES
program may be dictated by a local or regional
government agency. A careful review of a
state's NPDES requirements and of the poten-
tial pretreatment requirements that would be
imposed by the POTW is therefore necessary.
Frequently, discussions on the acceptability of a
discharge to a POTW will extend well into the
predesign and design phases at Superfund sites
There is also 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 a
POTW, a review of a state's NPDES require-
ments 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 criteria exist for the construc-
tion, operation, and closure of landfills. The
state may also 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 material

I

j
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although 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 as incineration or air stripping to see if
requirements more stringent than federal CAA
requirements ex: . Landfill gas emissions may
also be regulate under state air regulations.

5.3 Long-Term Effectiveness and
Permanence

Some aspects of long-term effectiveness include
the ability of a cap to maintain its integrity, the
ability of grounduater extraction to meet clean-
up levels, and the long-term maintainability of
leachaie or gas treatment systems. Long-term
effectiveness also includes an evaluation of the
magnitude of residual risk. Because the tech-
nologies generally considered practicable for
municipal landfill sites will not completely
eliminate the hazardous substances at a landfill,
long-term management of waste is a critical
issue Complete evaluation under this criterion
should require determining the risk posed by
the remaining waste. One of the more time-
consuming tasks associated with the evaluation
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 discussed in Section 4.2 (Landfill
Contents), may be useful in evaluating this
criteria.

5.4 Reduction of TMV Through
Treatment

Generally, reduction of TMV at municipal land-
fill sites occurs through treatment of hot spots.
However, TMV can also be reduced through
treatment of groundwater, leachate, or landfill
gas. When treatment is used, a number of
factors musi be considered. Naturally, the
treatment process used and the materials

treated must be evaluated. This evaluation can
be particularly significant for innovative tech-
oologies or conventional technologies being
applied to a waste that has unusual character-
istics. The volume of material destroyed or
treated must be evaluated, as well as the degree
of expected reductions. Also, the degree to
which treatment is irreversible must be consid-
ered, particularly for technologies like stabiliza-
tion. Technologies such as capping and fencing
that provide no treatment do not require evalu-
ation under this criterion.

5.5 Short-Term Effectiveness
A significant issue of short-term effectiveness is
the 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 (con-
struction of a typical 40-acre multilayer cap
requires about 32300 truckloads of capping
material).' Other issues such as potential VOC
emissions during excavation of hot spots and
during construction and operation of onsite
treatment systems are associated with worker
and community protection during remedial
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
time to achieve remediation of leachate and
groundwater.

. 5.6 Implementability

Administrative implemeniability is the relative
difficulty of coordinating and obtaining
approvals from other agencies to perform
certain activities. The difficulty of meeting 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 implement-
ability issues associated with offsite deed restric-
tions and alternative water supplies. The
enforceabiliry of deed restrictions tends to vary
greatly, depending on local tews and ordinances.
Likewise, the administrative implemeniability of
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treating leacbate or groundwater at a POTW
depends on bow receptive local treatment plant
officials are to accepting contaminated water
from the site. It is not uncommon for discus-
sions with POTWs to extend well into the
remedial design phase.

The technical implementability of a technology,
including the ability to construct and/or operate
the technology, and the reliability of the tech-
nology, largely depends on the treatability of
the contaminated material. For example, tech-
nical difficulties are likely when using incinera-
tion for wastes that are high in metals, or when
using in situ stabilization for wastes containing
moderate to high levels of organic. The tech-
nical implementability of some technologies
would also depend on availability of sufficient
space for the materials-handling and/or equip-
ment. Also, the ability to monitor the effective-
ness of a remedy is a consideration, particularly
for a technology like in situ stabilization. The
ease of undertaking additional remedial actions,
if necessary, must also be considered. The
treatment technologies that have been identified
as being most practicable for municipal landfill
sites are proven conventional technologies (a
few innovative technologies have also been
discussed).

The availability of goods and services will also
vary from site to site and win depend primarily
on a site's location and accessibility. As an
example, the implementability of bringing in
truckloads of fill material will depend on the
source of the material and the accessibility to
the site.

5.7 Cost

In Table 5-1, an indication is given of whether
each technology will have a low, medium, or
high impact on total cost if included as pan of
an alternative. Costs can be difficult to esti-
mate for groundwater extraction and treatment
and for hot spot excavation and/or treatment

because the volume of contaminated ground-
water and hot spots is difficult to estimate accu-
rately 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 alternative is evaluated
in terms of the technical and administrative
issues and concerns the state (or support
agency) may have. This is a criterion that is
addressed in the record of decision (ROD) once
formal comments are received on the RIFS
report (to the extent they are known, state
concerns are considered earlier in the process as
well). Frequently, state acceptance is closely
related to compliance with state ARARs.

5.9 Community Acceptance

Under this criterion, an alternative is evaluated
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 (also, 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 technol-
ogies identified in Section 4 may affect each of
the alternative evaluation criteria. In the
following section, alternatives typically devel-
oped for a municipal 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.
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Section 6
DEVELOPMENT AND EVALUATION OF ALTERNATIVES

FOR THE EXAMPLE SITE

Based on the review of practicable technologies
for municipal landfill sites (see Section 4) and
the actual characteristics of the example site
(see Appendix A), a range of typical alternatives
has been developed. The purpose is to
illustrate how technologies might be combined
to form alternatives typically developed for
landfill sites. Some components of these alter-
natives may not be applicable to other sites,
depending on their specific characteristics
Table 6-1 presents an evaluation of each
alternative with respect to the threshold criteria,
overall 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 since they are not
formalh evaluated during the FS. These two
criteria are addressed in the Record of Decision
(ROD) and are used as a basi* for modifying an
alternative due to formal comments from the
stale or communin on the FS report and
proposed plan. Addressing state and commun-
it) concerns is incorporated throughout the
RIFS process; formal use of the modifying
criteria once the proposed plan has been issued
is not the first time these concerns are
addressed.

The example site, considered a co-disposal facil-
ir\ with a known hot spot, is described in
Appendix A~Siie Characterization Strategy for
an Example Site. To summarize, the site is
approximately 60 acres in size (20 acres of
which is a landfill) and is in a rural area. In
addition to municipal trash, the landfill
accepted chemical wastes such as solvents,
paint, paint thinners and lacquers, and industri-
al plating sludges. Available records show no
indication of segregation of wastes. Industrial,
commercial, and municipal wastes are generally
mixed throughout the landfill, except for liquid
industrial solvent wastes. Disposal of this waste
was generally restricted

to the southern portion of the landfill. Exposed
areas in the southern half of the landfill have
been temporarily covered with a panial cap
consisting of 2 feet of compacted clay The
remainder of the landfill has a temporary soil
cover, although there are some areas of exposed
wastes.

The unconsolidated deposits underlying the site
are approximately 135 feet thick and consist
primarily of sand and gravel of glaciofluml and
alluvial origin. Bedrock in the vicinin of the
site, encountered at an approximate depth of
135 feet, consists of undifferentiated Cambrian
sandstone up to 1.200 feet thick. These sand-
stones are fine to coarse grained and contain a
small amount of shale.

Some -tit the contaminants of concern are
trichloroethene (TCE) and vinyl chloride (VC)
in the soil and groundwater. lead, arsenic, and
total 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 (onsite) groundwater
(leachate)

• ow-s>trength (offsite) groundwater

• Surface *-ater sediments (from a nearby
unnamed tributary)

• Landfill gas

The ARARs for the Example Site are discussed
below;
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6.1 Example Site ARARs
In addition to the potential federal ARARs
tasted in Section 5, state requirements for the
example site that are promulgated, more strin-
gent than federal 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
some typical state requirements that may affect
the development and evaluation of remedial
alternatives.

1.1.1 Chemical-Specific ARARs

4.1.1.1 GroundwBter

Chemical-specific state standards for the
Example Site include state groundwater
enforcement clean-up standards and preventive
action limits. A list of the specific state
groundwater enforcement standards and pre-
ventative action limits that apply to the example
site can be found in Appendix A. Typically,
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 bound-
ary beyond the three-dimensional
design management zone, if one is
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 feasibility studies that
were approved by the state after October 1,
1985, a horizontal distance of ISO feet is used
for the design management zone.

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 aquatic life protection.
A list of the specific state ambient water quality
criteria that apply to the Example Site can be
found in Appendix A. Any direct discharge of
treated water (including groundwater or leach-
ate) to the unnamed tributary of the Polk River
would likely have to achieve these standards to
comply with NPDES requirements.

6.1 J Location-Specific ARARs

No location-specific state ARARs exist that are
stricter than the federal ARARs listed in Table
5-2. Most significantly, the site is not located
within the 100-year floodplain nor have wet-
lands been impacted by the Example Site.

6.1J Action-Specific ARARs

6.1 J.I Soils/Landfill Contents

The Example Site has more stringent action-
specific state ARARs than the federal ARARs
for the construction of a solid waste landfill
cover. Portions of these cover requirements
specify including a 2-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 alternatives, it is important to
reevaluate pathways from the conceptual site
model that may not represent a significant
threat to human health or the environment at
this site. For example, landfill gas does not
appear to be a significant threat to human
health and the environment at the Example Site
because the area is rural and only a small

L
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amount of gas is generated. Therefore, future
use of the site may allow some access (such as
for hunting). Because some landfill gas is likely
to be generated, it may be appropriate to
include passive vents in the design of a landfill
cap.

For municipal landfill sites with minimal
hazardous waste and DO known hot spots, it
may not be necessary to consider a composite-
barrier cap or soils 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 surficial soils may reduce the
area thai needs to be capped.

The range of alternatives developed for the
Example Site is composed of the four alterna-
tives described below.

6.2.1 Alternative 1-No Action Alternative

Under Alternative 1, no action would be taken.
The no-action alternative is required as pan of
the NCP and provides a baseline agamsi which
other alternatives can be compared.

6.2.2 Alternative 2

Alternative 2 is composed of the four compo-
nents listed below.

Component 1. Containment

• Construction of a single-barrier cap (to
cover entire landfill). Freeze-thaw
protection would be included as pan of
the design of the cap. Passive vents
would be installed to vent landfill gas.
Long-term monitoring of landfill gas
would also be included as pan of the
remedy.

• Surface controls (as part of cap con-
struction)

Grading
Revegetation

Component 2. Consolidation of the hot spot
under the clay cap

• Since the hot spot is generally 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-strengih groundwater (offsite)
extraction (by wells) and onsite treat-
ment with discharge to the unnamed
tributary to the Polk River

Component 4. Consolidation of surface water
sediments under landfill cap

• Consolidation of surface water sedi-
ments from the unnamed tributary
would include dredging the sediments
and consolidating them with other
material under the landfill cap.

Component 5. Institutional controls

• Deed restrictions to:

Limit site access
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 vents would
be installed to prevent accumulation of landfill
gas. Perimeter wells would be installed around
the landfill to capture high-strength ground-
water (leachate) resulting from onsite contami-
nation. Downgradiem extraction wells would be
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installed to capture offsite groundwater. The
selection of i groundwater extraction rate for
collection and treatment of offsite groundwater
would be determined during design. It is
estimated that, if a total offsite groundwater
extraction rate of 500 gprn is selected, it would
require at least 5 years to achieve MCLs at the
landfill boundary. If a total offsite groundwater
extraction rate of 200 gpm is selected, it is
estimated 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
offsite 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 metals
precipitation, removal of oxygen demand (BOD,
COD) using activated sludge biological treat-
ment, and removal of VOCs and semivolanles
using air stripping or GAC. Low- strength
(offsite) groundwater would only require
removal of VOCs and semivoiatiles. Because
the site is rural and because the threat due to
direct contact would be minimized, construction
of a fence has not been included in this alterna-
tive. Deed restrictions, however, would be
placed, prohibiting onsite groundwater use or
site development.

Sediment consolidation (from the unnamed
tributary) could reduce the potential for offsite
migration of contamination in the long term.
However, sediment dredging could have unac-
ceptable soon-term impacts due to resuspension
of contaminated sediments. To minimize short-
term impacts, temporary dewatering of the exca-
vation areas should be performed before
sediment removal

6.2-3 Alternative 3

Alternative 3 is composed of the six compo-
nents listed below.

Component 1. Containment

• Composite-barrier cap

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, freezeAhaw protec-
tion (that is, 3 feet of soil) would
be pan of the design of the
composite-barrier cap. The design
would also include the installation
of passive vents to vent landfill gas.
Long-term monitoring of landfill
gas would also be included as pan
of the remedy.

• Surface controls (as pan of cap
construction)

Grading
Revegetation

Component 2. Consolidation of the hot spoi
under the landfill cap

• Since the hot spot is generally 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.

• Offsite extraction (by wells) and onsite
treatment of low-strength groundwater.
Effluent would be discharged to the
unnamed tributary to the Polk River.

L
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Component 4. Consolidation of surface water
sediments under landfill cap

• Consolidation of surface water sedi-
ments from the unnamed tributary
would include dredging the sediments
and consolidating them with other
material under the landfill cap.

Component 5. Institutional controls

• Deed restrictions to:

Limit site access
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
potential infiltration. A composite-barrier cap
would also adhere to the design requirements of
RCRA guidance for new landfill cells. As with
Alternative 2. the selection of a pumping rate
for extraaion of offsite groundwater would be
determined during design.

6.2.4 Alternative 4

Alternative 4 is composed of the six compo-
nents listed below.

Component 1. Containment

• Single-barrier cap

Includes installation of passive
vents for landfill gas and long-term
monitoring of landfill gas

• Surface controls (as pan of cap
construction)

Grading
Revegetation

Component 2. Treatment of the hot spot

• Onsite incineration
• Consolidation of ash under landfill cap

Component 3. Groundwtter extraction and
treatment

• Collection and onsite treatment of
high-strength groundwater (leachate).
Effluent would be discharged to the
unnamed tributary to the Polk River.

Perimeter wells

• Low-strength groundwater extraction
and onsite treatment. Effluent would
be discharged to the unnamed tributary
to the Polk River.

Offsite wells

Component 4. Consolidation of surface water
sediments under landfill cap

• Consolidation of surface water sedi-
ments from the unnamed tributary
would include dredging the sediments
and consolidating them with the other
material under the landfill cap.

Component 5. Institutional controls

• Deed restrictions to:

Limit site access
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 area by
onsite incineration. Consolidation of the ash
under the landfill cap is anticipated. By includ-
ing treatment, this alternative would provide
some reduaion in toxicity, mobility, or volume.
Because the hot spot area would be treated
rather than consolidated under the cap, a
single-barrier cap is considered adequate.
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63 Comparative Analysis
of Alternatives

As pan of the feasibility study, an individual
analysis is conducted where each of the remedi-
ation alternatives is compared to the nine crite-
ria described in Section 5 of this document (see
Table 6-1). A comparative analysis of alterna-
tives is conducted following the individual
analysis. The comparative analysis focuses on
the significant differences between the alterna-
tives. Because all the alternatives (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 is also
more difficult to implement

A comparative analysis of the alternatives with
respect to the threshold criteria and balancing
criteria follows. As with the individual analysis,
the modifying criteria of state acceptance and
community acceptance are not included because
they are used to modify an alternative based on
formal state and community comments once the
proposed plan has been released.

6J.I Overall Protection of Human Health and
the Environment

Alternatives 2 through 4 are protective of
human health 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 leach-
ate collection system (perimeter wells), offsite
groundwater extraction wells, and either a
single- or composite-barrier cap would mitigate
groundwater contamination.

The decrease in permeability of the composite-
barrier cap does not increase its protectiveness,
just its effectiveness and reliability. The
potential 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 increase protectiveness by reducing
the contaminant source and subsequent contam-
inant 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.

6J.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. Alterna-
tives 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
ARARs.

The objective of Alternatives 2 through 4 would
be to meet chemical-specific ARARs for
groundwater (for example. MCLs, MCLCs,
state groundwater enforcement standards) at the
landfill boundary. For these standards to be
maintained (once they are achieved), the leach-
ate collection system (perimeter wells) and the
landfill cap would have to be maintained.

The no-action alternative would not be in
compliance with ARARs.

6-3J Short-Term Effectiveness

Effects on the community during remedial
actions are related to the degree of truck traffic
needed to import cap materials and the amount
of eanh moved during cap construction. The
truck traffic of Alternative 3 (composite-barrier
cap) is anticipated to be slightly greater than
Alternatives 2 and 4, and significantly greater
than the no-action alternative. The truck traffic
would cause nuisances from noise and dust and
increase the risk of vehicular accidents.

Adverse health effects on the community may
be increased by Alternative 4 (treatment of hot
spot) as a result of waste disturbance and the
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possibility of improper air emissions from incin-
erator malfunctions or poor destruction
efficiency. Although air emission controls and
monitoring can limit risk from incinerator air
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 health effects on workers during cap
construction and groundwater remediation
construction are not expected to be significant.
Incineration of soils in the hot spot (Alterna-
tive 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 all involve excavation of the hot spot,
which may pose risks to workers from potential
VOC emissions. However, since the hot spot is
generally within the landfill, consolidation
(Alternatives 2 and 3) may involve only a small
amount of excavation to minimize the size of
the landfill cap, whereas excavation and inciner-
ation (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
injuries from assembly of the materials handling
and incinerator system, and excavation and
consolidation of surface water sediments.
Compared to the no-action alternative, all 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
alternatives.

The time required for implementation of source
controls is the only time variation between
Alternatives 2, 3, and 4. Design and construc-
tion would require from 2 years for
Alternatives 2 and 3 (cc-. olidate hot spot and
cap) to 4 years for Alternative 4 (incinerate hot
spot and cap).

6.3.4 Long-Term Effectiveness

All alternatives leave the landfill in place and
rely on institutional controls, such as state

prohibition of construction 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 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 equivalent in their
ability to prevent direct contact and erosion.

The amount of residuals is typically gauged by
the contaminant mass that would reach the
groundwater. While this is difficult to estimate,
the effect of the residuals is related to the infil-
tration rate and the remaining contaminant
mass. Alternative 4 removes and treats the hot
spot, thereby removing a significant 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 all offer a
significant effectiveness advantage over the no-
action alternative.

The composite-barrier cap is more reliable than
a clay cap because of the extra barrier. Main-
taining the long-term reliability and effective-
ness of both types of caps would require con-
tinued operations and maintenance. Incinera-
tion of the hot spot by Alternative 4 may
reduce the critical need of maintaining cap
reliability by reducing the source of contamina-
tion.

6.3.5 Reduction of Toridty, Mobility, and
Volume Through Treatment

All of the alternatives, except the no-action
alternative, 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.
Yet, because the treated area represents the
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most contaminated material, the toxicity of the
remaining material would be significantly
reduced Incineration is a permanent, non-
reversible treatment process.

iBpteaentabiliry

While Alternatives 2, 3, and 4 have no serious
nnplementability issues, there are differences
between the alternatives. The synthetic liner
for Alternative 3 requires special handling
during installation to ensure integrity. The
incinerator for Alternative 4 may take some
effort to locate. Trial burns will then be neces-
sary. Considerable operating attention will be
required because of the heterogeneous nature
of the waste. In addition, the technical intent
of relevant emission permits will have to be met
and demonstrated before the incinerator can
operate.

6J.7 Costs

The costs of the alternatives increase incre-
mentally from no-action to Alternative 4. The
relative costs of the alternatives are shown in
Table 6-1.

6.4 Section 6 Summary
This section has been developed to illustrate
how the evaluation process is applied to a typi-
cal CERCLA municipal landfill site. The previ-
ous sections focused primarily on technologies
that are most practicable for landfill sites. This
section demonstrates hew these technologies
might be combined into alternatives and
evaluated. I
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Section 1
INTRODUCTION

L.

L

This appendix has been developed to illustrate
how information provided in the body of this
report-specifically, in Sections 2, 3, and 4 of
Conducting Remedial InvesriganemslFeasibiliiy
Studies for CERCLA Municipal LmdfUJ Sites-
could be used to develop a scope of work for a
specific landfill site. The cample provided in
this appendix should be useful to EPA, states,
potentially responsible parties (PRPs), and
remedial investigation contractors.

Specifically, the purpose of this appendix is:

• To present the scope of work to be com-
pleted at an example site including a site
description, objectives of the RI/FS, and
usk-by-usk breakdowns of the planned
work

• To illustrate an example of the level of
characterization for a CERCLA munici-
pal landfill site necessary to support
subsequent decisions (This level of char-
acterization is based on previous experi-
ence and best engineering judgment.)

• To identify preliminary remedial action
alternatives that are practicable for the
example landfill site based on the NCP
expectations, she eoadftiOM, and review
of remedial alternatives most often used
at landfill sites (see Section 4 of this
report on Development and Selection of
Remedial Action Alternatives.)

This RI/FS characterization strategy is devel-
oped for a specific municipal land. <1 site, here-
after referred to as the example site. This docu-
ment will focus on hot spots, seeps, landfili gas,
and groundwater/leachate as the principal media
of concern. These were selected because they

are generally the media directly associated with
municipal landfills. By focusing on these four
media, the example scope of work can be less
complicated aad applied to other media. The
omission of other potentially affected media,
such as wetlands, 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
appendix. 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 muoicipa] landfill
site located in the State of Wisconsin. Some of
the characteristics, such as the names of the
river basios. riven, and distances to hydrologic
featutes, 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 decisions 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, 1988*).

The example site is a municipal landfill that is
located in a primarily rural area of County X
Wisconsin. The site was proposed for the NFL
in 1982 after site inspection and HRS scoring
by an EPA Field Investigation Team (FIT).
Investigation by FIT indicated elevated levels of
volatile organic compounds (VOCs) and metals
in groundwater samples taken from nearby
residential wells.
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Section 2
EVALUATION OF EXISTING DATA

jhj

This section presents a summary of the avail,
able information on the example site. Informa-
tion was obtained from the HRS package, state
files, interviews with past employees of the
landfill, records kept by the landfill, and
available engineers' reports for closure of the
landfill. This section includes the following
subsections:

Site Description
Site History
Regional and Site-Specific Geology
Hydrology-
Hazardous Materials Characterization
Cap Characterization
Description and Results of Past Sampling
and Analysis Activities

2.1 Site Description
The example site, shown in Figure 2-1, is
approximately 60 acres and is located in
County X, Wisconsin, an area that is primarily
rural. There are six residences located within
one-half mile of the site and a community of
300 people is located 5 miles northwest of the
landfill. The primary use of the land near the
site is fanning.

Approximately 20 acres of the 60-acre site are
composed of a landfill which accepted both
chemical wastes and municipal trash. Existing
structures OB the site include a pte house and
an office. There is a small tributary running
within 200 feet west of the site which discharges
into the Folk River. Private drinking water
wells, screened within a sand and gravel aquifer,
are located downgradient of the site. The
landfill was closed by the state in 1980 when
contamination was found in these residential
wells.

Industrial, commercial, and municipal wastes
are generally mixed throughout the fill area,
with the exception of liquid industrial solvent
wastes which were generally restricted to the
southeastern half of the landfill. Between 1980

and 1982, exposed areas in the southern half of
the landfill were temporarily covered with a
partial cap consisting of 2 feet of compacted
clay. The remainder of the landfill has a
temporary soO cover although there are some
areas of exposed waste. Some of the contami-
nants of concern are trichloroethene (TCE) and
vinyl chloride (VC) in the soil and groundwater;
lead, arsenic, and total chromium in the soil;
and methane gas.

2.2 Site History
A summary of the landfill's history was
formulated after reviewing relevant site records
and correspondence for information regarding
site operations, waste disposal practices, waste
descriptions", site engineering studies, historical
aeriai~p1iotographs, and potentially responsible
party operations. A condensed version of the
site history follows.

The landfill, which is privately owned, was
licensed by the State of Wisconsin to operate
from 1969 to 1980, when the state ordered its
closure. State files 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 specifically for the disposal of
liquid industrial solvent*. Interviews with site
operators indicated that the solvents were
disposed of in the southeastern portion of the
landfill to satisfy the state's requirements;
however, disposal was generally done through-
out the landfill prior to this time. Landfill
operations during the first three years of opera-
tion 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.

Daily landfill operation records indicate that
two major industrial companies bepn solvent
waste disposal in 1970. The solvent wastes were



,.(

I
I
u..

stored in 55-gallon drums, which were left or
buried at the site if they were damaged or
leaking or could not be easily emptied. A large
number of drums were also buried in the south-
eastern portion of the landfill

In 1971, the site began receiving paint, paint
thinners, paint residues, lacquers, plating
sludges, and industrial process sludges. 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 a contractor
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 scenar-
ios. In 1981. a partial cap. consisting of 2 feet
of compacted clay, was placed over the south-
eastern half of the landfill to cover major areas
of exposed wastes and the liquid solvent dis-
posal area. The remaining portion of the land-
fill previously 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 (1,1-DCE), ds-U-dichloro-
ethene (cis-l,2-DCE), tetrachloroethene (PCE),
1,1,1-trichioroethane (1,1.1-TCA). irichloro-
ethene (TCE), vinyl chloride (VC). toluene,
ethylbenzene. bis(2-e/h)phthalate. poly-
chlorinated biphenyls (PBCs), lead, arsenic, and
total chromium.

This appendix outlines the technical approach
and associated activities to complete the RI/FS
for the site. It is based on data gathered by the
state and by FIT. These data were analyzed to
develop the conceptual site model, identify
additional data needs, and determine the scope
of the R1TS activities. The site received a
Hazard Ranking Score of 30.0 which exceeded

the 28.5 scoring and therefore was high enough
to be proposed for the NPL.

Limited field investiptions were conducted by
the remedial contractor in 1988 to provide data
needed to fully scope the Rl Detailed discus-
sions of these investigations are in Section 3.

23 Regional and Site-Specific
Geology

The following sections describe the regional and
site-specific geology of the area.

2J.1 Regional Geology

The example site lies within the tower valley of
the James River Basin, which was a major
glacial drainage way across the 'driftless area" to
the Mississippi River. Consequently, the site
contains thick deposits of unpitted ourwash
comprising of stratified sand and gravel to an
estimated depth of 135 feet. Bedrock in the
James River Basin consists mainly of sedi-
mentary rock of Cambrian and Ordovjtian ages.
Sandstone is predominant, but the Prairie du
Chien Croup and Calena-Platteville units are
primarily dolomite and limestone, respectively.
The greatest thickness of Cambrian and
Ordovician rock, approximately 1,700 feet,
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 fiat lying and
has been exposed by erosion as indicated by
Soil Conservation data for this county.

Ignecus and metamorphic crystalline rocks of
Precambrian age form the basement and are the
bedrock surface in the northern pan of the
basin.

Erosion of the sendstone and dolomite bedrock
has occurred in this unglaciated region
throughout geologic time. The erosion has cut
numerous deep valleys into what was once a
fairly level plateau forming a dissected upland
with steep relief. In some parts of the count),
the difference in elevation between the valley
bottoms and the adjacent ridge tops is as much
K 500 feet.
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Site-Specific Geology

The soil underlying the example site belongs to
the Plainfield series, which consists of fine to
loamy fine sand, that are prevalent on alluvial
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 pri-
marily of sand and gravel of glaciofluvia! and
alluvial origin. The site is 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 per-
formed by the closure contractor on the surface
silt and clay and results indicate that these
strata are nonplastic. The hydraulic conductiv-
ity of the silt and clay was estimated to range
from 1 x 10'3 to 1 x 10"6 on/sec (Contractor,
1979). The other strata observed at the site
consists predominantly of very fine to coarse
sand with trace amounts of gravel, silt, and clay.
The hydraulic conductivity of this strata was
estimated to range from 1 x 10*2 to 1 x 10'3
cm/sec (Contractor, 1979).

Bedrock in the vicinity of the site consists of
undifferentiated Cambrian sandstone up to
1,200 feet thick. This undifferemiated sand-
stone includes the St. Lawrence Formation,
Jordan, Franconia, Calesville. Eau Claire, and
Mount Simon Sandstones. These sandstones
are fine to coarse-grained and contain a small
amount of shale.

Bedrock was encountered at a depth of 134 feet
in a residential well south of the site.

2.4 Hydrology
The location of the landfill in relation to the
Polk River is critical 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 (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 south-
east 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 leach-
ate seep has been identified that flows from the
western position of the toe of the landfill to the
unnamed tributary of the Polk River.

14.2 Gronndwater

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 data during the period
1979 to 1986, ranged 'from 2,2 x 10'3 to 2.2 x
10"* and averaged 5.3 x 10"4, remaining rela-
tively flat throughout the year. This, variation
in horizontal groundwater gradients is a result
of seasonal variation associated with spring
runoff. Vertical groundwater gradients mea-
sured during the investigation indicate that
there is a slight downward gradient of 1 x 10'2.

2.4.3 Surface Water-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. These fluctuations are 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
majority 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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modifies the direction of groundwater flow from
the south-southwest to the south-southeast,
away from the river.

2.5 Hazardous Materials
Characterization

Since landfill operations began, the 20-acre
landfill had received a variety of municipal,
commercial, and industrial wastes. Landfill
records (gate slips) 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 slips did not provide waste
descriptions nor did they include deliveries that
occurred outside of the landfill operating hours.
Consequently, a complete inventory of the
wastes disposed of at the landfill is not avail-
able. Other records, however, from the county,
the state, EPA, and past employees of the land-
fill were used to develop a panial 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 commercial and municipal
garbage. The wastes of concern generally con-
sisted of chlorinated and nonchlormaied organ-
ics, water-based and oil-based paints, paint
thinners and lacquers, waste oil, automobile and
household batteries, and industrial process
sludges.

Available records show no indication of segre-
gation of wastes. Industrial, commercial and
municipal wastes are generally mixed through-
out 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.

23.1 Source Description

Records indicate that a nearby electroplater
contributed the greatest quantities of liquid
wastes, consisting primarily of naphtha-based
solvents used in the metal-cleaning process and
wastes from paint spray and machine shop
cleaning Cuids. Paint residues and solvents
were also delivered to th* landfill in 55-gallon

drums. These drums were buried intact at the
site if the drums could not be easily emptied or
if they were damaged or leaking. A large por-
tion 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
industrial process sludges brought to the facility
may have contained high concentrations of inor-
ganics such as chromium, arsenic, and lead.
Review of existing 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 are the least volatile of the
napthas. Mineral spirits are a watery, colorless
liquid with a gasoline-like odor. Their compo-
nents are slightly soluble in water. Records
indicate that waste ethanol (ethyl alcohol)
brought to the site had previously been used as
a solvent for resins, oils, hydrocarbons, surface
castings, and cleaning preparations. Ethanol is
a colorless, 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 high-
flash petroleum and toluene. Toluene is a
methylbenzene (C^Hg). which is a colorless,
mobile liquid with a distinct aromatic odor and
is immiscible 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 panial
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 sub-
mitted a closure 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
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previously covered with soil from an unknown
source (Figure 2-3).

As-built or final grading plans for the day cap
are not known to be available. The existing cap
was visually observed for cracking and erosion
during an inspection that was performed during
the site visit. There were no major signs of
cracking or failure of the existing day cap,
however, there was some minor sideslope
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 avail-
able for five residential wells near the site and
two onsite monitoring wells installed by the
owner of the landfill for closure investigations
in 1981. All wells are completed in the uncon-
solidaied 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 steel pipes. Monitoring well GW1S
has an open interval from 36 to 46 feet and
CWID has an open interval from 62 to 72 feet.
Both monitoring wells are PVC with the open
interval being slotted PVC

The site has a variety of organic contaminants
in the ground water and soil thai 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 lead, arsenic, and chromium.
VOC concentrations were highest at the south-
east 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 all of the
residential wells. 'These wells are all located to
the south of the site.

Sampling of the seven wells was conducted by
the contractor hired by the owner and the
analysis was done by a private laboratory not
participating in the Contract Laboratory
Program. The QA/QC procedures of the
sampling and analysis are not readily available.
Sample analysis 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
health risks for this contaminant cannot be
made because the choice of analytical methods
and reliabilir. :: the groundwater data are
suspect For p -poses of this work plan, the
above data will be used only for project
planning and to identify preliminary
remediation goals.

Only limited conclusions can be drawn from the
existing data. The full area! and vertical extent
of groundwater contamination can not be deter-
mined because all 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. Upgndient
concentrations are also unknown. These data
gaps need to be filled in the RI.
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Table 2-1
SUMMARY OF GROUNDWATER SAMPLING AND ANALYTICAL RESULTS'

0*8/1)

Contaminant

1,1-DCE
cis-L2-DCE
PCE
1,1,1-TCEA
TCE
VC
Toluene
Ethylbenzene
bis(2-e/h)phthalate
Lead
Arsenic
Total Chromium

Residential Wells

(R-D
2.0
11.0
2.6

36.0
72.0
<5.0
1.100
700
820
17.3

7.0

(R-2)
2.0
13.0
3.3

36.0
120.0
<5.0
980
850
640

<1.0
2.9
17.0

(R.3)
9.9
17.0
33.5
90.0
100.0
5.1

1.020
920
580
1.3b

<4.0

27.0

(R-4)
3.2
15.0
3.9
5.5

100.0
5.3
640
200
120
<1.9
2.7

<5.0

(R-5)
<5
NA
<5

<5.0
2.3J
<5.0
400
200
45
NA

3.2
<5.0

Onsite Wells
(GWIS)

8.5
16.0
28.9
85.0
110.0
5.5 -

5,000
10,500
980
16.5

NA
25.1

(GWID)
4.5

10.0
18.6
40.0
75.0
4.2

1.500
500
780
14.0

3.2
18.2

'Samples were collected in January 1981 as pan of a closure investigation conducted
by the contractor hired by the owner.

bEstimated value.
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Section 3
SITE DYNAMICS

fc

Understanding the dynamics between the site
and its environs including potential receptors, is
essential to successful!} scoping the Rl/FS.
This section discusses the limited field activities
conducted during development of this work
plan to better understand the site dynamics; the
conceptual site model describing the site's
dynamics; and the preliminary remediation goals
thai have been developed as a result of this
information.

3.1 Limited Field Investigation
Insufficient data were available to adequately
define the dynamics at the site and, hence, to
develop the conceptual site model and design
the RI program. Therefore, a limited field
investigation was performed to collect data to
further determine the RI scope. Prior to the
limited field investigation, a site visit was
conducted. The general features of the landfill
were observed and documented. The perimeter
of the landfill itself 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 explosn.it>1 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 bound-
aries were not defined and maps of the site
were not available. Reports indicate that there
are seven onsite wells. Two of the existing
wells, CW1S and GWID, were located during
the site visit. The other five wells could either
not b; located during the site visit or the
limited field investigation or were unusable.
The viable well nest (CWIS and GWID)
penetrates through the landfill contents.

In-situ hydraulic conductivity tests were
conducted by the RI contractor in May, 1988.
on three (RI, R2, and R3) of the five
residential wells and the one onsite well nest
(Figure 2-1). Based on the results of these
tests, the hydraulic conductivity of this sand-
and-gravel aquifer ranges from 9.8 x 10'3 cm/sec
to 2.1 x 10'1 cm/sec with a geometric mean of
7.4 x 10'- cm/sec. Table 3-2 summarizes results
of the in-situ hydraulic conductivity testing. In
general, this aquifer is very transmissive. This
information aids in the placement of the new
monitoring wells and provides an early
indication of contaminant migration.

Water level measurements were taken from the
nearby residential and onsite wells. The water
level at the onsite well was slightly higher than
the other, wells, indicating a possible local
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 con-
taminants; however, disposal records indicate
that high levels of VOCs are present in the
waste disposed of primarily in the southeastern
comer (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 compression 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 also become soluble
in groundwater.
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Table 3-1
LIMITED FIELD INVESTIGATION OBJECTIVES FOR

THE EXAMPLE SITE

Page 1 of 2

Activity

General
Investigation

Objectives
Delineate site boundaries,
estimate uncertainties in
boundaries.
Evaluate present site
conditions.

Locate existing
monitoring wells.

Evaluate site drainage
patterns.
Locate preliminary loca-
tions for new monitoring
wells.
Locate surface waters,
wetlands, sensitive
environments.

Evaluate site-capping
conditions and surface
water drainage.

Initiate measurement of
landfill settlement rate.
Site preliminary locations
for trailer, decon pad, and
secured storage area.
Evaluate site access to
water, utilities, and
telephone.

Action
Conduct property survey or
identify property ownership
from tax records.
Visually inspect site for gas/
fire/explosion damage, run-
off pathways, leachate
seeps, exposed wastes, cover
conditions, access concerns.

Perform a topographic
survey and location and
elevation survey of existing
monitoring wells.
Perform a topographic
survey.

Perform a topographic
survey.

Conduct site visit.

Perform visual surface
inspection with topographic
maps.

Install benchmarks.

Conduct site visit

Conduct site visit.

Results
Site boundaries defined.

No evidence of gas/fire/
explosion damage was
observed. Several areas of
exposed wastes are present.
Additionally, leachate seepage
from the side of the landfill
was observed. Runoff
pathways to the unnamed
tributary of the Polk River
were located.
Two of the seven existing
onsite wells were located.

Site drainage patterns were
defined.
Preliminary locations of new
monitoring wells were
determined.
An unnamed tributary of the
Polk River Hows within 200 ft
of the west side of the landfill.

Capping and drainage appeared
to be in fair condition with
minor sideslope erosion.
Leachate was observed seeping
from the side of landfill.
Benchmarks installed; quarterly
readings will be taken.
Locations were identified.

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 a telephone
line are needed.

I'i:
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Table 3-1
UMITED HELD INVESTIGATION OBJECTIVES FOR

THE EXAMPLE SITE

Pate 2 of 2

Activity Objectives Action Results

Ceoiechnical
Investigation

Describe geologic
features, classify soil.

Conduct visual observation
of mechanical erosion,
slope instability, and
ponding caused by
subsidences and cracking.

Minor sidestope erosion of the
cap was observed.

Hydrogeologic
Investigation

Evaluate usefulness 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
were judged suitable for future
sampling.

Review 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
ground water uses and
construction of wells.

Perform well survey" for all
wells (residential, com-
mercial, industrial) adjacent
to, and downgradient from,
the landfill. Obtain
permission for use.

The majority of the residential
wells are in use and
information regarding their
construction exists. There were
no commercial or industrial
wells identified.

Confirm direction of
groundwater flow and
estimate gradients.

Record water level
measurements from existing
wells.

A monitoring well located in
the landfill showed a slight
water-level elevation compared
to other wells, indicating the
possibility of a local ground-
water mound.

Determine rate of
groundwater flow in strata
and bedrock fractures

Perform hydraulic
conductivity tests on
existing wells.

Permeability of hydrogeologic
units was estimated; rate of
groundwater flow was calcu-
lated; groundwater extraction
seems feasible.

Estimate interaction
between groundwater and
surface water.

Conduct an investigation of
the unnamed tributary on
foot to determine if there is
groundwater infiltration.

It appears that the groundwater
is recharging the unnamed
tributary.
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Table 3-2
RESULTS OF IN-SITU HYDRAULIC CONDUCTIVITY TESTS

Well Number
Rl

R2

R3

GWIS

GWID

Test Number
1
2
3
1
2
3
1
2
3
1
2
3
1
2

K
2.1 x 10'1 cm/sec
1.9 x 10'1 cm/sec
1.5 x 10-1 cm/sec .
4.8 x 10'2 cm/sec
4.2 x 10'2 cm/sec
5.1 x 10'2 cm/sec
3.0 x 10'2 cm/sec
3.2 x 10'2 cm/sec
2.9 x 10'2 cm/sec
9.5 x 10'2 cm/sec
9.5 x 10'2 cm/sec
1.1 x Ifr1 cm/sec
1.2 x 10'2 cm/sec
9.8 x 10'3 cm/sec

Geometric Mean

1.8 x 10'1 cm/sec

4.7 x 10'2 cm/sec

3.0 x 10'2 cm/sec

1.0 x 10-1 cm/sec

1.1 x 10'; cm/sec
Geometric Mean: 7.4 x 10": cm/sec
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Receptors at the site include site workers,
future site 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 dermal
contact; and with landfill gas through inhala-
tion. Explosion is also a concern for landfill
gas.

3.3 Preliminary Exposure
Assessment

Exposure pathways must be identified in order
to adequately define the preliminary remedia-
tion goals. Exposure pathways describe how a
chemical can move from its source to a
receptor. Components of an exposure pathway
include a contaminant source, release
mechanism, and the transport, migration, and
fate of the contaminant.

3J.I Chemicals Previously Detected at the Site

The known types of waste disposed of at the
landfill and their chemical characteristics are
briefly discussed in Section 2.5.2 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 ground-
water are shown by Table 2-1. The contami-
nants detected are:

1,1-DCE
PCE
1,1.1-TCA
TCE
cis-U-DCE
VC

lead
arsenic
total chromium
ethylbenzene
toluene
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:

• Chemicals and drums containing
chemicals distributed throughout the
landfill

• A large number of drums disposed of in
the southeastern portion of the landfill

• The* 'designated area* where liquid
solvent wastes were also 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)

3JJ Release Mechanism

The mechanisms for contaminant release at the
site include:

• Leaching of contaminants into the
groundwater

• Leachate seeps discharging to adjacent
soils and surface water

• Erosion of cover material, 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 leacbate seeps
• Movement with surface water runoff
• Movement of landfill gas

Leaching of contaminants from the landfill
materials has occurred as indicated by the
groundwater contamination and the possible
presence of a mound under the landfill. This is
the release mechanism of greatest concern at
the site because with no additional action, it has
the potential to add the greatest amount of
contaminants to the environment and to affect
receptors via drinking water wells. Continued
release, however, may occur from leaking
drums, continued low-rite infiltration from
contaminated soils, wastes in contact with the
groundwater, or exposure of waste to surface
runoff as a result of erosion. Migration of
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landfill gas is also of concern at the site because
of both explosion potential by a buildup of
methane in enclosed spaces and air-quality
degradation by volatile (vinyl chloride)
carcinogens.

3A5 Contaminant Migration

After contaminants have entered the ground-
water, several migration pathways are possible
depending on their widely varying sorption
characteristics. Shallow groundwatcr could
migrate downgradient or to deeper aquifers and
eventually to potential 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 conductivities and
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 aquatic and
terrestrial organisms in the stream as well 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. Microbial 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.* Contaainant Fate

The following discussion describing the fate of
contaminants detected in the study area is based
on a review of literature and relevant site
conditions.

VOCs were detected in groundwater within the
landfill and in nearby residential wells. Under
existing site conditions, the VOCs could be
transported with groundwater, leachate seeps,

or surface-water runoff to surface waters.
During transport in the groundwater. the
contaminants may be subject to adsorption,
hydrolysis, and biological degradation under
aerobic or anaerobic conditions. Upon trans-
port to surface water the chemicals may be
adsorbed to sediments or taken up by aquatic
organisms, and with exposure to aerobic condi-
tions and sunlight, subjected to volatilization.
biological transformation,. hydrolysis, or
photolysis. The primary mechanisms that affect
the migration and fate of the organic com-
pounds are: adsorption on sediments, volatili-
zation, degrade <on, 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 ground-
water, 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 aquatic and terrestrial
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 explosion and air quality degrada-
tion which can affect residents, area
workers, site workers, and future site
users

Identifying these exposure pathways aids in the
development of the remedial action objectives
and preliminary remediation goals, which are
presented in Section 4.3 of this appendix.
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Section 4
PRELIMINARY IDENTIFICATION OF REMEDIAL ACTION

ALTERNATIVES

4.1 Potential ARARs for the
Example Site

A description of the federal and state tocation-
and action-specific ARARs for CERCLA muni-
cipal landfill sites can be found in Sections 5
and 6, respectively, of the body of this report
(Conducting Remedial Investigation/Feasibility
Studies for CERCLA Municipal Landfill Sites).
Potential federal location-specific ARARs for
the example site are presented in Table 5-2 in
the body of this document; no state locanon-
specific requirements (Section 6) were identified
that were more stringent than the federal
location-specific ARARs.

The most significant potential location-specific
ARARs involve wetlands and flcodplains.
Although there are no wetland areas prescr. iy
known to exist near the site, if any are
discovered remediation will have to be imple-
mented in a manner that minimizes the destruc-
tion, loss or degradation of the wetland areas
(Executive Order 11990, Protection of Wet-
lands-40 CFR 6, Appendix A). Additionally,
the Clean Water Act Section 404 prohibits
discharge of dredged or fill material into a
wetland area without a permit. If it is
determined that the example site is within the
floodplain of the Polk River, then remediation
will have to avoid adverse effects and preserve
natural and beneficial values of the floodplain
(Executive Order 11988, Protection of
Floodplains-40 CFR 6, Appendix A).

Potential federal action-specific ARARs are
presented in Tible 5-3 in the body of this
document. The most significant action-specific
ARAR will be in compliance with RCRA clo-
sure requirements. At a minimum, remedia-
tions 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. Subtitle C will be applicable if the
results of the RI indicate that the waste in the

southeast corner of the landfill contains RCRA
characteristic or listed waste and that the
response action for those wastes constitutes
treatment, storage, or disposal as defined by
RCRA. A determination of relevance and
appropriateness will depend on a number of
factors, including the nature of the waste, its
hazardous properties, and the nature of the
requirement itself. Since it is probable that a
cap 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
topsoil.

In situa:tons where RCRA requirements are
potential ARARs, disposal of contaminated
soils will be influenced by the RCRA Land
Disposal Restrictions (LDRs). The LDRs may
be applicable to contaminated soils if it is
determined that the soils have been contami-
nated by a restricted, listed RCRA waste or if
the contaminated soils are a RCRA character-
istic hazardous waste. The LDRs may require
that a specific concentration level be achieved
or that a specified technology be used for
treatment prior to ofisite disposal at a RCRA
facility.

Some of the alternatives for the example site
ma> include technologies that result in dis-
charge of contaminants to the air. Technolo-
gies that typically result in air emissions include
air stripping, collection and treatment of landfill
gas, excavation and consolidation of contami-
nated soils, and incineration. Table 5-3, in the
body of this document summarizes the require-
ments concerning air emissions for these tech-
nologies, 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

A4-1



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 MCLC for a contaminant
has been set at a level of zero, the MCL for
that contaminant should be attained. More
stringent state standards that have been promul-
gated, are identified in a timely manner, and
have been applied consistently by the state, will
have to be attained unless a waiver is used.
Tables 4-1 through 4-4 of this appendix present
the potential chemical-specific ARARs for the
example site. Water quality criteria have been
included in the 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 analytical
results for both residential and onsite wells.
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 MCLs for some
chemicals. However, it is clear that all 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 concen-
trations actually detected in residential wells are
compared to the ARARs for each contaminant.
Because ingettion of groundwater is a direct
exposure route, any contaminant concentration
above its ARAR (federal non-zero MCLGs or
MCLs) would indicate that remedial action is
warranted. After comparing Tables 2-1 (con-
taminant levels in residential wells) and 4-1
(potential chemical-specific ARARs), it is
obvious that several residential wells have
contaminant concentrations above ARARs,
particularly well R-3 where 1,1-DCE PCE,

TCE, VC, and ethylbenzene concentrations are
all above their federal MCLs. Therefore, based
on this review of preliminary groundwater data,
the following conclusions can be made to
expedite remediation:

1. Initial RI fieldwork should include obtaining
data that can be utilized to make this com-
parison and determination. If validated RI
data confirms that contaminant levels in
residential wells clsarly 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 alternatives for the
example site may be evaluated as an early
action.

A more thorough quantitative baseline risk
assessment is required 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 com-
parison to federal MCLs for the toxicity assess-
ment. The purpose is to expedite remediation
of groundwater since ARARs appear to be
clearly exceeded. A more thorough baseline
risk assessment, considering all potential
exposure pathways for both human and environ-
mental exposure, will be necessary to show that
the final remedies will protect human health
and the environment. The following documents
provide guidance regarding more thorough
baseline risk assessments:

A4-2



TaMt4-l
POTENTIAL FEDERAL CHEMICAL-SPECIFIC ARAR* FOR THE EXAMPLE SITE*

Chtanstal^

Trichloroeih\iene

Vinyl Chloride

M-DtcbJoroeihykne

cis-U-DichJoroethvlene

Benzene

Ethyl benzene

Toluene

Xylenes (total)

Tetrachloroethylene

1,1,1 -Tnchloroethane

Bis(2-eihylhexyl)phthlne

Lead

Anenic

Chromium III

Chromium VI

Copper

Mercury (Ir-orpnic)

Manganese
Iron

MCL
M/l

5
final 1967

f
finall9g^

7
final 1985

TO8

proposed 1969
5

final 198*

TOO*
proposed 1989

lOOO*
proposed 19F"

10.000*
proposed 198°

5«
proposed 1989

200
Final 19S-

N'A

5of-»

50*

S0«h

final 1986
50|Ji

final 1986

1.300
proposed 1988

?
proposed 1989

N/A

N/A

MCLC
M''

0
proposed 1985

o"
final 1985

7
filial 1985

70*
proposed 1989

0
final 1985

680
proposed 1985

I000e

proposed 1985

440
proposed 1985

0
proposed 1984

J*x
Final 1985

N/A

20f

50
proposed 1985

120h

proposed 1985

120h

proposed 1985

1JOO
proposed 1988

f
proposed 1989

N/A

N/A

fiMMdory
MCL
M/>

N/A

N/A

N/A

N/A

N/A

30*
proposed 1989

40*
proposed 1989

20*
proposed 1989

N/A

N/A

N/A

NA

N/A

N/A

N/A

1,000*
proposed 1989

N/A

SO

300

fSource, unleu otherwise noted • Iniefraied Risk Information System (IRIS). March 1990l>Some of the ions that may be used for plume nuppmj at the example site (e.|.. chloride, sodium,
sulfate) do not have chemical-specifK ARAR* associated with them. Tbe»e parameters are beinj
anaNoed for use as conservative indicaton ia determining the exteni of froandwaicr conumiitation.

^Federal Register 45 CFR (141)
dU.S EPA Health Advisories
"Federal Regaier 54 CFR (97)
'For water entering I he distribution sysiem. DO: at the tap
(Federal Register 40 CFR (141)
"Proposed 100 t*1 for total chromium (III and VI). 54 CFR (97)
'Federal Register 53 (160). 8/18/88
N/A • not available
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Table 4-3
STATE GROUNDWATER STANDARDS

FOR THE EXAMPLE SITE

Chemical*

Arsenic
Chromium
1,2-Dichloroethylene

(cis)
1,1-Dichloroethene
Ethybenzene
Lead
Manganese
Selenium
Silver
Toluene
Tetrachloroethylene
1,1,1-Trichloroethane
Trichloroethene
Vinyl chloride
Xylene
Zinc

Enforcement Standard*
<M/1)

50
50

100

C.24
1,360

50
50
10
50

343
1.0

200
1.8

0.015
620

5,000

Preventative Action
Limit"
<»*g/l)

5
5

10

0.024
272

5
5
1
5

68.6
0.1
40

0.18
0.0015

124
2.500

'Chemicals are those to which state standards apply. Typically, there will not be
state groundwater standards for all the chemicals detected in the groundwater.
bThe list presented is based on a review of Wisconsin groundwater standards--
NR 140.
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TaMe4-4
STATE AMBIENT WATER QUALITY CRITERIA

FOR AQUATIC LIFE PROTECTION
FOR THE EXAMPLE SITE

Chemical

Arsenicd

Benzoic acid

bis-2-Eihylhexylphthalaie

Chromium(hexavalem)d

Chromium ( trivalent )

1,1-Dichloroethene
1.2-Dichloroethene (cis)

Ethylbenzene

Tetrachloroethylene

1,1,1-Trichloroethane

TrichJoroethene

Vinyl chloride

Xylenes

State Water Quality
Criteria*

Acuteb Toxicitj
Criteria (uft/1)

363.8

—

-

14.2

3301.1

-•

—

•

•-

••

-

-

-•

Chronic' Toxicitj
Criteria (u&l)

153.0

-

--

9.7

954

-

--

--

-

--

--

--

--

Notes:
'Based on Wisconsin Water Quality Criteria for Protection of Freshwater Aquatic Ufe (Warm
Water Sponfish Classification). From Wisconsin Administrative Code NR 105.
b Acute Toxicity Criteria is 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 Criteria is the maximum 4-day concentration of a substance which ensures
adequate protection of sensitive aquatic species and may not be exceeded more than once even
3 years. CTC are based on acute/chronic toxiciry ratios as defined in NR 105.06(5).
dCriterion listed is applicable to the 'total recoverable* form. Typically, state water quality criteria
will not exist for all the contaminants found at the site.
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U.S. EPA. Risk Assessment Guidance
for Superfund-Human Health Evaluation
Manual, Pan A. Interim Final. EPA/
540/1-89/001 December 1989.

US. EPA. Risk Assessment Guidance
for Superfund, Volume II. Environ-
mental Evaluation Manual. EPA/540/
1-89/001. March 1989.

4.3 Preliminary Remedial Action
Objectives and Goals

Preliminary remedial action objectives and goals
have been developed for the example site to
assist in identifying preliminary- remedial action
alternatives and RI data requirements. The
remedial action objectives for the example site
are as follows:

• Provide adequate protection to human
health and the environment from direct
contact or ingestion of the hazardous
constituents in wastes or soil from
landfill

• Provide adequate protection to human
health and the environment from direct
contact, ingestion, or inhalation of the
hazardous constituents in groundwater
beneath the landfill or groundwater that
has migrated from the landfill

• Provide adequate protection to human
health and the environment from direct
contact or ingestion of the hazardous
constituents in surface water and
sediments of the unnamed tributary

• Provide adequate protection to human
health from inhalation or explosion of
landfill gases

Preliminary remediation goals were developed
based on the remedial 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 remedial
action goals are as follows:

• 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 con-
taminant loading to groundwater.

• Prevem direct contact and ingestion of
contaminated oils from hot spot areas.

• Provide adequate protection to human
health from inhal.uion or explosion of
landfill gas. Potential collection and
treatment requirements will be estab-
lished based on an analysis of the data
to be collected in the RI (including a
risk assessment).

• Provide adequate protection to human
health and the environment from direct
contact or ingestion of contaminated
surface waters or sediments of the
unnamed tributary. Specific remedia-
tion requirements will be established
based on risk after an analysis of the
data to be collected in the RI.

4.4 Preliminary Remedial Action
Alternatives

Several technologies and/or alternatives are
unlikely to survive screening in the FS for
technical, implementation, or cost reasons. As
an example, the excavation of the landfill with
subsequent treatment or disposal onsite or
offsite is not a feasible alternative 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 potential for fire or
explosion of the landfill gases. Likewise, con-
tainment of groundwater with a cutoff such as a
slurry wall is not considered practicable because

I

A4-8



hi-

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 site.

As required by the NCP, the no-action alterna-
tive is included and involves no additional
activities by EPA, thereby providing a baseline
for evaluating other alternatives.

4.4.1 Landfill Contents

The most practicable remedial action alternative
for this medium is containment with or without
institutional controls. The containment alterna-
tives might include: (1) regrading and revegeta-
tion of existing cap and implementation of
institutional controls, (2) construction of a
single-barrier cap with or without institutional
controls, or (3) construction of a composite-
barrier cap with or without institutional
controls. The purpose of the first alternative
would be to provide some protection against
direct contact and would improve surface water
drainage, thereby reducing infiltration. The
second two alternatives would provide superior
protection against further groundwater contami-
nation by minimizing the potential for infiltra-
tion and would provide a barrier to prevent
contaminated soil from eroding during precipi-
tation events. Reducing infiltration and sub-
sequent leachate generation would also mitigate
leachate seeps. Capping can also provide gas
control, particularly if implemented in conjunc-
tion with a gas collection system. A composite-
barrier cap will be more effective and reliable in
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 remedial objectives and the
-esults of the Rl. The factors that may affect
tne type of cap 10 be used are presented in
Figure 4-1 of the body of this report
(Conducting Remedial Investigations/Feasibility
Studies for CERCLA Municipal Landfill Sites).
These alternatives could be used in conjunction
with a fence and a restrictive covenant on the
landfill property to prevent future site
development.

If Rl data indicate that landfill gas presents a
hazard to human health and the environment,
then deed restrictions may also be imposed on
areas in the vicinity of the site to limit exposure
to the landfill gas. Another measure may be to
vent and treat the landfill gas as described in
Section 4.3.4.

4.4.2 Hot Spots

The practicable alternatives for the contami-
nated soils in the southern portior of the site
include: (1) excavation and disposal, (2) exca-
vation, treatment, and disposal (onsite or off-
site) of treated material, or (3) consolidation of
hot spot areas under a landfill cap.

The first two alternatives would involve excava-
tion, possible treatment, and disposal of the
soil/waste in the solvent disposal area of the
landfill. Both alternatives would protect against
further contamination of the groundwater and
surface water and against direct contact.
Excavation could be accomplished using con-
ventional construction equipment (e.g.. back-
hoe); the risks to local residents and site
workers d ng execution activities will be
evaluated during the analysis of remedial action
alternatives. Treatment of contaminated soil
waste, if necessary, would likely be done onsite
(offsite treatment of soils from municipal land-
fill sites is rarely done because of availability
and cost). The most viable onsite treatment
options include incineration and solidification
stabilization. The roost common type of incin-
eration process is rotary kiln, but often the
decision is made during design or by the
remediation contractor based on performance
criteria. Solidification/stabilization involves
adding pozzolanic agents such as lime, cement,
and fl> ash to the soil'waste in situ or in a batch
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 Avast c should occur
onsite 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.
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The required level of treatment of RCRA-
restriaed 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 treatment 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 soil, the volume of contam-
inated soil, the moisture content of the soil, and
the soil type. Also, information on the types
and population densities of resident micro-
organisms suitable for biodegradation of con-
taminants may be needed if contaminant con-
centrations are sufficiently high. Potential
exposures from dermal contact, entninment of
soU particles in air, and release of volaiiles
during remediation would be evaluated and
necessary actions taken.

The third alternative for this area would be
consolidation of the hot spots to reduce the
area of the final landfill cap. This alternative is
similar to the first alternative, except that, when
a landfill cap is constructed, the hot spot areas
would be included under the cap, or material
from the hot spot areas would'be excavated to
the extent necessary to consolidate these mate-
rials under the landfill cap. This alternative
would prevent direct contact with the contami-
nated soil and prevent contamination of surface
water. Further contamination of groundwater
would be reduced by preventing infiltration of
runoff through the contaminated soil

4.4J Groundwater/Leachate

The existing data shows that four of the five
residential wells tested exceeded primary MCLs,
as presented in Table 2-1 of this appendix.
Practicable alternatives for groundwater reme-
diation will include extraction, treatment, and
disposal of the contaminated groundwater. The
two strategies associated with groundwater ex-
traction 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 a landfill cap may also be
used to stop leachate seeps. Collection
trenches are also 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 disposal of contami-
nated groundwater would help stabilize the
contaminant plume and provide for ground-
water remediation. Groundwater samples
should also be analyzed to char, nerize 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 off-
site 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 dis-
charge, either onsite or at a POTW. The infor-
mation needed to design a more comprehensive
groundwater extraction system includes the
chemical parameters associated with the con-
taminated plume and the hydraulic characteris-
tics of the aquifer.

Either onsite or offeite treatment of contami-
nated groundwater will likely be feasible.
Typically, leachate or high strength contami-
nated groundwater from municipal landfill sites
will be high in concentrations of organic matter.
Treatment is usually by conventional means
such as biological treatment (e.g., activated
sludge), physical treatment (e.g., granular acti-
vated carbon (GAC) or air stripping), and/or
chemical treatment (e.g., metals precipitation).

Based on known data, onsite treatment might
be accomplished using air stripping for VOC

I
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removal and/or CAC for removal of semi-
volatile contaminants. Depending on the con-
taminants and their concentrations, CAC
columns could also be used without air strip-
ping to remove VOCs, as well as semivolatile
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, biochemical oxy-
gen demand (BOD), chemical oxygen demand
(COD), total suspended solids (TSS), iron, and
other conventional pollutant parameters would
be needed as well in order to determine if other
treatment processes (such as biological or
chemical treatments) are necessary in addition
to, or as a replacement for, the air stripping
and or CAC treatment. At the landfill, the
BOD tests could be prone to interferences from
metals and other materials present. COD is
therefore usually 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 strip-
per and CAC column. Sand filters or cartridge
filters may be necessary to prevent sealing and
fouling of the CAC columns. Also, if air strip-
ping is used, vapor-phased CAC may be re-
quired to remove VOCs from the air stripper
emissions.

For onsite remedial actions, the substantative
requirements of the ARARs, but not the ad-
ministrative requirements, must be met. Efflu-
ent from an onsite treatment system could be
discharged to the Polk River; an NPDES permit
could be required for this disposal method and
appropriate ARARs (such as MCLs or water
quality criteria) would be met.

As an intern, action, or to supplement a
groundwater enaction and treatment system,
an alternate water supply could be provided to
affected or potentially a'fected residents to limit
exposure to contaminated groundwater. The
water authority- could provide the alternate
water supply by extending the existing distri-
bution system or installing a new deep well.
Alternatively, bottled water could be used for
temporary drinking and cooking. A compre-
hensive well inventory and subsequent sampling

of nearby residential wells is needed to conduct
a risk assessment to determine whether pro-
viding an alternate water supply is warranted.

4.4.4 Landfill Cms

The potential alternatives for this medium
includes collection and possible treatment of
landfill gas. This alternative involves inter-
cepting the methane gas using passive vents,
which typically consist of free venting struc-
tures; active vents if air emissions are locally
controlled; or collection of the gas by onsite
extraction wells for treatment. Passive vent
systems require that a highly permeable mate-
rial be placed in the path of gas flow to inter-
cept 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 nec-
essary, landfill gas can then be incinerated using
enclosed ground flares. Enclosed ground-flare
systems consist of a refractory-lined flame en-
closure (or stack) with a burner assembly at its
base. Because of the rural nature of the exam-
ple site, a passive venting system without treat-
ment may be acceptable.

Information needed to determine the need for
gas collection and treatment would be collected
by placement of monitoring gas probes within
the landfill as well as along the landfill
perimeter and analyzed for methane, TCE, and
vinyl chloride. The potential for pressure build-
up below a landfill cap and potential for
damage to a vegetative cover will be evaluated
based on the quality and quantity of landfill gas
estimated to be generated at the site.

4.4-5 Surface Water and Sediments

Contaminated sediments in the nearby unnamed
tributary to the Polk River may require reme-
diation. The most practicable alternatives for
remediating contaminated sediments include
excavation and consolidation 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.

A4-11



The advantage of relying on natural attenuation contaminants which can potentially have signifi-
to remediate sediments is that dredging cant environmental impacts. If dredging is
activities can often cause secondary migration of done, these impacts should be minimized by

dewatehng during excavation activities.

A4-12



Section 5
REMEDIAL INVESTIGATION AND FEASIBILITY

STUDY OBJECTIVES

The overall goals of the RUFS 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 health and the environment

Develop and evaluate remedial action
alternatives if unacceptable risks are
identified

Table 5-1 shows the objectives of the Phase I
RI for the Example Landfill site. After evalua-
tion of the Phase I data, it may be necessary to
conduct a Phase II. A Phase II would be con-
ducted if the objectives of the Phase I RI are
not accomplished. For example, if the Phase I
RI groundwater sampling results indicate a con-
taminant plume but not enough data was col-
lected to determine the extent of the plume,
then further investigations will be warranted.

The objectives and actions listed in Table 5-1
only apply to the example site. These may van
for actual sites where the contaminated media
and site conditions differ from the example site.

Ill
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Table M
PRASE I REMEDIAL INVESTIGATION OBJECTIVES FOR

THE EXAMPLE SITE

Activity

Site Mapping/Site Dynamics

Geophysical Investigation

Geoiechnical Investigation

Hydrogeologk Investigation

Meteorological Investigation

P«te 1 of 3

PtUM I
(Actlvilit* G«iwrmlly Perform**1 After Work Plan fc Approved)

Objective*

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

Investigate probable presence of buried
ferromagnetic material* (drums) in
southern portion of the landfill

Evaluate the physical properties
governing transport of contaminants
through identified pathways.

Collect data on soil characteristics to
determine if onsite soil can be used as
fill material and to determine placement
of a potential cap.

Evaluate existing cap to determine
physical properties

Measure current landfill settlement rate.

Determine selection of screen settings in
both the shallow and deep wells.

Identify and characterize hydrogeologic
unjts.

Determine direction of groundwater flow
and estimate gradients.

Determine rate of groundwaier Oow and
evaluate the feasibility of groundwater
extraction.

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

Action

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

Conduct magnetometer and/or
ground penetrating radar survey

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 vegetatrve stress, and
erosion.

Monitor landfill benchmarks.

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.

Install monitoring wells and
perform hydraulic conductivity
tesis on new and existing wells;
check water levels ai a maximum
of once a month during the RI

Collect and analyze wind speed
and direction data.

J
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TaMeS-l
PHASE I REMEDIAL INVESTIGATION OBJECTIVES FOR

THE EXAMPLE SITE

Z of 3

Activity

Phue 1 Objectives
(ActMlte* General*) Performed After Work Pka It Approved)

Objective* Action

Chemical Investigation

GrDundwater Identify ertent and type of groundwaier
contamination 10 perform an aueumeni
of human health and environmental risks
10 determine it remedial action is
necessary.

Identify upfradient water quality for
each geologic unit.

Determine source of groundwater
contaminaiion.

Determine whether seasonal fluctuations
occur in contaminant concentrations in
the froundwater and in hydraulic
characteristics.
Evaluate feasibility of groundwater
treatment systems

Install monitoring wells in aquifers
of concern; design monitoring well
network to determine the extent of
the plume (wells should also be
located dowDfndtent in "dean"
area to confirm that the end of
the plume is located): collect and
analyze samples.

Install upgradiem monitoring wells
in aquifers of concern and collect
and analyze samples.

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

Sample and analyze groundwaier
with a minimum of r*o rounds of
sampling from the same
location(s).

Obtain COD. BOD. and other
conventional water quality data

Leachate Identify extent and type of (eachate seeps
to evaluate feasibility of froundwaier
treatment system

Estimate amount of leachate production
from tan Kill.

Collect and analyze leachate and
seepdau.

Install leachate wells around land-
fill and measure leachate head.

Perform water balance calculation
on landfill

Surface Water and Sediment Determine vu ''ility of treatment
lechaolofies

Determine effect of grouidwaier on
surface water.

Collect Geld measurements on DO
and temperature

Collect and compare up- and
downgradient surface water and
sediment samples to downgradiem
froundwaier samples.

Compare stream and froundwater levels
during seven) periods during the Rl

Install staff puges oosite. survey
puges. measure surface water
levels and froundwater levels
coDCurremtv
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Table 5-1
PHASE I REMEDIAL INVESTIGATION OBJECTIVES FOR

THE EXAMPLE SITE

P«tr 3 of 3

Activity

Phatt I Objectives
(ActMtJet Generally Performed After Work Plan b Approved)

Objectives Action

Surface Water and Sediment
(Continued)

Determine background concentration of
lurface water and sediment.

Collect and analyze upstream
water and sediment samples:
include tooocity testing

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.

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

Landfill Gay Air Identify areas within the landfill
containing high concentrations of
explosive 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.

Estimate concentrations of selected
VOO being emitted to the atmosphere.

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

Collect and analyze landfill gas
samples from onsue and perimeter
sampling pomu.

Collect and analyze ambieni air
samples

Landfill Gas/Groundwater Identify areas within the landfill
containing high concentrations of
explosives or toxic landfill gas to
determine i( VOCs act or may act as a
source of groundwater contamination

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

Hot Spots (Soil) Investigate area! extent, depth, and
concentration of contaminants at hot
spou in tbe landtill'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 remedial action on
stream.

Collect and analyze surface water
and sediment from nearby stream.

Observe tquauc 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

»L

I'

i>

The data to be collected during the RI will be
used for site characterization, risk assessment,
and remedial action alternative evaluation. The
objectives of the RI and the necessary actions
to accomplish the objectives are shown in
Table 5-1. The number and types of samples of
soil, groundwater, ieachate, 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 analyzed; and the precision,
accuracy, representativeness, completeness, and
comparability (PARCC) parameters to be used
are summarized in Tables 6-1 through 6-3.

In order to achieve the established DQOs, a
combination of laboratory 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--Field screening. This level is
characterized by the use of portable
instruments that can provide real-time
data to assist in the optimization of
sampling point locations and for health
and safety support. Data can be gen-
erated regarding the presence or
absence of certain contaminants (espe-
cially volatiles) at sampling locations.
An HNu will be used for Level I analy-
sis for soil samples and to monitor con-
centration of VOCs in air for health and
safety considerations during drilling.
Additionally an explosimeter will be
used during drilling and soil probe
installation; a radiation meter will be
used initially to determine if harmful
levels of radioactivity exist at the site.

• Level II-Field analysis. This level is
characterized by the use of portable
analytical instruments that can be used

onsite or in mobile laboratories sta-
tioned near a site (close-support labs).
Depending on the types of contami-
nants, sample matrix, and personnel
skills, .qualitative and quantitative data
can be obtained. An onsite mobile
laboratory will be used during well
installation to provide analytical results
that will be used to re-evaluate the
proposed monitoring well network.
Groundwater samples will be analyzed
for selected VOCs and inorganic ions
(chloride and sulfate) to aid in deter-
mining the extent of the groundwater
plume. Soil gas samples will also be
analyzed for VOCs to determine the
extent of the solvent disposal area.

Level Ill-Laboratory analysis using
methods other than the CLP Routine
Analytical Services (RAS). This level is
used primaril> in support of engineering
studies using standard EPA approved
procedures. Some procedures may be
equivalent to CLP RAS, without the
CLP requirements for documentation.
Analysis will include COD, BOD, TOC,
and TSS in groundwater and Ieachate
samples.

Level IV-CLP RAS. This level is
characterized by rigorous QA/QC pro-
tocols and documentation and provides
qualitative and quantitative analytical
data. Some regions have obtained simi-
lar support via their own regional labo-
ratories, university laboratories, or other
commercial laboratories. This level will
be used for confirmatory sampling of
frounJwater, hot spots, surface water,
and sediments. Analyses performed will
include TCL organics and TAL metals.
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Level V-Nonstandard methods. These
are analyses that may require method
modification and/or development. CLP
Special Analytical Services (SAS) are
considered Level V. This level will be
used for vinyl chloride in groundwater
and leachate where lower detection
limits are warranted.

Other-Geoiechnical testing to deter-
mine soil charaaerislics and other dau,
such as pH and conductivity, will be
conducted to aid in the engineering
design of alternatives. Ceotechnical
analysis will be done by a commercial
laboratory. Conductivity and pH will be
analyzed in the field.
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Table 6-1
DATA QUALITY OBJECTIVES SUMMARY FOR GROUVDWATER/LEACHATE

OF THE EXAMPLE LANDFILL SITE

Page 1 of 3

Dato Quilt}
Okjrcttvc Elements

Objective

Data Quality Factors

Pnomoed Data Use(s)

Conununanu of Concern

Level of Concern < \JURj I a

TCE
Vinyl chlonde
Lead
Arsenic
Chlonde
Sulfaie
Chrommir.

Reporting Limit13

TCE
Vinyl chlonde
Lead
Anenic
ChJonde
Sulfaie
Chromium

Appropriate Analytic*! Level*

Critic*] Sample*

Data Quality NMds

Sampling/Analysis Procedures

• Sample Collection'
• Sample Analysis

Level 1 -Field Screening

CM* ChanKUrintion

• Identify enent and type of
coBtaoiiojtion

• Determine if contaminants
ate praseni in residential
veils

Site charactehzaiion

TCE, vinyl chlonde. lead,
arsenic, chlonde. chromium

Sppt.
2ppb
SOppb
50ppb
N A
N A
SOppb

Rfek ABMMmeot

• Aueu risks due to
mfestion

Risk assessment

TCE, vinyl chloride.
lead, arsenic, chromium

Sppb
2 ppb
SOppb
50 ppb
N.A
N.A
SOppb

EaftDMrtnc D«%n
•TAHerMtKe

• Evaluate feasibility
Of froundwaier
treatmeni tyttern

Engineering design of
alternative

COD, BOD, pH.
conduct iviry

N.'A
N.A
N/A
N/A
N/A
N/A
N/A

Sppb
10 ppb
Sppb
10 ppb
50 ppb
50 ppb
10 ppb

i. ii. rv
Residential wells

Sppb
2 ppb
Sppb
10 ppb
N/A
N/A
10 ppb

IVand V

Residential wells

N.A
N;A
N/A
N/A
N/A
N/A
N/A

III and Other

Mooitonng wells

Use of HNu

N/A-Noi applicable

' These are federal MCLt from the SDWA, While federal ARARs are stated for this example, state ARARs may
preclude the federal ARARs

b The luted value* are the Contract Requirad Quamitaiion Limits (CROU) taken from the CLP SOWs (Level IV)
Since reporting limiu in some case* arc at or above levels of concern, special analytical services (SAS) reporting limns
(Level V) may be required to achieve lower detection limiu (e.g., vuryl chlonde). This CRQL is matrix dependent and
may noi be ichievtble in every sample

c Sample collection procedures are outlined in the A Compendium ofSuperfund Field Operations Methods. Auf U.M 1967
Level 1 analytical foeihods arc: not compound specific, oory quantitative for :oial orpnics.
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Table 6-1
DATA QUALITY OBJECTIVES SUMMARY FOR GROfNDWATER.'LEACHATE

OF THE EXAMPLE LANDFILL SITE

Pact 2 of 3

Data QoaJIry
Objective Elements

Level 11-Field Analysis6

TCE
Vinyl chlonde
Lead
Arsenic
Chlonde
Sulfaie
Chromium

Level III-NoD-CLP Lab Methods*
COD
BOD
TSS
TOC

Level IV-CLP RAS
TCE
Lead
Anenic
Chromium

Level V--CLP SASh

Vinyl chlonde

Other
PH
Specific Conductance

Site Characterization

GC/ECDTID
GC/ECD/PID
Atomic Absorption
Atomic Absorption
Ion Chromatofnph
Ion Chromaograph
Atomic Absorption

CLP Organic SOW
CLP Inorganic SOW
CLP Inorganic SOW
CLP Inorganic SOW

Risk Assessment

CLP Organic SOW
CLP Inorganic SOW
CLP Inorganic SOW
CLP Inorganic SOW

EPA601

Engineering Design
of Alternative

EPA 405 1
EPA 410.1
EPA 209

N A
N/A
N A
N A

pH meter'
Conductivity meter

PARCC Parameters

• Precision1

- TCE
• Vinyl chlonde
- Lead
- Anenic
- Chromium

• Accuracy'
• TCE'
- Vinyl chlonde
- PCB
- Lead
• Anenic
• Chromium

<14
+ 25*
±20<*
±20*
$20<*

71-120"*
75-12591
N/A
75-125"*
75-125*
75-125-*

N/A-Not applicable

' Methods used by the onsite mobile laboraioty.
f Only tout chromium will be detected.
( Level III analysis is only (or parameter! noi on the CLP TLC and TAL lists and tor cases where QC requirement* are

less sirinfeni than that of ibe CLP methods. Level HI analysis is not applicable for the selected contaminants of
concern listed except for COD and BOD in {roundwater and TCE and vinyl chloride in landfill us.

h Level V-CLP SAS methods may include modified versions of CLP RAS metbods to achieve lower detection limits, to
provide project -specific OC to analyze for non-CLP parameters or to use non-CLP methods but still provide the levels
and types of GAQC and deliverable* prevented by CLP RAS.

1 The listed 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.

A6-4



T*Mc«-l
DATA QUALITY OBJECTIVES SUMMARY FOR GROUXDWATER/LEACHATE

OF THE EXAMPLE LANDFILL SITE

Fat* 3 of 3

Dau Qmalil)
Objective Elcimnts

• RepresentatrvesJ
• Completenesik
• Comparability1

Site Ckanrurlzation Rfck AaMnnenl
Efl(iiw«in( Dn%n

•f Ahcnulfvr

Qualitative parameier. which oonsiden the project *s a whole. No nuroencal critena CM be set.
Can be expressed as a quantitative asseument of the percentage of valid dau reoerved. Also includes a qualitative
parameier and must be »«**"•/< after all data are reviewed.
A qualitative parameter that can be maximized through the use of standard sampling, analysis. «nd dau revieu
techniques
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Table 6-2
DATA QUALITY OBJECTIVES SUMMARY FOR HOT SPOTS, TILL. AND CAP INVESTIGATION

OF THE EXAMPLE LANDFILL SHE
Pip 1 of 3

DucQulity
OtfreCfrn Elements

OtfrctKi

Hoi-Spot Am*

• Identify highly contaminated
areas that may be present
onsite

• Assess n»k due to direct
contact

Fill

• Determine if fill can be used
for capping

Cap Investigation

• Determine existing cap
characteristics

Data Qaalitjr Factor*

Pnoriuzec Data
Usevs)

Contaminants 01
Concern

Site characterization, risk
assessment, and engineering
design of alematrves

TCE. PCB. lead, arsenic,
chromium, treaiabiliry parameters

Engineering design of alternative

Ceotechnical parameters

Engmeenng design of alternative

Permeability, porosity, depth

U**i of Concern (ARARs)*

TCE
Vinvl chlonde
PCB
Lead
Arsenic
Chromium

RtporUnt Limtlb

TCE
Vinvl chlonde
PCB
Lead
Arsenic
Chromium

Appropriate Analytical
Levels

Critical Samples

DaU Oulify Needs

Sampfe/Analysis
Procedures
• Sample Collection0

• Sample Analysis

Level 1-Fwld Screening*

636 ppb
0.3 ppb
0.091 ppb
105 ppb
3 ppb
(IIP, •'S.OOO. (VI) 375 ppb

5 ppb
10 ppb
80 ppb
500 ppb
1.000 ppb
1.000 ppb

Sue characterization. 11. 111. IV
Risk assessment: IV and V

Clean samples at outer boundary
of contaminated area

Engineering design of alternative.
Ill

Collect samples (rom penmeter
of waste area to determine area!
extent of waste

-

Engmeenng design of alternative.
Other

'While federal ARARs are stated for this eumple. state ARARs may preclude the federal ARARi Numbers listed should be updaied 10
incorporate current guidance. For carcinogens, numbers are based on the 10"* cancer n*k. For noncarcinogens. numbers are based on the
reference dose. All numbers are calculated for a l"-k| child ingesting 0.2 pns of soil per day.
*Tbe listed values are the Contract Required Quamitation Limits (CRQLi) uken from the CLP SOWs (Level IV). This CRQL is maim
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 cases are at or
above levels of concern, SAS reporting limits (Level V) may be required 10 achieve lo»er detection limits (e.g.. vinyl chlonde).
'Sample collection procedures are outlined ID the A Compendium of Superfund Field Operations Methods. August 198''.
Level I analytical methods are not compound specific, only quantitative for total organic*. Not used for soil investigation
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T*Mc«-3
DATA QUALITY OBJECTIVES SUMMARY FOR SURFACE WATER. SEDIMENT

AND LANDFILL GAS OF THE EXAMPLE LANDFILL SITE
Pate 1 of 3

DauQoalit)
Objtctivt EkawBU

Objtctivc

Dau Qualm Factors

Pnontized Dau Use(i)

Contaminants of
Concern

Level of Concern (ARARi ia

TCE
Vinvl chlonde
PCB
Lead
Arsenic
Chromium
Methane

Surface Water

Evaluate impact of surface water
runoff from the site to the
unnamed tributary

Sue characterization,
risk assessment

TCE. PCB. lead, arsenic,
chromium

2.7 ppb
2.0 ppb
0.0000^9 ppb
50 ppb
o.oo:; ppb
50 ppb
N A

Sadtmeol

Evaluate impact of surface water
runoff from the site to the
sediment of the unnamed
tributary'

Sue characterization

TCE. PCB, lead, arsenic,
chromium

696 ppb
OJ ppb
0.091 ppb
105 ppb
035 ppb
(III) 75.000. (IV) 135 ppb
N A

Landfill Gas

Identify areas within the landfill
containing high caoceiifauoot of
selected VOCt. Identify landfill
gas contaminant concentration at
perimeter of me to evaluate impact
from ofCsite migration

Sue characterization

Methane. TCE. vinyl chlonde

N/A
N A
N.A
N A
N'A
N.A
No federal ARAR6

Reporting Llralic

TCEd

Vmvl chlonde
PCB
Lead
Arsenic
Chromium
Methane"3

Appropriate Analytical
Level*

Critical Samples

5 ppb
10 ppb
0.5 ppb
5 ppb
10 ppb
10 ppb
N/A

Site characterization and ruk
assessment: IV' and V

Samples from the groundwater
and leachate seeps

5 ppb
10 ppb
80 ppb
500 ppb
1.000 ppb
1.000 ppb
N:A

Sue characterization. TV

Samples from the groundwater
and leachate seeps

N/A
N A
N'A -
N/A

Sue characterization: 11!

Samples from areas of the landfill
where it is suspected that methane
gas is produced

N/A-Not applicable.
1 Surface Water-These are based on the Federal Amkttnt Watt Quoit*, Criteria, a nonenforceable |uidance document under the CWA and

are either bated on tonaty protection (lead, chromium) or the 10 cancer risk level. The selected criteria are the chronic criteria (or
protection of Aquatic life. The level of concern for chromium is for both the total and hexavalem species. While federal ARARi are
stated (01 this example, state ARARi may preclude federal ARARi if they are more stringent.

b Several states nave air tones emissions regulations. Guidance on air ARARi can be found IB the National Air Toxics Information
Clearinghouse Database Report on state, local, and EPA air toxcs

c The listed values are the Contract Required Quanuiatioo Liaiu (CRQLs) taken from the CLP SOWs (Level IV). This CROL is maim
dependeni and may not be achievable in even sample. The actual reporting limit will also be affected by sample moisture content for

' sediment samples Some samples ire analyzed as received but reported cm a dry-weight basis. Since reporting limits in some cases are at
or above levels of concern. SAS reporting limit* (Level V) may be required to achieve lower detection limits (e.g., vinyl chlonde).

d The reporting limit (or TCE. vinyl chlonde. and methane is dependeni upon the volume of (as sampled and should be established for
eacb tampung event.
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T«bU t-3
DATA QUALITY OBJECTIVES SUMMARY FOR SURFACE WATER, SEDIMENT

AND LASDF1LL GAS OF THE EXAMPLE LANDFILL SITE

of 3

Otyccth* EkmtDU Surface Water Sediment Landfill Gas

DclaQwllty

Sampte/Aaalyus
Procedures
• Sample Collection'
•• Sample Analysis

Level I-F<e!d Screening

Level II-FnId Analysis*

Level UI-Non-CLP Lab
Methods"

Methane
TCE
Vinyl chloride
TSS
Alkalinity
Hardness
TOC
Grain Sue Analysis
% Moisture
% Solids

N/A
N/A
N A
EPA209

N/A
N/A
N/A
N'A

N/A
N/A
N.A
N/A
N/A
N/A

ASTM D422

T014
T014
TOM
N/A
N/A
N/A
N,A
N.A
N A
N A

Level IV~CLP RAS'
TCE
Vinyl chloride
PCB
Lead
Arsenic
Chromium

CLP Organic SOW
CLP Organic SOW
CLP Organic SOW
CLP Inorganic SOW
CLP Inorganic SOW-
CLP Inorganic SOW

CLP Organic SOW
CLP Organic SOW
CLP Organic SOW
CLP Inorganic SOW
CLP Inorganic SOW
CLP Inorganic SOW

Level V-CLP SA$1
Toooatv TeMsk

Other
En
PH
Specific Conductance

Eb Meter
pH Meter
Cooducifvirv Meter

EPA9WS
pH Meter
EPA 126.1

N A
N.A
N/A

N/A-Not applicable.

Sample collection procedures are outlined in the A Compendium of Superfund Field Operations Methods. August 1987.
Level I analytical methods are not compound specific, only quantitative for total organic*. Level I will not be used (or (he surface water
sediment, and landfill gas media.
Level II will not be used for analysis of the surface water, sediment, or landfill gas samples.
Level III analysis is only for parameter! not on tbe CLP TLC and TAL lists and for cases where QC requirements are leu stringent than
thai of tbe CLP methods. Level III analysis is not applicable for the selected contaminants of ooncern listed except for TCE and VC in
landfill gas.
CLP RAS methods are not currently available for landfill gas. These samples will always be analyzed by Level III methods.
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-CLP methods but still provide the levels and types of QA/QC and
delivenbles prevented by CLP RAS. Some standard SAS methods are reported for landfill gas.
Acute and chronic Soasuyi are done for surface water with invertebrate, vertebrate and plant specie* For sediments. EP tenacity tests
are done.
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Table 6-3
DATA QUALITY OBJECTIVES SL'MMARY FOR SURFACE WATER. SEDIMENT

AND LANDFILL GAS OF THE EXAMPLE LANDFILL SITE

Pap 3 of J

Data Quality
ObjccUvt Elements

PARCC ParmnwUn

• Precision1

• TCE
Vinvl chlonde

- PCB
- Lead

Arsenic
Chromium
Methane

• Accuracy"1

- TCE
Vinvl chlonde

- PCB
• Lead

Arsenic
Chromium
Methane

• Representativeness"
• Completeness0

• Comparabilit>°

Swfac* Waiter

<14
»25*
+25*
~20*
"207,
720 Tr
rTA

75-1257,
N A
N A
N'A
N A
N A
N A

Sediment

<20
1-25*
~259f
+ 20<*
"20*
+ 207t
FTA

62-137C}
75-125*
75-125*
75-125*
75-125*
75-125*
N A

UntfflUGa*

N A-Not applicable

The listed values for precision and accuracy in analysis of water samples are based on CLP RAS SOW requirements and do not
necetunK reflect actual method performance Precision and accuracy performance for landfill gas sample* 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 dau are reviewed.
0 A qualitative parameter that can be maximized through the use of standard sampling, analysis, and daia review techniques
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Section 7
RI/FS TASKS

u,,

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 health
and the environment. The Rl/FS tasks
described in this work plan have been devel-
oped to meet these objectives. This section of
the work plan follows the standard format out-
lined in the RJ FS Guidance (U.S. EPA, 1988a).
Several of these activities were conducted
before developing this work plan. These activi-
ties include the evaluation of existing 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/FS Tasks
The following tasks have been identified for the
RI/FS:

• Task 1-Project Planning

• Task 2-Community Relations Activities

• Task 3--Field Investigations

Subtask 3A-Fieldwork Support

Subtask SB-Surveying and
Mapping

S u b t a s k 3 C - - C e o p h y s i c a l
Investigation

Subtask 3D-Soil Gas Survey

Subtask 3E--Cap Investigation

Subtask 3F--Source Testing, Test
Pits, Soil Samples (perimeter)

Subtask 3G--Hydrogeologic
Investigation

S u b t a s k 3 H - - G r o u n d w a t e r
Sampling

Subtask 3I--Residential Well
Sampling

Subtask 3J-Surface Water and
Sediment Sampling

Subtask 3K--Landfill Gas Emis-
sions Sampling

Subtask 3L-RI-Dertved Waste
Disposal

• Task 4~Sample Analysis/Data Validation

• Task 5-Data Evaluation

• Task 6--Risk Assessment

• Task 7»Remedial Investigation Repon

• Task 8- -Remedia l A l t e r n a t i v e
Development

• Task 9-AJternaiives Evaluation

• Task IG-Feasibility Study Repon

• Task ll-Treatability Studies

7.1.1 Task 1-Project Planning

Included in this task are limited field investi-
gation activities, existing data evaluation,
development of the work plan; obtaining appro-
priate 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
Field 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.
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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 RUFS tasks. Results of the existing
data evaluation are presented in Section 2 of
this document and results of the limited field
investigation activities reported in Section 3
were utilized to develop the scope of RI
activities. Potential ARARs and remedial
action alternatives for the example site are
discussed in Section 4 of this document. This
information was also utilized n develop the RI
scope.

A SAP will be prepared in conjunction with the
work plan that will include a QAPK FSP, and
an SSP for the proposed field activities. The
QAPP will specify the analytical procedures and
the methods for analytical choices and data
reduction, validation, 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, also 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 also be based on
historical information, OSHA regulations, and
corporate health and safety policies.

At critical junctures of the project, it will also
be necessary to conduct meetings between EPA.
the contractor, and other appropriate panics 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-Communlty Relations Activities

A community relations plan will be prepared
addressing activities that EPA will conduct with
residents and government officials involved with

the site. The plan will contain the following
sections:

• Site description

• History 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 at 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 prepara-
tion 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 field
investigation, and a second once the field
investigation is complete. A proposed plan
summarizing the alternative selection process
and the preferred remedial action alternative
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 J Task 3-Field Investigation

All efforts to prepare for onsite work, with the
exclusion of sample analysis, are included in this
task.

7.1 J.I Subtask 3A~Fieltfwork 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.
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Subcontractor Procurement Several of the
investigative activities that will be conducted
during the course of the RI will require services
typically provided by contractors other than
those scoping and performing the RI/FS.
Services expected to be subcontracted are:

• Construction of decontamination pad

• Provision of trailer for onsite office and
mobile laboratory .and hookups of
electricity and telephone

• Obtaining sample bottles

• Surveying and topographic mapping

• Drilling and installation of monitoring
wells

• Geophysical studies

• Excavation of hot spot area test pits

• Fencing of investigation waste storage
area

• Commercial laboratory for engineering
design analysis (BOD, COD, etc.)

• Ceotechnical laboratory analysis

• Removal of Rl-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/
materials onsite and setting up an onsite field
office trailer and support area. A mobile trailer
will be rented for use as an onsite office and for
storing equipment and supplies. This trailer
will also house the onsite mobile laboratory.
The trailer will be equipped with air condi-
tioning (fieldwork planned for the summer),
telephone, water, and electricity. A decontami-
nation pad will also be constructed.

7.1.3.2 Subtask 3B--Surveving and Mapping

A preliminary search for existing maps and
aerial photographs from sources such as the
Department of Transportation and the U.S.
Geological Survey was made during the evalua-
tion of existing data. An aerial topographic
survey of the site 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 well locations.
Stream contours will also be established from
water depths. The topographic site map cover-
ing the 60 acres of the site and immediate sur-
rounding area will consist of contour lines on
1-foot intervals and use a scale 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 acres and will
include the surface-water drainage system. The
locations of surface features such as power
lines, fences, and sewers will also be located on
the site map to aid in the geophysical
investigations.

7.1.3.3 Subtask 3C--Geophysical Investigation

Surface geophysical surveys will be performed in
the southeast section of the landfill. The pur-
pose of these studies is to confirm suspected
landfill areas that may contain buried hazardous
waste drums, to aid in selecting test pit sites,
and to delineate the extent of the fill. The need
for the geophysical investigation was determined
during the scoping activities where indications
of a buried drum area were identified through
review of existing aerial photographs and inter-
views 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 disposal. 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

J

j

J
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subsurface soil conditions below areas of waste
disposal.

Magnetometer Survey. A magnetometer survey
will be conducted to determine the location,
extent, and relative magnitude of the drum
disposal area. Before the survey, a 100-foot by
40-foot grid will be laid out over the south-
eastern portion of the landfill, which encom-
passes the area of suspected drum disposal
(Figure 7-}). A magnetometer base station will
also be established to monitor diurnal changes
in the magnetic field (for correction purposes).
Once the grid and base station nave been
located, magneiometer readings will be col-
lected at 20-foot centers using an Magneto-
meter 'Gradiometer. Any other readings made
from locations not marked by a grid flag will be
located by positioning a marked tape or rope
along the appropriate line.

The magnetometer survey will consist of total
field measurements and vertical magnetic gradi-
ent measurements. Vertical gradient data are
capable of higher resolution than the total field
data and will minimize potential noise prob-
lems. The total field and gradient data will be
collected simultaneously.

Upon completion of the magnetometer survey,
data will be corrected for the effects of the
diurnal 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 conjunc-
tion with the magnetometer survey to locate the
boundaries of the drum disposal area. The
magnetometer survey may be inconclusive if the
..umber of drums per unit area is low or if the
drums «re buried deeply. A soil gas survey will
be conct ntraied in the southeast corner of the
landfill. A soil gas survey, coupled with the
mobile laboratory analysis of the soil gas for a
few selected VOCs, may provide immediate
information on the lateral extent of contami-
nation of the soil (primarily in the liquid
solvent disposal area) and possibly the ground-
water. This survey mav also minimize the

number of geotechnical borings and monitoring
wells that must be drilled or installed.

Soil gas ground probes will be used to save time
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
samples will 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 analyzed for 1,1-
DCE, TCE, 1,1,1-TCA, and toluene.

Initially vertical profiles of organic gases
present in the soil pore spaces will 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. How-
ever, sampling probe depth within the landfill
may be limited by the presence of buried drums
and extreme care must be exercised. Once this
constant sampling depth is established, soil gas
samples wfll be collected across a grid. Samples
will be collected on a 20-foot by 20-foot grid
laid out over an area measuring 200 feet by 200
feet. Initially, samples will be collected nearest
the suspected disposal location. Once the loca-
tion is identified, sampling on a 10-foot by 10-
foot grid will be done to more accurate!} identi-
fy 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 dis-
posal area. Depending on the location of the
solvent disposal area, this survey may include
additional areas within the landfill.

7.1.3.5 Subtask 3E»Cap Investigation

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 construction is warranted.
The objectives of the cap investigations are to:
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FIGURE 7-1: CAP INVESTIGATION 
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• Determine the permeability of the
existing cap

• Evaluate the susceptibility to damage
from freezing, drying, and erosion

• Determine thickness of existing cap

Permeability tests performed on undisturbed
(Shelby tube) samples will be used to determine
the effectiveness of the cap as it currently exists.
Undisturbed and remolded sample permeability
and density tests will be compared to explore
the susceptibility of the cap soil to damage from
freezing and dryinc Characterization and
permeability testing wi!' also be used to support
evaluation of remedial alternatives such as con-
struction of a muhila\e: cap. These objectives
can be achieved as explained in the following
paragraphs.

A maximurr. of seven test pits (see Figure 7-1)
will be due at the site to show the constructed
cross section of the cap. The visual extent of
cracking, layering, root-penetration and vege-
tation 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 situ density and
moisture content at various locations across the
site. The quantity and locations of the nuclear
density tests will be determined in the field.

Samples from the test pits will be sent to a
geotechnical laboratory for analysis if it is
determined during the test pit program that the
cap is a clay cap. A summary of the sampling
and analysis program is presented in Table 7-2.
The samples will be tested for moisture content
and will be characterized by grain size analysis,
and Atterber; limits. One moisture-density
relation test vill be performed using a soil
sample taken from a tepresentative test pit. A
flexible-wall permeability test will be performed
on a remolded sample, compacted to 95 percent
maximum density at the optimum moisture con-
tent. This data will 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 a new cap were 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 neces-
sary. Shelby tube samples will be analyzed for
in-situ density and moisture. Flexible-wall
permeability tests will be performed on samples
taken from the Shelby tubes.

Geotechnical laboratory tests will require
monitoring of the procedures and equipment
being used. Specifications for each test will be
prepared and included as pan of the drilling
subcontract. The drilling subcontractor will be
responsible for retaining a laboratory (with the
remedial contractor's approval) who is capable
of conforming to the specifications. A geotech-
nical engineer will visit the laboratory at least
once to review the procedures and equipment
being used.

Also additional permeability tests on different
locally available soils or onsite soil-bentonite
clay mixtures will be performed. This is neces-
sary because it is expected that a cap will be
needed for the currently uncapped northern sec-
tion of the landfill. And because it may be
necessary to upgrade the existing cap if it has a
high permeability or is geotechnically unstable.

After the initial stage of geotechnical investi-
gation and sampling is completed, the results
will be evaluated to determine whether or not
more fieldwork is needed. Results of the
permeability tests will be reviewed along with
compaction tests. To fully evaluate capping
alternatives, it will be necessary to construct test

. patches of the proposed cover material over the
landfill to determine the feasibility of achieving
the desired relative compaction. Compaction
over the landfill may be an 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 installed during the Limited Field
Investigation. If substantial settlement is still
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occurring, then a temporary cap may need to be
designed and installed until the settlement rate
has decreased.

7.1J.6 SubUsk 3F-Source Testing, Test Pits

The objectives of the source testing program
are: (1) to evaluate the integrity of the buried
drums, (2) determine the extent of contamina-
tion of unsaturated soil in the solvent disposal
area, and (3) determine the approximate
volume of the hot spot(s). The test pit excava-
tion will be done in the one-half acre area
believed to be used for drum disposal. Person-
nel will conduct sampling of the test pits in
Level B protection.

Test pi! depths are limited by the stability of
subsurface materials and the maximum depth of
the backhoe. Backhoes typically 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 esti-
mated 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 encount-
ered. 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 sheets in a separate area from that of
the cover material to prevent contamination of
surface soils.

If intact or crushed drums are encountered, the
field excavation crew will leave them undis-
turbed. Drums will not be ri moved from lest
pits. Drummed materials will not be tested
unless drums are degraded and lei king, as
visually evidenced by the presence of liquids in
the test pits around the drums; samples will be
obtained from the backhoe. If a free-floating
liquid layer is found, the pit will be lined with a
sorbent material and closed immediately after
samples of the liquid are collected.

Following completion of sampling and test pit
logging, each test pit will be backfilled 10 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 condi-
tion it was in before excavation. The most con-
taminated material based on HNu screening,
will be backfilled into the test pit first with the
least contaminated going in last. Any remain-
ing 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 qualitative data obuined from the field
screening will be used in conjunction with visual
and siratigraphic information derived from the
test pit logging to select soil samples for
submittal to the CLP for analyses. The chemi-
cal information obtained from the CLP analysis
will 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, treat-
ment, and disposal alternatives 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
analyses. This number assumes a maximum of
12 samples each from the three test pits. The
actual number of samples will depend on field
observations and actual test pit depth. Samples
will be considered as having low or medium
concentrations, depending on the HNu readings.
Sampling methods and protocol will be dis-
cussed in detail in the SAP. Some or all of the
soil 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 is presented 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).
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7.1.3.7 Subtask
Investigation

3G--Hydrogeologic

The purpose of the hydrogeologic investigation
is to accomplish the following:

• Refine the conceptual model of the
groundwater flow system in relationship
to underlying hydrostratigraphy

• Evaluate the aquifer properties and its
response to pumping

• Locate monitoring wells for the collec-
tion of analytical data to define the type
and extent of contamination

• Provide information on pathways for use
in 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 the subsurface stratigraphic relation-
ships, and to aid in delineating the extent of the
VOC plume in the vicinity of the landfill, eight
soil borings will be drilled and sampled
(Figure 7-3). The rationale 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 initial bonngs.
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 installed upgradietii
northwest or nonheast 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 geotechnical
borings may be required. The location for these
borings will be based on the information
developed from the initial eight soil borings.
All borings will be advanced using a 6.25-inch

(ID), screened hollow-stem auger. EPA will be
responsible for obtaining easements and permits
at all offsite 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 stra-
tigraphy of the fill units beneath the south
portion of the landfill and south of the landfill
in the vicinity of the potential groundv 3 ter
migration pathways. Each geotechnical boring
will be sampled at 5-foot intervals usir.c a
standard split-spoon sampler following AS7M
Standard D-1586 for the Standard Peneu-.ion
Resistance Test. Boreholes where monitoring
wells are not installed will be abandoned by
injecting a thick bentonite slurry 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 decision to submit a sample
for geotechnical analysis will be made in the
field by the supervising geologist, 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 wells will be installed. This
stratigraphic information is also necessary to
identify potential migration pathways and to
evaluate 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 the final cap for the landfill.
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FIGURE 7-3: SOIL BORING LOCATIONS 
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Table 7-3
RATIONALE FOR SOIL BORING LOCATIONS FOR

THE EXAMPLE SITE

Boring Location

B-l

B-2

B-3

B-4

B-5

b-6

B-7

B-8

Proposed Depth

Bedrock

70 feet

70 feet

70 feet

Bedrock

70feei

70 feet

Bedrock

Rationale

• Stratigraphy in west side of site where data are
scarce, helps determine screen interval for
monitoring wells

• Stratigraphy in SW portion of the site where
data are scarce, helps determine screen
interval for monitoring wells

• Helps determine location of downgradient
monitoring nest

• Helps determine location of downgradient
monitoring nest, stratigraphy in SW comer of
site where data are scarce

• Stratigraphy of potential migration pathways,
helps locate monitoring wells, extent of
contamination

• Stratigraphy of potential migration pathways,
helps locate monitoring wells, extent of
contamination

• Downgradient stratigraphy, helps locate
monitoring wells, extent of contamination

• Stratigraphy in SE portion of the site, where
data are scarce

Illl
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Monitoring Well Installation. To better define
poicntiometric relationships in the vicinity of
the site and evaluate the extent of groundwater
contamination, IS new monitoring wells will be
installed and one existing well nest will be used.
An onsite laboratory will be used during well
installation to provide analytical results that will
be used to reevaluate the proposed monitoring
well network. Groundwater samples will be
analyzed for selected VOCs and inorganic
anions (chloride and sulfate) to aid in deter-
mining the extent of the groundwater plume.
The inorganic anions are persistent chemicals
which can be used as indicators of teachability
and transport. Therefore, mapping elevated
levels of these indicator chemicals relative to
opgradient concentrations can give a more
accurate picture of the movement of the
groundwater and possible extent of the con-
taminant plume than just VOC analysis.
Because of volatization, adsorption and
degradation. VOC& may diminish in concentra-
tions more rapidly than the inorganic ions.

Potential locations for the new wells are shown
in Figure 7-4. The rationale for each location
is presented in Table 7-4. This rationale is
based on the assumption that subsurface condi-
tions are homogeneous. If subsurface condi-
tions are heterogeneous, additional wells may
be necessary. Also, based on the' conceptual
site model, it is possible that the horizontal or
vertical 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 the field by the project manager in
conjunction with EPA's RPM.

One two-well monitoring well nest will be
installed upgradiem (background) of the landfill
to determine upgradiem groundwater quality.
A second monitoring well nest (with three
wells), in addition to the existing onsite landfill
well nest, will be installed just off the southwest
comer of the landfill to evaluate groundwater
quality within the landfill. Because there is an

existing well nest onsite, and for health and
safety reasons, installing an additional well nest
onsite is not proposed. A third (two-well) and
a fourth (three-well) nest is proposed to
measure downgradient groundwater quality.
Three single wells are 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 evaluate the
vertical distribution of contaminants down-
gradient of the landfill and to determine if a
vertical gradient exists.

At least six of the remaining monitoring wells
will be installed in geoiechnical bonngs
described earlier. These monitoring wells will
be installed immediately after completion of the
geoiechnical borings at cacti 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 constituents released from the
landfill and to the identification of conuminant
migration pathways.

The boreholes for the monitoring wells will be
advanced using screened hollow-stem augers
(6.25-inch ID). This size allows sufficient
annular space between the well and the auger
wall to introduce a filter pack and seal. If
alternative drilling methods are required, only
methods using clear water, air, or cable tool will
be considered.

Following installation, each monitoring well will
be developed until substantially free of
sediment, and until pH and conductivity are
stable to the satisfaction of the project
hydrogeologist. Wells will be developed using
the surge-and-bail method. Well development
water will be discharged as described under
Section 7.1.3.12-RI-Derived Waste Disposal.

During installation 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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FIGURE 7-4: PROPOSED MONITORING WELL LOCATION 
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Table 7-4
RATIONALE FOR MONITORING WELL LOCATIONS

Well Number

MW-1S

MW-1M

MW-2S

MW-2M

MW-2D

MW-3S

MW-3D

MW-4S

MW-4M

MW-4D

MW-5M

MW-6M

MW-7M

MW-8S

MW-8M

Proposed Depth

45 feet

90 feet

45 feet

90 feet

135 feei

45 feet

135 feet

45 feet

90 feet

135 feet

70 feet

70fe«t

70 feet

45 feet

70 feet

Rationale for Location

Can monitor quality of upgradient groundwater
(background)

Can monitor quality of groundwater migrating from the
landfill (Samples will also be collected from existing
onsite well nest.)

Can monitor quality of downgradient groundwater and
depth of contamination

Can monitor quality of downgradient eroundwaier

Can monitor westward extent of groundwater
contamination

Can monitor eastward extent of groundwater
contamination

Can monitor southward extent of groundwater
contamination

Can monitor quality of downgradient groundwater and
depth of contamination

Note: Location of monitoring wells are dependent on results from the onsite mobile
laboratory and soil gas analysis if performed.
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four selected VOCs-l.l-dichloroethene (1,1-
DCE). trichloroethene (TCE), 1.1,1-trichloro-
ethane (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
evaluate the new monitoring well network. If
the analytical results indicate high levels of the
four VOCs and the two inorganic ions from the
downgradient wells, then additional downgradi-
ent wells will be installed.

Water Level Monitoring. All new monitoring
wells 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 a chisel mark. All elevations will be
referenced to the benchmark previously estab-
lished at the site. All wells will be located
horizontally to within plus or minus 5 feet.
Vertical elevations of measuring points will be
made to the nearest 0.01 foot.

Water levels will be collected at a maximum of
one a month from new and existing monitoring
wells for 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 aquifer tests
is to determine the physical characteristics of
the underlying aquifer sufficiently to allow
evaluation of groundwater collection alterna-
tives. Both pumps tests and slug 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) ID. fully penetrating produc-
tion well would be drilled using mud rotary
techniques for the purpose of conducting a 72-
hour pump test. Eight monitoring wells wiil be
used as observation wells for this test.
Groundwater samples will 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 observa-
tion wells that will be used for the test is shown
by Figure 7-4. The production well will be
located in an area where it could be used later

as a groundwater extraction well. The final
location and depth of the screened interval will
be seleaed in consulution 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
gallons) is too large to store onsite and will
have to be discharged to the local POTW.
Permission will have to be obtained from the
POTW. If permission is not obtained, the
pump test will not be performed and the slug
test results will be used to characterize the
hydraulic properties of the aquifer. The
disadvantage of using only slug tests is that
there is a higher degree of uncertainty in the
parameter estimates and the influence of
constant head boundaries is not determined.

Slug tests will also be performed to measure
in-field hydraulic conductivity. Slug tests will
be completed after the wells are developed.
Tests will be conducted by either withdrawing a
known volume of water or by inserting a
cylinder of known dimension and recording
changes in water level at the time.

7.1J.8 Subtask 3H»Groundwater Sampling

Information obtained from the new monitoring
wells will be used to study the possible
groundwaier mound and its effect on contami-
nant migration, to determine the vertical and
lateral extent of the VOC contamination, and
to evaluate source containment and ground-
water extraction and treatment alternatives.

After well installation and recovery, ground-
water samples will be collected from the new
wells and from the existing landfill well nest.
Groundwater sample collection ill begin with
the least contaminated wells and conclude with
the most contaminated to prevent cross-
contamination of samples. Samples will be col-
lected 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-
RJ-Dcrised Waste Disposal. Groundwaier
ele-j'.uns will be measured before purging
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wells. Samples from each well will also be
submitted to the CLP for analysis of routine
TCL organic and TAL inorganic packages,
special 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
ire detected in significant concentrations since
they also could pose a human health 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
is presented in Table 7-5.

7.1J.9 Subtask 31-Residential Well Sampling

Residential wells in the vicinity of the landfill
are sampled to verify reported contamination,
to provide additional data as to the extent of
contamination, and to identify' wells that may
not be affected by the contaminant plume.

To accomplish these objectives, a total of nine
residential 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 additional 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 details
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 analysis of routine TCL
organic and TAL inorganic packages, except for
the vinyl chloride analysis, which will require a

special analytical service (SAS) request. Efforts
will 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 all
times. A well inventory form will be completed
for each well sampled.

7.1 J. 10 Subtask 3J-*Leachate 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 composition of the leachate.
Composition information will be used to
characterize the leachate and to determine
compatibility of leachate treatment with
groundwater treatment.

The leachate seep located on the west side of
the landfill will be sampled twice. Crab
samples will 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 sample will be taken in the spring
after a wet 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
analyzed for 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 wells was covered
under Subtask 3H. A summary of the sampling
and analysis program is presented in Table 7-5.

7.1 J.I 1 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 43 of this appendix, site contaminants
may have migrated by way of surface runoff and
groundwater recharge. To determine if this has
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FIGURE 7-5: RESIDENTIAL WELL SAMPLING LOCATION 
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happened, four surface water and sediment
samples will be collected from the stream and
submitted for CLP analysis of routine TCL
organic* and TAL inorganics and toricity
testing. One of the sampling locations will be
upgradieni of the landfill to determine back-
ground levels in the river. Two locations will
be along the banks of the river 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 a period of
relatively low stream flow to determine
maximum groundwater impact on the stream.
A summary of the sampling and analysis
program is presented in Table 7-6.

7.1.3.12 Subusk 3L--Landflll Gas Emissions
Sampling

Significant amounts of methane and other gases
such as vinyl chloride are typically generated by
decomposition of the materials within the
landfill. These gases will be sampled during
Phase I to support an evaluation of the extent
of gas migration 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
installed within the landfill, six offsite gas
probes will be installed along the southern
border of the site near the residential area, and
three offsite gas probes will be installed along
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 procedures for methane
gas are the same as those described in Section
7.1.3.4 for soil gas sampling.

7.1J.13
Disposal

Subusk 3M-.RI-Derived Waste

Wastes derived from the R! field tasks will
include: drill cuttings from monitoring well
installation; water produced from equipment
decontamination, well development, ground-
water sampling, and aquifer testing. Field
clothes and assorted trash will also be stored,
but separately from the other waste, for final
disposal.

Cuttings will be generated as the monitoring
wells are drilled. Some monitoring wells will be
cored for their entire length; therefore, most
material removed from these holes will be as
core and will be retained for logging and future
reference. All cuttings will be collected and
stockpiled onsite. These cuttings will need to
be addressed when the final 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
typically 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 area will 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 Subtask 4A-Onsite Mobile Laboratory

This subtask includes mobilization, operation,
and demobilization of the mobile laboratory at
the landfill site. The mobile laboratory will be
used for screening groundwater and soil samples
for target VOCs using a portable gas
chromaiograph 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. Samples will be selected for CLP
analysis based on screening results.

7.1.4.2 Subtask 4B--Data Validation

Upon completion of sample analysis. Sample
Management Office (SMO) receives the data
packages from the CLP laboratories and
distributes them to the Contract Project
Management Section (CPMS) of the Regional
Environmental Services Division (ESD). The
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FIGURE 7-6: SURFACE WATER SAMPLING LOCATIONS 
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FIGURE 7-7: LANDFILL GAS SAMPLING LOCATIONS 
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CPMS reviews all data packages resulting from
regional sampling efforts.

After the BSD-reviewed data packages are
received they will be reviewed before inter-
pretation by the project staff. Any data noted
in the review that should be qualified will be
flagged with the appropriate symbol. Results
for Held blanks and field duplicates will also 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 also be
examined for consistency, anomalous results,
and whether or not the data are reasonable for
the samples involved.

Am limitations on the use of the analytical data
based on the data review and the CLP QA/QC
comments will be identified. Limitations of the
analytical data will be presented in the Rl
report.

7.1.5 Task 5-Dau Evaluation

Specific analyses and evaluations to be
performed under the Data Evaluation subtask
will include:

• Preparing groundwater contour plots for
all identified hydrostratigraphic units

• Computing vertical and horizontal
hydraulic gradients and evaluating
groundwater flow direction in each
stratigraphic unit

• Generating figures showing spatial and.
when applicable, temporal 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 (Pan A)
(U.S. EPA, 1989b) and Risk Assessment
Guidance for Superfund, Volume //--Environ-
mental Evaluation Manual (U.S. EPA, 1989c).
The results of the assessment will be included
as a chapter in the Rl Report. Supporting risk.

transport, and fate calculations 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 protec-
tive. 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 Rl activities and findings
will be prepared and submitted to the EPA for
review and comment. Early chapters of the
report summarizing the field investigation
activities and the analytical data will be
submitted to U.S. EPA as early as possible to
aid in identification of ARARs which will be
finalized during the FS. The Rl report will also
be submitted to the Agency for Toxic Substance
and Disease Registry to assist in their health
assessment of the site. The Rl report will be
prepared in accordance with the current RJ FS
Guidance (U.S. EPA, 1988a).

7.1.8 Task g-Remedial
Development

Action Alternative

The purpose of developing remedial action
alternatives is to produce a reasonable range of
waste management options to be analyzed more
fully in the detailed analysis of alternatives.
Developing alternatives includes the following
elements:

• Establishing remedial action objectives

• Developing general response actions

• Identify and sere, n technologies and
process options

• Combining medium-specific technologies
to form alternatives

• Screening alternatives, if necessary

Section 4.1 of this appendix presents the
preliminary identification of remedial actions
cliernatives for the example site. The prelim-
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inary remedial action objectives and subsequent
remedial action alternatives are based on results
of the limited site investigation, preliminary-
remedial goals, experience at municipal landfill
sites, and engineering judgment.

These preliminary remedial action alternatives
will be refined on the basis of the information
collected during the RI. Additional alternatives
such as direct remediation of surface water and
sediments may need to be developed depending
on the findings of the risk assessment. As
required, a no-action alternative will also be
retained through the development and
evaluation of the alternatives process.

Sections 5 and 6 in the body of this report
(Conducting Remedial Investigations/Feasibility
Studies for CERCLA Municipal Landfill Sues)
should be referred to for additional information
on the development, evaluation, and selection
of remedial action alternatives for the example
site.

7.1.9 Task 9-Alternatives Evaluation

The final alternatives will be evaluated to
provide EPA with a framework with which to
select a remedy for the site. The detailed
analysis of these alternatives will be conducted
in three stages: further refinement; individual
analysis, and comparative analysis.

Funher refinement of the alternatives will
include developing detailed information such as:

• Identifying design parameters for
technology components such as landfill
cap and groundwater treatment system

• Quantifying amounts of contaminated
soils (and possibly sediments) to be
handled

• Estimating lime of implementation for
construction activities

• Estimating O&M requirements,
particularly for a groundwater pump and
treatment system and a landfill gas
treatment system

• Process sizing

This information will be used to develop a cost
estimate to within +50 percent to -30 percent.

During the individual analysis, each alternative
will be evaluated with respect to the following
nine evaluation criteria:

• Overall protection of human health and
the environment

• Compliance with ARARs

• Long-term effectiveness and permanence
v

• Reduction of toxicity. mobility, 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, 1988a).

Following the individual analysis, a comparative
analysis will be performed. The comparative
analysis will lead to the development of a
description of the strengths and weaknesses of
the alternatives relative to one another. Not all
the criteria will be used in this evaluation: just
those that illustrate significant differences
among the alternatives. As pan of this evalua-
tion, there will be an analysis of how a change
in the uncertainties or assumptions made in the
analysis may change the performance of the
alternatives.

7.1.10 Task 10-Feasibility Study Report

Following completion of the detailed evaluation
task, the Contractor will prepare and submit a
draft FS report for the example site to EPA for
review and comment. The report will sum-
marize FS activities and RI site characterization
results and will be prepared in accordance with
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RJ/FS Guidance (U.S. EPA, 1988a). Informa-
tion developed during the FS such as identifica-
tion of ARARs, detailed description of alterna-
tives, and detailed evaluation of alternatives will
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 ll-Treattbility Studies

Any necessary laboratory, bench, or pilot scale
treatability studies required to evaluate the
effectiveness of remedial technologies and
establish engineering criteria will be identified
as earl\ as possible. Should laboratory' studies

be required, a testing plan for the studies will
be prepared and presented to EPA for review
and approval. 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, a
test facility and any necessary equipment,
vendors, and analytical services will be pro-
cured. Upon completion of the testing, the
results will be evaluated to assess the technolo-
gies with respect to the goals identified in the
tesi plan. A report summarizing the testing
program and its results will be prepared and
presented in the final FS report.

r • i i
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Section 8
COST AND KEY ASSUMPTIONS

The work plan should present a section that contains a cost estimate for conducting the
RI/FS. The key assumptions used in preparing this estimate should also be presented.
This section will follow the same approach used in all RI/FS work plans and is not
discussed here because it is covered in the RI/FS guidance (U.S. EPA, 1988a).
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Section 9
SCHEDULE

The schedule preparation for municipal landfill sites does not differ in approach from
typical RI/FS work plans and is therefore not presented in this example.

ill

A9-1



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-l
RODS REVIEWED FOR THE MUNICIPAL LANDFILL STUDY

Page 2 of 5

Region

Region II
(Continued)

Region HI

Site

Port Washington Landfill, NY
Price Landfill, NJ1

Ringwood Mines, NJ
Sharkey Landfill, NJ
South Brunswick Landfill, NJ €./"\
Volney Landfill, NY
Army Creek, DE
Blosenski Landfill, PA „
Craig Farm Drum. PA \ Y'"'°% v

Delaware Sand & GraVtJ. DE /
Dorney Road itafidfill, PA \ \
Henderson Jloadt'PA

gf" .:::-'^i*>^ \ '%: !'--

EntcSrpr^e Avenue!, PA
Heleva"LarfafarI*A
Industrial Larie, PA*
Moyer Landfill, PA
Reeser's Landfill, PA
Strasburg Landfill, PA
Tybouts Corner, DE
Wildcat Landfill, DE

ROD
Date(s)
9/30/89
9/20/83
9/29/86
9/29/88
9/29/86
9/27/87
7/31/87
9/29/86
9/29/86
9/29/89

4/29/88

9/29/88
6/01/88
9/29/89
5/10/84
3/22/85
9/29/86
9/30/85
3/20/89
3/30/89
3/06/86
6/29/88
9/30/88

J
J

'Source control ROD has not yet been completed; only groundwater remedy
(i.e., management of migration) has been implemented.
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Appendix B-l
RODS REVIEWED FOR THE MUNICIPAL LANDFILL STUDY

Page 1 of 5

Region

Region I

Region II

Site

Auburn Road Landfill, NH

Beacon Heights, CT
Charles George, MA

.H-" -::
..•r ;-:"

X' <
Davis Liquid. RI ^> " \.\

Iron Horse, MA /./'" ..-• % "
Kellogg-Deering Well Field, CT i;^ /

s*'^,. \, '\
Landfill & Resource Recovery" 'RJ"" '̂ --v

v

Laurel Park. CT .--'"'-H. \ '*'/'
Old Springfield. VT *-•=•... \ >
Winthrop Landfill, ME
Combe Fill North, NJ
Combe Fill South. NJ
Florence "Landfill. NJ
GEMS Landfill, NJ
Helen Kramer, NJ
Kin-Buc Landfill, NJ
Lipari Landfill, NJ

Lone Pine Landfill, NJ
Ludlow Sand & Gravel, NY
Old Bethpage. NY

ROD
Date(s)
9/17/86
9/29/89
9/23/85

12/29/83
7/11/85
9/29/88
9/29/87

9/15/88
9/17/86
9/29/89
9/29/88
6/30/88
9/22/88

11/22/85
9/29/86
9/29/86
6/27/86

9/27/85
9/27/85
9/30/88
8/03/82
9/30/85
7/11/88
9/28/84
9/30/88
3/14/88

'Source control ROD has not yet been completed; only groundwater remedy
(i.e., management of migration) has been implemented.



Appendix B-l
RODS REVIEWED FOR THE MUNICIPAL LANDFILL STUDY

Page 4 of 5

Region

Region V
(Continued)

Region VI

Site

Lake Sandy Jo, IN
Liquid Disposal, MI
Manon/Bragg, IN
Mason County, MI
Metamora Landfill, MI
Miami County. OH
Mid-State, WI
New Lyme Landfill, OH
Northside, IN
Oak Grove Landfill, MN
Schmalz Dump, WI

Spiegelberg, MI
Wauconda Sarid & Gravel, IL
Windom Dump, MN
Bayou Sorrel, LA
Cecil Lindsey, AR
Cleve Reber. LA
Compass Industries, OK
Industrial Waste Control, AR

ROD
Date(s)
9/26/86
9/30/87
9/30/87
9/28/88
9/30/86
6/30/89
9/30/88
9/27/85
9/25/87

9/30/88

8/13/85
9/30/87
9/30/86
9/30/86
9/29/89

11/14/86

4/23/86
3/31/87
9/29/87

6/28/88

'Source control ROD has not yet been completed; only groundwater remedy
(i.e., management of migration) has been implemented.
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Appendix B-l
RODS REVIEWED FOR THE MUNICIPAL LANDFILL STUDY

Page 3 of 5

Region

Region IV

Region V

Site

Airco. KY
Amnicola Dump, TN
Davie Landfill. FL
Goodrich. KY ,->
Hipps Road Landfill. FL X \.
Kassouf-Kimberling. FL ;^< \ \
Lees Lane Landfill. KY //'..A
NW 58th Street Landfill. FL SJ ,
Newport Dumpsite, KY C -''"•'-,,,. "\ . %
Powersville Landfill, GA \ \ , .-*-:,, '
Belvidere Landfiil. IL \ ;

Bowers LandfBl, OH -
Cemetery Dump, MJ
Cliff/Dow Dump. MI
Coshoctori City Landfill. OH
E.H. Schilling. OH
Forest Waste, MI

Fort Wayne. IN
Industrial Excess, OH

Ionia City Landfill, MI
Kummer Landfill, MN

ROD
Date(s)
6/24/88
3/30/89
9/30/85
6/24/88
9/03/86
9/30/89
9/25/86
9/21/87
3/27/87
9/30/87

6/29/88
3/31/89
9/11/85
9/27/87
6/17/88
9/29/89
2/29/84
3/31/88
8/26/88
9/30/87
7/17/89
9/29/88
6/12/85
9/30/88

'Source control ROD has not yet been completed; only groundwater remedy
(i.e., management of migration) has been implemented.
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Appendix B-l
RODS REVIEWED FOR THE MUNICIPAL LANDFILL STUDY

Page 5 of 5

Region

Region VII

Region VIII
Region IX

Region X

Site

Arkansas City Dump, KS
Conservation Chemical, MO
Doepke Disposal, KS
Fulbright/Sac River Landfill. MO ,
Todtz. Lawrence Farm. IA \
Marshall Landfill, CO X
Jibboom Junkyard. CA
Operating Industries, CA \

Ordot Disposal Site, GUAM v"X^
Colbert Landfill. WA
Commencement Bay South Tacoma Channel. WA
Northside Landfill. WA

ROD
Date(s)
9/21/89
9/27/87

9/21/89
9/30/88
11/4/88
9/26/86
5/09/85
7/31/87

11/16/87
9/30/88
9/28/88
9/29/87
3/31/88
9/30/89

I
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Î *r

.1

Hi

^

O O M O O O M M O O O O O N N O

M M M M M K M

M M M M

M M

M M M M M M M

H H

• | 3

3 el* i
1*1 t :sSi: Mr

-J SS l s ! f i !8 i i lH I11

| J:•S •« i

I" ^

1̂H•l3|!j{i



i.1

M M M

ii
ill

S A

It I*



11/14/M

YaohBologlM Oaad at Laadflll >lt*a

I I
I I

Clarva Coapu* Industrial IteQlon VI 11
Ixkutrla* Hacta Total | |

II-
I I
I I
I I
I I
I I
I I
I I
I I
II
I I
I I
I I
I I
II
I I
I I
I I

1
0
0
0
0
0
o
o II
o II

—II



II—
II o
II o
II o
II o
II o
II
II
II
I I
II
II
II
II
II
II
II
II
II

II
II
II
II
II
II
II
II
II
II
II
II

-II

II
II
II
II
II
II
II
II
II
II
II
II
II
II 0

X
X

/NDIUV aCMMNM 1*0109



I 1
^-- J J

It
tl

I

II

71

I

*

II

•1

it

VI

n

U 11

II

*r.>

••»j. II •"*»«! »•"•*>*
««"$)
*«•*>»

(raw tf) (omti)
1 »«*>»l

•muv

tBUM Tiuumri iv uasii s-4i:NrHmil m IVMUKTM 40 Nomra AM tUMMKnM



I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I

^^^mm^^m

T
»
»
»
t
C
t
C
01
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