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EXECUTIVE SUMMARY
FULTZ LANDFILL SITE

FEASIBILITY STUDY REPORT

This Executive Summary presents the major findings of the Feasibility Study
(FS) for the Fultz Landfill Site in Byesville, Ohio.

The purpose of the FS is to develop and compare cost-effective remedial
alternatives that meet established remedial objectives. The FS was performed
in accordance with CERCLA, as amended, and followed OSWER Directive 9355.3-01.
Interim Final Guidance for Conducting Remedial Investigations and Feasibility
Studies under CERCLA. The U.S. Environmental Protection Agency (EPA) selects
the alternative to be implemented considering input from both the State (Ohio
Environmental Protection Agency) and the general public.

To identify the alternatives that are technically feasible, reliable and
protective of the public health, welfare and environment, the following
activities were performed:

1. The nature and extent of contamination at the site were assessed based
on the analytical results from surface and subsurface soil samples,
leachate water and sediments, surface water from the site ponds, Wills
Creek and Streams A & B, and groundwater from the shallow and coal mine
aquifers collected during Phases I and II of the Remedial Investigation
(RI). The site geology, hydrogeology, and contaminant migration
pathways are also evaluated and reported in the RI Report.

2. The toxicity of the site contaminants and the public health and
environmental risks associated with the contaminant concentrations were
assessed and presented in the Baseline Risk Assessment portion of the RI
Report.

3. Remedial Action Objectives were established based on the RI findings and
public health and environmental risks. Remedial technologies were
identified and were screened on the basis of implementability,

effectiveness and cost in the FS.
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Public Comment Feasibility Study
Fultz Landfill Site

June 1991

SUMMARY OF REMEDIAL ACTION OBJECTIVES

Based of the public health and environmental risks associated with the Fultz
Landfill Site, the following remedial action objectives were used as the basis
for the development of remedial alternatives for the site.

1. Reduce the risks to human health associated with the ingestion of
contaminated groundwater, or inhalation of volatilized chemicals from
contaminated groundwater, by local residents using residential wells
screened in either the shallow or coal mine aquifers.

2. Reduce risks to human health associated with the inhalation of airborne
contaminants from the landfill area.

3. Reduce risks to human health associated with the ingestion of
contaminated groundwater, or inhalation of volatilized chemicals from
contaminated groundwater, by future users of groundwater from either the
shallow or the coal mine aquifer.

4. Reduce risks to the environment associated with excessive manganese and
aluminum concentrations in the on-site surface waters.

For remedial technology screening and assessment, the contaminated media at
the Fultz Landfill Site were grouped into two broad categories, based on the
remedial action objectives and results of the risk assessment: solids and
waters. Contaminated solids include site surface soils, pond, stream and
leachate seep sediments, and landfill waste. Contaminated waters include both
shallow and coal mine aquifer groundwater, surface water and leachate. The
technologies passing the screening process were then grouped into applicable
remedial alternatives. These alternatives were examined with respect to
requirements stipulated in the National Contingency Plan (NCP), 40 CFR Part
300, Section 300.430, paragraph (e)(9) and were evaluated for:

• Overall Protection of Human Health and the Environment,
• Compliance with ARARs,
• Long Term Effectiveness and Permanence,
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June 1991

• Reduction or Toxicity, Mobility and Volume Through Treatment,
• Short Term Effectiveness,
• Implementability,
• Cost,
• State Acceptance, and
• Community Acceptance.

DESCRIPTION OF ALTERNATIVES DEVELOPED AND SCREENED

A total of ten alternatives were developed to meet the remedial action
objectives by combining the technologies that passed the technology screening
process. Of the 10 alternatives developed, 4 were eliminated based on an
evaluation against the short- and long-term aspects of three broad criteria:
effectiveness, implementability, and cost. As a result of this screening an
array of six alternatives were retained for detailed evaluation. A brief
synopsis of the six alternatives follows.

ALTERNATIVE 1 - NO ACTION: With this alternative, the site will be left as is
without taking any steps to reduce the risks of exposure to contamination.
The risks were defined in detail in the public health risk assessment in the
RI Report.

ALTERNATIVE 2 - INSTITUTIONAL ACTIONS AND MONITORING: The components of

Alternative 2 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring

This alternative consists of restricting access to the contaminated areas of
the site through physical and legislative means. A fence would be erected
around the perimeter of the contaminated zone, and warning signs would be
posted at regular intervals. Additionally, residences with wells that are
affected by the site and are found to present an unacceptable risk will be
connected to the municipal water supply. Long-term monitoring of air, surface
water, leachate, groundwater, and sediments will be performed for a minimum of

30 years to evaluate the migration of contaminants from the landfill and to
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Public Comment Feasibility Study
Fultz Landfill Site

June 1991

monitor the effects of natural attenuation. The estimated present worth cost
(30-years, 5X discount rate) of Alternative 2 is $2,300,000.

ALTERNATIVE 3 - MULTI-LAYER RCRA CAP: The components of Alternative 3 are as
follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Subsurface Structural Supports
• Surface Uater and Sediment Controls
• Multi-layer Cap
• Leachate Collection System
• Wetlands Replacement

This alternative adds a revised monitoring program and a RCRA-equivalent cap
system to the institutional controls, fencing and alternative water supply of
Alternative 2. Subsurface support will be provided for the mine voids under
the landfill to prevent damage of the cap by subsequent mine subsidence and to
reduce the potential for bedrock fracturing between the landfill and the coal
mine aquifer. Additionally, part of Stream Valley A northeast of the existing
landfill will be regraded to eliminate standing surface water, and divert
runoff away from the landfill. A berm will be constructed of compacted clay
along the northern side of the landfill to bring the toe of the cap up to
elevation 835 feet HSL and reduce the overall slope of the cap to about
5-1/2X. Following the construction of the containment berm, a multi-layer cap
will be installed over the entire 30 acres of the landfill. A leachate
collection system will be installed along the northern side of the landfill to
intercept groundwater leaving the landfill. Leachate will be collected and
transported offsite for treatment. During the design and construction of
Alternative 3, every effort will be made to minimize the disturbance of areas
identified as wetlands. Upon completion of construction, the clean water
diversion channel will be re-routed into the sediment pond, and the base water

level of the sediment pond will be raised to provide pond surface area equal
to the area lost by the elimination of Ponds 2, 2A, and 3. The estimated
present worth cost of Alternative 3 is $20,000,000.
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ALTERNATIVE 4 - MULTI-LAYER CAP, GROUNDWATER EXTRACTION AND ON-SITE TREATMENT:
The components of Alternative 4 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Subsurface Structural Supports
• Surface Water and Sediment Controls
• Multi-layer Cap
• Leachate Collection System
• Extraction Well System
• On-site Water Treatment Plant
• Discharge of Treated Water To Surface Water
• Wetlands Replacement

This alternative adds to the previous alternative a groundwater extraction and
on-site treatment system for the shallow aquifer groundwater and leachate.
An array of extraction wells will be installed in the shallow aquifer to lower
the water table in the landfill area, intercept groundwater migrating towards
the deep-mine aquifer, and collect contaminated groundwater for treatment.
Some of the extraction wells will be installed through the multi-layer cap and
will have to be sealed to the liner against infiltration. In order to treat
the water extracted from the shallow aquifer and the leachate produced by the

existing landfill, an on-site water treatment plant will be installed which
will reduce the contaminant levels sufficiently for discharge to surface
water. The final treatment system selection will be based on samples from the
extraction system, after it is constructed and functioning. Discharge of the
treatment plant effluent will be to Stream A downstream of the sediment pond
by way of a dedicated discharge pipeline. The present worth cost of
Alternative 4 is estimated at $21,000,000.

ALTERNATIVE 5 - ON-SITE LANDFILL: The components of Alternative 5 are as
follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
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• Monitoring
• Over-excavation of the Underground Mine
• Rock Underdrain
• Erosion and Sediment Controls
• Dewatering Facilities
• RCRA Equivalent On-site Landfill
• Wetlands Replacement

This alternative utilizes the institutional controls, site fencing and
alternative water supply from the other alternatives and adds to it a revised
monitoring program and an on-site landfill. Construction of a landfill on the
eastern portion of the Fultz Landfill Site property will include some over
excavation on the abandoned underground mine to remove the danger of
subsidence. Stream Valley A will be regraded, and erosion and sediment
controls will be installed, as will temporary dewatering facilities to
eliminate the seepage of groundwater into the excavation. After over-
excavation and backfilling of the coal mine, the RCRA-equivalent on-site
landfill pit will be constructed and filled with the existing landfill waste.
If hazardous materials are encountered in the existing landfill, they will be
disposed of off-site. The estimated present worth cost of Alternative 5 is
$58,000,000.

ALTERNATIVE 6 - MULTI-LAYER CAP WITH SUBSURFACE BARRIER: The components of
Alternative 6 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Subsurface Structural Supports
• Surface Water and Sediment Controls
• Multl-layer Cap
• Leachate Collection System
• Slurry Wall
• Wetlands Replacement

This alternative includes the institutional controls, site fencing, alternate
water supply, nonitoring program, subsurface structural support, surface water
controls and the Alternative 1 multi-layer cap system over the existing
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landfill and adds a subsurface groundwater flow barrier. A low-permeability,
subsurface vertical barrier will be constructed around the west and north of
the landfill to direct groundwater in the shallow aquifer around the landfill.
The estimated present worth cost of Alternative 6 is $21,000,000.

COMPARISON OP ALTERNATIVES

Each of the six alternatives was compared to the other alternatives to
determine their relative value in meeting the evaluation criteria.
Alternative 1 (No Action) did not address any of the remedial action
objectives. The results of the comparison for seven of the nine criteria
follows. Evaluation of State and community acceptance cannot be made prior to
the formal public comment period.

Overall Protection of Human Health and the Environment: Since Alternative 1
is not protective, it is eliminated from further consideration. All of the
remaining alternatives reduce the current and future risks associated with the
contaminants at the Fultz Landfill Site to acceptable levels by the

implementation of institutional controls. Alternatives 3, 4, 5, and 6,
provide additional protection through engineering controls (containing the
waste), and reduce risks by treating the landfill leachate and/or contaminated

groundwater.

Compliance with ARARs: Alternatives 2 and 5 do not meet ARARs and,
consequently, were omitted from further consideration. Alternative 2 would
not result in groundwater meeting maximum contaminant levels (MCLs) and this
alternative does not meet the solid waste closure ARARs. The Ohio
Environmental Protection Agency indicated that Alternative 5 would not meet
State of Ohio solid waste landfill siting requirements. Alternatives 3, 4,
and 6 would meet all identified chemical-specific, action-specific, and

location-specific ARARs.

Long Term Effectiveness and Permanence: Because of the size and heterogeneous
nature of the waste in the existing landfill, no truly permanent (full
treatment of all site waste) solution was determined to be cost effective for
the Fultz Landfill Site. However, since Alternative 4 includes treatment of
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both landfill leachate and contaminated groundvater, it reduces the magnitude

of residual risk and offers a greater degree of reliability than Alternatives
3 and 6, which only call for collection and off-site treatment of the landfill

leachate. Alternative 4, which incorporates an on-site water treatment

system, would require management and off-site disposal of treatment residuals,

such as spent activated carbon or sludges from the treatment system.

Reduction of Toxicitv. Mobility and Volume (TMV) through Treatment:

Alternative 4 achieves the greatest degree of reduction in toxicity and volume

of hazardous materials. Alternatives 3 and 6 reduce the TMV of contaminants
fcnAr.Vc. tu!*t~«jtj

to a lesser degree as they treat only landfill leachate', with no extraction

and treatment of contaminated groundwater.

Short Term Effectiveness: Alternatives 3, 4, and 6 require similar times for

construction (approximately 3 years). Construction of Alternative 4 would

take about 6 months longer than Alternative 3 because of the construction of

the extraction wells and water treatment plant. Alternative 4 attains all of

the remedial response objectives in the shortest amount of time. Alternative!

3, 4, and 6 would require a similar approach for protection of on-site worktrt

and the nearby community during the remedial action. A short-term

environmental impact to the Pond 6 wetland area could occur during

implementation of Alternatives 3, 4, or 6, since the stream which feeds Pond S

must be diverted during construction activities.

Implementabilitv: Alternatives 3, 4, and 6 present no great difficulty in
implementation as they require the use of conventional equipment, materials.
and technologies. The subsurface supports necessary for the deep mine roof
can be constructed with reliable, established procedures and technologies.

The need to excavate strip mine soil to construct a slurry wall would make

implementation of Alternative 6 the most difficult of the three alternatives
Alternative 4 would be less difficult than Alternative 6, but more difficult

than Alternative 3, because extraction well installation would require an

extensive design investigation to determine optimum well placement and pumping
rates. All the alternatives would require care during construction so that

impact to the site wetlands is minimized.
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Cost: Alternatives 3, 4, and 6, the three capping options, are similar in
cost at approximately $21,000,000. Alternative 4 requires the greatest amount
of initial construction costs, but the on-site treatment system for leachate
and contaminated groundwater results in lower annual operation and maintenance
costs than Alternatives 3 and 6, which require leachate to be collected and
transported off-site for treatment.
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1 . 0 INTRODUCTION

1.1 PURPOSE

In accordance with the National Contingency Plan (NCP) , the appropriate extent
of remedy is defined as a "cost-effective remedial alternative that
effectively mitigates and minimizes threats to and provides adequate
protection of public health, welfare, and the environment" [40 CFR 300.68(i)].
This Feasibility Study is based on the information and data presented in the
Final Remedial Investigation (RI) Report submitted by PRC Environmental
Management, Inc. in April 1990. The purpose of this Feasibility Study (FS)
Report is to summarize the process used in developing and evaluating remedial
action alternatives for the Fultz Landfill Site.

The methodology used in the FS employs a step-by-step evaluation of
technologies and alternatives. Initially, general qualitative information is
used for the identification of applicable technologies. Subsequently, more
refined and quantitative information is used to eliminate from consideration
infeasible or otherwise unacceptable remedial actions. Remedial technologies
that are not eliminated are then assembled into remedial alternatives. NCP
methodology provides a systematic procedure for (1) identifying and evaluating
remedial alternatives, (2) specifying criteria for determining the magnitude
and importance of effects resulting from the implementation of an action, and
(3) considering measures to mitigate adverse effects of the remedial actions.

1.2 SITE BACKGROUND AND DESCRIPTION

The Fultz Landfill Site is located in an agricultural and coal mining region
of east-central Ohio, approximately 75 miles east of Columbus. Fultz Landfill
Site is situated in Jackson Township in the northwest corner of Military Lot
5, Township 1 North, Range 3 West in Guernsey County, Ohio. The site is about
one -half mile northeast of the corporate limits of Byesville, Ohio, and about
one mile southeast of the interchange of Interstates 77 and 70, as illustrated
on Figure 1-1.
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The Fultz Landfill Site is a privately-owned sanitary landfill where it is
alleged that hazardous industrial wastes were co-disposed with municipal
waste. The landfill has been closed since 1985 and was one of two facilities
that served the refuse-disposal needs of Guernsey County. The landfill,
illustrated on Figure 1-2, occupies 30 acres of a 58-acre land tract. Prior
to 1950, the property was part of a farm that comprised about 200 acres. Land
use in the vicinity of the site is primarily wooded and pasture to the south,
north and east. To the west, land has been developed for residential and
light industrial use. Much of the property surrounding the Fultz Landfill
Site has been mined for coal through both surface and underground mining

methods.

The 30-acre landfill on the property was an open dump from 1958 through 1968.
The site was first licensed by the Guernsey County District Board of Health in
1969, at which time the landfill was permitted to accept household, commercial
and industrial solid wastes.

The landfill had a history of substandard compliance with state regulations
during the 1970s, when the operator was repeatedly cited for inadequate daily
celling of waste, open dumping, inadequate daily cover, receiving unauthorized
waste, leachate runoff, and blowing debris. On April 14, 1983, the site was
again brought to the attention of the authorities, when a bulldozer at the
site rolled over a drum containing calsibar (a dry pyroforic powder mixture of
calcium, silicon and barium) that ignited and burned. Local and state
authorities received reports that the calsibar drum was accidentally
discharged to the landfill. Soon after this incident, a landfill employee
signed a statement confirming that industrial solvents were dumped and burned
at the site in order to sell the empty drums. The landfill ceased waste
disposal operations in December 1985, when the owner failed to renew the
site's operating permit for 1986.
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1.3 SUMMARY OF ACTIVITIES PORING PHASE II OP THE RI

The RI field efforts began with a leachate seep reconnaissance performed on
June 14, 1989, during a period of high surface flow conditions. Seventeen
leachate seeps were identified, mostly along the northern slope and perimeter
of the landfill. Leachate water and sediment sampling were performed at the
site from June 27 through June 29, 1989. Eight leachate water samples and
nine leachate sediment samples were obtained for analysis.

Surface water samples from Stream A and Wills Creek were obtained during the
week of July 31, 1989, and pond surface water and sediment sampling occurred
during the week of August 7, 1989.

A total of 15 surface soil samples were collected for analysis from the
existing cover on the site on October 20, 25, and 26, 1989, to determine the
nature and extent of the contaminants present, as well as the physical
properties of the soil.

A total of 32 borings were drilled at the site for the investigation of site
geology and installation of groundwater monitoring wells. Seven borings were
drilled by the owner prior to Phase I of the RI, nine borings were drilled as
part of Phase I of the RI performed during 1985 through 1987, and 18 borings
were drilled during Phase II of the RI.

Eighteen monitoring wells were installed during Phase II of the RI to monitor
groundwater contamination at the site. Monitoring well locations were
selected to further define groundwater flow directions based on the data
obtained during the Phase I investigations. Drilling and installation of all
but two monitoring wells occurred from October 3, 1989 through November 3,
1989. The remaining two wells were installed from February 26 through March
2, 1990. Monitoring well locations are shown on Figure 1-3.

Aquifer permeability tests were performed on 10 Phase II wells installed
between March 6 and March 9, 1990, using both rising head and falling head

F-*2-F 1-5
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methods. Two Phase II wells were packer-tested, to determine the permeability
of the bedrock southeast of the landfill.

Groundwater sampling was performed during the weeks of November 13, 20, and
27, 1989 and on March 7, 1990. On October 16, 1989, personal air sampling was
conducted while drilling through the landfill, as required by the February
1989 Health and Safety Plan.

1.4 MAJOR FINDINGS OF PHASE II OF THE RI

This section presents a summary of the major findings of Phase II of the

Remedial Investigation. Section 1.4.1 describes the topography, geology,
surface water hydrology, and hydrogeology of the Fultz Landfill Site. Section
1.4.2 summarizes of the extent of contamination.

1.4.1 PHYSICAL CONDITION OF THE FULTZ LANDFILL SITE

1.4.1.1 Topography

Topographic relief in Guernsey County varies by approximately 200 feet.
Surface elevations at the Fultz Landfill Site vary from about 800 to 900 feet
MSL. A high percentage of the land surface in the area slopes steeply, with
natural slopes of 10X to 25X occurring in the vicinity of the site. Broad
flat areas exist along the Wills Creek flood plain to the west of the site.

1.4.1.2 Surface Water Hydrology

Major surface water features associated with the Fultz Landfill Site are Wills
Creek, Stream A, a series of ponds resulting from surface mining, and south of
the site, Stream B. Refer to Figures 1*2 and 1-3 for the identification of
these features.

Stream A and the On-Site Ponds: The drainage course on the north edge of the
landfill is designated Stream A which is an intermittent stream which enters

F-*2-F 1-7
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the site from the east. Prior to the development of the landfill, Stream A
was Interrupted by surface mining activities, and several ponds were left in
the surface mining pits. The ponds are Identified as Ponds 1 through 6, 1A,
and 2A. Upon entering the site, Stream A flows directly into Pond 1, which
then overflows into Ponds 2 and 2A. Surface water outflow from Pond 1 exceeds
the inflow, indicating that Pond 1 also receives discharge from groundwater.
Ponds 2 and 2A are separated from each other only during low water level
conditions, and the ponds have never been observed to overflow. Ponds 3, 4,
and 5 are located to the north of the landfill and are upgradient from the
landfill relative to surface water and groundwater flow. These three ponds
maintain water levels approximately 10 feet higher than the normal Pond 2/2A
levels. Ponds 3 overflows only during periods of heavy precipitation, forming
the lower section of Stream A, which appears to be a relatively undisturbed
section of the original stream. Pond 6 was observed to be present only during
high precipitation periods.

Stream A is routed through a 350-foot long, 8-foot diameter culvert beneath
Route 77 and into Wills Creek, as shown in Figure 1-2 and Figure 1-3. Flow
measurements upstream on Stream A have been consistently higher than
downstream measurements, indicating that surface water inflow to the site
exceeds the outflow.

Stream A Wetland Areas: On October 9, 1990, U.S. Army Corps of Engineers
performed a wetlands delineation at the Fultz Landfill Site. Pond 1 was
classified as a deep water habitat, Ponds 2 through 6 were classified as
wetlands, and the area of the landfill where leachate seeps emanate was
determined to be a weeping hillside wetland. Figure 1-4 shows the approximate
extent of the wetland areas associated with the site ponds. The weeping
hillside wetland was only generally defined as the areas associated with
certain leachate seeps on the north slope of the landfill, and are not
indicated on Figure 1-4.

F-42-P
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Stream B: Located south of the site Stream B drains a one square mile area
consisting of farm land and reclaimed surface coal mines and discharges into
Wills Creek. The discharge in this stream was not measured, because flow was
completely absent during several periods, including the period of stream
sampling.

1.4.1.3 Geology

Bedrock in the region consists of a thick sequence of Paleozoic Era
sedimentary rock strata. In eastern Ohio, these strata dip gently southeast
toward the Appalachian Basin. The rocks outcropping in the vicinity of the
site belong to the Pennsylvanian age Conemaugh Group. Rock units in this
group generally consist of sequences of interbedded shale, claystone,
limestone, sandstone, and coal. Underlying the Conemaugh Group is the
Allegheny Group, which has the Upper Freeport Coal as its uppermost member.
The Upper Freeport Coal seam has been mined at the site. The regional dip of
the seam is approximately 30 feet per mile to the southeast, with local
variations due to smaller scale structures.

1.4.1.4 Hvdrogeologv

The hydrogeology of the Fultz Landfill Site area is complex due to the
underground and surface (strip) coal mining on and adjacent to the site. The
conceptual model of groundwater flow at the Fultz Landfill Site is a two-
aquifer system: the shallow aquifer and the coal mine aquifer. The shallow
aquifer system is a local water table aquifer generally limited to the
unconsolidated valley sediments and strip mining spoils. The coal mine
aquifer system is a confined to partially-confined aquifer that has formed In
the abandoned Ideal Coal Mine due to the flooding of the interconnected
underground mine workings of the Upper Freeport Coal. The City of Byesville
uses the coal mine aquifer system as a source of municipal water. The
withdrawal point is the Plant No.2 well approximately one mile south of the
site. In addition to the shallow and coal mine aquifers, groundwater may also
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seasonally occur above perching layers in intact bedrock above the mined Upper
Freeport Coal Seam.

Stream A Shallow Aquifer: The Stream A shallow aquifer system is defined as
groundwater at water table conditions located within the unconsolidated
alluvial deposits and surface mine spoil in the Stream A valley. The shallow
aquifer also includes bedrock adjacent to the unconsolidated valley sediments
and strip mining spoils, where it has not been dewatered by the effects of
underground coal mining. The overall groundwater flow direction in the Stream
A valley is from east to west, with the exception of the region around Ponds 2
and 2A, where a depression in the water table between Ponds 1 and 2 causes the
shallow aquifer to become divided into eastern and western systems. The
depression in the water table forms a groundwater capture, defined as the
"Pond 2 groundwater capture area." The Pond 2 groundwater capture area causes
a groundwater divide, splitting the shallow aquifer into eastern and western
systems. These two systems are discussed in further detail below.

Stream A Shallow Aquifer • Eastern System: Groundwater flow in the eastern
system is dominated by radially inward gradients centered around Wells M3,
M10, and GWE04, and the Pond 2 and 2A areas. The location of this groundwater
depression appears to be related to the surface mine highwall in the eastern
half of the old S&N Coal Company mine. The heads measured in the shallow
aquifer generally range between 10 and 12 feet higher than heads in the coal
mine aquifer. Thus, despite the depressed water table at the Pond 2
groundwater capture area, there remains a significant potential for
groundwater flow from the eastern system of the shallow aquifer into the deep
mine. The existence of the groundwater depression is conclusive evidence that
mine passages and/or high permeability zones exist in the coal barrier that
separates the deep mine and surface mine, and that groundwater flows from the
eastern system of the shallow aquifer into the deep mine aquifer.

Stream A Shallow Aquifer - Western System: Groundwater flow in the western
system of the shallow aquifer is generally west toward Wills Creek. The flow
originates partly from the mine spoil areas on the north and south sides of
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Stream A, and partly from the western half of the Fultz Landfill Site. The
groundvater then flows west beneath 1-77 and into Wills Creek.

Stream B Shallow Aquifer: The Stream B shallow aquifer is located in the
alluvial sediments of Stream B in the valley south of the landfill. This
aquifer includes groundwater in the spoil of the former Allied Coal Producers
Inc. surface mines located on the north and south sides of Stream B
(Figure 1-3). Veil GV001 is the only well screened in the shallow aquifer of
Stream B valley, and the groundwater level was observed to vary between 0.5
and 2 feet below the ground surface. The direction of groundwater flow in
this area cannot be determined by available direct measurements of groundwater
levels. The piezometric level of the Stream B shallow aquifer at GW001 has
been approximately 1 to 3 feet higher than the head in the coal mine aquifer
for all measurements except for a period in November of 1985. Precipitation
during this month was 8 inches higher than normal at the Pittsburgh station.
Based on a comparison between water levels in the deep mine verses water
levels in GW001, groundwater would be expected to flow from the Stream B
shallow aquifer to the coal mine aquifer under normal hydrologic conditions.
Under unusually high precipitation conditions, the water level in the deep
mine was observed to be up to 3 feet higher than the ground surface level at
well GW001. During these high flow conditions, groundwater would be expected
to temporarily reverse and flow from the coal mine aquifer to the Stream B
shallow aquifer.

Groundwater in Bedrock: The Phase I water level measurements in owner-
installed Wells GWE3A and GWE3B suggested that saturated conditions may have
existed in the shales lying above the deep mine. These water levels formed
the basis for the preliminary identification of a "bedrock aquifer" consisting
of perched saturated zones in the shales and claystones overlying the Upper
Freeport Coal. Well nests H15/M16 and M17/M18 were installed during Phase II
of the RI to investigate the possibility of saturated conditions at other
locations in the mine overburden.
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During the installation of three of the four wells, there were strong
indications of bedrock fracturing. Drilling water was lost at various depths
during the drilling of Wells M16, M17 and M18, and pump-in packer testing
indicated very high permeabilities in the lower sections of these wells.

None of the four Phase 11 bedrock wells had water in then when they were
originally installed, although it was eventually observed that two of the
wells, M15 and M17, accumulated water very slowly. The water level measured
in both of these wells, however, are not considered indicative of true
groundwater levels. In all, the data strongly suggests that saturated
conditions generally do not exist in the bedrock beneath the fill, and that
groundwater infiltrates vertically from the south half of the landfill to the

underlying deep mine aquifer.

Coal Mine (Deep Mine) Aquifer: Beneath the shallow aquifer and underlying the
bedrock is the coal mine aquifer (also referred to as the deep mine aquifer).
The shallow aquifer is separated from the coal mine aquifer by in-place coal
barriers left by the mining operations. The location of the coal barriers,
indicated on Figure 1-3, is based on mine maps which may or may not be
accurate, and the barriers may not be intact as shown.

The groundwater flow directions in the deep mine aquifer depend not only on
the on the potentiometrie gradient, but also on the degree of mine void
interconnection or fractures between adjacent mine rooms and passages.
Potentiometric readings from previous studies and the Phase II results
indicate a very minimal potentiometric gradient going from the north to the
south or southeast of the study area. This shows that the hydraulic
connections within the coal mine aquifer system are almost unrestricted.
Recharge to the system comes both indirectly from the northeast of the study
area and from percolation through the overlying shallow aquifer.

Groundwater flow within the coal mine aquifer has been generally described in
the literature (ODNR 1980) as through the mines in the unconfined areas of the
aquifer, and upward through overlying rocks in the confined areas of the
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aquifer, ultimately discharging to Wills Creek. In this context, Wills Creek
refers to an approximately seven mile section of stream that parallels the
deep mine complex in the Upper Freeport Coal south of the site. Discharge to
in this section of Wills Creek refers to groundwater flow from the aquifer to
the Wills Creek stream bed, and artesian discharges to the ground that
ultimately flow to Wills Creek via surface water.

The potentiometric level of the deep mine aquifer is about 20 feet lower than
the water table level in the shallow aquifer. Because of the significant head
difference, a potential exists for groundwater seepage through fractures in
the bedrock and coal seam barriers into the deep mine aquifer. Based on
groundwater level observations, there is a possible seepage route on the
northeast sides of Pond 2 and 2A, and from the shallow aquifer around the
locations of Wells M3 and M10 to the south of the surface mine highwalls.
Potentiometric level fluctuations within the coal mine aquifer exceeded 5 feet
during a precipitation period. These fluctuations indicate that the aquifer
responds relatively quickly to precipitation events and this is evidence of
direct surface water routes to the deep mine.

Due to the highly preferential flow pathways caused by the room and pillar
deep mining method, and the very high permeability in the deep mine,
piezometric head data alone are not adequate to describe specific flow
directions within the coal mine aquifer. Certain assumptions regarding the
general groundwater flow directions are possible, however, using the following
rationale. The Fultz landfill lies over a recharge area for the coal mine
aquifer and the Byesville Plant No.2 well is a significant artesian discharge
point located in a confined area of the mine near the Wills Creek flood plain.
It is reasonable to assume that groundwater flow directions lead from the
Fultz Landfill Site to the Byesville Plant No.2 well. The route from the
landfill to the well would be a circuitous one approximately 1.6 miles long,
mostly following the major mine entries surrounding the Stream B valley.
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1.4.2 NATURE AND EXTENT OF CONTAMINATION

Table 1-1 presents a summary of the chemicals detected during the RIs at the
Fultz Landfill Site and Indicates which chemicals were site related. A
description of the chemicals detected by location and media type follows.

1.4.2.1 Chemicals in the Background Environment

Fourteen polynuclear aromatic hydrocarbons (PAHs) were detected in the Phase
II background soil, sediment, and water samples. PAHs can be associated with
coal, coal tar or other coal distillation products, as well as coal and

petroleum combustion products. Because they are common trace chemicals in the
environment, PAHs were not attributed to the landfill based on the available
background data and screening criteria. Aside from the typical metals

normally associated with coal such as iron and manganese, several other heavy
metals have been documented in the literature as being associated with coal
pile leachate, including arsenic, antimony, and selenium. These metals are

particularly significant because of their presence in on-site samples and
importance in the assessment of health and environmental risks. Some of the
chemicals in the background were determined to pose significant risks as shown
in Phase II of the RI Appendix L.

1.4.2.2 Surface Soil Contamination

Five organic chemicals were detected in the on-site samples including acetone,
di-n-butylphthalate, methylene chloride, tetrachloroethene and toluene.
Selenium was the only inorganic chemical found in the on-site soil samples at
concentrations above background.

1.4.2.3 Leachate and Leachate Sediment

Fifteen organic chemicals were detected in the leachate samples, including
acetone, benzene, benzyl alcohol, bis(2-ethylhexyl)phthalate, chlorobenzene,
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TABLE 1-1 (Continued)

OMCAI.

Calcium
Chloride
Chromium
Cobalt

Copper
Iron
Leed
Matneilum
Menseneie
Mercury
Nickel
Poteiiium
Selenium
Si Iver
Sodium
Sulfata
Thallium
Vanadium
Zinc
Cyanide

Groundwater

Shallow
Aquifer

X
X

X
X

X
X
X
X
X
X

X

X

X

X

X

X
X

X

Deep
Aquifer

X

X

X

X

X
X
X

X

X

X
X

Reiiden-
clal.
Well!
(b)

(X)
(X)

(X)

(X)

Byeivllle Plant No. 2

Untreated Treated

(X)

Surfece Hater/Sediment

Leachate Seepa

Water

X

X

X

X

X

X

Sediment

X

X

X

X

X

X

Pond* and Stream A

Hater

X

X

X

X

Sediment

X

X

X

X

X

X

X

X

Hi lla Creek

Hater Sediment

X

X

X

X

(X)

X

Soil

X

Air

Hot**: (•) fh ••trill determined to be ilte-related and/or chemical! of potential concern baled on the KI teiulti.
X A chemical of potential concern in the rlik eiieiiawnt, and probably site-related.
(X) A chemical of potential concern in the risk aiieinaeat, but probably not lita-related. Site-related chemical! were determined baled on a
comparison of the onilte veriui background concentration! for each media,
(b) Some residential welli may be located In dowrujradlent direction! relative to the landfill.
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chloroethane, diethylphthalate, ethylbenzene, 2-methylphenol, 4-methylphenol,
n-nitrosodiphenylamine, naphthalene, phenol, toluene and xylenes. The
concentrations ranged from 2 pg/1 for benzene, to 150 Aig/1 for ethylbenzene.
Seven inorganic chemicals were detected in the leachate water at levels above
the background range including barium, calcium, chromium, magnesium,
manganese, potassium and sodium.

Seventeen organic chemicals were detected in the leachate sediment samples
including acetone, bis(2-ethylhexyl)phthalate, butylbenzylphthalate,
benzo(a)anthracene, chlorobenzene, 1,4-dichlorobenzene, 3,3-dichlorobenzidene.

di-n-octylphthalate, ethylbenzene, dibenzofuran, fluoranthene, naphthalene,
phenanthrene, methylene chloride, n-nitrosodiphenylamine, toluene and xylenes.
Six inorganic chemicals were detected above background in the leachate
sediment samples, including calcium, iron, silver, selenium, thallium and
cyanide.

1.4.2.4 Pond Water and Sediment Contamination

Surface water and sediment samples were collected from two locations on Str«*»
A, from six of the ponds, and from four locations on Wills Creek. The
upgradient Stream A water and sediment samples were used as background to
evaluate the water and sediment samples from downgradient Stream A and the
site ponds, and the upstream Wills Creek samples were used as background to
evaluate all other samples collected on Wills Creek.

Twenty-two organic chemicals, mostly VOCs, were detected in the sediment
sample from off-sit* Pond 1A, more than in any other sediment sample
collected. Several of the compounds detected in this sample were not detected
in any other on-site or downgradient sample including bromoform, cis-1,3-
dichloropropene, dibromochloromethane, 1,1-dichloroethane, 1,2-
dichloropropane, trans-1,3-dichloropropene, and vinyl acetate. Because Pond
1A is located upgradient of the landfill, and because of the nature of the
detections (none detected in the water and low levels in the sediment), it It
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possible that the chemicals migrated to the sediments via the shallow
groundwater from an off-site source to the east of the pond.

Trichloroethene was detected at a concentration of 1.75 ̂g/1 in Pond 1 and was
the only organic chemical detected in the Phase II pond water samples.

Chlorobenzene, chloroform and 1,1,1-trichloroethane were detected in the
sediments of all ponds and chloroform was detected in the background sediment
sample. The detection of these volatile compounds in the sediment of Ponds 3,
4, and 5, is evidence that there may be sources of these compounds other than
the landfill. The location of these sources cannot be determined, but
possible source areas include the reclaimed surface mines east of Pond 1A and
surface mines in the vicinity of Ponds 4 and 5. In addition to these
compounds, phthalates were detected in the sediments of Ponds 1, 3, and 4.
Manganese was the only inorganic chemical regularly detected in the pond water
samples.

1.4.2.5 Downyradlent Stream A Contamination

The water sample at the downstream location on Stream A contained one organic
chemical, toluene detected at 3 pg/1, and the sediment sample at this location

contained three volatile organic chemicals including acetone (350 pg/kg),
chloroform (7 pg/kg) and toluene (10 pig/kg), as well as four noncarcinogenic
PAHs. Arsenic (54.1 ̂g/kg) > barium (460 pgAg), cadmium (6.7 jjg/kg). calclu*
(11,800 jJgAg). manganese (14,300 MgAg). and silver (5.1 MgAg) were found to
exceed background levels in the stream sediments.

1.4.2.6 Wills Creek Contamination

No organics were detected in the downstream water samples in Wills Creek, and
no inorganics were detected in the downstream water samples at levels above
background.

F-*2-F 1-20



Public Comment Feasibility Study
Fultz Landfill Site

June 1991

Except for traces of chloroform and toluene, only PAHs were detected in the
downstream sediment samples. In general, significantly fever organics were
detected in the downstream sediment samples than were found in the background
sample. The concentrations of organics that were detected in the downgradient
samples were generally an order of magnitude less than in the background
sample. Overall, the concentrations of PAHs appeared to decrease with
distances from the background sample location.

1.4.2.7 Shallow Aquifer Contamination

The eastern shallow aquifer within the influence of the groundwater capture
contained relatively low concentrations of carbon disulfide, chloroethane,
1,2-dichloroethene, ethylbenzene, 4-methyl-2-pentanone and xylenes. The
bis(2-ethylhexyl)phthalate) found in the samples could also be site-related.
All of the metals analyzed were detected above background concentrations, with
barium, beryllium, cadmium, chromium, cobalt, copper, lead, manganese and
vanadium present in concentrations greater than 5 times the background
concentrations. Contaminants in the eastern shallow aquifer have a high
potential of moving into the deep mine aquifer via the Pond 2 and coal barrier
routes.

The western shallow aquifer contained low concentrations of
1,2-dichloroethene, ethylbenzene, toluene and xylenes, mostly in a well that
was screened in the landfill. The bis(2-ethylhexyl)phthalate found in a well
in this aquifer could also be site-related. Gradients in the western shallow
aquifer indicate that groundwater flows from the western half of the landfill
area to Wills Creek with the potential to flow into the deep mine aquifer near
the western edge of the landfill.

Within the western shallow aquifer, several semi-volatile organic compounds
were detected at low concentrations in off-site wells MS and M6 screened in
the sediments beneath Wills Creek, including benzoic acid,
n-nitrosodiphenylamine, and di-n-octylphthalate. Although these compounds
were detected in on-site leachate, sediment and groundwater samples, they were
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found infrequently and at low concentration. The organic analyses of
groundwater do not provide any conclusive indication that the groundvater at
off-site wells MS and M6 has been impacted by site-related contaminants. Many
of the same metals detected at well nest M5/M6 were detected in on-site wells

immediately downgradient from the landfill, with concentrations higher in the
deeper well (Well MS) than in the shallow well (Well M6). Metals

concentrations in Well MS that were elevated above the GW004 background sample
include arsenic (136 pig/1), barium (2120 Mg/D, copper (277 ĝ/1), lead (150
Aig/1), manganese (5,560 pg/1), mercury (0.4 pg/1) and vanadium (126 j/g/1).
Because groundwater gradients in the western shallow aquifer indicate that

groundwater flows from the western half of the site to the sand and gravel
aquifer under Wills Creek, it is possible that these metals detected in Well
MS are site-related.

Well MS is located in the western shallow aquifer upgradient from the site and
was intended to be a background well. However, the relatively high
concentrations of total metals, including barium, beryllium, cadmium,
chromium, cobalt, lead, nickel and vanadium, suggests a possible off-site
source of inorganic contaminants upgradient of this well. One potential
source area may be located the reclaimed surface mines to the north of the

Fultz Landfill Site or property.

1.4.2.8 Deep Mine Aquifer Contamination

The deep mine aquifer groundwater near the Pond 2 migration route contained
elevated concentrations of most of the metals found in the shallow aquifer,
but did not contain any of the organics found in the shallow aquifer. This
may indicate a significant source of metals in the northern region of the
eastern shallow aquifer capture area, near Ponds 2 and 2A.

The deep mine aquifer groundwater near the coal barrier route was found to
contain elevated concentrations of only a few metals, but also contained low
concentrations of organics including vinyl chloride, 1,2-dichloroethene, and
benzoic acid. The vinyl chloride could be a biodegradation by product of the
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trichloroethene reportedly disposed of in the landfill and 1,1-dichloroethene
seen in the shallow aquifer and may be indicative of contamination further
from the source. The deep mine aquifer contaminants reflect the effects of
contaminated groundvater moving from the shallow aquifer through the coal
barrier route into the deep mine aquifer. The contaminants found in the deep
mine aquifer at this location may also reflect the effects of contaminated
groundwater moving from the bedrock via secondary permeability in the rocks
underlying the southern half of the landfill.

1.4.2.9 Bvesville Well Water Quality

The Fultz Landfill Site lies over a recharge area for the coal mine aquifer,
and the Byesville Plant No.2 well is a significant artesian discharge point
located in the confined area of the coal mine aquifer. Groundwater flow

directions within the aquifer lead from the Fultz Landfill Site to the
Byesville Plant No.2 well. The route from the landfill to the well would be a
circuitous one approximately 1.6 miles long, mostly following the major mine
entries surrounding the Stream B valley. Dispersion, dilution and flow upward
into overlying rocks in the confined area of the aquifer would likely cause
contaminants originating at the landfill, already relatively low in
concentration, to become undetectable in the vicinity of the Byesville
Municipal well.

1.5 MIGRATION PATHWAYS IDENTIFIED IN THE REMEDIAL INVESTIGATION

Potential contaminant migration pathways through three media were identified
in the RI, namely through surface water, groundwater, and air. Of these,
migration of contaainants through groundwater is, by far, the most
significant.

1.5.1 MIGRATION THROUGH SURFACE WATER AND SEDIMENT

The most immediate surface release of contaminants present in the Fultz
Landfill Site is through the leachate seeps around the base of the landfill.
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Contamination in these seeps results from the infiltration of precipitation
into the landfill surface, and subsequent percolation through the wastes.
Leachate seeps on the eastern side of the landfill enter Pond 2, and the water
in Pond 2 ultimately infiltrates into the groundwater system or evaporates.
Leachate seeps on the western side of the landfill enter Stream A downgradient
of the site, which in turn flows into Wills Creek.

While many of the contaminants in the leachate water and sediment are the same
as those detected in groundwater, the concentrations of the contaminants are
an order of magnitude higher in the seep samples. Lower contaminant levels
are seen in the groundwater because the leachate is diluted when it mixes with
the groundwater.

Leachate seeps on the western side of the landfill enters Stream A
downgradient of the site, which in turn flows into Wills Creek. Downstream
transport of a contaminant by this mechanism would be expected to result in
significant dilution of contaminant concentrations.

While a few organics (chloroform, toluene, and PAHs) were detected in
downstream Wills Creek sediment sample at low concentrations, none were found
in the downstream water samples. Because so few of the numerous organic
chemicals detected in leachate samples were found in either Wills Creek
surface water or sediment, the possible association of the contaminants
detected in the creek to the Fultz Landfill Site is uncertain. This
uncertainty is increased because upstream concentrations of chloroform,
toluene, and PAHs were at or above levels detected in the downstream samples.

1.5.2 MIGRATION WITHIN GROUNDWATER

Contaminant migration at the Fultz Landfill Site is primarily a function of
groundwater flow. Figure 1-5 and Figure 1-6 show the principal groundwater
migration pathways in plan and section drawings.
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1.5.2.1 The Shallow Aquifer

The contaminated groundvater beneath the eastern half of the landfill flows to
the deep mine aquifer by two main routes: (1) north through a pathway created
by the intersection of the strip mine and deep mine near Ponds 2 and 2A, and
(2) south through potential mining- related breaches or natural fractures in
the coal barrier that separate the shallow and deep nine aquifers .

Groundwater from the western side of the landfill flows north towards the
western end of Stream A and into Wills Creek. Groundwater infiltrating into
the bedrock moves mostly via unsaturated flow into the deep mine. In areas
where the bedrock is undermined, contamination may also be transported through
subsidence fractures.

1.5.2.2 The Deep Mine Aquifer

Groundwater flow directions within the deep mine aquifer indicate flow in ch«
direction of the Byesville Municipal well. The route from the landfill to th«
well would be a circuitous one, approximately 1.6 miles long, mostly followl-^

the major mine entries that surround the Stream B valley. Dispersion,
dilution, and flow upward into overlying rocks along the migration route would
likely cause contaminants originating at the landfill, already relatively low
in concentration, to become undetectable in the vicinity of the Byesville
Municipal well.

Review of the organics detected in both the shallow and deep mine aquifers
demonstrates a connection between the two aquifers. Alkylbenzenes ,
chlorinated aliphatics, ketones, PAHs and phthalates were detected in both
aquifers although fewer total compounds were detected and at lower frequencUt
in the deep mine aquifer. Concentrations were similarly low in both aquifers,
although PAHs appear to be higher in the shallow aquifer.
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1.5.3 MIGRATION INTO AND THROUGH AIR

Volatile compounds can migrate from the soil, leachate, and/or surface water
into the air. Of the several volatile organic compounds which were found in
the soil, leachate, or surface water, only benzene, toluene, and acetone were
detected during the air monitoring survey.

1.6 PUBLIC HEALTH/ENVIRONMENTAL ASSESSMENT

The baseline risk assessment developed for the Fultz Landfill Site (presented
as Section 6 of the RI report) identified several potential risks which
currently exist above baseline levels, or may develop in the future as a
result of future site development. Evaluation of the following exposure
routes resulted in identification of potential risks to human health exceeding
1 X 10"6 and/or hazard indices greater than 1.0:

• Ingestion of groundwater and inhalation of vapors by nearby residents
while showering with water from residential wells (excess lifetime
carcinogenic risks ranged from 3 x 10"' to 6 x 10**, non-carcinogenic
hazard indices ranged from 0.003 to 1.0).

• Ingestion of untreated water from the Byesville water supply by
residents (excess cancer risk of 3 x 10"s).

• Inhalation of airborne contaminants by the nearby residents (excess
cancer risk of 1 x 10"*).

• Ingestion of groundwater and inhalation of vapors while showering with
water from the shallow aquifer by future residents (excess cancer risk
of 1 x 10~3, hazard index of 7).

• Ingestion of groundwater and inhalation of vapors while showering with
water from the deep mine aquifer by future residents (excess cancer risk
of 1 x 10'3, hazard index of 11).
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1.6.1 SUMMATION OF ESTIMATED RISKS UNDER CURRENT LAND-USE SCENARIOS

Table 1-2 summarizes the potential human health risks exposure under current
land-use scenarios that have an upper-bound excess lifetime cancer risk > 10"6

or a hazard index > 1.0 for a given exposure pathway. This table also
identifies the chemicals of concern contributing to the overall risks
associated with each exposure scenario. Six off-site residential wells were
sampled during Phase I of the RI. One of these wells (RU006) was actually the
Byesville well. Of the remaining five wells, three exhibit potential
carcinogenic risks exceeding 1 X 10**, and one of these three had a hazard
index greater than one. The risks associated with the residential wells are
driven by arsenic and bromodichloromethane. It is not clear whether these
contaminants are site related. Bromodichloromethane was not detected in on-
site groundwater during the RI, and arsenic is a naturally occurring chemical
related to coal and may not be site related. The residential wells will be
addressed in the FS due to the potential for site related contaminants to
migrate to downgradient areas.

Risk assessment analysis of the data associated with the untreated water
sample collected at the Byesville well resulted in a cancer risk of 3 X 10~5.
This risk is driven by the presence of carbon tetrachloride. There exists
some doubt as to the value of this deduction as carbon tetrachloride was not
detected in any other groundwater samples, and was only detected in one of two
duplicate Byesville well water samples. Furthermore, there were no excessive
risks associated with the treated water sample collected at the Byesville
water supply. For purposes of the FS, the Byesville water will not be
considered to present a risk for the current use scenario. The current risk
associated with the inhalation of airborne contaminants is primarily driven by
benzene detected in the air at the existing landfill. Airborne contamination
at the Fultz Landfill Site will also be addressed in the FS.
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UPPER-BOUND CANCER RISKS > 1(T6, HAZARD INDEX >

CURRENT LAND USE
FULTZ LANDFILL SITE

FEASIBILITY STUDY REPORT

1.0

Exposure Pathway

Upper-Bound
Excess Lifetime Hazard
Cancer Risk Index

Major Chemicals Contributing to:

Maximum Cancer Risks > 10~6 Hazard Indexes > 1.0

Byesville Water Supply

Untreated

Offsite Residential Wells

RW001 (Davis)
RW002 (Hanes)
RW003 (Minarchek)

3E-05

IE-04
2E-03
3E-06

<1 Carbon tetracholoride (IE-05)

Arsenic (IE-04)
Bromodichloromethane (2E-06)
Arsenic (6E-04) Arsenic

Barium
Manganese
Zinc

Inhalation of Airborne
Contaminants by Nearby
Residents IE-04 <1 Benzene (IE-04)
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1.6.2 SUMMATION OF ESTIMATED RISKS UNDER FUTURE LAND-USE SCENARIOS

Table 1-3 summarizes the potential human health risk exposure under future
land-use scenarios that have an upper-bound excess lifetime cancer risk > 10~6

or a hazard index > 1.0 for a given exposure pathway and also identifies the
chemicals of concern contributing to the overall risks associated with each
exposure scenario. The carcinogenic risks associated with the potential
future ingestion of groundwater from the shallow aquifer are primarily driven
by the presence of 1,1-dichloroethene, carcinogenic PAHs, vinyl chloride,
arsenic, beryllium, and bis(2-ethylhexyl)phthalate (BEHP). The hazard index
is driven primarily by the presence of antimony and thallium. The
carcinogenic risks associated with the potential future ingestion of
groundwater from the coal mine aquifer are primarily driven by the presence of
vinyl chloride, beryllium, and BEHP. The hazard index is driven primarily by
the presence of antimony, barium, beryllium, and zinc. Risk to human health
from future ingestion of water from the shallow aquifer will be considered in
the FS. Because of the migration path between the shallow aquifer and the
deep mine aquifer, the possibility that the Byesville well may present a risk
to human health at some time in the future is discussed in Section 1.8.3.

1.6.3 ENVIRONMENTAL CONCERNS

In addition to the human health assessment, the baseline risk assessment also
qualitatively addressed potential environmental concerns. The concentration
of manganese detected in Ponds 1, 1A, 2, 3, 4, and 5, and downstream of Pond
5, potential water sources for the local deer and wildlife population,
exceeded the recommended dietary level for livestock. In addition, the
concentrations of aluminum detected in Ponds 1 and 1A exceeded federal chronic
AWQC for aluminum. The highest concentration of manganese in surface water
exceeded the recommended dietary level for livestock by a factor of 30.
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SUMMARY OF POTENTIAL HUMAN HEALTH RISKS
UPPER-BOUND CANCER RISKS > 10-6, HAZARD INDEX > 1.0

FUTURE LAND USE
FULTZ LANDFILL SITE

FEASIBILITY STUDY REPORT

Exposure Pathway
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Excess Lifetime
Cancer Risk

Major Chemicals Contributing to:
Hazard
Index Maximum Cancer Risk (> 10"6) Hazard Index (> 1.0)

Ingestion of Groundwater and
Inhalation of Vapor While Showering:

Shallow Aquifer IE-03
CO
K>

1,1-Dichloroethene (2E-05)
BEHP
Carcinogenic PAHs (5E-04)
Vinyl chloride (IE-04)
Arsenic (5E-04)
Beryllium (3E-04)

Deep Mine Aquifer IE-03 11 BEHP
Vinyl chloride (2E-04)
Beryllium (9E-04)

Not f!>

Noncarcinogenic PAHs
Arsenic
Antimony
Barium
Cadmium
Chromium
Manganese
Mercury
Nickel
Thallium
Vandaium

BEHP
Antimony
Barium
Beryllium
Cadmium
Chromium
Copper
Manganese
Nickel
Vandaium
Zinc
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1.7 CONTAMIMATION TO BE ADDRESSED IN THE FEASIBILITY STUDY

The analytical data collected during the Rl and the baseline risk assessment
indicate the presence of contaminants in various media at levels that may
present a risk to human health and the environment. Additionally, promulgated
groundwater protection standards also appear to be exceeded at some sampling
locations. Section 2.3 presents the remedial response objectives that were
developed in the Rl to address the risks identified in the baseline risk
assessment. In summary, the primary concerns will be the groundwater in the
shallow and deep mine aquifers, the airborne contaminants near the existing
landfill, and the on-site surface waters. In addition to these objectives,
the FS will take into consideration the historical data that identified the
existing landfill as having received hazardous wastes in the past, and as a
result, is likely to be a source of contamination.

1.8 SITE-SPECIFIC CONDITIONS AFFECTING POTENTIAL REMEDIAL ACTIONS

Unique conditions at the Fultz Landfill Site preclude the formulation of some

of the remedial action alternatives requested by the published guidance. The
implementation of other remedial actions, such as those that would leave the
existing landfill in place is complicated by the possibility of subsidence in

former underground mine under much of the site, the unique groundwater
migration pathways, and the presence of wetlands.

1.8.1 WETLANDS

Section 1.4.1 described areas of the Fultz Landfill Site that have been
classified as wetlands by the U.S. Army Corps of Engineers. Remedial actions
proposed in this feasibility study must consider their potential impact on
wetlands. Remedial actions that would be prudent from an engineering
standpoint must be eliminated or modified because of potential harmful impact
on the wetlands at the Fultz Landfill Site. Sections 2.5 and 2.6 describe the

identification and screening of remedial technologies, and Section 3.0
describes the development of remedial alternatives. Remedial actions such as
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deep subsurface drains, or elimination of surface water, that control
contaminant migration by making major modifications in the surface and
groundwater hydrology of the site could not be used at the Fultz Landfill Site
without eliminating a substantial portion of the wetland habitat. Where it is
impossible to avoid some impact on wetlands, additional technologies must be
added to the alternatives to mitigate the impact on the wetlands.

1.8.2 THE POTENTIAL FOR MINE SUBSIDENCE

About 40X of the existing landfill on the Fultz Landfill Site is underlain by
former room-and-pillar coal mines. Phase I of the RI indicated that the mine
roof was deteriorated and had collapsed in places. Borings into the mine
during Phase II of the RI showed fairly clean voids, indicating that
significant parts of the mine, especially in the vicinity of the existing

landfill, have not collapsed. The likelihood and potential effects of future
subsidence has a significant bearing on the identification of remedial
technologies and the development of remedial alternatives. Appendix B
presents a discussion on the likelihood of subsidence at the Fultz Landfill
Site, the consequences of mine subsidence on remedial actions that would
involve leaving the existing landfill in-place, and the measures that can be
taken to prevent subsidence at the Fultz Landfill Site.

1.8.3 EFFECT OF CONTAMINANT MIGRATION ON THE BYESVILLE WATER SUPPLY

The RI established that there is a likely migration path from the Fultz
Landfill Site to the deep mine aquifer from which the City of Byesville draws
its water supply. Thirteen inorganic chemicals were found in samples of
untreated water from the Byesville Plant No.2 well; however all but sodium and
chloride were below background levels. Two organic compounds (acetone, and
carbon tetrachloride) were also found in samples from the Byesville well, but
their relation to the landfill was considered doubtful. The RI did not
quantitatively investigate the potential for contaminant transport between the
Fultz Landfill and the Byesville well. Because contamination appears to enter
the deep mine aquifer at points beneath the existing landfill, it would be

F-»2-F



Public Comment Feasibility Study
Fultz Landfill Site

June 1991

reasonable to suppose that this contamination would find its vay over time to
the Byesvilie water supply. The gradient in the deep mine aquifer is
predominantly north to south, but water velocity and flow path are difficult
to determine because the flow is through mine workings whose configuration is
uncertain. In addition, contamination entering the deep mine aquifer from the
existing landfill will be diluted by groundwater entering the mine from the
north, resulting in concentrations at the Byesville well, potentially below
detection limits. Diffusion of contaminants throughout the mine and into the
bedrock above it would also tend to reduce their concentration at the
Byesville well.

A solute transport model for the deep mine aquifer was developed in order to
evaluate the potential effects of contaminant migration of the Byesville Plant
No.2 well using the U. S. Geological Survey two-dimensional solute transport
and dispersion model by Konikow and Bredehoeft (1978). Details of the model
are presented in Appendix C. The model attempted to determine the time it
would take for contaminants migrating from the Fultz Landfill Site to the
Byesville Well to reach steady-state concentrations at the well, and about
what percent of the source concentration would appear at the well under steady
state conditions. The effect of dispersivity on the model results was also
tested.

The results of the model showed that following a release from the landfill
maximum concentrations at the Byesville well were reached within 13 years of
the release. The steady-state concentrations at the Byesville well (about 61
of the concentration in the aquifer at the source) should be below detection
limits based on current concentrations in the shallow aquifer. It was also
determined that the dispersivity of the contaminants within the mine did not
have a major effect on the model results. Should additional uncontrolled
releases occur, the potential exists for the contamination of the Byesville
water supply.
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2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

2.1 INTRODUCTION

The identification and screening of potentially applicable technologies is the
first step toward assembling site-specific remedial alternatives. Remedial
action objectives developed from the RI serve to focus the identification of
technologies and the development of alternatives on site-specific priorities.
Remedial action objectives consist of media-specific or site specific goals
for protecting human health and the environment. They are based upon chemical
and site-specific ARARs, the baseline risk assessment, and site-specific
characteristics. Once the remedial action objectives have been developed for
the site, the areas and volumes of material requiring evaluation in the FS can
be estimated. Technologies are identified that are potentially applicable to
the type and quantity of contaminated material, and that promote the goals of
the remedial action objectives. These potentially applicable technologies and
their process options are screened for effectiveness, implementability, and
relative cost. Those technologies and process options best suited for the
site are assembled into remedial alternatives for site remediation.

The results of the baseline risk assessment were presented in Section 1.0.
The first part of Section 2.0 is devoted to the identification of ARARs and

the development of the remedial action objectives. The remainder of the
Section 2.0 presents the identification and screening of technologies.
Alternative development is presented in Section 3.0.

2.2 SITE-SPECIFIC APPLICABLE OR RELEVANT AND APPROPRIATE REGULATIONS (ARARS)

Section 121(d) of SARA and the NCP (40 CFR Part 300; March 8, 1990) require
that CERCLA, (as amended) remedial actions comply with all federal and state
ARARs. ARARs are used to determine the appropriate extent of site cleanup, to
scope and formulate remedial action alternatives, and to govern the
implementation and operation of the selected action. According to SARA,
requirements may be waived by EPA under six specific conditions, provided that
protection of human health and the environment is still assured:
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• The selected remedial action is an interim remedy or portion of a total
remedy which will attain the standard when complete.

• Compliance with such requirements will result in greater risk to human
health and the environment than alternative options.

• Compliance with such requirements is technically impracticable from an
engineering perspective.

• The selected remedial action will provide an equivalent standard of
performance using another approach.

• The requirement is a state requirement that has not been consistently
applied.

• The alternative will not provide a balance between the public health
and environmental welfare and the availability of funds to respond to
existing or potential threats at other sites, taking into account the
relative immediacy of the threats.

In this section, the approach to identifying ARARs for the Fultz Landfill Site
is discussed and ARARs for potential site-specific conditions are tentatively
identified.

2.2.1 DEFINITION OF ARARS

A requirement under CERC1A, as amended may be either "applicable" or "relevant
and appropriate" to a site-specific remedial action.

Applicable Requirements: "Applicable requirements" refer to those federal and
state requirements that would be legally applicable, whether directly or
incorporated by a federally-authorized state program, if the response actions
were not undertaken pursuant to CERCLA 104 or 106, as amended. An example of
an applicable requirement would be maximum contaminant levels (MCLs) for a
site that causes contamination of a public water supply system which provides
water service to 15 or more service entrances or to 25 or more people.
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Relevant and Appropriate Requirements: "Relevant and appropriate
requirements" are federal and state standards, criteria, or limitations that
are not legally applicable to the site, yet they address problems sufficiently
similar to those found on site that their use is well suited to the particular
site. For example, while Resource Conservation and Recovery Act (RCRA)
regulations are not applicable to closing undisturbed hazardous waste in
place, the RCRA regulation for closure by capping may be deemed relevant and
appropriate. During the FS evaluation process, relevant and appropriate
requirements are intended to have the same weight and consideration as

applicable requirements.

Other Requirements to be Considered: Federal and state guidance documents or
criteria that are not generally enforceable, but are advisory, do not have the
requirement evaluation status of potential ARARs. Where no specific ARARs
exist for a chemical or situation, or where such ARARs are not sufficient to
be protective, guidance documents or advisories may be considered in
determining the necessary level of cleanup for protection of human health or

the environment.

2.2.2 TYPES OF ARARS

The ARAR requirements that Superfund actions may have to comply with are
generally classified into three functional groups:

• Location-specific (i.e., requirements that restrict remedial actions
based on the location or characteristics of the site or its immediate
environs).

• Action-specific (i.e., requirements that set controls or restrictions
on the design, implementation, and performance levels of activities
related to the management of hazardous substance, pollutants, or
contaminants).
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• Chemical-specific (i.e., requirements that set protective cleanup
levels for the chemicals of concern, or indicate an acceptable limit of
discharge associated with a remedial action).

Location-specific requirements set restrictions on the types of remedial
activities that can be performed based on site-specific characteristics or
site location. Remedial action alternatives may be restricted or precluded
based on federal or state siting lavs for hazardous waste facilities,
proximity of the site to wetlands or floodplains, or to marunade features such
as existing landfills, disposal areas, or local historic buildings. These
ARARs provide a basis for assessing restrictions during the formulation and
evaluation of potential site-specific remedies. Table 2-1 lists and evaluates
potential location-specific ARARs for the site.

Action-specific requirements are triggered by the particular remedial
activities that are selected to accomplish the cleanup. After remedial
alternatives are developed, action-specific ARARS that specify performance

levels, actions, or technologies, as well as specific levels for discharge of
residual chemicals provide a basis for assessing the feasibility and
effectiveness of the remedies. These action-specific ARARs may include, for
example, hazardous waste transportation and handling requirements, air
emission and water discharge standards, and the RCRA and TSCA landfilling and

treatment requirements. Table 2-2 presents an evaluation of potential action-

specific ARARs for the site.

Chemical-specific requirements set health or risk-based concentration limits
or ranges in various environmental media for specific hazardous substances.
These requirements provide protective site cleanup levels or a basis for
calculating cleanup levels for the chemicals of concern in the designated
media. Chemical-specific ARARs are also used to indicate acceptable discharge
concentrations to determine treatment and disposal requirements, and to assess
the effectiveness of the remedial alternative. If a chemical has more than
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TABLE 2-1
LOCATION-SPECIFIC AKARa AMD CRITERIA. ADVISORIES, AMD GUIDANCE

FULTZ LANDFILL SITE
FEASIBILITY STUDY REPORT

ARAR STATUS

Potential ARAR Issues t Requirements Applicable
Relevant &
Appropriate Con»id«r«tion in the RI/FS

FEDERAL REQUIREMENTS

FLOGDPLAIB5/SURFACE HUB HDIES

Fish and Wildlife
Coordination Act (16
USC 661); CWA (Section
404) 40 CFR 6.302(b)

RCRA Location
Standards 40 CFR
264.10(b)

Exacutlva Ordar 11988
Protection of
Floodplalns 40 CFR 6.
Appendix A

HI

National Historic
Preservation Act (16
USC Section 469);
36 CFR 63
40 CFR 6.30Kb)

HABITAT/WILDLIFE

Endangered Spaclas Act
of 1973 (16 USC 1331)
30 CFR 200, 402 Fish
and Wildlife
Coordination Act (16
USC 661) 33 CFR 320-
330

Any activity that proposes to modify a
body of water or potentially affect fish
and wildlife services Is addressed under
CHA Section 404 requirements.

Construction, operation and maintenance
regulations for a RCRA facility on a
100-yr floodplain so as to avoid
washout.

Actions to avoid adverse effects,
minimise potential ham, restore and
preserve the natural and beneficial
values of floodplalns.

Action to recover and preserve artifacts
If In an area where action stay cause
Irreparable ban, loss or destruction of
significant artifacts.

Action to conserve endangered species or
threatened species If action Bay be
critical or threatens the habitat upon
which apaclas depend.

Potentially Potentially

No

No

Potentially Potentially

Potentially Potentially

If a ranadlal alternative modifies a body
of water or potentially affects fish or
wildlife than the US Fish and Wildlife
Services Bust be consulted.

May be necessary to comply with unless
waste any be removed safely before
floodwater can reach the facility or no
adverse effects on human health and the
environment would result.

Floodplalns protection consideration may be
Incorporated into the planning and
decision-making of remedial alternatives.

May be necessary to consult with the
National Register of the Department of
Interior since Indiana once freely roamed
these lands.

May be necessary to consult the Department
of Interior since It Is apparent that the
area supports plants and wildlife.
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Table 2-1 (Continued)

Potential ARAH laauaa 4 Requirement*

ARAR STATUS
Relevant &

Applicable Appropriate Consideration in the RI/FS

FEDERAL REQUIREtCNTS

CMA (Section 404) 40
CFK 230.30-230.32

BMWlMiriiaB HUE

RCRA Location
Standarda 40 CFR
264.16 (c)

Conalderation of laipecta on biological
cbaraoterlatlca of the Aquatic Ecoayata
•ban coafilying with guidelines of
dlapoaal altea for dredged or fill
•atarial.

Probibita the placement of non-
contelnerlsed or bulk liquid haxardoua
waatea, in certain locatlona.

Potentially Potentially

Yea Yea

May need to conaider when planning and
deciding reetedial alternative for ponda on
alte.

Since the aite la located on and near a
deep Bine, mmj need to be conaidered when
planning and deciding the remedial
alternativea.

CMA (Section 404)
40 en 230.41

Conalderatlon of iapacta on wetlanda
when complying with guidellnea of
diapoaal aitea for dredged or fill
•aterial.

Potentially Potentially May need to be conaidered when planning and
deciding raawdlal alternative* for ponda on
aite.

Executive Order 1990
40 era *. Appendix A

CMA (aectlon 404)
40 era 4.302 (a)

Avoid whenever poaaible adveraely Potentially
affecting wetlanda and evaluate
potential effecta of actlona in these
designated areaa.

Ho activity that adveraely affecta a Potentially
wetlanda ahall be penal tted if a
practicable alternative with leaaar
effect* la available.

Potentially May be conaidered when planning and
deciding the reetedial alternativea.

May be conaidered when planning and
deciding the remedial alternative



Potential ARAR

TABLE 2-2
REVIEW OF POTERTIAL ACTIOm-SPECIFIC ARAKS

FULTZ LANDFILL SITE
FEASIBILITY STUDY REPORT

Requirements

ARAR STATUS
Relevant 4

Applicable Appropriate Consideration In the RI/FS

FEDERAL REQUIREMENTS

Remouroe Conaaxvatlom and *auo»ery met (BOA)

40 CFR 261;
Definition end
identlflotion of
hasardoua waate

RCRA (part 261) eatabilabea baalc
deflnltioaa of aolld and hasardoua
weataa. Haata a>atarlal and
contaminated Media axa praaant at
the alta. Remedial actions stay
produce potentially haiardoua
reaiduala. Head to Identify
whether thaaa matariale axa
potentially aubjact to
requirements under RCRA.

Haata la aubjact to regulation*
under RCRA if:
1. Maata exhibit* one of four
cbaractarlatlca dtnltabillty,
corroalvlty, reactivity, or EP
toilelty);
2. Haataa are Hated aa
hasardoua;
3. Waataa are mixtures of waate*
Hated aa haiardoua by RCRA
ragulatlona.

Potentially Potentially Offalta Action* - Traatjwnt of raalduala
will have to be analysed for the
appropriateness of a hasardoua
designation.

Onaite Actions - Aa any action la part
of a CERCLA activity, hasardoua
designation la not appropriate.

40 CFR 262;
Standard* for
generatora of
hasardoua waata

40 CFR 263;
Standard* for
transport of
hasardoua wait*

40 CFR 264;
Standarda for
treetment of
hasardoua waata

RCRA (part 262) eatabllahea
regulation* covering actlvltiea of
generatora of hasardoua waate.
Heed to Identify whether generator
requlrasMOta extend to CERCLA
actions hasardoua waata.

RCRA (part 263) aatabllahea
regulations covering the transport
of hasardoua waata. Head to
Identify whether these apply to
offalta action*.

RCRA (part 264) aatabllahaa
regulations covering the
treatsMnt, atoraga, and dlapoaal
of hasardoua waata. Head to
Identify bow theae apply to
rested!al action* at thla aita.

Generator requirement* include
identification of waste generation
activity, obtaining EPA ICF
number, record keeping, and uaa of
uniform national manifest.

The tranaport of hasardoua waata
is subject to requirements
including DOT regulation*,
man!feating, record keeping, and
discharge cleanup.

RCRA requirement* for treatment
apply if the waate la a RCRA waata
and the activity con*tltut**
treatawnt aa defined by RCRA.

Potentially Potentially

Yes

Potentially Potentially

Offalte Action - Aa remedial actions
could raault in treatment realdua de__
hasardoua, these requirements would be
applicable.

Onaite Action* - If waatea ara managed
onalta as part of a CERCLA action, these
requirements would not be appropriate.

If materials categorised hasardoua under
RCRA ara taken offsita their tranaport
will be aubjact to requirements.

The groundwater contamination at the
alta may have reaulted frost the improper
handling of materials that could have
bean RCRA hasardoua wastes. If It is
determined that thaaa wastes were in
fact RCRA wastes, these requirements
might be applicable. Otherwise, they
would be relevant and appropriate.
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Table 2-2 (Continued)

Potential ARAR ISSUeS Requirements

ARAR STATUS
Relevant &

Applicable Appropriate Conaideration in the RI/FS

FEDERAL REQUIREMENTS

40 CFR 264 Standard*
for treatment of
hazardous waste
(Continued)

Contaminated groundwater would be
collected and treated prior to
discharge. Meed to determine if
constitute* BCRA treatment.

Groundwater monitoring would be
performed. Meed to determine if
plan should be for compliance
monitoring.

See previous page.

Provides specific requirements for
a groundwater monitoring and
protection program.

Potentially Potentially

Potentially Potentially

See previous page.

Groundwater monitoring must conform to
the requirements of this section.

40 CFR 266; Land
Disposal
Restrictions ("Land
Ban")

Treatment residuals resulting from After 11/90. placement of CERCLA Yes
onsite water treatment would be
considered to be a RdtA-llsted
waste end would be subject to the
requirements of this section.

waatea, which are alao RCRA
hatardou* waste, on or in land
outside unit boundary or area of
contamination will trigger lend
disposal requirements and
restrictions. Requires treetment
by Best Demonstrsted Avsilable
Technology (BOAT) before
placement.

Land disposal of treated residuals must
meet treatment standards set forth in
this section.

40 CFR 122. 125
National Pollutant
Discharge
Elimination Systems
(NPDKS)

This section of the CHA regulate*
the discharge of water into
surface water bodies. The
remedial alternatives may Include
the discharge of treated or
untreated groundwater to Will*
Creek.

The State of Ohio has
authorization to administer NPDES
in Ohio. Refer to the state ARAR
section for specific requirements.

Yes NPDES discharge requirement* are
applicable and substantive discharge
requirement* will have to be met.

40 CFR 403 Effluent
Guideline* and
Standard*;
Pretreatment
Standard*

This section establishes
pretreatment standard* (both
general and categorical) for the
control of pollutant* discharges
into POTH*. The remedial
alternative* may Include the
discharge of treated or untreated
groundwater to the local POTM.

Discharge to POTH must not cause
pass-through interference,
violation of specific
prohibition*, or violation* of
local limitation* or ordinance*.
POTH should either have an EPA-
approved pretreatment program or
have sufficient mechanism* to meet
the requirement* of the national
pretreatment program in accepting
CERCLA wests.

Yes Pretreatment requirements will hsve to
be met for discharge to POTH.
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Table 2-2 (Continued)

Potential ARAR Issue* Requirements

ARAR STATUS
Relevant &

Applicable Appropriate Consideration in the RI/FS

FEDERAL REQUIREMENTS

40 CFR 230 Dredge
and Fill
Requirements

Regulates the discharge of dredged Dredged or fill material should Potentially
or fill material into the waters
of the U. S. Authority under
Section 404 of the CHA extends
authority to include activities
affecting wetlands/flood plains.

not be discharged into the aquatic
ecosystem unless it can be
demonstrated that it will not have
an unacceptable adverse Impact.

These requirements may need to be
considered if the remedial actions for
the contaminated sediment* and water in
the ponds require that they be dredged
and filled.

Safe Drinking Mater Act (

40 CFR 144
Underground
Injection Control
Program

Control* the underground injection
of waste* and treated waste weter.

Definea standards and procedure*
for the underground injection of
fluids.

Yes Yes Since aquifer is not currently used as a
drinking water source, this requirement
is not applicable. It is, however,
relevant and appropriate.

0. 8. EPA Grand Water Protection Strategy

The protection strategy doe* not
Involve potential ARAR* but doe*
contain policy itatement* to be
considered. The strategy include*
classification of aquifer*. Heed
to determine if the groundwater
protection strategy will cauae
groundwater restoration to be
considered.

The strategy includes guidelines
on claasifying groundwater for EPA
decisions affecting groundweter
protection and corrective
actions. Criteria includes
ecological Importance,
replaceablllty, and vulnerability
considerations.

Ho To be Groundwater in Ohio is not classified
considered but 1* generally considered e potential

source of drinking water unless sums
•it* specific problem make* it unusable.

Clean Air Act (CAA)

CAA Section 109 and
40 CFR SO National
Ambient Air Quality
Standard*

Set* national ambient air quality
standards to attain and maintain
primary and secondary standards to
protect public health and the
environment. Heed to determine
how aspects apply to remedial
action*. Remedial actions which
may result in new sources of air
emission* including drilling
activities.

Pre-Construction Review Ho Potentially Purpoaa of this review 1* to obtain
construction permit. CERCLA 121(e)
exempt* on*it* activities from obtaining
permit*. However, this review would
meet requirements to fulfill substantive
requirements and condition* of the
permitting process.



Table 2-2 (Continued)

Potential ARAR Issue* Requirements

ARAR STATUS
Relevant &

Applicable Appropriate Consideretlon in the RI/FS

FEDERAL REQUIREMENTS

CAA Section 109 and
*0 CFR SO National
Ambient Air Quality
Standards
(continued)

CAA Section III New
Source Performance
Standards

rrnaniljstes standards for new
source* of air emissions. Heed to
determine 1C apply to potential

Major source permit PSD permit.
Non-attainment area permit.
Visibility permit.

No Potentially

Requirements are source-specific. No No

Not anticipated that •missions for the
CERCLA activities would qualify as major
sources. If not, a major source would
be exempt from substantive requirements
of major source permit*, PSD review,
non-attainment review, or visibility
permit. Therefore, these requirements
are relevant but not appropriate.

Not applicable because NSPS are for
specific sourcs types, however, may be
relevant and appropriate if the emission
and the technology employed during
cleanup are sufficiently similar to the
pollutant and the source. Mould not be
relevant and appropriate for drilling
activities, because source 1* not
similar.

Occupational Safety Bealth Act

29 CFR 1900 ET SEQ
Standards for worker
protection.

29 CFR 1910. 120
Regulations for
worker* Involved in
hasardou* waste
operation*.

Provide a safe workplace.

Hacardou* waste operation:

Materiel* Transportation Act

49 Cm Part* 100
through 199
Transportation of
hasardou* material*.

Regulate* the transport of
bacardous material*. Meed to
determine how this applies to
remedial actions.

General requirement* in OSHA to Ye*
provide e workplace free of barm.

Regulate training, protective Yes
equipment, proper handling of
wastes, monitoring of employee
health, site information, and
emergency procedure* for worker*
at hazardous waste operation*.

Specific DOT requirements for Potentially
labelling, packaging, shipping
papers/manifesting, and transport
by rail, aircraft, vessel, end
highway.

Applies to all workplace*.

Applies to all workers Involved in
construction and operation of remedial
actions.

If the remedial action Involves the
offsite transport of waste, RCRA
requires that the transportation of
wastes be consistent with DOT
regulations and therefore would be
applicable.



Table 2-2 (Continued)

Potential ARAR laauee Requirement*

ARAR STATUS
Relevant &

Applicable Appropriate Consideration in the RI/FS

FEDERAL REQUIREMENTS

National InvinoHBtal Policy Act

Section 102(2)(c) The evaluation of the
environmental iapact of federal
actiona. Meed to determine the
applicability of NEPA to the alte
raswdlal actiona.

A ststeaent of environmental
impact.

No No CERCLA actiona are exempted from the
NEPA requirement becauae EPA'a deciaion-
makin« proceaa in selecting • remedial
action alternative la the functional
equivalent of the NEPA analysis.

LVB OnUr 12372

40 CFR 29 State end local coordination and
review of proposed EPA assisted
projects.

EPA administrator is required to
caeBmmlcate with state and local
officials to explain the project,
conault with other Involved
federal agenclea, and provide a
coaswnt period for state review.

Yes Project requires Inl si i j i i iai iaaaii l el
review since project will use federsl
funds.
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Table 2-2 (Continued)

Potential ARAR Issues & Requirement!

ARAR STATUS
Relevant &

Applicable Appropriate Coniideratlon in the RI/FS

STATE REQUIREMENTS

Ohio Revised Code
(ORC) 3734.02 (B)

Ohio Reviled Code
373*.03 (C)

Ohio Administrative
Code (OAC) 3743-27-02

Ohio Administrative
Code 37*5-27-05

Ohio Ad»ini»trativa
Code 3745-27-06

Ohio Administrative
Code 3743-27-07

Ohio Administrative
Cod* 3743-27-08

Ohio Administrative
Cod* 3745-27-10

Ohio Administrative
Code 3743-30 through
3743-69

Thii regulation prohibit! excavation and construction
activltlei without authorization from the Ohio Director
of Environmental Protection.

This regulation deflnee criteria end requirement! that
need to b* included in • hazardous waate facility
operating permit.

Potentially Potentially

Yea

OHIO SOLID HASTE DISPOSAL REGULATIONS

This regulation! itatei that no provision of 3745-27 or
3743-37 shell exempt partial from compliance with any
federal regulation or any lection of the Ohio Reviled
Cod*.

Thii regulation ipeclflei that solid waate in Ohio oust
b* managed by landfllllng, incineration, compoiiting, or
approved methods not prohibited by OAC 3745-27.

Thii regulation require* that the plena for new solid
waste disposal facilities specify the design features
for on-ilte solid waste disposal activities.

Ves

Yes

Potentially Potentially

These regulations require that the operator Incinerate Ho
waate materials as soon ai poaalbl* and that incinerator
operation* comply with chapter* 3704 and 6111.

These regulations establish the general performance
requirements for the operation of solid waste disposal
facilltiei.

Thai* regulation* establish performance requirements for
the closure of sanitary landfills. These requirements
are relevant and appropriate to alternatives that
involve disposal of nonhasardous waste on-slte and
subsequent closure of the on-slte sanitary landfill.

Potentially Potentially

Yes

OHIO HAZARDOUS WASTE MANAGEMENT REGULATIONS

These regulation closely parallel the federal regulation
described in 40 CFR 264 and establish minimum standards
for the acceptable management of hazardous wastes.

Potentially Potentially

Remediation may include relocation of some or
all of the existing landfill.

Regulation applies to residual* generated by
treatment procenes.

Regulation applies to residuals generated by
treatment processes, and/or to possible
relocation of wastes on-site.

Regulation applies to residuals generated by
treatment processes and/or to alternatives
which involve relocation of waatee on-slte.

May apply if on-slte landfill is the chosen
alternative.

Incineration not an alternative.

During remediation, the operation and filling
of a landfill would be governed by these
regulation*.

Closure would be required for an on-slte
landfill. Most of the waste is non-hasardou*
sanitary waste.

If waste would be handled on-slte, these
regulations apply.



Table 2-2 (continued)

Potential ARAR Inuei & Requirement*

ARAR STATUS
Relevant &

Applicable Appropriate Consideration in the RI/FS

STATE REQUIREMENTS

OHIO MATER QUALITY STANDARDS

Ohio Aomlniatrative
Code 37*5-01 (-03. -
04. -OS. and -07)

Ohio Administrative
Cod* 37*5-15-07

Ohio Ad»ini«tratlve
Cod* 37*5-15-16

Ohio Acaminlstrstiv*
Cod* 3745-17 (-02, -
05. -07. and -09)

Ohio Ad»inietrative
Cod* 3745-18 (-02, -
0*. and -06)

Ohio Administrative
Cod* 37*5-21 (-02, -
03. and -OS)

Ohio Administrative
Cod* 3745-21-07

These regulation* ••tabllah performance etandarda for
the collection of camples and maintenance of existing
aurfac* water. They prohibit nuisance dischargee and
define watar ua* and criteria that should ba maintained.

Potentially

OHIO AIR POLLUTION REGULATIONS

Thla regulation prohibit* air pollution nuisance
emission* not regulated imdar 3743-17. 3745-18. 3745-21
or 37*5-31. Th* substantive requirement* of th*s*
re|ulations axa applicable to alternatives that would
produca air emissions.

This regulation tstabliahes atack height guidelines for
point sources of air emissions.

These standards specify maximum ambient air particulat*
levels and establishes emission Halts for opacity and
capacity.

These establish standard*, methods of measurement, and
allowable emission rates for sulfur dioxide.

These regulation* set ambient air quality standard*,
establish acceptable method* for the measurement of
ambient air quality, and prohibit the degradation of
ambient air quality set in 3745-21-02.

Th*** regulation establish rule* to control the emission
of organic materials from new stationery aources.

¥••

No

No

No

No

Ho

No

No

No

Potentially Potentially

If discharge of treeted watar to Hill's Creak
1* chosen, these regulations would apply.

Air emission* have been measured at the aita,
and excavation of wastes may generate
additional emissions.

On-sit* Incineration 1* not considered an
option.

This type of an emission is not • problem at
the *lt*.

This type of an emission 1* not a problem at
the alt*.

Thla typ* of an emission 1* not • problem at
the lit*.

Bom* watar treatment material* may generate
air *ml**lons.
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one such requirement, compliance with the more stringent ARAR should be
performed. Table 2-3 lists potential chemical-specific ARARs tentatively
identified for the Fultz Landfill Site, along with an evaluation of each
potential ARAR. Table 2-4 presents a summary of numerical values for the
chemical-specific ARARs identified for the site.

2.2.3 SUMMARY OF ARARs

ARARs apply to on-site and off-site actions or conditions. On-site actions
implemented by the EPA under CERCLA, as amended, however, are exempt from
having to obtain federal, state, or local permits as long as the substantive
requirements of the permits are met. Off-site actions are subject to the full
requirements of the applicable standards or regulations, including obtaining
the necessary permits.

Based on the statutory requirements outlined above, the remedial actions
developed in this FS will be analyzed for compliance with federal and state
environmental and public health requirements. This process involves the
initial identification of potential requirements, the detailed evaluation of
the potential requirements for applicability or relevance and appropriateness,
and finally a determination of the ability of the remedial alternatives to
achieve the ARARs.

The determination of whether an ARAR will be met by a specific remedial
alternative will be presented in the detailed evaluation of alternatives in
Section 4.0.

2.3 REMEDIAL ACTION OBJECTIVES

As stated in the NCP: "The appropriate extent of remedy shall be determined
by the lead agency's selection of a cost-effective remedial alternative that
effectively mitigates and minimizes threats to and provides adequate
protection of public health and welfare and the environment." (40 CFR
300.68(i)). Additionally, SARA requires that:
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TABLE 2-3
CHEMICAL-SPECIFIC ARAR» AND CRITERIA. ADVISORIES. AND GUIDANCE

FULTZ LANDFILL SITE
FEASIBILITY STUDY REPORT

ARAR STATUS

Potential ARAR Issues t Requirements Applicable Appropriate Consideration In the RI/FS

FEDERAL REQUIREMENTS

GHOUDUATER/SURFACB MaTER

RCRA Protection
Standard* 40 CFR
264.94

Cleanup to background or drinking water
standard! or cat a level that la
protective to public health or the
environment.

Potentially Yet Since groundwater at the site Is
contaminated, It poses a threat to the
public health and environment and therefore
oust be considered.

SDMA Maxima
Contaminant Levels 40
CFR 141.11-141.16

SDMA Maximum
Contaminant Levels
Goals 40 CFR 141.50 -
141.51

CMA, National
Pollutant Discharge
Elimination Systems
(HPDES) 40 CFR 122,
125

CWA. Effluent
guidelines end
Standard* 40 CFR 403

Enforceable standards for public water
system*. These standards could be
applied as s cleanup level for the
•hallow aquifer.

Non-enforceable health goals for public
water systems. Need to determine if
these standards should be applied as a
cleanup level for the shallow aquifer.

Regulates the discharge of water to
surface water bodies.

Pretreatment Standards established for
the control of pollutants discharged
into POTH's.

Yes

Yes

Yes

Yes

Groundwater Is currently s drinking water
source.

Oroundwater is currently a drinking water
aource.

The remedlsl alternatives may include
discharge of untreated or treated
groundwater to Hills Creek, therefore,
numerical discharge requlrementa may have
to be met.

Pratreatmint requlrementa may have to be
met if remedial alternatives include
discharge of treated groundwater to POTH.

EPA Risk Reference
Doses (RfDs)

Dose levels developed and considered
unlikely to ceuse significant adverse
health effect*.

To be considered To be considered Used to characterise risks due to
noncsrcinogens in groundwater.

EPA Carcinogen
Assessments Group
Potency Factors

Most up-to-date Information on cancer
risks derived from EPA's cancer
assessment group (CAG)

To be considered To be considered Used to compute the individual incremental
cancer rick resulting from expoaur* to
certain compound*.
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Tab!* 2-3 (Continued)

Potential ARAR

ARAR STATUS

I**ue* & Requlceomnta Applicable
Relevant &
Appropriate Consideration in the RI/FS

FEDERAL REQUIREMENTS

EPA Drinking Hater
Health Advlaorie*

Ambient Water Quality
Criteria

Non-regulatory health advlaoriea of
rnntaejlnant concentxationa in drinking
water at which adverse health effect*
Mould mot be anticipated to occur.

Health-baaed criteria developed for 95
carcinogenic end non-carcinogenic
compound* and are uaed In conjunction
with designated uae for the atreaoi to
eatabllah water quality atandarda.

To be conaidered To be considered

To be conaidared To be conaidered

Criteria Bey be uaed aa guidance in
determining appropriate groundwater cleanup
lavela.

Criteria may be applicable for determining
compliance aince the remedial alternative*
•ay Include the diacharga of treated
groundwater to Will* Creek.



TABLE 2-4
CHEMICAL-SPECIFIC ARARS FOR THE FULTZ LANDFILL SITE

FEASIBILITY STUDY REPGRT

VOLATILE ORGANIC COMPOUNDS
Vinyl Chloride
Chloroethana
Hethylene Chloride
Acetone
Carbon Dlsulflda
1, 1-Dlchloroethene
1.2-Dlchloroethena (total)
2-Butanone
Bensene
* -He thy 1-2- Pentanone
Toluene
Chlorobenxene
Ethylbenxene
Xy lanes (total)

SEMI -VOLATILE ORGANIC COMPOUNDS
2.4-Dlmethylphanol
Bensoic Acid
Naphthalene
2-M*thylnaphthalw>«
Dlbanxofuran
Diathylphthalate
Fluocana
N-Nltrosodlpheoylaajine
Pantachlorophanol
Phenanthrene
Anthracana
Fluor an than*
Pyrana
Butylbensylpbthalete
Chryaana
Dl-n-butylphthate
Bi«(2-athylhazyl)phthalata
Di -n-octy Iphthalata
Benzyl alcohol
2-Mathylphanol
« Methyl phenol
• • ItroMdiimemy lamia*
Fhem.1

Hilla Craak Surfaca Water Criteria
30 Day Average*

Aquatic Life
Habitat

5.2SO.O
—

. 430.0
71.0
--

7B.O
--
7.1

560. 0
—

1,700.0
24.0
62.0
—

--
--
--
--
--

120.0
—
--

8.4 ••
—
—
—
—

49.0
--

190.0
a. 4
--
—

22.0
42
--

)>• •

Agricultural
Hater Supply

--
—
--
--
--
--
--
--
--
--
--
—
--
—

—
--
--
--
--
—
—
—

8.6 •*
—
—
--
—
--
—
—
--
--
—

'
--

Maximum
Contaminant

Level
(MCL)

2
—
5
--
--

7
--
--
5
—

2.000
100
700

10,000

--
--
--
--
--
--
--
—
200
--
--
--
--
—
--
—
--
--
--
—
--
--
--

(a)

(P.aa)

(a)

(a)

(P,b)
(P,b)
<P,b)
(P.b)

(P.b)

MaxiiMB
Contaminant
Level Goal*
(MCLG'a)

0
--
0
—
—
7

70
--
0
--

2,000
100
700

10,000

--
--
—
--
--
--
—
--
200
--
—
--
—
--
--
—
--
--
--
--
--
--
--

(a)
—

(P.aa)

(a)
(P,b)

(a)

(P.b)
(P.b)
(P.b)
(P.b)

(P.b)

Drinking Water
Health Advisory
for Lifetime
Exposure

--
--
--
—
—
7

70
170
--
--

2,420
300
680
400

--
--
—
20
--
--
—
--
220
--
—
--
—
—
—
...
--
—
--
—
--
--
--

(e)
(a)
(a)

(a)
(a)
(a)
(a)

(am)

(a)

Secondary
Drinking
Water

Standards

—
--
--
—
--
--
--
—
--
—
40
--

30
20

--
--
—
--
—
--
—
--
30
—
—
--
--
—
--
—
--
—
--
—
--
--
--

(P.b)

(P.b)
(P.b)

(P.b)

Byasvllla Haate
Hater Treatment
Plant Influent

Levels

—
—
--
—
--
--
--
—
--
--
—
—
--
—
—
--
--
—
—
—
--
—
—
--
—
—
--
—
--
--
—
--
--
--
--
--
--
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Public Comment Feasibility Study
Fultz Landfill Site

June 1991

Preferred remedial actions are those "... in which treatment that
permanently and significantly reduces the volume, toxicity, or mobility
of the hazardous substances, pollutants, and contaminants is a
principal element..." (Section 121(b)). SARA also requires that if a
permanent solution using treatment or recovery technologies is not
selected, an explanation must be provided.

General objectives for the level of remedial action cleanup be
developed such that remedial actions "...shall attain a degree of
cleanup of hazardous substances, pollutants, and contaminants released
into the environment and of control of further releases at a minimum
which assures protection of human health and the environment" (Section
121 (d)).

The selected remedy must comply with or attain the level of any
promulgated "standard, requirement, criteria, or limitation under a
state environmental or facility siting law that is more stringent than
any federal standard, requirement, criteria, or limitation" (Section

In general, these are the statutory requirements of all CERCLA, as amended.
remedial actions. Considering the human health and environmental risks
presented for the Fultz Landfill Site, the following remedial action
objectives are considered appropriate:

1. Reduce risks to human health associated with ingestion of contaminated
groundwater or inhalation of volatilized chemicals from contaminated
groundwater by local residents using residential wells screened in
either the shallow or coal mine aquifers.

2. Reduce risks to human health associated with the inhalation of airborne
contaminants from the landfill area.

3. Reduce risks to human health associated with the future use of
groundwater from either the shallow or the coal mine aquifer.
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4. Reduce risks to the environment associated with excessive manganese and
aluminum concentrations in the on-site surface waters.

Based on the results of the risk assessment, and consistent with the remedial
action objectives, the contaminated media at the site will be grouped into two
broad categories: solids and waters. Contaminated solids will include site
surface soils, pond, stream and leachate seep sediments, and waste (landfill
contents). Contaminated waters will include both shallow and coal mine
aquifer groundwater, surface water, and leachate.

Addressing risks associated with site surface soils over the 30 acre landfill,
and the waste landfill solids (730,000 cubic yards) would directly contribute
to the satisfaction of remedial action objective 2, and would indirectly
contribute to the satisfaction of remedial action objectives 3 and 4 by a
reduction of chemical migration from the source. Addressing sediments would
indirectly contribute to the satisfaction of remedial action objectives 3 and
4, since the contaminated sediments, while not posing an excessive risk, may
be acting as a source of contamination to either the groundwater or the
surface water.

Addressing risks associated with the groundwater would directly contribute to
the satisfaction of remedial action objectives 1 and 3. The volume of
contaminated groundwater in the shallow aquifer is estimated to be 2.9 million
cubic feet. Addressing the risks associated with surface waters would
directly contribute to the satisfaction of remedial action objective 4.
Addressing the leachate risks would indirectly contribute to the satisfaction
of remedial action objectives 3 and 4, as continued migration of leachate at
an estimated rat* of 2 to 4 gallons per minute may adversely affect both the
site surface waters and groundwater underlying the site.

2.4 GENERAL RESPONSE ACTIONS

General response actions are broad categories of remedial actions capable of
addressing contamination problems at the site and which contribute to the
satisfaction of the goals of the remedial action objectives. Some response
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actions are sufficiently broad in effect that they are capable of meeting the
remedial response objectives alone. However, in most cases, combinations of
response actions are required to be effective in meeting all of the remedial
goals and objectives. Response actions for the Fultz Landfill Site were based
on information presented in the Rl Report, including the baseline risk
assessment. The general response actions to be considered for the site are as
follows:

• No Action
• Institutional Actions and Monitoring
• Containment
• Removal
• Collection/Extraction
• Treatment
• Discharge
• Disposal

A general discussion of the types of technologies that are associated with
each response action follows.

No Action: NCP regulations and CERCLA, as amended, require the evaluation of
a no-action alternative as the basis for comparison with other proposed

remedial alternatives. The baseline risk assessment evaluates the risks
associated with the no-action alternative because it assumes that no remedial
activities have taken place at the site when the future risks associated with
the site are calculated.

Institutional Actions: Institutional actions seek to reduce risks associated
with the sit* and meet the remedial action objectives by reducing the
potential frequency of receptor exposure. They are comprised of institutional
controls, access restrictions, and environmental monitoring. Institutional
controls include the passage of governmental regulations or deed amendments
restricting future uses of the site property or the local groundwater.
Control of site access may include site fencing and public education programs.
Environmental monitoring technologies are implemented to provide a data base

and evaluate changes in site conditions over time. Because these technologies
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do not treat contaminated materials to reduce contaminant toxicity, mobility,
or volume, they result in waste remaining untreated on-site. CERCLA, as
amended, requires a review of the site conditions every five years whenever
untreated materials are left on-site. Monitoring of the site would provide a
substantial amount of information that will be required to adequately perform
the five-year site review.

Containment: Containment technologies control potential hazards by
eliminating routes of exposure or reducing the rate of exposure through
isolation of the contaminated material (source). Containment technologies do
not treat contaminated materials, however, they do reduce the mobility of the
chemicals associated with the contaminated media. These technologies require
continual monitoring to determine whether the remedial measures are performing
successfully. As with the institutional actions, because untreated waste
remains on-site, a five-year interval review of the site conditions is
required.

Removal: Removal technologies are physical processes used to separate
contaminated areas from those that are relatively uncontaminated. Removal
basically refers to methods used to excavate and handle soils, wastes, and
other solid materials. Technologies in this group provide no treatment, but
must be used prior to the implementation of treatment or disposal technologies

(with the exception of in-situ treatments) to remove the targeted materials
from the designated areas.

Collection/Extraction: Collection technologies generally refer to the
collection/extraction of groundwater, surface water, and leachate so that they
may be treated or disposed in some manner. Collection technologies generally
do not decrease th* toxicity of the chemicals present; however, they do
typically reduce the chemical volume and mobility.

Treatment: Treatment technologies reduce the toxicity, mobility, or volume of
contaminants by physical, chemical, biological, or thermal processes.
Treatment to reduce toxicity includes methods that destroy chemicals or modify
their properties to such an extent as to render it less harmful. Treatment to
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reduce chemical mobility may include methods to modify the physical or
chemical properties of the contaminated matrix. Treatment to reduce volume
includes extraction procedures to concentrate chemicals. Treatment
technologies may be implemented in situ, on-site following removal or
collection, or off-site following removal or collection. CERCLA as amended
favors use of treatment technologies to achieve remedial response objectives,
unless site conditions limit their application.

Discharge: Discharge technologies are those associated with the final release
of collected groundwater, surface water and leachate from the Fultz Landfill
Site. Collected waters may be discharged after treatment or, untreated
(direct discharge).

Disposal: Disposal technologies are those associated with the placement of
waste materials in designated facilities that have been designed and are
operated for such purposes. Disposal technologies typically refer to the
disposal of contaminated solids.

2.5 IDENTIFICATION OP TECHNOLOGIES

During the RI, site-related chemicals were found in a number of media. In
order to identify the technologies that are potentially applicable to the
remediation of The Fultz Landfill Site the affected media are grouped into two
operable units: solids, including landfill solids, sediments and soils; and
water, including groundwater surface water, and leachate.

2.5.1 LANDFILL SOLIDS AND SOILS TECHNOLOGIES

This section identifies technologies and process options within the general
response action categories that may potentially apply to the remediation of
the contaminated landfill solids, soils, and sediments at the Fultz Landfill
Site. Figure 2-1 summarizes the technologies that were identified for the

remediation of soils and solids.
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2.5.1.1 Institutional Actions and Monitoring

Deed restrictions may be used to restrict future land uses or activities (such
as excavation or drinking-water well drilling) that may result in increased
contact with contaminated soils and solids or groundwater and leachate. Deed
restrictions may be used alone or with other technologies to reduce the
potential for human exposure. Institutional actions can be easily executed by
local and state governments. Local ordinances, such as those restricting
future land use and development of the Fultz Landfill Site, could achieve the
remedial response objectives by reducing the potential for human contact with
contaminated media.

Site fencing consists of the installation of a site perimeter fence, typically
6 feet high chain link, to prevent access to the landfill area. The fence
would be posted at regular intervals with warning signs. Fencing would
restrict site access and reduce human exposure to potential contact hazards
posed by contaminated soils and wastes. Site fencing could also be used to
control access during implementation of remedial actions.

Monitoring would consist of the periodic sampling and chemical analysis of
various environmental media. The specific media that might be monitored at
the Fultz Landfill Site include: surface soil, sediment, surface water,
groundwater, leachate, and air. Monitoring could be used to track contaminant
migration, identify changes in contaminant concentrations, identify
combustible gas emanating from the landfill and track contaminant
concentrations where the groundwater discharges into Stream A or Wills Creek

Public education programs can also be easily implemented. These programs
would keep the public informed of current and future activities proposed for
the Fultz Landfill Site.

2.5.1.2 Containment

Containment of contaminants by the construction of caps or covers made of a
low permeability material (clay), a synthetic liner material (flexible
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2.5.1.1 Institutional Actions and Monitoring

Deed restrictions may be used to restrict future land uses or activities (such
as excavation or drinking-water well drilling) that may result in increased
contact with contaminated soils and solids or groundwater and leachate. Deed
restrictions may be used alone or with other technologies to reduce the
potential for human exposure. Institutional actions can be easily executed by
local and state governments. Local ordinances, such as those restricting
future land use and development of the Fultz Landfill Site, could achieve the
remedial response objectives by reducing the potential for human contact with
contaminated media.

Site fencing consists of the installation of a site perimeter fence, typically
6 feet high chain link, to prevent access to the landfill area. The fence
would be posted at regular intervals with warning signs. Fencing would
restrict site access and reduce human exposure to potential contact hazards
posed by contaminated soils and wastes. Site fencing could also be used to
control access during implementation of remedial actions.

Monitoring would consist of the periodic sampling and chemical analysis of
various environmental media. The specific media that might be monitored at
the Fultz Landfill Site include: surface soil, sediment, surface water,
groundwater, leachate, and air. Monitoring could be used to track contaminant
migration, identify changes in contaminant concentrations, identify
combustible gas emanating from the landfill and track contaminant
concentration* where the groundwater discharges into Stream A or Wills Creek

Public education programs can also be easily implemented. These programs
would keep the public informed of current and future activities proposed for
the Fultz Landfill Site.

2.5.1.2 Containment

Containment of contaminants by the construction of caps or covers made of a
low permeability material (clay), a synthetic liner material (flexible
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membrane liners), or some combination of the two have been used at numerous
sites to isolate contaminated solids. Caps minimize the potential for direct
contact with surface and subsurface contaminants and reduce the infiltration

of precipitation through the landfill, thus reducing leachate generation and
the migration of contaminants to the groundwater system.

Surface controls consist of physical measures implemented to change the
character of the existing ground surface. Regrading could be performed to
eliminate depressions that collect water, and to construct suitable grades
with adequate ground cover that promote runoff, but minimize erosion. In this
way, migration of contaminated solids by transport in surface water is
reduced. Revegetation consists of the establishment of suitable vegetative

cover to reduce erosion and increase evapotranspiration. Dust control is

accomplished by the surface application of various materials to suppress wind-
borne dusts. Dust control is not applicable to the Fultz Landfill Site,
however, because there are no dust-born contaminants of concern at the site.

The Fultz Landfill Site is partly underlain by an abandoned room-and-pillar
coal mine that consists of alternating pillars of coal, and rooms from which
the coal has been removed. The abandoned mine complicates the containment
options because of the possibility of mine subsidence increasing the
permeability of the soil and rock between the waste and the mine, and creating
additional migration routes that other containment options would not address.
Structural supports, such as grout pillars or mine flushing, may be required
to reduce the danger of subsidence.

2.5.1.3 Removal

The general response action for removal of landfill solids and contaminated
soils involves excavation prior to treatment or disposal of the materials.
Excavation could be performed using common construction equipment and would be
treated as a support technology for on-site or off-site disposal response
actions.
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2.5.1.4 Treatment

Thermal and chemical treatment are evaluated as remedial technologies for
treating the landfill solids and soils at the site. Thermal treatment
processes are capable of destroying contaminants in the waste, but have to be
evaluated to see if they are feasible for the physical properties of the
solids and the chemical properties of the contaminants. Surface soil
analytical results indicate that on-site soils are primarily contaminated with
inorganic elements at low to moderate concentrations. Surface soil samples
also show some semi-volatile, volatile, and inorganic chemicals at
concentrations higher than background. Some chemical treatment processes are
also capable of destroying contaminants in the waste. The chemical treatments
that are evaluated in this FS are soil washing, in-situ soil flushing,
stabilization/solidification, and chemical reduction/oxidation. All of these
treatment technologies will be evaluated for effectiveness and
implementability at the site.

2.5.1.5 Disposal

Disposal technologies involve the containment and complete encapsulation of
the landfill solids and soils in a properly constructed solid waste disposal
facility. The facility would have such safeguards as multiple liner systems,
leachate collection and detection, and a multi-layer cap. The disposal
facility could be either a permitted facility at an off-site location, or it
could be constructed on-site to meet applicable regulations.

2.5.2 GROUNDWATER, SURFACE WATER, AND LEACHATE TECHNOLOGIES

This section identifies technologies within general response action categories
that may potentially apply to the remediation of contaminated groundwater,
surface water, and leachate at the Fultz Landfill Site. Figure 2-2 summarizes
the technologies that were identified for the remediation of groundwater,
surface water, and leachate.
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2.5.2.1 Institutional Actions and Monitoring

Essentially the same response actions that apply for the solids and sediments
would also address waters at the site. Administrative or institutional
actions such as deed restrictions on future groundwater and surface water use
would reduce potential hazards associated with exposure to each of the
contaminated media but do not reduce volume, mobility, or toxicity of the
identified hazards. Current and future human health risks associated with
residential drinking-water wells in the vicinity of the Fultz Landfill Site
could be addressed effectively and inexpensively by substituting municipal
water for private water well that are affected by the Fultz Landfill Site.
Human health risks that were based on projected future use could also be
reduced by other administrative controls such as local ordinances restricting
development of the Fultz Landfill Site or the use of groundwater from the
shallow and coal mine aquifers.

2.5.2.2 Containment

Containment technologies confine the potential hazards and may reduce the
mobility of the contaminants, but do not reduce the toxicity and volume of the
contaminants. Surface water controls such as diversion channels can be used
to direct runoff away from contaminated areas reducing the spread of
contamination to surface and groundwater. Subsurface containment barriers
constructed of low permeability material have been used on many sites to
control groundwater movement. Vertical and horizontal subsurface barriers
isolate groundwater and surface water from the contaminant source by
restricting movement across the barrier. Surface capping could be used with
or without vertical barriers to restrict infiltration through the source area
into the groundwater system. Subsurface structural supports (discussed more
fully under technology screening for solids), such as grout pillars or mine
flushing, could be installed in the underground mine cavities under the
existing landfill to prevent mine subsidence from opening additional migration
pathways into the coal mine aquifer. Gradient controls prevent groundwater
inflow to the contaminated zone, thereby reducing further migration and
concentration of contaminants. These containment controls can aid in
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attaining sit* response objectives, however, they require continual monitoring
to determine whether remedial measures are performing successfully. Under
CERCLA, as amended, re-evaluation of containment options is required every
five years.

2.5.2.3 Collection/Extraction

Subsurface collection trenches and/or extraction wells may be used to control
groundwater movement or intercept contaminated groundwater at the site for
collection and treatment. Recharge trenches and wells may be used to
reintroduce treated water into the groundwater system for disposal or to
control migration of contaminated groundwater during the extraction period.
These technologies generally reduce the mobility of contaminants but not the
toxicity or volume of contaminants.

2.5.2.4 Treatment

Groundwater, surface water, and leachate at the Fultz Landfill Site are
contaminated with metals, volatile and semi-volatile organic compounds, where
some of the organic compounds are chlorinated. These contaminants are not
difficult to treat, but may require the application of multiple treatment
technologies to reduce contaminant concentrations to the required discharge
levels. A number of potential technologies can be used to remove VOCs. These
include air/steam stripping, carbon adsorption, biological treatment,
ultraviolet (UV)/oxidation, and thermal treatment. Technologies potentially
applicable to removing metals include chemical precipitation, ion exchange,
and oxidation-reduction. Chlorinated organic compounds may be treated by
applicable technologies such as reverse osmosis. Depending on the applied
technology, neutralization and/or filtration may be necessary for post- or
pre-treatment of the waste streams.

2.5.2.5 Discharge

Several discharge options are potentially applicable to the site remediation
actions. These options are primarily designed to reduce the mobility of
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contaminants, but not the volume or toxicity of contaminants. Untreated
groundwater could be pumped or hauled to a permitted commercial facility for
treatment. Treated water could be discharged to the nearby surface water,
Wills Creek, Stream A, or the ponds, or re-injected into groundwater.
Discharge to groundwater would entail pumping treated water back into the
aquifer. This could be accomplished using either injection wells or a
recharge field.

2.6 SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS

During the identification of technologies, those technologies which were
obviously not applicable to the site were eliminated. The goal of screening
is to select remedial technologies and process options that can be effectively
implemented, and may be considered as part of a reliable and safe remedial
action alternative for the site. The following criteria are used in screening
remedial technologies and process options:

Effectiveness Criteria: Specific remedial technologies and process options
are evaluated by their effectiveness in achieving the intended goal of the
technology or process option. Technologies or process options may also be
evaluated by their overall effectiveness in achieving CERCLA, as amended,
goals, which include: (1) providing protectiveness to human health and the
environment, (2) complying with ARARs as established by federal and state
standards, and (3) being part of a remedy that uses permanent solutions or
treatment technologies to permanently and significantly reduce the mobility,
toxicity, or volume of hazardous substances.

In summary, the following concepts are considered in evaluating the
effectiveness of a technology or process option:

• Effectiveness in achieving the intended goals of the remedial action
objectives.

• Reliability and proven performance.
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• Effectiveness in protecting human health and the environment, both
during and after implementation.

• Effectiveness as a permanent solution.

• Effectiveness in complying with chemical-specific ARARs.

Implementability Criteria: Specific technologies and process options are also
evaluated with respect to the technical and institutional considerations
required for implementation of the technology. The following concepts are
considered in evaluating the implementability of a technology or process
option:

• Site conditions which make the technology technically difficult to
implement.

• Availability of necessary equipment and services required to implement
the technology.

• Ability to obtain necessary approvals from government agencies.

• Compliance with location and action-specific ARARs.

Cost Considerations: Cost plays a secondary role in the screening of
technologies and process options. Relative capital and operation and

maintenance (O&M) costs are considered, rather than detailed cost estimates.
The costs are evaluated in terms of being low, moderate, or high relative to
other process options within the same technology type.

2.6.1 TECHNOLOGY SCREENING FOR LANDFILL SOLIDS AND SOILS

This section describes the screening of technologies and process options using
the above criteria with respect to the remediation of the contaminated
landfill solids, soils, and sediments at the Fultz Landfill Site. Figure 2-3
summarizes the screening of technologies for the remediation of soils and

solids.
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2.6.1.1 Institutional Actions and Monitoring

Land Use and Deed Restrictions: Deed restrictions can be implemented which
restrict future use and development of the landfill property, and place
regulatory controls on excavation or other activities including well drilling,
that may result in contact with contaminated solids. Deed restrictions can be
very effective in reducing human exposure to contaminants if they are properly
enforced. Deed restrictions would best be enforced at the local level,
perhaps by the local municipal authority. The implementation of deed
restrictions on future use does not seem unreasonable and could likely be
implemented with little or no public opposition. The implementation cost is
relatively small. Deed restrictions will be carried forward as a potential
technology to be used in the development of remedial alternatives. Other land
use restrictions could include such items as zoning ordinances restricting
construction, excavation, well drilling or other activities that would bring
the public in contact with contaminated soils and sediments. Land use and
deed restrictions can be very effective in reducing the risks associated with
exposure to contaminated media, but their effectiveness is dependent on
enforcement over time. They can be implemented with little difficulty and at
a low cost under most circumstances. Land use and deed restrictions will be
carried forward as a potential technology to be used in the development of
remedial alternatives.

Site Fencing: This technology would involve installation of site perimeter
fencing to prevent access to the landfill area. The fence would be posted at
regular intervals with warning signs. Fencing would restrict site access and
reduce human exposure to potential contact hazards posed by contaminated soils
and wastas. It could also be used to control access during implementation of
remedial actions. Site fencing is highly effective and reliable in
restricting site access and reducing human exposure if the fence is properly
maintained. Fencing is easy to implement, and installation costs are low.
Periodic inspections and repairs would be required, however, to maintain the
physical Integrity of the fence. Site fencing will be carried forward as a
potential technology to be used in the development of remedial alternatives,

possibly to be combined with other technologies.
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Public Education Pr?gTflnig' Public education programs could be implemented to
inform the public about any on-going activities that are, or will, be
performed on or near the site. The effectiveness of such programs depends on
the individual community and the perceived dangers Involved. Public education
programs are usually used to enhance the effectiveness of other remedial
technologies. These programs are easily implemented and should have the local
communities' support. The cost of public education programs is low. Public
education programs will be carried forward as a potential technology to be
used in the development of remedial alternatives combined with other
institutional actions.

Monitoring: Monitoring technologies detect any changes in the distribution
and extent of contaminants in various media and identify contaminant releases
from the site. The releases can be to groundwater, surface water, soil,

sediment, air or a combination of these. At specified time intervals, soil,
water, sediment, and air samples are collected from predetermined sampling
locations, and analyzed for site related chemicals. Analytical data would b«
used to track contaminant levels over time and would form the basis for fucur*
recommendations on additional remedial actions.

Monitoring is very effective for identifying the nature and extent of
contamination and a complete multi-media monitoring program can be highly
effective in tracking changes in contaminant distribution over time.
Monitoring does not, however, reduce toxicity, mobility, or volume, nor does
it reduce the potential for human exposure to occur. Therefore, it is not
protective of human health. This technology is easy to implement using
standard sampling equipment and routine analytical procedures. The cost of
monitoring depends on the particular monitoring program chosen, but in
general, is low compared with removal and treatment technologies.

The monitoring technologies for a multi-media sampling plan will be carried
forward as a potential technology to be used in the development of remedial
alternatives.
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2.6.1.2. Containment

Single Layer Cap: A single layer cap is a low permeability barrier
constructed of one type of material, the most common materials being clay,
asphalt or concrete. The cap would be constructed over the landfill area,
usually after a layer of imported fill is placed to provide a proper subgrade
and satisfactory slope.

A single layer cap is effective in reducing infiltration of surface water into
the landfill, and would reduce leachate generation caused by percolation of
water through the waste mass. It would prevent the release of contaminants
either by wind or water erosion, and direct contact with surface and sub-
surface contaminants by site intruders. However, a single layer cap material
would be susceptible to cracking from freeze/thaw cycles, leakage, settlement,
and soil desiccation. A single layer cap is relatively easy to implement,
with some cleaning, grubbing, and regrading of the existing cover before
placement. Common construction equipment can be used to transport, spread and
compact the cap material. The cost of a single-layer cap would be moderate
for the Fultz site but less expensive than multi-layer caps or treatment
technologies. Because it is much less reliable, less durable and requires
more maintenance than a multi-layer cap system, and because a single-layer cap
would not meet ARARs since historical information indicates that hazardous
waste was disposed of at the Fultz Landfill Site, a single-layer cap will not
be considered for the development of remedial alternatives.

Multi-Tiflysr Ciy A multi-layer cap consists of a combination of layers
constructed of different materials, with each layer performing a specific
function. From the bottom up, a multi-layer cap would typically consist of a
gas collection layer to vent landfill gases; a clay layer to retard
infiltration and provide a physical barrier; a synthetic membrane, also to
retard Infiltration; a drainage collection layer to collect infiltration and
convey it off of the cap; and a vegetative support layer to protect the
underlying components and provide a layer of soil to be revegetated. The
multi-layer cap functions in a manner similar to a single layer cap in that it
reduces infiltration, prevents erosion, and reduces public health risks
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resulting from direct contact with ingestion of and/or inhalation of
contaminated materials. It is effective in protecting human health for the
same reasons discussed for single layer caps.

Unlike a single layer cap, however, the low-permeable barrier layer and
drainage layer retard surface infiltration more effectively and direct it away
from the landfill. Multi-layer caps can generally withstand greater

settlement and harsher conditions, due to their flexibility and the greater
amount of soil cover. Implementation of a multi-layer cap is more difficult
than a single layer cap because there are many more construction steps
necessary to properly construct its multiple layers. Installation of the
synthetic membrane would also require special care to ensure proper seam
installation and to prevent damage to it during subsequent construction
operations. The cost of a multi-layer cap is also much higher than a single
layer cap.

Minimizing infiltration of surface water through the cap to the groundwater is
a critical issue to be addressed at this site, as is the construction of a
physical barrier over the landfill cells. The collection and venting of gases
is also required because of the methane gas usually produced by the
putrescible waste in a decomposing landfill. Such gas could accumulate
beneath the low-permeability barrier causing the cap to crack, or the gas

itself may migrate off-site in a lateral direction. The multi-layer cap
technology with a gas venting system will be carried forward in the
development of remedial alternatives.

Grading and Reveyetation: These two process options reshape surface contours
and establish a vegetative cover to control surface water runoff and runon in
order to stabilize surface soils. Both are effective in managing surface
water, easy to implement, and inexpensive when used as support technologies.
They will be carried forward in the development of remedial alternatives.

Sediment and Erosion Controls: Sediment and erosion controls, such as
diversion channels, silt fences, sedimentation ponds, and other barriers,
could be used as support technologies to minimize sedimentation and erosion

F-42-F 2-40



Public Comment Feasibility Study
Fultz Landfill Site

June 1991

on and around the site. They contribute to the effectiveness of other
technologies and are relatively easy and inexpensive to implement. These
technologies will be carried forward in the development of remedial
alternatives.

Subsurface Structural Supports: Subsurface supports installed in the mined-
out areas beneath the landfill would be effective in preventing subsidence,
and improving the performance of any capping technology. Two types of
supports, grout pillars and mine flushing are currently used to provide
structural support for buildings constructed over nine cavities. Both
technologies are fairly easy to implement, and reliable in providing long-term
subsurface support, but are somewhat expensive. Subsurface support
technologies will be retained for consideration for use with capping options
in the development of alternatives.

2.6.1.3 Removal

Excavation: Excavation provides no treatment, but must be performed prior to
any treatment or transport of the source material. This option is effective
in that it removes the contaminated source, and eliminates the risk of direct
contact; however, the volume or toxicity of the contamination is not reduced.
Excavation is relatively easy to implement, and common construction equipment

can be used in the excavation process. It could result in a temporary
increase in exposure potential through volatilization of some organic
compounds, and direct contact during construction. The large volume of
material at the Fultz Landfill Site could result in some logistical problems
such as stockpiling and storage of the material. Volatile emissions and
contaminated surface water runoff from the storage pile will need to be
controlled during excavation. The number and quantity of seeps from the
landfill are indications that much of the excavated material might be
saturated and require dewatering. All of these operations are costly but
feasible. Therefore, excavation will be retained as a support technology to
be used in conjunction with disposal.
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2.6.1.4 Treatment of Soils and Landfill Solids

Except for in-situ treatment, the implementation of a treatment response
action would involve the excavation, handling, and treatment of over 770,000
cubic yards of municipal refuse. With any municipal landfill, it is difficult
to identify zones of hazardous waste or "hot spots" within the landfill.
Despite extensive investigations at the Fultz Landfill Site neither Phase I
nor Phase II of the remedial investigation revealed an area of concentrated
contamination. Thermal treatment processes, for example, are capable of
destroying whatever hazardous contaminants might be found in the waste, but it
is not feasible to excavate and separate municipal waste from hazardous
contaminants in order to thermally destroy them. The same is true of other
treatment processes such as soil washing, stabilization/solidification, and
chemical reduction/oxidation. Because of the difficulties in implementation,
no technology that requires the excavation, and treatment of the landfill
solids will be carried forward for the development of alternatives.

In-situ treatment of solids also has limitations. In-situ thermal treatment
would not be feasible because of the danger of an underground fire starting
within the landfill and possibly spreading to the abandoned mine below. Other
forms of in-situ treatment, such as biological treatment, soil gas extraction,
and vitrification are infeasible because of the depth of the landfill, the low
level of contamination found, soil type, and the commingling of waste and
soils in the landfill. Therefore, treatment of landfill solids and soils at
the Fultz Landfill Site is not considered appropriate, and will not be
considered in this FS.

2.6.1.5 Disposal

On-site Landfill: An on-site landfill utilizing an underlying double liner
system and a multi-layer cap. could be constructed in a designated area within
the property boundaries for the disposal of contaminated soils and solids
excavated from the existing landfill. On-site landfilling does not provide
any treatment, but it is protective because it is an effective and reliable
method to contain wastes and eliminate existing exposure routes. Construction
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of an on-site landfill would provide total encapsulation of the waste
materials and would be effective in reducing the off-site migration of
contaminants from the source material. The waste is isolated from the
groundwater exposure route by a double liner and leachate collection system,
and from exposure via air and surface water routes by a multi-layer cap.
Although it eliminates the need to move contaminated materials off-site,
implementing an on-site landfill would be difficult from both technical and
administrative perspectives. In addition to the direct exposure of workers
during excavation, there will be additional risks to workers if stockpiling of
wastes is needed while the landfill cell is being constructed. Dewatering or
treatment of saturated materials would probably be necessary before placing
them in the landfill liner. Implementation of an on-site landfill would be
feasible, but difficult. Although equipment and services are readily
available, meeting landfill siting requirements would be difficult because of
the Stream A channel and underground mine beneath the site. The cost of an
on-site landfill would also be very high compared with some other
technologies, but since it would be the most protective of the feasible
technologies, it will be retained for alternative development.

Off-site Landfill: Disposal of the wastes from the Fultz Landfill Site in an
off-site landfill would require that the contaminated solids and soils be
excavated and transported in accordance with current regulations. Off-site
landfilling would be effective in meeting the remedial response objectives for
the Fultz Landfill Site because the source of contamination would be removed
from the site. It would be protective of human health and the environment for
the site itself after implementation, but during implementation, off-site
disposal of large volumes of contaminated solids carries all of the
disadvantageous of the on-site landfill, and adds the problem of safe
transport to a new location. Transporting the large volume of waste using
highway-sized trucks would make the implementation time excessive, and pose
excessive risk to populations in route. Excavation and off-site disposal of
hazardous waste could require treatment of the hazardous waste in order to
meet criteria under the Resource Conservation and Recovery Act (RCRA) Land
disposal restrictions prior to land disposal. The cost would most likely be
higher than for on-site disposal because of the transportation costs. For
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these reasons, off-site disposal is not practical and will no longer be
considered for alternative development.

2.6.2 TECHNOLOGY SCREENING FOR GROUNDWATER, SURFACE WATER, AND LEACHATE

This section describes the screening of technologies and process options using
the above criteria with respect to the remediation of the contaminated surface
water, groundwater, and leachate at the Fultz Landfill Site. Figure 2-4
summarizes the screening of technologies for the remediation of surface water,
groundwater, and leachate.

2.6.2.1 Institutional Actions and Monitoring

Monitoring: Monitoring will provide a data base that will be periodically
reviewed in order to evaluate changes in conditions at the Fultz Landfill
Site. Monitoring is effective as a basis for determining the need to
implement other technologies, to determine the potential for human exposure,
or to identify the need to remediate the problem. Implementation would be
easy because surface water and leachate sampling points are easily accessible,
and monitoring wells are already installed. If additional monitoring wells
are required they would be easy to install. The cost of monitoring would be
low, but monitoring activities would be conducted for many years and would
require long-tern data management efforts. Monitoring will be included in
alternatives where contaminated materials remain on site, and therefore will
be carried forward.

Access and Use Restrictions: As with soils and solids, institutional actions
can be very effective in reducing the risks associated with exposure to
contaminated surface water, groundwater and leachate. Risk reduction is
achieved by restricting activities which could result in the exposure of
humans to contaminated water, such as the installation of drinking water wells
or the use of surface water. The effectiveness of institutional actions is
dependent upon their successful implementation and enforcement. Although
their effectiveness is subject to changes in political jurisdictions, legal
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interpretations, and regulatory enforcement, they can be implemented with
little difficulty and at a low cost under most circumstances. These actions
will be carried forward as a potential technology to be used in the
development of remedial alternatives.

Site Fencing: Site fencing is a highly effective and reliable technology for
restricting site access and reducing human exposure to surface water and
leachate. Implementation is easy, and the capitol cost is low, but periodic
inspections and fence maintenance is required to maintain the physical
integrity of the fence. It will be carried forward into the assembly of
remedial alternatives.

Public Education Programs: Public education programs could be implemented to
inform the public about any on-going activities that are, or will, be
performed on or near the site. The effectiveness of such programs depends on
the individual community and the perceived dangers involved. Public education
programs are usually used to enhance the effectiveness of other remedial
technologies. These programs are easily implemented and should have the local
communities' support. The cost of public education programs is low. Public
education programs will be carried forward as a potential technology to be
used in the development of remedial alternatives combined with other
institutional actions.

Alternate Water Supply: Residents who live nearby the Fultz Landfill Site and
who use well water from either of the contaminated aquifers would be connected
to the Byesville municipal water supply. Supplying municipal water is an
effective way to eliminate exposure from ingestion of contaminated
groundwater. Because water mains are near the residents most likely to be
affected, connecting them to city water would be easy and relatively
inexpensive. Alternate water supply will be retained in the FS for inclusion
in the remedial alternatives.
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2.6.2.2 Containment

Single Layer Cap: A single layer cap is effective in reducing the

infiltration of surface water into the landfill, as well as subsequent

leachate generation caused by percolation of water through the waste mass. As

long as the cap remained intact, it would be protective of human health by

reducing contaminant migration into the groundwater and surface water;

however, a single layer cap is susceptible to cracking and leakage due to

natural freeze/thaw cycles, settlement and/or soil desiccation. These
environmental conditions have a detrimental effect on the performance of the
cap layer and frequent maintenance is generally necessary. Although the

single layer cap is relatively easy to implement, and fairly low in cost, it

is unreliable and generally possesses poor durability. In addition, a single-

layer cap would not meet ARARs since historical information indicates that

hazardous waste was disposed of at the Fultz Landfill Site. Therefore, the
single-layer cap will be eliminated from further consideration in the FS.

Multi-Layer Cap: A multi-layer cap is described in the screening of

technologies for remediation of soils and solids. The multi-layer cap is

effective in reducing infiltration of precipitation into the waste mass, and

thus reduces the migration of contaminants to groundwater. It also prevents

contamination of surface water from erosion of cover soils. Because multi-
layer caps are thicker and more flexible than single layer caps they are
better able to withstand settlement of the landfill and harsh weather. As a

result they are more protective of human health than single-layer caps. The
materials and technology are readily available, and the conditions at the

Fultz Landfill Site would require only minor regrading of the existing
landfill before capping. Although the cost of a multi-layer cap is much
higher than a single-layer cap, its increased reliability and decreased need

for maintenance make it more advantageous for reducing groundwater
contamination. Therefore, the multi-layer cap will be carried forward in the
development of remedial alternatives.

Slurrv Wall: This technology consists of the construction of a vertical
subsurface soil-bentonite or cement-bentonite barrier of low permeability
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(10~7 to 10"') to minimize groundwater migration above a pre-existing natural
confining layer. The wall is constructed by trenching down to the confining
layer of bedrock or claystone, and keying the excavation into it. Bentonite
slurry is used to fill the trench and maintain the stability of the sidewalls.
Soil is subsequently added to the trench and mixed with the slurry to a form a
permanent vertical barrier. Slurry walls are often used in conjunction with
caps and/or drainage systems to minimize infiltration, control subsurface
drainage, and reduce the off-site migration of contaminants in groundwater.

Slurry walls can be an effective and reliable method to control groundwater
flow. They are easy to implement and are one of the most commonly used
methods to hydraulically isolate sources of contamination. The site is
underlain by a formation of competent rock that will enable a slurry wall to
isolate the waste from Valley A to the north of the landfill. Because the
groundwater migration routes include the coal mine to the south of the
landfill, part of a slurry wall would have to intercept groundwater flowing
through the mine at a depth of over 100 feet from the surface. Slurry walls
have been routinely constructed to this depth with little difficulty; however,
implementation becomes more difficult as depth increases. Additionally, it is
not feasible to construct a slurry wall within mine voids. A slurry wall may
be useful along the northern and eastern sides of the existing landfill to
isolate the waste from the groundwater flowing through Stream Valley A. This
technology will be carried forward in the development of remedial
alternatives.

Grout Curtain: Grouting is the act of pressure-injecting a slurry of cement
or clay into the void space of earth materials to reduce or eliminate their
permeability or to consolidate and strengthen them. Grout curtains can be an
effective method to control groundwater flow and to hydraulically isolate
large sources of contamination.

Unlike slurry walls, it is not necessary to key Into a confining layer with

grout curtains; however, it Is difficult to construct a continuous wall, and
leakage may occur. Because this technology provides no advantages over a
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slurry wall and is less reliable, it will not be carried forward in the
development of remedial alternatives.

Sheet Piles: This technology involves the driving of steel sheet pilings into
the ground to provide a physical barrier to retard groundwater flow. Usually
the piles are driven to bedrock or to a depth at which groundwater does not
readily flow around the pilings. Sheet pilings are effective in controlling
groundwater flow and isolating contamination, but are more suitable for
shallow excavations or where soil deformation can be tolerated because of its
flexibility. Implementation of this technology is limited by depth, type of
soil, and obstructions such as boulders. Similarly to grout curtains, it is
difficult to ensure the integrity of the wall, and leakage may occur around
the joints. At the Fultz Landfill Site, the candidate area for driving the
pilings is comprised of mine spoil and alluvium. Because mine spoil

frequently contains large boulders, installation may be very difficult. The
cost of installation is moderate under ideal conditions, but increases
substantially as depth and difficulty of installation increases. Because
there are other options which are more effective and reliable in the control
of groundwater, this technology will be eliminated from further consideration.

Horizontal Barriers: Horizontal barriers function in a similar manner to
vertical barriers (sheet piles, grout curtains, slurry walls, etc.) in that
they restrict movement of groundwater in the direction perpendicular to the

barrier. Horizontal barriers are much more difficult to install, however.
Properly installed horizontal barriers are effective in preventing the
vertical migration of contaminants. They are moderately expensive to install,
and involve no operating cost, but it is difficult to monitor the integrity of
the barrier. Horizontal barriers are not applicable to the Fultz Landfill
Site because the depth to the bottom of the existing landfill is highly
variable, and there is a low permeability bedrock formation beneath the coal
mine aquifer. Horizontal barriers will, therefore, not be carried forward for
the development of alternatives.

Gradient Controls: Gradient controls consist of a series of extraction and
injection wells that are strategically placed and used to artificially modify
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the groundwater flow gradients in the aquifer. It can also be used to reduce
migration of contaminants by lowering the water table in order to reduce
contact with contaminated soils, and/or to direct clean groundwater around
contaminants. This is an effective technology for controlling the flow
patterns in an aquifer. It is well-developed, reliable, and simple to
implement. The installation cost is moderately low, but application of this
technology would require long-term operations. Gradient controls will be
carried forward in the development of alternatives since it would aid in the
remedial objectives.

Surface Water Controls: Surface water controls such as grading, diversion
channels, sedimentation ponds, silt fences and revegetation reshape surface
contours and establish a vegetative cover to control surface water runoff. By
controlling surface water runoff they also control migration of contaminants
into surface water bodies. They are effective in managing surface water, easy
to implement, and inexpensive when used as support technologies. They will be
carried forward in the development of remedial alternatives.

2.6.2.3 Collection/Extraction

Extraction Wells: An extraction well system consists of either a series of
well points or radial collector wells installed into a strata to remove
contaminated groundwater. This method of removal is generally well-suited for
aquifers with low permeability and high transmissivity. The extraction well
is effective in removing soluble contaminants from an aquifer, but is not
effective in removing hydrophobia, low solubility contaminants such as PCBs.
The extracted water would require treatment and/or disposal. A scheme of
varying flow rates can be used to optimize the removal from a specific zone of
contamination. It is a well developed technology, simple to implement, and
moderate in cost. Since most of the contaminants that have been identified ac
the Fultz Landfill Site are soluble, and the permeability of the shallow
aquifer is moderate, extraction wells would be effective and implementable.
Wells could extract water from the coal mine aquifer, but it would be
difficult to predict the effect of groundwater extraction from this aquifer on

contaminants within the aquifer. Pumping tests performed in a similar aquifer
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to the south of the former Ideal Mine generated a uniform decline in
piezometric head over the entire aquifer. Under these conditions, it is
impossible to predict flow paths within the aquifer or assess the effect of
the extraction wells on contaminant migration within the aquifer. Lowering
the piezometric head within the coal mine aquifer would increase the gradient
between the coal mine aquifer and the shallow aquifer thus promoting the
migration of contaminants to the coal mine. Since there would be no way to
determine if wells in the coal mine aquifer could capture the contaminants,
extraction of groundwater from the coal mine aquifer is inappropriate.
Therefore, extraction wells for the coal mine aquifer will not be carried
forward for the development of remedial alternatives. On the other hand,
extraction wells for the shallow aquifer will be carried forward in the
development of remedial alternatives.

Subsurface Drains: Subsurface drain collection systems consist of perforated
pipes installed in trenches, and backfilled with a permeable media such as
gravel. The water collected by the drains flows by gravity to a wet well and
is then pumped to either a holding tank, a treatment facility, or otherwise
discharged. This type of system is most appropriate for use in formations
with low transmissivity and when flows need to be controlled over a large

area.

Subsurface drains would be an effective method of collecting groundwater and
leachate from the shallow aquifer. The depth and at which subsurface drains
are placed are critical to their effectiveness. Deep subsurface drains,
extending from the surface to the confining stratum beneath the shallow
aquifer, might be used to intercept contaminated groundwater across a
contaminant migration path and collect the water for treatment. Use of deep
subsurface drains at the Fultz Landfill Site to collect groundwater for
treatment presents several problems. The most effective location for the
drains to intercept contaminant migration into the coal mine aquifer would be
under the landfill along the interface between the fill and the in-place coal
of the coal mine aquifer. Installation would require excavation through the
center of the landfill. Installation of subsurface drains would disturb the
landfill, risk the spread of contamination, and would be difficult to
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implement because of the mix of trash, municipal waste, and hazardous waste
within the landfill. It would not be implementable with a multi-layer cap
since deep drain through the landfill would be difficult to monitor and
impossible to repair. If a drain were to fail in one section, preventing
contaminated water from being pumped out, it would serve as a conduit for
contamination instead of a barrier. A subsurface drain extending through mine
spoil and alluvium on the northern side of the landfill to intercept flow is
technically feasible but would collect mostly surface water that would filter
down from Ponds 1, 2, 2A, and 3. For these reasons, deep subsurface drains
are not carried forward for alternative development.

On the other hand, shallow subsurface drains would be ideal for the collection
of leachate and groundwater in the shallow aquifer around the perimeter of a
landfill cap. Leachate collection systems that are installed with landfill
caps exemplify this subsurface drain technology. This type of leachate
collection system would extend a few feet below the bottom of the waste in the
existing landfill to about elevation 795, and would prevent landfill leachace
from flowing into the Stream Valley A aquifer north of the landfill. Shallow
subsurface drains could also be used upgradient of the existing landfill to
divert shallow groundwater from the hill overlooking the landfill to the south
away from the waste area. Excavated to bedrock, and combined with a liner on
the downgradient side, a subsurface drain would provide protection from

groundwater intrusion into the existing landfill.

Shallow subsurface drains are a well developed technology and simple to
implement. The cost of installation is moderate, but since they are passive
collection systems, operation costs are low. Therefore, shallow subsurface
drains will be carried forward in the development of remedial alternatives.

2.6.2.4 Discharge

Treated Discharge to Local POTW: In this technology, the contaminated water
that has been treated in an on-site treatment plant would be discharged to a
local publicly operated treatment works (POTW). Discharge to a local POTW
would be a very simple and effective method of disposing treated water at this
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site since the public sewer line is only half a mile from the site.
Permission from the POTW would be required, and a permit must be obtained. It
is probable that permission will be granted since the contaminated water
extracted from the site must satisfy the POTW pretreatment standards after the
on-site treatment. Because discharge to the POTW would require the
construction of a new sewer line under an interstate highway, and the
Byesville Sewage Treatment Plant is already receiving sewage near its capacity
of 400,000 GPD. This option will not be carried forward.

Treated Discharge to Retnjection Wells: This technology would consist of the
use of newly constructed on-site injection wells to reinject treatment plant
effluent into the shallow aquifer on site. The use of reinjection wells would
be an effective method to dispose of high quality treatment-plant effluent,
using standard well construction technologies. This option is easy to
implement from a technical standpoint but not from an administrative one.
Administratively, it will require compliance with the Underground Injection
Control (UIC) Program. This option will not be carried forward in the
development of remedial technologies since there are other technologies as
effective and more easily implemented.

Treated Discharge to Surface Water: In this technology, treated groundwater
and leachate would be discharged to Wills Creek, to Stream A, or possibly to
the ponds. Discharge into the local surface drainage would be a very simple

and effective method of disposing the treated groundwater and leachate at this
site. The receiving stream(s) are located within close proximity to the site.
It would be easy to implement, but would require the establishment of NPDES
discharge limits from the Ohio Environmental Protection Agency. It will also
require the construction of dedicated discharge pipeline. It is inexpensive
and less difficult to implement from an administrative standpoint than is the
use of reinjection wells. Therefore, it will be carried forward as a
potential technology to be used in the development of remedial alternatives.

Untreated Discharge to Permitted Treatment Facility: Untreated groundwater,
surface water, or leachate collected from the site would be transported by
tankers to a permitted treatment facility. Treating the groundwater at a
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permitted facility would be a highly effective method of treating the
contaminated water from the Fultz Landfill Site, since the facility would, by
definition, be a facility licensed to treat liquid wastes to appropriate
standards. Since there is a facility in Cleveland that would be capable of
receiving the waste from the Fultz Landfill Site off-site disposal would be
easy to implement for small discharges. Manifest tracking documents would be
required when the contaminated water is removed from the site. This
technology would be more difficult to implement if the volume of water
requiring treatment was large enough to result in heavy truck traffic that
would be unacceptable to the community. There are no capital costs associated

with this treatment option. However, the transportation and treatment costs
for implementing this technology would be high. This technology will be
carried forward for inclusion in alternatives where the volume of fluids to b«
treated would be low.

Untreated Discharge to Deep Well Injection: In this technology, the extracttd
groundwater, surface water and leachate would not be treated, but injected
into a deep aquifer at a regulated deep well disposal site. This technology
may be effective in removing the contamination from the site and placing it IT
a zone where it would not likely be accessible for domestic water use.
However, this technology does not follow the CERCLA guidance which favors
technologies that provide a permanent solution through treatment and reduce
the toxicity, mobility, and volume of contamination. Implementation would b«
fairly difficult due to the volume of water required for disposal, number of
trucks required to transport the water, and the distance to a potential sitt
No permitted deep well injection facilities that accept waste from off-site
locations could be identified in the State of Ohio. The technology is
inexpensive to operate once the injection wells are installed, but
administrative difficulties may be encountered. This technology will not be
carried forward as a potential technology since there are other disposal
options which are easier to implement.

Untreated Discharge to Local POTW: In this technology, untreated groundwat«r
surface water, and leachate collected from the site would discharge to a loc*l
POTW. The nearest sewer line is located approximately one-half mile west of
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the site but would require the construction of a new sewer line under an
Interstate highway. Analysis of the groundwater and leachate during the Rl
determined that all inorganic compounds, except iron, were below influent
limitations for the Byesville Sewage Treatment Plant. Limitations on
discharge of organic compounds could not be provided by the plant manager. At
present, however, the Byesville Sewage Treatment Plant is already receiving

sewage near its capacity of 400,000 GPD. For this reason, discharge to the
POTW will not be carried forward for alternative development.

2.6.2.5 Treatment

Air/Steam Stripping: In this technology, large volumes of air are mixed with
contaminated water in either a packed tower system or basin arrangement
system, or steam is injected to promote transfer of volatile organic compound*
from the liquid phase to the gas phase. It is effective in removing VOCs and
semi-VOCs from aqueous wastes where the organic concentration is less than on*
percent. It is not effective in removing low VOCs (Henry's law constant
< 10*3) , highly soluble compounds, metals, or inorganic. Treated waste water

would require further treatment if non-VOCs and metals are present. If not
removed by pretreatment, metals and carbonates may precipitate out and reduce
the packing efficiency of the tower by channelling. Monitoring and treatment
of air emissions (ie, vapor phase carbon or catalytic converter) may be
necessary, and enclosures may be required. Residuals produced from the
stripping process would consist of collected particulates which would have to

go to a RCRA facility. This technology is commercially available,
inexpensive, and easy to implement and operate. It will be carried forward at
a support technology for the development of remedial alternatives.

Carbon Adsorption: In this technology, soluble molecules are removed from
solution as they pass through a bed of activated carbon and bond onto the
carbon surface. The activated carbon selectively adsorbs the contaminants by
a surface attraction process in which molecules are attracted to the internal
pores of the carbon granules. The contaminated stream is forced through the

carbon using either pressurized tanks or gravity tanks.
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Carbon adsorption is effective in removing organic liquids with metals or
nitrogen, chelated metals, and VOCs from aqueous or gaseous wastes. However,

the adsorption capacity is limited for low molecular weight compounds,
compounds with high polarities and/or high solubility, and certain mixtures of
organics. Vaste streams with high suspended solids, soluble inorganic, or
unassociated metals require pretreatment. Spent carbon and a small amount of
sludge produced must be treated/recycled or disposed. This technology is
commercially available, easy to implement, and requires periodic monitoring of
effluent. The capital cost is low, but the operating costs may be moderate,
depending on the type and concentration of contaminants in the input stream.
Since it applies to the remedial objectives, it will be carried forward in the
development of alternatives.

Reverse Osmosis: In this technology, solutes are separated from liquids when
a pressure greater than the osmotic pressure of the system (approximately 300
- 1000 psi) is applied and forces the liquid through a semi-permeable membrane
which functions by selectively rejecting contaminants based on pore size, ion
valence, or co-precipitation.

It is effective in removing PCB's, chlorinated organics, insecticides and
herbicides in groundwater, water high in BOD, and organic and inorganic

leachates. This process is limited by temperature and pH of solution,
pressure of the system, and chemical/physical structure of the membrane. The
membrane is susceptible to plugging due to the presence of suspended solids,
and oils, and to deterioration/destruction due to chemical reactions;
therefore, pretreatment and prechlorination may be required. Further
treatment of the waste stream is usually necessary, because a concentrated
output waste stream equivalent to 10-20X of the feed volume is produced.
Therefore, this technology is best used to polish low flow streams containing
highly toxic contaminants. It is commercially available, and moderate in
cost, but moderately difficult to implement even though the unit itself is
easy to operate. This technology will not be carried forward in the
development of alternatives since there are other options that would be more
effective and easier to implement.
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Molecular Steves: In this treatment technology, contaminated water is passed
over synthetically-produced anhydrous metal-alumina-silicates, and the soluble
molecules in the water bond onto the surface of the activated aluminosilicate.
This technology is effective for waste streams of an almost homogeneous nature
because of the precise size and molecular dimensions of the sieve; therefore,
it is not applicable for treatment of heterogeneous waste streams. It
requires the utilization of numerous waste-specific molecular sieves, and as a
result would be fairly expensive for the Fultz Landfill Site. It is not a
widely used technology and is difficult to implement. This technology will be
eliminated from further consideration, because it would not be effective for
the heterogeneous waste to be treated from the Fultz Landfill Site.

Filtration: With this treatment technology, suspended solids are removed from
a fluid by passing the fluid through a bed of granular material such as sand
or a combination of sand and carbon. An underdrain system allows the filtered
water to be drawn off while leaving the granular material in place. It is
effective in removing suspended solids and particulate-borne contaminants.
Spent material may require treatment and disposal. Filtration is often used
as a pretreatment process or in conjunction with other treatment processes
such as precipitation to remove suspended solids. Sampling during Phase II of
the RI indicated that surface water and shallow groundwater at the Fultz
Landfill Site contains a significant level of suspended solids. The risks
associated with the contaminants are not reduced, however, and further

treatment would be required. This technology is commercially available,
inexpensive and easy to implement and operate. Hence, it will be carried
forward as a support technology in the development of a remedial alternative.

Ion Exchange: In this technology, dissolved cations and anions in dilute
aqueous waste can be removed from solution by electrostatically attaching to a
solid resin material. This process yields a large volume of purified product
(water) and a small volume of solution (spent regenerant) containing a high
concentration of the extracted species. It is effective in removing all

metallic anions and cations, inorganic anions, and organic acids and bases,
but only for dilute concentrations. By placing cationic and anionic exchange
columns in series, both types of dissolved ions can be effectively removed.
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The resins are able to withstand a wide range of temperatures and pH, and
capable of selecting for a specific ion. The resin bed is susceptible to
clogging if high suspended solids or iron/manganese precipitants are present
in the waste stream, therefore, pretreatment may be required. Oxidants in the
waste stream should be avoided because they foul the system. It is

recommended to perform a treatability test on the aqueous waste. Spent resin
and concentrated toxic backwash stream produced require further treatment and
disposal. This technology is commercially available and easy to implement.
It can be operated manually or automatically; however, it requires a skilled
operator to operate it manually. This technology will be eliminated from
further consideration because there are other treatment processes that are
more applicable for the type of waste.

Precipitation: This technology is a process by which the chemical equilibrium
of a waste stream is altered to reduce the solubility of dissolved inorganic
compounds. The process involves the addition of a coagulant or the alteration
of the solution's temperature to decrease the solubility, mechanical mixing to
aid in the precipitation, and time to allow the large particles to settle as
sludge to be removed. It is effective for detoxifying aqueous solutions
containing metals and suspended solids, but is not effective for organic
compounds that may interfere in precipitation. Cyanide ions and other ions
may also interfere in precipitation. The sludge produced will require further
treatment prior to disposal. Treatability testing is recommended to determine
appropriate coagulants and dosage. This process is commercially available,
inexpensive and easy to implement. Hence, this technology will be carried
forward in the development of remedial alternatives.

Neutralization: This process involves the addition of an acid or base to
adjust the pH of a contaminated solution. Neutralization can be used as a
final waste treatment process, or as a pretreatment process to prepare a waste
stream for further treatment. Neutralization is used in many commercial
applications and has a wide range of applicability to waste treatment. It is

effective in treating organic and inorganic waste streams and spent
acid/alkali wastes. The required dosage is affected by the buffer capacity
and the waste concentration. Wastes with a pH between 4 and 9 may not be
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effectively treated. Toxic gases may be produced and complex compounds may
not be effectively removed. Depending on the waste characterization, a sludge
may be produced that will require further treatment prior to disposal. This
technology is commercially available, inexpensive and easy to implement. Used
alone neutralization may not be an effective technology, but could be used
effectively in combination with other treatment technologies and, therefore,
will be carried forward as a support technology in the development of remedial
alternatives.

Oxidation/Reduction: This process Involves a chemical transformation of
contaminants by the addition of an oxidizing or reducing agent which raises or
lowers the oxidation state of the contaminants while the agent is reduced or
oxidized. It Is effective in reducing the toxicity of many organics and
metals, but is limited by the presence of a wide range of contaminants and of

high organic concentrations. The treatment process usually requires pH
adjustment of the waste stream, followed by oxidizing agent addition, mixing,
and some type of settling or precipitation procedure. This technology is
commercially available, inexpensive and easy to implement. Used alone
oxidation/reduction may not be an effective technology, but could be used
effectively in combination with other treatment technologies and, therefore,
will be carried forward as a support technology in the development of remedial
alternatives.

Ultraviolet Photolysis: With this treatment technology, the chemical bonds of
an organic contaminant are broken using a combination of ultraviolet light and
hydrogen peroxide. Ultraviolet light sources would include sunlight,
florescent laaps, or mercury arcs. UV photolysis is effective in treating
water contaminated with VOCs and chlorinated organic compounds without
resulting in air emissions or generation of hazardous waste, when combined
with hydrogen peroxide, ultraviolet photolysis significantly enhances chemical
degradation rates for certain organic compounds; however, it is moderately
expensive and not geared towards large scale groundwater treatment. This
process will not be retained for further consideration since there are other
options that are as effective and widely used.
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Biological Treatment: This technology utilizes micro-organisms to biodegrade
specific organic contaminants under aerobic (presence of oxygen) or anaerobic
(absence of oxygen) conditions. Biological treatment is effective in treating
many non-halogenated organics and capable of removing low levels of heavy

metals. It can be effective in treating pesticide, herbicides, halogenated
hydrocarbons and solvents with the addition of activated carbon. The micro-
organisms are adaptable to the contaminants and the ease at which
biodegradation occurs is contaminant-specific. The micro-organisms perform at
an optimal pH (7) and temperature (50-60 F) and require proper nutrients,
therefore, this process requires frequent monitoring and maintenance. This
treatment process can be more effective if combined with another technologies
such as precipitation and filtration. The reliability of this process can be
adversely affected by "shock" loads of contaminants, by start-up, and by
detention time. Depending on the waste characterization, the sludge produced
may require further treatment prior to disposal. It is commercially
available, but is moderately expensive and moderately difficult to implement.
This process option will be eliminated from further consideration, because the
expected biological oxygen demand (BOD) of the combined groundwater and
leachate that would be treated may be too low, and there are other options as
effective.
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3.0 DEVELOPMENT AND SCREENING OF REMEDIAL ALTERNATIVES

3.1 INTRODUCTION

In this section, potential remedial alternatives are developed using the
remedial technologies that passed the technology screening in Section 2 (see
Figures 2-3 and 2-4). Surviving technologies that would be used to implement
these response actions are summarized in Table 3-1. Many of the surviving
technologies are feasible at the Fultz Landfill Site for limited applications
or as support technologies. Applications for each technology are also
presented in Table 3-1. Easily implemented actions such as site fencing, d««d
restrictions, public information programs, and institutional actions are
combined under the general title "Institutional Controls."

Most of the technologies that survived screening address both the solid and
water operable units. Because of this, the distinction between solids and
waters will not be used in the development of alternatives. Rather, the
remaining technologies are grouped into alternatives that would remediate th«
site as a whole.

The alternative development process is governed by regulatory and published
guidance, as well as by site specific characteristics. A discussion of
alternative development criteria and guidelines is presented in Section 3.2,
the development of alternative is presented in Section 3.3, and alternative
screening is presented in Section 3.4.

3.2 REMEDIAL ALTERNATIVE DEVELOPMENT CRITERIA

Development of alternatives must conform to requirements identified in CERCLA.
as amended, and to the extent possible, the National Contingency Plan (NCP).
Section 300.68 of the NCP specifically refers to ARARs in the Development of
Alternatives. CERCLA Section 121(d) requires that Superfund remedial action*
attain ARARs or other Federal statutes. Superfund remedial actions must also
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TABLE 3-1
SURVIVING TECHNOLOGIES AND APPLICATIONS

FULTZ LANDFILL SITE
FEASIBILITY STUDY REPORT

IBJHIMJOCT rvticEss opna> AFrUCAnOsT/LDOTAnan

LANDFILL SOLIDS, SEDIMENTS, AND SOILS

Honitorinc

Institutional.
Controls

Capping

Surface Controls

Structural Supports

Excavation

Landfill

Monitoring

Institutional
Controls

Alternate Water
Supply

Vertical Barriers

Gradient Controls

Extraction Wells

Subsurface Drains

Treat and Discharge

Water Treatment
Technologies

Direct Discharge

Leachate, Air,
Sediments

All

Multi-layer Cap

Grading and
Revegetation

Sediment and Erosion
Controls

Mine Flushing

Grout Pillars

On-site Subtitle D Type

GROUNDWATE8

Air, Surface Water,
Groundwatar, Leachate,
Sediment

All

City Water

Slurry Wall

Surface Water Discharge

See Section 3.4.4.3

Permitted Treatment
Facility

Combine with other actions.

Combine with other actions.

Used to close the existing landfill. The minimum attainable
slope would be 5.51

Use in the implementation of alternatives with a cap and oa-
site landfill.

Required for construction of cap and on-site landfill.

Use with capping options.

Use with capping options.

Use in the construction of an on-site landfill, and in the
relocation of pond sediments.

Relocate wastes to a lined landfill on the eastern end of •-.*•
site.

. SURFACE WATER, AND LEACHATE

Combine with other actions.

Combine with other actions.

Combine with other actions.

Use for groundwater diversion only.

Would result from operation of extraction wells, or the
construction of s slurry wall.

To intercept groundwater driven contaminant migration in
conjunction with other actions.

Used as elements in cap and/or on-site landfill to divert
groundwater and collect leachate.

Discharge after Treatment

Used to treat leachate, groundwater, etc. as part of other
options.

Disposal of untreated landfill leachate at a permitted
facility.
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attain state requirements that are more stringent than Federal requirements to
the extent they are also applicable or relevant and appropriate and are
identified to EPA in a timely manner.

CERCLA, Section 121(b) identifies the following statutory preferences when
developing and evaluating remedial alternatives:

• Remedial actions that involve treatments that permanently and
significantly reduce the volume, toxicity, or mobility of the
contaminants or hazardous substances are preferred over remedial actions
not involving such treatment.

• Off-site transport and disposal of hazardous substances or contaminated
materials without treatment is considered the least-favored remedial
action when practical treatment technologies are available.

• Remedial actions using permanent solutions, alternative treatment
technologies, or resource recovery technologies shall be assessed.

Considering CERCLA statutory preferences and site-specific response
objectives, remedial alternatives developed herein are designed to meet the
following criteria to the maximum extent practicable:

• The remedial alternative is protective of human health and the
environment.

• The remedial alternative attains chemical-specific ARARs and can be
implemented in a fashion consistent with location-and action-specific
ARARs.

• The remedial alternative reduces the volume, toxicity, or mobility of
site contaminants.

• The remedial alternative uses permanent solutions and alternative
treatment technologies to the maximum extent practicable.

• The alternatives developed are capable of achieving a remedy in a
cost-effective manner.

OSWER Directive 9355.3-01, "Guidance for Conducting RI/FS Under CERCLA,"
Interim Final, October, 1988, indicates that a range of source control
alternatives should be developed that include:
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A no-action alternative

• One or more alternatives that utilize containment with little or
no treatment, but protect human health and the environment by
preventing exposure.

• A number of treatment alternatives that range from one that would
eliminate, to the extent possible, the need for long-term site
management, to one which uses treatment as a principal component
to mitigate major threats at the site.

Relative to management of migration alternatives for groundwater, OSUER
Directive 9283.1-2, "Guidance on Remedial Actions for Contaminated Groundwater
at Superfund Site," December, 1988, indicates that . . .

"Several types of remedial action alternatives that span a range
of technologies and restoration time frames should be developed
early in the FS process. Potential response approaches include
the following:

• An active restoration alternative that reduces contaminant
levels to required cleanup levels in the minimal time
feasible

• Additional active restoration alternative that achieve
cleanup levels over longer time frames

• A plume containment alternative that prevents expansion of
the plume

• A natural attenuation alternative that includes
institutional controls and monitoring

• An alternative involving wellhead treatment or provision
of an alternative water supply and institutional controls
when active restoration is not practicable."

3.3 DEVELOPMENT OP ALTERNATIVES

In developing remedial alternatives, consideration has been given to the
guidance presented in Section 3.2, the remedial action objectives presented in
Section 2.3, and the limitations caused by the physical conditions at the
Fultz Landfill Site. Significant site conditions such as the complicated
contaminant migration routes, the former underground mine under most of the

site, the need to minimize impacts on the potential wetlands in Stream Valley
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A, and the infeasibility of treating landfill solids severely limit the range
of alternatives that can be developed. Another limitation on the development
of alternatives is the lack of options that would vary aquifer restoration

times. This is because the only feasible technology to attempt aquifer

restoration would be a series of extraction wells to intercept one or more of
the migration paths and extract groundwater from the shallow aquifer for
treatment. Since the source material would remain in place, there is little
that can be done to vary the cleanup time of the shallow aquifer. One

alternative includes groundwater extraction and treatment. As previously
discussed, alternatives that entail treatment of the contaminated source
material have not been developed, as they have been determined to be not

feasible. Source containment is also limited to capping the existing

landfill, with or without restricting the flow of groundwater underneath the

landfill.

The alternatives developed from combining the technologies and process options

that survived screening steps, considering prior discussions as well, are as
follows:

Alternative No. 1:
Alternative No. 2:

Alternative No. 3:
Alternative No. 4:

Alternative No. 5:

Alternative No. 6:
Alternative No. 7:
Alternative No. 8:

Alternative No. 9:

Alternative No. 10:

No Action
Institutional Controls and Monitoring

Multi-layer Cap
Multi-layer Cap with Groundwater Extraction and

Treatment

On-site RCRA Landfill

Multi-layer Cap with Subsurface Barrier

Groundwater Extraction (without cap)
Cap with Upgrade of the Byesville Water

Treatment Plant.
On-site Landfill with Groundwater Extraction

Coal mine aquifer cut-off barrier.

F-*2-F 3-5



Public Comment Feasibility Study
Fultz Landfill Site

June 1991

The remedial action objectives are summarized as follows:

1. Reduce risks to human health associated with the present use
of contaminated groundwater from either the shallow or coal
mine aquifers.

2. Reduce risks to human health associated with the inhalation of
airborne contaminants from the landfill area.

3. Reduce risks to human health associated with the future use of
groundwater from either the shallow or the deep aquifer.

4. Reduce risks to the environment associated with excessive
manganese and aluminum concentrations in the on-site surface
waters.

3.3.1 ALTERNATIVE 1: NO ACTION

The site will be left as is without taking any steps to reduce the risks of
exposure to contamination. The risks were defined in detail in the public
health risk assessment in Phase II of the RI.

3.3.2 ALTERNATIVE 2: INSTITUTIONAL ACTIONS AND MONITORING

This alternative attempts to meet the remedial action objectives 1, 2, and 4
by restricting access to the site thereby preventing human exposure. Remedial
action objective 4 is addressed also by restrictions on future use of the site
for water supplies and habitation.

The components of Alternative 2 are as follows:

• Institutional Controls
• Sita Fence
• Alternate Water Supply
• Monitoring

3.3.2.1 Institutional Controls

Institutional controls will be implemented to reduce exposure to site
contaminants by legally restricting access to the site. These will include
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deed restrictions on land and water use, a public information program to
advise nearby residents of the nature of the problem at the site, zoning
ordinances that will forbid future uses of the site that will expose humans to
contamination, and local ordinances restricting the drilling of wells and the
use of groundwater and surface water. The intent of these restrictions will
be two-fold: first, to eliminate groundwater usage as a potential exposure
route, and second, to restrict future on-site voluntary activities, such as
excavation, that would result in increased exposure to contaminants. Deed
restrictions will be enforced at the local level, perhaps by local officials
or the local municipal authority. The extent of the restrictions will be
determined by the results of the monitoring program outlined below. The
public education program will serve to increase public awareness of the
hazards associated with the contaminated landfill solids and soils and
groundwater from the site. This program will be designed by the U.S. EPA or

the State of Ohio, in cooperation with the local governing authorities.
Potential components of the public education program could include
presentations at public meetings, mailing information to individual residents,
and meeting with the local authorities who will be implementing the deed
restriction program and land use ordinances.

3.3.2.2 Site Fence

Prior to the commencement of any work on the Fultz Landfill Site and
immediately following initial mobilization, an equipment staging/site
admittance area will be constructed. A 6-foot high chain-link fence
approximately 10,000 feet in length, as shown in Figure 3-1, will be installed
around the entire Fultz Landfill Site to restrict access and reduce direct
exposure to surface contamination. The fence will be topped with barbed wire
and equipped with warning signs posted at 100-foot intervals along the fence.
Periodic inspection and maintenance of the fence will also be required.
Locked gates will be installed to permit controlled access to the site for
monitoring and maintenance.

F-42-F 3-7



SEWAGE
TREATMENT
PLANT
(POTW)

LEGEND :

COAL IN PLACE

ABANDON
DEEP MINES

FORMER
STRIP MINES

3 8

—— —— ESTIMATED LANDFILL AREA

—— X—— SITE FENCE

• EXISTING SHALLOW AQUIFER
MONITORING LOCATION

O EXISTING DFEP MINE AQUIFER
MONITORING LOCATION

3 EXISTING BEDROCK
MONITORING LOCATION

0 NEW SHALLOW AQUIFER
MONITORING LOCATION

NEW DEEP AQUIFER
MONITORING LOCATION

SURFACE WATER/SEDIMENT
SAMPLING LOCATION

g) AMBIENT AIR SAMPLING
LOCATION

A LEACHATE SAMPLING LOCATION

. _. . _ .TD
0 400 «00

FIGURE 3-1
ALTERNATIVE 2
INSTITUTIONAL ACTIONS
AND MONITORING
mirz LANDFIU sire.
F[»SIHIUrr STUDY REPORT



Public Comment Feasibility Study
Fultz Landfill Site

June 1991

3.3.2.3 Alternate Water Supply

A water supply inventory will be conducted to identify all residential wells
that are downgradient and within a one-mile radius of the Fultz Landfill Site.

The depth of each well will be ascertained to determine if it is screened in
one of the potentially contaminated aquifers. A sample will be taken from
each well and analyzed using analytical methods appropriate to characterize
water intended for drinking for the full CLP Target Compounds List for organic

contaminants (TCL) and the Target Analyte List for inorganic contaminants
(TAL). Residences with wells that are found to present an unacceptable risk
will be connected to the municipal water supply. The number of wells that

will be sampled will also be identified during the water supply inventory.
Phase I of the RI estimated that there are 100 drinking-water wells within a
one-mile radius of the Fultz Landfill Site. For the purpose of estimating th«

cost of this remedial action, it is assumed that 50 residential wells will b«
sampled, and one-half of these will need to be connected to the municipal
water supply.

3.3.2.4 Monitoring

Long-term monitoring of air, surface water, leachate, groundwater, and
sediments will be performed in accordance with Ohio Administrative Code 3745-
54-90 through 99 and other applicable regulations for a minimum of 30 years Co
evaluate the migration of contaminants from the landfill and to monitor the
effects of natural attenuation. Potential sampling locations are presented on
Figure 3-1. The actual monitoring plan will be determined during remedial

design. One possible monitoring plan could be as follows:

Ambient air monitoring will be performed quarterly at a minimum. Four samples
obtained from the vicinity of the landfill (1 upwind and 3 downwind) will be

analyzed for volatile contaminants.

This monitoring will be performed in an effort to identify any increases in
the levels of volatile organic compounds in the ambient air over time.
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Combustible gas monitoring must also be performed in accordance with existing
regulations (Ohio Administrative Code 3745-27-12).

Quarterly monitoring of surface water and sediment will be performed at 2
locations in Wills Creek, two locations in Stream B, and one location in each
of Ponds 1, 2, 3, and 6. Chemical analysis will consist of the full Target
Compounds List for organic contaminants (TCL) and Target Analyte List for
inorganic contaminants (TAL). The purpose of this sampling and analysis will
be to monitor the levels of various contaminants in Valley A, Valley B, and
Wills Creek resulting from the discharge of the shallow and coal mine
aquifers, or leachate from the landfill, to the ponds or streams.

Quarterly sampling of leachate at 8 locations will be performed as well. The
purpose of these samples will be to monitor any changes in the level of
contamination in the leachate over time. Leachate will be analyzed for the
same parameters as surface water/sediment.

For groundwater monitoring, existing regulations (Ohio Administrative Code
3745-27-10 and Ohio Administrative Code 3745-65-91) call for a minimum of or*
upgradient well and three downgradient wells. Because of the size and
complexity of the Fultz Landfill Site, additional monitoring should be
performed. Details of typical monitoring wells are presented in Figure 3-2.
One potential groundwater monitoring plan would be as follows:

Shallow Aquifer: 10 points (8 existing wells, 2 new)
Coal mine Aquifer: 9 points (6 existing wells, 3 new)

Two new wells in the shallow aquifer will be needed to fill a data gap that
exists dovngradient of the existing landfill to the west. The wells will be
installed at depths similar to MS and M6. Three new coal mine aquifer wells
will be needed downgradient of the existing landfill to the southeast to
supplement GW005 and GU006 in detecting possible migration of contaminants
towards the Byesville municipal well. One of the new coal mine aquifer wellt
will be installed southeast of the existing landfill in an area where the mine
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is constricted because contamination that might not be detected in other wells
would be more likely to be dictated in this area.

Groundwater sampling will be performed semi-annually at a minimum. The above-
referenced monitoring program should be sufficient to monitor contaminant
migration both horizontally and vertically. Chemical analysis will consist of
the full TCL and TAL. Five-year reviews will be instituted in order to re-
evaluate the site conditions on a periodic basis. The reviews will include a
detailed analysis of the long-term monitoring data, a temporal and spatial
evaluation of contaminant migration and attenuation in various media, an
assessment of current residual health risks, an evaluation of the
effectiveness of the institutional controls, response to public comments or
complaints received during the five-year period, and an evaluation of what
additional remedial measures, if any, should be implemented based on the
reviewed site conditions.

3.3.3 ALTERNATIVE 3: MULTI-LAYER RCRA CAP

Closure of the existing landfill will be performed by installation of a cap,
gas venting system, and leachate collection system. The cap will meet the
remedial action objectives 1, 3, and 4 by reducing the migration of
contamination from the landfill into the shallow and coal mine aquifers and
the production of leachate. A cap will meet remedial action objective 2 by
preventing exposure through direct inhalation of airborne contamination. The
cap will be designed to meet Ohio landfill closure requirements. A plan view
of the location of the major components of Alternative 3 is presented in
Figure 3-3.

The components of Alternative 3 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Subsurface Structural Supports
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• Surface Water and Sediment Controls
• Multi-layer Cap
• Leachate Collection System
• Wetlands Replacement

3.3.3.1 Institutional Controls. Site Fence and Alternate Water Supply

Items 3.3.2.1 through 3.3.2.3 of Alternative 2 will be performed.

3.3.3.2 Monitoring

Because the landfill will be capped with this alternative, and the leachate
collected for off-site disposal, no leachate samples will be collected for
analysis. Long-term monitoring of surface water, groundwater, combustible
gas, and sediments will be performed in accordance with Ohio Administrative
Code 3745-54-90 through 99 and other applicable regulations for a minimum of
30 years to evaluate the migration of contaminants from the landfill and to
monitor the effects of natural attenuation.

Semi-annual monitoring of surface water and sediment will be performed in a
total of 8 locations, namely, at 2 locations in Wills Creek, two locations in
Stream B, one each in Ponds 1 and 6, and two locations in the diversion
channel between ponds 1 and 6. Chemical analysis will consist of the full TCL
and TAL. The purpose of this sampling and analysis would be to monitor the
levels of various contaminants in Valley A, Valley B, and Wills Creek
resulting from the discharge of the shallow and coal mine aquifers, or
leachate from the landfill, to the ponds or streams.

For groundwater monitoring, existing regulations (Ohio Administrative Code
3745-27-10 and Ohio Administrative Code 3745-65-91) call for a minimum of on*
upgradient well and three downgradient wells. Because of the size and
complexity of the Fultz Landfill Site, additional monitoring should be
performed. One potential groundwater monitoring plan is as follows:

Shallow Aquifer: 10 points (8 existing wells, 2 new)
Coal mine Aquifer: 9 points (6 existing wells, 3 new)
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Two new wells in the shallow aquifer will be needed to fill a data gap that
exists downgradient of the existing landfill to the west. The wells will be
installed at depths similar to MS and M6. Three new coal mine aquifer wells
will be needed downgradient of the existing landfill to the southeast to
supplement GUOOS and GV006 in detecting possible nigration of contaminants
towards the Byesville municipal well. One of the new coal mine aquifer wells
will be installed southeast of the existing landfill in an area where the mine
is thought to be constricted because contamination that night not show up in
other wells would be more likely to show up in this area.

Groundwater sampling will be performed on a semi-annual basis at a minimum.
The above monitoring program should be sufficient to monitor contaminant
migration both horizontally and vertically. Chemical analysis will consist of
the full TCL and TAL.

Five-year reviews will be Instituted in order to re-evaluate the site
conditions on a periodic basis. The reviews will include a detailed analysis
of the long-term monitoring data, a temporal and spatial evaluation of
contaminant migration in various media and the extent of natural attenuation,
and an assessment of residual health risks. The review will also include an
evaluation of the effectiveness of the institutional controls, responses to
public comments or complaints received during the five-year period, and an
evaluation of what additional remedial measures, if any, should be implemented
based on the reviewed site conditions.

3.3.3.3 Subsurface Structural Supports

Subsurface support will be provided for the mine voids under the landfill to
prevent damage of the cap by subsequent mine subsidence and to reduce the
potential for bedrock fracturing between the landfill and the coal mine
aquifer. There are two standard approaches to providing subsidence supports,
namely, grout pillars and mine flushing.

The grout-pillar approach provides roof support by drilling into a mine cavity
and installing wide pillars made of material similar to concrete. The pillars
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are installed so that they achieve a minimum contact area (generally six feet
in diameter) with the roof of the mine. The pillars are built up in layers to
prevent the concrete from slumping away. In areas where the mine is flooded,
special admixtures are added to the mix to compensate for the water in the
mine.

Mine flushing attempts to fill entire mine voids with a lower cost mixture,
usually consisting of fly ash, cement, sand, and water. Sometimes coarser
aggregate is used in sloping or flooded mines. The mix is pumped down a
borehole into the mine with a large quantity of water. As the mix flows
through the mined-out rooms, the solids settle out of the mix and the water
flows through. After a time the solids build up from the mine floor to the
roof providing support.

Grout pillars use a small volume of relatively costly material and rely on
good design and placement to achieve the desired support of the mine roof.
Mine flushing uses large quantities of less costly materials but the design
and placement of the borings are less important. In the case of the Fultz
Landfill Site, the cost of grout pillars would be about half the cost of mine
flushing for the same area. For the purpose of the feasibility study, mine
flushing has been selected as the representative process option because the
design less complicated and the technology is more reliable. A cost estimate
for the installation of grout pillars is included as an optional element.
Mine flushing appears to fall under the Underground Injection Control (UIC)
Program (40 CFR 144). The full impact of UIC restrictions will be determined
during remedial design. At a minimum, mine flushing materials would require
testing to assure that the operation would have no detrimental impact on the
coal mine aquifer as a source of drinking water.

3.3.3.4 Surface Water and Sediment Controls

Part of Stream Valley A northeast of the existing landfill will be regraded to
eliminate standing surface water, and divert runoff away from the landfill.
This will include filling in Ponds 2, 2A, and 3 and constructing a clean water
diversion channel in the approximate location of Stream A from the western end
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of Pond 1 to the culvert downstream of Pond 6 to divert runoff away froa the
landfill. In order to provide sediment control for earth disturbances
resulting froa capping the landfill, a sediment control pond will be
constructed in an area to the northwest of Pond 6. The size of the sediment
pond at maximum pool level will be equal to or greater than the combined area
of Ponds 2, 2A, and 3. A sediment control ditch will be constructed at the
base of the existing landfill to channel runoff from the landfill to the
sediment control pond. The northern part of Valley A along the border of the
existing landfill will be filled and graded to elevation 820 feet MSL to
remove standing surface water from that part of the valley. Ponds 2, 2A, and
3 will be breached and filled in to avoid interference with the leachate
collection system. The outlet elevation of Pond 1 will be reduced from
elevation 814 feet MSL to elevation 808 feet MSL for the same purpose. This
will cause an estimated 20Z reduction in the size of the pond, while
significantly reducing the potential for groundwater flow from Pond 1 to the
leachate collection system.

3.3.3.5 Multi-laver Can

A berm will be constructed of compacted clay along the northern side of the
landfill to bring the toe of the cap up to elevation 835 feet MSL and reduce
the overall slope of the cap to about 5-1/2X. Following the construction of
the containment berm, a multi-layer cap will be installed over the entire
landfill. A detail schematic of the multi-layer cap is presented in
Figure 3-4. Cap layers will include (from the bottom up):

• Random earth fill required in places to grade off the existing landfill
and establish an even slope of 5-1/2X;

• A synthetic drainage layer for gas collection with filter fabric above
and below;

• A 24-inch thick compacted clay layer (10~7 cm/s permeability);
• A 40-mil HOPE synthetic liner;
• A synthetic drainage layer for infiltration with filter fabric above;
• A 30-inch thick random earth fill;
• A 6-inch thick topsoil layer.
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Since the existing landfill is constructed on a series of benches on the side

of a hill, it must be protected from infiltration by groundwater and surface-
water run-off from the hill above. Extending the cap to the crest of the hill
would require a very large quantity of fill on the southern side of the

landfill to bring it up to grade. When finished, the slope of the cap would

exceed 122 from the top of the hill to Stream Valley A, and the size of the
cap would be about 15Z larger than the area of the existing landfill.

Construction would require the relocation of one local resident. For these
reasons, it is preferable to use surface and subsurface diversion drains at
the top of the landfill to collect and divert any water which might flow
towards the landfill.

The subsurface drain will consist of a channel excavated to bedrock, with an
HOPE liner on the downgradient side filled with crushed rock or gravel. A
perforated collection pipe will be embedded in the gravel at a slope that will
allow the groundwater to drain freely around the landfill into Pond 1 on the

eastern side and Stream A on the western side. The uppermost two feet will b«

backfilled with earth and topsoil over a layer of filter fabric. The surface
water diversion will consist of a grouted rip-rap lined channel along the base

of the hill overlooking the landfill. Grouted rip-rap will be needed because

of the steep slopes leading away from the landfill. The channel will be sized
to carry at least a 100-year 24-hour storm with adequate freeboard to prevent
over-topping. Figure 3-5 shows details for both the subsurface and surface
water diversions.

3.3.3.6 Leachate Collection System

The quantity of leachate that will be produced by the landfill once it is
capped was estimated using the U.S.G.S. HELP model. The current rate of
infiltration predicted by the HELP model is 4.2 inches per year or about 4.88

gallons per minute (GPM). This prediction corresponds well with the field
estimates of the volume of seeps from the landfill as 2 to 4 GPM. After

capping, the steady-state infiltration is predicted to be 0.02 inches per year
or 0.02 GPM. Observations of the leachate seeping out of the landfill during

the remedial investigation indicate that the moisture in the landfill may be
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much higher than under steady state capped conditions. This means that the
existing landfill may continue to drain for many years after it is capped.
Therefore, the HELP model was run for the capped landfill starting with
Initial moisture conditions matching the final conditions of the existing
landfill model. Running the model over a 25-year period indicated that
moisture will continue to flow out of the landfill for more than 25 years at
rates that range from 1.13 GPM over the first five years declining to 0.32 GPM
for the final 5 years. The 30 year average flow is predicted to be 0.68 GPM.
For the purpose of designing a treatment system or estimating disposal costs,
a conservative maximum flow of 2 GPM will be assumed. This conservative rate
makes allowance for some additional infiltration that might occur from Pond 1
and/or the shallow aquifer in Stream Valley A under high flow conditions.

A leachate collection system will be installed along the northern side of the
landfill to intercept groundwater leaving the landfill. It will consist of a
subdrain similar to the upgradlent groundwater diversion drain extending below
the lowest elevation of landfill waste or about elevation 795 feet MSL. The
rock drain will be sloped to a central sump from which the accumulated
leachate can be pumped for off-site treatment or disposal (Figure 3-3).

3.3.3.7 Wetlands Replacement

During the design and construction of Alternative 3, every effort will be made
to minimize the disturbance of areas identified as wetlands. When the
destruction of wetland environment is anticipated from proposed remedial
activities a study will be performed to delineate the extent of wetlands and
develop a plan for remediation. At a minimum, the wetlands replacement plan
would Include replacement or restoration of the ponds and surrounding habitat.
Upon completion of construction, the clean water diversion channel will be re-
routed into the sediment pond, and the base water level of the sediment pond
will be raised to provide pond surface area equal to the area lost by the
elimination of Ponds 2, 2A, 3 and the lowering of the pool level of Pond 1.

3-21



Public Comment Feasibility Study
Fultz Landfill Sit*

June 1991

3.3.4 ALTERNATIVE 4: MULTI-LAYER CAP., GROUNDWATER EXTRACTION AND ON-SITE
TREATMENT

This alternative will attempt to meet the remedial action objectives in the
same way as Alternative 3, with the added advantage that contaminated
groundwater will be removed from the shallow aquifer and treated. The
groundwater extraction and treatment system attempts to improve the
effectiveness of Alternative 3 by directly intercepting a groundwater
contaminant migration route and removing leachate directly from the existing
landfill.

The components of Alternative 4 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Subsurface Structural Supports
• Surface Water and Sediment Controls
• Multi-layer Cap
• Leachate Collection System
• Extraction Well System
• On-site Water Treatment Plant
• Discharge of Treated Water To Surface Water
• Wetlands Replacement

3.3.4.1 Components Similar To Alternative 3

With Alternative 4. Items 3.3.3.1 through 3.3.3.6 of Alternative 3 will be
performed, with the exception that leachate will be discharged to an on-site
treatment system rather than hauled off-site. Since an on-site treatment
system will be needed to economically treat the volume of groundwater
extracted from the shallow aquifer, it will be most cost-effective to treat
the leachate in the same system rather than haul it off-site.
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3.3.4.2 Extraction Well System

An array of extraction wells will be installed in the shallow aquifer to lower
the water table in the landfill area, intercept groundwater migrating towards
the deep-mine aquifer, and collect contaminated groundwater for treatment.
The extraction well system in shown in Figure 3-6, and a typical extraction
well is detailed in Figure 3-7. Some of the extraction wells will be
installed through the multi-layer cap and will have to be sealed to the liner
against infiltration.

The conceptual design of the groundwater extraction system is based on
available slug test and aquifer characteristic data. Slug tests were
performed on 6 monitoring wells in the alluvium and mine spoil in the vicinity
of the landfill. Hydraulic conductivity measurements in the shallow aquifer
ranged from 4 x 10"* to 2 x 10"3 cm/sec. The value of 5 x 10"* cm/sec, that
is, the geometric mean of the observed values from the shallow aquifer tests,
was chosen as representative of the shallow aquifer. Shallow aquifer
thickness varies somewhat in Stream Valley A, ranging from less than 8 feet
upstream of Pond 1A to over 29 feet to the west of Pond 3. In the central
area of the valley, under the northern portion of the landfill and near Ponds
2 and 2A, the shallow aquifer is about IS feet thick. The specific capacity
of a typical well was calculated to be 0.105 gpm/ft using the Jacob equation
and the following assumptions: (1) average hydraulic conductivity of 5 x 10'*
cm/sec, (2) a typical storage coefficient for unconfined aquifers of 0.20, (3)
a well radius of 0.5 feet, (4) aquifer thickness of 15 feet. More complete
calculations are presented in Appendix A.

At a drawdown of 4 feet, and a pumping rate of 0.4 GPM, the steady state
radius of influence will be approximately 157 feet. At this rate, an array of
12 wells will cover most of the area around the landfill where contamination
has been identified. Assuming drawdowns of 20Z to 25X of the aquifer
thickness, and taking into account variable yields for different parts of the
shallow aquifer, the total estimated production of the entire system will be
slightly greater than 10 GPM. Because of the complex hydrogeology in Stream
Valley A, the exact production rate and zone of influence of each extraction
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well array are impossible to determine without pump tests. Figure 3-6 shows
the minimum coverage that will be expected by overlapping estimated minimum
cones of influence of the individual wells.

3.3.4.3 On-stte Water Treatment Plant

The process options for treatment that survived the technology screening step
in Section 2.6.1 consist of the following:

• Oxidation
• Precipitation
• Filtration
• Carbon Adsorption
• Neutralization
• Air Stripping

In order to treat the water extracted from the shallow aquifer and the
leachate produced by the existing landfill, an on-site water treatment plant
will be installed which will reduce the contaminant levels sufficiently for

discharge to surface water. Water quality criteria for Wills Creek are
presented in Table 2-4. These criteria are not strictly effluent (i.e., end
of pipe) limitations, but the more conservative long-term average stream
quality criteria.

Because of the low concentrations of volatile organic compounds, and the

inclusion of an aqueous phase carbon filter, an air stripper will not be
needed for removing volatile organic compounds. Even though air stripping
survived the technology screening of Section 2.6.1, it is not included in the
treatment system. The remaining processes can be combined into a treatment
train capable of treating the compounds identified in leachate and groundwater
at the Fultz Landfill Site. It is currently estimated that the treatment
system for the site must be capable of operating at rates of at least IS gpm,
that is, about 10 GPM from the extraction wells, 2 GPM from the leachate
collection system, and 3 GPM excess capacity as a factor of safety (see
Appendix A for more detail).

F-*2-F



Public Cooment Feasibility Study
Fultz Landfill Site

June 1991

The proposed treatment system is only one of a number of different types that
could be used at the Fultz Landfill Site. For the purposes of this study,
only one system was carried through the cost estimate, although many different
configurations could be equally effective. The final treatment system
selection will be based on samples from the extraction system, after it is
constructed and functioning.

A problem noted with the existing chemical analysis data base is the erratic
distribution of potential contaminants of concern, which makes it difficult to
estimate influent concentrations. In the groundwater extraction system, water
will be drawn from different areas of the site, but principally from the mine
spoil and alluvium to the north of the present landfill. The expected
influent to the treatment system will be a mixture of groundwater from areas
with different contaminants, and the mixing will serve to dilute some
contaminants. Mixing of groundwater with leachate, which has a different
chemical profile, will dilute some contaminants and increase others.
Therefore, anticipated influent concentrations were based on weighted averages
of the detected concentrations found in the areas targeted for extraction
wells and maximum contaminant levels found in the leachate samples. Prior to
the full-scale design of the treatment system, pump test and treatability
studies should be performed to better define the range of contaminant
concentrations, optimum treatment processes, the most appropriate well
configuration, and the actual operational requirements.

The water treatment system used at the Fultz Landfill Site must be capable of
detoxifying or removing a number of inorganic compounds, volatile organic
compounds, and semi-volatile organic compounds. Table 3-2 show* the maximum
compound concentrations detected in the shallow aquifer, and leachate, as well
as the weighted average concentrations based on expected flows from each
source. The treatment system will be capable of removing, at a minimum, all
chemicals that contribute to the carcinogenic risk above 10'* and
non-carcinogenic risk factors greater than 1 as defined in RI Chapter 6. In
addition, the effluent from the treatment system must meet all limitations
established by the State of Ohio. For the purpose of a conceptual design of
the treatment system we have considered Federal HCLs, HCLGs, Drinking Water
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VOLATILE ORGAHIC COMPOUNDS
Vinyl Chloride
Chloroathana
Mathylana Chloride
Ac •ton*
Carbon DHulflde
1 . 1-Dichloroethene
1.2-Dichloroethene (tot«l)
2-Butanone
Benzene
4-Methyl-2-Pent«none
Toluene
Chlorobenzene
Ethylbenzene
Xylenea (total)

Grovmdwatar Concentration
Shallow Aquifar

tUiimm

5.0
7.0
1.0
B.O
5.0
S.O
5.0
a.s
1.0

17.0
3.0
3.0
2.0

12.0

Average

0.00
0.0«
0.03
1.2«
0.28
0.00
0.31
1.12
0.00
0.44

0.29
0.00

0.23
1.08

Laachata
Concentration

Maxima

--
130.0

--
52.0

--
--
--
«

(.0
--

87.0
130.0
150.0
47.0

Heifthtad Avara(a
Groondwatar
* Laachata

0.00
23.49

0.02
10.42

0.23
0.00
0.2S
0.91
1.08
0.34

15.91
23.42
27.22

9.35
SOU -VOLATILE ORGANIC COMPOUNDS

2 . 4-Diaethylphenol
Benzoic Acid
Naphthalene
2-M«thylnephthalena
Dibenzofuraa
Dlethylphthalate
Fluorene
N-NitroaodiphanylaaUne
Pentechlorophenol
Phenanthxene
Anthracene
Fluoranthcn*
Pyr«n«
Butylbcnxylphtbalat*
Chrysan*
Di -n-buty Iphthalat*
Bi«(2-«thylh«ryl)phth«l«t«
Di-a-octylphthalata
Bantyl alcohol
2-Matfaylphmol
4-Mathylphanol
II -nitrosodi pit any lamina
Phenol

35.0
100.0
250.0
380.0

77.0
24.0
12.0
2.0
3.0

69.0
S.O

14.0
10.0
2.0
2.0
0.0

100.0
13. S
0.0
0.0
0.0
0.0
0.0

0.90
0.08
7.03

12.43
2.59
0.00
0.31
0.15
0.00
1.78
0.13
0.34
0.2*
0.00
O.OS
0.00
4.79
0.54

—
--
--
--

--

--
—

S.O
—
"

3.0
--
—
--
--
--
--
—
--
--
--

t.o
"

1S.O
4S.O
2S.O
t.s

21. S

0.74

0.04
(.66

10.19

2.12
0.54

0.25
0.13
0.00
1.4«

0.11
0.29
0.21
0.00
0.04
0.00
S.01
0.44
2.70
8.11
4.50
1.17
3.87
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TABLE 3-2 (Continued)
SUMMARY OF ANTICIPATED CONTAMINANT CONCENTRATIONS OF THE
INFLUENT TO THE PROPOSED WATER TREATMENT SYSTEM Og/1)

FTTLTZ LANDFILL SITE
FEASIBILITY STUDY REPORT

Croundv«t*r Cooc«otr*tioo
Shtllov Aquifer

Htxlmm Avert**

Letchate
Concentration

Htxima

Weljhted Avert«e
Groundviter
& Leachat*

INORGANICS
Alvaima
Antlaooy
Arsenic
BtriuB
Beryllium
C«dmiv»
C«lci>»
Chromlia
Cobalt
Copper
Iron
Lead
Macneeiua
Mencaneie
Mercury
•ickel
Potanliai
Selcniui
Silver
Sodm
Thalllia
V«aedliB«
Zinc

911.000
1*4
42?

(.000
(•
78

432.000
1.580

sot
1.340

1,840,000
1.330

217.000
23,100

1
1.430

97.400
10
28

721.000
10

1.410
4.690

99.9(4
31
37

1.302
•
9

173,298
201
114
227

223,338
143

94.004
4,128

1
220

19,343
3
3

74.943
4

206
743

782
--

4.5
2,133

--
—
262,000

900
14
32

79.800
13

262,000
9.070

— •
474

90,100
~
—
384,000

—
S3

344

46,034
13
21

1.746
4

4

230.210
347
43

123
149,140

77

192.431
7.448

0
437

34.494
2
2

237,600
2

127

344
SAS ANALYSIS

Chloride (•»/!)
Sulf.t* (••/!)

387
37»

90
113

—
—

--
—

Cooc«ntr«tloo B«lov Detection Limit
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Standards, and Ohio State Vater Quality Standards for Wills Creek. Table 2-4
provides a comparison of the various water quality standards. Table 3-3 shows
the principal contaminants of concern in the design of the water treatment
system.

The major inorganic contaminants to be treated by the system include antimony,
arsenic, barium, beryllium, cadmium, chromium, iron, lead, mercury, manganese,
nickel, thallium, vanadium, and zinc. High iron concentrations can lead to
fouling of some equipment and must be removed in an initial treatment step.
Major organics that must be treated include 1,1-DCE, benzene, methylene
chloride, 2-methlynapthylene, bis(2-ethylhexyl)phthalate, and
n-nitrosodiphenylamine. Vinyl chloride appeared at a very low concentration,
and it volatilizes so rapidly that it is unlikely that it will show up in the
treatment stream. Therefore, no special treatment step has been included for
vinyl chloride, though it might be required based upon the results of pre-
design sampling.

The proposed treatment process will begin with the addition of an oxidizing
agent, such as hydrogen peroxide, to oxidize the iron, arsenic, and other
metals. This step will decrease the solubility of these compounds, making
them easier to remove. A precipitant will then be mixed with the solution,
which will be discharged to a clarifier where most of the solids will

precipitate out, and be removed as a sludge. The sludge will be discharged to
a filter press that removes moisture, increasing its solids content to about
30X. The clarified water will pass through a granular carbon filter to remove
the remaining suspended solids. These steps should be capable of removing the
inorganic contaminants in the collected water to such a degree that
appropriate discharge standards are achieved. Following those steps, the
effluent will be passed through a bed of granular activated carbon (GAC) as a
polishing step to remove any remaining organic compounds. At periodic
intervals, the spent carbon must be replaced with fresh carbon, and the used
carbon either regenerated or disposed.
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TABU 3-3
CHEMICALS OF CONCERN FOR WATER TREATMENT SYSTEM INFLUENT

FULTZ LANDFILL SITE
FEASIBILITY STUDY REPORT

ORGANICS Risk Exceeds Exceeds Exceeds Exceeds
Factor HCL's MCLC's SVS DVHA

Vinyl Chloride

1,1-Dichloroethene

Methylenc Chloride

Benzene

2 - He thy 1 naphtha 1 e ne

Bis ( 2 - ethylhexyl ) phthalate

N-nitrosodlphenylaalne

•

•

•

•

•

•

•

•

INORGANICS Risk Exceeds Exceeds Exceeds
Factor MCL's MCLG's SVS

Antimony

Arsenic

Bariua

Berylliua

Cadmiua

Chromiun

Iron

Lead

Mercury

Manganese

Nickel

Thalllua

Vanadiua

Zinc

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

Exceeds
DVHA

•
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3.3.4.4 Discharge of Treated Water To Surface Water

Discharge of the treatment plant effluent will be to Stream A downstream of
the sediment pond by way of a dedicated discharge pipeline. Figure 3-8
presents a schematic of the proposed treatment system.

3.3.4.5 Wetlands Replacement

The same actions performed under Alternative 3, Section 3.3.3.7, will be
performed under Alternative 4.

3.3.5 ALTERNATIVE 5: ON-SITE LANDFILL

The purpose of an on-site landfill is to remove the contaminated municipal
waste from its existing location and deposit it in a secure double-lined RCRA

equivalent landfill, which will prevent the lateral and vertical movement of
contaminants from bringing them in contact with humans or the environment.
The Fultz Landfill Site property is large enough to permit the construction of
a landfill in a side valley adjacent to Stream Valley A to the east of the
existing landfill (Figure 3-9). The area is partially underlain by intact
coal, and partially by the former Ideal Mine some 40 to 120 feet below the
existing ground surface. The hillside to the east and south of the proposed
location will provide two natural sides to contain the landfill. Berms of
compacted clay will be constructed on the western and southern sides so that
the landfill cap will have a uniform slope of about 12Z from south to north.
Figure 3-10 shows a typical landfill section.

The components of Alternative 5 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Over-excavation of the Underground Mine
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• Rock Underdrain
• Erosion and Sediment Controls
• Dewatering Facilities
• RCRA Equivalent On-site Landfill
• Wetlands Replacement

3.3.5.1 Institutional Controls. Site Fence and Alternate Water Supply

Items 3.3.2.1 through 3.3.2.3 of Alternative 2 will be performed.

3.3.5.2 Monitoring

Because the new landfill will be lined and capped, and the leachate will be
collected for off-site disposal, leachate samples will be taken. Long-term
monitoring of surface water, groundwater, sediments and combustible gas will
be performed in accordance with all applicable regulations for a minimum of 30
years to evaluate the migration of contaminants from the landfill and to
monitor the effects of natural attenuation. The actual monitoring plan will
be determined during remedial design. One possible monitoring plan could b«
as follows:

Semi-annual monitoring of surface water and sediment will be performed in «
total of 8 locations, namely, at 2 locations in Wills Creek, two locations In
Stream B, two locations in the clean water diversion channel, one location ac
the entrance to the sedimentation pond, and one at the outfall of the
sedimentation pond. Chemical analysis will consist of the full TCL and TAL
The purpose of this sampling and analysis will be to monitor Stream Valley A.
Stream Valley B, and Wills Creek for the expected attenuation of contaminant
concentration with time after the source of contamination is isolated.

For groundwater monitoring, existing regulations (Ohio Administrative Code
3745-27-10 and Ohio Administrative Code 3745-65-91) call for a minimum of on«
upgradient well and three downgradient wells. Because of the size and
complexity of the Fultz Landfill Site, additional monitoring should be
performed. One possible groundwater monitoring plan could be as follows:
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Shallow Aquifer: 8 points (4 existing veils, 4 new)
Coal mine Aquifer: 7 points (2 existing wells, 5 new)

Since the new on-site landfill will be located over 1000 feet to the east of
the existing landfill, most of the existing wells are not in suitable
locations to monitor groundwater near the new facility. Four new wells (one
upgrsdient and three downgradient) will be needed to assure adequate
monitoring of the shallow aquifer. One new background well will be installed
in the soil zone on the hill above the new landfill to the south. Three
downgradient wells will be installed in the strip spoil or alluvium in Stream
Valley A to the north and west of the new landfill. Five new wells will be
needed in the coal mine aquifer to fill data gaps around the new landfill as
shown in Figure 3-9. One of the new coal mine aquifer wells will be installed
southeast of the new landfill in an area where the mine is thought to be
constricted since contamination that might not be detected in other wells
would be more likely to be detected in this area.

Groundwater sampling will be performed on a semi-annual basis at a minimum.
The above monitoring program should be sufficient to monitor contaminant
migration both horizontally and vertically. Chemical analysis will consist of
the full TCL and TAL.

Five-year reviews will be instituted in order to re-evaluate the site
conditions on a periodic basis. The reviews will include a detailed analysis
of the long-term monitoring data, a temporal and spatial evaluation of
contaminant migration in various media and the extent of natural attenuation,
and an assessment of residual health risks. The review will also include an
evaluation of the effectiveness of the institutional controls, responses to
public comments or complaints received during the five-year period, and an
evaluation of what additional remedial measures, if any, should be implemented
based on the reviewed site conditions.
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3.3.5.3 Over-excavation of the Underground Mine

Construction of a landfill on the eastern portion of the Fultz Landfill Site
property will require some treatment of the abandoned underground nine to
remove the danger of subsidence. The same nine flushing procedure of
Alternative 3 could be used to provide adequate support, but in the case of a
new landfill where a disposal pit must be excavated for the installation of
liners, leachate collection system, and waste disposal, it will be more cost-
effective to continue the excavation down to the mine floor to eliminate the
mine cavities and in-place coal. Over-excavation will be more reliable than
mine flushing since the mine itself will be eliminated. The cost of
excavation will also be partly offset by the sale of extracted coal pillars.
During the excavation, topsoil will be removed and stockpiled in a level area
on the hill above the new landfill site to the east. Materials will be
segregated for later use in construction of the landfill. Materials which can
be used for backfilling the over-excavation can be stockpiled on the existing
landfill. Some material can be used to construct the berm around the northern
and western sides of the new landfill. The remaining materials will be
stockpiled in Stream Valley A to be used for regrading the existing landfill
area once the waste is removed.

3.3.5.4 Rock Underdrain

As part of the procedure eliminating the mine the excavation will be
backfilled with a 5-foot thick rock underdrain, and 15 additional feet of low
permeability granular fill approved by the OEPA in an effort to maintain the
water table at least 15 feet below the bottom of the landfill (Figure 3-11)
The drainage of shallow groundwater into the rock fill, and from there into
the coal mine aquifer, will follow the existing groundwater flow pattern in
the area. After filling the excavation to about elevation 800 feet MSL the
sides of the pit will be backfilled and graded to a 2 horizontal:! vertical
slope.
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3.3.5.5 Erosion and Sediment Controls

Prior to conanencing any excavation for the new landfill, Streaa Valley A will
be regraded, and erosion and sediment controls will be installed. First,
ponds 1, 2, and 2A will be drained and the sediments removed to a stockpile on
the existing landfill. Ponds 2 and 2A will be backfilled and a clean water
diversion channel constructed along the north side of Streaa Valley A as shown
in Figure 3-9. This channel will effectively replace Stream A, and most of
the channel will remain after construction. A sediment control pond will be
excavated in an area to the west and north of Pond 6, and a temporary sediment
control ditch constructed just south of the clean water diversion channel.

The sediment pond will remain after construction to replace pond water habitat
eliminated by the filling of ponds 1, 2, and 2A, and the clean water diversion
will be re-routed into the sediment pond after revegetation of all disturbed
areas. Temporary erosion controls, such as silt fences and hay bail barriers,
will be installed as needed during the excavation.

3.3.5.6 Dewatertng Facilities

Temporary dewatering facilities consisting of well points and sump pumps will
probably be required during the excavation of the landfill pit to eliminate
the seepage of groundwater into the excavation. A line of well points will be
installed along the northern edge of the proposed pit to lower the water table
as needed during excavation. Any water that seeps into the excavation from
the south will be removed with sump pumps. The groundwater in this area
should be similar in quality to the upgradient background well GW004 and will
be discharged into the sediment control ditch and pond. The discharge of this
water could require meeting the substantive requirements of Ohio's NPDES.
After the rock underdrain is installed, groundwater will drain under the
backfill and the dewatering equipment will not be needed.
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3.3.5.7 RCRA-Equivalent On-site Landfill

The landfill pit will be prepared as shown on Figure 3-9 and Figure 3-11.
After over-excavation and backfilling of the coal mine, the sides of the pit
will be graded to the proper slope and a thirty-six inch thick layer of clay
compacted to achieve a permeability of 10"7 cm/s will be Installed. A
synthetic double liner with leachate collection and leak detection systems
using synthetic drainage netting will be installed as detailbd on Figure 3-12.
A layer of filter fabric and a 12-inch-thick layer of sand will be placed on
top of the uppermost drainage netting. The solid waste from the existing
landfill will be placed on top of the sand layer.

Prior to excavation of the existing landfill, the existing cover area will be
cleared, grubbed, and stripped. Temporary haul roads will be constructed as
needed between the two landfills. Existing cover soil will be removed and
stockpiled as the excavation proceeds, so that it can be re-used as cover in
the new landfill or as backfill for the existing landfill. Chemical waste was
reported to have been dumped at the existing landfill, but the quantity and
location of the contamination was never identified. If these wastes are
indeed present in the existing landfill, they will be uncovered during the
excavation, tested to determine if they are considered hazardous, stabilized,
and disposed of off-site, if necessary. For cost estimation purposes it was
assumed that approximately 20,000 cubic yards of hazardous waste will be
disposed-of off-site.

Before placement in the new landfill, solids from the existing landfill will
be excavated and compacted to reduce the volume of the waste that must be
stored, and to reduce the potential for settlement within the new landfill.
Front-end loaders will be used to excavate the existing waste. Three
industrial compactors, working in parallel and mounted on concrete pads
between the existing and new landfills, will reduce the volume of the waste
about 101 to 201 and dewater any refuse that contains excessive moisture. Any
water which is generated by the compaction process will be tested, and, if
necessary, disposed off-site at a permitted facility. After compaction, the
waste will be placed in the new landfill.
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3.3.5.5 Erosion and Sediment Controls

Prior to commencing any excavation for the new landfill, Strean Valley A will
be regraded, and erosion and sediment controls will be installed. First,
ponds 1, 2, and 2A will be drained and the sediments removed to a stockpile on
the existing landfill. Ponds 2 and 2A will be backfilled and a clean water
diversion channel constructed along the north side of Stream Valley A as shown
in Figure 3-9. This channel will effectively replace Stream A, and most of
the channel will remain after construction. A sediment control pond will be
excavated in an area to the west and north of Pond 6, and a temporary sediment
control ditch constructed just south of the clean water diversion channel.

The sediment pond will remain after construction to replace pond water habitat
eliminated by the filling of ponds 1, 2, and 2A, and the clean water diversion
will be re-routed into the sediment pond after revegetation of all disturbed
areas. Temporary erosion controls, such as silt fences and hay bail barriers,
will be installed as needed during the excavation.

3.3.5.6 Dewatering Facilities

Temporary dewatering facilities consisting of well points and sump pumps will
probably be required during the excavation of the landfill pit to eliminate
the seepage of groundwater into the excavation. A line of well points will be
installed along the northern edge of the proposed pit to lower the water table
as needed during excavation. Any water that seeps into the excavation from
the south will be removed with sump pumps. The groundwater in this area
should be similar in quality to the upgradient background well GW004 and will
be discharged into the sediment control ditch and pond. The discharge of this
water could require meeting the substantive requirements of Ohio's NPDES.
After the rock underdrain is installed, groundwater will drain under the
backfill and the dewatering equipment will not be needed.
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3.3.5.7 RCRA-Equivalent On-slte Landfill

The landfill pit will be prepared as shown on Figure 3-9 and Figure 3-11.
After over-excavation and backfilling of the coal nine, the sides of the pit
will be graded to the proper slope and a thirty-six inch thick layer of clay
compacted to achieve a permeability of 10"7 cm/s will be installed. A
synthetic double liner with leachate collection and leak detection systems
using synthetic drainage netting will be installed as detailed on Figure 3-12.
A layer of filter fabric and a 12-inch-thick layer of sand will be placed on
top of the uppermost drainage netting. The solid waste from the existing
landfill will be placed on top of the sand layer.

Prior to excavation of the existing landfill, the existing cover area will be
cleared, grubbed, and stripped. Temporary haul roads will be constructed as
needed between the two landfills. Existing cover soil will be removed and
stockpiled as the excavation proceeds, so that it can be re-used as cover in
the new landfill or as backfill for the existing landfill. Chemical waste was
reported to have been dumped at the existing landfill, but the quantity and
location of the contamination was never identified. If these wastes are
indeed present in the existing landfill, they will be uncovered during the
excavation, tested to determine if they are considered hazardous, stabilized,
and disposed of off-site, if necessary. For cost estimation purposes it was
assumed that approximately 20,000 cubic yards of hazardous waste will be
disposed-of off-site.

Before placement in the new landfill, solids from the existing landfill will
be excavated and compacted to reduce the volume of the waste that must be
stored, and to reduce the potential for settlement within the new landfill.
Front-end loaders will be used to excavate the existing waste. Three
industrial compactors, working in parallel and mounted on concrete pads
between the existing and new landfills, will reduce the volume of the waste
about 10Z to 20X and dewater any refuse that contains excessive moisture. Any
water which is generated by the compaction process will be tested, and, if
necessary, disposed off-site at a permitted facility. After compaction, the
waste will be placed in the new landfill.
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Following placement of the waste, a multi-layer cap similar to the cap of
Alternative 3 will be placed on the landfill. Because the Incremental cost of
providing a Subtitle C cap would not be significantly higher than the cost of
a Subtitle D cap, and the Subtitle C cap would be more protective, a Subtitle

C cap will be used. The exact slope of the cap will be determined during
remedial design. A slope of approximately 12Z from the top of the landfill on
the southern to the top of the containment berm on the northern side would be
suitable given the terrain surrounding the proposed landfill location.

3.3.5.8 Wetlands Replacement

During the design and construction of Alternative 5, every effort will be made
to minimize the disturbance of areas identified as wetlands. When the
destruction of wetland environment is anticipated from proposed remedial
activities a study will be performed to delineate the extent of wetlands and
develop a plan for remediation. At a minimum, the wetlands replacement plan
would include replacement or restoration of the ponds and surrounding habitat.
Upon completion of construction, the clean water diversion channel will be re-
routed into the sediment pond, and the base water level of the sediment pond
will be raised to provide a pond area large enough to replace some of the area
lost by eliminating of Ponds 1, 2, and 2A. After the existing landfill is
removed, instead of backfilling the entire excavation, an area just to the

south of Pond 6 may also used provide an additional wetland environment.

3.3.6 ALTERNATIVE 6: MULTI-LAYER CAP WITH SUBSURFACE BARRIER

The purpose of this alternative is to isolate the landfill from infiltration,
including lateral infiltration from the groundwater flowing through Stream
Valley A and vertical infiltration through the ground surface. The cap will
prevent infiltration of precipitation from the landfill surface and shallow
groundwater from the south. At the same tine the cap will lower the water
table under the landfill by an estimated 3 to 7 feet. This will increase the
potential for groundwater in the eastern side of the shallow aquifer to flow
under the landfill transporting contaminants southward into the coal mine
aquifer. A subsurface barrier around the west and north of the landfill will
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minimize the transport of contaminants by preventing groundwater from Stream
Valley A from flowing under the landfill.

The components of Alternative 6 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Subsurface Structural Supports
• Surface Water and Sediment Controls
• Multl-layer Cap
• Leachate Collection System
• Slurry Wall
• Wetlands Replacement

3.3.6.1 Components Similar to Alternative 3

Items 3.3.3.1 through 3.3.3.6 of Alternative 3 will be performed with the
exception that Pond 3 will not be removed.

3.3.6.2 Slurry Wall

A low-permeability, subsurface vertical barrier will be constructed around the
eastern and northern sides of the existing landfill to divert groundwater in
the shallow aquifer around the landfill as illustrated on Figure 3*13.
Although many types of barriers will accomplish the same purpose, a soil-
bentonite slurry wall will work best in the mine spoil and alluvium
encountered in Stream Valley A. After Stream Valley A is regraded. and the
multi-layer cap with leachate collection is installed, the slurry wall will be
constructed from the ground surface to the top of competent bedrock. Bedrock
in Stream Valley A is a sandy shale of the Allegheny Group, which also forms
the floor of the Ideal Mine. After regrading, the depth to bedrock will vary
from about 45 below the surface at the western end of valley to about 30 feet
in the area between Pond 1 and the landfill. Along the eastern side of the
landfill the slurry wall will run north to south and will tie into the former
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face of the strip mine excavation where it will continue up along the
sandstone and claystone that overlies the in-place coal (Figure 3-14). The
overall average depth of the slurry wall will be about 40 feet.

3.3.6.3 Wetlands Replacement

During the design and construction of Alternative 6, every effort will be made
to minimize the disturbance of areas identified as wetlands. When the
destruction of wetland environment is anticipated from proposed remedial

activities a study will be performed to delineate the extent of wetlands and
develop a plan for remediation. At a minimum, the wetlands replacement plan
would include replacement or restoration of the ponds and surrounding habitat.
Upon completion of construction, the clean water diversion channel will be re-
routed into the sediment pond, and the base water level of the sediment pond
will be raised to provide pond area equal to the area lost by the elimination
of Ponds 2 and 2A and the lowering of the pool level of Pond 1.

3.3.7 ALTERNATIVE NO. 7: GROUNDWATER EXTRACTION AND ON-SITE TREATMENT

This alternative is the same as Alternative 4, Multi-layer Cap, Groundwater

Extraction and On-site Treatment, shown on Figure 3-6 except that a multi-
layer cap and leachate collection system will not be installed. As with
Alternative 2, Alternative 7 attempts to meet the remedial action objectives
through institutional actions and monitoring with the added advantage of
treating groundwater from the shallow aquifer.

The components of Alternative 7 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Surface Vater and Sediment Controls
• Extraction Well System
• On-site Vater Treatment Plant

F-42-F 3.45



900-1

ESTIMATED
STRIP MINE
HIGH WALL

ESTIMATED EXISTING
WATER TABLE

760

-900

-880

-860

840

820

-800

780

760
0 100 200 300 400 500 600

DISTANCE (FT)

CROSS SECTION A-A'

LEGEND

LANDFILL WASTE

COAL

SLURRY WALL

(799.60)
EXISTING
PIEZOMETER LEVEL
SHALLOW AQUIFER
4/26 /SO

(789.96)
EXISTING
PIEZOMETER LEVEL
DEEP MINE AQUIFER
4/26/90

|— MONITORING WELL

SCREENED INTERVAL

1— EXTENT OF BOREHOLE

10x VERTICAL EXAGGERATION

to

a
UJ

APPROXIMATE EXISTING
GROUND SURFACE

200 400 600 800 1000
DISTANCE (FT)

CROSS SECTION B-B'

3-47

1200 1400
FIGURE 3-14
ALTERNATIVE 6
CROSS SECTIONS A-A' AND
B-B'
FULTZ LANDFILL SITE,
FEASIBILITY STUDY REPORT



Public Comment Feasibility Study
Fultz Landfill Site

June 1991

• Discharge of Treated Water To Surface Vater
• Wetlands Replacement

3.3.8 ALTERNATIVE NO. 8: MULTI-LAYER RCRA CAP WITH UPGRADE OF THE BYESVILLE
WATER TREATMENT PLANT.

Alternative 8 is the sane as Alternative 3, Multi-layer RCRA Cap, with the
addition of an upgrade to the Byesville Water Treatment Plant to prevent any
contamination from the Fultz Landfill Site that might migrate to the Byesville
Plant No. 2 from entering the public drinking water supply. This Alternative
achieves the remedial action objectives both by institutional controls and by
insuring a safe drinking water supply regardless of increases in contaminant
concentrations in the coal mine aquifer.

The components of Alternative 8 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Subsurface Structural Supports
• Surface Water and Sediment Controls
• Multi-layer Cap
• Leachate Collection System
• Upgrade of the Byesville Water Treatment Plant
• Wetlands Replacement

3.3.9 ALTERNATIVE NO. 9: ON-SITE LANDFILL WITH GROUNDWATER EXTRACTION AND
TREATMENT

Alternative 9 is a combination of Alternative 5, On-site RCRA Landfill with
the groundwater extraction and the on-site treatment system of Alternative 4.
As shown on Figure 3-15, the array of groundwater extraction wells consists of
8 wells instead of the 12 wells used in Alternative 4. Only 8 wells will be
used because the wells in Alternative 4 that were intended to cut off the
migration of contaminants from the existing landfill to the coal mine aquifer
will not be needed once the landfill waste is relocated. Alternative 9 meets
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the remedial action objectives in the same manner as Alternative 5 with the
added benefit of extracting contaminated groundwater from the shallow aquifer
for treatment.

The components of Alternative 9 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Surface Water Controls
• Over-excavation of the Underground Mine
• Rock Underdrain
• Erosion and Sediment Controls
• Dewatering Facilities
• RCRA Equivalent On-site Landfill
• Extraction Well System
• On-site Water Treatment Plant
• Discharge of Treated Water To Surface Water
• Wetlands Replacement

3.3.10 ALTERNATIVE NO. 10: COAL MINE AQUIFER CUT-OFF BARRIER

Alternative 10 meets the remedial action objectives by a combination of the
institutional actions of Alternative 2, and the installation of a low

permeability barrier within the coal mine aquifer, as shown on Figure 3-16.
The cut-off barrier would effectively prevent the migration of contaminants
from the existing landfill and shallow aquifer into the coal mine aquifer.

The components of Alternative 10 are as follows:

• Institutional Controls
• Site Fence
• Alternate Water Supply
• Monitoring
• Erosion and Sediment Controls
• Dewatering Facilities
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• Low Permeability Compacted Clay Cut-off Barrier
• Surface Water Control
• Vetlands Restoration

3.3.10.1 Institutional Controls. Site Fence. Alternate Water Supply, and
Monitoring

Items 3.3.2.1 through 3.3.2.4 of Alternative 2 will be performed.

3.3.10.2 Erosion and Sediment Controls

Temporary erosion and sedimentation controls such as silt fences, hay-bail
siltation barriers and small diversion channels will be installed as needed to
prevent erosion during the construction of the cut-off barrier. Because the
excavation and construction of the barrier can be staged to proceed from one
end to the other, no permanent diversion channels or sediment ponds will be
needed.

3.3.10.3 Devatering Facilities

Temporary devatering facilities consisting of veil points and sump pumps will
probably be required during the excavation of the trench for the cut-off
barrier to control the seepage of groundwater into the excavation. A line of
well points will be installed along sides of the excavation to lower the water
table as needed during construction. Water that seeps into the excavation
from the coal mine aquifer will be removed with sump pumps. Temporary
facilities meeting all applicable Federal and State requirements will be built
to hold the extracted water for testing and treatment or disposal.

3.3.10.4 Low Permeability Compacted Clav Cut-off Barrier

Construction of 2,400-feet long cut-off barrier in the coal mine aquifer will
begin with the excavation of a trench from the ground surface to the floor of
the coal mine. The trench will be 20-feet wide at the bottom and from 50 to
180 feet wide at the ground surface. It will extend from the intact coal to
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the north of Streaa Valley A through the former Ideal Mine, Streaa Valley A
between Pond lA and Pond 1, through the former Ideal Mine vest and south of
the existing landfill to the intact coal on the northern side of Stream Valley
B. The approximate location of the barrier is shown on Figure 3-16. The
depth of the trench will vary from 36 feet near Stream A to 115 feet at the
crest of the hill south of Pond 1. The average depth will be about 80 feet
and will require the removal of an estimated 610,000 cubic yards of material
approximately 60X of which will be rock. The trench will be filled with
compacted clay to achieve a permeability of less than 10'7 cm/sec. The clay
backfill will extend to within 3 feet of the original ground surface. The
uppermost 3 feet of the excavation will be backfilled with random fill and
covered with sufficient topsoil to permit revegetation of the disturbed area.

3.3.10.5 Surface Water Control

Part of the cut-off barrier will intersect Stream Valley A between Pond 1A and
Pond 1. During the excavation and backfilling of the cut-off trench, Stream A
will have to be temporarily re-routed around the excavation. To accomplish,
the excavation will proceed in stages to allow Stream A to be diverted through
a series of channels circumventing the excavation area.

3.3.10.6 Wetlands Restoration

During the design and construction of Alternative 10, every effort will be
made to minimize the disturbance of areas identified as wetlands. The only
area where wetlands are likely to be disturbed is in the vicinity of Stream A
between Pond lA and Pond 1 comprising approximately 8,000 square feet. Before
construction comaenees, a study will be performed to delineate the extent of
wetlands and develop a plan for remediation. At a minimum, the wetlands
replacement plan would include restoration of the wetlands area temporarily
disturbed by the barrier installation.
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3.4 SCMENIHG OP ALTERNATIVES

In this section, defined alternatives are evaluated against the short- and
long-term aspects of three broad criteria: effectiveness, implementability,
and cost. The alternatives are evaluated more generally in this section than
in the detailed analysis of alternatives in Section 4. It is important to
note that comparisons between alternatives during screening are made between
similar alternatives with the most promising carried forward for further
evaluation; whereas, comparisons made during the detailed analysis will
differentiate across the entire range of the alternatives. The criteria used
during screening are roughly the same as the criteria presented for the
screening of technologies (Section 2.6) except that the criteria are applied
to the alternative as a whole.

Of the 10 alternatives that were developed to meet the remedial action
objectives, 4 were eliminated based on the screening criteria discussed above
The following sections present the rationale for screening out Alternatives "
through 10.

3.4.1 ALTERNATIVE 7: GROUNDWATER EXTRACTION (WITHOUT CAP)

Alternative 7 was not carried forward for detailed analysis because, without
the installation of a cap, it did not provide adequate closure of the exis
landfill. It would be less effective in preventing the spread of
contamination because it would not address the vertical migration of
contaminants through the bedrock layer between the existing landfill and the
coal mine aquifer. Although the cost would be much lower than Alternatives 3
through 6, the groundwater extraction system would need to be operated
indefinitely because there would be no reduction in contaminant transport by
infiltration of precipitation through the existing landfill.
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3.4.2 ALTERNATIVE 8: CAP WITH UPGRADE OF THE BYESVILLE WATER TREATMENT PLANT.

Alternative 8 was not carried forward for detailed analysis because the
analysis of contaminant transport from the Fultz Landfill Site to the coal
mine aquifer utilizing a two dimensional solute model (Appendix C) indicated
that the effects of the Fultz Landfill Site on the Byesville water supply well
are minimal at present.

Comparison of the results of analysis of treated and untreated samples from
the Byesville Water Treatment Plant during the RI indicates that the present
treatment system is capable of treating the water adequately to protect human
health and the environment. As a result, no additional effectiveness would be
added to Alternative 3 by upgrading the Byesville Water Treatment Plant.

3.4.3 ALTERNATIVE 9: ON-SITE LANDFILL WITH GROUNDWATER EXTRACTION

Alternative 9 was not carried forward for detailed analysis because it was
judged no more effective in protecting human health and the environment than
Alternative 5. At the same time, the cost of groundwater extraction and
treatment would make Alternative 9 substantially higher than Alternative 5.
Although the cleanup time for the shallow aquifer would potentially be shorter
with groundwater extraction and treatment, the contaminant concentrations in
the shallow aquifer groundwater would be reduced over time (estimated at 14 to
46 years) by natural attenuation once the wastes are contained. Therefore,

the additional expense of an extraction and treatment system is not justified.

3.4.4 ALTERNATIVE 10: COAL MINE AQUIFER CUT-OFF BARRIER.

Alternative 10 would be the most effective alternative for preventing the off-
site migration of contaminants from the Fultz Landfill Site through the coal
mine aquifer. However, the highest risks that were identified in the BRA were
attributed to future use of on-site groundwater. Alternative 10 would address
risks from use of the on-site groundwater with site access and use
restrictions only, making it no more effective than Alternative 2 at reducing
the highest risks. Although the technologies used to implement Alternative 10
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are common and readily available, an excavation of this size involving the
movement of 700,000 cubic yards of earth and rock and the importation of a
near equal quantity of clay would be an enormous task. Controlling the
infiltration of groundvater from the coal mine aquifer might also prove very
difficult. Because it is not more effective in reducing the major risks at
the Fultz Landfill Site, would be costly and difficult to implement, and
without the installation of a cap would not provide adequate closure of the
existing landfill, Alternative 10 was not carried forward for detailed
analysis.
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4.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

4.1 INTRODUCTION

In this section, each of the remedial alternatives and options assembled in
Section 3.0 are evaluated in detail. An overview of the criteria used in the
evaluation is provided in Section 4.2. Table 4-1 provides a summary of the
principal elements contained in each alternative. The alternatives were
described in detail in Section 3.0. The detailed evaluation of each remedial
alternative considering effectiveness, implementability, and cost of the
remedial alternative, emphasizing the factors outlined in the proposed NCP
Final Rule (March, 1990) is presented in Table 4-2. Appendix D provides a
complete cost breakdown of the capital and operation and maintenance costs of
the individual elements of each alternative. The level of detail in the
conceptual design is focused on providing cost estimates with an accuracy in
the range of +50X / -30X, based on the scope of work developed herein. Actual
contractor bids may exceed this range due to the final design and bidding
conditions that exist at the time of the bid. Section 4.3 provides a
comparison of the relative value of each alternative in meeting each of the
nine criteria.

4.2 EVALUATION CRITERIA

Following their description, the remedial alternatives are examined with
respect to requirements stipulated in the proposed NCP, 40 CFR Part 300,
Section 300.430, paragraph (e)(9). A total of nine criteria are used in
alternative evaluation:

• Overall Protection of Human Health and the Environment;
• Compliance with ARARs;
• Long Term Effectiveness and Permanence;
• Reduction of Toxicity, Mobility, and Volume Through Treatment;
• Short Term Effectiveness;
• Implementability;
• Cost;
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• State Acceptance;
• Community Acceptance.

The first two criteria are threshold criteria which must be met by each
alternative considered. The next five criteria are the primary balancing
criteria upon which the analysis is based. The final two criteria are
modifying criteria and are applied following the public comment period to
evaluate state and community acceptance. They are evaluated following comment
on the RI/FS report and the proposed plan and are addressed once a final
decision is being made and the Record of Decision (ROD) is being prepared.

Each of the nine evaluation criteria are assessed by evaluating specific
factors to allow a thorough and consistent analysis of the alternatives.
These factors are presented in Table 4-2 and briefly discussed in the order
they are performed in the detailed analysis in the following subsections.

4.2.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

This evaluation criterion provides an overall assessment of protection based
on whether the alternative can adequately protect human health and the
environment from unacceptable risks posed by hazardous substances present at
the site. It draws on other factors such as long-term and short-term

effectiveness and compliance with ARARs. Evaluations of the overall

protectiveness address:

• How a specific site remedial action achieves protection over time;
• How site risks are reduced; and,
• How each source of contamination is to be eliminated, reduced, or

controlled for each remedial action.

4.2.2 COMPLIANCE WITH ARARS

This evaluation criterion is used to determine how each remedial action
complies with applicable or relevant and appropriate Federal and State
requirements. Each alternative is evaluated in detail for:
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• Compliance with chemical-specific ARARs,

• Compliance with action-specific ARARs,

• Compliance with location-specific ARARs, and

• Compliance with appropriate criteria, advisories, and guidance (i.e.,
"To Be Considered") material.

4.2.3 LONG-TERM EFFECTIVENESS AND PERMANENCE

This evaluation criterion addresses the results of the remedial action in
terms of the risk remaining after the response objectives have been met. Of
particular interest is the effectiveness of the controls that will be applied
to manage the risks posed by the residuals of the treatment process and/or
untreated source. The components of this criterion include the magnitude of
the remaining risks measured by numerical standards such as cancer risk

levels; the adequacy and suitability of controls used to manage treatment
residuals or untreated wastes; and the long-term reliability of management
controls for providing continued protection from residuals, i.e., the
assessment of potential failure of the technical components.

4.2.4 REDUCTION OF TOXICITY, MOBILITY OR VOLUME

This evaluation criterion addresses the statutory preference that treatment is

used to reduce the principal threats of the total mass of toxic contaminants,
irreversible reduction in contaminant mobility, or reduction of total volume
of contaminated media. Factors of this criterion to be evaluated include the
treatment process employed; the amount of hazardous material destroyed or
treated; the degree of reduction in toxicity, mobility, or volume expected;
and the type and quantity of treatment residuals.
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4.2.5 SHORT-TERM EFFECTIVENESS

This evaluation criterion addresses the impacts of the action on public health

and the environment during the construction and implementation phase until the
remedial response objectives are met. Factors to be evaluated include

protection of workers during the remedial actions, environmental impacts
resulting from the implementation of the remedial actions, and the time
required to achieve protection.

4.2.6 IMPLEMENTABILITY

This criterion addresses the technical and administrative feasibility of
implementing a remedial action and the availability of various services ar.d

materials required during its implementation. Factors of technical
feasibility include construction and operational difficulties, reliability of
technology, ease of undertaking additional remedial actions, and the ability
to monitor the effectiveness of the remedy. The administrative feasibility
includes the ability and time required for permit approval, property access
and for activities needed to coordinate with applicable State and local
agencies. Factors to evaluate the availability of services and materials
include availability of treatment, storage, and disposal services with
required capacities; availability of equipment and specialists; and

availability of prospective technologies for competitive bid.

4.2.7 COST

The cost evaluation criteria addresses: capital costs, operation and
maintenance (O&M) costs, costs of five-year reviews, where required, present
value of capital and O&M costs, and potential future remedial action costs
Capital costs consist of direct and indirect costs. Direct costs include
expenditures for the equipment, labor, and materials necessary to install
remedial actions. Indirect costs include expenditures for engineering,
financial, and other services required to complete the application of remedial
alternatives. Annual O&M costs include auxiliary materials and energy,
disposal of residues, purchased services, administrative costs, insurance,
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taxes, license costs, maintenance reserve and contingency funds,
rehabilitation costs, and costs for periodic site reviews.

There are six contingency factors that are applied to the construction
subtotal costs; health and safety, bid, scope, permitting and legal, services
during construction, and engineering and design. These contingencies
represent the uncertainties involved in the project costing, and are intended
to provide the additional costs that may be required to complete the project.

These six contingency factors are discussed in greater detail below:

• Health and Safety: This contingency is intended to reflect the
additional costs incurred by the health and safety program that will be
required to be implemented at the site. Costs cover medical monitoring
of all on-site workers, health and safety equipment and monitoring
devices, and oversight by trained health and safety officers.

• Bid: Bid contingencies may cover unknown costs associated with
construction, such as adverse weather conditions, strikes by material
suppliers, geotechnical unknowns, and unfavorable market conditions.

• Scope: Scope contingencies cover scope changes that invariably occur
during final design and implementation. At this stage, the design
concept is not developed fully enough to identify all the project
components and ancillary costs. The scope contingency provides a
reserve for change orders, inaccuracies in defining unit quantities and
volumes, and the lack of performance history for hazardous chemical
remediation projects.

• Permitting: and Legal: Expenses may include legal fees and fees for
technical personnel necessary to obtain licenses and permits. This
contingency covers the cost for preparing permit applications and
obtaining permits, as well as the cost of obtaining legal advice for
negotiating construction and operating contracts.
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• Services During Construction: This contingency is intended to cover the
anticipated costs incurred during the actual implementation of the
remedial alternative. It includes construction management and on site
observation, submittal review and office services, additional design

work required during remediation, and the production of any required
operation and maintenance manuals.

• Engineering and Design: Engineering and design contingencies include
the design and process development, preparation of specifications and
bid documents, drafting, and additional monitoring and testing that may
be required.

4.2.8 STATE ACCEPTANCE

This assessment evaluates the technical and administrative issues and concerns
the State of Ohio may have regarding each of the remedial actions. The
factors to be evaluated include features of the actions that the State
supports, the State has reservations over, or the State opposes. Since the
State can not provide formal comments concerning the alternatives until it can
review the Draft FS , evaluation of the "State Acceptance" criterion can not
realistically be addressed in this draft report. The State Acceptance

criterion will be addressed in the Record of Decision (ROD), issued following
receipt of comments from the State. The State will also be involved as a

mediator for receipt of public comments concerning the site, and the proposed
alternatives at the site.

4.2.9 COMMUNITY ACCEPTANCE

This assessment incorporates public input into the analysis of the remedial

actions. Factors of community acceptance to be discussed include features of
the support, reservations and opposition of the community. Since the public

has not been provided with a formal opportunity to review the detailed

analysis of the remedial actions, evaluation of the "Community Acceptance"
criterion can not realistically be addressed in this report. Public comments
and concerns will be incorporated into the Record of Decision (ROD) following
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a public meeting and the receipt of comments from the public. The State and
Community Acceptance criterion will not be addressed further in this report.
Therefore, only the first seven evaluation criteria were used to evaluate the
remedial alternatives.

4.3 COMPARISON OP ALTERNATIVES

In this section the six alternatives are compared in order to highlight the
differences between the alternatives, and determine their relative value in
meeting seven of the nine criteria for the detailed evaluation of

alternatives. Since Alternative 1 (No Action) does not address any of the
remedial action objectives, it is considered only briefly in this comparison.

4.3.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

With the exception of Alternative 1, all of the alternatives reduce the

current and future potential risks associated with the Fultz Landfill Site to
acceptable levels by the implementation of institutional actions. Since
Alternative 1 fails to meet this threshold criterion it will be dropped from
further consideration. All the other alternatives will be carried forward in
this comparison.

4.3.2 COMPLIANCE WITH ARARS

Alternative 2, Institutional Actions and Monitoring, does not meet ARARs for
the Fultz Landfill Site. Closure of the existing landfill according to state
standards would not be performed, and the pattern of contaminant migration
would continue. Chemical specific ARARs would not be met in the shallow or
deep mine aquifers. Maximum leachate concentrations would continue to exceed
surface water criteria for discharges to Wills Creek for at least four organic
compounds and four inorganics. Surface water sampling during the RI indicated
that the leachate becomes diluted before reaching Wills Creek. Iron was the
only chemical that exceeded the surface water standards for discharge to Wills
Creek. Alternative 5 will not meet all ARARs because it does not meet State
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of Ohio solid waste landfill siting criteria. Therefore it will be eliminated
from further consideration. Alternatives 3, 4 and 6 would meet ARARs. Since
Alternative 1 and 5 failed to meet this threshold criterion they will be
dropped from further consideration. Alternative 3, 4 and 6 will be carried
forward in the comparison.

4.3.3 LONG TERM EFFECTIVENESS AND PERMANENCE

Because of the size and heterogeneous nature of the existing landfill, no

truly permanent solution was determined to be cost effective for the Fultz
Landfill Site. With all of the alternatives, some form of waste remain on-
site, and therefore, the site would require continued monitoring for the
foreseeable future. The reduction in risk with all of the alternatives
depends in part on the enforcement of institutional controls. Alternative 4,
provides an advantage over Alternatives 3 and 6 because contaminated
groundwater is extracted and treated. Alternative 4 also provides hydraulic
control migration of contaminants from the existing landfill. Alternative 6
provides a partial barrier to contaminant migration. Alternative 3 provides
only control over infiltration induced migration of contaminants. Listed in
the order of overall long-term effectiveness from the most effective to the
least effective; they are:

Most Effective

Alternative No. 4: Multi-layer Cap with Groundwater Treatment

Alternative No. 6: Multi-layer Cap with Subsurface Barrier

Alternative No. 3: Multi-layer Cap

Least Effective

4.3.4 REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH TREATMENT

Alternative 4 provides the greatest reduction in toxicity and volume of
hazardous materials. Alternative 4 addresses the principal threat at the sit*

by treating over 6 million gallons of contaminated groundwater per year.
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Listed in the order of overall reduction of toxicity, nobility and volume
through treatment from the greatest reduction to the least reduction, they
are:

Greatest reduction

Alternative No. 4: Multi-layer Cap with Groundwater Treatment
Alternative No. 6: Multi-layer Cap with Subsurface Barrier
Alternative No. 3: Multi-layer Cap

Least Reduction

4.3.5 SHORT TERM EFFECTIVENESS

Alternative 4 achieves remedial action goals in the least amount of time
although it requires a somewhat longer time for construction. Alternative 6

poses the greatest risk to workers during construction because of the
excavation of the slurry wall. Alternatives 3 and 6 pose a greater risk co
the community because leachate will be hauled offsite. Listed in the order of
short-term effectiveness in achieving remedial action goals from the most
effective to the least effective, they are:

Most effective in the short term
Alternative No. 4: Multi-layer Cap with Groundwater Treatment

Alternative No. 3: Multi-layer Cap

Alternative No. 6: Multi-layer Cap with Subsurface Barrier

Least effective in the short term

4.3.6 IMPLEMENTABILITY

All of the alternatives are relatively easy to implement, use widely available
equipment and materials, and well established reliable methods. Installation
of the slurry wall of Alternative 6 in the strip mine spoil of Stream Valley A
may be difficult because of the nature of strip mine spoil. A detailed desi^"
investigation would have to be performed to assure that a slurry wall will b«
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cost effective and practical to implement. Alternative 4 would be less
difficult than Alternative 6, but would be more difficult to implement than
Alternative 3 because well installation would require a detailed design
investigation in order to determine the optimum well placement and pumping
rates. Alternative 4 will require the offsite disposal of water treatment
residuals. Based on the above discussion, Alternative 3 would be the easiest
to implement. Listed in the order of overall ease of implementation from the
easiest to implement to the most difficult to implement, they are:

Easiest to implement
Alternative No. 3: Multi-layer Cap

Alternative No. 4: Multi-layer Cap with Groundwater Treatment

Alternative No. 6: Multi-layer Cap with Subsurface Barrier

Most difficult to implement

4.3.7 COST

All of the rending alternatives have about the sane total implementation
overall cost. Alternative 3 has the lowest capital cost but project operating
costs are higher than alternative 4 due to the cost of offsite leachate
disposal.

Least costly

Alternative No. 3: Multi-layer Cap

Alternative No. 4: Multi-layer Cap with Groundwater Treatment

Alternative No. 6: Multi-layer Cap with Subsurface Barrier

Most costly
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APPENDIX A
CT.OUHDgA'm.

i
Cap Performance

Objective:
i

Estimate of the performance of a conceptual nulti- layer cap design at the
| Fultz landfill site.

Method:

i Version 2.05 of Hydrologic Evaluation of Landfill Performance (HELP) model,
1 U. S. Army Corps Of Engineers Waterways Experiment Station, Vicksburg, MS.

Approach :

First, estimate the infiltration of the existing landfill using a three-layer
>• model consisting of the following layers, from the top down:

1. Vertical percolation layer of municipal waste to simulate groundwater
percolation through the landfill waste. Thickness -30 feet,
porosity - .52, initial water content - .29, saturated hydraulic
conductivity - 0.0005 cm/sec. Surface consists of "Poor Grass".

2. A lateral drainage layer five feet thick, at a slope of 5.5X, and of
similar material to layer 1 but with higher hydraulic conductivity
(0.0016 cm/sec.) to simulate the anisotropicity of the waste layer, and
a lower porosity (.4057) to simulate additional compaction at the base
of the waste layer.

3. A barrier layer of much lower permeability to simulate the bedrock which
partially restricts vertical flow from the existing landfill.
Thickness - 20 feet, porosity - .43, initial water content - .43,
saturated hydraulic conductivity - 10'7 cm/sec.

Second, estimate the infiltration through a seven-layer cap consisting of 6
inches of topsoil, 30 inches of random fill, a synthetic drainage layer, a
synthetic liner with a 24- inch soil liner, and the three layers above that are
used to simulate the existing landfill. The gas collection system was ignored
since it would neither promote nor impede the movement of water through the
system.

The model layers are as follows, from the top down:

1. A vertical percolation layer to simulate the topsoil with vegetative
cover. Thickness - 6 inches, porosity - .46, initial water
content - .23, saturated hydraulic conductivity - 1.5 x 10"3 cm/sec.

2. A vertical percolation layer to simulate the random earth fill layer.
Thickness - 2.5 feet, porosity - .33, initial water content - .21,
saturated hydraulic conductivity - 6 x 10*' cm/sec.
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3. A lateral drainage layer to simulate the drainage netting.
Thickness - .5 inches, porosity - .7, initial water content - .09,
saturated hydraulic conductivity - 1 x 10~l en/sec, slope - 5.5X.

4. A barrier soil liner to simulate the combined liner and clay barrier.
Thickness - 2 feet, porosity - .43, initial water content - .43,
saturated hydraulic conductivity - 1 x 10"7 cm/sec.

5,6, 7 The same as layers 1, 2, 3 in the uncapped model.

Results:

Summary outputs from the HELP program are presented on pages A-3 through A-6.
A comparison of the output with and without the cap layers shows that capping
significantly reduces the infiltration of water through the landfill from
about 5 inches without a cap to about 0.0001 inches with the cap. The total
annual lateral seepage estimated by the model is about 341,190 cubic feet per
year or about 4.88 gallons per minute. This corresponds well to the field
estimate of 2 to 4 gallons per minute for all the seeps together.
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***********************************************************************

FULTZ LANDFILL SITE - FEASIBILITY STUDY REPORT
EXISTING LANDFILL WITHOUT CAP
9/14/90

***********************************************************************

POOR GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

360.00 INCHES
0.5200 VOL/VOL
0.2942 VOL/VOL
0.1400 VOL/VOL
0.2942 VOL/VOL
0.000500000024 CM/SEC

LAYER 2

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

60.00 INCHES
0.4057 VOL/VOL
0.3089 VOL/VOL
0.2099 VOL/VOL
0.3089 VOL/VOL
0.001600000076 CM/SEC
5.50 PERCENT

500.0 FEET
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LAYER 3

BARRIER SOIL LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

240.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL AREA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE
SOIL AND WASTE LAYERS

83.99
- 970000

21

IN

SQ FT
00 INCHES

10.9200 INCHES
6.9189 INCHES
0.0000 INCHES

227.6460 INCHES

SOIL WATER CONTENT INITIALIZED BY PROGRAM.

CLIMATOLOGICAL DATA

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR COLUMBUS OHIO

MAXIMUM LEAF AREA INDEX -3.30
START OF GROWING SEASON (JULIAN DATE) - 121
END OF GROWING SEASON (JULIAN DATE) - 286

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

27.10
73.80

29 .80
72.40

40.00
65.80

51.40
53.90

61.40
42.10

70.20
32.10
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*************** ***************** a************************«***<nnn

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 74 THROUGH 78

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

JAN/JUL

3.23
2.67

1.60
1.56

0.156
0.042

0.348
0.093

0.696
3.098

0.204
1.516

LATERAL DRAINAGE FROM LAYER

FEB/AUG

1.83
4.76

1.20
0.23

0.082
0.118

0.159
0.143

1.260
3.634

0.294
0.658

2

MAR/SEP

3.50
3.16

0.91
1.61

0.078
0.025

0.125
0.053

2.215
3.608

0.297
0.706

APR/OCT

2.77
2.48

0.93
0.63

0.019
0.003

0.043
0.004

2.987
1.904

0.656
0.245

MAY/NOV

2.56
1.96

1.41
1.09

0.031
0.000

0.068
0.001

2.811
1.305

1.015
0.140

JUN/DEC

4.05
3.12

0.69
1.48

0.019
0.074

0.025
0.126

4.989
0.669

1.235
0.109

TOTALS 0.3144 0.2929 0.3355 0.3408 0.3675 0.3653
0.3819 0.3816 0.3656 0.3712 0.3510 0.3533

STD. DEVIATIONS 0.0823 0.0744 0.0738 0.0707 0.0716 0.0684
0.0701 0.0694 0.0661 0.0669 0.0630 0.0624

PERCOLATION FROM LAYER 3

TOTALS 0.1144 0.1043 0.1151 0.1119 0.1162 0.1128
0.1167 0.1166 0.1128 0.1163 0.1123 0.1157

STD. DEVIATIONS 0.0028 0.0038 0.0025 0.0024 0.0024 0.0023
0.0023 0.0023 0.0022 0.0022 0.0021 0.0021

****************************************************** ********* ********
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Public CooMnt Feasibility Study
Fultz Landfill Site

Jun« 1991

• ••••••«««•••»• mnm-*it-*vfTiiiif*-*-*itinnr*-*ir-*irtnrir*irf*-*itiit *** * •«»•************
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78

PRECIPITATION

RUNOFF

EVAPOTRANS PIRATION

LATERAL DRAINAGE FROM
LAYER 2

PERCOLATION FROM LAYER 3

CHANGE IN WATER STORAGE
*****************************
*****************************

PEAK DAILY VALUES

(INCHES)

36.09 ( 2.628)

0.646 ( 0.264)

29.177 ( 1.032)

4.2209 ( 0.7413)

1.3650 ( 0.0259)

0.686 ( 3.293)
********************i

(CU. FT.)

2917598.

52187.

2358457.

341190.

110335.

55429.
t***********̂
k-fr.fr .fr*.fr.fr.fr.fr.fr.fr.fr.J

PERCENT

100.00

1.79

80.84

11.69

3.78

1.90
t*********
t-fr-fr-fr.fr-fr-fr.fr.fr.fr

FOR YEARS 74 THROUGH 78

(INCHES) (CU. FT.)

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 2

PERCOLATION FROM LAYER 3

HEAD ON LAYER 3

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)
MINIMUM VEG. SOIL WATER (VOL/VOL)

2.32

0.682

0.0147

0.0038

31.0

1.50

187533.3

55121.2

1185.0

310.4

120932.1

0.4125
0.1397

********** ********** ***************************************************
FINAL WATER STORAGE AT END OF YEAR 78

LAYER

1

2

3

SNOW WATER

(INCHES)

110.14

20.97

103.20

0.00

(VOL/VOL)

0.3059

0.3494

0.4300

***********************************************************************
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Public Comment Feasibility Study
Fultz Landfill Site

June 1991

Leachate Output Proa the Capped LtT"Jftll

Objective:

Estimate the maximum probable leachate production froa the existing after
capping.

Method:

Version 2.05 of Hydrologic Evaluation of Landfill Performance (HELP) model,
U. S. Amy Corps Of Engineers Waterways Experiment Station, Vicksburg, MS.

Approach:

Assume that the moisture conditions in the landfill resemble those at the end
of the five year HELP model simulation. Use the ending moisture contents for
the three layers of the uncapped simulation as the starting moisture
conditions for the corresponding layers in the capped simulation. Run the
model for a series of five-year periods using the ending conditions of the
previous period for the starting conditions for the subsequent periods. The
change in moisture multiplied by the volume of each layer will give the
maximum amount of leachate that would be expected over the given period (see
Table A-l and Figure A-l).

Results:

Sample runs for the first and fifth periods are presented on pages A-10
through A-21. Figure A-l presents a plot of the average five-year change in
moisture content over time. Running the model for five periods shows a clear
trend of slowly declining leachate production as the existing landfill
dewaters. This is a conservative, that is high estimate because it counts the
total moisture change without taking into account the moisture lost through
migration into the mine beneath the landfill. Analysis of the cap performance
itself suggests that this may be as much as 25X of the total.
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Public Co nt teasiDliicy acuoy
Fultz Landfill Site

June 1991

Table A-l
Leachate Voluae T». TiMt

Existing Landfill After Capping
Fults Landfill Sit* - Feasibility Study Report

Area of Landfill: 970,000 Sq Ft
Existing Landfill Layers:

Waste Layer (Vertical Infiltration): tfv
Waste Layer (Horizontal Drainage): Wh
Confining Layer: Cl

Thickness
Feet
30
5
20

Volume
Cubic Feet
29,100.000
4,850,000
19.400,000

Moisture Content vol/vol

Wv Wh Cl

Leachate Production
Total Average Average
Year Annual Annual
Change Cu. Ft. GPM

Moisture Content
Before Capping
Total Volume
After S years
Moisture Change
Volume Change
-1.13

0.2742 0.3089 0.43
7,979,220 1,498,165 8,342,000

0.2605 0.309 0.43
-0.0137 0.0001 0
-398,670 485 0 -398,185 -79,637

After 10 Years
Moisture Change
Volume Change

-0.99

After 15 Years
Moisture Change
Volume Change

-0.59

After 20 Years
Moisture Change
Volume Change

-0.41

After 25 Years
Moisture Change
Volume Change

-0.32
H ) I 1 1

30 year average
At Equilibrium
Moisture Change
Volume Change

-0.68

0.2486
-0.0119
-346,290

0.2415
-0.0071
-206610

0.2365
-0.005
-145500

0.2326
-0.0039
-113490

It 1 M 1 1 M M

0.1849
-0.0566

-1,647.060

0.3089
-0.0001
-2.910

0.3089
0
0

0.3089
0
0

0.3089
0
0

1 1 M 1 1 M M M

0.3161
0.0072
209,520

0.43
0
0 -349,200

0.43
0
0 -206,610

0.43
0
0 -145,500

0.43
0
0 -113,490

1 M 1 1 1 1 1 M M 1 M 1 II II

0.43
0
0 -1,437,540

-69,840

-41,322

-29,100

-22,698

M M M M M 1 1 M 1

-47.918
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Public Conn«nt Feasibility Study
Fulcz Landfill Sit*

JUXM 1991

***********************************************************************
************••*******»******************»****************»********>*•**

FULTZ LANDFILL SITE - FEASIBILITY STUDY
EXISTING LANDFILL CAPPED - YEARS 1 THROUGH 5
9/14/90

GOOD GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1157 VOL/VOL
0.2320 VOL/VOL
0.001553999959 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

30.00 INCHES
0.3325 VOL/VOL
0.2173 VOL/VOL
0.1361 VOL/VOL
0.2173 VOL/VOL
0.000059999998 CM/SEC

I

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

0.50 INCHES
0.7000 VOL/VOL
0.0400 VOL/VOL
0.0200 VOL/VOL
0.0906 VOL/VOL
0.100000001490 CM/SEC
5.50 PERCENT

500.0 FEET

P-42-F A-10



LAYER 4

Public CooMnt Feasibility Study
Fultz Landfill Sit*

June 1991

BARRIER SOIL LINER WITH FLEXIBLE HEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.01000000

LAYER 5

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

360.00 INCHES
0.5200 VOL/VOL
0.2942 VOL/VOL
0.1400 VOL/VOL
0.2942 VOL/VOL
0.000500000024 CM/SEC

LAYER 6

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

60.00 INCHES
0.4057 VOL/VOL
0.3089 VOL/VOL
0.2099 VOL/VOL
0.3089 VOL/VOL
0.001600000076 CM/SEC
5.50 PERCENT

500.0 FEET

LAYER 7

BARRIER SOIL LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

240.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC

A-ll



Public Coomnt Feasibility Study
Fulcz Landfill Sit*

June 1991

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER - 72.00
TOTAL AREA OF COVER - 970000. SQ FT
EVAPORATIVE ZONE DEPTH - 21.00 INCHES
UPPER LIMIT VEG. STORAGE - 7.7655 INCHES
INITIAL VEG. STORAGE - 4.6515 INCHES
INITIAL SNOW WATER CONTENT - 0.0000 INCHES
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS - 245.9223 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR COLUMBUS OHIO

MAXIMUM LEAF AREA INDEX - 3.30
START OF GROWING SEASON (JULIAN DATE) - 121
END OF GROWING SEASON (JULIAN DATE) - 286

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

27.10 29.80 40.00 51.40 61.40 70.20
73.80 72.40 65.80 53,. 90 42.10 32.10

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 74 THROUGH 78

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS 3.23 1.83 3.50 2.77 2.56 4.05
2.67 4.76 3.16 2.48 1.96 3.12

STD. DEVIATIONS 1.60 1.20 0.91 0.93 1.41 0.69
1.56 0.23 1.61 0.63 1.09 1.48



Public CooMnt Feasibility Study
Fultz Landfill Sits

June 1991

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

0.776
0.000

1.735
0.000

0.708
3.104

0.201
1.508

0.301
0.001

0.672
0.002

1.288
3.777

0.290
0.790

0.281
0.000

0.619
0.000

2.222
3.636

0.297
0.722

0.000
0.000

0.000
0.000

2.835
1.911

0.770
0.236

0.003
0.000

0.006
0.000

2.706
1.343

0.868
0.129

0.000
0.005

0.000
0.011

5.339
0.693

1.610
0.119

LATERAL DRAINAGE FROM LAYER

TOTALS

STD. DEVIATIONS

0.3358
0.6073

0.2585
0.0809

PERCOLATION FROM LAYER 4

TOTALS

STD. DEVIATIONS

0.0017
0.0015

0.0007
0.0001

0.3906
0.6095

0.2053
0.1673

0.0018
0.0012

&. 0006
0.0001

LATERAL DRAINAGE FROM LAYER

TOTALS

STD. DEVIATIONS

0.0971
0.0983

0.0744
0.0780

PERCOLATION FROM LAYER 7

TOTALS

STD. DEVIATIONS

0.1070
0.1075

0.0021
0.0020

0.0984
0.0963

0.0633
0.0799

0.0977
0.1075

0.0022
0.0021

0.4591 0.4747 0.4920 0.5019
0.2462 0.1488 0.0964 0.2720

0.1291 0.0109 0.0115 0.0214
0.1265 0.1157 0.0787 0.1710

0.0020 0.0021 0.0020 0.0017
0.0010 0.0011 0.0010 0.0013

0.0006 0.0002 0.0002 0.0002
0.0000 0.0000 0.0000 0.0004

0.1137 0.1050 0.1008 0.0966
0.0909 0.0912 0.0970 0.0933

0.0778 0.0743 0.0723 0.0729
0.0786 0.0819 0.0924 0.0899

0.1075 0.1040 0.1075 0.1041
0.1040 0.1074 0.1039 0.1072

0.0017 0.0017 0.0019 0.0019
0.0020 0.0021 0.0020 0.0020
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Public CoHMtit Feasibility Study
Fultz Landfill Sit*

JUIM 1991

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78

(INCHES) (CU. FT.) PERCENT

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

LATERAL DRAINAGE FROM
LAYER 6

36.09 ( 2.628)

1.367 ( 1.894)

29.563 ( 1.237)

4.6343 ( 0.6870)

0.0185 ( 0.0023)

1.1785 ( 0.8889)

PERCOLATION FROM LAYER 7 1.2652 ( 0.0205)

CHANGE IN WATER STORAGE -1.914 (3.278)

2917598.

110470.

2389660.

374607.

1498.

95264.

102273.

-154676.

100.00

3.79

81.91

12.84

0.05

3.27

3.51

-5.30

PEAK DAILY VALUES FOR YEARS

PRECIPITATION

RUNOFF

LATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

LATERAL DRAINAGE FROM LAYER 6

PERCOLATION FROM LAYER 7

HEAD ON LAYER 7

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

74 THROUGH

(INCHES)

2.32

2.000

0.0313

0.0001

36.6

0.0071

0.0036

11.4

1.50

0.3698

0.1302

78

(CU. FT.)

187533.3

161698.7

2530.0

6.9

577.5

288.0

120932.1

************************************************* **********************
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Public CoMMnt Feasibility Study
Fultz Landfill Sit*

June 1991

FINAL WATER STORAGE AT END OF YEAR 78

LAYER

1

2

3

4

5

6

7

SNOW WATER

(INCHES)

1.50

8.67

0.35

10.32

93.78

18.54

103.20

0.00

(VOL/VOL)

0.2499

0.2889

0 . 7000

0.4300

0.2605

0.3090

0.4300

***********************************************************************
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Public CoMMixt Feasibility Study
Fultz Landfill Slt«

JUIM 1991

******** *************************** *********************** * ************

FULTZ LANDFILL SITE FEASIBILITY STUDY
EXISTING LANDFILL CAPPED - YEARS 21 THROUGH 25
9/24/90

************************************************************̂ ^
************

GOOD GRASS

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1157 VOL/VOL
0.2499 VOL/VOL
0.001553999959 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

30.00 INCHES
0.3325 VOL/VOL
0.2173 VOL/VOL
0.1361 VOL/VOL
0.2889 VOL/VOL
0.000059999998 CM/SEC

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

0.50 INCHES
0.7000 VOL/VOL
0.0400 VOL/VOL
0.0200 VOL/VOL
0.7000 VOL/VOL
0.100000001490 CM/SEC
5.50 PERCENT

500.0 FEET

F-42-P A-16



Public C nt Feasibility Study
Fultz Landfill Sit*

June 1991

LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.01000000

LAYER 5

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

360.00 INCHES
0.5200 VOL/VOL
0.2942 VOL/VOL
0.1400 VOL/VOL
0.2365 VOL/VOL
0.000500000024 CM/SEC

LAYER 6

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

LATERAL DRAINAGE LAYER
60.00. INCHES

089 VOL/VOL
0.2099 VOL/VOL
0.3089 VOL/VOL
0.001600000076 CM/SEC
5.50 PERCENT

500.0 FEET

LAYER 7

BARRIER SOIL LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

240.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
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Public CoHMnt Feasibility Study
Fultz Landfill Sit*

Juxw 1991

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER - 72.00
TOTAL AREA OF COVER - 970000. SQ FT
EVAPORATIVE ZONE DEPTH - 21.00 INCHES
UPPER LIMIT VEG. STORAGE - 7.7655 INCHES
INITIAL VEG. STORAGE - 5.8329 INCHES
INITIAL SNOW WATER CONTENT - 0.0000 INCHES
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS - 227.7104 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.

CLIMATOLOGICAL DATA

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR COLUMBUS OHIO

MAXIMUM LEAF AREA INDEX -3.30
START OF GROWING SEASON (JULIAN DATE) - 121
END OF GROWING SEASON (JULIAN DATE) - 286

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

27.10 29.80 „ *CLfi& ** 51.40 61.40 70.20
73.80 72.40 '""•**»6$W" **"* 53.90 42 710 32.10

***********************************************************************

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 74 THROUGH 78

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION

TOTALS 3.23 1.83 3.50 2.77 2.56 4.05
2.67 4.76 3.16 2.48 1.96 3.12

STD. DEVIATIONS 1.60 1.20 0.91 0.93 1.41 0.69
1.56 0.23 1.61 0.63 1.09 1.48
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Public Coonent Feasibility Study
Fultz Landfill Sit*

June 1991

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

0.777
0.000

1.736
0.000

0.707
3.182

0.201
1.436

LATERAL DRAINAGE FROM LAYER

0.303
0.001

0.678
0.002

1.288
3.777

0.290
0.790

3

0.375
0.000

0.605
0.000

2.221
3.634

0.298
0.722

0.108
0.000

0.242
0.000

2.835
1.909

0.770
0.238

0.003
0.000

0.006
0.000

2.706
1.342

0.868
0.128

0.000
0.005

0.000
0.011

5.449
0.693

1.666
0.119

TOTALS

STD. DEVIATIONS

0.4229 0.3768 0.4491
0.6007 0.6067 0.2950

0.2181 0.1961 0.1223
0.0864 0.1649 0.1621

PERCOLATION FROM LAYER 4

TOTALS 0.0018 0.0020 0.0022
0.0015 0.0012 0.0010

STD. DEVIATIONS 0.0006 0.0006 0.0006
$* 4,0002 0.0002 Q.-OOOO

LATERAL DRAINAGE FROM LAYER 6

TOTALS

STD. DEVIATIONS

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

PERCOLATION FROM LAYER 7

TOTALS

STD. DEVIATIONS

0.0258 0.0234 0.0256
0.0252 0.0252 0.0242

0.0018 0.0017 0.0018
0.0018 0.0018 0.0017

0.4819 0.4903 0.4974
0.1601 0.0999 0.2780

0.0148 0.0126 0.0242
0.1154 0.0781 0.1756

0.0022 0.0021 0.0018
0.0011 0.0010 0.0013

0.0003 0.0002 0.0002
0.0000 0.0000 0.0004

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

0.0247 0.0254 0.0245
0.0250 0.0241 0.0248

0.0018 0.0018 0.0017
0.0017 0.0017 0.0017

*** ********************************************************************
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Public C nt Feasibility Study
Fultz Landfill Sit*

June 1991

********************»**»*************•***********************»*«******<

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

LATERAL DRAINAGE FROM
LAYER 6

PERCOLATION FROM LAYER 7

CHANGE IN WATER STORAGE

(INCHES)

36.09 ( 2.628)

1.572 ( 1.768)

29.744 ( 1.403)

4.7590 ( 0.7484)

0.0193 ( 0.0021)

0.0001 ( 0.0000)

0.2979 ( 0.0210)

-0.279 ( 3.064)

(CU. FT.)

2917598.

127047.

2404326.

384683.

1559.

7.

24084.

-22548.

PERCENT

100.00

4.35

82.41

13.18

0.05

0.00

0.83

-0.77

*********** **************************************************************

PEAK DAILY VALUES FOR YEARS 74 THROUGH 78

PRECIPITATION

RUNOFF
•' iLATERAL DRAINAGE FROM LAYER 3

PERCOLATION FROM LAYER 4

HEAD ON LAYER 4

LATERAL DRAINAGE FROM LAYER 6

PERCOLATION FROM LAYER 7

HEAD ON LAYER 7

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

(INCHES) (CU. FT.)

2.32 187533.3

2.000 161695.4

0.0313 2530.0

0.0001 6.9

36.7

0.0000 0.0

0.0009 73.8

0.0

1.50 120932.1

0.3698

0.1302
•»*»*******************************************************************<
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FINAL WATER

LAYER

1

2

3

4

5

6

7

SNOV WATER

mm»«»«««««<

STORAGE AT

(INCHES)

1.50

8.67

0.35

10.32

83.75

18.53

103.20

0.00

r«««««««««»««««««««««»ii««««**««*t»

END OF YEAR 78

(VOL/VOL)

0.2499

0.2889

0.7000

0.4300

0.2326

0.3089

0.4300

***********************************************************************
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Laachata Otitout from a RAW On-*It* RCBA-Tvn* lan

Objective:

Estimate the leachate that would be produced by a nev RCRA-type double-lined
onsite landfill over the 30-year life of Alternative 5.

Method:

Version 2.05 of Hydrologic Evaluation of Landfill Performance (HELP) model,
U. S. Army Corps of Engineers Waterways Experiment Station, Vicksburg, MS.

Approach:

A ten layer model is used to simulate the double-lined landfill and the rock
underdrain under the landfill. The upper five layers simulate the cap and
waste, and are the same as those used in the multi-layer cap simulation. The
remaining layers are as follows:

6. A vertical percolation layer, to simulate the protective sand layer
which Is placed over the synthetic liner and drainage material.
Thickness - 1 foot, porosity - .33, saturated hydraulic
conductivity - 2.9 x 10"* cm/sec.

7. A lateral drainage layer to simulate the synthetic drainage netting.
Thickness - 1 foot, porosity - .7, saturated hydraulic
conductivity - 1 x 10*1 cm/sec. Collection pipes would be installed
every SO feet, so that the drainage length would be 25 feet. The
drainage slope would be controlled at 41.

8. A barrier soil liner to simulate the combined liner and clay barrier.
Thickness - 3 feet, porosity - .4, saturated hydraulic
conductivity - 1 x 10** cm/sec. A leakage factor of 0.01 is used in
order to be conservative.

9. A vertical percolation layer is used to simulate the fill and the rock
drain under the landfill. Thickness - 15 feet, porosity - .33,
saturated hydraulic conductivity - 5 x 10"* cm/sec.

10. A barrier soil liner to simulate the bedrock under the rock drain.
Thickness •• 20 feet, porosity - .43, saturated hydraulic
conductivity - 1 x 10"* cm/sec.

Since the object is to determine steady state leachate production over the
live of the landfill, and the waste will be compacted and drained before
placement, An initial model run used default moisture conditions for the types
of soil under used. Additional runs were made using the final moisture
conditions from the previous run as the starting moisture conditions,
iterating until there was little change in moisture storage within a model
run.

F-42-F A-22
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Results:

The final iteration of the HELP model is presented on pages A-24 through A-30.
Lateral drainage from layer 7 represents the leachate that will drain out of
the waste and other layers within the landfill cell. The model estimates that
we should expect 20,339 cubic feet per year, .04 GPM, on average.



Public ConMnt Feasibility Study
Fultx Landfill Sit*

Jun* 1991

*********************************************************************•*

FULTZ LANDFILL SITE - FEASIBILITY STUDY
ALTERNATIVE 5 - ON-SITE LANDFILL
14 NOVEMBER 1990 (Final Iteration)

******************************** * ** * ************** *************** ******
***********************************************************************

LAYER 1

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

6.00 INCHES
0.4630 VOL/VOL
0.2320 VOL/VOL
0.1157 VOL/VOL
0.2555 VOL/VOL
0.001554000075 CM/SEC

LAYER 2

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

30.00 INCHES
0.3325 VOL/VOL
0.2173 VOL/VOL
0.1361 VOL/VOL
0.2909 VOL/VOL y"
0.000006000000 CM/S&'

LAYER 3

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

0.50 INCHES
0.7000 VOL/VOL
0.0400 VOL/VOL
0.0200 VOL/VOL
0.1045 VOL/VOL
0.100000001490 CM/SEC
12.00 PERCENT
100.0 FEET
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LAYER 4

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

24.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000100000 CM/SEC
0.01000000

LAYER 5

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

360.00 INCHES
0.4200 VOL/VOL
0.2942 VOL/VOL
0.1400 VOL/VOL
0.2154 VOL/VOL
0.000199999995 CM/SEC

LAYER 6

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

12.00 INCHES
0.3339 VOL/VOL
0.0529 VOL/VOL
0.0245 VOL/VOL
0.1041 VOL/VOL
0.000289999996 CM/SEC

LAYER 7

LATERAL DRAINAGE LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
SLOPE
DRAINAGE LENGTH

12.00 INCHES
0.7000 VOL/VOL
0.0400 VOL/VOL
0.0200 VOL/VOL
0.0401 VOL/VOL
0.100000001490 CM/SEC
4.00 PERCENT
25.0 FEET



LAYER 8

Public CoMMttt F«««lbillty Study
Fultz Landfill Sit*

Jun. 1991

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY
LINER LEAKAGE FRACTION

36.00 INCHES
0.4000 VOL/VOL
0.3560 VOL/VOL
0.2899 VOL/VOL
0.4000 VOL/VOL
0.000000010000 CM/SEC
0.01000000

LAYER 9

VERTICAL PERCOLATION LAYER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

180.00 INCHES
0.3325 VOL/VOL
0.2173 VOL/VOL
0.1361 VOL/VOL
0.2173 VOL/VOL
0.000005000000 CM/SEC

LAYER 10

BARRIER SOIL LINER
THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT
INITIAL SOIL WATER CONTENT
SATURATED HYDRAULIC CONDUCTIVITY

240.00 INCHES
0.4300 VOL/VOL
0.3663 VOL/VOL
0.2802 VOL/VOL
0.4300 VOL/VOL
0.000000010000 CM/SEC

GENERAL SIMULATION DATA

SCS RUNOFF CURVE NUMBER
TOTAL ARIA OF COVER
EVAPORATIVE ZONE DEPTH
UPPER LIMIT VEG. STORAGE
INITIAL VEG. STORAGE
INITIAL SNOW WATER CONTENT
INITIAL TOTAL WATER STORAGE IN
SOIL AND WASTE LAYERS

0.01
- 600000. SQ FT

21.00 INCHES
7.7655 INCHES
5.896S INCHES
0.0000 INCHES

256.6207 INCHES

SOIL WATER CONTENT INITIALIZED BY USER.
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CLIMATOLOGICAL DATA

DEFAULT RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND
SOLAR RADIATION FOR COLUMBUS OHIO

MAXIMUM LEAF AREA INDEX - 3.30
START OF GROWING SEASON (JULIAN DATE) - 121
END OF GROWING SEASON (JULIAN DATE) - 286

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

27.10 29.80 40.00 51.40 61.40 70.20
73.80 72.40 65.80 53.90 42.10 32.10

PRECIPITATION

TOTALS

STD. DEVIATIONS

RUNOFF

TOTALS

STD. DEVIATIONS

EVAPOTRANSPIRATION

TOTALS

STD. DEVIATIONS

JAN/JUL

3.23
2.67

1.60
1.56

0.292
0.000

0.654
0.000

0.703
3.036

0.205
1.520

FEB/AUG

1.83
4.76

1.20
0.23

0.061
0.000

0.136
0.000

1.273
3.790

0.300
0.817

MAR/SEP

3.50 •
3.1*-

0.91
1.61

0.000
0.000

0.000
0.000

2.238
3.640

0.291
0.728

APR/OCT

2.77
2.48

0.93
0.63

0.000
0.000

0.000
0.000

2.882
1.910

0.737
0.260

MAY/NOV

2.56
1.96

1.41
1.09

0.000
0.000

0.000
0.000

2.787
1.320

0.905
0.132

JUN/DEC

4.05
3,12

0.69
1.48

0.000
0.079

0.000
0.176

4.957
0.678

1.284
0.113



Public CoMMtit Feasibility Study
Fultz Landfill Sit*
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LATERAL DRAINAGE FROM LAYER 3

TOTALS

STD. DEVIATIONS

1.6006 1.4295 1.0484
0.0823 O.OS85 0.0439

1.0264 0.8680 1.2786
0.0142 0.0075 0.0045

PERCOLATION FROM LAYER 4

TOTALS 0.0011 0.0010 0.0011
0.0011 0.0011 0.0010

STD. DEVIATIONS 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

LATERAL DRAINAGE FROM LAYER 7

TOTALS

STD. DEVIATIONS

0.0357 0.0323 0.0353
0.0344 0.0342 0.0329

0.0042 0.0037 0.0040
0.0038 0.0038 0.0036

PERCOLATION FROM LAYER 8

TOTALS 0.0001 0.0001 0.0001
0.0001 0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

PERCOLATION FROM LAYER 10

TOTALS 0.0001 It. 0001 0.0001
0.0001 0.0001 0.0001

STD. DEVIATIONS 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

1.0076 0.2728 0.1301
0.0378 0.0337 0.6908

0.7989 0.1249 0.0340
0.0040 0.0090 1.1075

0.0010 0.0011 0.0010
0.0011 0.0010 0.0011

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

0.0339 0.0348 0.0335
0.0338 0.0325 0.0334

0.0038 0.0039 0.0037
0.0037 0.0035 0.0036

0.0001 0.0001 0.0001
0.0001 0.0001 0.0001

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

0.0001 0.0001 0.0001
0.0001 0.0001 0.0001

0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

* *********************************
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****»*******<******»************************************»**************
AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 74 THROUGH 78

PRECIPITATION

RUNOFF

EVAPOTRANSPIRATION

LATERAL DRAINAGE FROM
LAYER 3

PERCOLATION FROM LAYER 4

LATERAL DRAINAGE FROM
LAYER 7

PERCOLATION FROM LAYER 8

PERCOLATION FROM LAYER 10

CHANGE IN WATER STORAGE

(INCHES)

36.09 ( 2.628)

0.432 ( 0.807)

29.214 ( 0.987)

6.4359 ( 1.4482)

0.0124 ( 0.0000)

0.4068 ( 0.0453)

0.0012 ( 0.0000)

0.0012 ( 0.0000)

-0.396 ( 2.338)

(CU. FT.)

1804700.

21593.

1460690.

321796.

622.

20339.

62.

62.

-19781.

PERCENT

100.00

1.20

80.94

17.83

0.03

1.13

0.00

0.00

-1.10

a***-*****************-***** *********** A****-***-*****-********-*************
PEAK DAILY VALUES FOR YEARS .74 THROUGH 78

(INCHES)

PRECIPITATION
RUNOFF
LATERAL DRAINAGE
PERCOLATION FROM
HEAD OH LAYER 4
LATERAL DRAINAGE
PERCOLATION FROM
HEAD ON LAYER 8
PERCOLATION FROM
HEAD ON LAYER 10
SNOW WATER

FROM LAYER 3
LAYER 4

FROM LAYER 7
LAYER

LAYER

MAXIMUM VEG. SOIL WATER

8

10

(VOL/VOL)

2
1
0
0
0
0
0
0
0
0
1

MINIMUM VEG. SOIL WATER (VOL/VOL)

.32

.462

.1901

.0000

.3

.0015

.0000

.0

.0000

.0

.50

0.3612
0.1302

(CU. FT.)

116000
73076
9504

1

77
0

0

74803

.0

.0

.9

.7

.2

.2

.2

.3

************************************ *1 >***********»************»****;
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*t*»****m**n*m*****ii*tiit»t*i

FINAL WATER

LAYER

1

2

3

4

5

6

7

8

9

10

SNOW WATER

STORAGE AT

(INCHES)

1.53

8.73

0.05

10.32

75.62

1.20

0.48

14.40

39.11

103.20

0.00

.0,0.̂^̂ ^̂ .̂ ^̂^

END OF YEAR 78

(VOL/VOL)

0.2555

0.2909

0.1045

0.4300

0.2100

0.0998

0 . 0401

0 . 4000

0.2173

0.4300

.Â -̂A.̂ .̂ *̂ .*.*̂ .**-*-***"* <A"*M***̂ + •+•*•+•+ <*̂ <4- •*••*>

a**********************************************************************

;i
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Public Comaant Feasibility Study
Fultz Landfill Site

June 1991

Objective:

Estimate the cleanup time for the shallow aquifer from natural dilution and
from groundwater extraction.

Method:

Assume a closed, continuously-mixed system model consisting of a portion of
the shallow aquifer to the north of the Fultz Landfill Site. Inputs into the
system include infiltration of precipitation and lateral flow of groundwater
from the upstream area of Valley A. Outflows from the system consist of
groundwater flow into the Deep Mine Aquifer, Wills Creek Valley, and discharge
from extraction wells. We assume that no chemical or physical reactions take
place that would lengthen or shorten the flushing process.

Procedure:

Volume of Water in the Shallow Aquifer

Map Scale: 400 Ft. per Inch
Porosity: 0.2

Zone

I
II
III
IV
V

Thickness
Feet

29
25
22
14
20

Area
Sq In

0.712
0.814
0.860
0.636
1.050

Volume
Sq Ft

3,303,680
3,256,000
3,027,200
1,424,640
3.360,000

Water
Volume CF

660,736
651,200
605,440
284,928
672,000

Total 4.072 2,874,304

Using a first order decay equation to calculate the effect of mixing clean
water with the chemically affected water in the shallow aquifer:

C(t) - C0 * exp(-alpha*t)

Where: alpha - Q/V + k
t - Time from the start of the model (years)
Q - the net flow of clean water into the system
V - the volume of the system
C0 - the starting concentration in the system
k - the reaction rate within the system - 0



Public Comment Feasibility Study
Fultz Landfill Site

Jura 1991

Vith Natural Recharge Only, we assume that most of lateral flow down Valley A
seeps into the Deep Mine Aquifer without affecting the contaminated area near
the landfill, that is, the net input to the shallow aquifer in the area of the
existing landfill is equal to infiltration from the surface.

Natural Infiltration Rate: 4 Inches/Year
Annual Infiltration Volume: 217,173 Cubic Feet
Years to Exchange One Volume: 13.24 Years - V/Q
Q/V - Number of exchanges per year - 0.076

Using the maximum observed values of several representative chemicals compared
with cleanup levels based on MCLs or other standards we calculate the change
in chemical concentration with time:

Arsenic

TCL* ug/1

C0 ug/1

t- 1
10
20
30
34
40
45
46

50

427

395.93
200.58
94.22
44.26
32.72
20.79
14.25
13.21

Chromium

50

1580

1465.02
742.19
348 . 64
163.77
121.06
76.93
52.73
48.89

Chemical

Lead Bis(2-ethylhexyl)

50

1530

1418.66
718.71
337.61
158.59
117.22
74.50
51.06
47.34

phthalate

8.4

100

92.72
46.97
22.07
10.37
7.66
4.87
3.34
3.09

Maximum cleanup time without extraction wells would be about 46 years.

Maximum cleanup time without extraction wells would be about 13 years.

A-32



I Public Comment Feasibility Study
Fultz Landfill Site

: June 1991
I

With Extraction Wells, we use the estimated extraction rates previously
calculated and assume that the water table will be depressed sufficiently so
that the additional flow will be added to the natural infiltration by lateral
groundwater flow from upstream in Valley A.

With Extraction Wells:

Extraction Rate: 10 GPM
Years to remove one volume 4.09 Years
Q/V - Number of exchanges per year - 0.244 Exchanges

Chemical

Arsenic Chromium Lead Bis(2-ethylhexly)
phthalate

TCL uz/r 50 50 50 8.4

CO Mg/1

t(years) 1
10
13
14
15
20
30

427

334.39
37.04
17.79
13.93
10.91
3.21
0.28

1580

1237.33
137.07
65.83
51.55
40.37
11.89
1.03

1530

1198.18
132.73
63.75
49.92
39.10
11.52
1.00

100

78.31
8.68
4.17
3.26
2.56
0.75
0.07

Maximum cleanup time with extraction wells would be about 14 years.

Minimum cleanup time with extraction wells would be about 4 years.

* Target Compound Limit based on the lowest of MCLs, MCLGs,
surface water standards, etc., as in Table 2-4.
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318 Grountfwittf Rtiourct Cvtluitian / Ch. 8

T«bl« 8.1 ValuM of W(w) for Various ViluM of u

u

X 1
x 10-'
x 10-'
x JO-'
x 10-«
x 10-'
x 10-«
x 10-'
x 10-«
x 10-'
x 10"' °
x 10-"
x 10-"
x 10-"
x 10-'*
x 10-n

1.0

0.219
1.82
4.04
6.33
8.63

10.94
13.24
15.54
17.84
20.15
22.45
24.75
27.05
29.36
31.66
33.96

2.0

0.049
1.22
3.35
5.64
7.94

10.24
12.55
14.85
17.15
19.45
21.76
24.06
26.36
28.66
30.97
33.27

3.0

0.013
0.91
2.96
5.23
7.53
9.84

12.14
14.44
16.74
19.05
21.35
23.65
25.96
28.26
30.56
32.86

4.0

0.0038
0.70
2.68
4.95
7.25
9.55

11.85
14.15
16.46
18.76
21.06
23.36
25.67
27.97
30.27
32.58

5.0

0.0011
0.56
2.47
4.73
7.02
9.33

11.63
13.93
16.23
18.54
20.84
23.14
25.44
27.75
30.05
32.35

60

0.00036
0.45
2.30

4.54
6.84
9.14

11.45
13.75
16.05
18.35
20.66
22.96
25.26
27.56
29.87
32.17

7.0

0.00012
0.37
2.15

4.39
6.69
8.99

11.29
13.60
15.90
18.20
20.50
22.81
25.11
27.41
29.71
32.02

8.0

0.000038
0.31
2.03

4.26
6.55
8.86

11.16
13.46
15.76
18.07
20.37
22.67
24.97
27.28
29.58
31.88

9.0

0.000012
0.26
1.92
4.14
6.44
8.74

11.04
13.34
15.65
17.95
20.25
22.55
24.86
27.16
29.46
31.76

SOURCE: Wenzel, 1942.

/i0 — h from Eq. (8.7). Figure 8.5(b) shows a calculated plot of A0 — h versus t
for the specific set of parameters noted on the figure. A set of field measurements
of drawdown versus time measured in a piezometer that is set in an ideal confined
aquifer with these properties would show this type of record.

The shape of the function A0 — h versus t, when plotted on log-log paper as
in Figure 8.5(b), has the same form as the plot of W(u) versus l/u shown in Figure
8.5(a). This is a direct consequence of the relations embodied in Eqs. (8.6) and
(8.7), where it can be seen that A0 — h and W(u), and r and l/u, are related to one
another through a constant term.

It is also possible to calculate values of A0 — h at various values of r at a given
time t. Such a calculation leads to a plot of the cone of depression (or drawdown
cone) in the potentiometric surface around a pumping well. Figure 8.4 provides a
schematic example. The steepening of the slope of the cone near the well is reflected
in the solution, Eq. (8.7). The physical explanation is clear if one carries out the
simple flow-net construction shown in the plan view of Figure 8.4 and then carries
the hydraulic head values down onto the section.

For a given aquifer the cone of depression increases in depth and extent with
increasing time. Drawdown at any point at a given time is directly proportional
to the pumping rate and inversely proportional to aquifer transmissivity and
aquifer storativity. As shown in Figure 8.6, aquifers of low transmissivity develop
tight, deep drawdown cones, whereas aquifers of high transmissivity develop shal-
low cones of wide extent. Transmissivity exerts a greater influence on drawdown
than does storativity.

In that geologic configurations are seldom as ideal as that outlined above,
the time-drawdown response of aquifers under pumpage often deviates from the
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ICF KAISER ENGINEERS
Fultz Landfill Site Proj«ct No. 3O34O
Hydrologic Calculation*
Mad* byi DAG Datei 3O-Nov-9O Checkd byi Date:

ESTIMATED WELL DISCHARGE IN GALLONS PER MINUTE FOR
DIFFERENT AQUIFER THICKNESSES AND WELL DRAWDOWNS

b -
14 18 2O 22 23 29

2
3
4
5
6
7
8

0.20
O.3O
O.39
O.49
0.59
O.69
0.79

0.25
O.38
O.51
O.63
0.76
0.89
1.01

O.28
0.42
0.56
0.70
O.84
0.98
1.12

O.31
O.46
0.62
0.77
0.93
1.O8
1.24

0.35
0.53
0.70
0.8S
1.05
1.23
1.41

0.41
O.61
0.81
1.02
1.22
1.43
1.63

Estimated Extraction Well Discharges

Well Aquifer Drawdown Discharge
Number Thickness Feet GPM

E-l
E-2
E-3
E-4
E-5
E-6
E-7
E-8
E-9
E-1O
E-ll
E-12

20
20
18
14
14
22
22
22
25
25
29
29

5
5
4
4
4
6
6
6
6
6
7
7

0.70
0.70
O.51
0.39
0.39
0.93
O.93
0.93
1.05
1.O5
1.43
1.43

TOTAL 10.44
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Hydraulic Conductivity
Radius of the well
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XO
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80
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350

Pond 1 I
808
20
15

Extraction

0.88
0.76
0.70
0.67
0.64
0.62
0.60
0.59
0.58
0.56
0.54
0.53

»ond 1
808
22
16

Rate in

1.14
0.99
0.91
0.87
0.84
0.81
0.78
0.77
0.75
0.73
0.71
0.69

Pond 2 1
801
14
10

GPM

0.48
0.42
0.39
0.37
0.36
0.34
0.33
0.32
0.32
0.31
0.30
0.29

?ond 3
810
22
16

1.14
0.99
0.91
0.87
0.84
0.81
0.78
0.77
0.75
0.73
0.71
0.69
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0.2
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C
Zone Thlckneee

Peet
I
II
III
I?
V

29
25
22
14
20

Area
Sq In

0.712
0.814
0.86
0.636
1.06

Volune
SqFt

3303680
3256000
3027200
1424640
3360000

Hater
Volwe C Ft
660736
651200
606440
284926
672000

Total 2874304
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APPENDIX B
EVALUATION OP MINE SUBSIDENCE POTENTIAL

Introduction

About 401 of the Fultz Site is underlain by former room-and-pillar coal mines.
Although the Phase I RI indicated that some of the nine roof was deteriorated
and had collapsed, borings into the mine during the Phase II RI shoved fairly
clean voids that indicate that significant parts of the mine, especially in
the vicinity of the existing landfill have not collapsed. Open voids beneath
the ground surface raise the issue of the possibility of future subsidence.
The potential effects and likelihood of future subsidence has a significant
bearing on the screening of technologies and the development of remedial
alternatives. Certain remedial technologies are inappropriate for an
undermined site. Others are feasible, but their effectiveness would be
impaired if there was a significant danger of future subsidence. This
evaluation of the potential for mine subsidence at the Fultz Landfill Site
determines whether or not the open subsurface cavities left by the former
underground mine threaten the effectiveness of remedial measures that might be
employed at the Fultz Landfill Site.

Factors Affecting the Likelihood of Subsidence

From the point of view of the surface effects of mine subsidence, there are
two basic manifestations, sinkholes and troughs. A sinkhole is a depression
in the ground surface that occurs from the collapse of the overburden into a
mine opening. Boundaries between the ground surface and the walls of the
sinkhole are often abrupt, and the diameter generally increases with depth.
Sinkholes generally develop where cover is thin, normally 3 to 10 times the
height of the extracted seam (see Table B-l). A trough is a shallow, often
broad, dish-shaped depression that develops when the overburden sags downward
into the mine opening. [B]

Several failure mechanisms contribute to the collapse of abandoned mines.
Roof beds spanning adjacent pillars may collapse due to shear failure or
flexural failure. Pillar failure may cause trough like subsidences, generally
in deeper overburden, at a considerable time after mining. Pillar failure is

n . i



TABLE 1-1
CHAItACTERISTICS OF SUBSIDENCE FEATURES

ASSOCIATED WITH ABANDONED NINES IN THE PITTSBURGH
COAL REGION*

1. Mode of Development

2. Geometry

a. Characteristic
Profile:

Sinkholes

Roof collapse

Troughs

Roof collapse,
Pillar crushing,
Pillar punching

b. Diameter, D:
Range
Mean
80X

c. Depth, d:
Range
Mean
80Z

3. Occurrence
a. Overburden

thickness, H:

Range
Mean
80X

b. Distance
from outcrop

1.5 - 45 ft*
9 ft [170]+
< 12 ft

1.5 - 45 ft
14 ft [170]
< 18 ft

2.5 - 150 ft
45 ft [212]
< 70 ft

75X of occurrences
within 50 ft*

30 - 1600 ft*
300 ft [15]
< 300 ft

0.2 - 3 ft
<3 ft [15]
< 3 ft

35 - 450 ft
120 ft [15]
< 150 ft

No apparent
relationship

* Height of typical mine opening is 5.5 to 6 feet

+ Number in brackets denotes size of sample

* Sinkholes are roughly circular in plan, i.e., D̂ .T -

Nominal trough diameter D - (D^ + Daia)/2.
: Range - 1 - 3.2; Mean - 1.45 [15]

Relationship of trough diameter D to overburden thickness H,
D/H: Range - 0.4 - 4.7; Mean - 2.0 [15]; 801 lie between 0.5 and
2.5; and 501 between 1 and 2.

hillslope inclinations commonly range between 10 and 20 degrees.
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frequently caused by additional loads from foundations or fills placed over
the mine being transferred to the pillars. Squeezes or crushes, where pillars
punch into floor or roof slabs, occur when floors or roofs have been weakened
from the action of water or other weathering. An underclay mine floor, high
pillar stresses, and flooded mine conditions all favor squeezes and crushes.

The height to which the collapse can take place is a function of the type of
subsidence, volume of the original mine opening or room, the bulking factor of
the strata material, and the location and thickness of the overlying competent
strata. Table B-l presents common ranges of surface effects for both
sinkholes and troughs. In general, sinkholes are deeper, but include a
smaller area that troughs.

The time of the onset and completion of the subsidence process varies widely
with different combinations of the following factors: depth of working, mine
geometry, strength and deformation characteristics of roof, pillar, and floor,
type of roof control, overburden character, presence of old workings, state of
stress, water and humidity fluctuations, non-mining factors, including mine
fires, earthquakes, tectonic movements, and surface precipitation. Figure B-l
relates historical subsidence events with ages and depths of mining. Attempts
to relate depth of mining to the time period of subsidence met with limited
success, as exemplified by Figure B-l. It seems fairly certain on the basis
of reported data, however, that subsidence events will continue to occur over
room-and-pillar mines abandoned over 100 years ago. [A] Note also that the
Fultz Landfill Site falls within the zone where past subsidence events have
occurred most frequently.

Danger of Subsidence at the Fultz Landfill Site

Several conditions exist in the mine under the Fultz Landfill Site that
increase the likelihood of subsidence in the future. Borings made into the
mine near the existing landfill during the Phase II RI revealed that the mine
contained open mine voids, or in-place coal in the vicinity of the existing
landfill. Surface features, such as sinkholes and troughs, that would reflect
mine collapse were not noticed in the study area. This indicates that the

F-»2-P B_3
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•ine beneath the existing landfill has probably not collapsed to date. The
rock overburden forming the roof of the nine is a relatively thin shale and
claystone, about 40 to 60 feet thick, which is weathered or fissile over nuch
of its thickness. It is overlain by a substantial layer of unconsolidated
mine spoil and municipal waste which adds stress to the roof material without
providing support. In the mine cavity, the western half of the mine workings
is entirely above water, while the eastern half is submerged. The water
elevation, and consequently the moisture conditions in the mine, fluctuates
over time. Changing moisture conditions in a mine are known to contribute to
the deterioration of mine pillars. If subsidence has already begun at the
Fultz Landfill Site, the periodic regrading of the landfill during filling
operations would have hidden any depressions that might have been caused by
subsidence. Conditions within the mine are such that the likelihood of
subsidence is increasing over time, so that even if past subsidence has not
been observed, future subsidence can not be ruled out. Closure of the
landfill will probably require regrading and the installation of some kind of
landfill cap. A multi-layer cap that would add additional stress to the roof
and pillars of the mine increasing the likelihood of collapse. A thin
lightweight cap would allow additional moisture to migrate downward through
the landfill weakening the roof and pillars, and also increasing the
likelihood of collapse. In either case, closure of the existing landfill by
capping would not help to prevent subsidence. To date, there is no certain
way to obtain a numerical probability of subsidence at any one location over a
fixed period of time, except to say that where rooo-and-pillar mines exist,
the probability of subsidence some time in the future is 100*. Prudent
engineering judgment aims to avoid deleterious events that have been observed
to happen in similar situations in the past. Because the age and condition of
the Ideal Mine favor continued subsidence far into the future, remedial
alternatives must take into consideration potential effects of mine
subsidence.

Potential Effects of Subsidence on a Multi-Layer Cap

Ve can conclude from the condition of the mine and its overburden that both
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types of subsidence (sink holes and troughs) would be equally likely to occur
at some time in the future. Sinkholes would have the most disastrous effect
on a RCRA-type cap because, as the underlying support is removed from the cap,
it would be likely to rupture leaving a deep hole in the cap surface. Rain
water would collect in the sinkhole further eroding the cap, wash through the
subsided waste, and carry contamination directly into the deep mine aquifer.
Repair of the cap would be possible, but would be complicated by the need to
provide vertical support for the waste to prevent the cap repair operations
from moving additional waste into the mine cavity. When part of the mine roof
collapses, fractures may form in the mine roof adjacent to the sink hole
making additional roof failures more likely. As groundwater in the mine is
forced to flow around the subsided area, the deterioration of mine pillars
will be promoted by the redirected flow.

Subsidence troughs caused by squeezes, pillar failure, or overburden collapse
may also form in the cap. The depth of these troughs, calculated using a
method proposed by Peng and Cheng [C], would be about 60X of the height of the
mine cavity, or about three feet. It is unlikely that the synthetic membrane
would remain intact under these conditions. At a minimum, the integrity of
the clay layer would be destroyed. Rain water would begin to pond on top of
the cap within the troughs and surface cracks around the edges of the troughs
would provide an opportunity for cap erosion to begin.

Hydrologic Consequences of Subsidence

The potential hydrologic consequences of subsidence at the Fultz Landfill Site
are even more serious than the surface effects on the cap. At present, the
contamination within the landfill is partially constrained from vertical
migration into the deep mine aquifer by the shale and claystone bedrock that
forms the roof on the mine. Even if the cap were to remain intact after a
subsidence event, fractures would open in the bedrock creating low
permeability zones beneath the landfill. In the case of troughs, these
fractures would be very difficult to isolate and fill, even if the cap were
repaired. In the case of a sinkhole, the hole could be filled, and the loose
material around the sinkhole itself could be pressure-grouted to seal off the
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migration route. During the interval between the event and the repair,
contamination would migrate directly into the mine aquifer. Analysis using
the HELP model showed that after the cap is in place, the landfill will
continue to drain for the entire 30-year life of the alternative. With each
subsidence event, additional pathways would be opened for leachate to drain
into the mine aquifer.

Cost of Cap Repair and Replacement Compared vith Subsurface Supports.

The initial cost of providing subsurface supports to prevent mine subsidence
depends on the method chosen. Grout pillar supports would cost about $900,000
to install, while mine flushing would cost about $1.9 million. Both systems
are well-developed technologies with an extensive history in preventing damage
to surface structures where even small movements in foundations would show up
later in the buildings. Both subsurface support systems have a high degree of
success and provide long term stability without additional maintenance. In
comparison, the repairs that could be performed on the cap, if damaged, would
depend on the type and extent of future subsidence. Repairing a single small
sinkhole would cost about $50,000. Repairing a single subsidence trough of
average size would cost $175,000. Leaving sinkholes and troughs unrepaired
would compromise the integrity of the cap, providing ready pathways for
contaminant migration for the water within the capped area to enter the deep
mine aquifer. Replacing the entire cap would cost $3.9 million. One cap
replacement would be twice the cost of the most expensive method for providing
subsurface supports.

Conclusions

Because leachate production may continue for some time after the landfill is
closed, mine subsidence would over time open migration paths for contamination
to move from the landfill into the coal mine aquifer. If subsurface supports
were not provided, frequent inspections of the cap would be required to detect
and repair subsidence as soon as possible after each subsidence event so that
the spread of contamination would be minimized. The cost of repairing eleven
trough subsidences exceeds the cost of flushing the entire mine under the
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Introduction

The RI established that there is a potential migration pathway from the Fultz
Landfill Site to the coal mine aquifer from which the City of Byesville draws
its water supply. Thirteen inorganic chemicals were found in samples of
untreated water from the Byesville well, but all except sodium and chloride
were below background levels. Two organic compounds (acetone, and carbon
tetrachloride) were also found in samples from the Byesville well, but their
relation to the Fultz Landfill Site was considered doubtful. The RI did not
perform a quantitative investigation of the potential for contaminant
transport between the Fultz Landfill Site and the Byesville well. Because
contamination appears to enter the coal mine aquifer at several points beneath
the Fultz Landfill Site, it would be reasonable to suppose that this
contamination would eventually find its way to the Byesville water supply.

General Approach to the Problem

The gradient in the coal mine aquifer is predominantly north to south, but
water velocity is cannot be calculated because the hydraulic conductivity of
the room and pillar mine is unknown. In addition, the dilution of the
contamination by water entering the mine from the north would tend to lower
the concentration at the Byesville well, possibly below detection limits.
Diffusion of contaminants throughout the mine would also tend to reduce their
concentration at the Byesville well.

In order to evaluate the potential effects of the contamination on the
Byesville water supply, a solute transport model for the coal mine aquifer was
developed using the U. S Geological Survey two-dimensional solute transport
and dispersion model by Konikow and Bredehoeft (1978). Given a certain
steady- ctate contaminant concentration in the landfill, the model attempts to
show the arrival time, change in concentration over time, and time to steady
state at the Byesville veil.
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Model Background

The Konikow and Bredehoeft model, also known as the Method of Characteristics
(HOC) aodel, is applicable to one or two-dimensional problems involving
steady-state or transient flow. The model computes the changes in chemical
concentration over time caused by the processes of convective transport,
hydrodynamic dispersion, and mixing (or dilution) from fluid sources. HOC
utilizes a rectangular, uniformly spaced, block-centered, finite-difference
grid, in which nodes are defined at the centers of the rectangular cells. A
solution is obtained by coupling the groundwater flow equation with the solute
transport equation. The solution is performed by a computer program that uses
an alternating-direction implicit procedure to solve the finite-difference
approximation to the groundwater flow equation, and method of characteristics
to solve the solute transport equation.

The applicability and reliability of the model results are based on the
following set of assumptions (Konikow and Bredehoeft, 1978):

1. Darcy's law is valid and hydraulic-head gradients are the only
significant driving mechanism for fluid flow.

2. The porosity and hydraulic conductivity of the aquifer are constant
with time, and porosity is uniform in space.

3. Gradients of fluid density, viscosity, and temperature do not affect
the velocity distribution.

4. No chemical reactions occur that affect the concentration of the
solute, the fluid properties, or the aquifer properties.

5. Ionic and molecular diffusion are negligible contributors to the
total dispersion flux.

6. Vertical variation in head and concentration are negligible.
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7. The aquifer is homogeneous and isotropic with respect to the
coefficients of longitudinal and transverse dispersivity.

Model Set-up and Calibration

A uniform 20 x 20 grid is used to represent the area of concern shown in
Figure C-l. Rectangles within the grid measure 300 feet north to south by 600
feet east to west. The coal mine aquifer is simulated as a confined aquifer
with a uniform thickness of 5 feet. The part of the Fultz Landfill Site where
contaminant migration is suspected is delineated by the active nodes, that is,

nodes where the flow of solute and water is permitted by the model. Parts of
the Fultz Landfill Site where contaminant migration is unlikely are
represented by inactive, or no-flow, nodes. The inactive nodes are zero
transmissivity nodes, which assume that there is no flow of water or dissolved
chemicals across the boundaries of the cell containing that node. Since a
north to south gradient in has been observed in the mine, constant heads are

placed across the northern and southern boundaries to simulate the observed
gradient and the assumed overall groundwater flow through the aquifer system.
Head difference between the two boundaries is set at 1 foot (elevation 790 to
elevation 789), to simulate the observed head differential across the aquifer.

The existing landfill area is designated by a constant-head node with
contamination level at 100 percent. This single node represents the driving
head in the shallow aquifer which is approximately 798 feet MSL near the
existing landfill. A low transmissivity unit surrounds the landfill area to
simulate the resistance to flow provided by the alluvium, mine spoil, and coal
barrier, all of which have lower significantly transmissivities than the coal
mine aquifer. The transmissivity of the unit between the landfill and the
mine aquifer is calibrated so that the heads in wells GW006 and GV007 in the
mine aquifer correspond to observed values. Transmissivity of the coal mine
aquifer is calibrated by estimated total flow in the mine aquifer. This is
estimated to be between 800 GPH (the amount discharging from the Byesville
well) and 1500 GPM, which has been estimated as the aquifer capacity in a
report by State of Ohio Department of Natural Resources, 1980.
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Other parameters of concern associated with the model are estimated as
follows:

1. Effective porosity of the coal mine aquifer - 0.65: Based on the 65X
extraction in most of the mine, the remaining 35Z would be voids.
Comparatively, the voids in soil and surrounding rock would represent
only a small portion of the porosity.

2. Characteristic length: Longitudinal dispersivity of 50 and 5 feet
were chosen to observe the sensitivity of this parameter.
Dispersivity is expected to be low as it is a function of mechanical
mixing factors in the aquifer.

3. Ratio of transverse to longitudinal dispersivity - 1 : A ratio of on*
was chosen since the aquifer unit is mainly mine voids and pillars,
and the transverse dispersivity which is the mixing normal to the
pathway of fluid flow is assumed to be the same as the mixing along
the streamline of the fluid flow.

Model Results

Since the parameter of least certainty is the characteristic length (p),
different model runs were performed with a wide range of lengths to test the
sensitivity of the results to this parameter. The time period was made
sufficiently large for the concentration observed at the Byesville well to
reach steady state. At steady state, the value of the characteristic length
has only a minor effect on the total concentration observed at the Byesville
well. The results of the model based on steady-state groundwater flows over •
20-year period, and characteristic lengths of 5 and 50 feet are shown in
Figures C-2 and C-3.

Both the results show that the migration of the contamination to the Byesville
Plant will reach a maximum limit after about 13 years. At 0 - 50 feet, the
maximum concentration level will reach about 5Z of the concentration level ac
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the source. Therefore, if the detected concentration level at the source is
20 ng/1, then the value at the 5X level will be 1.0 yg/1 which in most cases,
depending on the type of chemical compound, will be less than the laboratory
detection limits.

The graph of concentration versus time for P - 5 ft, Figure C-2, shows a very
strong fluctuation in the concentration at the Byesville well over time. The
fluctuation is due to the higher chemical mass balance error with the shorter
characteristic length of 5 feet. The lower characteristic length, however,
does not influence the time to steady state, nor does it significantly
influence the steady state concentration at the Byesville well. A higher
maximum concentration level is expected for a lower dispersivity value and in
this case it is observed to be less than 7X. Figure C-3 shows the
contamination migration path at 20 years for the respective characteristic

lengths.

Conclusion

Historical records indicate that industrial chemical wastes were dumped at the
Fultz landfill from 1969 to 1980. Since the time to steady state is less than
the time that has elapsed since contaminants were reportedly dumped at the
Fultz Landfill Site, the model results support the conclusion that chemical
compounds at their present concentrations in the shallow aquifer have a
relatively small impact on the Byesville water treatment Plant at present.
The concentrations that would be expected at the Byesville well (about 6X of
the source) should be below detection limits for the compounds found at the
landfill. Since the present treatment system is capable of removing the
existing contamination, additions to the Byesville system are not needed to
maintain protection of human health. If however, additional uncontrolled
releases from the landfill should occur, the potential exists for significant
contamination of the Byesville water supply.
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TAIL! 0-1
COST ESTIMATE SUMMARY

ALTERNATIVE 2 - INSTITUTIONAL ACTIONS AND MONITORING
FULTZ LANDFILL SITE - FEASIBILITY STUDY REPORT

ITEM

I. INSTITUTIONAL ACTIONS
1. Deed Restrictions
2. Public Education Progra*
3. Institutional Controls
4. Alternate Water Supply

Subtotal:
II. GENERAL ACTIONS/SITE PtEPAXATION

1. Site Fencing
2. Mobilization, Oecon, Staging Are*

Subtotal :
III. LONG- TERM MONITORING AND REVIEWS

1. Monitoring Well Installation
2. Environaental Saapting
3. 5 Year Reviews

Subtotal:
CONSTRUCTION SUBTOTAL

Health and Safety 5X
Bid Contingency 10X
Scope Contingency 10X

Quantity Capital Annual
Cost 0 * N

HA S10,000
NA 120,000
HA 120,000
25 $117,000

S167.000

10000 FT S160.000 S8.000
NA $10,000

S170.000 $*,400

5 wells $40,000
• $100,000

6 Reviews M

•40,000 S100.000
S377.000 S109.400

$18,850
$37,700
$37,700

Present Worth
OlM/ReplaceMnt

30 years, 5X 30 years, 10X
mmmmnnnmvnnmmmmmmmmmmmmmmmmmmM

$123.000

S14S,000

S1. 537,000
$83.000

$1,620,000
$1,765,000

$75,000

$89,000

$943,000
$47,000

$990,000

$1.079,000

CONSTRUCTION TOTAL

Permitting t Legal
Services During Construction

tcuan
TOTAL IMPLEMENTATION COST

Engineering t Design••••••••••*••*•••«*•
TOTAL CAPITAL COSTS

TOTAL PRESENT WORTH

SXox

SX

$471,300
$23,565

SO
•««V

$494,900

$24,745
•**••*••*•

$519,600
$2,284,600 $1,598.600

HA: NOT APPLICABLE

• Monitoring period of 30 years. Environaental stapling Includes:
sediawnt, and groundbeter, all of which are saapled seat-annually.

** Present worth value of reviews based on current cost of $1S,000/revtew.
Reviews at t»$ yr, 10 yr, 15 yr, 20 yr, 25 yr, and 30 yr.

'lent air, surface water, leechete,



TABU 0-2
COST ESTtMTI SUMMARY

ALTERNATIVf 3 • MULTI-LATER CA»
FU.TZ LANDFILL SITI • FEASIBILITY STUDY tEPORT

ITEM

t. INSTITUTIONAL ACTIONS
1. Deed Restrictions
2. Public Education Program
3. Institutional Controls
4. Alternate Water Supply

Subtotal :
II. GENERAL ACTIONS/SITE PREPARATION

1. Site Fencing
2. Mobilization, Decon, Staging Area

Subtotal:
III. MULTI-LAYER CAP

1. Multl -Layer Cap Installation
2. Leachate Collection System
3. Mine Flushing
4. Leachate Disposal

Subtotal:

IV. WATER CONTROL
1. Subsurface Diversion Ditch
2. Surface Water Diversion Ditch
3. Pond Excavations
4. Erosion A Sediment Controls
5. Wetlands Replacement

Subtotal:
V. LONG-TERM MONITORING AND REVIEWS

1. Monitoring Well Installation
2. Environmental Sampling
3. 5 Year Reviews

Subtotal:
CONSTRUCTION SUBTOTAL

Health and Safety 5X
Bid Contingency 10X
Scope Contingency 10X

Quantity

*************

NA
NA
NA
25

Capital Annual
Coat 0 A N

************************

$10,000
$20,000
$20,000
$117,000
$167,000

10000 FT
NA

$160,000 $8.000
$130,000
$290,000 $8,000

22 acres
2000 LF
9 acres

NA

$5,771.000
$402,000

$2,026,000
$152,000

$8,199,000 $152,000

1600 LF
1600 LF

$978,000
$10.000
$495.000
$174.000
$250.000

$1,907,000

5 walls
6 Reviews

$40.000
^ $85,000

$40,000 $85,000
""*$To"603,000 "$245, 000*

$530,150
$1,060.300
$1,060.300

****************** mm*** ********
Present Wort*
OlM/Replacemant

30 years, S» 30 years, 10X

$123,000

$123,000

$332,000

$2,337,000
$2,669,000

$75,000

$75,000

$173,000

$1,433,000

$1,606,000

$1,307,000
$83,000

$801,000
$46,000

$1,390,000 $847,000
mmm*»mmm mm* •• •• • mmmmmm* ••**•••
$4,182,000 $2,528,000

CONSTRUCTION TOTAL $13,253.800
Permitting A Legal
Services During Construction
TOTAL IMPLEMENTATION COST

Engineering A Design

5X
8%

10X

$662.690
$1,060.304
$14,976.800
$1.497.680

TOTAL CAPITAL COSTS

TOTAL PRESENT WORTH

$16.474.500
$20,656,500 $19.002,500

NA: NOT APPLICABLE
• Monitoring period of 30 years. Environmental saapltng Includes: surface Mater, leachate, aadfsvnt, and

groundwetar, all of i*lch are saapled saari-annually.
*• Present worth value of reviews based on current coat of 815,000/revlew.

Reviewa at t«5 yr, 10 yr, 15 yr, 20 yr, 25 yr, and 30 yr.



TABLE D-2-A
COST ESTIMATE SUMMARY

ALTERNATIVE 3-A - MULTI-LAYER CAP (With Grout Pitler*)
FULTZ LANDFILL SITE • FEASIBILITY STUDY REPOIT

ITEM

I. INSTITUTIONAL ACTIONS
1. Deed Restriction*
2. Public Education Program
3. Institutional Control*
4. Alternate Water Supply

Subtotal:

11. GENERAL ACTIONS/SITE PREPARATION
1. Site Fencing
2. Mobilization. Decon, Staging Area

Subtotal:
III. MULTI-LAYER CAP

1. Multi-Layer Cap Installation
2. Leechate Collection Sy*tM
3. Grout Pillar*
4. Leechate Disposal

Subtotal:
IV. WATER CONTROL

1. Subsurface Diversion Ditch
2. Surface Water Divert Ion Ditch
3. Pond Excavation*
4. Erosion 4 Sediaent Control*
5. Wetland* Replacement

Subtotal:
V. LONC-TERM MONITOR INC AND REVIEWS

1. Monitoring Well Installation
2. Environmental Sampling
3. 5 Year Reviews

Subtotal:
CONSTRUCT I CM SUBTOTAL

Health and Safety 5X
Bid Contingency 10X
Scope Contingency 10X
CONSTRUCTION TOTAL

Quantity

HA
HA
NA
25

10000 FT
NA

22 acre*
2000 LF

HA
NA

1600 LF
1600 LF

5 wall*•
6 Review* •

Coital Annual
Cost 0 I N

$10,000
120,000
$20.000
$117.000
$167,000

$160,000 $8,000
$130,000
$290,000 $8,000

$5,771,000
$402,000
$900,000

$152,000

$7,073,000 $152,000

$978,000
$10,000
$495,000
$174.000
$250,000

$1,907,000

$40,000
$85,000«

$40,000 $85,000

$9,477,000 $245,000

$473,850
$947,700
$947.700

$11,846,300

Present
OWRepl

30 years, 5k

$123,000

$123,000

$332.000

$2,337,000
$2,669.000

$1.307.000
$83.000

$1,390,000

$4,182,000

Worth
•cement
30 years, 10X

$75,000

$75,000

$173,000

$1,433,000

$1,606.000

$801,000
$46,000

$847,000

$2.528,000

•mmm9»mm9um»mmm

Permitting t Legal
Service* During Construction
•*«••»•»«»•»•*• ••••••••••••«•
TOTAL IMPLEMENTATION COfT

Engineering t Design
TOTAL CAPITAL COSTS

TOTAL PRESENT WORTN

5X
8X

101

$592,315
$947,704

$13,386,300
$1,338,630
mnmmm»9mmmum
$14,724,900

$18,906,900 $17,252,900

NA: NOT APPLICABLE
• Monitoring period of 30 veers. EnvlronMntel MMpting Include*: *urf*ee water, leeehete, sediment, and

groundweter, all of which are sampled semi-annually.
** Preterit worth value of review* b*»*d on current co*t of $15,000/revi*w.

Review* *t t«5 yr, 10 yr, 15 yr, 20 yr, 25 yr, and 30 yr.



TA8LE 0-3
COST ESTIMATE SUMMARY

ALTERNATIVE 4 • MULTI-LAYER CAP, GROLMMMTER EXTRACTION AND TREATMENT
FULTZ LANDFILL SITI - FEASIBILITY STUDY REPORT

c

**nM***m*mmMm*ttmmnmmx*w*mmmmmmmmm*M**

ITEM

1. INSTITUTIONAL ACTIONS
1. Deed Restrictions
2. Public Education Program
3. Institutions! Controls
4. Alternete Water Supply

Subtotel:
U. GENERAL ACTIONS/SITE PREPARATION

1. Site Fencing
2. Mobilization, Decon, Stegfng Ares

Subtotal :
ftr. MULT I -LAYER CAP

1. Multi-Layer Cap Installation
2. Leachate Collection Systesi
3. Nine Flushing

Subtotal:
IV. WATER CONTROL

1 Subsurface Diversion Oitdi
2 Surface Water Diversion Ditch
3 Pond Excavations
4 Erosion t Sediment Controls
5 Wetlands Replacement

Subtotal:
V. EXTRACTION AND ONSITE WATER TREATMEN

1. Extraction Wells
2. Treatment Plant tutlding
3. Treatment System
4. Residual Disposal

Subtotal :
V. LONG-TERM NONITORING AMD REVIEWS

1. Monitoring Well Installation
2. Environmental Sampling
3. 5 Year Reviews

Subtotal:
CONSTRUCTION SUSTOTAL

Remit* and Safety 5*
8tm Contingency 10S
Scope Contingency 10S

Quantity

MA
NA
HA
25

10000 FT
NA

22 acres
NA

9 acres

1600 FT
1600 FT

NA
NA
NA

12 Wells
NA
NA
NA

5 wells•
6 Reviews '

**nmmmmmmmmmmM9**nmmm**»>
Capital Annual
Cost 0 I M

$10,000
$20,000
$20,000
$117,000

$167,000

$160,000 $8,000
$131.000

$291,000 $8,000

$5.771,000
$402 000

tt, 026; 000

$8,199,000

$978,000
$10,000
$495,000
$174,000
$250,000

$1,907,000

$150,000 $15,000
$350,000
$165,000 $103,000

$7,000

$665,000 $125.000

$40,000
$85,000

rt

$40,000 $85.000
$11,269,000 $218,000

$563,450
$1,126,900
$1.126.900

t̂ M̂Bml U U mTCTMB W

Present
OCN/Repli

30 veers. 5X

$123,000

$123,000

$332,000

$286,000

$231,000
$1.583,000
$108,000

$1,922.000

$1,307,000
$83,000

$1,390,000
S3.721.000

Worth
•Cement
30 yeers, 10X

$75,000

$75,000

$173,000

$150,000

$141,000

$971,000
$66,000

$1,178,000

$801,000
$46,000

$847,000
$2,250,000

CONSTRUCTION TOTAL

Permitting I Legal
Services During Construction

5*
8X

$14,086,300
$704,313

$1,126,904
TOTAL IMPLEMENTATION COST

Engineering 4 Design 10*
$15,917,500
$1,591,750

mm mmmmmmmmmmm
$17,509,300TOTAL CAPITAL COSTS

TOTAL PRESENT WORTH

MU NOT APPLICABLE
* Monitoring period of 30 years. Environmental sampling includes: surface

groundweter, ell of which ere sampled semi-annually.
•• Present worth value of reviews bssed on current cost of S15,000/review.

Reviewe at t»5 yr, 10 yr, 15 yr, 20 yr, 25 yr, and 50 yr.

$21,230,300 $19,759,300

water, leechate, sediment, and
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TAtlE D-S
COST ESTIMATE SUMMARY

ALTERNATIVE 6 • MULTI-LATER CAP AND SUBSXUFACE MRRIER
FULTZ LANDFILL SITE • FEASIBILITY STUDY REPORT

ITEM

I. IN$TITUTIONAL ACTIONS
1. Deed Restrictions
2. Public Education Program
3. Institutional Controls
4. Alternate Water Supply

Subtotal:
II. GENERAL ACTIONS/SITE PREPARATION

1. Site Fencing
2. Mobilization, Decon, Staging Area

Subtotal :
III. MULTI -LAYER CAP

1. Multi-Layer Cap Installation
2. Leechate Collection Systssi
3. Nine Flushing
4. Leechate Disposal

Subtotal:
IV. WATER CONTROL

1. Subsurface Diversion Ditch
2. Surface Water Diversion Ditch
3. Pond Excavations
4. Erosion • Sediment Controls
5. Slurry Wall
6. Wetlands Replacement

Subtotal :
LONG-TERM MONITORING AND REVIEWS
1. Monitoring Well Installation
2. Environmental Sampling
3. 5 Yeer Reviews

Subtotal:
CONSTRUCTION SUBTOTAL

Health and Safety 5*
•id Contingency 10%
Scops Contingency 10X

Quantity

NA
HA
NA
25

10000 FT
NA

22 acres
NA

9 acres
NA

1600 FT
1600 FT

NA
NA

76000 SF
NA

5 Mells•
6 Reviews '

Capital Annual
Cost 0 * M

$10,000
$20,000
$20,000
$117,000
$167,000

$160.000 $8,000
$159,000

$319,000 $8,000

$5,771.000
$402 000

$2,026̂ 000
$152.000

$8,199,000 $152,000

$978,000
$10,000
$420,000
$174.000
$760,000
$200,000

$2,342,000

$40,000
$85,000>•

$40,000 $85,000

$11,067,000 $245,000
$553,350

$1,106.700
$1,106.700

Present
OtM/Rapli

30 years, 51

$123,000

$123.000

$332,000

$2,337,000
$2,669,000

$1,307,000
$83,000

$1.390,000

$4,182.000

Worth
ICement
30 years, 10X

$75.000

$75.000

$173,000

SI, 433.000
$1,606.008

$801,000
$46,000

$847,000

$2,528.000

CONSTRUCTION TOTAL $13,833.800
Permitting t Legal
Services During Construction
TOTAL IMPLEMENTATION COST

Engineering I Design
TOTAL CAPITAL COSTS

5*n

10X

$691,690
$1.106,704

$15,632,200
$1,563,220
$17,195,400

TOTAL PRESENT WORTH
$21,377,400 $19,723,400

NA:
NOT APPLICABLE

Monitoring period of 30 years. Environmental sampling includes: surface water, leechate, sediment,
•* groundweter, all of which are sampled se»1-amuslly.

Present worth value of reviews based on current cost of $1S,000/revlew.
Reviews st t«5 yr, 10 yr, 15 yr, 20 yr, 25 yr, and 30 yr.



c

TABLE D-S-A
COST ESTIMATE SUMMARY

ALTERNATIVE 6-A - MULTI-LAVE* CA» AND SUBSRUFACt BARRIER
(With Grout Pillars)

FULTZ LANDFILL SITf • FEASIBILITY STUDY REPORT

ITEM

I. INSTITUTIONAL ACTIONS
1. Deed Restrictions
2. Public Education Prograa
3. Institutional Controls
4. Alternate Water Supply

Subtotal:
II. GENERAL ACTIONS/SITE PREPARATION

1. Site Fencing
2. Mobilization, Decon, Staging Area

Subtotal:
m. MULTI-LAYER CAP

1. Multi-Layer Cap Installation
2. Leachate Collection Systesi
3. Grout Pillera
4. Leachate Disposal

Subtotal:
IV. WATER CONTROL

1. Subsurface Diversion Ditch
2. Surface Water Diversion Ditch
3. Pond Excavations
4. Erosion 1 Sad leant Controls
S. Slurry Wall
6. Wetlands ReplecoMnt

Subtotal :
LONG-TERM MONITOR INC AND REVIEWS
1. Monitoring Wall Installation
2. Environmental Saapling
3. S Yeer Reviews

Subtotal:
OBSTRUCTION SUBTOTAL

ealth and Safety SX
id Contingency 10X
cope Contingency 10X

Quantity

mmmmmmmmmmMmmm

NA
NA
NA
$25

Capital Annual
Cost 0 a N

$10,000
$20,000
$20,000
$117,000
$167,000

10000 FT
NA

$160,000 $8,000
$159,000
$319,000 $8,000

22 acres
NA
NA
NA

$5,771,000
$402 000
$900,000

$152,000
$7,073,000 $152,000

1600 FT
1600 FT

NA
NA

76000 SF
NA

$978,000
$10,000
$420,000
$174.000
$760,000
$200,000

$2.342.000

S wells
6 Reviews «

$40,000
$85,000

$40,000 $85,000

$9,941,000 $245,000
$497,050
$994.100
$994,100

Present Worth
OtM/Repl aceaant

30 years, SX 30 years, 10X
9mmmmmmmmm»mm»mnmmmmmmm»»9nmmm

$123,000

$123,000

$332,000

$2,337,000

$2,669,000

$75,000

$75,000

$173,000

$1,433,000

$1.606,000

$1,307,000
$83,000

$1,390,000

$4,182,000

$801,000
$46,000

$847,000

$2,528,000

CONSTRUCT ION TOTAL $12,426,300

Penrittlng t Legal
Services During Construction

TOTAL IMPLEMENTATION COST

Engineering t Design

SX
8X

10X

$621,315
$994,104

$14.041,700

$1,404,170

TOTAL CAPITAL COSTS
TOTAL PRESENT WORTH

S15.US.900

S19.627.900 S17.973.900

NOT APPLICABLE

Monitoring period of 30 years. Environmental saapling Includes: surface Meter, leachate, sadlaant, and
groundwater, all of which are saapled seal-annually.
Present worth value of reviews baaed on current coat of SIS.OOO/revlaw.
Reviews at t-5 yr, 10 yr, 15 yr, 20 yr, 25 yr, and 30 yr.


