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EXECUTIVE SUMMARY

A feasibility study was conducted by Metcalf & Eddy (M&E) for the Rose Hill Regional Landfill
Superfund Site (the "Site") located in South Kingstown, Rhode Island. The goal of the feasibility
study was to provide the U.S. EPA Region I with an evaluation of remedial alternatives
appropriate for the Site and to serve as technical support for the writing of a Record of Decision
(ROD). To accomplish this goal, the feasibility study was conducted to: establish public health
and ecological remedial action objectives; identify and screen potential treatment and containment
technologies; and develop and evaluate in detail several remedial alternatives that provide varying
degrees of protection and control. The primary objective of the FS is to develop and evaluate
appropriate remedial action options for controlling the sources of contamination as an initial
response action, and once this is accomplished propose a subsequent and final set of options in

response to the Site’s impact to local groundwater.

The Site is located in an abandoned sand and gravel quarry and consists of three separate, inactive
waste disposal areas (landfills): the Solid Waste Area; the Bulky Waste Area; and the Sewage
Sludge Area. Two primary surface water bodies flow through the Site: the Saugatucket River
and Mitchell Brook. The study focused on the nature and extent of contamination identified in
the Final Remedial Investigation Report (M&E, 1994). In most media sampled, the chemicals
detected most frequently were volatile organics. Chlorinated and aromatic compounds and
ketones were detected in the highest concentrations. Metals were also frequently detected in high

concentrations.

The first step in the feasibility study is the development of remediation criteria. In this phase,
remedial action objectives are developed to address baseline ecological and human health risks
posed by exposure to several site chemicals. The primary chemicals posing human health and
ecological risks were identified as vinyl chloride, 1,2-dichloroethene, acrylamide, and metals.
The primary exposure pathway for human receptors was identified as inhalation of ambient air

containing vinyl chloride,1,1-dichloroethene, 1,1,2,2-tetrachlorethane, and benzene originating
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in landfill gas. Several chemicals of concern were also identified in groundwater; however, these
will be evaluated as part of a potential future response action. Aluminum, iron, and manganese
were identified as being of concern relative to ecological receptors in surface water. General
response actions were then defined to meet the remedial action objectives. Applicable or relevant
and appropriate federal, state, and local public health and environmental requirements (ARARs)

pertinent to the implementation of remedial alternatives were also identified.

During the second step of the feasibility study, potential treatment and containment technologies
were identified and screened. During this stage, remedial technologies encompassing institutional
controls, management of migration, source control, collection, in-situ treatment, on-site treatment,

and off-site treatment, were identified and screened for feasibility of application to Site conditions.

Eight alternatives were developed and evaluated in this feasibility study, based on the remedial
technologies retained for further consideration. They include the no action alternative, a limited
action alternative, and six remedial action alternatives that rely on engineering controls to provide

protection. The eight alternatives are described as follows:

. Alternative #1: No action
. Alternative #2: Limited action
. Alternative #3a: Horizontal Containment (capping) of the Solid and Bulky Waste

Disposal Areas combined with Gas Collection and Thermal Treatment

o Alternative #3b: Horizontal Containment (capping) of the Solid and Bulky Waste
Disposal Areas combined with Gas Collection and Treatment by Photocatalytic
Oxidation

. Alternative #4a: Horizontal Containment (capping) of Solid and Bulky Waste

Disposal Areas, Leachate Collection and On-Site Treatment, combined with Gas
Collection and Treatment

o Alternative #4b: Horizontal Containment (capping) of Solid Waste Disposal Area,
Landfill Mining of Bulky Waste Area, Leachate Collection and On-Site Treatment,
combined with Gas Collection and Treatment
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o Alternative #5a: Horizontal Containment (capping) of Solid and Bulky Waste
Disposal Areas, Leachate and Groundwater Collection and On-Site Treatment,
combined with Gas Collection and Treatment

o Alternative #5b: Horizontal Containment (capping) of Solid Waste Disposal Area,
Landfill Mining of Bulky Waste Area, Leachate and Groundwater Collection and
On-Site Treatment, combined with Gas Collection and Treatment

Alternative #1 is developed, as required by the NCP, to provide a baseline from which to measure
all other alternatives. Alternative #1 includes environmental monitoring and five-year reviews
only. Alternative #2, also required by the NCP, provides an alternative that relies on institutional
controls to provide protection. This limited action alternative provides human health protection
by restricting access to contaminated media through land use/deed restrictions and fences. It also
includes environmental monitoring, a contingency mechanism for implementing residential landfill
gas controls, public education programs and other community relations activities, and five-year

reviews.

The last six alternatives (Alternatives #3a through #5b) use engineering controls to provide
increasing degrees of control and protection. Essentially, Alternatives #3a and #3b provide the
minimum engineering controls necessary to meet most remedial objectives. These engineering
controls include horizontal containment (capping) of the Solid and Bulky Waste Disposal Areas,
installing active gas collection within and along the western perimeter of the Solid Waste Area
with landfill gas treatment by enclosed flare in Alternative #3a and by photocatalytic oxidation in
Alternative #3b, and providing passive venting of landfill gas at the Bulky Waste Area.
Alternative #4a adds leachate collection and on-site treatment to the engineering controls
established for Alternative #3a. Alternative #4b replaces capping the Bulky Waste Area with
landfill mining and adds leachate collection and treatment to Alternative #3a. Alternative #5a
adds a groundwater depression system and expanded on-site treatment system for the Solid Waste
Area to Alternative #4a and Alternative #5b adds a groundwater depression system and expanded

on-site treatment system to Alternative # 4b. Water collected from these additional controls would
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on-site treatment system to Alternative # 4b. Water collected from these additional controls would
be treated using a treatment train consisting of precipitation, media filtration, and UV/chemical
oxidation. Each of these six alternatives would also include the components of appropriate access
restrictions, public education programs and other community relation activities, environmental

monitoring, and five-year reviews.

These alternatives are evaluated in detail based on overall protection of human health and the
environment, compliance with ARARs, long-term effectiveness, implementability, reduction of
toxicity-mobility-volume, short-term effectiveness, and cost. In order for an alternative to be
considered for the ROD, it must, at a minimum, achieve the first two criteria: overall protection
of human health and the environment and compliance with ARARs. (ARARs waivers may be

obtained in very limited circumstances.)

Alternatives #1 and #2 fail to meet the threshold criteria for ROD consideration. The no action
alternative, Alternative #1, includes no actions to protect human health or the environment and
would not meet minimum landfill requirements. While Alternative #2 may achieve some degree
of protection of human health, ecological protection would not be attained, and, again minimum

landfill requirements would not be met.

Within the limits of the remedial action objectives, (groundwater source control only) Alternatives
#4a through #5b meet the threshold criteria by providing overall protection of human health and
the environment and by their ability to attain air and surface water ARARs. Alternatives #3a and
#3b would provide overall protection of human health, but may not be totally protective of the
environment since some leachate may still reach surface water bodies. Alternative #3a would

attain air-quality ARARs.

Long-term effectiveness and permanence would be provided by Alternatives #3a through #5b by
controlling landfill gas contamination at the Site. Alternatives #4a through #5b provide an

increased long-term protection, over that provided by Alternatives #3a and #3b, by preventing
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subsequent groundwater and surface water impacts at the Site. The engineering controls proposed
under Alternatives #3a through #5b are commonly applied, readily available, and technologically
proven. There would not be any expected technical, administrative, or availability problems with

implementation of these six alternatives.

Alternatives #3a through #5b would result in short-term risks to human health and the
environment, as a result of invasive work at the waste disposal areas. Actions could be conducted

to mitigate for these risks.

Natural attenuation of groundwater and surface water may exceed the Feasibility Study 30 year
remedial default period. For ambient air and soil gas, natural attenuation is estimated to occur

within the range of 5 to 15 years.

Total costs (capital plus net present worth annual operations and maintenance) for remedial
alternatives range from $3.6 million to a high of $22.8 million, within the EPA-prescribed +50/-

30% degree of certainty range. Total costs for all alternatives are listed below:

. Alternative #1: Total cost of $3.6 million.

o Alternative #2: Total cost of $3.9 million.

o Alternative #3a: Total cost of $13.4 million.
. Alternative #3b: Total cost of $13.2 million.
o Alternative #4a: Total cost of 16.1 million.
o Alternative #4b: Total cost of 16.9 million.
o Alternative #5a: Total cost of $20.2 million.
o Alternative #5b: Total cost of $22.8 million.
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SECTION 1.0
INTRODUCTION

This document is a comprehensive and interpretive feasibility study report prepared as part of the
remedial investigation/feasibility study (RI/FS) conducted at the Rose Hill Regional Landfill
Superfund Site in South Kingstown, Rhode Island, for Region I of the U.S. Environmental
Protection Agency (EPA). This work was conducted by Metcalf & Eddy (M&E) under EPA’s
Alternative Remedial Contracting Strategy (ARCS) and Response Action Contract (RAC) programs.

1.1 PURPOSE OF REPORT

The feasibility study (FS) was undertaken utilizing the remedy selection process with a goal of
selecting remedies that are protective of human health and the environment, that maintain protection
over time, and that minimize untreated waste (40 CFR 300.430 (a)(I)). The primary objective of the
FS is to develop and evaluate appropriate remedial action options for controlling the sources of
contamination as an initial response action, and once this is accomplished propose a subsequent and
final set of options in response to the site’s impact to local groundwater. The EPA is the lead agency

and decision-maker for the Rose Hill Regional Landfill site.

The Site contains three separate and inactive disposal areas (landfills) as shown in Figure 1-1: a
Solid Waste Area, Bulky Waste Area, and Sewage Sludge Area. The Sewage Sludge Area is
regulated by the State of Rhode Island, is in compliance with state regulations governing Sewage
Sludge, and is within EPA’s acceptable risk range with the exception of groundwater. Thus, no

further source control action will be required under CERCLA.
In addition, natural resource damages have not been fully determined at this time and have not been

included in the FS. However, the mitigation of ecological impacts have been considered in the

development of the alternatives.
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1.2 BACKGROUND INFORMATION

This section briefly describes the Rose Hill Regional Landfill site, its history, the nature and extent
of contamination, the fate and transport of contaminants, and the baseline risk assessment.
Information presented in this section has been summarized from the Final Remedial Investigation

(RI) Report (M&E, 1994).

The area of study evaluated during the RI included not only the Superfund site itself, but also
encompassed surrounding areas that may or may not be affected by the Rose Hill Regional Landfill
site, such as the residences west of Rose Hill Road and east of the Saugatucket River. The entire
study area evaluated during the RI was referred to as the "site study area" in the Final RI Report
(M&E, 1994). This same designation is again used for the purposes of the FS; however, the term

"Site" is used when only the Superfund site portion of the site study area is referenced.

1.2.1 Site Description and History

The Rose Hill Regional Landfill site is located within the town of South Kingstown, Rhode Island,
in the village of Peace Dale (Figure 1-1). It lies about 5 miles inland from Narragansett Bay and
2 miles north of Wakefield, Rhode Island. The Site is bordered by Rose Hill Road to the west, the

Saugatucket River to the east, and residential private property to the north and south.

The Site includes an abandoned sand and gravel quarry that encompasses approximately 70 acres.
As shown in Figure 1-1, the Site contains three separate and inactive disposal areas (landfills): a
Solid Waste Area, a Bulky Waste Area, and a Sewage Sludge Area. An active transfer station, south

of the disposal areas, is also located on the Site (Figure 1-2).

Two primary surface water bodies flow through the Site: Saugatucket River and Mitchell Brook.
An unnamed brook west of the Site flows into the Saugatucket River and an unnamed tributary in

the northern portion of the Site flows into Mitchell Brook (Figure 1-2). The Saugatucket River is
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classified as a Class B water body that is suitable for fishing and swimming and a potential public
drinking water source. As a tributary to the Saugatucket River, Mitchell Brook is also classified as
a Class B water body. An open excavated area approximately 400 feet north of the disposal areas
is currently used for target and skeet shooting. Approximately 200 feet west of the disposal areas,

and across Rose Hill Road, is an active sand and gravel operation.

Groundwater is used within a 3-mile radius of the Site for the following purposes:

. Private residential supplies (no alternate supply avaiiable)

. Municipal public water supply (no alternate supply available)

Residents in South Kingstown obtain water from both public and private wells. Private wells within
a 3-mile radius of the Site consist of overburden or bedrock wells. Three supply wells for the
University of Rhode Island are located 2.7 miles northwest of the Site. Two municipal supply wells
for the Kingstown District are located 2.9 miles northwest of the Site. The university and the district

utilize each other's systems as back-up because alternate systems are not available.

In 1985, the town provided a municipal water line extension to residences located on Rose Hill Road
and to those in the northern portion of the Site. Hookups to the water line were voluntary, and at
least one residence refused the service. By 1989, water service was provided to Broad Rock Road.
Generally, residences along Rose Hill Road west and south of the Solid Waste Area use municipal
water. Residences on Saugatucket Road and Broad Rock Road did not connect to municipal water

and continue to use private wells.

Prior to 1941, the Site was used for agriculture. Sand and gravel excavation operations were
conducted at the Site from at least 1948 through 1963 (U.S. EPA, 1991f). The Site began operation
as a landfill in 1967 in the area previously used for sand and gravel excavation. The landfill was

operated by the town of South Kingstown under state permit from RIDEM that was renewable
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annually. For approximately 16 years, it received domestic and industrial wastes from residents and
industries in South Kingstown and Narragansett. In October 1983, the landfill reached its
state-permitted maximum capacity and active landfilling operations were ceased. For the past 50
years, the landfill owner has conducted organized small game hunts involving birds and dogs at the
Site. Most recently target ranges were set up north and south of, as well as within the Sewage

Sludge Area.

1.2.1.1 Facility Operations and Waste Disposal Practices. Table 1-1 provides a chronology of

activities affecting the landfill operations.

The three disposal areas (the Solid Waste, Bulky Waste, and Sewage Sludge Areas), which began
operations in 1967, 1978, and 1977, respectively, were closed in 1983. During that year, a transfer
station for municipal refuse was located south of the Bulky Waste Area. The transfer station is
currently active. At the station, refuse is unloaded from collection trucks and transferred to vehicles
for transportation to the Johnston landfill in Johnston, Rhode Island. Figure 1-1 shows the three

disposal areas and the transfer station at the Site.

Waste handling procedures for the Rose Hill Regional Landfill were set by state regulations and
town ordinance. The waste handling practices conducted at the landfill consisted of the disposal of
municipal refuse and industrial refuse including the disposal of industrial wastes. The exact quantity
and location(s) of hazardous substances disposed of at the Site throughout the landfill's operation

are unknown.

In 1967, when activity at the landfill officially commenced, a court order prohibited the disposal of
combustibles at Rose Hill Regional Landfill. In 1978, the order was amended to allow the disposal
of combustibles in the Bulky Waste Area. In 1979, the state of Rhode Island ordered cities and
towns to establish facilities for the collection of waste oil. It was reported that a waste oil collection

facility at the Rose Hill Regional Landfill was established during this time (M&E, 1994).
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A known waste handling problem concerns the disposal of liquid waste from the Peacedale
Processing Company, specifically a urethane adhesive. A letter dated January 8, 1970, transmitted
from an engineer of the State Division of Solid Waste Management to the South Kingstown director
of public works, put into writing an agreement on the disposal method for liquid waste from the
Peacedale Processing Company. The two authorities came to an understanding that the drummed
waste would be disposed of daily by dumping it onto other wastes that had been deposited each day,

to take advantage of the absorptive characteristics of this urethane adhesive material.

A year later, on March 16, 1971, correspondence sent from the same state office notified the South
Kingstown town manager that liquid waste from Peacedale Processing was being improperly
disposed of in the Solid Waste Area. The communication reiterated that the liquid waste should be
spread over the surface of the landfill to allow it to be absorbed by the fill, if acceptance of such

waste were to continue.

In 1979, a resident observed and reported to the RIDEM the dumping of a number of barrels, with
the lids intact, on the solid waste landfill slope within a few feet of Rose Hill Road. The truck
transporting these drums on this occasion was reported to be labeled "Peacedale Processing." The
resident further reported at least one barrel was labeled "slop glue.” The drums were buried intact
with the exception of one. It was further observed that the barrel's contents were at least in part

liquid.

On December 6, 1979, the State Division of Solid Waste Management wrote to Kenyon Piece
Dyeworks (a subsidiary of Peacedale Processing) to confirm an analysis of the waste adhesive
procured from the Peacedale plant on November 19, 1979. The analysis revealed that the sample
contained trichloroethene (TCE) at 29,000 parts per billion (ppb), toluene at 400 ppb, and
tetrachloroethylene at 4 ppb. An analysis of the waste itself revealed that it contained TCE in the
amount of 0.35%. Based upon the analyses, the waste adhesive produced at the plant was deemed
not hazardous as defined by Rhode Island regulations and could be disposed of at any licensed solid

waste management facility. The state added that the waste adhesive was to be in a solid form when
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taken to the landfill and exposed to the air at least a week prior to its disposal. At the same time,
Kenyon Piece Dyeworks had notified the state that the company had suspended shipment of the
above-mentioned waste adhesive to the landfill pending further investigation of its environmental

reactivity.

Peacedale Processing notified EPA, Region I, in 1981 that the company had disposed of laminating
adhesive at Rose Hill Regional Landfill from 1971 to 1979. Although other volatile organics,
inorganics, and phthalate compounds have been detected at the Site, as yet little is known about the

disposal practices associated with these contaminants.

1.2.1.2 Landfill Disposal Areas. The Solid Waste Area operated from 1967 until 1982. The exact
depth of deposited solid waste materials is unknown but was reportedly to bedrock in some places.
Refuse was also reportedly deposited in areas above, below, and at the water table. Based on aerial
photographs of the disposal area, the sand and gravel pit was filled in with refuse material starting
in the southern portion and progressing north (U.S. EPA, 1987a and 1991f). By 1988, waste
materials were present throughout the pit, and all remnants of the original sand and gravel pit were
gone. At this time, waste disposal was also evident again in the southern and central portions of the
area. Prior to 1977, the thickness of solid waste deposited throughout the landfill is unknown.
However, from 1977 to 1982, between 10 and 14 feet of solid waste were deposited. Upon closure,
the solid waste area was reported to have been covered with 0.5 to 2 feet of sandy soil and subsoil.
Recent information indicates that only a portion of this area may have been properly covered.

Natural vegetation is observed throughout most of the area.

The Sewage Sludge Area is located in the northeast section of the Site, between Mitchell Brook and
the Saugatucket River. This area operated from 1977 to 1983. Its predominant use was to receive
sludge from the South Kingstown wastewater treatment plant. The sludge was deposited in trenches.
Aerial photographs taken in 1981 show that the northern section of a large north-to-south-orientated
trench, running the entire length of this area, as well as two smaller trenches in the northern section,

already contained sludge material (U.S. EPA, 1987a). Three unfilled trenches were also visible at
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that time. The depth of each excavation and the number of trenches are unknown. Problems with
the high moisture content of the sludge prompted the town of South Kingstown to initiate the hauling
of the sludge to the Johnston landfill. Vegetative cover in this area is less prevalent than in the Solid

Waste Area.

The Bulky Waste Area (used for disposal of large appliances, etc.) is an 11-acre area located east of
the Solid Waste Area and southwest of the Sewage Sludge Area (Figure 1-1). This area is
approximately 200 feet east of Mitchell Brook and 250 feet west of the Saugatucket River. Disposal
of bulky waste began in this area in 1978. Solid waste was also reportedly disposed of in the period
between closure of the Solid Waste Area and construction of the transfer station (May 1982 through
October 1983). Vegetation, primarily grasses overlying natural fill materials, provide cover for this

arca.

1.2.1.3 Property Ownership. Edward L. Frisella, Sr., and Pearl F. Frisella are owners of record
for the property within which the Site is located, although Edward Frisella, Sr. is deceased. The
gravel quarry area, located adjacent to the landfill, is owned by the estate of Edward L. Frisella, Sr.
In 1967, the town of South Kingstown entered into a lease with Mr. Frisella for the operation of a
solid waste landfill. After the establishment of the Rose Hill Regional Landfill, in February 1973,
the town of Narragansett entered into an agreement with the town of South Kingstown for joint use
and operation of the landfill. In 1977, Edward L. Frisella, Sr., and the town of South Kingstown
reached an agreement upon the continued use of the property as a landfill site. This amendment to
the lease provided additional land for expansion of the landfill facility (i.e., the Sewage Sludge and
Bulky Waste Areas). In 1982, the town of South Kingstown purchased 15.03 acres from Mr. Frisella

for the location of the town's transfer station.

1.2.2 Previous Investigations

Several studies have been conducted at the Rose Hill Regional Landfill site which have generated

reports and maps. The studies are documented in the following reports:
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. Investigation of Groundwater at Landfill, Rose Hill Road, South Kingstown, RI
(Kelly, 1975)

. Phase I Preliminary Design and Hydrogeological Investigations (C.E. Maguire,
1977a)

. Phase 1I Site Evaluation and Operation Plan for Municipal Sanitary Landfill, Rose
Hill Road (C.E. Maguire, 1977b)

. Preliminary Assessment for Rose Hill Landfill, South Kingstown, RI
(U.S. EPA, 1982)

. Assessment of Groundwater Contamination from a Municipal Landfill and
Evaluation of Remedial Measures (Bricknell, 1982)

. Engineering and Hydrogeological Assessment of the Rose Hill Landfill
(York Wastewater Consultants, 1984)

. Site Inspection Report, Rose Hill Regional Landfill, South Kingstown, RI (NUS,
1984)

. Hazardous Ranking System Report, Rose Hill Landfill, South Kingstown, RI (NUS,
1987)

. Site Analysis for Rose Hill Landlfill, South Kingstown, RI (U.S. EPA, 1987a)
. Site Analysis for Rose Hill Landfill, South Kingstown, RI (U.S. EPA, 1991f)

. Ortho Photographic Composite Delineating Physical Features as They Relate to the
Topography of the Site and Topographic Map (EPIC, 1989)

. Expanded Site Investigation, Rose Hill Landfill, South Kingstown, RI (NUS, 1989)

. Preliminary Health Assessment for Rose Hill Regional Landfill, South Kingstown,
RI (ATSDR, 1990)

. Remedial Investigation Final Report, Rose Hill Regional Landfill Superfund Site,
South Kingstown, Rhode Island (Metcalf & Eddy, 1994)

Historical sampling data, prior to the R, for groundwater, landfill leachate, surface water, and

sediments within the vicinity of the Site has indicated the presence of contaminants periodically and
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has also indicated potential seasonal variability. The contamination identified is summarized below

from the preliminary health assessment (ATSDR, 1990):

. Historical contaminant concentrations in groundwater collected from on-site wells
were variable

. Surface water quality data from Mitchell Brook collected in 1982 revealed the
presence of 1,1,1-trichloroethane (2 ppb), methylene chloride (1 ppb),
1,2-dichloroethene (11 ppb), 1,1-dichloroethane (1 ppb), and toluene (2 ppb)

. Samples collected from the unnamed brook had measurable quantities of polynuclear
aromatic hydrocarbons (PAHs)

. Off-site residential wells have also intermittently revealed the presence of
contaminants reportedly attributable to the site. These contaminants included trans-
1,2-dichloroethene, trichloroethene, di-n-butyl phthalate, and diethyl phthalate

. Volatile organic contaminants were detected in surface water samples collected from
the Saugatucket River and Mitchell Brook between November 1987 and March 1988;
these data, however, were suspect due to contamination detected in quality control
samples

1.3 ENVIRONMENTAL SETTING

The data collected during the RI were used to characterize the geology, hydrogeology, and ecology.
The site characteristics described in Section 3.0 of the RI Report (M&E, 1994) are summarized

below.

1.3.1 Geology and Hydrogeology

Several geologic features that impact the movement of groundwater across the Site were identified.
The behavior of groundwater in the bedrock was found to be influenced by bedrock topography, with

recharge and discharge occurring at bedrock high and low areas, respectively. The predominant flow

of groundwater in bedrock is to the southeast along regional fractures. Weathered and fractured
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bedrock south and west of the Solid Waste Area appears to facilitate interconnection of the

overburden and bedrock flow systems.

The three major constituents of the overburden are ablation till, giacial lacustrine deposits, and
glacial outwash sediments. The till and glacial outwash permit unconfined groundwater flow in a
south-southeast direction. Although the groundwater flow is predominantly to the south-southeast,
mounding of groundwater in the northwest corner of the Solid Waste Area may facilitate radial flow
to the north, east, and west. Lacustrine deposits, encountered in the south-southeastern portion of
the Site, act as a confining layer between the till and outwash. A combination of the rise in the
surface elevation of the bedrock and the presence of thick lacustrine deposits along the Saugatucket
River plays a significant role in the increased horizontal gradient and strong upward gradients

observed south of the Bulky Waste Area.

Due to the composition and condition of existing cover materials, infiltration of precipitation through
these materials is expected to be high. Groundwater interactions with the Saugatucket River and
Mitchell Brook most likely play an important role in the transport of contaminants. The Saugatucket
River was observed to gain water from the shallow and deep overburden and the bedrock flow
systems along the western side of the river. Mitchell Brook was observed to lose water to

groundwater in its upper reaches and gain groundwater in its lower reaches.

1.3.2 Ecological Resources

Significant ecological habitats within the Site include the Saugatucket River and Mitchell Brook,
their associated tributaries and forested wetlands, and the adjacent forested and old field upland
habitats. Rare plant species known to occur within the Site include a species of state interest,
tickseed sunflower (Bidens coronata), and a species of state concern, bloodroot (Sanguinaria
canadensis). A probable sighting of an avian species of state concern, red-bellied woodpecker
(Melanerpes carolinus), also occurred within the Site. Two avian species of state interest, glossy

ibis (Plegadis falcinellus) and great egret (Casmerodius albus), were also observed within the Site.
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However, the state designation applies only to breeding sites for these two species, and suitable

breeding habitat does not exist within the Site, except possibly along the Saugatucket River.

As indicated by a single, reconnaissance-level survey, the Site is utilized by a variety of terrestrial
species. Avian species observed on the Site were generally typical of those expected based upon
geographical location, habitat present, and surrounding land uses. The extensive running of dogs
and hunting on the Site have influenced the use of the Site by mammalian species. Reptiles and
amphibians utilizing the Site are likely to be confined largely to terrestrial species, as Mitchell Brook
does not appear to support large numbers of these organisms or other prey species, such as fish.
However, the Saugatucket River likely supports a more diverse assemblage of wildlife and aquatic

species.

The macroinvertebrate species composition in the sediments of the Saugatucket River appears to be
affected by the disposal areas. The species composition (in terms of the relative abundance of
dominant organisms) adjacent to the disposal areas appears to be different from the species
composition in upstream and downstream locations. The area adjacent to the Bulky Waste Area has
the most contaminated sediments and pollution-tolerant taxa did occur in relatively high numbers

in the sediments compared to the taxa in sediments in upstream and downstream locations.

Organisms in the water column of the Saugatucket River also appear to be more directly influenced
by the disposal areas and leachate seeps. Total densities of organisms in the water column
downstream of the disposal areas and leachate seeps are significantly lower than at upstream
locations. The occurrence of pollution-sensitive invertebrate taxa in the water column also decreased
from upstream to downstream locations. There also appears to be a scarcity of fish in this section

of the river, where resident and migratory fish would be expected to occur.

The benthic macroinvertebrate community in Mitchell Brook does not appear to be as diverse as that
of the Saugatucket River. In general, the macroinvertebrates in Mitchell Brook sediments and

surface waters showed a pattern of decreasing densities from upstream to downstream locations.
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Species density and diversity were especially low adjacerit to the disposal areas. Additionally, the
occurrence of pollution-sensitive species decreased from upstream to downstream locations. In the

brook, as in the Saugatucket River, few fish were observed.
1.4 SUMMARY OF REMEDIAL INVESTIGATION

The nature and extent of contamination, contaminant fate and transport, and the public health and

ecological risk assessment are summarized in the following subsections.
1.4.1 Nature and Extent of Contamination

In surface soil, the presence of organic compounds and elevated metal concentrations detected were
largely related to location. Volatile organics were the most prevalent of organic compounds
detected, and chlorinated and aromatic compounds and ketones were detected most frequently and
in the highest concentrations. Refuse and landfill gas were the primary sources of volatile organics
in surface soil. Elevated iron concentrations were found in samples near leachate seeps, and elevated

lead was found throughout the Site.

Soil borings were drilled within the disposal areas to collect subsurface soils. The chemicals
detected included typical industrial and municipal wastes: ketones, toluene, PAHs, phthalates,
phenols, pesticides, and dichlorobenzenes. These compounds were similar to the types of
compounds detected in surface soils and landfill gas. Although several metals were detected, only
copper in the Sewage Sludge Area was significantly elevated compared to background soils. Buried

waste provides an active source for the release of contaminants to subsurface soils.

As indicated by surface and subsurface soil data, the disposal areas provide a potential source of
organic compounds and metals in leachate, since the same types of organic compounds were found
at lower concentrations in leachate. Concentrations of several metals were found to be significantly

elevated in leachate compared to background groundwater.
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Numerous organic compounds were detected in shallow and deep overburden and bedrock
groundwater. The types of compounds detected included volatile organic compounds (VOCs),
water soluble organics, semivolatile organic compounds (SVOCs), pesticides, and PCBs. Of these
compounds, VOCs (primarily chlorinated and aromatic compounds ) were most frequently and
consistently detected. In the three disposal areas, the most elevated concentrations of VOCs were
measured in the Solid Waste Area, and the lowest concentrations were found in the Sewage Sludge
Area. Volatile organic contamination extended north and northeast of the Solid Waste Area as a
result of localized mounding. Although low concentrations of VOCs were detected in residential
wells east of the Saugatucket River, this contamination does not appear to be related to the Site. The
predominant metals detected in groundwater were aluminum, iron, basic cations (calcium,
magnesium, potassium, and sodium), barium, and manganese. The metals and concentrations
detected in shallow and deep overburden were similar; however, the number and concentrations of
metals detected were significantly lower in bedrock. Although variations were observed in the
concentrations and number of chemicals detected, seasonal trends were not evident based on the data

collected.

A few organic compounds were infrequently detected in low concentrations in the three surface
water bodies: Mitchell Brook, the Saugatucket River, and the unnamed brook. Volatile organic
compounds, primarily carbon disulfide and chlorinated and aromatic VOCs, were the major
contaminants found. A few SVOCs and pesticides and a water-soluble organic, acrylamide, were
also detected. Several surface water locations that were adjacent to leachate seeps and downgradient

of the Solid Waste Area exhibited high metal concentrations.

In sediment as in surface water, VOCs were occasionally detected in low concentrations in Mitchell
Brook, the Saugatucket River, and the unnamed brook. In contrast, the less mobile, more adsorptive
organic compounds (phthalates, PAHs, and pesticides) were detected more often and in higher
concentrations than VOCs. Metals were elevated in sediments relative to surface water; however,

the trend of locations with elevated metals was the same for both media.
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In the disposal areas, landfill gas was characterized by elevated methane, carbon dioxide, and VOCs.
Hydrogen sulfide was also detected. In the Bulky Waste Area, the VOCs were primarily comprised
of cis- and trans-1,2-dichloroethene (DCE), TCE, and BTEX compounds. In the Solid Waste Area,
numerous VOCs were found in landfill gas, although vinyl chloride, cis-1,2-DCE and toluene were
the major components. These compounds were also the major VOCs in landfill gas north and west
of the Solid Waste Area. West of Rose Hill Road, VOCs were detected on three residential
properties. Landfill gas contamination in the Sewage Sludge Area was generally low relative to the

other disposal areas.

1.4.2 Contaminant Fate and Transport

Predominant transport processes for contaminants identified at the Site are leachate runoff, landfill
gas migration, groundwater flow through overburden and bedrock, and surface water and sediment
movement. Landfill gas migration and leachate are the primary contaminant transport mechanisms
in the unsaturated zone. Venting of landfill gas was evident where soil/fill cover material was thin
or absent; however, movement of gas into surface soil may decrease volatilization to the atmosphere.

In areas of high landfill gas contamination, groundwater quality was affected.

Highest contaminant concentrations were found in wells adjacent to the disposal areas and decreased
with distance from these areas. The predominant groundwater flow direction is south-southeast in
the overburden and southeast in the bedrock, although mounding effects in the northwest of the Solid
Waste Area facilitate radial migration of contaminants towards the west, north, and northeast.
Mitchell Brook intercepts contamination in the shallow and deep overburden, while the Saugatucket
River is a receptor for shallow and deep overburden and bedrock contamination. Glacial lacustrine
deposits restrict the vertical movement of contaminants from deep to shallow overburden in the
southern portion of the Site. Bedrock fractures provide pathways for contaminant transport in

groundwater from overburden to bedrock.
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Transport of contaminants via leachate has impacted surface soil, surface water, and sediment quality
near the disposal areas. However, downgradient in the Saugatucket River, surface water and
sediment contamination decreased. Likewise, in Mitchell Brook, contamination increased south of
the Solid Waste Area but decreased after the confluence with the Saugatucket River. This trend
indicates dilution of contaminated surface water by uncontaminated surface water and/or sediment

retention of contamination.

1.4.3 Public Health and Ecological Risk Assessment

A baseline risk assessment was conducted to evaluate the potential adverse health effects to human
populations (M&E, 1994). In addition, a Supplemental Human Health Risk Assessment was
conducted (M&E, 1998). Chemicals of potential concern (COPCs) were selected from each media.
Table 1-2 presents chemicals detected during the RI and those selected as COPCs. Five media
(groundwater, surface soil, leachate, surface water, and air) were evaluated quantitatively under
various exposure scenarios. Possible human exposure to the COPCs was characterized through
exposure pathways for current and future use. Exposure to surface soil, surface water and leachate
1s not expected to exceed risk allowable by EPA. Exposure to air (ambient/indoor air) may result
in increased carcinogenic and noncarcinogenic risks. Risk from exposure to site groundwater by
ingestion exceeds EPA target levels for both noncarcinogenic and carcinogenic risk. The chemicals
responsible for the majority of the risk include 1,2-DCE, vinyl chloride, acrylamide, antimony,
arsenic, cadmium and manganese. With regard to manganese, the Rl indicated high background
levels of manganese in groundwater. Site-derived contaminants which may be impacting

groundwater will be evaluated as part of a potential future response action.

A baseline ecological risk assessment was conducted to evaluate potential risks to ecological
receptors from exposure to contaminants in surface water, leachate, sediment, surface soil, and
landfill gas. Potential exposure pathways evaluated were dermal contact, inhalation, ingestion of
contaminated media, and ingestion of contaminated food. COPCs identified for aquatic receptors

included iron (chemical and physical risk), aluminum and manganese in surface water, iron,
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aluminum, manganese and lead in leachate, and iron and aluminum in surface sediments (see Table
1-2). Benthic invertebrates and fish were identified as organisms which may be exposed to these
inorganic contaminants. Results of sediment toxicity testing indicated that the chemicals of potential
concern in sediments are not toxic to benthic organisms or fish. COPCs in surface water do,
however, pose a risk to aquatic receptors based on a comparison of ecological effect levels and
observed concentrations, and the toxicity of the leachate. Although toxicological information for
manganese in surface water was limited, the fact that concentrations were more than an order of
magnitude higher than background levels suggested that manganese may pose a risk to aquatic

receptors.

COPCs identified for terrestrial receptors included lead, copper, and manganese present in surface
soils. Amphibians, reptiles, birds, and mammals were identified as potential receptors for surface
soil contaminants. With the exception of small areas with high concentrations of methane in landfill
gas, plants growing in areas with surface soil contamination did not appear to be stressed. Likewise,
significant adverse effects are not expected to birds or mammals, based on comparisons of ecological
effect levels to the concentrations of metals in site soils. Certain aquatic reptiles and amphibians,
however, may be adversely impacted by contact with contaminated surface water, as described for
fish. High levels of contaminants in soils and leachate in the vicinity of leachate seeps may also
pose some risk to ecological receptors, since maximum concentrations exceed effect levels. Due to
the limited extent of these leachate seeps, however, these risks are not likely to be significant.

Adverse effects to state-listed species are not expected to occur.
1.5 REPORT ORGANIZATION
This document is organized according to EPA guidance for feasibility studies (U.S. EPA, 1988c and

1991a) and the National Contingency Plan. It presents the results of the FS within the following

discussions:
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Section 2.0, Development of Remediation Criteria and Screening of
Technologies identifies remedial action objective development, general response
actions, and state and federal applicable or relevant and appropriate requirements.
This section aiso presents and screens various technologies for addressing site
contamination.

Section 3.0, Development of Remedial Alternatives develops approaches for
remediating the source of contamination and reduction of migration.

Section 4.0, Detailed Evaluation of Alternatives describes and evaluates in detail
the remedial alternatives developed in Section 3.0.

Section 5.0, Comparative Analysis summarizes the detailed evaluations of each
alternative side-by-side with the other alternatives.

Section 6.0, References contains references cited in the report.
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SECTION 2.0

DEVELOPMENT OF REMEDIATION CRITERIA AND
SCREENING OF TECHNOLOGIES

This section identifies site-specific cleanup objectives based on the nature and extent of
contamination, the resources that are currently and potentially threatened, the potential for human
and ecological exposures, and the current and projected future uses of the Rose Hill Regional
Landfill site. The nature and extent of contamination at the Site was detailed in Section 4.0 of the
RI report (M&E, 1994), and the human health and ecological risks were assessed and discussed in
Sections 6.0 and 7.0 of the same report. In addition, a Supplemental Human Health Risk Assessment
(HHRA) was performed to re-estimate risks based on updated toxicity and regulatory criteria (M&E,
1998). Overall remedial action objectives (RAOs), preliminary remediation goals (PRGs), and
general response actions for the Site are described below. Also provided are the approximate
remediation areas requiring general response actions, the potentially applicable or relevant and

appropriate requirements (ARARs), and guidance to be considered during remediation of the Site.

2.1 REMEDIAL ACTION OBJECTIVES AND PRELIMINARY REMEDIATION GOALS

Remedial action objectives are developed to address ecological and human health risks posed by
exposure to site contaminants. The RAOs are also developed to address potential safety risks.
Surface soils, leachate, groundwater, surface water, and air were quantitatively evaluated in the RI
human health risk assessment (M&E, 1994) and the Supplemental Human Health Risk Assessment
(M&E, 1998). Among these, groundwater, soil gas, ambient and indoor air, and surface soil were
determined to be of concern with regard to human health. Subsequent revisions to the mangenese
toxicity value resulted in the determination that surface soil is no longer of concern with regard to
human health (M&E, 1998). Surface soil, surface water, leachate, surface sediment, and soil gas
were evaluated for potential ecological effects in the RI report (M&E, 1994). Among these, surface
water was determined to be of concern with regard to ecological receptors. Safety risk is potentially

posed by soil gas.
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The human health risk assessment identified the chemicals listed in Table 2-1A as contributing to
excessive potential risks under baseline conditions. Table 2-1A also includes chemicals that
contribute to potential ecological risks. Chemicals marked with the letter "H" were identified as
contributing to excess human health risks. Chemicals marked by the letter "E" were identified as
the ecological chemicals of potential concern (COPCs) in the ecological risk assessment. Tables 2-
IB and 2-1C illustrate the basis for selection of the media and disposal areas in need of remedial

action. Tables 2-1D through 2-1BU present results from the Supplemental HHRA (M&E, 1998).

The human health subsection is organized as follows:

. Chemicals and media of potential human health concern
. RAOs

. Development of groundwater PRGs

. Development of ambient air PRGs

. Uncertainties in human health risk assessment and PRGs

The ecological subsection is organized as follows:

. Chemicals and media of potential ecological concern
. Summary of existing ecological conditions

. Exposure assessment and risk characterization

. RAOs

. Development of ecological PRGs

. Uncertainties in ecological risk assessment and PRGs
. Ecological endpoints

The safety subsection addresses one COPC for safety, identifies the RAOs, and develops PRGs for

two different locations.
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2.1.1 Development of Human Health RAOs and PRGs

Remedial action objectives for protecting human health are presented in this section, followed by
PRGs associated with public health protection. These human health RAOs and PRGs are based on
the RI report (M&E, 1994) including Section 6.0, "Human Health Risk Assessment," along with
updated toxicity and regulatory data present in the Supplemental HHRA (M&E, 1998). The human
health risk assessment evaluated current and potential exposures to contaminated media at the Site,
based on current and projected future land use. Current use includes moderate recreational use of
the Site, light recreational use of the Saugatucket River area and areas north and south of the Site,
and residential use of land immediately to the west of the Site. Future use may include residential
use of more of the surrounding area. The future use scenario includes the unlikely possibility that
site groundwater will be used as a drinking water source. Exposure pathway assumptions and
parameters used in the RI report (M&E, 1994) and Supplemental HHRA (M&E, 1998) have been

maintained for the calculation of PRGs.

Remedial action objectives are therefore limited to media, geographic areas, and chemicals for which
estimated risk exceeds EPA target risk ranges. Several media were screened out in the human health
risk assessment as being unlikely to directly pose significant risks; these were subsurface soil,
disposal area contents, stream sediments, and fish. Estimated risks from surface water and leachate
did not exceed a hazard index of one or a cancer risk of 10 to 10*. Estimated risks for surface soil
using updated toxicity values for manganese also did not exceed a hazard index of one or a cancer
risk of 10° to 10"* Media for which risks may exceed EPA target risk ranges are groundwater,

ambient air and indoor air.

2.1.1.1 Chemicals and Media of Potential Human Health Concern. EPA guidelines for baseline
risks at a Superfund site are generally that noncarcinogenic risk should not exceed a total hazard
index of one, and that carcinogenic risks should not exceed a target risk range of 10 to 10*. The
human health risk assessment identified certain media and areas of the Site that may pose risks in

excess of EPA risk guidelines. These include site groundwater in the vicinity of each of the three
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disposal areas, ambient air in the Solid Waste Area, and ambient and/or indoor air in residential
areas. Remedial action objectives are based on the potential health risks associated with site

groundwater, ambient air and indoor air.

2.1.1.2 Human Health Remedial Action Objectives. Human health RAOs are summarized in
Table 2-2. The human health RAOs for the Site include specific objectives to reduce risks identified
in the baseline risk assessment as above EPA guidelines. Also, in order to avoid risks caused by
future contaminant migration, RAOs to reduce contaminant mobility are included. Remedial action

objectives relevant to protection of human health at the Site are as follows:

. Groundwater - To prevent ingestion of groundwater contamination in excess of
chemical-specific drinking water ARARS or, in the absence of ARARs, in excess of
the EPA target risk range of 10 to 10 for carcinogenic compounds and with a total
hazard index greater than one among noncarcinogenic compounds with similar
toxicity endpoints

. Air - Prevent migration of landfill gas COPCs from the Solid Waste Area to ambient
or indoor air at levels exceeding ARARSs or, in the absence of ARARs, in excess of
the EPA target risk range of 10 to 10" for carcinogenic compounds and with a total
hazard index greater than one among noncarcinogenic compounds with similar
toxicity endpoints

2.1.1.3 Human Health Preliminary Remediation Goals. Where there are established ARARs for
chemical-specific concentrations (i.e., groundwater Maximum Contaminant Levels [MCLs]), these
are selected as PRGs. According to EPA guidance for Development of Risk-based Preliminary
Remediation Goals (U.S. EPA, 1991d), it is appropriate to develop PRGs for site media with
cumulative cancer risks greater than 1x10™ or hazard indices greater than one, except for media with
clearly defined ARARs. Within these media, PRGs are appropriate for each chemical with
cumulative cancer risks above 1x10 or with a hazard index above one. A few groundwater
contaminants without MCLs and some carcinogens and noncarcinogens in soil gas are eligible for
risk-based PRGs based on this guidance. In each of the site media of human health concern, risk-

based PRGs are recalculated using current toxicity data. Risk-based PRGs are calculated for all
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analytes for which risks estimated in the Supplemental HHRA contribute substantially to total risks
above RAQs.

Groundwater. Table 2-3 shows the proposed risk-based and/or standards-based PRGs
corresponding to the groundwater remedial objectives. The target individual selected to represent
exposure to groundwater was a future resident who may ingest groundwater 350 days a year for
30 years. The chemicals for which cleanup is indicated are those chemicals of potential concern
(identified in the Supplemental HHRA; M&E, 1998) for which a cleanup level is below the

maximum concentration detected in a particular area of the Site.

The groundwater PRGs shown in Table 2-3 are based on use of the aquifer as a potential drinking
water source. Final MCLs developed under the Safe Drinking Water Act are used to establish PRGs
for groundwater. If no MCLs are available, the goals are based on the more stringent of a 1x10°
excess cancer risk or a hazard quotient of one. Since multiple contaminants are present, the
combined excess cancer risk should be in the range of 10 to 10*, and the combined hazard index
should be less than 10. The methodology used in determining the groundwater risk-based goals is

presented below.

Preliminary remediation goals are developed for groundwater to protect a potential future resident
who might use groundwater as a drinking water source. The equation shown below was used to

derive risk-based PRGs for groundwater:

where:
TR x BW x AT x 365 days/year x 1000 pg/mg
C (ug/l) =
EF x ED x TOX x IR "
C = Chemical concentration in water
TR = Target risk: target excess lifetime cancer risk (for carcinogenic effects) = 10%; and
target hazard index (for noncarcinogenic effects) = 1
BW = Adult body weight = 70 (kg)
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AT = Averaging time for carcinogens = 70 (years) and noncarcinogens = 30 (years)

EF = Exposure frequency = 350 (days/year)
ED = Exposure duration = 30 (years)
TOX = Toxicity value, which 1s chemical-specific for both carcinogens and

noncarcinogens. Carcinogens are measured as oral slope factor (mg/kg-day)' and
noncarcinogens are measured as 1/reference dose (RfD) (mg/kg-day).
IRY = Daily water ingestion rate = 2 (L/day)
Ambient Air. Table 2-4 shows proposed PRGs based on human health risk for ambient air for a site
visitor on and in the vicinity of the Solid Waste Area as well as PRGs for indoor and/or ambient air
in residential areas. Preliminary remediation goals are developed for ambient air to protect a nearby
resident or visitor to the Solid Waste Area, or other persons who may inhale indoor and outdoor air
at or adjacent to the site 350 days a per year for 30 years. The PRGs were based on attainment of
an incremental cancer risk of 10 for each compound exceeding that level. The equation shown

below is used to derive risk-based PRGs for waste area air:

TR x AT x 365 days/year x 24 hours/day
EF x ED x HR x TOX*

C(pg/m?) =

where:

TR, AT, and ED are as defined above for groundwater, and

C = Chemical concentration in air

EF = Exposure frequency = 150 (days/year)

HR = Daily exposure duration = 4 (hours/day)

TOX® = Toxicity value for inhalation, which is chemical-specific for both carcinogens

and noncarcinogens. The toxicity value for both carcinogens and

noncarcinogens are in units of (wg/m’)".

The equation shown below is used to derive risk-based PRGs for residential area ambient air:

2-6



TR x AT x 365 days/year
EF x ED x TOX *

C(pg/m?) =

where:
C, TR, AT, ED, and TOX® are as defined above for waste area ambient air, and

EF = Exposure frequency = 350 (days/year)

2.1.1.4 Uncertainties in the Development of Human Health Preliminary Remediation Goals.
Limitations and uncertainty of predicting human health risks were discussed in Section 6.0 of the
RI report (M&E, 1994) and in the Supplemental HHRA (M&E, 1998). Much of the uncertainty in
the health risk assessment also applies to the human health PRGs, since the PRG development is
based on chemicals, media, and areas of concern identified in the RI. Also, the PRGs were
developed using the same exposure assumptions and toxicity information. As a result, the following

significant sources of uncertainty apply to the derivation of the PRGs:

. Identification of chemicals, media, and areas of concern
. Fate and transport assumptions

. Dose-response relationships for individual chemicals

. Toxicity interaction between chemicals

. Exposure scenario development

. Target population characteristics

A large number of soil and groundwater samples in the site study area were analyzed for numerous
chemicals. The chemicals identified as of potential concern in groundwater and ambient/indoor air
are likely to be representative of the toxicity in these media. Dose-response uncertainty is common
to all hazardous waste risk assessments. There are many uncertainties regarding the amount of time

people spend visiting the Site and about how much contact there will be in the future.



2.1.2 Development of Ecological Remedial Action Objectives and Preliminary Remediation
Goals

Remedial action objectives and PRGs were developed based on actual or potential risks to ecological
resources posed by exposure to site contaminants. Critical to the development of these objectives
and goals was information collected on the ecological resources present on the Site during the
biological field sampling program of the ecological assessment (M&E, 1994). Also of importance
was the results of sediment and leachate toxicity testing which are summarized in the baseline
ecological risk assessment (M&E, 1994). The methodology and principal results of the ecological
assessment and the ecological risk assessment are summarized in this section to provide the
background necessary to understand the rationale behind the development of the ecological RAOs

and PRGs.

The ecological portion of the risk assessment for the site study area had four major objectives:

. Define the ecological condition of the site study area by identifying significant
ecological resources that occur in the site study area and assessing their relative
health

. Evaluate potential adverse effects to ecological resources from exposure to site

contaminants by quantifying baseline risks to ecological receptors
. Develop RAOs and PRGs for ecological resources

. Develop ecological endpoints for the preservation or restoration of important on-site
ecological values as part of the remediation program

The first objective was addressed through the development and implementation of a biological field
sampling program, the results of which are presented in Section 3.4 "Ecological Assessment" of the
RI report (M&E, 1994) and summarized in Section 2.1.2.2. Figure 2-1 presents wetland resource
areas identified during the RI report preparation. The second objective was addressed in Section 7.0
of the RI report (M&E, 1994) "Baseline Ecological Risk Assessment". Information from the

baseline ecological risk assessment is summarized in Section 2.1.2.3. Information contained in these
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two assessments was then used to address the last two objectives in this FS. Remedial action
objectives are outlined in Section 2.1.2.4, PRGs in Section 2.1.2.5, and ecological endpoints in

Section 2.1.2.7.

2.1.2.1 Chemicals and Media of Potential Ecological Concern. Based on the observed
contaminant levels in the various on-site media and likely exposure pathways for species observed

or expected to occur, the following were considered of concern to ecological resources:
. Surface water in the Saugatucket River and Mitchell Brook, as well as in
downgradient surface waters fed by these water bodies
. Leachate from landfill seeps

. Surface sediment in the Saugatucket River and Mitchell Brook in locations adjacent
to the disposal areas

. Surface soil, notably in the three disposal areas

Soil gas, notably in the Solid Waste Area

Groundwater (except where it surfaces as a leachate seep) and subsurface soils were not considered
media of concern to ecological receptors since these organisms have little, if any, direct exposure

to these media. Ambient air was evaluated concurrently with soil gas.

Screening of contaminants and selection of ecological COPCs considered a number of variables
including observed contaminant concentrations in the media of concern, frequency of detection,
mobility and persistence, toxicity (based on published effect levels), background levels, and existing
guidelines, standards, or criteria. Based upon this analysis, the ecological COPCs were identified

as:

. aluminum, iron, and manganese in surface water

. aluminum, iron, lead, and manganese in leachate
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. aluminum and iron in surface sediment

. copper, lead, and manganese in surface soils

No compounds were considered of potential ecological concern in soil gas (or in ambient air from
outgassing of soil gas). Although two small areas of dead trees along Rose Hill Road were
associated with high methane levels in soil gas, these impacts were considered too limited to justify

including methane as a COPC to ecological receptors (see Section 2.1.2.3.).

2.1.2.2 Summary of Existing Ecological Conditions. The nature and extent of site contamination
and the fate and transport mechanisms of the ecological COPCs suggested that the primary
ecological resource at risk was the aquatic system (Mitchell Brook and the Saugatucket River).
Thus, quantitative studies of the on-site benthic community in these water bodies were conducted
at locations adjacent to and downstream of the Site and at upstream "reference” locations. Since the
wetland and upland habitats were expected to be less contaminated, qualitative studies of vegetation
and wildlife were considered sufficient to define exposure pathways. Studies of wetland and
terrestrial habitats consisted of wetland delineation, wetland functional assessment, vegetation

(habitat) mapping, and wildlife surveys.

Significant ecological habitats within the site study area include the Saugatucket River and Mitchell
Brook, their associated tributaries and forested wetlands, and the adjacent forested and old field
upland habitats. Rare plant species known to occur within the site study area include a species of
state interest, tickseed sunflower (Bidens coronata), and a species of state concern, bloodroot
(Sanguinaria canadensis). A probable sighting of an avian species of state concern, red-bellied
woodpecker (Melanerpes carolinus), also occurred within the site study area. Two avian species of
state interest, glossy ibis (Plegadis falcinellus) and great egret (Casmerodius albus), were also
observed within the site study area. However, the state designation applies only to breeding sites
for these two species, and suitable breeding habitat does not exist within the site study area, except

possibly along the Saugatucket River.
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As indicated by a single, reconnaissance-level survey, the site study area is utilized by a variety of
terrestrial species. Avian species observed on the Site were generally typical of those expected based
upon geographical location, habitat present, and surrounding land uses. The extensive running of
dogs and hunting on the Site have influenced the use of the site study area by mammalian species.
Reptiles and ampbhibians utilizing the site study area are likely to be confined largely to terrestrial
species, as Mitchell Brook does not appear to support large numbers of these organisms or other prey
species, such as fish. However, the Saugatucket River likely supports a more diverse assemblage
of wildlife and aquatic species. No overt effects of site contamination on terrestrial wildlife were

apparent, although the study was not designed to document most potential chronic effects.

The macroinvertebrate species composition in the sediments of the Saugatucket River appear to be
affected by the disposal areas. The species composition (in terms of the relative abundance of
dominant organisms) adjacent to the disposal areas appears to be different from the species
composition in upstream and downstream locations. The area adjacent to the Bulky Waste Area has
the most contaminated sediments and pollution-tolerant taxa did occur in relatively high numbers

in the sediments compared to the taxa in sediments in upstream and downstream locations.

Organisms in the water column of the Saugatucket River also appear to be influenced by the disposal
areas and leachate seeps. Total densities of organisms in the water column downstream of the
disposal areas and leachate seeps are significantly lower than at upstream locations. The occurrence
of pollution-sensitive invertebrate taxa in the water column also decreased from upstream to
downstream locations. There also appears to be a scarcity of fish in this section of the river, where

resident and migratory fish would be expected to occur.

The benthic macroinvertebrate community in Mitchell Brook does not appear to be as diverse as that
of the Saugatucket River. In general, the macroinvertebrates in Mitchell Brook sediments and
surface waters showed a pattern of decreasing densities from upstream to downstream locations.

Species density and diversity were especially low adjacent to the disposal areas. Additionally, the
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occurrence of pollution-sensitive species decreased from upstream to downstream locations. In the

brook, as in the Saugatucket River, few fish were observed.

2.1.2.3 Exposure Assessment and Risk Characterization. A baseline ecological risk assessment
was conducted to evaluate potential risks to ecological receptors from exposure to contaminants in
surface water, leachate, sediment, surface soil, and soil gas. Potential exposure pathways evaluated
were dermal contact, inhalation, ingestion of contaminated media, and ingestion of contaminated
food. Inhalation and food chain exposures were not considered significant, but may contribute to

total exposure.

Risks were evaluated through the development of media-specific ecological effect levels, which are
defined as the concentration of a particular contaminant in a particular medium below which no
adverse effects to ecological receptors are likely to occur. Ecological effect levels for aquatic areas
were based on established numerical criteria (EPA and RIDEM ambient water quality criteria
[AWQC]). Information obtained from the literature was used to develop effect levels for upland and
wetland habitats. These effect levels were used to assess baseline ecological risks by comparing
them to existing contaminant levels in on-site media. In addition, aquatic invertebrate surveys, and
toxicity testing with on-site sediments and leachate, served to more fully define baseline risks to

aquatic receptors.

Aquatic Receptors. Benthic organisms and fish were identified as potential receptors in aquatic
habitats. The in-situ benthic community exhibited some apparent effects from site contamination,
particularly with respect to community structure, although the results of statistical analyses showed
that there was no significant linear correlation between species densities and sediment
contamination. Sediment toxicity tests were conducted on two aquatic invertebrates, Hyalella azteca
and Ceriodaphnia dubia, and on the fathead minnow, Pimephales promelas. Based on the statistical
results of these tests, it was concluded that there was no significant difference between the reference
and study area samples in sediment toxicity. This indicates that the sediments within the site study

area do not exhibit acute or chronic toxicity to representative, sensitive species.
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Risk from the ecological COPCs in surface water and leachate were evaluated by comparing
contaminant concentrations to known ecological effect levels. For iron and aluminum, the ecological
effect levels were based on ambient water quality criteria for protecting aquatic life. The chronic
AWQC is 1,000 ng/L for iron, and 87 xg/L for aluminum. Iron was measured at up to 65 times the
criteria in surface water while aluminum was measured at up to 13 times its criteria value.
Concentrations of these chemicals in surface waters throughout the Site frequently exceeded criteria
levels, especially in areas downstream of leachate seeps. Thus, there is a risk to aquatic organisms
in the surface waters from exposure to these ecological COPCs. Concentrations of iron and

aluminum in leachate also exceeded AWQCs (by up to four orders of magnitude for aluminum).

There is no EPA AWQC for manganese. However, the average concentration of manganese in
surface water at the Site was substantially greater than the average background concentration and
the manganese criterion (80 ug/L; Suter and Mabrey, 1994) derived via the Great Lake System Tier
II Method (EPA, 1993d). Due to these exceedances, manganese is identified as having the potential

to pose a significant risk to ecological receptor populations.

The risk to aquatic organisms was confirmed by results from macroinvertebrate surveys and leachate
toxicity testing. Total macroinvertebrate densities and densities of dominant species in the water
column decrease with increasing iron concentration in the Saugatucket River. Toxicity tests were
performed using composite leachate samples from the Site and the test organisms C. dubia and P.
promelas. Test results indicate that the leachate was acutely toxic to C. dubia and also caused

reproductive effects. Some chronic toxicity also occurred in the fathead minnow (P. promelas).

Terrestrial Receptors. Amphibians, reptiles, birds, and mammals were identified as potential
receptors in upland and wetland habitats. Based upon on-site observations, plants were not
considered at risk, since the on-site floral communities did not exhibit any signs of stress that could
be attributed to the contamination at the Site, with the exception of several small groups of trees

which appeared to have been killed by elevated methane levels in soil gas.
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Ecological effect levels can be used to assess baseline risks to ecological receptors by comparing
them to existing contaminant levels in the on-site media. For wetland and upland habitats,
ecological effect levels were determined from the literature. The ecological COPCs in surface soils
(copper, lead, and manganese) rarely exceeded their effect levels, so baseline risks to terrestrial
organisms were not considered significant over most of the site study area. Areas of soil associated
with leachate seeps, and the leachate itself, may pose some risks to biota since effect levels were
exceeded. Due to the small areas affected, however, this risk is not considered significant. Food
chain effects are not of concern, although indirect effects from reduced prey abundance in aquatic
areas may be occurring. Small areas of dead trees associated with high methane levels in soil gas
are also not considered significant, due to the extremely limited areas over which these effects have
been observed. Certain aquatic or semiaquatic reptiles and amphibians, however, may be adversely
impacted by contact with contaminated surface water or leachate, as described above for aquatic

receptors.

2.1.2.4 Ecological Remedial Action Objectives. Ecological RAOs are summarized in Table 2-5.
Based upon the results of the ecological assessment and the ecological risk assessment, the
ecological RAOs for the Site are established to reduce contaminant migration via leachate to the

surface waters and sediments of Mitchell Brook and the Saugatucket River.

2.1.2.5 Ecological Preliminary Remediation Goals. The ecological effect levels utilized in the
baseline risk assessment and summarized above can be used to develop PRGs for the protection of
ecological resources. Since the ecological effect levels for surface water (the only media within
which significant adverse effects were identified) were based on criteria values designed to protect
aquatic receptors (AWQC), these levels were also deemed appropriate for use as PRGs. Therefore,
the PRG for iron was set at 1,000 pg/L, the chronic AWQC. This concentration is greater than the
maximum iron concentration detected in background samples (250 pg/L). The aluminum PRG was
set at a concentration greater than the chronic AWQC (87 pg/L) because the background aluminum
concentration (140 pg/L) was greater than the AWQC. No EPA AWQC was available for

manganese. Therefore, the PRG for manganese was set at the background concentration (45 pg/L).
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The ecological PRGs are defined in Table 2-6.

. PRGs for surface water would be attainment of AWQC for iron (1,000 wg/L) as well
as attainment of background levels for manganese (45 wg/L) and aluminum
(140 wg/L).

2.1.2.6 Uncertainties in the Development of Ecological Preliminary Remediation Goals. There
are many sources of uncertainty associated with an ecological risk assessment. Each component of
an ecological risk assessment (i.e., receptor selection, toxicity assessment, and exposure assessment)
has some uncertainty associated with it. The principal uncertainty associated with this analysis
involves the determination of ecological effect levels. For many chemicals, especially for the
terrestrial assessment, toxicity data were limited and criteria values were often unavailable. To
compensate for this, the most conservative values were generally used to represent a reasonable

worst-case scenario.

A second uncertainty involves using chemical-specific effect levels for individual compounds to
assess toxicity. This approach fails to account for multiple exposure pathways, exposures to multiple
chemicals, and potential additive or synergistic effects. This uncertainty is most evident for the
terrestrial portion of the ecological risk assessment; the aquatic portion included toxicity testing with

on-site media, which accounts for these factors.

Specific uncertainty relative to PRGs for iron, aluminum and manganese involve criterion derivation
and degree of data collection. The EPA chronic AWQC for iron (1 mg/L; EPA, 1976) is based
primarily on field observations (e.g., comparison of spatial presence of a species or community with
iron concentrations in a watercourse). The toxicity of iron is heavily influenced by site-specific
parameters such as alkalinity, pH, hardness, temperature, and the presence of ligands, which change
the valence state and solubility. The effects of iron on aquatic receptors can be physical (e.g., egg-
smothering iron floc) or chemical. The level of risk with each of these types of effects would be

dependent on the form of iron, the amount, and the exposed receptor community. For manganese and
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aluminum, determination of background levels at upstream locations was based on a limited number

of samples and may not truly represent background levels.

2.1.2.7 Ecological Endpoints. In addition to the PRGs outlined above, an objective of remediation
is to maintain, wherever possible, the functions and ecological values of the existing wetland and
upland habitats. The following is a general discussion of the existing ecological values of the site
study area worth protecting during remediation or enhancing/restoring following remediation. The
goals (termed ecological endpoints) for the preservation or restoration of important ecological values

are also outlined.

Terrestrial Habitats. One goal of remediation on upland areas should be the protection, from
disturbance associated with remedial activities, of areas with relatively mature trees, as these
resources are impossible to replace in a reasonable time frame. Thus, the desired ecological endpoint
on upland areas would be the preservation of mature forested areas, and the restoration or

enhancement of disturbed shrubby and herbaceous areas.

Vegetated Wetland Habitats. Special emphasis should be given to the preservation of forested
wetlands along the Saugatucket River and Mitchell Brook, since the live and dead trees in these areas
are important habitat resources that are difficult, if not impossible, to replace. Preservation applies
to both direct impacts (through tree clearing) and indirect impacts (from groundwater drawdown or

other hydrological alterations).

Aquatic Habitats. The goal of remediation activities in aquatic areas would be the restoration of

a healthy and functioning benthic community in Mitchell Brook and the Saugatucket River.

2.1.3 Development of Safety Remedial Action Objectives and Preliminary Remediation Goals

The RAO for safety identified for the Site is to avoid the occurrence of potentially explosive levels

of soil gas within structures. Structures on the Site and off the Site should be protected. Among
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flammable or potentially explosive gases in soil gas, methane is predominant. Avoiding explosive
levels of methane within structures is expected to achieve the RAO. In order to provide a margin
of safety, the PRG for facility structures is a methane concentration less than 25% of the lower
explosive limit (LEL). As a wider margin of safety is desirable for off-site structures, the same PRG
of 25% of the LEL is also set to apply to the property boundary. These PRGs are consistent with
Section 12-030-15.08, Gas Control, of the Code of Rhode Island Rules, pursuant to Chapters 23-18.9
and 23-63 of the Rhode Island General Laws.

2.2 GENERAL RESPONSE ACTIONS

General response actions are developed to satisfy the RAOs for the Site. The range of applicable

general response actions for each medium's RAOs are identified in Table 2-7.

2.3 PERFORMANCE OF INSTITUTIONAL SCREENING (ARARs)

During the FS process, an analysis is made of legal and policy requirements that could affect the
implementation of remedial alternatives. These institutional issues consist mainly of the compliance
of each proposed remedial alternative with applicable or relevant and appropriate federal, state, and
local public health and environmental requirements (ARARs). Determination of ARARs is
site-specific and depends on the chemical contaminants, site/location characteristics, and remedial
actions being investigated for site cleanup. Consideration of ARARs is undertaken to fulfill the
requirements of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) as amended, the National Contingency Plan (NCP), and other requirements of laws that
must be addressed by the EPA or parties undertaking the remedial action. In Section 4.0, "Detailed
Evaluation of Alternatives”, each alternative is evaluated with respect to its compliance with the

ARARSs identified below.

CERCLA, as amended by the Superfund Amendments and Reauthorization Act (SARA, October

1986), governs the liability, cleanup, financial responsibility, and response for hazardous substances
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released into the environment. CERCLA requires that all remedial actions be consistent with the
NCP. The NCP, published as 40 CFR Part 300, specifies procedures, techniques, materials,
equipment, and methods to be employed in identifying, removing, or remedying releases of
hazardous substances. In particular, the NCP specifies procedures for determining the appropriate
type and extent of remedial action at a site in order to effectively mitigate and minimize damage to,

and provide adequate protection of, public health, welfare, and the environment.

The national goal of remedy selection is to protect human health and the environment, to maintain
that protection over time, and to minimize untreated waste (40 CFR Part 300.430 of the NCP (55
FR 8846)). In accordance with Section 121(d) of CERCLA, site remediation must comply with all
applicable or relevant and appropriate laws, regulations, and standards promulgated by the federal
government, except where waived. State requirements must also be attained, under
Section 121(d)(2)(c), if they are legally enforceable and consistently enforced statewide, and if the
state ARAR is more stringent than the federal ARAR and has been presented to the EPA in a timely
manner. Waiver conditions that may be used, if protection of human health and the environment is

to be ensured, include the following:

. The remedial action selected is only part of a total remedial action that will attain
such level or standard of control when completed

. Compliance with such requirements is technically impracticable from an engineering
perspective
. Compliance with such requirement at that facility will result in greater risk to human

health and the environment than alternative options

. The remedial action selected will attain, through use of another method or approach,
a standard of performance that is equivalent to that required under the otherwise
applicable standard, requirement, criteria, or limitation

. In the case of a remedial action to be undertaken solely under Section 104, selection
of a remedial action that attains such level or standard of control will not provide a
balance between the need for protection of public health and welfare and the
environment at the facility under consideration, and the availability of money from
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the fund to respond to other sites, taking into consideration the relative immediacy
of such threats

. With respect to a state standard, requirement, criteria, or limitation, the state has not
consistently applied (or demonstrated the intention to consistently apply) the
standard, requirement, criteria, or limitation in similar circumstances at other
remedial action sites within the state

The NCP defines "applicable" and "relevant and appropriate" requirements. Applicable
requirements consist of those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promuigated under law that
specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance at a CERCLA site. Relevant and appropriate requirements are those cleanup standards,
standards of control, and other substantive environmental protection requirements, criteria, or
limitations promulgated under federal or state environmental or facility siting laws that, while not
"applicable” to a hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance at a CERCLA site, address problems or situations sufficiently similar to those
encountered at the CERCLA site that their use is well suited to the particular site. In addition, other
environmental and public health guidelines, although not ARARs, may be considered to help
determine what is protective or to determine CERCLA remedies. These guidelines are termed "to

be considered"” or "TBC".

CERCLA Section 121(e), codified at 40 CFR Part 300.400(e), exempts any response action
conducted entirely at the site from having to obtain a federal, state, or local permit, where the action
is carried out in compliance with Section 121. Remedial actions conducted on Superfund sites need
comply only with the substantive aspects of ARARs and not with the corresponding administrative

requirements.

Identification of potential ARARs to be considered for the Site and adjacent wetland areas are
organized into three categories, following EPA's CERCLA Compliance with Other Laws Manual
(Interim Final -- EPA/540/G-89/006, Part II -- EPA/540/G-89/009 guidance (EPA, 1988b and 1989):
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. Chemical-specific
. Location-specific

. Action-specific

The following subsections summarize ARARs for the Site. Each possible ARAR is reviewed to
evaluate its potential applicability or relevancy and appropriateness according to the procedures
identified in CERCLA Compliance with Other Laws Manual (OSWER Directive 9234.1-01) and
Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA (OSWER
Directive 9355.3-01). Refer to Section 4.0 for tabulations of ARARs from the following subsections

which are specific to each alternative (action-specific).

2.3.1 Chemical-Specific ARARs

Chemical-specific ARARs provide criteria for evaluating concentrations of specific hazardous
contaminants. They are developed based upon the protection of human health and the environment.
Federal and state laws which may be potential chemical-specific ARARs or TBCs are summarized

in Table 2-8 and include:
. Federal Safe Drinking Water Act, National Primary Drinking Water MCLs and
MCLGs
. Resource Conservation and Recovery Act (RCRA) Maximum Concentration Limits
. Federal Clean Water Act, AWQC
. Federal Clean Air Act, National Ambient Air Quality Standards (NAAQS)
. Rhode Island Rules and Regulations for Groundwater Quality
. Rhode Island Water Quality Standards
. Rhode Island Air Pollution Control Regulations
. Rhode Island Solid Waste Management Facility Rules and Regulations

2-20



. Federal Criteria and Advisories To Be Considered

A discussion of the applicability or relevancy and appropriateness of each of the potential ARARs

or criteria to be considered listed above is provided in this section.

No single set of federal or state criteria dictate acceptable concentrations in drinking water or surface
water for all of the contaminants detected within the site study area. Chemical-specific ARARs and
TBCs for groundwater are listed in Table 2-9, for surface water in Table 2-10, and for air in

Table 2-11.

2.3.1.1 Safe Drinking Water Act. The Safe Drinking Water Act (SDWA) of 1974, most recently
amended in 1996, was established to protect public drinking water supplies. The major elements of

the drinking water program include:

. Drinking water standards, contaminant occurrence and selection treatment techniques
. Microbial disinfection by-product standards

. Source water protection

. Arsenic, lead and copper

. Operator certification

. Consumer confidence reports

. Radionuclide standards

Section 1424(e) of the SDWA authorizes EPA to determine that an aquifer is the "sole or principal”

source of drinking water for an area.

Section 1412 of the SDWA requires the EPA to publish MCLGs and promulgate national drinking

water regulations. Under Section 1401, EPA must develop enforceable MCLs and "criteria and
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procedures to assure a supply of drinking water which dependably complies” with such MCLs.
Under Section 1412(b)(7)(A), the use of a best available treatment technique instead of attainment
of an MCL is allowed if it is not technically or economically feasible to ascertain the level of a
contaminant in drinking water. Primary Drinking Water Regulations are set forth under 40 CFR Part
141 while 40 CFR Part 142 supplies National Primary Drinking Water Implementation Regulations
and 40 CFR Part 143 provides National Secondary Drinking Water Regulations. 40 CFR Part 141
Subparts B and F specify MCLs and MCLGs, respectively.

MCLs are enforceable chemical-specific drinking water standards, developed under the SDWA.
MCLs are based on the use of best technology, treatment techniques, and other factors, including
cost. MCLGs are based entirely on health considerations and do not take cost or feasibility into
account. MCLGs are set at levels which will result in no known or anticipated health effects,
keeping a margin of safety. Section 121 of CERCLA states that remedial actions shall attain MCLs

where they are relevant and appropriate.

The disposal area boundaries are defined as Rhode Island Class GB areas not suitable for public or
private drinking water use. Hence, MCLs and MCLGs are not relevant and appropriate requirements
for this site. Areas outside of the disposal boundaries are defined as class GA, or suitable for
drinking water use. Therefore, MCLs and MCLGs are relevant and appropriate to offsite

groundwater, and are thus used in developing the PRGs.

2.3.1.2 Resource Conservation and Recovery Act Maximum Concentration Limits.
40 CFR §264.94 establishes three categories of federal groundwater protection standards which are
considered by Superfund as potentially ARAR: RCRA MCLs, Alternate Concentration Limits
(ACLs), and background concentrations. RCRA MCLs have been adopted for 14 toxic compounds,
primarily metals and pesticides, as a part of RCRA groundwater protection standards (40 CFR
§264.94).

2-22



These standards apply to RCRA regulated units that received RCRA hazardous waste after July 26,
1982. If a comparison of indicator concentrations from background and downgradient wells shows
a statistically significant increase, a groundwater protection standard is established for all hazardous
constituents. The baseline protection standard is the background level of the constituent, one of the
14 RCRA MCLs, or an ACL. ACLs are applied for and granted on a site-by-site basis and must
ensure that there will not be a substantial present or potential hazard to human health and the

environment.

Since the Rose Hill Regional Landfill did not receive RCRA hazardous wastes, or similar wastes,
after July 26, 1982, these requirements are not considered to be applicable. The Rose Hill Regional
Landfill Site did, prior to 1980, however, receive waste that under current rules would be considered
a hazardous waste. For this reason, RCRA Subtitle C requirements are considered relevant and

appropriate for the Rose Hill Regional Landfill Site.

2.3.1.3 Federal Water Pollution Control Act, as Amended by the Clean Water Act, Ambient
Water Quality Criteria. The Federal Water Pollution Control Act as amended by the Clean Water
Act (referred to as the Clean Water Act or CWA) seeks to "restore and maintain the chemical,

physical, and biological integrity of the Nation's waters" (40 CFR 101(a)).

The CWA, as amended, sets forth ambient water quality criteria for the protection of freshwater
aquatic life and human health (authorized under CWA Section 304(a)(1) and regulated under
40 CFR 120). Water quality standards are based on the designated use(s) for the water, and the
criteria necessary to protect the designated use(s). Federal AWQC developed under Section 304(a)
of the CWA are unenforceable guidance criteria based on the latest scientific information to evaluate
the effect a toxic pollutant concentration has on a particular aquatic species and/or human health.
There are both proposed and final AWQC. With regards to human exposure, there are two
categories to consider: ingestion of both contaminated drinking water and contaminated fish, and
ingestion of contaminated fish alone. Although AWQC are nonenforceable, and thus cannot be

applicable, Section 121 of CERCLA states that remedial actions shall attain AWQC where they are
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relevant and appropriate. In determining if AWQC are relevant and appropriate, the primary factors
to consider are the designated or potential uses of the water, the media affected, the purposes for

which the potential requirement are intended and the latest information available.

The AWQC may be relevant and appropriate for Mitchell Brook, the unnamed brook, and the
Saugatucket River when protection of aquatic life is a concern or human exposure from consumption
of fish a concern. In the RI report (M&E, 1994), several surface water location exhibited high metal
concentrations which coincided with areas adjacent to leachate seeps. Additionally, a few organic
compounds were detected infrequently in low concentrations in Mitchell Brook, the unnamed brook,
and the Saugatucket River. As identified in the ecological assessment of the RI, aquatic organisms
appear to be directly and negatively impacted in surface water locations downstream of the disposal
areas and leachate seeps. For this reason, AWQC for the protection of aquatic life are considered

ARAR for the Site.

2.3.1.4 Clean Air Act and Rhode Island Air Pollution Control Regulations. The federal Clean
Atr Act directs EPA to establish national primary and secondary ambient air quality standards.
National primary ambient air quality standards define levels of air quality that EPA judges necessary
to protect the public health with an adequate margin of safety. National secondary ambient air
quality standards define levels of air quality that EPA judges necessary to protect the public welfare

from any known or anticipated adverse effects of a pollutant.

Of the six air contaminants for which standards have been established for specific sources, only
particulate matter may be of concern at this site. The level of the national primary and secondary
24-hour ambient air quality standards for particulate matter is 150 micrograms per cubic meter
(ug/m?), 24-hour average concentration. The standards are attained when the expected number of
days per calendar year with a 24-hour average concentration above 150 pg/m’, as determined in
accordance with appendix K to this part, is equal to or less than one. The level of the national
primary and secondary annual standards for particulate matter is 50 micrograms per cubic meter

(ug/m’ ), annual arithmetic mean. The standards are attained when the expected annual arithmetic
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mean concentration, as determined in accordance with appendix K to this part, is less than or equal

to 50 pug/m’ .

Air Pollution Control Regulations No. 7, Emission of Air Contaminants Detrimental to person or
property, prohibits emissions of any contaminants which may be injurious to human, plant or animal
life, or cause damage to property or which unreasonably interferes with the enjoyment of life and
property. This rule requires source approval if air quality modeling shows human health or

environmental risks. The evaluation of human health risks was discussed in Section 2.1.

Air Pollution Control Regulation No. 22, regarding air toxics, specifies the acceptable air quality
impacts for stationary sources emitting any of the 40 listed toxic air contaminants. Air quality
modeling is used to determine allowable emissions. Of the listed contaminants, soil gas at the Rose
Hill Regional Landfill site has been shown to contain benzene, methylene chloride, toluene,

trichloroethylene, xylenes, carbon tetrachloride, and tetrachloroethylene.

Regulations Designating Areas for Air Quality Planning at 40 CFR 81.31 designates the entire state
of Rhode Island to be within the "Metropolitan Providence Interstate Air Quality Control Region."
The air quality designation at the Site for each National Ambient Air Quality Standards (NAAQS)

is as follows:

Total Suspended Particulates: better than national standards

Sulfur Dioxide: better than national standards

Carbon Monoxide: unclassifiable/attainment

Nitrogen Dioxide: Cannot be classified or better than national standards

QOzone: Nonattainment

The classification of nonattainment for ozone is "serious". 40 CFR 172, Subpart D, Plan

Requirements for Nonattainment Areas, defines a major source in a serious ozone nonattainment
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areas as "any stationary source or group of sources located within a contiguous area and under

common control that emits, or has the potential to emit, at least 50 tons per year of VOCs."

2.3.1.5 Rhode Island Rules and Regulations for Groundwater Quality. These rules, published
as Regulation DEM-GW-01-92 and most recently amended June 25, 1998, classify groundwater
resources of Rhode Island and set numerical groundwater quality standards for those classifications.
The rules also include procedures for determining compliance with Rhode Island groundwater
quality rules as well as procedures for corrective actions. The state of Rhode Island has classified
the area under and surrounding the three disposal areas on the Site as GB - not suitable for public
or private drinking water use. To comply with Rhode Island groundwater regulations, Class GB
groundwaters shall not: threaten public health or the environment, cause a violation of surrounding
groundwater quality standards; adversely impact groundwater and surface water at boundary of
facility; or violate or have the potential to cause a violation of Rhode Island surface water quality

standards.

2.3.1.6 Rhode Island Water Quality Standards. Under the CWA, every state is required to:
classify waters within its boundaries according to its intended use; establish antidegradation
requirements; and develop water quality standards. The Rhode Island Water Quality Standards,
amended August 26, 1997 and designated under Rhode Island General Laws (RIGL) Title 46,
Chapter 12, apply to discharges to surface water. The Saugatucket River is designated as a Class
B water body, suitable for fishing and swimming, and public water source with appropriate
treatment. Mitchell Brook, a tributary of the Saugatucket River, is also a Class B water body. The
law sets general criteria for aquatic habitat, aesthetics, radioactive substances, nutrients, and mixing
zones for all surface waters of the state. In addition, class-specific criteria are set for dissolved
oxygen, temperature, nutrients, pH, sludge deposits or solid refuse, settleable solids, oil, grease,
scum, turbidity, E. Coli bacteria, color, and tastes and odor. Rhode Island AWQC set in Appendix
G of these rules do not apply to indirect discharges, such as the leachate seeps, and are not
considered chemical-specific ARARs for the Site. These rules will be re-evaluated during

examination of action-specific ARARs.

2-26



2.3.1.7 Rhode Island Solid Waste Management Facility Rules and Regulations. Rhode Island
Solid Waste Management Facility Rules (SWMFR), authorized under Rhode Island General Laws
(RIGL) Chapters 23-18.9 23-63, and 42-35, govern solid waste management. The rules include a
description of gas controls and closure requirements with regard to solid waste facilities, and
institute a prohibition on methane gas concentrations of greater than 25% of the LEL at the facility

property boundary or in facility structures. These rules are applicable to methane levels at the Site.

2.3.1.8 Federal Criteria and Advisories To Be Considered. In addition to the ARARs listed
above, there are other important issues and advisories which will require attention prior to and during

remedial activities. These criteria and advisories to be considered include:

. Reference Dose Concentrations are available for many air and water contaminants
on the Integrated Risk Information System (IRIS) on-line database. Where
contaminant concentrations do not exceed air or water reference concentrations,
adverse health effects other than cancer are unlikely to occur. These values are

- useful as health based goals to be considered.

. Slope Factors and Unit Risks. Carcinogenic slope factors and unit risks are
developed by the EPA CAG from health effects studies using epidemiologic data or
from animal testing. Slope factors and unit risks for various carcinogens provide a
measure of the strength of a carcinogen; many are available from IRIS. Unit risks
may be used to develop target concentrations to correspond to a selected acceptable
risk.

. Federal Groundwater Protection Strategy of 1984. EPA developed the
Groundwater Protection Strategy in 1984 with the goal of organizing and
coordinating the various programs that protect groundwater. The groundwater
protection strategy lists several policy statements that emphasize the protection of
groundwater resources. The strategy is not a promulgated requirement and,
therefore, cannot be a potential ARAR; it does, however, list several policy
statements to be considered when developing a protective remedy. To help achieve
consistency among programs, groundwater classification guidelines were developed
to distinguish between different groundwaters meriting different levels of protection.
Class I groundwaters are "special groundwaters” that are highly vulnerable and are
either irreplaceable or ecologically vital. Class II groundwaters are current and
potential sources of drinking water and waters having other beneficial uses. Class II
groundwaters are estimated to comprise 84 to 94% of the nation's groundwater.
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Class III groundwaters are those that cannot be used for drinking water due to high
salinity or widespread naturally occurring contamination.

. Threshold Limiting Values (TLVs). TLVs refer to airborne concentrations of
substances and represent conditions under which it is believed that nearly all workers
may be repeatedly exposed to day after day without adverse health effects.

2.3.2 Location-Specific ARARs

Location-specific ARARs must be considered when developing the FS as these types of ARARs may
affect or restrict remediation and site activities. Generally, location-specific requirements serve to
protect individual site characteristics, resources, and specific environmental features on a site. The
following federal and state laws which pertain to the protection of resources and are potential

ARARSs or criteria TBC for the Site are described below and summarized in Table 2-12:

. Clean Water Act (33 U.S.C. §1251 to 1387), Section 404 and Guidelines for
Specification of Disposal Sites of Dredged or Fill Material (33 U.S.C. §1344),
Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. §403)

. Executive Order No. 11990, Wetlands Pfotection
. Statement of Procedures on Floodplain Management and Wetlands Protection
(40 CFR 6, Appendix A)

. Federal Fish & Wildlife Coordination Act (16 U.S.C. §661-666¢)

. Federal Resource Conservation and Recovery Act, location requirements
(40 CFR 264.18)

. Federal Archaeological and Historical Preservation Act of 1974, National Historical
Preservation Act of 1966 (16 U.S.C. §470), Archaeologic and Historical Protection

. Rhode Island Rules and Regulations Governing the Freshwater Wetlands Act
. Rhode Island Endangered Species Act

. Executive Order 11988, Floodplain Protection

. State Historic Cemetaries Act
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As there are no wilderness areas, wild or scenic rivers, or coastal areas in the vicinity of Site, the
requirements associated with the Wilderness Act, the Wild and Scenic River Act, Coastal Zone
Management Act, Marine Mammal Protection Act, and the Marine Protection, Research and
Sanctuaries Act were not considered. As no federal endangered or threatened species or critical
habitat have been identified, the requirements of the federal Endangered Species Act are also not
considered as ARARSs; should any federal endangered or threatened species, or critical habitat, be
identified in the vicinity of the Site, this act would become applicable. Also, if any bald eagles or
golden eagles are sighted nesting in the vicinity of the Site, the Bald and Golden Eagle Protection

Act would become applicable.

2.3.2.1 Clean Water Act, Rivers and Harbors Act of 1899 (33 U.S.C. §403) and Guidelines for
Specification of Disposal Sites of Dredged or Fill Material (33 U.S.C. §1344). Section 10 of the
Rivers and Harbors Act of 1899 requires a permit for construction of structures on or affecting
navigable waters of the U.S. For the permit to be issued, the action must not obstruct or alter
navigable waters, present a significant adverse effect on the aquatic environment, or result in
violations of water quality criteria. Rivers and Harbors Act requirements are addressed by Clean
Water Act regulations. Section 404 of the CWA prohibits discharge of dredged or fill materials into
navigable waters of the U.S., including wetlands, without a permit. Under CERCLA, as amended
by SARA, remedial activities on a federal Superfund site must comply with the substantive
requirements of federal and state laws, regulations, and standards, although actual permits do not
need to be obtained or filed. For wetlands, these would include the provisions of the CWA
(Section 404). Section 404 prescribes avoidable impacts on aquatic environments and prohibits
significant adverse impacts to the aquatic environment. Wetland replication (on a no-net-loss basis)

or restoration would be required as mitigation under these regulations if impacts are unavoidable.

If there is a practicable alternative to the discharge which would have a less adverse impact on the
aquatic ecosystem it should be implemented, so long as the alternative does not have other

significant adverse environmental consequences. Appropriate and practicable steps must be taken
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which will minimize the potential adverse impacts of the discharge of the dredged materials on the
aquatic ecosystem, pursuant to 40 CFR §230.10(a). These guidelines, contained at 40 CFR Part 230
and developed under CWA Sections 404(b)(1) and 501(a), delineate procedures to evaluate the
potential impacts of fill material on aquatic ecosystems. These procedures are followed to the extent
that a remedial alternative has a potential to adversely affect a river, pond, or wetland on the Site,

and are applicable for the Site.

2.3.2.2 Statement of Procedures on Floodplain Management and Wetland Protection. EPA
policy for carrying out the provisions of Executive Orders 11988 (Floodplain Management) and
11990 (Protection of Wetlands) are set forth in 40 CFR Part 6, Appendix A. These policies are

discussed below.

. Floodplain Management. Executive Order 11988 directs federal agencies to avoid
long- and short-term adverse impacts associated with occupancy and modification
of flood plains. Agencies responsible for providing federal assistance for
construction and improvements and for conducting programs affecting land use must
take actions to accomplish the following:

- Reduce risk of flood loss
- Minimize the impacts of floods on human safety, health and welfare
- Restore and preserve the natural and beneficial values served by flood plains

Most of the requirements associated with the order are set forth in the Floodplain
Management Guideline, published February 10, 1978, by the Water Resource
Council to aid federal agencies in complying with the order. These guidelines
include alternative evaluation, impact assessment and mitigation, and public
involvement that are already incorporated into the FS process. The only additional
substantive requirement contained within these guidelines is that certain projects or
portions may be designated as a critical action, which is any activity for which even
a slight chance of flooding would be too great. In the case of critical actions, the area
requiring consideration is expanded from the 100-year to the 500-year floodplain.
EPA indicated in the CERCLA/SARA Environmental Review Manual (January
1988) that all CERCLA/SARA actions are to be considered critical actions and,
therefore, the 500-year floodplain is considered potentially applicable.
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The 100-year flood zone designated by the Federal Emergency Management Agency,
as applied to the site map, is shown on Figure 2-2.

Floodplain management guidelines are considered applicable for those portions of
the Site that are in the 100-year floodplain.

. Protection of Wetlands. Executive Order 11990 directs federal agencies to take
actions to minimize the destruction, loss, or degradation of wetlands. To preserve
and enhance the natural and beneficial values of remediation, potential wetlands in
the area must be evaluated. Wetland protection requirements include assessing the
impacts of any Proposed actions on the wetlands, evaluating alternatives and their
potential effects on the wetlands, and identifying mitigative measures to minimize
potential harm to the wetlands. These requirements are included within the FS
process and therefore do not result in any additional requirements.

Wetlands are defined as "areas that are inundated or saturated by surface or
groundwater at a frequency and duration sufficient to support, and under normal
circumstances do support, a prevalence of vegetation typically adapted for life in
saturated soil conditions. Wetlands generally include swamps, marshes, bogs, and
similar areas." (33 CFR §323.2(c)). As portions of the Site contain wetlands,
protection of wetlands requirements are applicable.

2.3.2.3 Fish and Wildlife Coordination Act (16 U.S.C. §661 et seq.). The Fish and Wildlife
Coordination Act (FWCA) requires that agencies be consulted and their recommendations be given
"full consideration" taken to protect fish and wildlife that may be impacted by diversion, channeling,
or other activities that modify a river or stream (16 U.S.C. §662). Specifically, the FWCA, along
with the Conservation Act and other advisories, requires federal agencies issuing a permit to modify
any off-site body of water to consult with federal and state wildlife agencies to ensure that resources
are appropriately protected and that measures are developed to prevent, mitigate, or compensate for
losses to fish and wildlife. Consultation and coordination with a number of state and federal
agencies would be necessary for those alternatives which may impact area water bodies to prevent,
mitigate, or compensate for project-related losses of fish or wildlife. In Rhode Island those agencies
may include the Fish and Wildlife Service (FWS), and RIDEM, particularly the Division of Fish and
Wildlife and the Office of Water Resources.
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Throughout the identification, screening, and evaluation of alternatives, the impacts on fish, wildlife.
and their habitat are evaluated and mitigation measures that would be employed are discussed. The
FWS has been involved, through the Superfund Environmental Assessment Team (SEAT),

throughout the entire RI/FS process at the Site.

2.3.2.4 Rhode Island Endangered Species Act. The endangered species act requires actions to
be taken that will conserve identified local endangered or threatened species of fish, wildlife, and
plants and their critical habitat. Actions must be taken to ensure that the continued existence of
endangered or threatened species is not jeopardized, or critical habitat adversely modified or
destroyed. Rare plant species known to occur within the Site include a species of state interest,
tickseed sunflower, and a species of state concern, bloodroot. A probable sighting of an avian
species of state concern, red-bellied woodpecker, also occurred within the Site. The requirements

of these rules are considered applicable.

2.3.2.5 Federal Archaeological and Historical Preservation Act (16 U.S.C. §469-469¢-1);
Federal Historic Sites Building and Antiquities Act (16 U.S.C. §461 to 467); National Historic
Preservation Act of 1966, Pub. 1., No. 89-665, 80 State. 915 (codified as amended in scattered
sections of U.S.C.). Several statutes govern the preservation of historic, scientific and
archaeological sites. EPA policy in complying with such statues is presented in the National

Environmental Policy Act, Subpart C.

Under the Archaeological and Historical Preservation Act (AHPA) of 1974, the Department of the
Interior is authorized to undertake data recovery and preservation if an EPA activity may cause
irreparable losses or destruction of scientific, prehistoric, or archaeological data. The AHPA also
established procedures for preservation of historic and archaeological data that might be destroyed
through alteration of terrain as a result of a federal construction project or a federally licensed

activity or program (16 U.S.C. §469).

2-32



Under the Historic Sites Act of 1935, certain areas are designated as national natural landmarks by

the Secretary of the Interior.

Under the National Historical Preservation Act (NHPA) of 1966 and Executive Order 11593,
30 CFR 800, EPA must consider the impact of actions on property that is listed or eligible for listing
on the National Register of Historic Places. The NHPA also requires that for any alteration of terrain
that may cause irreparable harm, loss, or destruction of significant artifacts or prehistorical,
historical, or archaeological data, the project proponent is required to recover and preserve the

artifacts and/or data.

2.3.2.6 Resource Conservation and Recovery Act, Location Standards. RCRA details several
limitations on where on-site hazardous waste treatment, storage, or disposal may occur
(40 CFR §264.18). Specifically, RCRA prohibits the placement of new treatment, storage, or
disposal facilities within 61 meters of a Holocene fault (40 CFR 264.18(a)) or the placement of
hazardous wastes in salt domes, salt bed formations, and underground mines or caves (264.18(c)).
Because no such faults have been identified within 61 meters of the Rose Hill Landfill Site and
because none of the formations are present in this area, these requirements are not considered to be

potential ARAR for the Rose Hill Site.

In addition, RCRA requires that any facility located within a 100-year floodplain be designed,
constructed, operated, and maintained to avoid washout (40 CFR 264.18(b)). Portions of the Rose
Hill Landfill Site are in the 100-year floodplain. As the site is not a RCRA-regulated unit, the
floodplain requirement is noi applicable. However, because of the potential for release of RCRA-
toxic hazardous substances due to flooding, the floodplain requirements are considered to be relevant

and appropriate to the Solid Waste Area.

The floodplain requirements are potentially applicable to the design, construction, operation and
maintenance of any new RCRA treatment, storage, or disposal facility that may be constructed or

operated within 100 feet of the 100-year floodplain. Any facility built on-site to treat, store, or
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dispose of material determined to be a RCRA-regulated waste would need to comply with

substantive RCRA location standards.

2.3.2.7 Rhode Island Rules and Regulations Governing the Enforcement of the Freshwater
Wetlands Act (12-100-003). These rules and regulations, most recently amended April 23, 1998,
are intended to “preserve, protect, and/or restore the purity and integrity of all freshwater wetlands
of the State of Rhode Island so that the freshwater wetlands shall be available for all beneficial uses
and thus protect the health, welfare, and general well being of the general populace and the
environment.” Wetland functions and values requiring protection include, but are not limited to, the

following:

1) Protection of life and/or property from flooding or flood flows by retaining, storing, metering, or

slowing flood waters from storm events;

2) Providing and maintaining surface and/or groundwater supplies by acting as a recharge or

discharge area;

3) Providing and maintaining valuable wildlife habitats;

4) Providing and maintaining high value recreation areas; and

5) Protecting and maintaining water quality.

These rules apply to any remedial action that would impact surface water bodies of the site. Surface

water bodies include streams, ponds, wetlands and wetland buffer zones.

2.3.2.8 Rhode Island Act Relating to Historic Cemetaries. This act describes provisions for

altering land within 25 feet of historical human cemetaries. Any action that has the potential for
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impacting within 25 feet of a cemetery must undergo approval and scrutiny by the town offices. the

Rhode Island Historical Preservation Commission and the Rhode Island Cemetaries Commission.

The Rose Hill Regional Landfill site has a historical cemetery near the Solid Waste Area which may
be affected during remedial action implementation. Refer to Figure 2-2 for the location of this

cemetery (Lot 35).

2.3.3 Action-Specific ARARs

Action-specific ARARs focus on remedial activities occurring within the Site under investigation.
These requirements pertain to technology- or activity-based requirements or limitations, including
storage, transportation, and disposal methods of hazardous substances as well as construction of
facilities or treatment processes which might be implemented at the Site. Federal and state laws
which need to be considered when planning and implementing remedial actions at the Site will
continue to be developed throughout the Record of Decision (ROD) process. The following
potential action-specific ARARs and TBCs, along with previously noted chemical and location-

specific ARARs and TBCs, are revisited during the detailed evaluation of alternatives (Section 4.0).

. Federal RCRA, as amended (42 U.S.C. §6901 et seq)

. Federal Clean Air Act (42 U.S.C. §7401 et seq.)

. Rhode Island Air Pollution Control Regulations

. Rhode Island Rules and Regulations for Hazardous Waste Management

. Federal Clean Water Act as implemented by Rhode Island Water Quality Regulations
and Rhode Island Regulations for the Rhode Island Pollution Discharge Elimination

System (RIPDES)
. Rhode Island Underground Storage Facilities Rules
. Rhode Island Rules and Regulations for the Underground Injection Program
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. Rhode Island Guidelines for the Management of Investigation-Derived Wastes
IDWs)

2.3.3.1 Clean Water Act National Pollutant Discharge Elimination System as implemented by
Rhode Island Regulations for the Rhode Island Pollution Discharge Elimination System,
Rhode Island Water Quality Regulations (12-190-001). The Federal Water Pollution Control Act
as amended by the Clean Water Act (referred to as the Clean Water or CWA) seeks to "restore and
maintain the chemical, physical, and biological integrity of the Nation's waters" (40 CFR 101(a)),
and authorizes EPA to control the discharge of pollutants into navigable waters. Important

components of the CWA are briefly described below.

Industrial dischargers of wastewaters are subject to provisions of federal, state, and/or municipal
regulations, under requirements imposed by the Clean Water Act. The CWA controls discharges
of effluent from point and non-point sources into the waters of the U.S. There are five types of point
source discharges regulated by the CWA: direct discharges, regulated under NPDES; indirect
discharges/discharges to a local POTW; sources that have the potential to spill oil or hazardous
substances, controlled by SPCC Plans; discharges of dredged or fill material; and sewage from
vessels. Many of these requirements are implemented by state regulations. For this site, the

following action-specific rules are discussed:

National Pollutant Discharge Elimination System (NPDES). The CWA established the National
Pollutant Discharge Elimination System (NPDES) permit program as authorized under CWA
(regulated at 40 CFR Part 122). Discharges of wastewater to surface water bodies must comply with
NPDES requirements. Designated toxic pollutants are listed in 40 CFR 401.14, "General Provisions
for Effluent Guidelines and Standards." Under the CWA Section 402, states may become authorized
to administer the federal NPDES program and Rhode Island has such authorization. Toxic pollutants
are subject to effluent limitations arising from the application of the best available technology
economically achievable for the application class or point source category. Direct discharges

triggering NPDES requirements are:
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. Point-source discharge of treated wastewater directly into, or in very close proximity

to, a surface water body either on or off a site

. Site-specific water runoff channeled directly to a surface water body via a ditch,

culvert, storm sewer, or other means

. Unchanneled, non-point source surface water runoff from a site into surface water

NPDES requirements are applicable to remedial alternatives which generate an effluent requiring
discharge to any surface water body, including Mitchell Brook and the Saugatucket River. A permit

is not required for on-site discharge.

Water Quality Standards. A water quality standard defines the water quality goals of a water
body, or portion thereof, by designating the use or uses to be made of the water and by setting
criteria necessary to protect the uses. Water quality standards are intended to protect public health
or welfare, enhance the quality of water. Water quality standards, whenever attainable, provide
water quality for the protection and propagation of fish, shellfish and wildlife and for recreation in
and on the water and take into consideration their use and value of public water supplies, propagation
of fish, shellfish, and wildlife, recreation in and on the water and agricultural, industrial, and other
purposes including navigation. Such standards serve the dual purposes of establishing the water
quality goals for a specific water body and serve as the regulatory basis for the establishment of
water-quality-based-treatment controls and strategies beyond the technology-based levels of

treatment required by Clean Water Act.

These rules are applicable to any action that discharges water to a site surface water body. The

Saugatucket River watershed is designated as Class B.

2-37



2.3.3.2 RCRA Subtitle C’HSWA and Rhode Island Rules and Regulations for Hazardous
Waste Management. RCRA regulations (40 CFR Parts 260 through 280). set forth under Subtitle C
of the Solid Waste Disposal Act, pertain to the overall management of hazardous wastes. RCRA sets
forth criteria for identifying hazardous substances and lists those under its jurisdiction. It also
specifies technical standards and administrative requirements that must be met by hazardous waste
generators, transporters, and owners and operators of hazardous waste treatment, storage, disposal
and recycling facilities. The Hazardous and Solid Waste Amendments (HSWA) of 1984 extended
EPA's authority to remedy problems with any environmental media resulting from past waste

management activities at RCRA facilities.

The federal role in RCRA is to establish the overall regulatory direction, by providing minimum
standards for protecting human health and the environment, and to provide technical assistance to
the states. Subtitle C of RCRA pertains to overall management of hazardous wastes from generation
through ultimate disposal. States are authorized by the EPA on a state-by-state basis to administer
Subtitle C. Rhode Island's base RCRA program was authorized by EPA in January 1986. In March
1990, the requirements of non-HSWA Clusters I and 1l were authorized. Non-HSWA Cluster 111
was authorized in May 1992, but the state does not have authorization for mixed waste, corrective
action, or the Toxicity Characteristic rule. Those programs are administered by EPA's Region I
office in Boston, MA. In December 1992, the state was authorized for requirements from
non-HSWA Clusters III and IV. The statutory authority for the state program is Title 23 of the
General Laws of Rhode Island, Chapter 19.1.

An important step in determining ARARs or TBC criteria is determining the RCRA status of a
disposal area (Subtitle C, Interim Subtitle C, or Subtitle D). In general, RCRA Subtitle C is
applicable if the waste disposed is a listed or characteristic waste under RCRA and was disposed of
after November 19, 1980 or the response action constitutes treatment, storage, or disposal, as defined

by RCRA (EPA, 1991b).
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Analysis of the waste adhesive disposed in the Solid Waste Area revealed trichloroethylene at 29
parts per million (ppm), toluene at 0.4 ppm, and tetrachloroethylene at 0.004 ppm (RIDEM, 1979).
Based upon the analysis and regulations in effect at that time, the waste was deemed to be non-
hazardous. Thus, RCRA Subtitle C (hazardous waste) rules are not applicable. Since 1979, the
regulatory criteria for determination of whether a waste is hazardous or not has changed. Current
regulations specify that concentrations of TCE in waste above 0.5 ppm Maximum Concentration of
Contaminants for the Toxicity Characteristic, established in 40 CFR §261.24, characterize the waste
as hazardous (55 FR 11862, March 29, 1990, as amended at 55 FR 22684, June 1, 1990; 55 FR
26987, June 29, 1990). Toluene, TCE, and tetrachloroethylene are also listed in the 40 CFR Part
261, Appendix VIII list of hazardous constituents for which wastes are listed as hazardous waste.
Laminating adhesive is known to have been disposed of in the Solid Waste Area between 1971 and
1979 (Peacedale Processing, 1981). Waste was deposited in the Solid Waste Area until closure in
1981, though it can not be confirmed that hazardous waste was disposed of in the landfill after
November 19, 1980. Based on this assessment, RCRA Subtitle C (hazardous waste) rules are not

applicable but are deemed to be relevant and appropriate to the Solid Waste Area.

Disposal of bulky wastes, such as appliances, began in the Bulky Waste Area in 1978. Although
solid waste was also reportedly disposed of in this area during 1982 and 1983, disposal of laminating
adhesive reportedly ceased at the Site in 1979. It is, therefore, felt that laminating adhesives were
not disposed of in this area. RCRA Subtitle C is not applicable or relevant and appropriate to the
Bulky Waste Area.

Section 300.415(b) of the NCP states that when off-site action is taken in connection with a removal
action, the facility used for the off-site management must be in compliance with Subtitle C of
RCRA. Procedures for implementing these provisions are established in EPA's "Procedures for
Planning and Implementing CERCLA Offsite Response Actions" (May 6, 1985), in SARA
Section 121 (CERCLA Section 121(a)-(d)), and supported by EPA RI/FS Guidance documents.

Specific limitations state that:
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. All hazardous substances transported off of the Site must be taken to a hazardous
waste management facility holding either an applicable RCRA permit or an
applicable interim status permit;

. The off-site storage, treatment, and disposal of hazardous substances must be cost-
effective in comparison with other protective response actions; and

. A RCRA compliance inspection must be performed at any hazardous waste
management facility before it can receive hazardous substances from a CERCLA-
funded response. The inspection must demonstrate that the facility has no significant
violations.

RCRA generator requirements of 40 CFR Part 262 are applicable if, during the course of
implementing remedial actions, any RCRA-designated hazardous waste is distributed off of the Site.
When the hazardous waste is distributed or moved, the operator is then considered a generator of

hazardous waste.

RCRA transportation requirements of 40 CFR Part 263 are applicable to all remedial actions that

include the transport of RCRA-designated hazardous waste off of the Site.

The following discussions present additional RCRA requirements that may potentially be ARARs

for certain remedial actions.

Toxicity Characteristic (40 CFR Part 261.24). Criteria for identifying hazardous substances
includes measures of toxicity, as defined by toxicity characteristic. Table 1 of 40 CFR §261.24 lists
40 contaminants and corresponding regulatory levels based on health-based concentration limits and
on a dilution/attenuation factor based on a subsurface fate and transport model. Wastes identified
as hazardous under the toxicity characteristic are also hazardous substances under Section 101(14)
of CERCLA, as amended. Subtitle C of RCRA will apply to subsurface materials withdrawn from
the Site if the material is a characteristic waste and the site activity constitutes treatment, storage,
or disposal as defined by RCRA. Once the characteristic is removed, waste is no longer a

characteristic RCRA waste.
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Hazardous Waste Storage Tanks (40 CFR 264, Subpart J). Specifications and standards for all
tank systems, including ancillary equipment and piping, are provided. Wastes meeting the definition
of hazardous must meet these tank rules. Secondary containment must be provided for all new tanks.
The tank system must be capable of detecting and collecting releases and accumulated liquids, and
must be designed, installed, and operated to prevent releases to the environment. Aboveground tank
systems must be inspected each operating day for leaks. Underground components must also
comply with underground storage tank rules. Rhode Island Rules and Regulations for Hazardous

Waste Management reference the federal requirements.

Underground Storage Tanks and Rhode Island Underground Storage Facilities Rules. Owners
and operators of underground storage tanks (USTs) containing petroleum or hazardous materials
must install leak detection report leaks from their tanks and piping, and must undertake corrective
action to address such releases. Rhode Island's amended regulations became effective July 21, 1992.
Effective March 5, 1993, the EPA granted final approval to Rhode Island's UST program (12-190-
017). All new USTs must provide for secondary containment of the tank and associated piping and

must be constructed in accordance with specific codes.

2.3.3.3 Federal Clean Air Act and Rhode Island Air Pollution Control Regulations. The Clean
Air Act, enacted in 1970 and amended in 1977, is the federal statute mandating the prevention and
control of air pollution from both stationary and mobile sources. The Clean Air Act (CAA) requires
EPA to establish three types of national standards: NAAQS; New Source Performance Standards;
and National Emission Standards for Hazardous Air Pollutants. The purpose of the CAA program,
which is usually administered by the state, is to obtain and maintain acceptable levels of ambient air
quality. Remedial alternatives which may have an adverse impact on air quality (for example,
fugitive dust emissions generated during excavation activities or emissions generated from active

soil venting) are subject to restrictions under this act.

The CAA mandates that states develop State Implementation Plans (SIPs) which regulate emissions

from stationary and mobile sources to ensure attainment and maintenance of the NAAQS. The
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NAAQS establish the allowable ambient concentrations for six priority pollutants (40 CFR Part 50):
total suspended particulates; sulfur dioxide; nitrogen oxide; carbon monoxide; ozone; and lead. The
NAAQS apply to pollutant concentrations in ambient air, and are not applicable to individual
emission sources. SIP regulations are contained in 40 CFR Parts 51 and 52. The State of Rhode
Island implements the air pollution regulations: Air Pollution Control Regulation No. 5: Fugitive
Dust; Air Pollution Control Regulation No. 7: Emission of Air Contaminants Detrimental to Person
or Property; Air Pollution Control Regulation No. 9: Approval to Construct, Install, Modify, or
Operate; Air Pollution Control Regulation No. 16: Operation of Air Pollution Control Systems; Air
Pollution Control Regulation No. 17: Odors; and Air Pollution Control Regulation No. 22: Air
Toxics. The requirements of the state regulations, which are incorporated into the SIP, are designed
to achieve the NAAQS standards overall by imposing emission standards and requirements on
sources. Air Pollution Control Regulation No. 9, Rules for Approval to Construct, Install, or Modify
constitutes Rhode Island's air source permit requirements. These rules define and regulate major and
minor sources. Both major and minor sources require source approval and may require a study of
health risks. Minor stationary sources are required to apply Best Available Control Technology
(BACT) if there is a net increase in any pollutant it would have the potential to emit. An existing
landfill closed without the use of air pollution control technologies (i.e. an enclosed flare) for LFG
control is not considered a minor source since there is not an increase in pollutant emissions beyond
what was emitted prior to closure. Addition of an air pollution control technology automatically
requires approval as a minor source, but does not require BACT to be used if there is no net increase
in any regulated pollutant (i.e. methane). Major sources of volatile organic compounds (VOCs) are

required to apply Lowest Achievable Emission Rate (LAER) and obtain offsets.

There are regulations under the CAA which govern airborne emissions from new and existing
sources. These regulations require new stationary sources and modifications to existing sources to
undergo the New Source Review (NSR) permitting process before they can operate. The purpose
of the NSR is to ensure that sources meet the applicable air quality standards for the area in which
they are located. The applicable air quality standards are determined, in part, by the NAAQS set by
the EPA. Two aspects of the NAAQS affect the stringency of the NSR permitting process. First,
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it sets overall regional ambient air loadings from the criteria pollutants. Using these levels, most
areas of the country are classified as in "attainment” or "nonattainment” for each criteria pollutant.
Nonattainment areas are further categorized by their degree of nonattainment: marginal, moderate,
serious, severe, and extreme. The greater the degree of nonattainment, the more stringent the
regulations are in bringing that area to attainment and the lower the acceptable emission levels of

that particular pollutants will be.

Second, the NAAQS also set emission levels for individual sources. These levels are expressed in
terms of loadings (i.e. tons emitted per year), and are dependent upon location (attainment or
nonattainment areas) and the type of source (new or existing and its quantity of emissions). New
sources or modifications to existing sources that exceed these NAAQS emission levels are classified

as "major" sources while those that do not are classified as "minor" sources.

Sources in attainment areas are required to undergo Prevention of Significant Deterioration (PSD)
permitting, while sources in nonattainment areas are required to undergo Nonattainment Area (NAA)
permitting. The basic difference between these NSR permitting processes is that the requirements
are more stringent for sources in nonattainment areas than in attainment areas. Prevention of
significant deterioration (PSD) requires BACT in attainment areas. Rhode Island's permit program
is administered by RIDEM. The permit program regulates emissions released to the air from new
and modified stationary sources. Two types of permits are issued by the NSR section: (1) permits
to construct, and (2) permits to operate. Permits to construct are required prior to the
commencement of construction, installation, or modification for those sources which have the
potential to emit greater than or equal to 15 tons/year of any air pollutant. Permits to operate are
required prior to the commencement of operations for those sources which have the potential to emit
greater than or equal to 5 tons/year of any air pollutant. The regulation states that a permit
application must be submitted to RIDEM and that they will review the application and determine
if a permit is required. However, the requirement for permits may be unnecessary in accordance
with CERCLA Section 121(¢e), 40 CFR Part 300.400(e). This section exempts response actions from

obtaining such permits when the substantive requirements of the ARARs have been met.
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There are statutory provisions concerning the construction and modification of stationary sources
in areas where air quality is better than that required by NAAQS. These provisions are intended to
prevent significant air quality degradation in these areas. The PSD regulations establish strict
preconstruction guidelines and monitoring requirements. For construction or modification of sources
in NAAs, where one or more NAAQS are not met, there are similar strict regulations for
preconstruction review, emission control systems and monitoring. Facilities must comply with PSD
regulations if they are located in an area of designated attainment for at least one criteria pollutant
(1.e., sulfur dioxide, particulate matter, carbon monoxide, ozone, nitrogen oxide, lead) and they fulfill

one of these conditions:

. A stationary source specifically listed in 40 CFR Part 52.21(a) which emits, or has
the potential to emit, 100 tons/year or more of any pollutant subject to regulation
under the CAA

. A stationary source which emits, or has the potential to emit, 250 tons/year or more

of any pollutant subject to regulation under the CAA.

The NAAQS regulations apply to major sources constructed in areas of non-attainment for one or
more criteria air pollutants that emit, or have the potential to emit, 100 tons/year of a pollutant

subject to regulation under the CAA.

Federal New Source Performance Standards (NSPS) were developed for over 50 specific industrial
categories to provide a ceiling for emissions from new sources. They are based on application of
the best available technology to reduce emissions. These standards, which include requirements for
notification, record keeping, performance tests, maintenance, and monitoring, are contained in 40

CFR Part 60.
National Emission Standards for Hazardous Air Pollutants (NESHAPs) were established to control

air pollutants for which no ambient air quality standards are applicable and which may result in an

increase in mortality or serious irreversible illness. Standards in 40 CFR Part 61 define emission
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limits, monitoring requirements, restrictions on material use, worker practice standards, and

reporting requirements for hazardous air pollutants.

On March 12, 1996, the EPA issued new regulations titled "Standards of Performance for Stationary
Sources and Guidelines for Control of Existing Sources: Municipal Solid Waste Landfills" (Federal
Register, 1996). The regulations provide NSPS for new landfills and Emission Guidelines (EG) for
existing landfills. The Rose Hill Regional Landfill is an existing landfill and therefore subject to the
EG. The EG require the collection and control of landfill gas at existing landfills which meet all of

the following criteria:

Age: Landfills which accepted waste at any time since November 8, 1987, or have
additional design capacity available for future waste.

Capacity: Landfills with a design capacity greater than 2.5 million megagrams (Mg) or 2.5
g
million m?. Landfill design capacities may be calculated in either Mg or m’® for
comparison with the exemption limits.

Emission rate: ~ Landfills which exceed an annual non-methane organic compound (NMOC)
emission rate of 50 Mg/day. The NMOC emission rate can be calculated using
an EPA model known as a Tier 1 analysis, or by EPA-defined physical testing
and analysis procedures known as Tier 2 or Tier 3 analyses.

Landfills that meet these criteria are required to install: (1) a "well-designed and well-operated”
landfill gas collection system, and (2) a control device capable of reducing NMOC in the collected
landfill gas by 98 weight percent. The Rose Hill Regional Landfill ceased active landfill operations
in 1983, and closed with less than 0.9 million m® of solid waste. Therefore, the Rose Hill Regional
Landfill does not meet the above criteria for applicability. However, this regulation incorporates
good engineering practices for operations of LFG control systems. For this reason, this regulation

is considered relevant and appropriate at the Site.

Ambient air monitoring methods, detailing reference and equivalent methods approved by EPA for

monitoring ambient air pollutants, are contained in 40 CFR Part 53.
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2.3.3.4 Rhode Island Rules and Regulations for the Underground Injection Program (12-190-
015). The purpose of the regulations is to preserve the quality of the groundwater of Rhode Island
and protect it from contamination by discharge from injection wells and other subsurface waste
disposal. These regulations define requirements for construction, maintenance and operation of
injection wells. They also establish prohibitions for groundwater injection. These rules are

applicable to any site activity that involves injection of waste materials or treated groundwater.

2.3.3.5 Rhode Island Guidelines For The Management Of Investigation-Derived Wastes. This
RIDEM Policy Memo, dated April 18, 1995 and numbered 95-01, specifies procedures to be used
to classify and handle drummed cuttings, disposable clothing and other refuse, purge waters,
decontamination water, and other investigation-derived wastes. Under this policy, wastes generated
at the site would be regulated by Rhode Island Rules and Regulations for Solid Waste Management
Facilities, Rhode Island Rules and Regulations for Hazardous Waste Management, and by Rhode
Island Policy Guidelines on the Management of Investigation-Derived Waste. This policy requires
sampling and analysis for each expected soil contaminant. Soil action levels are defined as
background concentrations. Soils demonstrated to be below the action levels may be disposed of
on the Site. Soils found to contain contaminants at concentrations above action levels may be treated
and disposed of on the Site or must be contained, shipped off the Site and managed in a pre-

approved, environmentally sound manner.

2.4 MEDIA POTENTIALLY REQUIRING REMEDIATION

To develop alternatives, it is first necessary to determine areas or volumes of media to which general
response actions might be applied. To ensure that alternatives can be assembled to reduce
exposure(s) to protective levels, volume(s) or area(s) should be reviewed with respect to the RAOs.
Media potentially requiring remediation include groundwater, surface water and sediments, air and
soil gas. Estimated areas and volumes of these media are listed in Table 2-13 and/or defined in the

following subsections.
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2.4.1 Groundwater

Figure 2-2 shows the approximate areal extent of groundwater PRG exceedances. As stated in
Section 1.0, groundwater remediation will be reviewed under another operable unit. However,
source control is included in this FS and the following sections describe disposal area volumes.

Properties affected by groundwater PRG exceedances are also described.

2.4.1.1 Solid Waste Area. The surficial extent of the Solid Waste Area is approximately 22.9 acres.
Figure 2-2 shows the limit of waste placement. The volume of waste in the solid waste landfill is
estimated at 703,000 yd®, which amounts to 878,750 yd® when daily and final cover are included.
The surface area of the Solid Waste Area was estimated using current topographic maps (M&E,
1994) and limits of fill as established in a solid waste disposal planning document prepared for the
town of South Kingstown in 1977 and entitled Phase II Site Evaluation and Operational Plan for
Municipal Sanitary Landfill - Rose Hill Road (C.E. Maguire, 1977b). This document will be
referred to as the "Plan" throughout this section. The volume of waste in the Solid Waste Area was
estimated from information obtained in the Plan, even though most of the design information
presented was for proposed rather than actual conditions. The similarity of final grading elevations
proposed in the Plan with the current site topography suggests that projected volumes provide a good

approximation of actual waste loading.

The basis of the Plan was a field investigation performed in 1976 and 1977. Prior to 1976, there was
no record keeping of the volume of refuse disposed of at the landfill. Field work undertaken by C.E.
McGuire to prepare the Plan included advancement of five borings within the fill limits to establish
the depth to bottom of fill. Several cross sections were prepared based on these borings. Using this
information, M&E estimated fill contours for the waste in place prior to 1976. This waste volume
was estimated to be 379,000 yd®, assuming a waste-to-cover ratio of 4:1 (Robinson, 1986; Bagchi,
1990). Cover includes soil placed over waste daily for litter, odor, and vector control as well as soil

placed for final closure.

247



The Plan estimated the filling rate based on two car-count surveys and projected the rate of increase
based on population growth. Using this method, the report estimated the annual refuse disposal rate
in 1977 to be 20,400 tons. This estimate excluded bulky waste since bulky wastes were to be
diverted to the Bulky Waste Area, which was due to begin operation in 1978; the annual disposal
rate of bulky waste in 1977 was approximately 3,600 tons. Together, refuse and bulky waste
disposal in 1977 was estimated at 24,000 tons, an annual disposal rate that was assumed to be
representative of waste loadings in 1976 and 1977. The 24,000-ton mass is equal to 60,000 yd’
assuming an in-place unit density of 800 pounds per cubic yard (Ibs/yd*) (Robinson, 1986). Based
on this information it is estimated that 120,000 yd® of waste was deposited into the Solid Waste Area
from 1976 to 1977.

The 20,400 tons/year loading rate projected in the Plan from 1978 to 1982 was assumed to be
accurate since the landfill reached capacity in the projected year (1982) and final contours compared
closely with final grading plans. Assuming an in-place unit density of 800 lbs/yd®, the annual
volume of waste disposed of in the Solid Waste Area from 1978 to 1982 was 51,000 yd® for a total
of 204,000 yd® over the 4-year period.

Approximately 13,365 yd® of solid waste (total fill and cover volume 16,700 yd?) are located beneath
the water table in the northwestern corner of the Solid Waste Area. This estimate is based on fill
depths and groundwater observations made at several borings during the field investigation

conducted for the Plan. The affected surface area (in the Plan) is estimated at 2.5 acres.

2.4.1.2 Bulky Waste Area. The area of waste placement in the Bulky Waste Area is approximately
7.4 acres, as shown in Figure 2-2. The volume of waste in the Bulky Waste Area is estimated to be
104,320 yd®, which amounts to 130,400 yd® when fill and cover material are included. This estimate
is based on information obtained from maps of existing topography (M&E, 1994) and excavation
plans (C.E. Maguire, 1977b). The surface area of the Bulky Waste Area was determined using
current topographic maps (M&E, 1994) and limits of fill projected in the Plan.
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The Plan estimated that 3,000 tons/year of nonrecyclable bulky waste would be generated by the
contributing municipalities. Assuming an in-place density of 800 Ibs/yd®, which was the density
assumed in the Plan, an estimated 37,500 yd® of bulky waste was disposed of in the bulky waste
landfill over the five-year filling period. Historical records show that the Bulky Waste Area also
received municipal waste from May 1982 to October 1983. Assuming an annual disposal rate of
20,400 tons (C.E. Maguire, 1977b) and an in-place density of 800 lbs/yd’, approximately 76,500 yd’
of municipal solid waste was disposed of in the Bulky Waste Area. Based on these projected loading
rates, approximately 114,000 yd® of waste is estimated to have been disposed of in the Bulky Waste
Area. This number compares reasonably well to the 104,320 yd® volume estimated from topographic

plans.

Based on available information, it is unclear if waste was placed beneath the water table in the Bulky

Waste Area.

2.4.1.3 Sewage Sludge Area. The surface area of the Sewage Sludge Area is approximately
8.9 acres, as shown in Figure 2-2. The approximated surface area is based on filling limits estimated
in the remedial investigation (M&E, 1994). The volume of waste disposed of in the Sewage Sludge
Area cannot be adequately estimated. One exploratory boring conducted during the remedial

investigation in the center of the waste area (BH-01) showed the sludge depth to be 6 feet.

Based on available information, it is unclear if waste was placed beneath the water table in the

Sewage Sludge Area.

2.4.1.4 Locations Contaminated by Waste Areas. Property lots in the vicinity of the Site are
presented in Figure 2-2. Table 2-13 lists the plat and lot numbers impacted by groundwater
exceeding PRGs. Manganese exceeded its PRG in some residential wells. However, it was agreed
to by EPA and RIDEM (M&E, 1996a) that manganese exceedances are unrelated to site

contamination and therefore have not been included in Figure 2-2.
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2.4.2 Surface Water and Sediments

Surface water and sediments in Mitchell Brook and the Saugatucket River have been impacted by:

. groundwater passing through waste and recharging the streams
. leachate breakouts which runoff into the streams
. leachate entering groundwater which recharges the streams

Groundwater passing through waste has been discussed in Section 2.4.1. Locations of leachate
breakouts were identified based upon site reconnaissance and aerial photography and are shown on

Figure 2-2. Leachate volumes generated by precipitation infiltration are estimated below.

Current rates of precipitation infiltration into waste and discharge to groundwater were estimated
using the Hydrologic Evaluation of Landfill Performance (HELP) model. The HELP model is a
two-dimensional hydrologic model of water movement across, into, through, and out of landfills.
Climate data from the Providence, Rhode Island area plus site-specific soil data collected during the
RI were input into the model. Infiltration rates of water passing through the solid waste, bulky
waste, and Sewage Sludge Areas were 15.3, 17.6 and 17.7 inches/year, respectively. This results
in average leachate generation rates of 18.1, 6.7 and 5.4 gpm for the three respective waste areas.

HELP model results are presented in Appendix C.

2.4.3 Ambient Air

Ambient air impacts from the Solid Waste Area may be reduced through landfill gas control.

Landfill gas generation rates for the Solid Waste Area are discussed below.

The rate of gas production in 1997 from the waste disposed of in the Solid Waste Area is estimated

at 3.1 X 107 ft’/year (60 ft’/min). The rate was estimated assuming the annualized fill estimates
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presented in Section 2.4.1 averaging 17,400 tons/year (43,400 yd*/year) and using the Scholl Canyon

predictive model (Emcon Associates, 1982).

The generation of landfill gas from refuse is dependent on the composition of the material; age of
the refuse; moisture content; pH of the landfill environment; and the availability of nutrients relative
to the stoichiometric requirements for microbial respiration. Of these factors, the first three have
been found to have the most pronounced effect on the generation rate. In calculating the current gas
production rate in the Solid Waste Area, the approximate refuse composition and age were
considered; moisture content was also taken into consideration by using a decay rate constant
representative of the high moisture climate of southern Rhode Island. The Scholl Canyon model is
a single-stage first-order kinetic model that postulates peak landfill gas production at the time of
waste placement (or after a brief lag period) followed by an exponential decline as the organic
fraction of the landfill refuse decreases. The equation and assumptions used in the model can be

referenced in (M&E, 1993a).

The estimated amount of landfill gas generated by the Solid Waste Area may increase if any

remedial alternatives require placement of additional waste on the landfill.

2.4.4 Soil Gas

Soil gas impacts from the both the Solid Waste and Bulky Waste Areas may be reduced through
landfill gas control. Landfill gas generation rates for the Solid Waste Area are presented in Section

2.4.3 and generation rates for the Bulky Waste Area are discussed below.
The rate of gas production in 1997 from the refuse disposed of in the Bulky Waste Area is estimated

to be 4.3 x 10° ft*/year (8 ft’/minute). The rate was estimated assuming the annualized fill estimates

presented in Section 2.4.1 and using the Scholl Canyon predictive model as described above.
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The generation of gases from the bulky waste disposed of in the Bulky Waste Area is expected to
be minimal. Because bulky waste is predominantly composed of inorganic materials that are
nonbiodegradable, appreciable production of gases from microbial respiration does not occur.
Inorganic gases can be produced from moisture coming into contact with the waste material (i.e.,
hydrogen sulfide from gypsum board); however, overall production of inorganic gases is expected

to be minimal in the Bulky Waste Area in comparison with gases produced in the Solid Waste Area.

2.5 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND PROCESS
OPTIONS

A preliminary list of potential remedial technologies has been developed for each of the general
response actions listed in Section 2.2. These remedial technologies and associated process options
are presented and screened in this subsection. Several factors were used to determine feasibility and,
In turn, to screen out those technologies that clearly should not be considered for use at the Site. The
factors used in this screening process were based on the current EPA guidance for conducting RI/FSs

under CERCLA and included, but were not limited to, the following:

. Effectiveness in handling the estimated areas or volumes of media and in meeting the
PRGs
. Potential impacts to human health and the environment during construction and

implementation

. Proven effectiveness and reliability with respect to the contaminants and conditions
at the Site

. Implementability in terms of both the technical and administrative feasibility

. Relative costs as far as technologies or process options that accomplish the same
result

The tables provided in this section are organized by groundwater/leachate remediation technologies

and landfill gas remediation technologies. Table 2-14 presents technology and process option
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screening for groundwater and leachate and Table 2-15 presents technology and process option
screening for landfill gas. Each table presents a brief technology description and the justification

for the elimination or further consideration of each technology.
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SECTION 3.0
DEVELOPMENT OF REMEDIAL ALTERNATIVES

Remedial technologies not screened from further consideration in Section 2.5 are used as the basis
for developing potential site-specific remedial alternatives in this section. Section 3.0 is presented
in two subsections. Section 3.1 describes key technical criteria for some of the major technologies
and process options. Section 3.2 combines the feasible technologies and process options into
comprehensive site remedial alternatives that address the remedial action objectives (RAQs)

detailed in Section 2.0.

3.1 TECHNICAL DISCUSSION OF MAJOR REMEDIAL ACTION TECHNOLOGIES
AND PROCESS OPTIONS

This section describes key technical criteria for some of the major feasible remedial action
technologies and process options in more detail than provided in the limited discussion in
Section 2.0. Major remedial technologies and process options detailed in this section are divided
into those addressing the media of groundwater (thrdugh control of disposal areas) and surface
water/sediment (through control of leachate) and those addressing the media of ambient air and soil

gas (through control of landfill gas).

Technologies and process options for groundwater and surface water/sediment that require
description of key technical criteria include: institutional controls such as access restrictions, and
monitoring, source control technologies such as horizontal containment (e.g. caps), a source removal
technology for the Bulky Waste Area (landfill mining), groundwater and leachate collection, on-site

treatment (physical, chemical), and discharge of treated water.

Technologies and process options for ambient air and soil gas that require description of key
technical criteria include the following landfill gas control measures: institutional controls such as

access restrictions, monitoring and residential landfill gas (LFG) control contingency, management
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of migration barrier technologies such as passive horizontal barriers (e.g. caps), management of
migration collection technologies such as active perimeter collection and passive and active internal
collection systems, a source removal technology for the Bulky Waste Area (landfill mining), LFG
treatment with thermal processes (enclosed flare), and LFG treatment with a physical/chemical

process (photocatalytic oxidation).

3.1.1 Institutional Controls: Groundwater and Surface Water/Sediment

Potential remedial actions taken to prevent ingestion of groundwater exceeding preliminary
remediation goals (PRGs) include institutional controls such as restrictions on groundwater usage.
Monitoring of groundwater and surface water/sediment is a required component to verify the success

of the selected alternative.

3.1.1.1 Access Restrictions. Access restrictions would restrict or limit use of the groundwater
associated with current or future property lots in the vicinity of the Site and affected residential areas.
Access restrictions may consist of physical barriers or restrictive covenants which limit access or
land use on affected portions of the Site and affected residential areas. Physical barriers usually

consist of fences, gates and signs designed to prohibit site entry.

Restrictive covenants may take the form of property deed restrictions, modifications to local zoning
regulations or other changes in local ordinances. These restrictions would minimize the potential
for contact with contaminated groundwater. They may also prevent interference with natural
groundwater attenuation, which could occur through surface and subsurface development and
groundwater use. Furthermore, the intent of these restrictions is to protect the public from exposure

to site-related hazards and to protect the integrity of remediation processes or structures.

As shown previously in Figure 2-1 and Table 2-13, groundwater concentrations exceeded PRGs for
all of the site disposal areas (Solid Waste, Bulky Waste, and Sewage Sludge) as well as some off-site

property lots. Access restrictions in the form of restrictive covenants (e.g. deed restrictions) would
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be applied to all affected on-site and off-site property lots to meet the human health RAO for
preventing ingestion of site groundwater contaminants in concentrations exceeding the EPA target
risk range. As discussed previously in Section 1.0, the type, nature and implementation of deed

restrictions may be affected by the proposed site groundwater reclassification.

Since there is not a human health risk from the surface water/sediment pathway, no specific access
restrictions are required to prevent contact with site surface water (Mitchell Brook or the Saugatucket
River) or sediments. Although there is a risk from the surface water/sediment pathway to ecological

receptors, access restrictions (e.g. fencing) are not appropriate to reduce this ecological risk.

3.1.1.2 Monitoring. This section outlines the conceptual scope of groundwater and surface water

monitoring. Implementation of a groundwater monitoring program must accomplish three

objectives:
. Monitor the migration of the plume
. Monitor success of the remedy
. Monitor water quality in the residential wells

A preliminary rationale for groundwater and surface water monitoring is presented in this section,

with additional detail to be provided in Section 4.0.

The groundwater monitoring program is based upon federal and state requirements for waste
management facilities. The potentially applicable federal requirements include regulations
governing hazardous waste disposal facilities. Federal regulations for hazardous waste facilities,
as defined under RCRA Subtitle C, come under 40 CFR 261 through 270. State requirements for
groundwater monitoring of hazardous waste disposal facilities are written in the Rhode Island

Hazardous Waste Rules and Regulations and are the same as federal requirements under RCRA.

3-3



Monitoring the migration of the plume is necessary to track the plume as its size and contaminant
levels change over time. Changing site conditions such as future development, future groundwater
well use increases or decreases, and migration from any future off-site sources may affect the size,

contaminant levels, and migration pathway of the plume.

The list of parameters selected to monitor groundwater quality at the Site includes parameters
required under RCRA Subtitle C regulations, CERCLA guidance and all COPCs identified in the
RI report (M&E, 1994). Further discussion of specific analyses and monitoring frequency is

presented in Section 4.0.

Surface and groundwater monitoring locations were established as required under state and federal
regulations. Upgradient and downgradient surface water monitoring locations were established in
both Mitchell Brook and the Saugatucket River. Upgradient and downgradient groundwater
monitoring locations were selected in the shallow overburden, deep overburden, and bedrock

aquifers at locations that will detect the migration of groundwater contamination.

Additional monitoring may also include elements of Monitored Natural Attenuation to aid in
determining the effective performance of the remedy chosen. Site characterization information
requires an understanding of source mass, groundwater flow, rates of biological and non-biological
transformation and an understanding of how all of these factors are likely to vary with time.
Guidance on the use of Monitored Natural Attenuation at Superfund sites has been recently
developed by the U.S. EPA Office of Solid Waste and Emergency Response (U.S. EPA, 1997).
This, along with other recent studies, will be used to define site-specific monitoring necessary to
assess and characterize remedy performance and contaminant attenuation. Further discussion

regarding additional performance monitoring is presented in Section 4.0.

EPA will review this monitoring program every five years following initial implementation of the

chosen remedy as required under 40 CFR 300. At that time, a review of the number, frequency, and
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analyses of samples needed to accomplish each objective will be performed. The program may be

adjusted to reflect observed patterns, consistencies, or changes in the groundwater quality.

3.1.2 Source Control: Groundwater and Surface Water/Sediment - Horizontal Containment

This section describes the remedial technology, horizontal containment, which would be used for
contaminant source control. Capping addresses RAOs by 1) reducing the leaching of contaminants
from buried waste or contaminated soils by minimizing water infiltration, and 2) restricting or
controlling migration of landfill gas (U.S. EPA, 1991a). Capping will also prevent receptors from
coming in direct contact with waste by providing a physical barrier between the waste and potential
receptors. The cap would be supplemented by the installation of an 8-foot-high chain-link fence
around the Solid Waste and Bulky Waste Areas to protect the caps (complying with RCRA

regulations), as well as the posting of signs to indicate appropriate hazards.

Prior to cap installation, grading of the disposal area is required to meet RAOs and comply with
ARARs. Regulations governing grading on disposal facilities are designed to ensure positive
drainage from the waste area, prevent surface water run-on from upgradient areas, prevent erosion
of cover material, prevent downstream flooding or sedimentation of receiving water bodies, and
ensure the slope stability of the landfill. Minimum and maximum slope requirements are often
stipulated to accomplish these objectives. EPA guidance for hazardous waste landfills (RCRA
Subtitle C) specifies a minimum slope of 3 to 5% for the barrier layer and a maximum slope of 33%
(U.S. EPA, 1991c). Rhode Island Hazardous Waste Regulations have performance specifications
that pertain to grading but do not stipulate specific slope requirements. Applicable regulations also
require that measures be taken to prevent run-on, prevent sedimentation, and provide flood control

for a 24-hour, 100-year storm event.

Proper grading and erosion control measures will prevent the migration of sediment-borne
contamination to receiving water bodies. Drainage controls will minimize surface water run-on and

promote runoff, which will minimize infiltration into the waste and leachate generation.
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Horizontal containment details specific to each waste area are presented below.

3.1.2.1 Horizontal Containment: Solid Waste Area. Appendix B contains figures presenting
existing topography and drainage used as a basis for grading and capping. The limits of waste
placement in the Solid Waste Area include approximately 23 acres (C.E. McGuire, 1977b). The area
has been filled to a height of 10 to 15 feet above the level of Rose Hill Road. Surface water drains
from the northern and central portions of the landfill through a drainage channel running
southeasterly along the perimeter of the landfill and eventually discharges to Mitchell Brook (M&E,
1994).

Six settlement platforms were constructed on the Solid Waste Area during the RI. Settlement over
a 14-month period ranged from 0.1 to 0.25 feet with an average of 0.17 feet (M&E, 1994). This
results in an average annual settlement rate of approximately 2 inches/year. It is unlikely that this
rate will increase in the future if site conditions are not significantly altered by remedial actions.
Landfills typically experience a total settlement of 10 to 30% of their original thickness and most
of this settlement occurs in the first two years. After this period settlement continues at a declining

rate (Sowers, 1968; Dodt et al., 1989).

Large scale regrading is not proposed in the Solid Waste Area. The existing topography meets the
federal and state standards with the exception of grades below 5% on some areas at the top of the
landfill. As ponding has been observed within the limits of waste placement in the southeast corner
of the Solid Waste Area (see field verified wetland delineation on Figure 2-1 and Appendix B),
filling or construction of drainage trenches may be necessary in this area to prevent surface water
accumulation. The wetland area is small (approximately 4,500 ft?), isolated, and of limited
ecological value. Continuation of the slow and evenly distributed subsidence observed should not
lead to drainage problems in the future. However, remedial actions that would lower the water table

by pumping or infiltration reduction (capping) may increase the settlement rate.



Construction measures are proposed to reduce the erosion observed along the eastern face of the
landfill and the drainage channel. Slope distances of 200 feet at grades of 12% occur along this face.
Drainage channels will be constructed running northerly along the top of the eastern slope to
intercept runoff from the top of the landfill. Where the existing drainage swale running easterly
along the northern face of the landfill is affected by grading or capping, the channel would be re-
installed in its current location. Both drainage channels will discharge to detention basins on the
eastern face of the landfill which in turn discharge to Mitchell Brook. These stormwater detention
basins are sized approximately to accommodate post-remediation surface water runoff from a 24-
hour storm at a 25-year recurrence interval, as required by state rules (RIDEM, 1989). Appendix

B presents approximate basin sizing calculations.

The Solid Waste Area is currently covered with a silty sand material (USC classification SM) with
a laboratory tested permeability of 6 x 10-° cm/sec. The thickness of the existing cover ranges from

0to 1.5 feet (M&E, 1994).

Figure 3-1 illustrates the proposed cap design utilized for cost purposes. Substitutions may be made
to component materials based on availability during the design/construction phase. However, state
and federal standards must be met at all times. The proposed protective cap consists of the following
components: vegetation/topsoil, cover layer, drainage layer, 60 mil. linear low density polyethylene
(LLDPE) geomembrane, low permeability soil layer, and a protective layer above the existing silty
sand cover. The design is based on the assumption of active landfill gas collection for this area. The
area will be stripped of the existing grass, graded and compacted to prepare a suitable base for the
new cap. Installation of the capping system in the Solid Waste Area will require approximately
18,500 yd® of top soil, 74,000 yd® of granular fill, 37,000 yd® of silt/sand, 111,000 yd® of drainage
composite, and 1.0 million ft? of geomembrane. The capped area will be revegetated following cap
installation. Design considerations should include the possible reduction in the area requiring
capping through cut and fill methods. Cost reductions achieved through this process must be
weighed against costs incurred to reduce unacceptable nuisance odors which may be created during

the implementation of this action.
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3.1.2.2 Horizontal Containment: Bulky Waste Area. Appendix B contains figures presenting
existing topography and drainage used as a basis for grading and capping. The limits of waste
placement in the Bulky Waste Area include an area of approximately 7.4 acres. The area appears
to have been filled 5 to 10 feet above original grade. Flow from the eastern portion of the landfill
flows down the eastern slope toward the Saugatucket River. Flow from the western portion of the
landfill flows westerly into Mitchell Brook (M&E, 1994). Drainage swales were observed on the
eastern face of the landfill parallel to the slope (M&E, 1994).

Three settlement platforms were constructed on the Bulky Waste Area during the RI. Settlement
over a 14-month period ranged from 0.09 to 0.13 feet yielding an average annual settlement rate of

approximately 1 inch/year.

Minor filling may be necessary on top of the Bulky Waste Area to bring the slope to a minimum of
5%. Continuation of slow and evenly distributed subsidence such as that has been observed should
not lead to ponding in the future. However, remedial actions that would lower the water table in the

area by pumping or reducing infiltration would cause higher settlement rates.

The current drainage system conducts surface water runoff through reinforced swales down the
western face of the landfill which discharge to the Saugatucket River. Since grading would impact
this channel, the drainage system will be reconstructed. A small stormwater detention basin will be
added to the area to accommodate post-remediation surface water runoff from a 24-hour storm at a

25-year recurrence interval. Appendix B presents approximate basin sizing calculations.

The Bulky Waste Area is currently covered with a silty sand material (USC classification SM) with
a laboratory tested permeability of 9 x 10° cm/sec. The thickness of the existing cover ranges from
2 to 4 feet (M&E, 1994).

Figure 3-2 illustrates the proposed cap design utilized for cost purposes. Substitutions may be made

to component materials based on availability during the design/construction phase. However, state
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and federal standards must be met at all times. The proposed protective cap consists of the following
components: vegetation/topsoil, cover layer, drainage layer, 60 mil. LLDPE geomembrane, low
permeability soil layer, and a (passive) gas vent layer above the existing silty sand cover. The
design is based on the assumption of passive landfill gas venting for this area. Installation of the
capping system in the existing Bulky Waste Area will require approximately 6,000 yd* of topsoil,
18,000 yd® of granular fill, 12,000 yd? of silt/sand, 72,000 yd of drainage composite, and 320,000 ft*
of geomembrane. However, if landfill mining is performed but does not fully remove the source,
a cap will still be required on the remaining waste. In this case, the materials will be reduced from

the numbers shown above. The capped area will be revegetated following cap installation.

3.1.3 Source Control: Groundwater and Surface Water/Sediment - Landfill Mining

This section describes the source control technology of landfill mining, which is proposed as an
alternative to capping for the Bulky Waste Area. Because the Bulky Waste Area is likely to contain
a significant percentage of recyclable or reusable material (e.g., ferrous goods and uncontaminated
soil), and because there is a relatively low probability of encountering hazardous waste in this area,
landfill mining may be feasible as a source reduction or source elimination measure. Mined waste
that could not be recycled or reused would be consolidated and disposed at the Solid Waste Area,
unless it were deemed hazardous, in which case it would be disposed offsite. If complete removal
of waste from the Bulky Waste Area is not feasible, partial mining could be employed to reduce the
size of the cap that would be needed to manage migration of contaminants from the waste that would

remain in place.

3.1.3.1 Excavation & Consolidation (Landfill Mining). Landfill mining, also known as landfill
reclamation or landfill remodeling, is a landfill management technology that employs conventional
surface mining techniques to excavate and sort buried waste material. This process can reduce the
size of or eliminate old landfills, extend the life of operating facilities, and recover recyclables
(Nelson, 1994). The application of this technology at the Site is to mine the Bulky Waste Area to

remove and recycle soils and scrap metal, and re-dispose of non-recyclable wastes at the Solid Waste
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Area. The ultimate objective is to defray the projected costs associated with capping and on-going
monitoring of the Bulky Waste Area by removing the waste, thereby eliminating or significantly

reducing the need for a cap and long-term monitoring.

There are a number of objectives that can be met by landfill mining, including: reclamation of land
for reuse, extension of the life of an active landfill by creating additional space, deferral of landfill
closure and monitoring costs, reduction of closure costs by reducing the size of the landfill, recovery
of daily cover soil for reuse, recovery of waste that can be burned as fuel, and recovery of recyclable
materials (e.g. steel, aluminum, and plastic) (Cobb and Ruckstuhl, 1988; Dickinson, 1995).
Objectives that are applicable to the Bulky Waste Area are reclamation of land for reuse, reduction
or elimination of capping costs, removal of a source contributing to leachate migrating to area

surface waters, potential recovery of soil, and potential recovery of recyclable materials.

The equipment used for landfill mining is site-specific but in general it consists of backhoes or
excavators, dump trucks, and various screening equipment. An example of a processing system used
at the Collier County, Florida Landfill is presented in Figure 3-3. Initially the waste is sorted
through a large grizzly screen with 6-inch spacing to screen out the larger waste materials. The
waste is further classified using a trommel screen. Further screening is used as necessary to attain
a higher level of size segregation. Magnetic drums may be used to help separate recyclable metals

(1.e. ferrous metals).

3.1.3.2 Landfill Mining Pilot Study. A pilot study would need to be conducted to fully evaluate
the applicability of landfill mining for the Bulky Waste Area. It is important to collect data on the
types and quantities of wastes present; the locations and concentrations of various wastes; the
condition of the waste; the depth of waste and depth to groundwater; and the likelihood of
encountering hazardous waste. The evaluation of these factors for the Bulky Waste Area that is

presented here is preliminary and should be revised after a pilot study is performed.
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Types and Quantities of Wastes. The types and quantities of wastes disposed in this area may be
amenable to landfill mining if recyclable items such as white goods are a significant component of
the waste. A preliminary estimate of the quantity of recyclable metal waste in the Bulky Waste Area
is 37,500 yd®, which is 33% of the estimated total waste volume of 114,000 yd* (M&E, 1996a). It
is further estimated that 40% of the 114,000 yd® is non-contaminated soil that can be used for
backfilling the Bulky Waste Area. The remaining 27% of the total waste volume is assumed to
consist of non-recyclable waste that will need to be re-disposed at the Solid Waste Area. If the
amount of recyclable metal waste is found to be less than assumed and the amount of non-recyclable
waste is larger, costs of capping the Solid Waste Area may increase significantly. It is assumed that
the volume of hazardous waste encountered will be minimal. If any hazardous waste is encountered,

it will be properly disposed of at an off-site facility.

Locations, Concentrations, Condition, and Depth of Wastes. The composition and condition of
the waste is not fully known. Also, previous investigative activities in the vicinity of the Bulky
Waste Area have resulted in inconclusive evidence with regard to whether or not landfilled materials
are in contact with groundwater. Test pit excavations and/or soil borings would be conducted during
the pilot study to determine the type, location, and condition of the waste, verify the depth of the
bottom of the waste in relation to the water table, and determine the need for dewatering. The scope
of the subsurface investigation program should be extensive enough to characterize the

waste/groundwater relationship in detail as only a portion of the area may need to be dewatered.

Once the bottom of the waste horizon has been delineated, a contour map would be generated and
compared with existing water table conditions. If dewatering is deemed necessary, a groundwater

flow model could be used to optimize the locations and extraction rates of dewatering wells.

Management of Dewatering Water. Groundwater extracted during any dewatering would be
treated if necessary and reinjected. Possible locations for reinjection include: 1) between the
downgradient edge of the Bulky Waste Area and the Saugatucket River, and 2) upgradient of the

Bulky Waste Area. Assuming that dewatering is necessary to conduct the landfill mining operation,
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RIDEM rules under the Underground Injection Control Program would apply. Assuming that
dewatering operations last more than one month, it would be necessary to provide RIDEM with
plans, specifications, sample analyses and other information that show that the injection will be
designed, constructed and operated so as to prevent pollution or endangerment of groundwater

quality in Rhode Island.

3.1.4 Collection: Groundwater and Surface Water/Sediment

This section describes key technical criteria for the feasible remedial action technologies and process
options related to collection of contaminated groundwater and leachate impacting the Site's surface
water/sediments. Major remedial technologies and process options detailed in this section are
divided into those addressing the media of groundwater (through control of disposal areas) and

surface water/sediment (through control of leachate).

Technologies and process options for collection that require description of key technical criteria
include: extraction wells and subsurface drains. Included in each of these sections are results of
groundwater modeling simulations for recommended remedial technologies and process options,

including horizontal barriers.

3.1.4.1 Subsurface Drains. This section describes measures that may be taken to reduce breakout
of contaminated water along the slopes of the landfills, in addition to capping. Leachate breakout
from landfill slopes is thought to have two sources: lateral migration of infiltration of precipitation
due to temporary mounding in the disposal areas, and groundwater discharge. The locations of these
leachate breakouts, based upon aerial photographs and site reconnaissance, are shown in Figure 2-1.
Breakouts have been observed along the side slopes of the Solid Waste Area, especially in the

southeastern portion, and southeast of the Bulky Waste Area.

The distinction between leachate and groundwater is difficult to make in an unlined landfill.

Breakout in the Solid Waste Area is believed to be due primarily to mounding of water perched
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above a confining layer of waste. Breakout in the Bulky Waste Area is believed to be due to
groundwater discharge. This hypothesis is based on the elevations of the breakout locations relative

to observed water table elevations.

Capping of the Solid Waste and Bulky Waste Areas will significantly reduce leachate breakout by
reducing infiltration and by covering breakout locations. However, leachate breakout will continue
in areas outside the capping limits and areas for which the principal source is groundwater discharge.

This is particularly true of the breakout locations observed southeast of the Bulky Waste Area.

Landfill mining of the Bulky Waste Area will not reduce infiltration, but it will reduce the
contaminant loading in the leachate breakout by removing a major source of contamination.
Contaminant concentrations in the leachate would be expected to attenuate naturally once the major
source is removed. However, leachate collection and treatment will be required initially during

landfill mining of the Bulky Waste Area due to disturbance of the contaminant source.

A shallow drain would be constructed downgradient of the Bulky Waste Area to intercept leachate
and shallow groundwater and mitigate migration of contaminated water from the Bulky Waste Area.
To minimize the extraction of clean groundwater, the system would be designed to intercept only
the upper layer of the aquifer, which contributes to surface water contamination (via leachate). The
drain would consist of perforated pipe placed at the base of a trench dug 1 to 2 feet below the
seasonal low groundwater elevation and backfilled with crushed stone. The pipe would slope to
discharge to a sump, which in turn would pump to the groundwater/leachate treatment plant. The

drain would be approximately 500 feet long and constructed 10 feet below grade.

The groundwater extraction rate necessary to intercept the top foot of groundwater in the area was
estimated to be 5 gpm based upon model simulations of area infiltration and groundwater flow
(discussed below and in Appendix C). This system would capture shallow groundwater at the

eastern edge of the landfill.
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The infiltration model used in the FS was EPA's Hydrologic Evaluation of Landfill Performance
(HELP) computer program. The HELP program is a quasi-two-dimensional hydrologic model for
conducting water balance analysis of landfills, cover systems and other solid waste contaminant
facilities (U.S. EPA, 1994a). The proposed caps on the Solid Waste and Bulky Waste Areas were
shown to reduce the rate of infiltration 100%. HELP model results were used as input for the

groundwater flow model (Appendix C).

The groundwater flow model used for this FS was the United States Geological Survey’s (USGS’s)
three-dimensional flow model, MODFLOW (McDonald and Harbaugh, 1988). The model is a finite
differential formulation which computes vertical and horizontal flow between grid cells and layers
made up of horizontal and vertical subdivisions of the Site. The model incorporates site-wide
variations in hydraulic conductivity and saturated thickness and takes into account areal recharge and

surface water flow.

A preliminary calibration of the model was performed by comparing modeled groundwater
elevations generated using existing conditions with observed groundwater elevations measured in
monitoring wells. The model results corresponded reasonably well to observed groundwater
elevations and the model was deemed sufficient to perform the required simulations. Further
calibration of the model was not performed. It should be noted that improved model results in the
areas of interest would be achieved with further water level data in the waste areas. However, the

results provide an estimate of what will occur due to implementation of a remedial action.

The model was used to evaluate the potential effects of capping the Solid Waste Area and the Bulky
Waste Area with either composite or single barrier caps. The caps were simulated by reducing the
rate of areal recharge in the portions of the model grid representing the two landfills. The reductions
in recharge were determined using the HELP model. The model results suggested that groundwater
levels would be lowered a maximum of 0.5 to 1.0 foot in the Solid Waste Area and 0.25 to 0.5 feet
in the Bulky Waste Area with the use of single barrier caps. The modeling suggested that use of

composite caps would not significantly lower groundwater levels more than single barrier caps in
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the first few years following implementation. This is due to initial soil moisture which will recharge

the groundwater and reduce in volume as its source (precipitation infiltration) is limited due to

capping.

The model also used drains to simulate the performance of collection trenches which would provide
leachate/groundwater outbreak control. Drains were placed just southwest of the Bulky Waste Area
and the model simulated the effect of groundwater extraction via the drains, which were set at
elevations approximately 1 foot below the existing water table. Extraction rates of approximately
5 gpm were determined to be the minimum necessary to generate a localized groundwater depression
over the area of observed breakout in the Bulky Waste Area. This extraction rate should be refined
through additional modeling during design. Additional model assumptions are provided in

Appendix C.

Final determination of groundwater and leachate collection will be made during design following
additional analysis. This analysis would determine which process option (subsurface drains or
extraction wells) is more appropriate. For the purposes of estimating costs in this FS, the process
option of subsurface drains has been utilized. Collected leachate will be treated using the

technologies discussed later in Section 3.1.6.

3.1.4.2 Extraction Wells. This section describes key technical criteria for minimizing the impact
of the Solid Waste Area on groundwater (and by extension, surface water/sediment). Similar to the
subsurface drain system described in Section 3.1.4.1, extraction wells would be used in conjunction
with horizontal containment described in Section 3.1.2 to reduce the impact of the Solid Waste Area
on groundwater. Extraction wells reduce the groundwater flow through the waste by depressing the

water table where groundwater is in contact with the waste.

There are two potential sources of waste impacts to groundwater: infiltration percolating through the
waste which generates leachate, and groundwater flow through waste immersed below the water

table. Leachate generation rates determined through HELP model hydrologic simulations are

3-15



provided in Section 3.1.4.1 as well as Appendix C. In addition, refuse is thought to be in contact
with groundwater in the Solid Waste Area. Cross-sections generated from soil borings conducted
during a pre-design investigation in 1987 showed refuse up to S feet below the water table in the
northern portions of the Solid Waste Area (C.E. McGuire, 1977b). Based upon current information,
the bottom of refuse appears to be above the water table in the Bulky Waste and Sewage Sludge
Areas. Geological cross-sections generated from soil borings conducted during the RI show refuse
approximately 10 feet above the water table in the Bulky Waste Area and 15 feet above the water
table in the Sewage Sludge Area (M&E, 1994).

Capping the disposal areas will lower the water table beneath these areas by reducing the infiltration
recharge rate. To evaluate whether capping alone would reduce the water table below the lower limit
of the refuse in the Solid Waste Area, a hydrologic simulation using MODFLOW (Section 3.1.4.1

and Appendix C) was conducted.

The effect of capping was simulated by reducing recharge over the disposal areas to match HELP
model simulations. Regional groundwater effects were minimal from landfill capping as a result of
the strong interconnection between flow systems and the regional control of surface water on
groundwater flow. The decrease in the upper overburden aquifer groundwater level was sufficient
to lower it below the refuse, however, the water elevations were only slightly below the waste
(within 1 to 2 feet). For the purposes of this modeling effort, the refuse in the Bulky Waste and

Sewage Sludge Areas is assumed to be above the water table prior to capping.

The installation of a collection system upgradient of the Solid Waste Area was investigated to
provide additional separation between the waste and the water table. A MODFLOW simulation
shows that groundwater levels could be reduced up to an additional 5 feet within the Solid Waste
Area using an extraction well/drain system approximately 4 feet below the water table, placed along

the northern edge of the Solid Waste Area with groundwater extracted at a rate of 44 gpm.
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3.1.6 Treatment: On-Site (Groundwater and Leachate)

On-site treatment involves treatment of groundwater and leachate in an on-site facility using
precipitation, media filtration, and ultraviolet (UV)/chemical oxidation. The technical rationale and
assumptions for on-site treatment of groundwater are detailed in Table 3-1. UV/chemical oxidation
was selected over activated carbon adsorption for on-site treatment of organic COPCs. While both
technologies are effective in treating most organic COPCs, UV/chemical oxidation is a better process
option since it can remove vinyl chloride, which is difficult to remove through activated carbon
adsorption. In addition, UV/chemical oxidation is a permanent destruction technology as opposed
to carbon adsorption which only separates COPCs. Furthermore, UV/chemical oxidation generates

fewer process residuals requiring disposal than activated carbon adsorption.

A typical process diagram of on-site treatment is shown in Figure 3-4. The major remedial

technologies are further described below.

3.1.6.1 Maedia Filtration. Media filtration involves removing solids from a liquid, either as a
pretreatment or as a polishing unit, by straining through a porous media, such as sand or anthracite
coal. As large particles are removed from the liquid initially, smaller particles penetrate the media
bed and are removed within the bed. Other mechanisms, including sedimentation within the media
bed and chemical adsorption, are also involved in the media filtration process (Goldman and Bowen,

1992).

Granular media filters are most efficient when utilizing the entire bed depth instead of just the
surface. The ideal bed is graded so that the influent stream flows through the largest media size first
and progresses to the smallest size. The filters must be backwashed periodically with clean water
to remove collected solids, which must then be disposed of off-site. This backwashing tends to
distribute the media with the smallest sizes on top. Two methods have been used to approach the
ideal bed: upflow filtration; or multi-media filtration using two or more materials with different

densities.
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Media filtration is typically used after gravity separation processes for additional removal of
suspended solids prior to other treatment processes, as well as for polishing treated wastes to reduce
suspended solids and associated contaminants to low levels (M&E, 1985). This technology is
suggested as a pretreatment process at the Site to remove solids, such as oxidized iron and silt, which

may cause fouling in subsequent treatment processes.

3.1.6.2 Precipitation. Precipitation is a process where dissolved contaminants are transformed into
insoluble solids through the addition of pH-adjusting chemicals. These solids may then be separated
from the liquid through either sedimentation or filtration. This technology would be used to remove
the high concentration metals, such as iron, manganese, and aluminum, at the Site and is expected

to remove other lower concentration metals during the process.

"Usually, metals are precipitated from solution as their hydroxides, sulfides, or
carbonates. Hydroxide precipitation with lime or caustic is most common. Because the
optimum pH for precipitation as the hydroxide is different for each metal ion, treatment
of mixed metal aqueous wastes require compromise. Generally, hydroxide precipitation
1s carried out at a pH between 9.5 and 12.

Metal sulfides are generally much less soluble than hydroxides, thus better removal
efficiencies are achievable. Sulfide can also be used to precipitate metals in the presence
of complexing agents and over a broader pH range than possible for hydroxide
precipitation." (M&E, 1985)

After the precipitation step, flocculent may be added to aid in the colloid/liquid separation step. The
sludge is then typically dewatered and disposed of at a hazardous waste treatment, storage, and
disposal facility (TSDF). If sulfide is used in the precipitation step, there is a risk of hydrogen

sulfide generation from excess sulfide in the aqueous effluent with a low pH aqueous stream.

3.1.6.3 Ultraviolet/Chemical Oxidation. UV/chemical oxidation is a process applicable for the
treatment of aqueous streams which contain less than 1% oxidizable compounds. It may be used to
pretreat waste streams, to break down refractory organics (i.e., those resistant to biological

oxidation), or for use as a polishing step after other treatment processes to oxidize untreated
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organics. UV/chemical oxidation is an applicable treatment technology for contaminated
groundwater containing a wide variety of organic compounds such as halogenated organics. phenols,
pesticides, and PCBs (Sundstrom et al., 1989; Ku and Ho, 1990; Topudurti e al., 1993; and
U.S. EPA, 1993a).

The key principle of UV/chemical oxidation is the generation of hydroxyl radicals through UV
photolysis of oxidizing agents such as hydrogen peroxide and ozone (Topudurti er al., 1993).
Hydroxyl radicals are powerful oxidizing agents for destroying the organic COPCs. UV light is first
used to create hydroxyl radicals from the hydrogen peroxide (H,0,) and ozone (O;). Then the
hydroxyl radicals, in combination with UV light, start to break bonds in oxidizing the organic

COPCs. Formation of the radicals is shown as follows:

HYDROGEN ULTRAVIOLET HYDROXYL
PEROXIDE LIGHT RADICAL

H,0, + hv -  20He

OZONE ULTRAVIOLET WATER HYDROGEN OXYGEN
LIGHT PEROXIDE

03 + h 14 + H'_)O - HzOz + O-)

THEN SIMILARLY:

Hzo'_) + h v - 2OH.

The chemical oxidants most widely used are ozone and hydrogen peroxide, either alone or in
combination. Ozone is produced by passing air through an extremely large electrical potential.
Electrical charges arc across the electrodes and through the air, thereby converting a small fraction
of the oxygen present into ozone. This air containing the ozone gas is placed in contact and
thoroughly mixed with the contaminated groundwater. The UV portion of this process option
consists of a reactor which contains ultraviolet lamps. Hydrogen peroxide is added to the
groundwater as it enters the reactor. The ultraviolet lamps, ozone and hydrogen peroxide produce
hydroxyl radicals. The highly reactive hydroxyl radicals, along with ozone and hydrogen peroxide,

oxidize the organics.
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The UV/chemical oxidation process is carried out in a reaction vessel separated into chambers by
baffles. Each chamber contains mercury vapor lamps encased in quartz as the UV source. Water
flow is perpendicular to the lamps. Each chamber may also have a sparger for ozone enriched air
dispersion along the length of the chamber. Hydrogen peroxide is added to the water influent line.
Ozone is produced by drying ambient air and passing it through an ozone generator. The size of the

reaction chamber and the water flow rate can be adjusted to achieve the desired retention time.

If a combination of hydrogen peroxide and ozone is to be used, the hydrogen peroxide-to-ozone ratio
must be determined in a treatability test. A weight ratio between 2:1 and 3:1 of ozone-to-hydrogen
peroxide has been shown to be the most efficient (U.S. EPA, 1990a; Glaze and Kang, 1988). Above
a 3:1 ratio, excess ozone is emitted thus making ozone generation inefficient and thereby lowering
the quality of emissions. Below 2:1 scavenging of oxidizers by impurities reduces the reactor
effectiveness and efficiency. Off-gas treatment consisting of a catalytic ozone decomposer is

expected to control fugitive organics emission.

Removal of VOCs using a UV/chemical oxidation process had been demonstrated effective as part
of the Superfund Innovative Technologies Evaluation (SITE) program (U.S. EPA, 1990a). Eight
sites and their results are included in the Applications Analysis Report. The report focused on the
Lorentz Barrel & Drum site in San Jose, California during February and March of 1989. The
indicator VOCs for this site were TCE, 1,1,1-trichloroethane (1,1,1-TCA) and 1,1-dichloroethane
(1,1-DCA). Groundwater well results at the San Jose site indicated 1,1-DCA present at 180 pg/L.
A 150 gallon UV/chemical oxidation reactor was used during the pilot test demonstration. Thirteen
test runs were performed over a 2-week period; nine to determine the optimum conditions and four

to verify those conditions. All effluent levels were below 5 pg/L.

Some constituents present in the Rose Hill Regional Landfill site groundwater may reduce the
effectiveness of the UV/chemical oxidation process. These include iron and manganese (Nyer and
Bitter, 1991). A pretreatment system may be required to remove these interfering compounds prior

to entering the UV/chemical oxidation system. Based on the low concentrations detected, BOD
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should not interfere with the UV/chemical oxidation process. Design concentrations are presented

in Appendix D.

Equipment vendors offer conflicting opinions as to the necessity of groundwater pretreatment to
remove iron. One vendor, Calgon/Peroxidation/Solarchem (formerly Solarchem Environmental
Systems), claims to have a unit which can destroy chlorinated volatile contaminants with influent
iron concentration as high as 10 ppm (M&E, 1992b). The Solarchem system is a self cleaning UV
oxidation unit which prevents the buildup of ferric hydroxide precipitates that could adversely affect
the efficiency of UV destruction by scraping the UV transmission lamps clean during operation.
Although this treatment unit is apparently unaffected by iron precipitates, the problem of iron fouling
is then simply shifted to the next process technology downstream. For example, discharge of water
containing iron floc to a groundwater recharge well system may have negative impacts on operations
& rhaintenance (O&M) requirements and equipment life. Iron precipitate could build-up and seal
the system, thereby requiring replacement or, in a lesser case, cause much higher O&M costs for
cleaning. Since both of these potential items may be cost prohibitive, M&E's approach in the FS is
to assume removal of inorganics (such as iron and manganese) that may interfere with treatment of
the COPCs even though remediation of iron and manganese is not required by the criteria detailed
in Section 2.0. Also, removal of inorganics may be required to comply with Rhode Island

Underground Injection Control Regulations (see below).

3.1.6.4 Discharge of Treated Water. Two discharge process options were retained for further
consideration in Section 2.0: discharge to groundwater recharge wells, and discharge to surface
water. Discharge to the South Kingstown publicly owned treatment works (POTW) was eliminated
from further consideration due to the lack of a nearby sewer line and permit conditions of the facility
which restrict influent to domestic sources. The ultimate selection of a discharge option would be
made during remedial design. The remainder of this section discusses considerations relevant to this

determination.

3-21



Discharge to groundwater must comply with the substantive provisions of Rhode Island Rules and
Regulations for Groundwater Quality and state Underground Injection Control Regulations. These
regulations are designed to maintain high quality groundwater sources and prevent the further
degradation of lower quality sources. To implement these objectives the state has developed a
groundwater classification system and a set of groundwater quality standards which are shown in
Table 3-2. Site groundwater directly beneath the limits of waste disposal is currently classified as
GB and Site groundwater outside the limits of waste placement is anticipated to be reclassified as
GB. It must be demonstrated during design that the injection of treated groundwater would not
lower the quality below GB or result in the groundwater being further degraded. It is likely that this
could be demonstrated because the treatment system can be designed such that the treated effluent
levels will meet the groundwater quality standards. It is also necessary that the operation of the
injection system be incorporated into the design of any groundwater collection system. The volumes
of water collected by the leachate and groundwater collection systems modeled in this FS did not

include the effects of groundwater injection.

If discharge to surface water were to be utilized, it would most likely be to the Saugatucket River
due to its size and proximity. This discharge must comply with the provisions of state Water Quality
Regulations for Water Pollution Control. These regulations, similar to those for groundwater, are
designed to preserve a level of water quality consistent with its use as indicated by a Water Use
Classification for the water body. The Saugatucket River has been classified as a Class B water
body which designates its use as a public water supply with appropriate treatment and as a fish and
wildlife habitat and for agriculture, bathing and other primary contact recreational activities. To
discharge to the Saugatucket River it must be demonstrated that the ambient concentration of a
pollutant in the water body would not exceed the Ambient Water Quality Guidelines shown in Table
3-2, plus any other applicable standards under Rhode Island Water Pollution Control Regulations.
The proposed treated effluent concentrations of the water treatment plant would be below these

guidelines for all compounds in the site discharge.
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Both surface water and groundwater discharge options are implementable. The selection will be
made during design based upon relative human health protectiveness, ecological protectiveness, and
cost. It has been assumed for costing of alternatives that the treatment plant will discharge to

groundwater.

3.1.7 Institutional Controls: Landfill Gas

The technical rationale for each of the institutional controls is described below. Feasible institutional
controls include access restrictions, monitoring and contingency for installation of residential LFG

contro! methods.

3.1.7.1 Access Restrictions. This control consists of fencing and security measures to restrict
human access. These measures would include a chain-link fence (8 feet high), gates and signs
designed to prohibit site entry. This control is necessary to mitigate human health risk from LFG

emissions to visitors on the Solid Waste Area.

3.1.7.2 Monitoring. Monitoring will be necessary to identify and track migration of landfill gas
and its associated contaminants from the Solid Waste and Bulky Waste Areas. Monitoring is not
anticipated to be required around the Sewage Sludge Area. Monitoring will be required in three
areas: 1) perimeter zone outside refuse areas, 2) within the disposal areas, and 3) ambient air

monitoring.

Preliminary rationale for landfill gas monitoring is described in this section. The detailed monitoring

requirements are described by alternative in Section 4.0.

Perimeter Landfill Gas Monitoring. Monitoring wells would be used to monitor off-site landfill
gas concentrations for alternatives that have perimeter extraction systems. Measurement of these
concentra .. 1s provides an indication of lateral migration of landfill gas. The monitoring wells

would be placed between the perimeter extraction system and the residential/off-site receptors. This
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would result in a line of monitoring wells further from the landfill that parallel the line of perimeter
extraction wells. If vapor testing of the gas monitoring wells revealed high concentrations of
methane or VOCs relative to ambient air, then the perimeter extraction system would be adjusted

or modified accordingly to minimize lateral landfill gas migration.

Landfill gas testing locations used during the RI would be converted to permanent points for long-
term monitoring. Conversion to permanent points would involve drilling to greater depths within

the refuse and installation of secure housings at ground surface.

Zone-of-Refuse Monitoring. The zone-of-refuse is the location within the Solid Waste and Bulky
Waste Area boundaries and below any present or future caps. In short, a zone-of-refuse 1s the
location where wastes were disposed. Since a zone-of-refuse is a source area for landfill gas,
monitoring is needed to characterize changes that may affect adjacent subsurface landfill gas

concentrations as well as ambient air.

Ambient Air Monitoring. Ambient air monitoring is required to characterize impacts of migrating
landfill gases on ambient air quality. Key locations for testing include upgradient (i.e., upwind)
locations, within Solid Waste and Bulky Waste Areas (for alternatives where the area is capped) and

at site boundaries.

Gas Monitoring Wells. Since gas migration can occur at depths from the ground surface to the
confining layer, the gas monitoring well should be constructed to screen the entire depth of the
potential migration zone. Data from discrete depth intervals will permit an evaluation of the depth

of migrating gases. For this reason, these wells will be constructed with multilevel sampling ports.
A schematic of a typical gas monitoring well is shown in Figure 3-5. Gas monitoring wells are

typically constructed of slotted polyvinyl chloride (PVC) pipe, measuring 0.5 to 1 inch in diameter;

the borehole into which the pipe(s) are placed is typically 4 inches in diameter. As shown in the
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schematic, the landfill gas characteristics (i.e. concentration, pressure) can be monitored at discrete

depth intervals by providing low permeability seals to separate the intervals.

3.1.7.3 Residential Landfill Gas Control Contingency. This measure involves a contingency to
install LFG controls at individual residences or commercial properties affected by subsurface landfill
gas migration. The contingency would be based on detection of landfill gas concentrations that
exceed ARARs or other criteria defined in Section 2.0. The chain of events leading to

implementation of the residential LFG contingency is illustrated in Figure 3-6.

Installation of gas controls involves addition of methane/hydrocarbon sensors and alarms, basement
ventilation systems and instrumentation, and controls that tie the sensors and ventilation together in
a complete system. A typical system is depicted in Figure 3-7. The technical rationale and

assumptions for the residential LFG control contingency are detailed in Table 3-3.

The trigger mechanism for instituting the LFG controls would be two-fold: 1) detection of
methane/COPCs in soil gas locations adjacent to, or on, the residential property in question and
2) detection of methane/COPCs within the indoor air of the residence. Based on instrument
detection limits, appropriate trigger levels would be 1,000 ppm methane for the soil gas location and
10 ppm methane for the indoor air. Calculations showing the correlation of methane concentrations
with vinyl chloride are presented in Appendix F. Based on these calculations, methane trigger levels
of 10 and 1,000 ppm methane would result in vinyl chloride concentrations of 1.51 ng/m?* and

5.36 ug/m?, respectively.

3.1.8 Management of Migration: Landfill Gas Collection

Landfill gas migration controls address RAOs by reducing the migration of COPCs from the
disposal areas to the ambient air. Landfill gas migration may be controlled by capping and/or
collection systems. The capping remedial measure was discussed in detail in Section 3.1.2. This

section discusses gas extraction and collection systems in detail.
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There are two principal mechanisms that cause gas generated within a landfill to migrate into the
surrounding environment: 1) pressure convection and 2) diffusion. Pressure convection is the
cyclical build-up and release of landfill gases to adjacent areas after a build-up of positive pressures.
Positive pressures build up within landfills due to microbial degradation that generates by-product
gases which have a larger volume than the refuse from which they originated. Diffusion is a
different mechanism altogether. With diffusion, landfill gas migrates into adjacent areas due to
concentration differences. Thus, high concentrations of landfill gas components, such as vinyl
chloride, diffuse into adjacent areas with lower (or zero) concentrations. Detailed discussion of these
mechanisms is provided in Section 3.1.8.1. Effective control and collection of landfill gas at the Site

would require negation of both migration mechanisms: pressure convection and diffusion.

The feasible remedial technologies for migration control and collection of landfill gas, active
perimeter systems and/or active internal collection systems, would be utilized to control these
migration mechanisms. Active perimeter systems are placed outside (i.e. along the perimeter) of the
zone of landfilled refuse. These systems control and collect landfill gas migrating laterally into
adjacent subsurface soils. Active perimeter systems were found to be the most feasible systems
based on M&E's prior evaluation of landfill gas migration barrier systems (M&E, 1993a). Two
process options are feasible for perimeter systems: 1) vertical extraction wells, and/or 2) horizontal

extraction laterals.

Active internal well systems are placed within the zone of landfilled refuse. These systems are
required to collect gas from the center of the landfill so that uncontrolled, fugitive emissions through
the cap do not result. In addition, internal collection systems would reduce the migration burden
exerted on a perimeter system. Fugitive emissions from uncollected landfill gas at the Site are a
source of significant human health risk due to the presence of contaminants in the gas (M&E, 1994;

M&E, 1998).

Landfill gas migration control and collection at the Site has three components:
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. An active internal collection system in the Solid Waste Area

. A perimeter collection system along Rose Hill Road
. A passive venting system in the Bulky Waste Area (for alternatives in which this area is
capped)

These components are discussed in Sections 3.1.8.2, 3.1.8.3, and 3.1.8.4, respectively.

Section 3.1.8.1 describes landfill gas migration mechanisms.

3.1.8.1 Landfill Gas Migration Mechanisms. Gases migrating from a landfill will follow the path
of least resistance. Landfill gases tend to move upward towards ambient air. However, if the
vertical or upward path is blocked (e.g. due to a cap or frozen soil conditions in winter) then landfill
gases will migrate laterally. Areas of concern near landfill environments, which may be impacted
by lateral migration, include building foundations, utility conduits, porous soil zones and any other

underground voids that can act as pathways of least resistance.

There are two principal mechanisms that cause gas generated within a landfill to migrate into the
surrounding environment. These mechanisms are: 1) pressure convection and 2) diffusion. Landfill
gas migration due to these two fundamental mechanisms is widely documented in the scientific
literature (Moore et al., 1979; Moore et al., 1982; Metcalfe and Farquhar, 1986; Bogner et al., 1988;
Massman, 1989; Farquhar, 1989). Figure 3-8 illustrates the two mechanisms of pressure convection

and diffusion. This is shown for illustration purposes, is not to scale, and describes methane.

Pressure convection is defined as gas flow from an area of high pressure to an area of lower pressure.
Gas within a landfill is at greater pressure than atmospheric and will equalize by pushing outward
through the cap and landfill sides towards an area of lower pressure. Methane and other gas
compounds such as vinyl chloride will be carried along with the outward pressure flow into areas
adjacent to the landfill. Landfill gas pressures originate from biological decomposition of wastes.

There is a net increase in volume when organic solids in refuse are converted to gaseous products.
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A net increase in volume within a fixed landfill cell causes the total gas pressure to become greater

than atmospheric.

Diffusion is defined as gas movement from an area of high concentration to an area of lower
concentration. Movement by diffusion will occur even in a medium that is quiescent, such as an
undisturbed air pocket. For example, a cologne bottle opened in one comer of a room will
eventually be detected by an observer in the opposite corner even though the air is still. The
chemicals that make up the cologne have diffused from an area of high concentration (the bottle) to
an area of low concentration (the room). Similarly, methane and other gas compounds such as vinyl
chlonde will diffuse from an area of high concentration (the landfill) through the cap and sides and

into areas of lower concentration (ambient air above the cap, perimeter landfill gas).

The total methane or vinyl chloride concentration at any given point will be the sum of contributions
from diffusion and pressure convection. The total concentration of compounds such as methane or
vinyl chloride can be measured easily, but the degree of contribution from each mechanism is not
easily determined. Both mechanisms, therefore, must be addressed in solving a landfill gas
migration problem. Figure 3-9 illustrates the additive nature of these two mechanisms by presenting

a total concentration profile for methane.

The flow of migrating gas will change seasonally, peaking in the winter months when gases are
prohibited from escaping through the landfill surface due to frost or saturated surface soils. The
flow levels out in the summer months when gases can escape through the landfill surface, limited

only by the permeability of the silty soil cover material.

3.1.8.2 Perimeter Collection. Successful methods for controlling gas movement across the
perimeter of a landfill involve interrupting the two mechanisms of migration: pressure convection
and diffusion. Figure 3-10 details use of an active perimeter system to mitigate landfill gas

migration. A perimeter system entails the installation of vertical gas extraction wells and/or
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horizontal extraction laterals between the landfill boundaries and off-site receptors such as residential

or commercial properties.

A perimeter system mitigates landfill gas migration away from the zone-of-refuse by applying a
subsurface negative pressure zone. Pressure convection is mitigated by removal of excess landfill
gas through the extraction wells. The diffusion component is counteracted by a reverse pressure
gradient created by the well. The "reverse" pressure gradient is the clean soil vapors or air rushing
towards the well from the residential side of the system. The net effect of the reverse pressure
gradient is to overwhelm the diffusion component thereby minimizing the extent of gas migration

beyond the well system (Moore ef al., 1982).

Migrating landfill gases enter the negative pressure zone and are extracted through the wells into a
pipe manifold. The pipe manifold carries the extracted gases to the blower system and then to a
treatment and discharge system. The effectiveness of an active perimeter system is evaluated by

observing landfill gas concentrations and vacuum pressures beyond the perimeter system.

A more detailed evaluation of active perimeter systems was previously conducted during M&E's
evaluation of proposed landfill gas migration barrier systems (M&E, 1993a). The key parameters
and technical rationale from this evaluation are summarized in Table 3-4. Descriptions of each of

the components of the active perimeter system are presented below.

Extraction Well System. In the design of an extraction well system, the two elements which vary
most widely from site-to-site are the depth and lateral spacing of the wells. The depth of the wells
is typically established as the depth to the uppermost confining layer; either a low-permeability layer
that the gas will not permeate or the water table, as landfill gas is virtually immiscible in water. The
lateral spacing of the wells is primarily dependent on the local geology, since the frequency of
placement is determined by estimating the radius around the well to which an applied vacuum will
penetrate (i.e. radius of influence). Placement is selected to establish a continuous zone of negative

pressure along the route of migration. A radius of influence of 40 feet was assumed for the perimeter
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well system, which is consistent with the spacing recommendation with respect to landfill gas
venting applications when site-specific vacuum test data is unavailable (Johnson er al., 1990). It
should be noted that this radius of influence is significantly less than that assumed for the internal
collection system as the perimeter system cannot rely on positive pressure from the landfill to

encourage migration to the well. .

A schematic of a typical extraction well is shown in Figure 3-11. Extraction wells are typically
constructed of slotted PVC pipe, measuring 4 to 12 inches in diameter; the borehole into which the
well is placed typically ranges from 8 to 24 inches in diameter. To permit unrestricted flow of
landfill gas from the borehole to the extraction well, tfle annular space is back-filled with large-
diameter granular material. The location of the slotted pipe with respect to the ground surface is an
important element in the design, because placement of the slotted pipe too close to the surface of the
ground will induce flow of atmospheric air to the well and short-circuiting of subsurface gas flow

to the well.

Each well is constructed with a valve to permit the applied vacuum from the system blower to be
regulated. This will allow for flow rate adjustment for each well. The required flow from each well
1s dependent on the well depth and the geology in the proximity of the radius of influence of the
well, and the loss of pressure head from the system at each well location. The wells are connected
to the collection system manifold with a solid high density polyethylene (HDPE) pipe. The HDPE
pipe is more flexible than PVC and allows for differential settlement in the wells. Wellheads are
typically accessed through a manhole hatch cover which can be secured. Wells are also designed
with sampling ports which permit both pressure and concentration measurements to be taken.

Pressure gauges may also be installed to facilitate monitoring of pressure at each wellhead.

The depth to which each well is constructed is dependent on the depth to the confining layer. In the
conceptual design (M&E, 1993a), this depth was estimated as the average depth to groundwater.
In a detailed design, the depth of each well would be established based on an estimate of depth to

seasonal low water table at the location of the well. In this FS, an average depth of 22 feet was
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assumed to accommodate potential seasonal fluctuations, affects of other technologies (e.g.

horizontal barriers) and applied vacuum pressures at the well.

Collection System. The pipe manifold, or collection system, is typically constructed of HDPE
piping and ranges in diameter from 4 to 24 inches depending on the flow rate, which varies
throughout the system. HDPE is most widely used because it is flexible, which is beneficial for
constructing a lateral system. It is also more chemical resistant than other plastics such as PVC for
handling gas condensate. Typically, the manifold system would include different lengths of piping
of varying diameters. The piping diameter for each reach would be selected to maintain adequate

velocities.

Condensate Generation and Disposal. Condensate is generated by two mechanisms:
1) temperature reduction from landfill to ambient temperatures; and 2) compression from blowers
in the extraction system. Since significant gas compression is not expected in the systems proposed
for the Site, only condensate production via temperature reduction was addressed in the conceptual
design (M&E, 1993a). Temperature reduction from landfill to ambient temperatures is primarily a

function of the geographic location of the landfill.

The condensate generation rate used in the cost estimate for the conceptual design (M&E, 1993a)
was based on actual quantities observed at a landfill in the New England area as communicated by
the operator. This generation rate was 125 gallons/million ft* of extracted gas. It should be noted
that this actual value was somewhat conservative for use in the conceptual design because the rate
is based on gas extracted from an internal collection system that will likely have a higher
temperature than the perimeter system. The 125 gallon/million ft’ of extracted gas generation rate
represents approximately one-half the theoretical rate of 300 gallons/million ft* of landfill gas
extracted. The theoretical rate is calculated assuming that the landfill gas is at full saturation and

100°F and an inlet temperature of 50°F in the collection system (Maxwell, 1989).
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Actual condensate generation rates are often significantly lower than the theoretical (RICL, 1993).
The shortfall of actual versus theoretical condensate production is probably due to unsaturated air
and landfill gas at the inlet, condensation in wells and pipelines dripping back to the landfill; and

incomplete cooling of vapor in the system.

Condensate will be collected and transported in the perimeter collection piping system to a pump
station. When a sufficient volume of condensate is formed, the station will pump the liquid to an

aboveground storage tank where it will be held for either treatment or disposal.

Condensate will flow smoothly by gravity in collection lines where the gas and condensate are
flowing in the same direction. For instances where the condensate and gas are flowing in opposite
directions, the two streams will be channeled into two separate pipelines. Based on M&E's
experience (M&E, 1989; M&E, 1990b), this is necessary to prevent build-up of condensate that can

eventually plug the pipeline and prevent landfill gas collection.

Condensate drain piping will connect the perimeter collection system to the pump station. Drip and
loop traps will be required in this piping to separate the vacuum pressure in the gas collection piping

from the atmospheric pressure in the pump station.

A significant factor determining the ease and expense of condensate disposal is its classification
under RCRA. Section 124 of the CERCLA states that condensate from methane recovery operations
is not a hazardous waste unless it exhibits characteristics of a hazardous waste under RCRA.
Condensate from the gas abatement system may be classified as toxic or corrosive under RCRA.
Toxicity characteristics must be evaluated in comparison to Maximum Concentrations of
Contaminants for the Toxicity Characteristic specified in 40 CFR 261.24, which set an upper limit
for TCE and vinyl chloride concentrations. Corrosive wastes have a pH less than or equal to 2. No
data is available on condensate quality at the Site and only a limited amount of published data is
available from other sites. These data show significant variability and high biological and chemical

oxygen demands (BOD and COD, respectively) and total organic carbon (TOC) levels. Aqueous
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phase exceedances have been measured in other landfill condensates for benzene, 2-butanone,
tetrachloroethane, and carbon tetrachloride (Vogt, 1989). Some collection systems generate both
aqueous and liquid hydrocarbon condensate phases. The hydrocarbon phase is much more likely
to be hazardous. However, the potential for liquid hydrocarbon phase condensate is considered low

due to the lack of significant gas compression in the proposed systems (Maxwell, 1989).

The condensate disposal and transportation cost estimate assumes the condensate will be classified
as a hazardous waste under RCRA (SCS Engineers, 1987), have no free hydrocarbon phase, have
arelatively low TOC concentration and have low total suspended solids (TSS). The cost estimate
also assumes the waste will be transported and disposed by licensed transporters and treatment
facilities. However, depending on the alternative selected, other options may be reviewed such as
treatment in any leachate or groundwater treatment system. If a flare is being utilized for LFG
treatment, another option is to inject the condensate into the flare. This would alter the heat balance

and may require more auxiliary fuel, but should be reviewed during the design phase.

3.1.8.3 Internal Collection. An internal collection system is required for collection of landfill gas
to avoid uncontrolled and fugitive releases to the surrounding environment (ambient air, adjacent
subsurface soils, etc.). Active internal collection systems were found to be the only feasible remedial
technology since discharges from passive vents would pose unacceptable human health risk

(M&E, 1993a).

A key aspect in conceptually sizing internal extraction well systems is to estimate the quantity and
rate of landfill gas generation. A detailed description of M&E's estimates on gas production from
the Solid Waste Area is given below. Once the rate of landfill gas has been estimated, then sizing
of an active collection system such as internal extraction wells can be conducted. Technical rationale
and assumptions are detailed in Table 3-5. Descriptions of this technical rationale are also provided

below.
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Gas Generation Rate. The generation of landfill gas from refuse is dependent on the composition
of the material, age of the refuse, moisture content, pH of the landfill environment, and the
availability of nutrients relative to the stoichiometric requirements for microbial respiration. Of
these factors, the first three have been found to have the most pronounced affect on the generation
rate (Zimmermann ef al., 1983). In calculating the current gas production rate at the Site, the
approximate refuse composition and the age of the refuse were considered. While moisture content
is also a significant factor, the only predictable differential in moisture content across the landfill is
the fraction of refuse seasonally submerged in the water table. This fraction of refuse was found to
be small relative to the total volume of refuse and was not factored into the estimation of total

landfill gas generation (M&E, 1993a).

A first-order kinetic model (e.g. originally known as the "Scholl Canyon" model) was used in
estimating the current gas generation rate for the Solid Waste Area (M&E, 1993a). The Scholl
Canyon model assumes that the refuse reaches peak gas production shortly (2 years) after placement
in the landfill. The reduction in gas production potential is assumed to decrease exponentially with

time based on a decay constant. The annual production rate is predicted by the following equation:
Qgtime,t= kLoe_k(t'lag)

Where:
L. = potential gas generation capacity, V/T;
k =decay constant, 1/T;
t = time since refuse placement, T;
lag = time since refuse placement to peak production, T.

The decay constant, k is dependent on the environmental conditions within the landfill, primarily
the moisture content, availability of nutrients, pH and temperature. The value of the decay constant
varies widely from 0.004 to 0.2 yr' and recent values of k have been correlated with studies on
landfill settlement {Wall and Zeiss. 1995). The higher decay constants correlate to favorable
environmental conditions, i.e. moisture contents between 60 and 80%, stoichiometric balance of

nutrients, pH of 4.5 to 6.5, and high ambient temperatures. For New England, where the humid
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climate enhances biodegradation, values near the higher end of the range are predictable. For the

purposes of this FS, the EPA default value of 0.05 yr! was utilized (FR, 1996).

The estimation of refuse biodegradability; volume and age; and application of the model using these
estimations is described in detail below. The fraction of the refuse which is biodegradable is directly
proportional to gas generation. The fraction of biodegradable mass per total unit mass can be
estimated assuming a waste composition (i.e. percentages of biodegradable food, garden and paper
wastes versus virtually non-biodegradable plastic, textile and wood wastes) and representative
empirical formula for each fraction (i.e. carbon, hydrogen, oxygen, nitrogen, and sulfur). Theoretical
computations, however, are seldom observed in the field due to non-optimal microbial conditions
(i.e., pH, moisture and nutrients) and the presence of inhibiting concentrations of compounds toxic
to methanogenic bacteria. In addition, most records kept at landfills do not permit an estimation of
the average waste composition. Refuse biodegradability has also been estimated using bioassay;
results have varied several orders of magnitude. Because the methods of estimating refuse
biodegradability produce wide ranging results, averages have been developed for potential gas
generation capacity of domestic refuse. Theoretical values of the gas generation capacity have been
investigated by many parties and range widely from 1,600 to 12,000 ft* LFG/ton of refuse (Barlaz
et al., 1989; Marticorena et al., 1993; Kinman et al., 1987; Marique et al., 1989, Tasbaran, 1982;
Findikakis et al., 1988; EMCON, 1980). These values assume a typical value of 25% moisture

content for in-place refuse.

The most accurate theoretical gas generation models require a detailed breakdown of municipal
waste constituents by weight percentage (e.g. yard wastes, newspaper, food wastes, inerts, etc.). Gas
generation coefficients are then applied to each category of waste and summed to obtain the total
landfill gas generation rate. Due to the lack of definitive records on the solid waste constituents and
the wide range of theoretical estimates discussed above, the EPA default value for the potential gas

generation capacity of 3,204 ft* LFG/ton of refuse (U.S. EPA, 1997) was used for this FS.
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An estimate of volume of waste disposed with time is needed to estimate the current gas generation
rate. Prior to 1976, there was no record keeping of the volume of refuse disposed at the Solid Waste
Area. In 1976, a plan was prepared for bringing the Solid Waste Area landfill to final closure in
1982. This plan estimated that the annual refuse disposal rate beginning in 1978 would be
approximately 20,400 tons (C.E. McGuire, 1977b). This annual filling rate was assumed to be
representative of 1976 and 1977, however, the bulky waste fraction of the waste was also included
for these years because the Bulky Waste Area at the Site was not yet operating. The 1976 plan also
included cross-sections of the then current filling status as extrapolated from several exploratory
borings. M&E used this information to establish the approximate volume of waste disposed prior
to 1976. The approximate 1970 fill boundary as predicted by aerial photography was then
superimposed to further delineate the volume of refuse disposal with time. In summary, the
estimated annual refuse disposal rate in tons for the time spans are listed below (M&E, 1993a) for

the Solid Waste Area:

1967-1970: 18,667
1971-1975: 10,889
1976-1977: 24,000
1978-1982: 20,400

Active Extraction Well Collection Systems. Key aspects of internal collection systems involve
estimating the "radius of influence," screened depths of the extraction wells and the operating
vacuum at the well head. Well depth is usually a function of the depth of the specific landfill.
Typical depths range from 30 to 200 feet (Zimmermann et al., 1983). A typical rule of thumb is to

vertically extend extraction wells down to two-thirds of the total landfill depth.

Horizontal spacing of the extraction wells along the landfill surface depends on the "radius" and
"cylinder" of influence concept adopted from water well theory (Zimmermann et al., 1983). Itis
advantageous to maximize the operating vacuum at the wellhead in order to maximize the radius of
influence of the extraction well and minimize the number of wells necessary. However, the

maximum vacuum is limited by the need to limit air infiltration.
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Operation of each LFG extraction well, and the entire wellfield as a whole, requires constant
balancing of the LFG production rate with the rate of LFG extraction. Three typical parameters for
balancing LFG extraction versus production include: 1) gas temperature, 2) static wellhead vacuum

and 3) gas composition. These are detailed further below (SWANA, 1997):

Gas Temperature. LFG temperature is an indicator of the state of anaerobic conditions at the
well. Bacteria may be classified according to temperature as psychrophilic, mesophilic, and
thermophilic. These ranges may be thought of on a simplistic and relative basis as cool,
warm and hot environments, respectively in terms of the landfill environment and LFG
temperatures. The anaerobic methane producing bacteria are slightly exothermic (i.e., they
produce heat). The anaerobic bacteria thrive in all three ranges. Temperatures of LFG at the
wellhead typically range from 16 to 60 deg. C. (60 to 140 degrees F.). Because of the short
residence time, the temperature of the flowing gas measured at the wellhead will usually be
very close to that of the waste mass temperature.

Excessive localized overpull (drawing in air) encourages aerobic activity in the well’s vicinity
and will tend to increase the operating temperature of the well. When LFG temperature is
elevated above about 60°C. (140°F.), it could be an indication that aerobic conditions may be
present and that the LFG flow should be reduced. This can be confirmed by evaluating the
composition of the LFG. Typical wellhead temperature conditions are as follows:

e <60°F Reduce (or stop) flow; LFG extraction rate higher than LFG production
rate from well; danger of air intrusion

¢ 60-140°F Acceptable operation range

* >140°F  Reduce (or stop) flow; may be indicator of aerobic activity or landfill fire;
well casing PVC temperature limit is typically 165°F (SWANA, 1997)

Static Wellhead Vacuum. Wellhead vacuum is a parameter that is often necessary to
accurately calculate and determine flow. This technique relies on the relationship of well
pressure/vacuum to flow for a given well. This relationship will be different for each well
and will change with time. The technician may adjust the flow from each well judgementally
based directly upon the vacuum reading.

e -5"W.C. Reduce (or stop) flow; LFG extraction rate higher than LFG
production rate from well; danger of air intrusion

e -5"to+5" W.C. Acceptable operation range
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o +5" W.C.orgreater Increase flow; LFG production rate from well greater than
LFG extraction rate; danger of fugitive emissions to ambient
air

Gas Composition. This technique uses gas composition as a basis for judgement about well
adjustment. LFG composition parameters (methane, nitrogen (balance gas), oxygen, and
carbon dioxide) are measured at wellheads using portable field instruments and sometimes
analytical laboratory equipment. Methane, oxygen and nitrogen are the key parameters. It
is usually necessary to measure carbon dioxide in order to determine nitrogen (balance gas).
It is recommended that all gas composition parameters be checked whenever possible as this
provides a check on the validity of all.

e Onxygen (O, ator Acceptable operation range
near 0.0% by volume

e 0,>0.5% by volume Reduce (or stop) flow; LFG extraction rate higher than LFG
production rate from well; danger of air intrusion

By generally staying within the operational ranges above, successful operation of the LFG extraction

well system can be achieved.

Approximately 36 wells would be necessary to cover the Solid Waste Area. This number of wells
is based on an overall 200-foot well spacing for the Solid Waste Area (22 wells) plus additional
wells within the center of the area spaced at 150 feet (14 wells). The most recent standard in the
landfill gas industry is for extraction well spacing at intervals of 100 to 200 feet (F.C. Rice & Co.,
1997). This well spacing is closer than past literature values which tended to be in the vicinity of
250 feet (U.S. EPA, 1991g; Bagchi, 1990). The closer spacing was selected based on the fact that
the depth of waste in the Solid Waste Area is shallower than typical landfills. It may be possible
during the remedial design phase to develop measures that would limit air infiltration and therefore

make possible a larger radius of influence.

A typical internal extraction well is shown in Figure 3-12. Design of these well systems typically
must include integration with other technologies such as landfill caps, surface runoff controls and

any other surface structures or features.
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Collection piping and condensate generation will be similar to that previously discussed for
perimeter collection systems. Collection piping may be placed above the existing cover or below
depending on final design considerations. Condensate generation will typically be larger (on a per
volume of gas basis) and may have higher concentrations of contaminants than perimeter systems.
Direct, internal landfill gas usually is at a higher temperature and thus can hold (and later lose) more
moisture than perimeter gas. Furthermore, internal landfill gas is in more intimate contact with the

waste fill than perimeter gas. This may result in higher concentrations of contaminants.

3.1.8.4 Passive Venting in the Bulky Waste Area. Active collection and treatment of landfill gas
generated in the Bulky Waste Area was determined to be unnecessary due to the lack of human-
health risk from these landfill gas emissions (M&E, 1993a; M&E, 1998). More recent calculations
of the Bulky Waste Area landfill gas emissions are presented in Appendix E. If the Bulky Waste
Area undergoes landfill mining as part of the selected remedy, landfili gas generation would no
longer be a concern because the waste would have been removed from this area. Hence, neither
active collection nor passive venting would be necessary. However, if the selected remedy includes
capping of the Bulky Waste Area, a passive venting system is proposed as part of the landfill cap
design to provide a conduit for any landfill gases generated. Regulatory clarifications with regard
to passive venting of landfill gas are presented in Appendix E. The passive venting system would
consist of approximately 10 vertical rise pipes spread over the Bulky Waste Area and connected to

a 1-foot-thick gas vent layer placed below the geomembrane.

3.1.9 Landfill Gas Treatment: Enclosed Flare

Landfill gas treatment is commonly performed thermally using an enclosed flare. A general
schematic for an enclosed landfill gas flare is shown in Figure 3-13. The enclosed flare consists of
a burner assembly surrounded by a tall refractory cylinder or stack. The stack is open at the top to
allow discharge of the gaseous combustion products to ambient air. Stack openings at the base
contain louver controls to allow air flow into the burner. The stack also contains temperature

indicators as well as sampling ports to collect stack gas samples. Additional mechanical
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appurtenances and support equipment include a pilot gas propane tank to ignite the pilot light.
blowers to convey the flare feed gas, control valves, flame arresters, a condensate knock-out drum,

an underground condensate storage tank, and concrete equipment pad with security fence.

Key technical aspects of enclosed flares include: temperature, time and turbulence. These factors
dictate the destruction efficiencies that can be achieved (Tessitore et al., 1990). Specifically these
aspects are: 1) flue gas temperature or combustion temperature, 2) residence time within flare, and
3) turbulence or mixing within flare (to promote destruction efficiency). Other important aspects
of enclosed flares are the stack dimensions (height and diameter) as well as exit gas exit velocity.
These factors all are necessary inputs for an air dispersion model that assists in calculating risk to

human health and other receptors (M&E, 1993a). Flare sizing rationale is presented in Table 3-6.

The collection and treatment system triggers Rhode Island air quality control regulations. Since the
Rose Hill Regional Landfill site is a Superfund site, an air permit from the RIDEM Department of
Air Quality would not be required. However, all permitting and operating requirements must still

be followed.

Three streams enter a standard enclosed flare: 1) the feed gas to be burned, 2) excess air to supply
sufficient oxygen for combustion, and 3) "quench" air to cool down the flare since combustion gives
off heat which may damage the refractory wall. Due to the estimated high volume of the perimeter
gas stream (Appendix E), an alternative flare design which utilizes this stream as combustion air is
appropriate. The flare feed gas would then consist of flow from the internal collection system and
possibly auxiliary fuel such as propane or natural gas. Auxiliary fuel may need to be added to the
mixture to ensure that the feed gas has adequate heat or BTU-content to support stable flare

combustion.

Fuel Requirements. Two types of fuel purchases will be necessary to operate the flare system;
auxiliary fuel and pilot gas. Auxiliary fuel may be required to maintain a minimum BTU content

for stable combustion. In order to ensure complete and continuous combustion, flare vendors
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recommend a minimum fuel requirement equivalent to methane concentrations ranging from 15 to
35% by volume (John Zink Company, 1993). Based on initial LFG generation estimates, operation
of the flare would initially require a small amount of auxiliary fuel to sustain proper combustion
temperatures. However, the LFG generation rate reduces over time, thereby increasing the auxiliary
fuel requirements. One method of operation for reducing or removing this need is to operate the
flare on a timer so that LFG volumes can build up prior to collection. This method may not be
appropriate due to the need for management of migration through operation of the perimeter
collection system. Appendix E provides estimated auxiliary fuel requirements for the assumed LFG
collection rates and assumed 24-hour operation. The standard auxiliary fuel for landfills is propane,
however, extending a natural gas line to the site may also be appropriate. For the purposes of this
FS, propane will be assumed as the auxiliary fuel based on higher heating value and initial order-of-

magnitude cost comparison.

Pilot fuel (propane) will also be necessary for start-up and to provide backup if the main fuel source
(i.e. feed gas) is interrupted. Pilot fuel maintains stable flare combustion and thus operating
temperatures with the corresponding contaminant destruction removal efficiencies necessary to meet

ARARSs and risk criteria.

3.1.10 Landfill Gas Treatment: Photocatalytic Oxidation

Photocatalytic oxidation is an innovative treatment technology that removes and destroys organic
contaminants in gaseous or aqueous streams using a fixed bed catalyst activated by ultraviolet (UV)
light. Several variations of the photocatalytic oxidation technology for treatment of contaminated
air streams have been demonstrated as part of EPA’s SITE Program (U.S. EPA, 1994b). In response
to comments from RIDEM on the Draft Final FS report (M&E, 1996¢), in which RIDEM
recommended that innovative technologies be considered as an alternative to flaring for treatment
of landfill gas, this technology was evaluated in a technical memorandum (Appendix A) and has

been retained for detailed evaluation. It was retained primarily because it does not require use of
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auxiliary fuel, and hence may offer a cost advantage over thermal treatment via an enclosed flare.

A summary of the information developed for the technical memorandum is presented below.

3.1.10.1 General Process Description. In general terms, the contaminated gas stream is fed into
a reactor containing a solid catalyst material that is illuminated by UV light (Figure 3-14). Organic
contaminants in the gas may adsorb to the solid material and may also absorb UV light; such
absorption may cause the contaminant to decompose or become more susceptible to oxidation. The
primary purpose of the UV light, however, is to activate the catalyst by exciting electrons on the
catalyst surface, freeing them to react with adsorbed organic contaminants. Free electrons, or free
radicals such as the hydroxyl radical (*OH) or the chlorine free radical (*Cl), are formed. These
radicals initiate a series of chain oxidation reactions that ultimately result in the complete destruction
of an organic contaminant into carbon dioxide, hydrogen chloride, and chlorine gas (Nimlos ef a/.,
1995). The hydrogen chloride and chlorine gas can be removed, if necessary, by a caustic scrubber
before the treated gas is exhausted to the atmosphere. Research has shown that organic products of
incomplete oxidation are also formed, but these products can themselves be oxidized given sufficient
residence time in the reactor (Nimlos ef al., 1995). In a variation of the technology developed by
Process Technologies, Inc. (Figure 3-15), it is claimed that the formation of harmful intermediate
oxidation products, hydrogen chloride, and chlorine gas is inhibited by the solid material in the

reactor (U.S. EPA, 1994).

3.1.10.2 Technology Applications. The primary application of the technology with respect to site
remediation is for treatment of off-gases from air strippers and soil vapor extraction systems to
remove VOCs. The technology is being developed and marketed as an alternative to activated
carbon adsorption and catalytic or thermal oxidation for destruction of VOCs in these contaminated
air streams. Advantages of the technology over carbon adsorption, catalytic oxidation, and thermal
oxidation that are cited by the technology developers include: the ability to destroy VOCs at
ambient temperature, eliminating the need for auxiliary fuel; no production of undesirable nitrogen
oxides (as occurs during high temperature oxidation); and minimal generation of secondary wastes

requiring regeneration or disposal (as occurs for carbon treatment systems). Other applications of
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the technology include treatment of various industrial emissions sources, such as paint spray booths
(BTEX compounds), bakeries and breweries (ethanol), the polystyrene industry (pentane), and
contact lens manufacturing (hexane) (Nimlos et al., 1995; Kittrell et al., 1996 and b; Matrix

Photocatalytic, Inc., 1997).

Three developers of photocatalytic oxidation technologies were contacted for general information
on their processes as well as to discuss the specific application of their technologies for treatment
of landfill gas. None of the technologies are currently developed for destruction of methane, but
they have been demonstrated for destruction of other VOCs of potential concern at the Site. One
developer (KSE, Inc.) is currently constructing a prototype unit for NASA that is intended for the
oxidation of methane. However, given the early stage of development of the prototype, it is not
possible to evaluate the effectiveness, implementability, and cost of this technology for methane
destruction. Hence, photocatalytic oxidation will be evaluated with respect to its ability to destroy

VOC:s of potential concern, in particular viny! chloride.

The technical rationale and assumptions on which the evaluation of this technology will be based
are presented in Table 3-7. Similar to the enclosed flare technology, the photocatalytic oxidation
technology also triggers Rhode Island air quality control regulations. The estimated emission rate
of methane from a photocatalytic oxidation unit at the Site would be approximately 80 Ib/hour,
assuming no destruction of methane occurs in the unit (Appendix E). Emission rates greater than
10 Ib/hour trigger the need for a permit from the RIDEM Department of Air Quality (Air Pollution
Control Rule 12-031-009). Although a permit is not needed on a Superfund site, the substantive
requirements of the permitting process would need to be met. This technology would be best
utilized if the landfill is found to be generating a lower amount of methane compared to estimated

values.

3.1.10.3 Residuals. The oxidation of the halogenated organic compounds present in the landfill
gas, such as vinyl chloride, will result in the production of hydrogen chloride (HCI) and chlorine gas

(Cl,). According to KSE, Inc., for their system a gas stream containing 150 ppmv of vinyl chiloride
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would typically yield 70 ppmv of chlorine gas and 10 ppmv of hydrogen chloride. The exhaust
from the photocatalytic reactor may be treated by scrubbing with caustic to remove these gases, if
removal is necessary to meet Rhode Island air quality control regulations or to protect downstream
equipment from corrosion. An emission rate for HCI of greater than 1.14 Ib/hour would trigger the
need to comply with the substantive requirements of the RIDEM Department of Air Quality
permitting process, and the RIDEM Department of Air Quality could require that HCI be removed
by scrubbing (Air Pollution Control Rule 12-031-009). However, material balance calculations
(Appendix E ) indicate that the HC] emission rate for a photocatalytic oxidation unit at the Site
would not exceed 1.14 Ib/hour. The estimated maximum HCI emission rate is 0.32 Ib/hour. Hence,
it is assumed that a scrubber will not be needed if the photocatalytic oxidation alternative is

implemented.

3.2 COMPILATION OF REMEDIATION COMPONENTS INTO REMEDIAL
ALTERNATIVES

The National Contingency Plan (NCP) requires that a range of alternatives be developed and
evaluated such that an appropriate remedy can be selected. A range of options must be developed
that extend from an alternative that remediates the Site to the maximum extent feasible to other
alternatives that vary in the degree of treatment, including one or more alternative(s) that involve
little or no treatment but do involve engineering or institutional controls to reduce risk
(40 CFR 300.430(e)). The NCP further provides for the option of performing an alternative
screening step "...when needed to select a reasonable number of alternatives for detailed analysis"
(40 CFR 300.430(e)(1)). Since municipal landfill sites lend themselves to remediation by similar
approaches (U.S. EPA, 1991a), a limited number of alternatives are developed in this section; an

alternative screening step is considered unnecessary and is not performed.

In this section, the remediation components described in the previous section are combined into
remedial alternatives that meet the NCP and guidance requirements, and that address the RAOs

developed in Section 2.0. The five alternatives developed are summarized in Table 3-8.
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3.2.1 Alternative #1: No Action

The no action alternative is provided as a baseline for comparison with other alternatives, as required
by the NCP. Under this alternative, no actions are taken to prevent ingestion of COPCs or to limit
migration of contaminated groundwater, leachate, or landfill gas. The alternative includes
environmental monitoring, five-year reviews, and ongoing community relations activities to assess
and monitor risks to human health and the environment and to communicate the results of these

findings. These alternative components are discussed in greater detail in Section 4.0.

Because wastes would remain on the Site under this alternative, CERCLA §121(c) requires that the
Site be subject to periodic monitoring as well as a re-evaluation every five years. The focus of the

five-year review would be dependent upon the goals set in the Record of Decision (ROD).
3.2.2 Alternative #2: Limited Action

This alternative is intended as a limited action approach which would mitigate, to some degree,
human health risk by preventing and controlling exposure to site COPCs through institutional
controls. This alternative would include the following components: groundwater access restrictions,
landfill gas access restrictions, a residential LFG control contingency, environmental monitoring,

five-year reviews, and on-going community relations activities.

Groundwater access restrictions would be utilized to meet the human health RAO for preventing
ingestion of groundwater contaminated by site COPCs. Landfill gas access restrictions at the Solid
Waste Area mitigate ambient air human health risks to a limited extent by preventing humans from
walking or driving on the disposal area. The residential LFG control contingency would be utilized
to achieve the RAO for mitigating safety risks of fire/explosion at off-site properties from migrating
landfill gas. To a limited extent, the residential LFG control contingency also prevents inhalation

of site COPCs in ambient air that migrate to residences via soil gas.
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The rationale for the environmental monitoring program, five-year reviews, and community relations

activities would be the same as that defined for Alternative #1.

The RAOs related to ecological risks to surface water and sediments are not achieved with the
limited action approach since containment or removal of disposal areas (Solid Waste and Bulky
Waste) is not part of this alternative. The human health risk RAOs for ambient air are unlikely to be

met since emissions from the Solid Waste Area are not controlled or mitigated.

3.2.3a Alternative #3a: Horizontal Containment of Solid Waste and Bulky Waste Areas, Gas
Collection and Thermal Treatment

This alternative mitigates human health risks by combining the limited action components of
Alternative #2 with containment of the Solid Waste and Bulky Waste Areas and collection of landfill
gas. This alternative would include the following components: groundwater access restrictions,
horizontal containment for both the Solid Waste and Bulky Waste Areas, active perimeter and
internal LFG collection for the Solid Waste Area followed by thermal treatment, passive LFG
collection for the Bulky Waste Area, environmental monitoring, five-year reviews, and on-going

community relations activities.

As with Alternative #2, groundwater access restrictions would be utilized to meet the human health
RAO for preventing ingestion of groundwater contaminated by site COPCs. Achievement of these
groundwater RAOs is improved by the addition of horizontal containment at both the Solid Waste

and Bulky Waste Areas.

Horizontal containment mitigates the ecological risks to Mitchell Brook from the Solid Waste Area
by reducing infiltration and eliminating leachate breakouts. Therefore, this alternative achieves the
ecological RAO for Mitchell Brook. Similarly, ecological risks to the Saugatucket River are

substantially reduced through horizontal containment of the Bulky Waste Area.
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Human health RAOs for ambient air are achieved in this alternative by a combination of active

internal and active perimeter LFG collection in the Solid Waste Area followed by thermal treatment.

The active perimeter LFG collection system (Solid Waste Area), passive internal LFG collection
system (Bulky Waste Area), and appropriate environmental monitoring all combine to achieve the

safety risk RAOs for soil gas.

This alternative does not fully achieve the ecological risk RAO for the Saugatucket River since

leachate is not collected or treated.

3.2.3b Alternative #3b: Horizontal Containment of Solid Waste and Bulky Waste Areas, Gas
Collection and Treatment by Photocatalytic Oxidation

This alternative is identical to Alternative #3a, except that the gas collected by the active perimeter
and internal LFG systems at the Solid Waste Area is treated by photocatalytic oxidation instead of
a flare. RAOs for ambient air can be met by photocatalytic oxidation as well as by thermal
treatment, because the technology is effective in destroying chlorinated VOCs. Detailed evaluation
of this alternative along with Alternative #3a is being conducted because, although both meet RAOs
equally, the alternatives will vary with respect to implementability, cost, and compliance with

ARARs.

3.2.4a Alternative #4a: Horizontal Containment of Solid Waste and Bulky Waste Areas,
Leachate Collection and On-Site Treatment, Gas Collection and Treatment

This alternative provides additional mitigation of ecological risks when compared with Alternatives
#3a and 3b by collection and treatment of leachate from the Bulky Waste Area. For the purposes
of detailed evaluation thermal treatment has been included as the gas treatment technology, although
photocatalytic oxidation could be substituted depending on the results of the comparative analysis
between Alternatives #3a and #3b. Mitigation of human health risks remains the same as

Alternatives #3a and 3b. Components of this alternative would include all of those identified for
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Alternatives #3a and 3b plus the following: Bulky Waste Area leachate collection, on-site treatment,

and discharge.

All human health and ecological risk RAOs are met with this alternative by addressing all the site

media of concern: groundwater, surface water/sediments, ambient air, and soil gas.

3.2.4b Alternative #4b: Horizontal Containment of Solid Waste Area, Landfill Mining of
Bulky Waste Area, Leachate Collection and On-Site Treatment, Gas Collection and Thermal
Treatment

This alternative differs from Alternative #4a in that the Bulky Waste Area is remediated by landfill
mining, rather than containment. This alternative provides additional mitigation of ecological risks
when compared with Alternatives #3a and 3b because it removes the major source contributing to
the generation of contaminated leachate from the Bulky Waste Area. Ecological risks due to
leachate entering the Saugatucket River must still be mitigated similar to Alternative #4a using
leachate collection and treatment, but these processes will not be required for the entire remedial
action time period due to source removal. This alternative offers the benefit over Alternative #4a

of potentially being able to restore the Bulky Waste Area to natural conditions.

Mitigation of human health risks remains the same as Alternatives #3a, 3b, and 4a. Components of
this alternative would include those identified for Alternatives #3a and 3b, except for horizontal

containment of the Bulky Waste Area which is replaced by landfill mining.

3.2.5a Alternative #5a: Horizontal Containment of Solid Waste and Bulky Waste Areas,
Groundwater and Leachate Collection and On-Site Treatment, Gas Collection and Thermal
Treatment

This alternative further mitigates both human health and ecological risk by depressing and collecting
groundwater from the Solid Waste Area thereby minimizing the impacts of COPCs from this area.

Alternative #5a would include the same components identified in Alternative #4a with the exception

that leachate collection, treatment, and discharge would also include groundwater from the Solid
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Waste Area. The gas treatment technology is thermal treatment for the purposes of detailed

evaluation.

3.2.5b Alternative #5b: Horizontal Containment of Solid Waste Area, Landfill Mining of
Bulky Waste Area, Groundwater and Leachate Collection and On-Site Treatment, Gas
Collection and Thermal Treatment

This alternative includes the same components as Alternative #5a, with the exception that
containment for the Bulky Waste Area is replaced by landfill mining. This alternative provides the
same mitigation of human health risks as Alternative #5a. The substitution of landfill mining for
containment still requires leachate collection at the Bulky Waste Area for mitigation of ecological
impacts to the Saugatucket River. However, this alternative offers the ecological benefit of potential

restoration of the Bulky Waste Area to natural conditions.
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SECTION 4.0
DETAILED EVALUATION OF REMEDIAL ALTERNATIVES

This section presents the results of the detailed evaluation of remedial action alternatives. This
detailed evaluation has been performed to support the selection of a remedy for the Rose Hill
Regional Landfill site, pursuant to 40 CFR §300.430(e), and provides the basis for regulatory agency
and public review of remedial alternatives. The eight site remedial alternatives formed in Section

3.2 are evaluated in this section.

This detailed evaluation of remedial alternatives for the Site was prepared in accordance with the

requirements of the NCP (40 CFR §300.430(e)(9)), using the following criteria:

. Overall protection of human health and the environment

. Compliance with applicable or relevant and appropriate requirements (ARARs)
. Long-term effectiveness and permanence

. Reduction of toxicity, mobility or volume through treatment

. Short-term effectiveness

. Implementability

. Cost

. State acceptance

. Community acceptance

These criteria are defined in detail in Table 4-1. Each of the following sections is comprised of a
detailed description of an alternative, emphasizing the application of the technologies, plus the
alternative's detailed evaluation based on the above criteria. The nine evaluation criteria defined in

Table 4-1 encompass statutory requirements and technical, cost, and institutional considerations.
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The first two criteria are called the threshold criteria and relate directly to statutory findings that
must ultimately be made in the Record of Decision (ROD); any alternative ultimately selected must
meet these criteria. The next five criteria, grouped as the balancing criteria, represent the primary
criteria upon which the detailed analysis is based. The final criteria, state and community
acceptance, are modifying criteria and are not evaluated in this document at this time; the modifying
criteria assessments will be addressed in the ROD once the Proposed Plan is completed and

comments on this FS and the Proposed Plan have been received.

The detailed evaluation of each alternative includes an introductory section which identifies and
discusses the specific components of that alternative prior to the evaluation of the alternative versus

the nine critena.

4.1 EVALUATION OF ALTERNATIVE #1: NO ACTION

This section describes the components of Alternative #1 followed by detailed evaluation of those

components versus the nine FS criteria.

4.1.1 Definition of Alternative #1

Alternative #1, the no action alternative, though generally not considered acceptable, is analyzed
with all of the remedial alternatives for comparative purposes, as required by the NCP. Alternative
#1 entails leaving the Site as it currently exists with no remedial work to be performed within or
outside of the limits of the site boundaries. At present, the Site has undergone minimal remedial
efforts. As shown by the RI, migration of site COPCs continues to occur with subsequent human

health and ecological exposures.

The major components of this alternative include:



. Environmental Monitoring. Environmental monitoring includes monitoring of
groundwater, surface water/sediment, ambient air, and soil gas. Monitoring locations,
frequencies and analytes for groundwater and surface water/sediment are listed in
Table 4-2. Ambient air and soil gas monitoring locations, frequencies and analytes are
listed in Table 4-3.

The detailed rationale for environmental monitoring locations, frequencies and analytes
is discussed in Section 4.1.1.1.

. Five-Year Review. Because this alternative would result in contaminants remaining
on the Site, CERCLA §121© and §300.430(f)(4)(ii) of the NCP require that the Site
be reviewed every five years. Quarterly monitoring results collected over the previous
five years would be compiled and evaluated for contaminant migration trends, as well
as compared to ARARs. An assessment of human health and ecological risks would
also be conducted, to bring the baseline up-to-date. This alternative would then be re-
evaluated using the new data, and a determination made as to whether or not additional
remedial actions were necessary.

. Community Relations Activities. As the remedy for the Proposed Plan is devised and
implemented, on-going community relations activities will be conducted to provide

appropriate information, receive comment on that information and to adjust the remedy
at key milestones.

Figure 4-1 illustrates the site layout for Alternative #1. The components of the alternative, and how

they interact with each media of concern, are presented on Figure 4-2.

4.1.1.1 Environmental Monitoring. In accordance with RCRA groundwater monitoring
requirements, 40 CFR 264.95-264.100, long-term monitoring of site groundwater is necessary to
measure the progress of the remedy and to ensure that the selected remedial alternative is protective
of human health and the environment. Additional performance monitoring may be required for
evaluating natural attenuation of the contaminants. Furthermore, surface water/sediment, ambient

air, and soil gas would also be monitored on a periodic basis.

Groundwater. The groundwater locations that would be sampled as part of the long-term
monitoring program are presented in Table 4-2 and are shown in Figure 4-1. To establish a baseline

of current COPC concentrations and determine seasonal variations, all of the new and existing
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monitoring wells (36 locations) sampled during the RI plus seven residential wells would be sampled
quarterly for the first year (43 locations total). Comparison of current COPC concentrations with
results found during the RI would identify changes in groundwater chemistry and monitor migration
of COPCs from the Site. Monitoring of all of the new and existing monitoring wells should provide
sufficient coverage of the Site in terms of background, source area, and downgradient conditions in
each of the site groundwater flow zones (shallow overburden, deep overburden, and bedrock). The
residential wells selected correspond to properties that are not currently connected to the Wakefield

Water Supply line.

Following the first year, the number of site monitoring wells and the frequency of sampling may be
reduced based on the findings from the first year's data. For purposes of estimating costs in this FS,
it is assumed that starting the second year of the remedy, the sampling program would be conducted
on a semi-annual basis at one-half of the site monitoring wells and residential wells presented in

Table 4-2 (21 locations total).

Parameters selected for groundwater monitoring consist of volatile organic compounds (VOCs)
including acrylamide, semivolatile organic compounds (SVOCs), and total metals. It is assumed that
samples will be collected using EPA Region I low-flow groundwater sample collection methods.

The parameters selected include the site COPCs.

Monitoring used to evaluate natural attenuation of COPCs at the site may include parameters such
as dissolved oxygen, nitrate, nitrite, dissolved ferrous iron, sulfate, pH, redox potential and dissolved
hydrogen. Selection of the site-specific parameters to be used should be performed during the design

phase of the project.

Surface Water/Sediment Monitoring. The surface water/sediment monitoring program would be
similar to the groundwater monitoring program. All of the surface water/sediment locations sampled
during the RI (Table 4-2 and Figure 4-1) would be monitored quarterly for the first year (18 locations

total). Following the first year, the number of surface water/sediment locations and the frequency
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of sampling may be reduced based on the findings from the first year's data. For the purposes of
estimating costs in this FS, it is assumed that starting the second year of the remedy, the sampling
program would be conducted on a semi-annual basis at one-half of the surface water/sediment

locations presented in Table 4-2 (9 locations total).

Parameters selected for surface water/sediment monitoring consist of VOCs including acrylamide,

SVOCs, and total metals. The parameters selected include the site COPCs.

Ambient Air Monitoring. Ambient air monitoring is required to characterize impacts of migrating
landfill gases on ambient air quality. The ambient air monitoring program is presented in Table 4-3.
To establish a baseline of current COPC concentrations and evaluate seasonal variations, if any, six
locations would be sampled quarterly for the first year. These results would be compared with
ambient air results from the LFG removal action (U.S. EPA, 1993c). The six locations would
include: three stations in the Solid Waste Area, two stations in the Bulky Waste Area, and one
background station at an upwind location on the day of sampling. It should be noted that monitoring
of indoor air in residential basements would not occur under any alternative in this FS since this is

being conducted as part of the LFG removal action.

Following the first year, the number of ambient air monitoring locations and the frequency of
sampling may be reduced based on the findings from the first years' data. For purposes of estimating
costs in this FS, it is assumed that starting the second year of the remedy, the sampling program

would be conducted on a semi-annual basis at only four locations.

The analytes proposed to be tested for would include: volatile organic compounds (TO-14 organics),
sulfur, and odor causing compounds such as mercaptans and hydrogen sulfide (H,S) and methane
(CH,). This list of analytes would include all potential COPCs for landfill gas as well as major
compounds that could create odors. Methane is included to provide data to correlate methane
concentrations, which can be easily measured using field instruments, with concentrations of COPCs

which generally require analytical measurement.
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Soil Gas Monitoring. Measurements of soil gas concentrations are needed to provide an indication
of lateral migration of landfill gas into adjacent vadose zone soils from the Solid Waste and Bulky
Waste Areas. Existing permanent soil gas points from the RI would be converted to permanent
points for long-term monitoring and used to measure these soil gas concentrations. Conversion to
permanent points would involve drilling to greater depths and installation of more secure housings

at the ground surface.

The locations for perimeter soil gas monitoring would include three sides of the Solid Waste Area:
1) the northern edge of the area, 2) the western boundary with Rose Hill Road, and 3) the southern
boundary with the transfer station access road. These boundaries would be covered by permanent
soil gas monitoring points. A representative number of these points would be selected to
characterize landfill gas migration in these directions. At a minimum, one soil gas point should be
monitored for every 200 feet of perimeter distance, resulting in a minimum of 32 points for
monitoring. In addition, two permanent locations would be selected within the Solid Waste Area
along with one location within the Bulky Waste Area for comparison of source area results to
perimeter results. This would result in a total of 35 locations for soil gas monitoring. The frequency
of soil gas monitoring would be quarterly during the first year of the remedy to evaluate seasonal

variance of landfill gas migration.

Following the first year, the number of soil gas monitoring locations and the frequency of sampling
may be reduced based on the findings from the first years' data. For purposes of estimating costs in
this FS, it is assumed that starting the second year of the remedy, the sampling program would be

conducted on a semi-annual basis at 18 locations.

The analytes proposed to be tested for would include: methane, carbon dioxide (CO,), oxygen (O,),
and vinyl chloride as an indicator compound for volatile COPCs. Analytical methods would only
be used to verify field results during the first sampling round. Field instruments and test kits would
be used to conduct analyses and select which samples would be sent for laboratory analysis. Field

instruments such as the Model 1939 GasTechtor™, manufactured by GasTech, can monitor methane
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(total explosive gas measured as methane) and oxygen. Field test kits such as Draeger™ adsorbent
indicator tubes, manufactured by Driagerwerk Aktiengesellschaft of Germany, can test for carbon

dioxide and selected volatile organic COPCs in relatively high concentrations.

Soil gas points would be modified or constructed with air-tight seals to minimize escape of volatile
constituents (such as vinyl chloride) during testing. This may take the form of sample taps with

appropriate valves and tubing that can directly connect to the sampling instruments.

4.1.2 Nine Criteria Evaluation of Alternative #1

The analysis of Alternative #1 with respect to the nine criteria is presented in a narrative form in the
following paragraphs. The assessment focuses on how, and to what extent, the factors within each
of the criteria are addressed. Evaluations of the criteria focus on the two primary means for
migration of COPCs into site media; e.g. leachate from the disposal areas impacting groundwater

and surface water/sediment and landfill gas affecting ambient air and soil gas.

4.1.2.1 Overall Protection of Human Health and the Environment from Alternative #1.
Alternative #1 would not provide any protection of human health from risks identified in the baseline
human health risk assessment (M&E, 1994; M&E, 1998). Current baseline risks to human health
from inhalation of COPCs from landfill soil gas at the Solid Waste Area and at nearby residences
are in excess of the EPA target cancer risk range of 10 to 10%. Future baseline risks to human
health from ingestion of COPCs in groundwater at the Site are in excess of the EPA target cancer
risk range under an assumption of residential use of the Site. However, future consumption of
groundwater at the Site is not considered likely as a result of the groundwater classifications at the
Site. As discussed in Section 2.4.1.4, however, this risk is not considered to be associated with the
Site. Because there would be no removal or containment of contamination with this alternative, risks
to potential receptors at the Site and in the vicinity of the Site would continue. There would be no
additional short-term human health risks associated with this alternative. Specific long-term and

short-term human health risks are discussed in Sections 4.1.2.3 and 4.1.2.5, respectively.
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This alternative would not be protective of ecological resources as there would be no reduction in
long- or short-term risks relative to existing (baseline) conditions. The documented adverse impacts
to the benthic community in Mitchell Brook and the Saugatucket River would persist, as would
possible adverse impacts to other wetland and aquatic species. There would be no reduction in
contaminant migration via leachate and groundwater from the Site to these two water bodies. Other
than the continued presence of contaminants in on-site media, there would be no direct impacts to
wetlands and other wildlife habitats under the no action alternative, since no disturbance of these

habitats would occur.

Alternative #1 fails to meet the RAOs for the Site and does not reduce risks to human health and the

environment below baseline levels.

4.1.2.2 Compliance With ARARs from Alternative #1. Action-specific ARARs under this
alternative are presented in Table 4-4. Any remedial actions taken under this alternative must
comply with the ARARSs listed in this table. Environmental monitoring will be used as an indicator
of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.

As this is a no action alternative, ARARs are not expected to be fully met.

4.1.2.3 Long-term Effectiveness and Permanence from Alternative #1. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.

Magnitude of Residual Risks. The no action alternative implements no controls to reduce the
release of leachate to groundwater or landfill gas to air. It also includes no controls to prevent
human contact with groundwater. Residual risks would include those risks identified in Section 2.0
as there would be no reduction of health risks with this alternative. Media associated with baseline

health risks include groundwater, indoor air, and ambient air.



Carcinogenic human health risk to a visitor from inhalation of landfill gas components at the Solid
Waste Area is estimated at 4.4x10™, based on maximum concentrations in landfill gas (see Table 2-
1BO) (M&E, 1998). Carcinogenic risk to a resident from inhalation of landfill gas components in
ambient air at nearby residential locations is estimated as 8.1x10 (see Table 2-1BM), based on
modeling from maximum landfill gas concentrations (M&E, 1998). Carcinogenic risk from indoor
inhalation of landfill gas components at a future residence is estimated as 1.9x107 (see Table 2-
1BM) based on the maximum concentration of vinyl chloride measured in an off-site residential
basement (M&E, 1998). Two residences, numbers 278 and 349 Rose Hill Road, currently have
methane sensors with an alarm and ventilation system installed in their basements. Carcinogenic
risk from indoor inhalation of landfill gas components at these residences is estimated to be 4.9x10™
(see Table 2-1BK). This risk estimate is based on the estimated maximum concentration of vinyl
chloride that could accumulate in a basement without detection of methane by the methane sensors
and subsequent ventilation of the basement. This risk estimate could be exceeded at homes lacking

an alarm and ventilation system.

Carcinogenic and non-carcinogenic risks to a potential future resident at the Site from ingestion of
groundwater is estimated as 2.8x10% and 51, respectively, based on maximum concentrations of
COPCs in Solid Waste Area groundwater (M&E, 1998). However, future consumption of
groundwater at the Site is not considered likely as a result of groundwater reclassification as

discussed in Section 1.0.

A hazard index of 17 is estimated for an off-site receptor at a nearby residence from ingestion of
manganese in residential well water, exceeding the EPA target non-cancer risk limit of 1. As
discussed in Section 2.4.1.4, this risk is not considered to be associated with the Site. Landfill refuse
is believed to be in contact with groundwater at the Site, creating a continuous source of groundwater
contamination. Residual risks with this alternative include human health risks from groundwater

ingestion if the plume of groundwater contamination migrates to off-site residential well locations.
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Residual risks would also include those risks identified in the baseline ecological risk assessment.
The medium associated with significant baseline ecological risks includes the surface waters of
Mitchell Brook and the Saugatucket River (due to contamination from on-site leachate discharges).
The no action alternative would not result in a quantifiable long-term reduction in risk to ecological
receptors since leachate would continue to be generated and enter Mitchell Brook and the
Saugatucket River. Ecological exposures would continue over the long term and contaminant
migration would continue to Mitchell Brook and the Saugatucket River. Documented adverse

impacts to the aquatic community in these surface water bodies would persist.

Adequacy of Controls. Measures are described below that detail controls to be placed on untreated
waste, waste-contaminated media, and treatment residuals from implementation of Alternative #1.
Under this alternative, no measures would be conducted for untreated waste at the Site beyond
remediation by natural attenuation. There would, therefore, be no treatment residuals generated in

this alternative.

Groundwater/L eachate. There are no measures which would eliminate the source in this
alternative. Monitoring of groundwater and surface water, however, would be part of the
alternative and would monitor progress of any natural attenuation that occurs.

Landfill Gas. No measures are implemented in this alternative that remediate, capture, or
treat landfill gas. Monitoring of ambient air and soil gas, however, would be part of the
alternative and would monitor progress of any natural attenuation that occurs.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability,
and permanence control measures that are provided to protect human health and the environment

from untreated waste and waste-contaminated media.

Groundwater/Leachate. In this alternative, there are no measures which would assist in
protection against untreated waste or waste-contaminated media at the Site. However,
monitoring of groundwater and surface water would provide an accurate measure of plume
migration and/or any natural attenuation that may be occurring, thus providing a basis for
modification of the remedy, if required.
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Landfill Gas. Similar to groundwater/leachate, monitoring of air and landfill gas would
provide a basis for implementation of additional controls, if required.

Need for Five-Year Review. Because wastes would remain on the Site under this alternative,
CERCLA §121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted
every five years until it is demonstrated that there is no longer a threat to human health or the
environment from the Site. For the purpose of this FS and costing, it is assumed that a "Level I"

review, the lowest level, would be conducted.

4.1.2.4 Reduction of Toxicity, Mobility or Volume through Treatment frt;m Alternative #1.
This criteria evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.

Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

Groundwater/Leachate. No treatment processes utilized.

Landfill Gas. No treatment processes utilized.

Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may

also include other hazardous materials that are involved in the remedy.

Groundwater/Leachate. None.

Landfill Gas. None.
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Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.

Groundwater/Leachate. None, except for natural attenuation.

Landfill Gas. None, except for natural attenuation.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.

Groundwater/Leachate. There are no remedial components in this alternative which may be
evaluated for irreversibility.

Landfill Gas. There are no remedial components in this alternative which may be evaluated
for irreversibility.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.
Groundwater/[eachate. This alternative would not involve any treatment of
groundwater/leachate and, therefore, would not generate any residuals.
Landfill Gas. This alternative would not involve any treatment of landfill gas and, therefore,

would not generate any residuals.

4.1.2.5 Short-term Effectiveness of Alternative #1. This alternative is evaluated for effectiveness
in protecting the community and local workers, site remediation workers, and the environment

during the construction and implementation of the remedy.
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Community Protection. Since this alternative involves no construction measures, there would not

be an additional risk to the community from exposure to contaminants.

Worker Protection. Since this alternative involves no construction measures, there would not be

an additional risk to workers from exposure to contaminants.

Environmental Protection. The no action alternative does not result in a quantifiable short-term
increase or reduction in risk to ecological receptors. Ecological exposures would continue over the
short term at baseline levels and contaminant migration would continue to Mitchell Brook and the
Saugatucket River. Documented adverse impacts to the aquatic community in these surface water

bodies would persist. Short-term habitat impacts due to remedial activities would not occur.

Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. The time required to meet the RAOs will be the time until all site COPCs are
removed from the disposal areas by natural attenuation. This time cannot be accurately
estimated but would likely be at least as long as the default duration for remedial actions (30
years).

Surface Water/Sediments. The time required to meet the RAOs for this media will be the
same as the groundwater media.

Ambient Air. The time required to meet the RAO for this media will be the time until LFG
generation is significantly reduced or ceases (e.g. natural attenuation). Typically this is on
the order of 20 to 30 years after placement of the waste. Since the last refuse was placed
within the Solid Waste Area in 1982, natural attenuation will not occur for another 5to 15
years.

Soil Gas. The time required to meet the RAO for this media will be the same as the ambient
air media.
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4.1.2.6 Implementability of Alternative #1. The implementability of this alternative is discussed
as a measure of the technical and administrative feasibility of this approach as well as the availability

of key services and materials required for this remedy.

Technical Feasibility. The relative ease of implementing the remedy is summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/leachate. There are no construction activities for Alternative #1, only on-going
environmental monitoring as part of long-term operations. The necessary groundwater
monitoring wells are already in place for the environmental monitoring program.

As this is the no action alternative, the RAOs will not be met.

Future actions could be implemented to increase this alternative's remedial effectiveness, if
necessary.

The environmental monitoring approach would measure the effectiveness of groundwater
natural attenuation.

Landfill Gas. As with groundwater/leachate, there are no construction activities for
Alternative #1, only on-going environmental monitoring as part of long-term operations.
Conversion of selected temporary soil gas points to permanent points will be required to
conduct the soil gas portion of the environmental monitoring.

As this 1s the no action alternative, the RAOs will not be met.

Future actions could be implemented to increase this alternative's remedial effectiveness, if
necessary.

The environmental monitoring approach will only indirectly measure the effectiveness of
natural attenuation of the Solid Waste and Bulky Waste Areas for LFG production. Only
methane and site COPC concentrations will be recorded; total LFG production cannot be
effectively measured.

Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory

approvals and permits for the remedy is evaluated below.
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Groundwater/l eachate. No regulatory approvals or permits are anticipated to be required to
implement the remedy in Alternative #1. However, coordination with state and local
authorities may be necessary to effectively implement the environmental monitoring program.

Landfill Gas, As with groundwater/leachate, no regulatory approvals or permits are
anticipated to be required, but coordination with state and local authorities may be necessary
to effectively implement the LFG portion of the environmental monitoring program.

Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of treatment
storage and disposal facilities (TSDFs), availability of necessary equipment and specialists, timing

and scheduling, and availability to obtain competitive cost bids.

Groundwater/Ieachate. The only major effort required for Alternative #1 is monitoring of
the groundwater and surface water/sediment which will not require a TSDF, specialized
services, nor extensive scheduling. Many consultants and firms are available to conduct the
environmental monitoring, five-year reviews and community relations activities in a cost-
effective manner.

Landfill Gas. As with groundwater/leachate, environmental monitoring of the ambient air
and soil gas is the only major effort. Therefore, availability of services and materials is the
same as discussed for groundwater/leachate.

4.1.2.7 Cost of Alternative #1. Capital costs associated with this alternative are limited to
construction of permanent soil gas monitoring probes required for the environmental monitoring.
Total capital costs are $0.11 million. Annual operations and maintenance (O&M) costs are limited
to monitoring of the remedy. The present value of all O&M costs is $3.46 million. This estimate
assumes an inflation rate of 3.0%, a discount rate of 7.0% and a contingency of 20%. The duration
of groundwater, surface water/sediment monitoring activities is assumed to be 30 years, in
accordance with RI/FS guidance (EPA, 1988c). The duration of ambient air and soil gas monitoring
is estimated to be 15 years since LFG generation is expected to cease by that time. Total costs are

therefore $3.57 million. These costs are summarized in detail in Appendix G.
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4.1.2.8 State and Community Acceptance of Alternative #1. Comments from the State of Rhode
Island, the town of South Kingstown, and citizens of the community regarding this alternative will

be addressed after the public comment period.
4.2 EVALUATION OF ALTERNATIVE #2: LIMITED ACTION

This section describes the components of Alternative #2 followed by detailed evaluation of those

components versus the nine FS criteria.
4.2.1 Definition of Alternative #2

Alternative #2, the limited action alternative, involves no active treatment for mitigating site risks.
Alternative #2 provides limited actions for protection of human health by preventing and controlling

exposure to COPCs through institutional controls.

The major components of this alternative include:

. Groundwater Access Restrictions. Where appropriate, restrictive covenants would be
placed on properties to restrict use of groundwater as a potable water source. Detailed
discussion of this component is provided in Section 4.2.1.1.

. Landfill Gas Access Restrictions. Access restrictions in the form of fencing and
appropriate security measures are included in this alternative to mitigate human health
risk due to ambient air within the Solid Waste Area. Ambient air for this area is
subject to high levels of fugitive LFG emissions which contain site COPCs. These
measures have been described in Section 3.1.7.1.

. Residential Landfill Gas Control Contingency. Dependent upon results of the

environmental monitoring program, impacted off-site residential or commercial
properties may qualify for installation of LFG controls. Impacted receptors are those
parties whose soil gas or indoor air concentrations exceed Section 2.0 criteria. This
component includes the installation of LFG alarms, controls and venting systems at
individual residences or commercial properties. A detailed description of this
component is provided in Section 4.2.1.2.
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. Environmental Monitoring. Environmental monitoring includes monitoring of
groundwater, surface water/sediment, ambient air, and soil gas. Monitoring locations,
frequencies and analytes are the same as described previously for Alternative #1.

. Five-Year Review. As described previously in Alternative #1, since this alternative
would result in contaminants remaining on the Site, CERCLA §121(c) and
§300.430(f)(4)(ii) of the NCP require that the site remedy be reviewed every five years.

. Community Relations Activities. In the same manner as Alternative #1, on-going
community relations activities will be conducted to provide appropriate information,
receive comment on that information and to adjust the remedy of the Proposed Plan at
key milestones.

Figure 4-1 illustrates the site layout for Alternative #2. The components of the alternative, and how

they interact with each media of concern, are presented on Figure 4-3.

4.2.1.1 Groundwater Access Restrictions. Access restrictions would restrict or limit use of the
groundwater associated with current or future property lots for the site study area and affected
residential areas. Restrictive covenants may take the form of property deed restrictions,
modifications to local zoning regulations or other changes in local ordinances. These have been

described in detail in Section 3.1.1.1.

4.2.1.2 Residential Landfill Gas Control Contingency. Dependent upon results of the
environmental monitoring program, impacted off-site residential or commercial properties may
qualify for installation of LFG controls. This component includes the installation of LFG alarms,
controls and venting systems at individual residences or commercial properties. A detailed

description of this component has been discussed previously in Section 3.1.7.3.

EPA's Environmental Services Division has already installed methane sensors in two residential
locations adjacent to the Site (in April 1993). These locations are 278 and 349 Rose Hill Road
(U.S. EPA, 1993b). Based on Section 2.0 criteria (and shown in the calculations in Appendix F),

these two residences plus two additional residences (220 and 235 Rose Hill Road) would qualify for
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the LFG control contingency. This FS includes installation of LFG control systems at all four

residential locations.

4.2.2 Nine Criteria Evaluation of Alternative #2

The analysis of Alternative #2 with respect to the nine criteria is presented in a narrative form in the
following paragraphs. The assessment focuses on how, and to what extent, the various factors within
each of the criteria are addressed. Uncertainties associated with the alternative are included when

changes in assumptions or unknown conditions could affect the analysis.

4.2.2.1 Overall Protection of Human Health and the Environment from Alternative #2.
Alternative #2 would provide some overall protection of human health by reducing risks identified
in the baseline risk assessment, which are discussed in Section 4.1 for Alternative #1. An increase
in the overall protection of human health from implementation of Alternative #2 would result from
the reduction or prevention of exposures to COPCs in soil gas and groundwater using institutional
controls. Specific long-term and short-term human health risks are discussed in Sections 4.2.2.3 and
4.2.2.5, respectively. Site COPC concentrations in ambient air are expected to be the highest above
the Solid Waste Area. Current risks from inhalation of COPCs in ambient air from landfill gas at
the Solid Waste Area would be reduced as a result of access restrictions (fencing) to this disposal
area. Due to the installation of fences, the frequency with which the public would be present on the
Solid Waste Area would be significantly reduced. Therefore, inhalation exposures at the Solid
Waste Area would be significantly reduced. However, potential risks at nearby residences, where
exposures to ambient air would be of longer duration, would still be expected to slightly exceed EPA
target cancer risk limits as a result of the lateral migration of site COPCs in landfill gas. Risks to
residents from site COPCs migrating to indoor air through soil gas would be reduced as the result
of the residential LFG controls, including basement methane sensors and ventilation systems.

However, risks to residents with these systems may still exceed EPA target cancer risk limits.
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The potential for future risks from ingestion of COPCs in groundwater at the Site would also be
reduced, as a result of restrictions on the future use of groundwater at the Site as a drinking water

source.

Additional short-term risks to workers would result from the installation of fences at the Solid Waste
Area. These risks would be mitigated by the use of appropriate personal protection equipment (PPE)

as needed.

Limited action, primarily fencing the Site, would have little or no effect on the ecological resources
utilizing the Site. The fence would not be a barrier to avian species and most mammals could slip

under or dig under the fence.

The overall protectiveness of ecological resources is similar to Alternative #1. Some minor, short-
term disturbances to small areas of wetland buffer zone and upland habitats would occur during
fence installation. These impacts would be reduced or mitigated by instituting proper construction
and erosion control methods and minimizing tree clearing activities. Any wetlands and/or
watercourse impacts would be mitigated in accordance with appropriate RIDEM guidance and

policies.

4.2.2.2 Compliance With ARARs from Alternative #2. Action-specific ARARs under this
alternative are presented in Table 4-5. Any remedial actions taken under this alternative must
comply with the ARARs listed in this table. Environmental monitoring will be used as an indicator
of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.

As this is a limited action alternative, ARARSs are not expected to be fully met without further action.

4.2.2.3 Long-term Effectiveness and Permanence from Alternative #2. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.
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Magnitude of Residual Risks. Similar to Alternative #1, this alternative does not implement any
controls to reduce the release of leachate to surface water and groundwater, or reduce the release of
landfill gas to ambient air. It also does not actively remove or contain contamination at the Site.
Under this alternative, the magnitude of residual risks would depend on the enforcement and
reliability of institutional controls to prevent human exposures to COPCs in ambient air and

groundwater.

Under this alternative, human health risks to a visitor from ambient air inhalation exposures to
COPCs in ambient air at the Solid Waste Area, currently estimated as 8.1x10* (M&E, 1998), would
be considerably reduced by the installation of 8-foot-high fencing around the Solid Waste Area.
Risks at the Solid Waste Area, where ambient air COPC concentrations are expected to be the
highest, would be reduced because a visitor's frequency of exposure would be much lower as a result

of the fencing.

Residual human health risks to a resident from off-site inhalation exposure to COPCs in ambient air
would not be reduced under Alternative #2, as there would be no containment of uncontrolled soil
gas emissions at the Site. Risks from this exposure pathway would be equal to risks presented for
Alternative #1: carcinogenic risk to a resident from inhalation of landfill gas components in ambient
air at a nearby residence is estimated as 1.5x10* (M&E, 1998), based on dispersion modeling from

the maximum on-site vinyl chloride concentration in landfill gas.

Risks to a resident from off-site inhalation exposures to COPCs in indoor air would be reduced
following the installation of a residential LFG control system, which includes methane sensors, an
alarm, and a basement ventilation system. Installation of this system would be triggered by long-
term monitoring of soil gas and basement indoor air; however, monitoring equipment does not have
the capacity to detect vinyl chloride at its PRG. Carcinogenic risks with this system installed are
estimated to be below 2x10*, which is near the upper limit of the EPA target cancer risk range. This
risk estimate is based on the estimated maximum concentration of vinyl chloride that is expected to

accumulate in a basement without detection of methane by the methane sensors and subsequent
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ventilation of the basement (see Appendix F). Two residences, numbers 278 and 349 Rose Hill
Road, currently have methane sensors with an alarm and ventilation system installed in their

basements,

Potential future residual human health risks to a resident from ingestion of COPCs in groundwater
at the Site would be significantly reduced by the implementation of groundwater access restrictions
at the Site. Residual risks from this exposure pathway would be eliminated if long-term enforcement

of the groundwater access restrictions is maintained.

Contaminated groundwater would not be contained with this alternative. Therefore, the reduction
of any residual risks to off-site receptors from groundwater ingestion exposures would be dependent
on implementation of groundwater access restrictions. Residual risks from this exposure pathway

would be eliminated if long-term enforcement of the groundwater access restrictions is maintained.

The long-term effectiveness and permanence with regards to ecological receptors is the same as

Alternative #1.

Adequacy of Controls. Measures are described below that detail controls to be placed on untreated
waste, waste-contaminated media and treatment residuals from implementation of Alternative #2.
Under this alternative, no measures would be conducted for untreated waste at the Site beyond that

of natural attenuation.

Groundwater/I eachate. There are no measures which eliminate the source in this alternative.
Groundwater access restrictions provide protection of human health. These measures would
adequately protect against human exposures by ingestion of contaminated groundwater,
provided they are implemented reliably. Monitoring of groundwater is also part of the
alternative and would monitor progress of plume migration.

Landfill Gas. No measures are implemented in this alternative that remediate, capture, or
treat landfill gas from the Solid Waste Area. However, this alternative includes the
residential LFG control contingency to mitigate LFG hazards in soil gas. Installation of the
access restrictions (fence) at the Solid Waste Area would provide a moderate degree of
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adequacy in protecting on-site human receptors from inhalation hazards. Monitoring of
ambient air and soil gas would be part of the alternative and would confirm the adequacy of
controls in this alternative.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability,
and permanence control measures that are provided to protect human health and the environment

from untreated waste, waste-contaminated media, and treatment residues.

Groundwater/Leachate. This alternative would not include any treatment or source control
measures. Groundwater use restrictions could reliably prevent ingestion exposures provided
they are enforced. Monitoring of groundwater and surface water would provide an accurate
measure of the success of this remedy and provide a basis for modification of the remedy, if
required.

Landfill Gas. The access restrictions (fence) provide controls for protecting against human
inhalation exposures. Similar to groundwater/leachate, monitoring of air and landfill gas
would provide an accurate measure of the success of this remedy and provide a basis for
modification of the remedy, if required.

Need for Five-Year Review. Because wastes would remain on the Site under this alternative,
CERCLA §121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted
every five years, until it is demonstrated that there is no longer a threat to human health or the
environment from the Site. For the purpose of this FS and costing, it is assumed that a "Level 1"

review, the lowest level, would be conducted.

4.2.2.4 Reduction of Toxicity, Mobility or Volume through Treatment from Alternative #2.
This criteria evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.
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Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

Groundwater/I.eachate No treatment processes utilized.

Landfill Gas. LFG alarms, controls and venting systems (as part of the residential LFG
contingency) - soil gas

Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may

also include other hazardous materials that are involved in the remedy.

Groundwater/Leachate, None.

Landfill Gas. If residential LFG alarms, controls and venting systems are installed, then a
small fraction of LFG migrating through vadose zone soils will be redirected to ambient air.
No elimination of site COPCs will occur.

Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.

Groundwater/Leachate. There is no degree of reductions in toxicity or mobility of the COPCs
in site media, beyond natural attenuation. This alternative only eliminates a pathway from
contaminated media to receptors.

Landfill Gas. There is no degree of reductions in toxicity or mobility of the COPCs in site
media, beyond natural attenuation. This alternative only eliminates a pathway from
contaminated media to receptors.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.
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Groundwater/Leachate, There are no components in this alternative which may be evaluated
for irreversibility.

Landfill Gas. Removal of components related to the residential LFG alarms, controls and
venting systems would also result in conditions identical to the no-action alternative.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.

Groundwater/Leachate. ~ This alternative would not involve any treatment of
groundwater/leachate and, therefore, would not generate any residuals.

Landfill Gas. Migrating LFG is only re-directed to ambient air and not combusted, therefore
no residuals result.

4.2.2.5 Short-term Effectiveness of Alternative #2. This alternative is evaluated for effectiveness
in protecting the community and local workers, site remediation workers, and the environment

during the construction and implementation of the remedy.

Community Protection. The construction measures proposed under this alternative include
implementation of the following: access restrictions (fencing), and the residential LFG control
contingency. The implementation of these measures would not likely result in additional short-term

risk to the community from exposure to contaminants.

Worker Protection. Exposure to COPCs in air during installation of fencing would result in a
nominal health risk to workers. Use of PPE should be employed to reduce exposures if applicable

OSHA standards are exceeded during these activities.

Environmental Protection. Some minor, short-term disturbances to small areas of wetland
(primarily to areas within the wetland buffer zone) and upland habitats would occur during fence

installation. These impacts would be reduced or mitigated by instituting proper construction and
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erosion control methods and minimizing tree clearing activities. Any wetlands and watercourse

impacts would be mitigated in accordance with appropriate RIDEM guidance and policies.

Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. By use of groundwater access restrictions, the time required to meet the RAO
will be the time required to implement these controls. This is expected to occur within 1 year
of selection of the FS remedy.

Surface Water/Sediments. The time required to meet the RAOs will be the time until all site
COPCs are removed from the disposal areas by natural attenuation. This time cannot be
accurately estimated but would likely be at least as long as the default duration for remedial
actions (30 years).

Ambient Air. This RAO will be partly met for those locations that receive the residential
LFG control contingency and access restrictions (fencing) on the Solid Waste Area. In
general, however, the time required to meet the RAO for this media will be the time until
LFG generation is significantly reduced or ceases (e.g. natural attenuation). This time is the
same as Alternative #1.

Soil Gas. By use of the residential LFG control contingency, the time required to meet the
RAO will be the time required to implement, and achieve an operational and functional status
of the contingency. This is expected to occur within 1 year of selection of the FS remedy.

4.2.2.6 Implementability of Alternative #2. The implementability of this alternative is discussed
as a measure of the technical and administrative feasibility of this approach as well as the availability

of key services and materials required for this remedy.

Technical Feasibility. The relative ease of implementing the remedy is summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/Leachate. Similar to Alternative #1, there are no construction activities for this
alternative. Implementation of environmental monitoring would be the same as Alternative
#1.
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The reliability to meet RAOs through use of groundwater access restrictions is dependent on
effective negotiations of agreements to implement these followed by vigilant observance on
a long-term basis.

Similar to Alternative #1, future actions could be implemented to increase this alternative's
remedial effectiveness, if necessary.

Similar to Alternative #1, the environmental monitoring approach would measure the
effectiveness of groundwater natural attenuation.

Landfill Gas. The only implementation issue for this alternative beyond Alternative #1 would
be construction and operation of the residential LFG control contingency. This contingency
would require routine maintenance and periodic troubleshooting.

The reliability to meet soil gas RAOs at locations receiving the residential LFG control
contingency is refatively high. However, this alternative cannot reliably meet the ambient
air RAOs. The reliability of access restrictions (fencing) to meet ambient air RAOs is
limited.

Future actions could be implemented to increase this alternative's remedial effectiveness, if
necessary.

Similar to Alternative #1, the environmental monitoring approach will only indirectly
measure the effectiveness of natural attenuation of the Solid Waste and Bulky Waste Areas
for LFG production. However, monitoring would measure the effectiveness of the residential
LFG control contingency.

Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory

approvals and permits for the remedy is evaluated below.

Groundwater/Leachate. Similar to Alternative #1, coordination with state and local
authorities may be necessary to effectively implement the environmental monitoring program.

Significant long-term coordination between federal, state, and local authorities would be
required under this alternative. Implementation of access restrictions in the form of property
deed restrictions, modifications to local zoning, or other changes in local ordinances would
require significant legal services and coordination with the town of South Kingstown and
with the property owners.
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Landfill Gas. As with groundwater/leachate, coordination with state and local authorities
may be necessary to effectively implement the LFG portion of the environmental monitoring
program, access restrictions (fencing) and the residential LFG control contingency.

Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of TSDFs,
availability of necessary equipment and specialists, timing and scheduling, and availability to obtain

competitive cost bids.

Groundwater/Leachate. Availability of services and materials for environmental monitoring,
five-year reviews and community relations support is the same as Alternative #1.

Landfill Gas. Availability of services and materials for environmental monitoring is the same
as Alternative #1. Services and materials for installation of access restrictions (fencing) are
readily available. Contractors familiar with landfill gas applications would be required to
properly install and provide O&M support for the residential LFG control systems.

4.2.2.7 Cost of Alternative #2. Cost assumptions regarding escalation, discount rate, contingency

and duration, unless otherwise specified, are the same as Alternative #1.

Capital costs associated with this alternative are expected to be $0.36 million. Operations and
maintenance costs (expressed in net present worth dollars) are estimated at $3.48 million. Total

costs are therefore $3.84 million. These costs are summarized in detail in Appendix G.

4.2.2.8 State and Community Acceptance of Alternative #2. Comments from the State of Rhode
Island, the town of South Kingstown, and citizens of the community regarding this alternative will

be addressed after the public comment period.
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43a EVALUATION OF ALTERNATIVE #3a: HORIZONTAL CONTAINMENT OF
SOLID WASTE AND BULKY WASTE AREAS, GAS COLLECTION AND
THERMAL TREATMENT

This section describes the components of Alternative #3a followed by detailed evaluation of those

components versus the nine FS criteria.

4.3a.1 Definition of Alternative #3a

Alternative #3a provides increased mitigation of human health risks through control of landfili gas
when compared with Alternative #2 and provides improved mitigation of ecological risks through
horizontal containment of the Solid Waste and Bulky Waste Areas. The containment of the Solid
Waste Area also further mitigates human health risks by reducing migration of site COPCs into

groundwater.

The major components of this alternative include:

. Groundwater Access Restrictions. Where appropriate, restrictive covenants would be
placed on properties affected by site COPCs to limit use of groundwater as a potable
water source. The scope for this component is the same as discussed previously under
Alternative #2.

. Horizontal Containment - Solid Waste Area. Existing horizontal containment of the

Solid Waste Area consists of an approximate 1-foot-thick layer of silty-sand material
(Appendix C). To provide more effective horizontal containment, a protective cap
would be added to the Solid Waste Area. A detailed description of horizontal
containment for the Solid Waste Area has been provided previously in Section 3.1.2.1.
In addition, five piezometers would be installed within the capped portion to monitor
water levels and determine effectiveness of the containment.

. Horizontal Containment - Bulky Waste Area. Existing horizontal containment of the

Bulky Waste Area consists of an approximate 3-foot-thick layer of silty-sand material
(Appendix C). To provide a more effective horizontal containment, a protective cap
would be added to the Bulky Waste Area. A detailed description of horizontal
containment for the Bulky Waste Area has been provided previously in Section 3.1.2.2.
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. Active Perimeter LEG Collection - Solid Waste Area. A perimeter LFG collection
system would be implemented to prevent migration of landfill gas from the Solid
Waste Area into adjacent, off-site vadose zone soils. This perimeter system would
consist of a series of vapor extraction wells installed adjacent to the Solid Waste Area
in a line parallel to Rose Hill Road. Refer to Section 3.1.8.2 for a description of this
component in greater detail.

. Active Internal LFG Collection - Solid Waste Area. An internal LFG collection system

would be implemented to prevent migration of landfill gas from the Solid Waste Area
into ambient air. This internal system would consist of a series of vapor extraction
wells installed within the confines of the Solid Waste Area in an evenly-spaced grid
pattern. Further descriptive details of this component are provided in Section 3.1.8.3.

. Thermal LFG Treatment (Enclosed Flare) - Solid Waste Area. Landfill gas collected

by the internal and perimeter Solid Waste Area collection systems would be burned in
an enclosed flare for destruction of site COPCs prior to ambient air discharge. Detailed
discussion of this component is presented below.

. Passive Internal LF llection - Bulky Waste Area. A passive internal LFG
collection system would be implemented to prevent migration of landfill gas from the
Bulky Waste Area into adjacent vadose zone soils. This internal system would consist
of a series of LFG vents installed within the confines of the Bulky Waste Area in a
spatially-distributed pattern. Further descriptive details of this component are provided
in Section 3.1.8.4.

. Environmental Monitoring. Environmental monitoring includes monitoring of
groundwater, surface water/sediment, ambient air and soil gas. Monitoring locations,

frequencies and analytes are the same as described previously for Alternative #1.

. Five-Year Review. As described previously in Alternative #1, since this alternative
would result in contaminants remaining on the Site, CERCLA §121(c) and
§300.430()(4)(ii) of the NCP require that the site remedy be reviewed every five years.

. Community Relations Activities. In the same manner as Alternative #1, on-going

community relations activities will be conducted to provide appropriate information,
receive comment on that information and to adjust the remedy of the Proposed Plan at
key milestones.

Figure 4-4 illustrates the site layout for Alternative #3a. The components of the alternative, and how

they interact with each media of concern, are presented on Figure 4-5.
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4.3a.1.1 Thermal LFG Treatment (Enclosed Flare). General discussions were presented in
Section 3.1.9 regarding treatment of internal and perimeter landfill gases in an enclosed flare. This

section provides many of the technical details for this portion of the remedy.

Sizing of the flare and necessary appurtenances was conducted through vendor communication.

These communications are detailed in Appendix E. Key input values for sizing the flare include:
1) feed gas flowrate and composition, 2) flare residence time, 3) flare operating temperature, and 4)
combustion air requirements. The flare residence time is the time that COPCs within the flare are
exposed to the combustion temperature. The residence time is defined as the time needed for gas
to flow through the zone between the burner and the stack sampling port. A residence time of
approximately 1 second with an operating temperature of 1,500°F is commonly utilized as good
engineering practice for complete combustion. A higher temperature allows for a shorter residence

time.

Flow rates and compositions for the perimeter and internal LFG collection system were calculated

in Appendix E. A summary of the results is presented below.

Perimete Ie
812 ft*/minute of gas with composition of:
77% nitrogen (% by volume)
21% oxygen
1% methane
1% carbon dioxide

Internal LEG Stream
41 ft*/minute of LFG with composition of:
50% methane (% by volume)
50% carbon dioxide

Combustion air is typically ambient air that is drawn into the flare to mix with the feed gas.
Combustion air provides oxygen which is necessary for the combustion reaction to occur.
Combustion air equal to approximately 125% of the theoretical minimum flowrate is typically used

based on industry rule-of-thumb (John Zink Company, 1993). The additional 25% of combustion
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air is needed to make up for imperfect mixing conditions between air and the fuel at the flare burner.
Based on the gas stream compositions shown above, a flare design was selected which utilizes the
perimeter gas stream as combustion air, yet still combusts the contaminants in that stream. This
design uses the undiluted internal gas stream as the fuel, thereby allowing the fuel heating value to

remain high.

Although the internal gas stream initially has a heating value high enough to support flare
combustion with minor auxiliary fuel, this heating value will go down over time due to reduced LFG
production. An increased auxiliary fuel rate will then be required to supplement the internal gas
stream. An approximate propane flowrate of 6 ft’/minute will be necessary as the assumed end of
operation is approached. Future addition of refractory to reduce the flare internal diameter may be
utilized to reduce the auxiliary fuel requirements as the LFG flow rate is reduced. This should be

reviewed further during design.

Key sizing parameters necessary for ambient air dispersion modeling of an enclosed flare include:
1) flare dimensions, 2) the stack velocity, and 3) the exit or flue gas composition. Based on the
communications presented in Appendix E, the recommended flare would be 30 feet high with an

inner diameter of 3.1 feet.

The flowrate of the flue gas is determined by combining the inlet flows of three streams: the
combustion air (perimeter gas), the fuel (internal LFG), and quench air. Quench air is necessary to
prevent the flare temperature from rising above the proper operating range since methane
combustion gives off heat. The quench air acts as the medium to carry this excess heat up through
the stack and away from the flare. Based on the flare dimensions, combustion air and fuel flows
presented above, the recommended quench air flow rate is 560 ft*/minute for flare operation at
1500°F. After temperature expansion of the inlet streams, the exit gas stack velocity is

approximately 11.9 ft/second.
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Destruction removal efficiencies (DREs) for the FS are assumed to be the same as previously
specified in the design report (M&E, 1993a) since the residence time and operating temperature of
the flare are similar. Minimum expected DREs were 95% for all volatile organic compounds of
potential concern (including vinyl chloride) with the exception of benzene which was 82%. For
many COPCs, DREs were significantly higher than 95% but the estimates discussed above were

used to provide a conservative basis.

Principal combustion products from the enclosed flare include water vapor and carbon dioxide.
These are the products of hydrocarbon (i.e. methane) combustion in air. Secondary combustion
products are also generated during this process. These secondary products include trace amounts
of the following: undestroyed or partially destroyed COPCs (as defined by the DREs), undestroyed
or partially destroyed odor causing compounds such as methyl mercaptan (CH;SH) and hydrogen
sulfide, hydrogen chloride (HCl), sulfur oxides (SOy), and nitrogen oxides (NO,). The sulfur-
containing compounds such as methyl mercaptan and hydrogen sulfide are present in the landfill gas
and will oxidize during combustion to form sulfur oxides (SOy). These sulfur-containing
compounds are not COPCs but are a nuisance from the standpoint of odors. Nitrogen oxides are

formed from nitrogen in air during high temperature combustion.

4.3a.2 Nine Criteria Evaluation of Alternative #3a

The analysis of Alternative #3a with respect to the nine criteria is presented in a narrative form in
the following paragraphs. The assessment focuses on how, and to what extent, the various factors
within each of the criteria are addressed. Uncertainties associated with the alternative are included

when changes in assumptions or unknown conditions could affect the analysis.

4.3a.2.1 Overall Protection of Human Health and the Environment from Alternative #3a.
Alternative #3a would provide a significant increase in the overall protection of human health using
both the institutional controls presented in Alternative #2 to prevent exposures from occurring and

engineering controls to further reduce exposures and reduce and contain contamination at the Site.
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This alternative would provide a significant increase in the overall protection of human health,
specifically from inhalation exposures, by capping two of the disposal areas and actively collecting
and treating landfill gas within and along the perimeter of the Solid Waste Area. Access restrictions
(fencing) for the Solid Waste Area presented for Alternative #2 would be included in this altenative
to further reduce the potential for inhalation exposures on the Site. Risks to off-site receptors from
inhalation exposures to COPCs in ambient air would be reduced with a cap by minimizing
uncontrolled landfill gas emissions at the Solid Waste Area. This risk would be expected to be
reduced to within the EPA target cancer risk range. The addition of an active perimeter LFG
collection system would be expected to reduce risks to nearby residents from indoor inhalation

exposures to within the EPA target risk range.

Exposures to groundwater contaminants would be limited through implementation of groundwater

access restrictions.

Protection of human health by reductions in risk, discussed above, would result from the
containment and reduction of COPCs at the Site and from implementation of institutional controls.

Site related health risks are unlikely to exceed the EPA target risk range with this alternative.

Additional short-term risks to the community and workers at the Site may result from inhalation
exposures associated with the construction activities for this alternative. These activities include
installation of horizontal containment (e.g. caps) on the Solid Waste and Bulky Waste Areas and
intrusive work at the Solid Waste Area. Intrusive work includes installation of active internal LFG
and active perimeter LFG collection systems as well as the thermal LFG treatment system (enclosed
flare). These additional short-term risks to the community and workers would be mitigated using
dust control measures and air monitoring to detect soil gas emissions and off-site migration of
COPCs. Because worker exposures at the Site are expected to be the highest, short-term risks to
workers would be further mitigated by using PPE, as appropriate. Specific long-term and short-term

human health risks are discussed in Sections 4.3a.2.3 and 4.3a.2.5, respectively.

4-33



Horizontal containment or capping of the Solid Waste and Bulky Waste Areas would reduce
ecological exposures to site-related contaminants in wetland and aquatic habitats since leachate
generation and discharge to Mitchell Brook and the Saugatucket River would be substantially
reduced. However, since some leachate would still reach surface water bodies, ecological RAOs and

PRGs may not be met. Thus, this alternative may not be completely protective of the environment.

Capping the Solid Waste and Bulky Waste Areas and constructing the surface water detention
basins, LFG collection systems and treatment plant would result in some temporary and/or minor
impacts to ecological habitats. Installation of the cap on the Solid Waste Area would result in the
loss of a small emergent wetland area (<0.15 acres) which is dominated by common reed
(Phragmites communis). Although this wetland has minimal existing value due to its small size,
isolation, lack of standing water during most of the year, and low quality habitat, a functional

analysis (prior to construction activities) and mitigation may be required.

The presence of the cap and detention basins may also affect the hydrology of the Mitchell Brook
wetlands, due to prevention of water infiltration on the Solid Waste Area and the interception of
surface water flows from the Solid Waste Area into detention basins. Fence installation and
construction of the LFG gas treatment plant would encroach into the buffer zone of the vegetated
wetlands bordering Mitchell Brook and the Saugatucket River. Clearing of herbaceous vegetation
covering the two disposal areas, and trees and shrubs along the fringes of the disposal areas, would
be necessary during cap installation and fence construction. These areas would be revegetated upon
completion of construction activities. Similar to Alternative #2, any wetlands and watercourse

impacts would be mitigated in accordance with appropriate RIDEM guidance and policies.

4.3a.2.2 Compliance With ARARs from Alternative #3a. Action-specific ARARs under this
alternative are presented in Table 4-6. Any remedial actions taken under this alternative must
comply with the ARARs listed in this table. Environmental monitoring will be used as an indicator

of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.
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Further actions may be required to comply with ARARs if they are not met through this source

control remedy.

4.3a.2.3 Long-term Effectiveness and Permanence from Alternative #3a. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.

Magnitude of Residual Risks. Alternative #3a would combine technologies to contain and reduce
site COPCs in ambient air, soil gas and groundwater at the Site. Institutional controls are
implemented to minimize human exposures to COPCs in soil gas and groundwater both on and off
the Site. This capping and gas collection alternative would leave refuse in place, but would reduce
migration of contamination. Containment and removal efficiencies of the cap and of the active LFG
collection and treatment systems would be expected to significantly reduce risks from inhalation

cexposures.

Residual human health risks at the Site would include inhalation exposures to soil gas components
in ambient air that would escape the collection and treatment system. For the purposes of this FS
risk evaluation, gas capture rates are assumed to be 100% and the treatment efficiency of the

enclosed flare is assumed to be 95%.

Landfill gas collection and treatment would be expected to reduce human health risk to a visitor from
inhalation exposures to COPCs in ambient air at the Solid Waste Area to within the EPA target risk
range. Risks to a resident from off-site ambient inhalation exposure to COPCs would be expected
to be reduced by capping the disposal areas and collecting and treating LFG at the Solid Waste Area.
Residual risks would be from exposure to COPCs in ambient air which would not be contained by
the cap and gas collection system. Carcinogenic risk from inhalation of site COPCs in ambient air
at a nearby residence is estimated to be within EPA's target risk range. Therefore, implementation

of Alternative #3a would be expected to reduce risks from indoor inhalation exposures at nearby
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residences to within the EPA target risk range. The perimeter system is expected to capture a
significant proportion of soil gas migrating laterally off the Site which was not captured by the active
internal collection system. Therefore, a majority of soil gas migrating toward the nearby residences

would be collected, thus reducing risks to within EPA target risk range.

New risks could be anticipated from the implementation of this remedial alternative. Long-term
generation of combustion products would be expected in the enclosed flare. The combustion of
collected LFG using an enclosed flare would result in the emission of undestroyed COPCs, and
combustion products such as sulfur oxides, carbon dioxide, carbon monoxide, and acid gases,
including hydrogen chloride (U.S. EPA, 1992). These emissions could result in low-level inhalation
exposures at nearby residences. However, these emissions would be reduced by optimal combustion
conditions. In addition, it is expected that risks from combustion by-product emissions would be
evaluated using data from Demonstration of Compliance stack sampling from the combustion

reaction.

Based on the discussion in Section 3.1.8.2, pump stations and aboveground storage tanks would be
used for storage of condensate waste from the LFG collection systems. Risks to the community may
result from leaks in these storage units and subsequent soil and/or groundwater contamination. Risks
to the community may also result from transport and disposal of condensate waste. These risks
would be very small, and would be mitigated by adhering to proper design requirements and

OSHA/DOT requirements for the transport of hazardous waste.

Potential risks would be anticipated for site workers involved with O&M activities at the Site.
Inhalation exposures potentially may result from leaks and/or maintenance to the LFG collection and
treatment systems; however, a negative pressure would exist within the collection systems, and only
potential leaks between the blower and the flare are expected. Condensate would accumulate in the
aboveground storage tank for transport off of the Site; however, risks associated with contact with
these materials would be mitigated with appropriate PPE. There would be a potential explosion

hazard to workers monitoring or maintaining the system from methane in LFG, as well as from the
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use of propane as an auxiliary source of fuel for the combustion reaction. To minimize any risks,
the levels of methane in LFG would be monitored frequently to mitigate any risk from explosion and
necessary safety requirements would be followed to reduce any risk from an auxiliary source of fuel

at the Site.

Residual human health risks to a resident from ingestion of COPCs in groundwater at the Site would
be reduced by groundwater access restrictions at the Site presented for Alternative #2 and over the
long-term by horizontal containment of the disposal areas. Sources of groundwater contamination
include leachate from the infiltration of precipitation, and direct contact of the water table with
refuse. Capping the disposal areas would reduce groundwater contamination by minimizing
infiltration of precipitation and may help to reduce contact between the water table and refuse by

lowering the water table.

Groundwater contamination would not be contained with this alternative. However, residual human
health risks to off-site receptors from ingestion of contaminated groundwater resulting from any
future plume migration would be reduced using long-term monitoring of water supply wells.
Residual risks from off-site exposures to groundwater contamination are therefore similar to

Alternative #2.

Long-term risks to ecological receptors in wetland and aquatic habitats would be substantially
reduced by this capping alternative, provided that the integrity of the cap is not compromised and
it is effective in reducing leachate. RAOs may not be completely met over the long term in aquatic
areas since some leachate from the Bulky Waste Area would still reach the Saugatucket River. The
residual risk represented by this leachate is difficult to quantify but, based on the leachate generation
modeling presented in Section 4.3a.2.4, is likely to be relatively small. New, long-term risks from
the generation of combustion products in the enclosed flare are not likely. Any risks from
combustion by-product emissions would be evaluated using data from Demonstration of Compliance

stack sampling once remedial actions begin.
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Adequacy of Controls. Measures are described below that detail controls to be placed on untreated

waste, waste-contaminated media, and treatment residuals from implementation of Alternative #3a.

Groundwater/I eachate. The performance of institutional controls is the same as Alternative
#2. Horizontal containment (capping) would adequately reduce or eliminate the infiltration
of precipitation .into waste, thereby reducing the generation of leachate. The caps would
require long-term maintenance to ensure that their integrity is not compromised. This
maintenance includes periodic mowing, inspections, and maintenance of surface water
drainage channels. Additional fill may be required as landfill subsidence occurs. The caps
would also lower the water table to a limited degree, reducing contact between in-place
refuse and groundwater. This action reduces the volume of groundwater that becomes
contaminated as well as the quantity of leachate produced. The caps, however, may not
adequately cover or eliminate all leachate outbreaks. Further analysis of the cap adequacy
has been provided in Sections 3.1.2, 4.3a.1, and 4.3a.2.4. Monitoring of groundwater would
confirm progress of the remedy.

Landfill Gas. Landfill gas not captured by the active internal collection system would be
captured by the active perimeter collection system. The perimeter system and caps provide
an adequate secondary containment of landfill gas and substantially reduce fugitive
emissions to ambient air.

The hazard from untreated site COPCs exiting the enclosed flare would be very low due to
the high destruction removal efficiencies that can be expected (M&E, 1993a). Destruction
removal efficiencies would be expected to be a minimum of 95% for all VOCs. Greater
hazards are posed by condensate from the landfill gas as well as combustion by-products
such as hydrochloric acid, acid gases and odor-causing sulfur oxides. Analysis of expected
DREs and combustion by-products was described previously in Section 4.3a.1.1.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability,
and permanence control measures will provide to protect human health and the environment from

exposures to untreated waste, waste-contaminated media, and treatment residues.

Groundwater/Leachate. The reliability of institutional controls would be identical to
Alternative #2. There is a high degree of confidence associated with caps in relation to their
ability to reduce infiltration of precipitation and control the escape of landfill gas.
Furthermore, capping is an indirect method of providing protection from exposure to
untreated groundwater. By lowering the water table, the caps reduce contact between the
waste materials and groundwater. The caps, however, would not be expected to cover all
leachate outbreaks that could still be potential exposure locations.
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The 2-foot-cover layer that is part of the horizontal containments should be sufficient to
prevent cap penetration by most species of burrowing mammals. Based on the habitat
provided by the herbaceous vegetation to be planted atop the caps, species likely to burrow
in these areas include moles, voles, and woodchucks (Marmota monax). Moles and voles
rarely burrow deeper than 1.5 feet (Degraaf and Rudis, 1987; Yates and Pederson, 1982) and
thus should not affect the integrity of the cap. Woodchucks can burrow as deep as 5 feet
(Lee and Funderburg, 1982) but most tunnels are considerably shallower. Since woodchucks
prefer to dig in easily-excavated soils, it is unlikely that they would dig through the drainage
composite and geomembrane (present at a depth of 2 feet) unless these layers are cracked or
otherwise damaged. Thus, it is unlikely that waste materials would be exposed due to the
activities of burrowing animals, although burrows which penetrate the geomembrane could
allow landfill gas to escape and rain water to percolate in. During landfill inspections, signs
of burrows would be noted and appropriate action taken (e.g., trapping of animals and filling
in of burrows), if it is determined that the cap layers are being breached by these animals.

Control of woody plant growth on top of the cap would be necessary to prevent tree roots
from penetrating the cap and, thereby, compromising its integrity. This plant control would
be accomplished by periodic mowing.

Monitoring of groundwater and surface water would provide an accurate measure of the
success of this remedy and provide a basis for modification of the remedy, if required.

Landfill Gas. The presence of the active perimeter LFG collection system and caps provide
a significant degree of protection from hazards posed by uncollected landfill gas not
collected by the active internal LFG collection system.

Reliability of the landfill gas collection and treatment system will be dependent on close
attention of the operator(s), and engineering support staff on a daily, weekly or monthly basis
as appropriate. Typical operations functions would include: delivery of propane or other
auxiliary fuel, removal and disposal of condensate, analytical sampling, process monitoring,
and preparation of operations reports.

Typical maintenance and troubleshooting activities would involve the following: well and
pipeline inspections, condensate tank inspection, blower inspections/overhauls, flare burner
adjustments, instrumentation calibration, and any equipment repair. Due to the long duration
of operations, equipment replacement will also be required during planned intervals. Key
items associated with some of the equipment should be stocked. These items may include
components of the flare burner or flare louvers, instrumentation replacement parts and other
process sensors.

Troubleshooting specialists and maintenance staff should be "on call" via auto-dial modems

when operators are not present, such as nights, holidays, etc. The landfill gas collection and
flare system should be designed to default to a "shut-down" mode if equipment failures
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occurred. Thus, staff would be called in order to re-start the system. Since, the landfill gas
is generated with or without collection, the duration of these shutdowns should be limited.
While a shut-down of hours and days may be acceptable, shutdowns of weeks or months
would likely not be.

While not a COPC, methane is a safety hazard due to the potential for uncontrolled fire and
explosion. Design of all necessary system features (i.e. flame arresters, explosion-proof
wiring/instrumentation) into the collection and flare system will be required to prevent such
safety hazards.

Similar to groundwater/leachate, monitoring of air and landfill gas would provide an accurate
measure of the success of this remedy and provide a basis for operational changes such as
modification of well vacuum rate, or installation of additional wells, if required.

Need for Five-Year Review. Because wastes would remain on the Site under this alternative,
CERCLA §121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted
every five years. This five-year review would continue until it is demonstrated that there is no
longer a threat to human health or the environment from the Site. For the purpose of this FS and

costing, it is assumed that a "Level I" review, the lowest level, would be conducted.

4.3a.2.4 Reduction of Toxicity, Mobility or Velume through Treatment from Alternative #3a.
This criteria evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.

Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

Groundwater/L eachate

. Horizontal Containment - Solid Waste Area
. Horizontal Containment - Bulky Waste Area
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Landfill Gas

. Active perimeter LFG collection - Solid Waste Area

. Active internal LFG collection - Solid Waste Area

. Thermal LFG Treatment (enclosed flare) - Solid Waste Area
. Passive internal LFG collection - Bulky Waste Area

Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may

also include other hazardous materials that are involved in the remedy.

Groundwater/Leachate. Horizontal containment will reduce infiltration, and therefore
leachate generation, over time as follows (refer to specific quantities in Appendix C):

Solid Waste Area 100% reduction from Alt.#1
Bulky Waste Area 100% reduction from Alt.#1

Landfill Gas. The combination of the active internal LFG collection system, perimeter LFG
collection system and horizontal containment will capture essentially 100% of the LFG
production from the Solid Waste Area (refer to Section 4.3a.1.1). The enclosed flare DRE
of site COPCs in this captured LFG would be expected to be a minimum of 95%, but is
typically greater than 98%.

The passive internal LFG collection system in the Bulky Waste Area will redirect migrating
LFG from vadose zone soils to ambient air. No elimination of site COPCs will occur.

Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.

Groundwater/Leachate. There is no degree of reduction in toxicity of the site COPCs,
beyond natural attenuation. Horizontal containment reduces the mobility of site COPCs
from the disposal areas by limiting leachate generation.

Landfill Gas. For the Solid Waste Area, this alternative reduces both the toxicity of site
COPCs as well as their mobility into soil gas and ambient air. The degree of LFG mobility
reduction is directly related to the overall LFG capture efficiency. The LFG capture
efficiency is expected to be very high (near 100%) since this remedy includes both active
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internal and perimeter systems as well as horizontal containment. The degree of toxicity
reduction is directly related to the enclosed flare DREs which are described above.

For the Bulky Waste Area, this alternative reduces the mobility of LFG migration into
vadose zone soil gas. There is no degree of reductions in toxicity or mobility of the COPCs
in site media, beyond natural attenuation.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.

Groundwater/I eachate. Removal of horizontal containment at the disposal areas would
result in conditions marginally improved over the no-action alternative due to regrading.

Landfill Gas. Combustion of collected LFG in the enclosed flare is an irreversible
elimination of site COPCs. Removal of components related to the LFG collection and
thermal treatment systems, however, would still allow the Site to revert back to no action
conditions less the site COPCs destroyed previously.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.
Groundwater/Leachate. ~ This alternative would not involve any treatment of
groundwater/leachate and, therefore, would not generate any residuals.

Landfill Gas. Residuals from collection and treatment of LFG at the Solid Waste Area
would include the following:

. combustion by-products such as nitrogen oxides, sulfur oxides, carbon monoxide,
small quantities of undestroyed site COPCs and hydrogen chloride (from destroyed
chlorinated VOCs). Additional by-products may include dioxins as well.

. landfill gas condensate which may require disposal as a hazardous liquid.

Further detail on quantities is described in detail in Section 3.1.8.2 and Appendix E.
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4.3a.2.5 Short-term Effectiveness of Alternative #3a. This alternative is evaluated for
effectiveness in protecting the community and local workers, site remediation workers, and the

environment during the construction of the remedy.

Community Protection. Prior to cap installation, it would be necessary to grade the surfaces of the
Solid Waste and Bulky Waste Areas and remove any vegetation. This may result in fugitive dust
emissions causing inhalation of airborne soil particles and ingestion of dust depositions at nearby
residences. With regard to COPCs in LFG (i.e., vinyl chloride and 1,1-DCA), risks from these
contaminants in dust are expected to be low because they do not adsorb strongly to soil particles.

Appropriate dust control measures will be utilized during grading activities. Other short-term
inhalation exposures may result from invasive activities such as installation of the LFG collection
systems (i.e., internal and perimeter) at the Solid Waste Area. This may result in short-term
increases in LFG emissions. These risks would not be expected to be critical because, for the
chemicals of greatest concern in soil gas, short-term exposures are of lesser concern than chronic
exposures. Any short-term exposures could be minimized by enacting proper engineering controls
and scheduling of invasive operations. These risks can be monitored by conducting air sampling on
a weekly basis during construction and/or by conducting continuous air monitoring for methane with

air monitoring field instruments.

Worker Protection. Sources of short-term risks to workers would be similar to those outlined for
the community during construction and implementation of the remedial system. However,
concentrations of COPCs in air would be higher at the Site, where workers are, than at nearby
residences. Workers may be exposed to COPCs by the inhalation pathway during installation of
horizontal containment, during installation of the LFG collection systems, and during grading
activities. It is possible that air concentrations of soil gas contaminants may exceed acceptable levels
during invasive activities. These short-term risks would be mitigated using proper engineering
controls and dust controls. In addition, risks to workers can be mitigated by using PPE where

invasive work would be conducted.
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Environmental Protection. Although best management practices will be utilized, there may be
short-term risks to ecological receptors due to the mobilization of contaminants during capping
operations (primarily from fugitive dust emissions). In addition, some mortality of upland organisms
(e.g., small mammals) would occur during capping operations. Other species would be displaced
during remedial activities. Depending upon the timing of activities, impacts to species breeding on
the affected portions of the Site may occur and could include destruction of nests and young.
Beginning remedial activities during the winter or early spring period may discourage some species,
such as migratory birds, from breeding on the Site when they arrive in the spring, thereby
minimizing direct mortality to nests or young. Use of proper erosion and sedimentation control
practices would prevent adverse impacts to adjacent wetland areas during cap and facility

construction; these controls are especially important during work within the wetland buffer zone.

Direct impacts to habitats include the filling of a small, isolated emergent wetland on the southern
portion of the Solid Waste Area, removal of approximately 30 acres of habitat atop the existing
disposal areas (grasses and shrubs) and clearing of small areas of wooded habitats along the fringes
of the disposal areas. These disturbed areas would be revegetated following remediation, as

described below.

Upland Areas. A minimum of 6 inches of loam topsoil would be placed on disturbed upland
areas, including the top of the two landfill caps, if suitable soils are not present. These areas
would then be graded, mulched, fertilized, and planted with a herbaceous seed mixture. Since
existing forested areas on the Site are largely avoided during remedial activities, no woody
plantings are proposed.

Controlling the growth of woody plant species on top of the caps would be necessary and
would be accomplished by periodic mowing. The timing and frequency of mowing would
be scheduled to interfere as little as possible with wildlife use of the area, especially during
Spring bird migration and nesting.

Wetland Areas. The loss of a small emergent wetland on the southern portion of the Solid
Waste Area would likely be mitigated through wetland restoration or creation on the Site.

Some indirect impacts to the Mitchell Brook and Saugatucket River wetlands may also occur
during remedial activities due to the prevention of infiltration to groundwater and the
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interception of surface water flow on the Solid Waste and Bulky Waste Areas. During the
design phase, hydrologic investigations would be conducted and proper steps taken to ensure
that the presence of the two landfill caps and the detention basins would not adversely affect
the hydrology of Mitchell Brook, the Saugatucket River or bordering wetlands. Similar to
Alternative #2, any wetlands and watercourse impacts would be mitigated in accordance with
appropriate RIDEM guidance and policies.

Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. As with Alternative #2, the time required to meet the RAO is assumed to be
within 1 year of selection of the FS remedy for groundwater access restrictions. An
additional year is required for the horizontal containment to be completed.

Surface Water/Sediments. This RAO will be partially met upon completion of the horizontal
containment as described for groundwater. This time frame is expected to be within 2 years
of selection of the FS remedy. Refer to Alternative #2 for the discussion on time required
for natural attenuation.

Ambient Air. By use of the active internal LFG collection system, thermal LFG treatment
(enclosed flare) and horizontal containment, the time required to meet the RAOs will be the
time required to implement, and achieve an operational and functional status of these
technologies and process options. This is expected to occur within 1 to 2 years of selection
of the FS remedy.

Soil Gas. By use of the passive venting system and active perimeter LFG collection system
combined with thermal LFG treatment (enclosed flare), the time required to meet the RAOs
will be the time required to implement, and achieve an operational and functional status of
these technologies and process options. This is expected to occur within 1 to 2 years of
selection of the FS remedy.

4.32.2.6 Implementability of Alternative #3a. The implementability of this alternative is

discussed as a measure of the technical and administrative feasibility of this approach as well as the

availability of key services and materials required for this remedy.
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Technical Feasibility. The relative ease of implementing the remedy is summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAQOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/] eachate. For Alternative #3a, the technical feasibility associated with access
restrictions would be similar to that described for Alternative #2. Implementation of
environmental monitoring would be the same as Alternative #1. The caps described under
this alternative have been constructed on other sites, are proven, and commonly applied.
Construction of new caps on the Solid Waste and Bulky Waste Areas would require stripping
of existing grass as well as grading and compaction to prepare suitable bases for the caps.
Movement of large volumes of capping materials to the Site would be required for this
alternative and may require access road improvements. Local traffic problems may occur
in the area during the time of construction, due to the number of trucks required for transport
of cover materials. Also, five piezometers would be installed to monitor water levels under
the Solid Waste Area cap, resulting in a need for coordination between drilling and capping
contractors.

The reliability to meet RAOs for the groundwater access restrictions is the same as
Alternative #2. Installation of horizontal containment will provide a permanent and effective
way to meet RAOs for groundwater. To ensure operational reliability, cap maintenance and
inspections would be required.

Similar to Alternative #2, future actions could be implemented to increase this alternative's
remedial effectiveness, if necessary. Extraction wells or trenches may be added beyond the
boundaries of the caps to remove groundwater/leachate. Any attempt to add these within the
capped area may affect the integrity of the caps.

The monitoring approach would be similar to that described for Alternative #2 with the
exception of five additional water level piezometers within the Solid Waste Area. These
piezometers would assist with monitoring the source control measures used in this
alternative.

Landfill Gas. Implementation of access restrictions (fencing) would be the same as
Alternative #2. Individual components of the landfill gas collection and treatment remedy
would not present difficulties during construction. Some aspects, however, may be
encountered that may increase the complexity of the construction and may require greater
evaluation or engineering. These aspects include:

. integration of the active internal LFG collection system with the horizontal
containment
. space restrictions for the active perimeter LFG collection system

4-46



. minimizing landfill gas emissions during subsurface work
. difficulties associated with worker health and safety equipment

Alternative #3a is expected to reliably meet ambient air and soil gas RAOs. The operational
reliability of the enclosed flare would be dependent on keeping the burner lit since DREs
would be zero if combustion does not occur. Flame controls and a separate pilot flame
would be provided to ensure that the burner stays lit. The pilot light would have its own
supply of propane gas and would not be dependent on the landfill gas supply.

Future actions could be implemented to increase this alternative's remedial effectiveness, if
necessary. For example, additional perimeter wells or internal collection wells could be
added if gas capture is inadequate. Some remedial actions, however, could not be
accommodated. Removal or excavation of landfill contents after cap installation is not
practical. In addition, capped areas could not be used for other purposes such as ballfields,
parks or future construction that could compromise the cap integrity.

The environmental monitoring program would measure the effectiveness of the landfill gas
remedy at the Site.

Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory

approvals and permits for the remedy is evaluated below.

Groundwater/L eachate. Regulatory approvals or permits anticipated to be required to
implement the remedy in Alternative #2 will also apply to this alternative. State permits are
anticipated to be required prior to any cap construction. Coordination with state and local
authorities may be necessary to effectively implement groundwater/leachate monitoring and
cap maintenance.

Landfill Gas. As with groundwater/leachate, coordination with state and local authorities
may be necessary to effectively implement the LFG portion of the environmental monitoring
program.

Under Superfund, permits are not required for remediation activities. Compliance with
substantive requirements is, however, required. Thus, while an air permit would not be
required for operation of the enclosed flare, flare design must meet state standards and
RIDEM must be consulted during the design. Coordination with state and local authorities
may be necessary to effectively implement flare operation and cap maintenance. The pump
stations and aboveground storage tank for handling gas condensate would need to be
designed and installed in compliance with RCRA tank rules. Local ordinances would need
to be followed (such as building permits, well drilling or UST registration, etc.) during
construction of the collection system flare, and support facilities.
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Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of treatment,
storage, and/or disposal facilities (TSDFs), availability of necessary equipment and specialists,

timing and scheduling, and ability to obtain competitive cost bids.

Groundwater/L eachate. Availability of services and materials for the access restrictions,
environmental monitoring, five-year reviews and community relations support is the same
as Alternative #2.

The only major effort required which is different from Alternative #2 would be horizontal
containment of the disposal areas. The large volumes of materials necessary for the cap
constructions should be obtained from as near the Site as possible.

Landfill Gas. Availability of services and materials for access restrictions (fencing) and
environmental monitoring is the same as Alternative #2.

Construction of the gas collection system and fabrication of the enclosed flare would be the
most difficult aspects of implementation regarding landfill gas. Construction contractors
familiar with methane safety practices as well as knowledgeable about controlling fugitive
vapors/COPCs would be required. Fabrication of the flare would take a significant lead time
and may be limited to specific, specialty contractors.

LFG condensate may require disposal at a TSDF. There are currently no TSDFs in Rhode
Island which handle this waste stream. However, there are many companies in nearby states
which would be able to dispose of the condensate.

4.3a.2.7 Cost of Alternative #3a. Cost assumptions regarding escalation, discount rate,
contingency and duration, unless otherwise specified, are the same as Alternative #2. The duration
of O&M activities related to landfill gas collection and treatment is limited to 15 years since landfill

gas generation 1s expected to cease by this point in time.
Capital costs associated with this alternative are expected to be $6.42 million. Operations and

maintenance costs (expressed in net present worth dollars) are estimated at $7.01 million. Total

costs are therefore $13.43 million. These costs are summarized in detail in Appendix G.
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4.3a.2.8 State and Community Acceptance of Alternative #3a. Comments from the State of
Rhode Island, the town of South Kingstown, and citizens of the community regarding this alternative

will be addressed after the public comment period.

43b EVALUATION OF ALTERNATIVE #3b: HORIZONTAL CONTAINMENT OF
SOLID WASTE AND BULKY WASTE AREAS, GAS COLLECTION AND
TREATMENT BY PHOTOCATALYTIC OXIDATION

This section describes the components of Alternative #3b followed by detailed evaluation of those

components versus the nine FS criteria.

4.3b.1 Definition of Alternative #3b

Alternative #3b is the same as Alternative #3a, with the exception that collected landfill gas is treated
using an innovative technology, photocatalytic oxidation, instead of an enclosed flare.
Photocatalytic oxidation is capable of destroying COPCs in the landfill gas with an effectiveness
similar to that of an enclosed flare. Hence, this altemative is similar to Alternative #3a in that it
provides increased mitigation of human health risks through control of landfill gas when compared
with Alternative #2. It also provides improved mitigation of ecological risks through horizontal
containment of the Solid Waste and Bulky Waste Areas. The containment of the Solid Waste Area

also further mitigates human health risks by reducing migration of site COPCs into groundwater.

The major components of this alternative include:

. Groundwater Access Restrictions. Where appropriate, restrictive covenants would
be placed on properties affected by site COPCs to limit use of groundwater as a
potable water source. The scope for this component is the same as discussed
previously under Alternative #2.

. Horizontal Containment - Solid Waste Area. Existing horizontal containment of the
Solid Waste Area consists of an approximate 1-foot-thick layer of silty-sand material
(Appendix C). To provide more effective horizontal containment, a protective cap
would be added to the Solid Waste Area. A detailed description of horizontal
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containment for the Solid Waste Area has been provided previously in Section
3.1.2.1. In addition, five piezometers would be installed within the capped portion
to monitor water levels and determine effectiveness of the containment.

Horizontal Containment - Bulky Waste Area. Existing horizontal containment of the

Bulky Waste Area consists of an approximate 3-foot-thick layer of silty-sand
material (Appendix C). To provide a more effective horizontal containment, a
protective cap would be added to the Bulky Waste Area. A detailed description of
horizontal containment for the Bulky Waste Area has been provided previously in
Section 3.1.2.2.

Active Perimeter LEG Collection - Solid Waste Area. A perimeter LFG collection

system would be implemented to prevent migration of landfill gas from the Solid
Waste Area into adjacent, off-site vadose zone soils. This perimeter system would
consist of a series of vapor extraction wells installed adjacent to the Solid Waste Area
in a line parallel to Rose Hill Road. Refer to Section 3.1.8.2 for a description of this
component in greater detail.

Active Internal LFG Collection - Solid Waste Area. An internal LFG collection

system would be implemented to prevent migration of landfill gas from the Solid
Waste Area into ambient air. This internal system would consist of a series of vapor
extraction wells installed within the confines of the Solid Waste Area in an evenly-
spaced grid pattern. Further descriptive details of this component are provided in
Section 3.1.8.3.

LFG Treatment (Photocatalytic Oxidation) - Solid Waste Area. Landfill gas

collected by the internal and perimeter Solid Waste Area collection systems would
be combined and treated by a photocatalytic oxidation system for destruction of site
COPCs prior to ambient air discharge. Detailed discussion of this component is
presented below.

Passive Internal LFG Collection - Bulky Waste Area. A passive internal LFG

collection system would be implemented to prevent migration of landfill gas from
the Bulky Waste Area into adjacent vadose zone soils. This internal system would
consist of a series of LFG vents installed within the confines of the Bulky Waste
Area in a spatially-distributed pattern. Further descriptive details of this component
are provided in Section 3.1.8.4.

Environmental Monitoring. Environmental monitoring includes monitoring of
groundwater, surface water/sediment, ambient air and soil gas. Monitoring
locations, frequencies and analytes are the same as described previously for
Alternative #1.
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. Five-Year Review, As described previously in Alternative #1, since this alternative
would result in contaminants remaining on the Site, CERCLA §121(¢) and
§300.430(f)(4)(ii) of the NCP require that the site remedy be reviewed every five
years.

. Community Relations Activities. In the same manner as Alternative #1, on-going
community relations activities will be conducted to provide appropriate information,
receive comment on that information and to adjust the remedy of the Proposed Plan
at key milestones.

Figure 4-4 illustrates the site layout for Alternative #3b. The components of the alternative, and how

they interact with each media of concern, are presented on Figure 4-5.

4.3b.1.1 LFG Treatment by Photocatalytic Oxidation. A general description of the
photocatalytic oxidation technology for treatment of chlorinated VOCs in gaseous waste streams was
presented in Section 3.1.10. This section presents the basis used to estimate the size and cost of a
photocatalytic oxidation system for treating the combined perimeter gas/internal landfill gas stream

from the Solid Waste Area, and describes several vendor-specific variations of the technology.

Influent Gas Stream Characterization. Estimated flow rates and compositions for the perimeter
LFG and interior LFG collection systems are presented in Appendix E. These flows were then
combined to provide the resulting photocatalytic oxidation system influent gas stream. These

streams are as follows:

Perimeter (Gas Stream

812 ft*/minute of gas with composition of:
77% nitrogen (% by volume)
21% oxygen
1% methane
1% carbon dioxide
VOC concentrations assumed to be negligible in comparison to
concentrations in internal LFG
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Internal LFG Stream
41 ft’/minute of LFG with composition of:
50% methane (% by volume)
50% carbon dioxide
1,200 ppmv viny! chloride
See Appendix E for concentrations of other COPCs

Combined perimeter and internal LFG gas stream (feed to photocatalytic oxidation system)

853 ft*/minute of gas with composition of:
3.5% methane (% by volume)
3.5% carbon dioxide
73.5% nitrogen
19.5% oxygen
83 ppmv vinyl chloride
See Appendix E for concentrations of other COPCs

Unlike an enclosed flare or other thermal treatment system, photocatalytic oxidation systems should
not require the use of auxiliary fuel at any time during the remediation because the oxidation
reactions that destroy the COPCs are catalytic, ambient temperature reactions rather than combustion
reactions. Energy input to the photocatalytic system would be in the form of electricity to power

the UV lamps, rather than an auxiliary fuel such as natural gas or propane.

Specific Technology Descriptions and Material Balances.  Process flow schematics for two
variations of this technology are presented in Figures 3-16 and 3-17. Two systems, the Matrix
Photocatalytic system and the KSE AIR-II system, are described by their developers as
“photocatalytic oxidation™ systems and are similar in concept. The system developed by Process
Technologies, Inc. (PTI) is called a “photolytic” system as opposed to a “photocatalytic” system, and
is sufficiently different from the other two systems that a separate description is warranted. Material

balances for each system are presented in Appendix A.
Photocatalytic Systems. The Matrix Photocatalytic system and the KSE AIR-II system are

illustrated jointly in Figure 3-16. A system for collection of both perimeter and internal

landfill gas is installed, and the combined gas streams are collected and drawn into the
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photocatalytic system by a blower (or blowers). The perimeter gas and internal landfill gas
would pass through a knock-out drum to remove entrained water droplets before entering the
photocatalytic reactor. The primary difference between the two systems is the catalyst
material used. The Matrix Photocatalytic system uses titanium dioxide (Ti0O,) as the catalyst.
For certain applications, the Matrix Photocatalytic system also adds a small amount of ozone
gas to the gas stream to be treated. The purpose of the ozone is to create more free radicals

within the reactor, thereby enhancing contaminant destruction.

The KSE AIR-II system uses a proprietary catalyst that adsorbs the VOCs of potential concemn
where they are then oxidized by the combined action of the UV light and the catalyst. The
developer claims that this catalyst has a higher activity, stability, and selectivity than the

competing TiO, catalyst, resulting in lower capital and operating costs.

Photolytic System. The photolytic system of PTI, Inc. is illustrated schematically in Figure
3-17. The PTI system differs from the photocatalytic systems in two respects: (1) the influent
gas stream is concentrated to reduce the flow rate and increase contaminant concentrations
before treatment and (2) the solid material within the photolytic units is technically not a
catalyst, in that the material (a proprietary cementitious liner material) is a consumable that
has to be replaced. However, catalysts also require replacement at intervals due to
deactivation over time, and the difference between “photocatalytic” and “photolytic” is not
considered to be a significant difference, when compared to the differences between these

systems vs. an enclosed flare or other thermal treatment technology.

The adsorber/concentrator, supplied by PTI as part of their overall system, works by
adsorbing organic contaminants on an adsorbent material (i.e. carbon), and then desorbing
them using a much smaller gas flow rate. After treatment in the adsorber/concentrator, the
bulk of the landfill gas (approximately 90% of the influent flow) is exhausted to the
atmosphere, or routed to a process for destruction of methane if such destruction is deemed

necessary. The concentrated gas stream containing desorbed organic contaminants
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(approximately 10% of the total influent flow) is routed to a condenser. The condenser
removes some of the concentrated organic contaminants as a liquid. This liquid would need
to be disposed of offsite. The volume of this liquid was assumed negligible for costing
purposes. The combination of the adsorber/concentrator and the condenser is not mandatory,
but it generally results in a lower lifecycle cost than photolytically treating the dilute gas
stream directly, because it reduces the number/size of photolytic units needed and increases
their efficiency. After treatment in the photolytic units to destroy the organic contaminants

that are not condensed, the gas is recycled to the adsorber/concentrator.

Key sizing parameters necessary for ambient air dispersion modeling of a non-combustion treatment
system include: 1) stack dimensions, 2) the stack velocity, and 3) the exit or flue gas composition.
Since the system operates at ambient temperature, the flue gas flow rate is the same as what entered
the system (851ft*’/minute). Unlike the enclosed flare, the stack dimensions are not based on a
residence time. Stack dimensions are based on good engineering practice and air dispersion required

to meet site PRGs.

Destruction removal efficiencies ranging from 95% to 98% are attainable for the VOCs of potential
concern (including vinyl chloride). Higher DREs are attainable if necessary to attain PRGs at the
site boundary. The DREs to be specified would be determined during design of the remedy, and
would depend on the results of on-site pilot testing of the photocatalytic oxidation technology and

air dispersion modeling of emissions from the system.

Preliminary air dispersion modeling was performed to determine approximate stack dimensions
required for a photocatalytic system to meet site PRGs. Assumptions and modeling are presented
in Appendix F. For a vinyl chloride DRE of 98%, a 1-foot diameter stack with a height of 30 feet
would meet PRGs at the site boundary. Dispersion may be improved through use of an additional

blower or by altering stack dimensions to increase stack velocity.
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Principal oxidation products from the photocatalytic oxidation system include water vapor, carbon
dioxide, hydrogen chloride gas (HCI), and chlorine gas (Cl,). Secondary oxidation products that
may also be generated in trace amounts include: undestroyed or partially destroyed COPCs (as
defined by the DRESs), undestroyed or partially destroyed odor causing compounds such as methyl
mercaptan (CH;SH) and hydrogen sulfide, and sulfur oxides (SO ).x The sulfur-containing
compounds such as methyl mercaptan and hydrogen sulfide are present in the landfill gas and may
oxidize to form sulfur oxides (SOy). These sulfur-containing compounds are not COPCs but are a
nuisance from the standpoint of odors. Whether such compounds are present and would oxidize

to sulfur oxides would need to be determined during an on-site pilot test of photocatalytic oxidation.
4.3b.2 Nine Criteria Evaluation of Alternative #3b

The analysis of Alternative #3b with respect to the nine criteria is presented in a narrative form in
the following paragraphs. The assessment focuses on how, and to what extent, the various factors
within each of the criteria are addressed. Uncertainties associated with the alternative are included

when changes in assumptions or unknown conditions could affect the analysis.

4.3b.2.1 Overall Protection of Human Health and the Environment from Alternative #3b.
Like Alternative #3a, Alternative #3b would provide a significant increase in the overall protection
of human health. The alternative uses both the institutional controls presented in Alternative #2 to
prevent exposures from occurring, and engineering controls to further reduce exposures and reduce
and contain contamination at the Site. This alternative would provide a significant increase in the
overall protection of human health, specifically from inhalation exposures, by capping the disposal
areas and actively collecting and treating landfill gas within and along the perimeter of the Solid
Waste Area. Access restrictions (fencing) for the Solid Waste Area presented for Alternative #2
would be included in this alternative to further reduce the potential for inhalation exposures on the
Site. Risks to off-site receptors from inhalation exposures to COPCs in ambient air would be
reduced with a cap by minimizing uncontrolled landfill gas emissions at the Solid Waste Area. This

risk would be expected to be reduced to within the EPA target cancer risk range. The addition of
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an active perimeter LFG collection system would be expected to reduce risks to nearby residents

from indoor inhalation exposures to within the EPA target risk range.

Exposures to groundwater contaminants would be limited through implementation of groundwater

access restrictions.

Protection of human health by reductions in risk, discussed above, would result from the
containment and reduction of COPCs at the Site and from implementation of institutional controls.

Site related health risks are unlikely to exceed the EPA target risk range with this alternative.

Additional short-term risks to the community and workers at the Site may result from inhalation
exposures associated with the construction activities for this alternative. These activities include
installation of horizontal containment (e.g. caps) on the Solid Waste and Bulky Waste Areas and
intrusive work at the Solid Waste Area. Intrusive work includes pilot testing of the photocatalytic
oxidation technology, installation of active internal LFG and active perimeter LFG collection
systems, and installation of a full-scale photocatalytic oxidation system. These additional short-term
risks to the community and workers would be mitigated using dust control measures and air
monitoring to detect soil gas emissions and off-site migration of COPCs. Because worker exposures
at the Site are expected to be the highest, short-term risks to workers would be further mitigated by
using PPE, as appropriate. Specific long-term and short-term human health risks are discussed in

Sections 4.3b.2.3 and 4.3b.2.5, respectively.

The overall protection of ecological receptors for Alternative #3b would be the same as

Alternative #3a.

4.3b.2.2 Compliance With ARARs from Alternative #3b. Action-specific ARARs under this
alternative are presented in Table 4-7. Any remedial actions taken under this alternative must
comply with the ARARSs listed in this table. Environmental monitoring will be used as an indicator

of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.
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Further actions may be required to comply with ARARs if they are not met through this source

control remedy.

4.3b.2.3 Long-term Effectiveness and Permanence from Alternative #3b. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.

Magnitude of Residual Risks. Alternative #3b would combine technologies to contain and reduce
site COPCs in ambient air, soil gas and groundwater at the Site. Institutional controls are
implemented to minimize human exposures to COPCs in soil gas and groundwater both on and off

the Site. Residual risks are the same as Alternative #3a, except as discussed below.

The photocatalytic oxidation system for LFG treatment destroys site COPCs but does not destroy
methane. Known human health risks from methane exposure are evident only at relatively high
concentrations (1% or greater) and are limited to asphyxiation and the potential for injury due to fire
or explosion. However, the presence of methane in the atmosphere is believed to be a contributor
to global warming. Dispersion of methane from the stack of the photocatalytic oxidation system
will result in ambient air concentrations below the lower explosive limit of 5% and below levels
which could cause asphyxiation. The quantity of methane emitted from the Site is not reduced by

this alternative.

Residual human health risks at the Site would include inhalation exposures to soil gas components
in ambient air that would escape the collection and treatment system. For the purposes of this FS
risk evaluation, gas capture rates are assumed to be 100% and the treatment efficiency of the
photocatalytic oxidation system is assumed to be 98%. This treatment efficiency is higher than the
more conservative value of 95% used for the flare in Alternative #3a. Due to ambient temperature
operation, dispersion of site COPCs from a photocatalytic oxidation discharge stack would tend to

be less than that from a flare.
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New risks could be anticipated from the implementation of this remedial alternative. By-products
of the photocatalytic oxidation of chlorinated VOCs include chlorine gas and hydrogen chlonide gas.
These compounds will be emitted from the stack of the photocatalytic oxidation system. In addition,
undestroyed COPCs will be emitted in trace amounts, since destruction and removal efficiencies for
VOC:s in the photocatalytic oxidation system are not 100%. These emissions could result in low-
level inhalation exposures at nearby residences. Emissions of chlorine and hydrogen chloride can
be controlled by using a caustic scrubber following the photocatalytic oxidation system if it is
determined that emission levels of these compounds pose an unacceptable risk. Emission levels of
these compounds and other potential by-products can be quantified during pilot testing of the

photocatalytic oxidation technology.

Long-term risks to ecological receptors would be similar to those described for Alternative #3a.
New, long-term risks from the emission of methane and by-products of photocatalytic oxidation are
unlikely. However, any risks from by-product emissions would be evaluated using data from pilot
testing of the photocatalytic oxidation system. If deemed necessary during the design, emission
controls (i.e., a caustic scrubber following the photocatalytic oxidation system, and/or a unit to

destroy methane) would be included as part of the remedial design.

Adequacy of Controls. Measures are described below that detail controls to be placed on untreated

waste, waste-contaminated media, and treatment residuals from implementation of Alternative #3b.

Groundwater/Leachate. Adequacy of controls for groundwater/leachate under Alternative #3b
would be similar to Alternative #3a.

Landfill Gas. Landfill gas not captured by the active internal collection system would be
captured by the active perimeter collection system. The perimeter system and caps provide
a significant secondary containment of landfill gas and significantly reduce fugitive emissions
to ambient air.

The hazard from untreated site COPCs exiting the photocatalytic oxidation system would be
very low due to the high destruction removal efficiencies that can be expected. Destruction
removal efficiencies would be expected to be a minimum of 95% for all VOCs. Greater
hazards are posed by condensate from the landfill gas, methane, and oxidation by-products
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such as hydrogen chloride and chlorine. Analysis of expected DREs and production of
hydrogen chloride and chlorine was described previously in Section 4.3b.1.1.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability,
and permanence control measures will provide to protect human health and the environment from

exposures to untreated waste, waste-contaminated media, and treatment residues.

Groundwater/leachate. Reliability of controls for groundwater/leachate would be similar to
Alternative #3a.

Landfill Gas. The presence of the active perimeter LFG collection system and caps provide
a significant degree of protection from hazards posed by uncollected landfill gas not collected
by the active internal LFG collection system.

Because photocatalytic oxidation is an innovative technology, its reliability over years of
operation has not been determined. The technology has not yet been tested on landfill gas.
An on-site pilot test is necessary to evaluate factors related to reliability such as catalyst life
and the potential for equipment corrosion.

Reliability of the landfill gas collection and treatment system will be dependent on close
attention of the operator(s), and engineering support staff on a daily, weekly or monthly basis
as appropriate. Typical operations functions would include: replacement of burnt-out UV
lamps and spent catalyst in the photocatalytic oxidation system, removal and disposal of
condensate, analytical sampling, process monitoring, and preparation of operations reports.

Typical maintenance and troubleshooting activities would involve the following: well and
pipeline inspections, condensate tank inspection, blower inspections/overhauls,
instrumentation calibration, and any equipment repair. Due to the long duration of operations,
equipment replacement will also be required during planned intervals. Key items associated
with some of the equipment should be stocked. These items may include UV lamps,
instrumentation replacement parts and other process sensors.

Troubleshooting specialists and maintenance staff should be "on call” via auto-dial modems
when operators are not present, such as nights, holidays, etc. The landfill gas collection and
photocatalytic oxidation system should be designed to default to a "shut-down" mode if
equipment failures occurred. Thus, staff would be called in order to re-start the system.
Since, the landfill gas is generated with or without collection, the duration of these shutdowns
should be limited. While a shut-down of hours and days may be acceptable, shutdowns of
weeks or months would likely not be.
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While not a COPC, methane is a safety hazard due to the potential for uncontrolled fire and
explosion. Design of all necessary system features (i.e. flame arresters, explosion-proof
wiring/instrumentation) into the collection and photocatalytic oxidation system will be
required to prevent such safety hazards.

Similar to groundwater/leachate, monitoring of air and landfill gas would provide an accurate
measure of the success of this remedy and provide a basis for operational changes such as
modification of well vacuum rate, installation of additional wells, and adjustments to the
photocatalytic oxidation system. Such adjustments may include shutdown of some fraction
of the UV lamps as concentrations of COPCs in the landfill gas decline.

Need for Five-Year Review. Because wastes would remain on the Site under this alternative,
CERCLA §121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted
every five years. This five-year review would continue until it is demonstrated that there is no
longer a threat to human health or the environment from the Site. For the purpose of this FS and

costing, it is assumed that a "Level I" review, the lowest level, would be conducted.

4.3b.2.4 Reduction of Toxicity, Mobility or Volume through Treatment from Alternative #3b.
This criterion evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.

Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

I wate ac

. Horizontal Containment - Solid Waste Area
. Horizontal Containment - Bulky Waste Area
1l Gas
. Active perimeter LFG collection - Solid Waste Area

Active internal LFG collection - Solid Waste Area
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. LFG Treatment (photocatalytic oxidation) - Solid Waste Area
. Passive internal LFG collection - Bulky Waste Area

Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may

also include other hazardous materials that are involved in the remedy.

Groundwater/Leachate. The amount of materials treated or recycled for horizontal
containment of the Bulky Waste and Solid Waste Areas is the same as described previously
for Alternative #3a.

Landfill Gas. The combination of the active internal LFG collection system, perimeter LFG
collection system and horizontal containment will capture essentially 100% of the LFG
production from the Solid Waste Area (refer to Section 4.3a.1.1). DREs for the photocatalytic
oxidation system are expected to be a minimum of 95% for site COPCs, but the systems can
be designed to destroy site COPCs with an efficiency of 99% or greater. To attain higher
DRE:s, the residence time of the system is increased by adding more individual photocatalytic
oxidation modules, or by using larger modules. No destruction of methane will occur in the
photocatalytic oxidation system. Hence, the quantity of methane emitted from the Site will
not be reduced by this alternative. Methane is not classified as a hazardous material, but it
is considered to be a contributor to global warming.

The passive internal LFG collection system in the Bulky Waste Area will redirect migrating
LFG from vadose zone soils to ambient air. No elimination of site COPCs will occur.

Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.

Groundwater/Leachate. The expected reduction in toxicity or mobility for horizontal
containment of the Bulky and Solid Waste Areas is the same as described previously for
Alternative #3a.

Landfill Gas. For the Solid Waste Area, this alternative reduces both the toxicity of site
COPCs as well as their mobility into soil gas and ambient air. The degree of LFG mobility
reduction is directly related to the overall LFG capture efficiency. The LFG capture
efficiency is expected to be very high (near 100%) since this remedy includes both active
internal and perimeter systems as well as horizontal containment. The degree of toxicity
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reduction is directly related to the destruction efficiency of the photocatalytic oxidation
system which is described above.

For the Bulky Waste Area, this alternative reduces the mobility of LFG migration into vadose
zone soil gas. There is no degree of reductions in toxicity or mobility of the COPCs in site
media, beyond natural attenuation.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.

Groundwater/Leachate. The degree of reversibility for horizontal containment of the Bulky
Waste and Solid Waste Areas is the same as described previously for Alternative #3a.

Landfill Gas. Treatment of collected LFG in the photocatalytic oxidation system is an
irreversible elimination of site COPCs. Removal of components related to the LFG collection
and thermal treatment systems, however, would still allow the Site to revert back to no action
conditions less the site COPCs destroyed previously.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.

Groundwater/L eachate. This alternative would not involve any treatment of
groundwater/leachate and, therefore, would not generate any residuals.

Landfill Gas. Residuals from collection and treatment of LFG at the Solid Waste Area would
include the following:

. untreated methane that exits the stack of the photocatalytic oxidation system. The
estimated emission rate for the first year of operation is 75 lb/hour.

. oxidation by-products such as hydrogen chloride and chlorine (from destroyed
chlorinated VOCs), small quantities of undestroyed site COPCs, and possibly sulfur
oxides from oxidation of sulfur compounds in the LFG. On-site pilot testing 1s
needed to better estimate residuals, since the photocatalytic oxidation technology has
not been previously demonstrated on LFG. If it is determined that the system needs
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to include a scrubber to remove hydrogen chloride and chlorine from the stack gas,
residuals will also include blowdown water from the scrubber.

. landfill gas condensate which may require disposal as a hazardous liquid.

Further detail on quantities is included in Section 3.1.8.2 and Appendix E.

4.3b.2.5 Short-term Effectiveness of Alternative #3b. This alternative is evaluated for
effectiveness in protecting the community and local workers, site remediation workers, and the

environment during the construction of the remedy.

Community Protection. Short-term risks to the community would include those identified for

Alternative #3a, and would be mitigated using similar measures.

Worker Protection. Short-term risks to workers would include those identified for Alternative #3a,

and would be mitigated using similar measures.

Environmental Protection. Short-term risks to the environment would include those identified for

Alternative #3a, and would be mitigated using similar measures.

Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. The time required to meet the RAOs for this media is the same as Alternative
#3a.

Surface Water/Sediments. The time required to meet the RAOs for this media is the same as
Alternative #3a.

Ambient Air. By use of the active internal LFG collection system, LFG treatment
(photocatalytic oxidation) and horizontal containment, the time required to meet the RAOs
will be the time required to implement, and achieve an operational and functional status of
these technologies and process options. This is expected to occur within 1 to 2 years of
selection of the FS remedy.
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Soil Gas. By use of the passive venting system and active perimeter LFG collection system
combined with LFG treatment by photocatalytic oxidation, the time required to meet the
RAOs will be the time required to implement, and achieve an operational and functional status
of these technologies and process options. This is expected to occur within 1 to 2 years of
selection of the FS remedy.

4.3b.2.6 Implementability of Alternative #3b. The implementability of this alternative is
discussed as a measure of the technical and administrative feasibility of this approach as well as the

availability of key services and materials required for this remedy.

Technical Feasibility. The relative ease of implementing the remedy 1s summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/Leachate. The technical feasibility for groundwater/leachate would be the same
as for Alternative #3a.

Landfill Gas. Implementation of access restrictions (fencing) would be the same as
Alternative #2. Individual components of the landfill gas collection and treatment remedy
would not present difficulties during construction. Some aspects, however, may be
encountered that may increase the complexity of the construction and may require greater
evaluation or engineering. These aspects include:

. integration of the active internal LFG collection system with the horizontal
containment

. space restrictions for the active perimeter LFG collection system

. minimizing landfill gas emissions during subsurface work

. difficulties associated with worker health and safety equipment

An on-site pilot demonstration of the photocatalytic oxidation technology would be needed
prior to design and construction of a full-scale system. A number of suppliers are available
that can provide pilot testing services and that have previously developed units that can
destroy vinyl chloride and other Site COPCs. Since the suppliers do not have previous
experience with treating landfill gas, however, there may be implementation problems that
are not readily apparent now that may be revealed during demonstration testing. The
photocatalytic oxidation system itself may need to be explosion proof.
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Alternative #3b is expected to reliably meet ambient air and soil gas RAOs. The operational
reliability of the photocatalytic oxidation technology in the long term (over several years) is
not known, since the technology is relatively new. Operational problems that may occur after
extended operation include catalyst deactivation and UV lamp burn out. The instrumentation
and control system should be designed to notify operators and shut down the system if one
or more lamps burn out. The system would be manually restarted by an operator once the
lamps had been replaced. Catalyst deactivation will be more difficult to detect. Routine
monitoring of the gas exiting the photocatalytic oxidation system will be required to
determine if design DREs for Site COPCs are being attained.

Future actions could be implemented to increase this alternative's remedial effectiveness, if
necessary. For example, additional perimeter wells or internal collection wells could be added
if gas capture is inadequate. Some remedial actions, however, could not be accommodated.
Removal or excavation of landfill contents after cap installation is not practical. In addition,
capped areas could not be used for other purposes such as ballfields, parks or future
construction that could compromise the cap integrity.

The environmental monitoring program would measure the effectiveness of the landfill gas
remedy at the Site.

Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory

approvals and permits for the remedy is evaluated below.

Groundwater/L eachate. The administrative feasibility for groundwater/leachate would be the
same as for Alternative #3a.

Landfill Gas. Coordination with state and local authorities may be necessary to effectively
implement the LFG portion of the environmental monitoring program.

Under Superfund, permits are not required for remediation activities. Compliance with
substantive requirements is, however, required. Thus, while an air permit would not be
required for operation of the photocatalytic oxidation system, the design must meet state
standards and RIDEM must be consulted during the design.

Coordination with state and local authorities may be necessary to effectively implement cap
maintenance and operation of the photocatalytic oxidation system. The pump stations and
aboveground storage tank for handling gas condensate would need to be designed and
installed in compliance with RCRA tank rules. Local ordinances would need to be followed
(such as building permits, well drilling or UST registration, etc.) during construction of the
collection system, treatment system, and support facilities.
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Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of TSDFs,
availability of necessary equipment and specialists, timing and scheduling, and ability to obtain

competitive cost bids.

Groundwater/Leachate. The availability of services and materials for this alternative is the
same as Alternative #3a.

Landfill Gas. Availability of services and materials for access restrictions (fencing) and
environmental monitoring is the same as Alternative #2. Availability of TSDFs for LFG
condensate is the same as Alternative #3a.

Construction of the gas collection system and design, testing and installation of the
photocatalytic oxidation system would be the most difficult aspects of implementation
regarding landfill gas. Construction contractors familiar with methane safety practices as well
as knowledgeable about controlling fugitive vapors/COPCs would be required.

Other implementation difficulties relate to the innovative nature of the photocatalytic
oxidation technology. There are only a few vendors who supply photocatalytic oxidation
systems, and each vendor’s system is somewhat different and contains components that the
vendor may consider to be proprietary. Pilot testing would be needed to demonstrate the
technology, and success during testing of one vendor’s system would not necessarily
guarantee that another vendor’s system would be equally effective. One approach would be
to allow several vendors to pilot their respective systems, and the results of the testing would
be used to specify acceptable suppliers for the full-scale photocatalytic oxidation system. An
alternative approach is to specify the system by performance criteria only, require a
performance guarantee, and allow bidders on the remedial design to select the system
supplier.

4.3b.2.7 Cost of Alternative #3b. Cost assumptions regarding escalation, discount rate,

contingency and duration, unless otherwise specified, are the same as Alternative #3a.
Capital costs associated with this alternative are expected to be $6.56 million. Operations and

maintenance costs (expressed in net present worth dollars) are estimated at $6.63 million. Total

costs are therefore $13.19 million. These costs are summarized in detail in Appendix G.
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4.3b.2.8 State and Community Acceptance of Alternative #3b. Comments from the State of
Rhode Island, the town of South Kingstown, and citizens of the community regarding this alternative

will be addressed after the public comment period.

4.4a EVALUATION OF ALTERNATIVE #4a: HORIZONTAL CONTAINMENT OF
SOLID WASTE AND BULKY WASTE AREAS, LEACHATE COLLECTION AND
ON-SITE TREATMENT, GAS COLLECTION AND THERMAL TREATMENT

This section describes the components of Alternative #4a followed by detailed evaluation of those

components versus the nine FS criteria.
4.4a.1 Definition of Alternative #4a

Alternative #4a provides the same level of human health risk mitigation as Alternative #3a through
control of landfill gas and migration of site COPCs into groundwater. Mitigation of ecological risk
is improved through control of leachate at the Bulky Waste Area when compared with Alternatives

#3a and #3b.
The major components of this alternative include:

. Groundwater Access Restrictions. Where appropriate, restrictive covenants would

be placed on properties affected by site COPCs to limit use of groundwater as a
potable water source. The scope of this component is the same as discussed
previously under Alternative #2.

. Horizontal Containment - Solid Waste Area. The implementation of the protective
cap for the Solid Waste Area would be the same as Alternatives #3a and #3b.

. Horizontal Containment - Bulky Waste Area. The implementation of the protective

cap for the Bulky Waste Area would be the same as Alternatives #3a and #3b.

. Active Perimeter LEG Collection - Solid Waste Area. The implementation of the

active perimeter LFG collection system would be the same as described previously
for Alternatives #3a and #3b.
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. Active Internal LFG Collection - Solid Waste Area. The implementation of the

active internal LFG collection system would be the same as described previously for
Alternatives #3a and #3b.

. Thermal LFG Treatment (Enclosed Flare) - Solid Waste Area. This alternative

would implement the LFG treatment enclosed flare system in the same manner as
Alternative #3a.

. Passive Internal LFG Collection - Bulky Waste Area. This alternative would

implement the passive internal LFG collection system for the Bulky Waste Area in
the same manner as Alternatives #3a and #3b..

. Leachate Collection (Wells/Drains) - Bulky Waste Area. A leachate collection

system would be installed southeast of the Bulky Waste Area to intercept leachate
migrating toward the Saugatucket River. Details of the collection system design and
expected flowrates have been provided in Section 3.1.4.

. On-site [ eachate Treatment. Treatment of extracted water would be accomplished
utilizing a treatment train consisting of precipitation, media filtration and
UV/chemical oxidation. This system is described in greater detail below.

. Discharge of Treated Water. Treated water would be discharged to either

groundwater or surface water, as discussed previously in Section 3.1.6.4.

. Environmental Monitoring. Environmental monitoring includes monitoring of
groundwater, surface water/sediment, ambient air and soil gas. Monitoring locations,

frequencies and analytes are the same as described previously for Alternative #1.

. Five-Year Review. As described previously in Alternative #1, since this alternative
would result in contaminants remaining on the Site, CERCLA §121(c) and
§300.430(f)(4)(ii) of the NCP require that the site remedy be reviewed every five
years.

. Community Relations Activities. In the same manner as Alternative #1, on-going

community relations activities will be conducted to provide appropriate information,
receive comment on that information and to adjust the remedy of the Proposed Plan
at key milestones.

Figure 4-6 illustrates the site layout for Alternative #4a. The components of the alternative, and how

they interact with each media of concern, are presented on Figure 4-7.
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4.4a.1.1 On-Site Leachate Treatment. In this alternative, a treatment train consisting of
precipitation, media filtration and UV/chemical oxidation would be used to remove site COPCs to
within ARAR limits prior to discharge. General descriptions of the various process options have

been previously discussed in Section 3.1.6.

The expected flowrate of leachate to be processed in this treatment train is approximately 5 gpm
(Appendix C). Some equipment (such as pumps) would not be commonly available for continuous
operation at this flowrate. Therefore, a larger plant operated on a part-time basis (e.g. batch mode)
may be more appropriate. For example, a 20 gpm plant, with adequate equalization storage capacity,
could treat the required daily flow (7,200 gallons @5 gpm) in approximately a 6-hour shift each day.
The specific mode of operation (continuous or batch) and the resulting plant sizing should be
addressed as part of the remedial design activities. For the purposes of this FS, estimation of on-site
treatment plant costs in this alternative have been based on 40% of the 50 gpm treatment plant size
detailed in Alternatives #5a and #5b (Appendix D). This size plant has a flowrate approximately

equal to 20 gpm.

Precipitation. Precipitation would be used to remove high concentrations of inorganic compounds
from collected water, which could cause fouling in other treatment train components. These
inorganics include iron, manganese, and aluminum. This process option includes the following:
5,000 gallon holding/equalization tank, PVC-lined pH adjustment/coagulant addition tank,
neutralization tank, flocculation tank, solids separation tank, sludge thickener, and a filter press.
Further equipment sizing specifics, such as vendor quotations, are presented in Appendix D. Itis
assumed that media filtration would not be needed prior to precipitation, as any suspended solids
which do not settle during equalization would assist in the flocculation process. Fugitive emissions
of VOCs would be treated by a catalytic ozone/VOC destruction unit included as part of the

UV/chemical oxidation process option.

Media Filtration. After precipitation, a sand filter would be used to further remove any suspended

matter remaining in the water. A continuous backwash, upflow sand filter would be expected to

4-69



remove particles sizes greater than 11 pm resulting in total suspended solids concentrations less than
10 mg/L. Further equipment sizing specifics, such as vendor quotations, are presented in

Appendix D.

UV/Chemical Oxidation. This alternative would utilize UV/chemical oxidation to destroy organic
COPCs. A general description of the system used in this FS includes the following: an ozone
generator, an ozone generator air preparation system (compressor, dryer, filter), a peroxide feed
system, an oxidation reactor (includes UV lamps), a catalytic 0zone/VOC destruction unit to treat
any vapors, and a control unit. Other vendor-supplied systems may substitute alternate oxidants and
off-gas control technologies in place of the ozone-based system described here. Further equipment

sizing specifics, such as vendor quotations, are presented in Appendix D.

Based on discussion with leading UV/chemical oxidation suppliers (Appendix D), treatment
efficiencies for organic site COPCs should be adequate to meet ARAR limits for discharge of treated

water.

4.4a.2 Nine Criteria Evaluation of Alternative #4a

The analysis of Alternative #4a with respect to the nine criteria is presented in a narrative form in
the following paragraphs. The assessment focuses on how, and to what extent, the various factors
within each of the criteria are addressed. Uncertainties associated with the alternative are included

when changes in assumptions or unknown conditions could affect the analysis.

4.4a.2.1 Overall Protection of Human Health and the Environment from Alternative #4a. To
further increase the overall protection of human health and the environment, Alternative #4a would
combine institutional controls to prevent exposures with engineering controls, to reduce
concentrations of COPCs in soil gas and ambient air, to reduce leachate generation and to collect and

treat leachate. Specific long-term and short-term human health and environmental risks are
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discussed in Sections 4.4a.2.3 and 4.4a.2.5, respectively; the discussion below provides a general

overview.

The overall protection of human health from inhalation exposures on and off the Site would be
similar to that described for Alternatives #3a and #3b. Installation of a leachate collection and
treatment system for the Bulky Waste Area would reduce subsequent groundwater impacts in this
area. This will reduce contaminant migration observed as breakout of contaminated leachate along
this area. The system is not designed to intercept the entire saturated thickness of the overburden
and contamination may migrate below the intercept trenches. Although these controls would further
reduce groundwater contamination, institutional controls presented in Alternative #2, including
groundwater access restrictions and residential well monitoring, would be included in this
alternative. Therefore, future risks from residential ingestion of groundwater on and off the Site

would not be expected.

Short-term risks to the community and workers at the Site from construction and implementation
of Alternative #4a would be similar to those identified for Alternatives #3a and #3b and would be
mitigated in the same way. Any additional short-term risks to workers from installation of the

leachate collection and treatment system would be mitigated with PPE.

This alternative would be protective of the environment. Capping the Solid Waste and Bulky Waste
Areas and installing a leachate collection system would eliminate leachate migration into Site surface
waters, thus controlling the source of continuing ecological risk. Leachate generation and discharge
to Mitchell Brook and the Saugatucket River would be prevented and/or controlled. Assuming that
the integrity of the caps remain intact and the leachate collection and treatment system function
properly, it is expected that ecological RAOs and PRGs would be met. Impacts to ecological
receptors and habitat associated with remedial activities are similar to those described for
Alternatives #3a and #3b. Hydrology impacts due to water reinjection must be reviewed further

during the remedial design phase of the project.
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4.4a.2.2 Compliance With ARARs from Alternative #4a. Action-specific ARARs under this
alternative are presented in Table 4-8. Any remedial actions taken under this alternative must
comply with the ARARSs listed in this table. Environmental monitoring will be used as an indicator
of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.
Further actions may be required to comply with ARARs if they are not met through this source

control/leachate treatment remedy.

4.4a.2.3 Long-term Effectiveness and Permanence from Alternative #4a. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.

Magnitude of Residual Risks. With this alternative, capping, gas collection and leachate controls
would leave solid wastes in place but would reduce migration of contamination. Capping, and gas
collection and treatment would reduce uncontrolled emissions of landfill gas and leachate generation,
as presented for Alternative #3a. Migration of COPCs to groundwater and surface water would be

further reduced by the leachate collection system at the Bulky Waste Area.

The residual human health risks from inhalation exposures both on and off the Site under Alternative

#4a would be similar to those described for Alternative #3a.

Residual human health risks from future ingestion of contaminated groundwater at the Site would
be reduced further over the long-term. Reduction of leachate (due to capping) in the Solid Waste
Area and collection and treatment of leachate in the Bulky Waste Area would reduce future

groundwater impacts.

Residential well monitoring would be included under this alternative. Therefore, future risks to
nearby residents from ingestion of contaminated groundwater as a result of plume migration would

not be expected.
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Residual risks to the community and workers at the Site from remediation activities would include
residual risks identified for Alternative #3a. In addition, there would be residual risks to the
community and workers at the Site from the treatment of collected leachate which would be achieved
by media filtration and UV/chemical oxidation. The UV/chemical oxidation process could lead to
inhalation exposures to ozone and products of incomplete oxidation of groundwater VOCs. These
risks would be mitigated by 1) proper sizing of the reaction chamber for optimal residence time, 2)
containment of off-gases in a secondary chamber to allow for longer reaction time, and 3) a catalytic
ozone decomposer. Off-site risks could also occur from the off-site transport and disposal of solid
and liquid wastes from the media filtration and precipitation systems. These potential risks would
be mitigated by using the required safety procedures for the transport and disposal of hazardous

wastes.

Residual risks to workers on the Site could also result from monitoring and maintenance of the
leachate collection and treatment system. Risks from dermal exposure to leachate and waste streams
from the media filtration treatment would be mitigated by using the appropriate PPE. Monitoring
or maintenance to the UV oxidation system could result in inhalation exposures to products of
incomplete oxidation of VOCs and ozone gas, as described above. Potential exposures to these by-
products would be higher for a worker at the Site than for community residents, but will be mitigated

as described above. Any risks to workers would also be mitigated by using the appropriate PPE.
Risks to aquatic ecological receptors would be abated by this capping and leachate
collection/treatment alternative. RAOs would be met over the long term in aquatic areas since

leachate is controlled.

Adequacy of Controls. Measures are described below that detail controls to be placed on untreated

waste, waste-contaminated media, and treatment residuals from implementation of Alternative #4a.
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Groundwater/L eachate. The institutional controls and capping are the same as Alternatives
#3a and #3b and perform the same function. Additional technologies in this alternative
include leachate collection (wells/drains) and on-site treatment.

These additions create soil residues during construction. Soils demonstrated to be below the
action levels may be disposed of on the Site. Soils found to contain contaminants at
concentrations above action levels may be treated and disposed of on the Site or must be
contained, shipped off of the Site and managed in a pre-approved, environmentally sound
manner.

Treatment technologies in on-site treatment are precipitation, which generates a hydroxide
sludge precipitate, media filtration, which generates a backwash waste stream and
UV/chemical oxidation, which generates vapors and cleaning residues.

The hydroxide sludge would be thickened and sent through a filter press to dewater as much
as possible before off-site disposal of the filter cake. The media filtration backwash waste
stream would be returned to the precipitation system along with the cleaning residues from
the UV/chemical oxidation system. Vapors containing VOCs/ozone which may be created
in the UV/chemical oxidation reactor would be treated in a catalytic 0zone/VOC destruction
umt.

Monitoring of groundwater and surface water would be included in the alternative and would
adequately measure progress of the remedy.

Landfill Gas. Adequacy of controls for landfill gas under Alternative #4a would be similar
to Alternative #3a.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability,
and permanence control measures would provide to protect human health and the environment from

exposures to untreated waste, waste-contaminated media, and treatment residues.

Groundwater/L eachate. The performance of institutional controls and capping would be
similar to Alternatives #3a and #3b. The leachate collection system would reduce the leachate
outbreaks near the Saugatucket River. The treatment system would be housed in a building,
which would protect the public from contacting untreated water and treatment system areas.
Depending upon the discharge option chosen, treated effluent could affect groundwater
quality or water quality in the Saugatucket River.
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Monitoring of groundwater and surface water/sediment would provide an accurate measure
of the success of this remedy and provide a basis for modification of the remedy, if required.

Landfill Gas. Reliability of controls for landfill gas would be similar to Alternative #3a.

Need for Five-Year Review. Because wastes would remain on site for this alternative, CERCLA
§121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted every five
years until it is demonstrated that there is no longer a threat to human health or the environment from
the Site. For the purpose of this FS and costing, it is assumed that a "Level I" review, the lowest

level, would be conducted.

4.4a.2.4 Reduction of Toxicity, Mobility or Volume through Treatment from Alternative #4a.
This criterion evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.

Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

Groundwater/L eachate

. Horizontal Containment - Solid Waste Area

. Horizontal Containment - Bulky Waste Area

. Leachate collection (wells/drains) - Bulky Waste Area

. On-Site leachate treatment (precipitation, media filtration and UV/chemical
oxidation)

. Discharge of treated water

Landfill Gas.

. Active perimeter LFG collection - Solid Waste Area

. Active internal LFG collection - Solid Waste Area

. Thermal LFG Treatment (enclosed flare) - Solid Waste Area

. Passive internal LFG collection - Bulky Waste Area
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Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may

also include other hazardous materials that are involved in the remedy.

Groundwater/Leachate. The amount of materials treated or recycled for horizontal
containment of the Bulky Waste and Solid Waste Areas is the same as described previously
for Alternatives #3a and #3b.

The leachate collection system for the Bulky Waste Area will capture approximately 5 gpm
of leachate which will then be treated and discharged to either groundwater or surface water.

Landfill Gas. The amount of materials treated or recycled relating to LFG impacts to ambient
air and soil gas are the same as described for Alternative #3a.

Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.

Groundwater/Leachate. The expected reduction in toxicity or mobility for horizontal
containment of the Bulky and Solid Waste Areas is the same as described previously for
Alternatives #3a and #3b.

The leachate collection system for the Bulky Waste Area will further limit mobility of site
COPCs towards the Saugatucket River. The reduction of toxicity of the captured leachate will
be proportional to the treatment efficiencies as follows (refer to Section 3.1.6 and Appendix

D):
Type of Site COPC: Removal Effici
metals 85%
organics 90%

Landfill Gas. The expected degree in toxicity or mobility of LFG site COPCs are the same
as described for Alternative #3a.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.
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Groundwater/Leachate. The degree of reversibility for horizontal containment of the Bulky
and Solid Waste Areas is the same as described previously for Alternatives #3a and #3b.

The on-site leachate treatment system would be an irreversible destruction process for site
COPCs. Removal of the treatment system would result in conditions the same as Alternative
#3a and #3b less the quantity of contaminants removed during past operation.

Landfill Gas. The degree to which treatment of landfill gas is irreversible is the same as
described for Alternative #3a.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.

Groundwater/Leachate. Process residuals from the on-site leachate treatment plant are
detailed in Section 3.1.6 and Appendix D and would include:

. Soil residuals from drilling/construction of extraction wells, trenches, and recharge
wells.
. Sludge filter cake from the precipitation process option containing metal hydroxide

sludges such as Al(OH),, Fe(OH),, and Mn(OH),. The quantity of sludge generated
is expected to be approximately 2 ft*/day.

. Remaining volatile organic COPCs not destroyed in the UV/chemical oxidation

system off-gas.

Landfill Gas. The type and quantity of residuals remaining after treatment of LFG are the
same as described previously for Alternative #3a.

4.4a2.2.5 Short-term Effectiveness of Alternative #4a. This alternative is evaluated for
effectiveness in protecting the community and local workers, site remediation workers, and the

environment during the construction of the remedy.
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Community Protection. Short-term risks to the community would include those identified for
Alternatives #3a and #3b, and would be mitigated using similar measures. Installation of the
leachate collection system would involve limited invasive work at the Bulky Waste Areas.

Additional short-term risks to the community would not be anticipated from this invasive work.

Worker Protection. Short-term risks to workers would include those identified for Alternatives #3a
and #3b, and would be mitigated using similar measures. In addition, installation of the leachate
collection system could result in dermal exposures from direct contact with surface soil

contamination and with COPCs in leachate. These risks would be mitigated using appropriate PPE.

Environmental Protection. Impacts to habitat are similar to those presented under Alternatives #3a

and #3b. However, the areal extent of impacts to upland and wetland resources would be larger.

Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. The time required to meet the RAOs for this media is the same as Alternatives
#3a and #3b.

Surface Water/Sediments. By addition of the leachate collection system and on-site treatment
(precipitation, media filtration and UV/chemical oxidation), the time required to meet the
RAOs will be the time required to implement and achieve an operational and functional status
of these technologies and process options. This is expected to be within 1-2 years of selection
of the FS remedy.

Ambient Air. The time required to meet the RAOs for this media is the same as Alternative
#3a.

Soil Gas. The time required to meet the RAOs for this media is the same as Alternatives #3a
and #3b.

4.4a2.2.6 Implementability of Alternative #4a. The implementability of this alternative is
discussed as a measure of the technical and administrative feasibility of this approach as well as the

availability of key services and materials required for this remedy.
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Technical Feasibility. The relative ease of implementing the remedy is summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/L eachate. For Alternative #4a, the technical feasibility associated with access
restrictions and horizontal containment would be similar to that described for Alternatives #3a
and #3b. Implementation of environmental monitoring would be the same as Alternative #1.
This alternative only adds construction of extraction welis/drains for the leachate collection
system, on-site leachate and discharge of treated water. The location and construction of these
items must be coordinated with the implementation of the horizontal containment to ensure
cap integrity is maintained. Construction of the leachate treatment system would require
building construction, connection of skid mounted systems, utility hookup, and piping from
extraction locations to the treatment location.

The reliability to meet RAOs for groundwater access restrictions and horizontal containment
is the same as Alternatives #3a and #3b. Addition of leachate collection and treatment when
combined with horizontal containment improves the reliability in meeting surface
water/sediment RAOs.

Similar to Alternatives #3a and #3b, future actions could be implemented to increase this
alternative's remedial effectiveness, but should maintain the integrity of the horizontal
containment.

The monitoring approach would be similar to that described for Alternatives #3a and #3b.

Landfill Gas. The technical feasibility for landfill gas would be the same as for Alternative
#3a.

Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory

approvals and permits for the remedy is evaluated below.

Groundwater/Leachate. Regulatory approvals or permits anticipated to be required to
implement the remedy in Alternative #3a will also apply to this alternative. State approval
is anticipated to be required prior to any treated water discharge and construction of the
treatment system. A significant amount of effort will be required to determine which
discharge option is more appropriate for the Site: groundwater or surface water. Surface
water discharge will require a completed and approved application for a Rhode Island
Pollution Discharge Elimination System Permit. Groundwater discharge, however, is
dependent upon the anticipated groundwater reclassification.
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Landfill Gas. The administrative feasibility for landfill gas would be the same as for
Alternative #3a.
Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of TSDFs,
availability of necessary equipment and specialists, timing and scheduling, and ability to obtain

competitive cost bids.

Groundwater/Leachate. Availability of services and materials for horizontal containment,
access restrictions, environmental monitoring, five-year reviews and community relations
support is the same as Alternatives #3a and #3b.

The only major effort required which is different from Alternatives #3a and #3b would be
leachate collection, on-site treatment and discharge of treated water. A TSDF would likely
be needed for filter cake sludge disposal from the precipitation process option. Consulting
specialists, equipment and services are commonly available to conduct such activities in a
timely and cost-effective manner.

Landfill Gas. The availability of services and materials for this alternative is the same as
Alternative #3a.
4.4a2.2.7 Cost of Alternative #4a. Cost assumptions regarding escalation, discount rate,
contingency and duration, unless otherwise specified, are the same as Alternative #3a. Capital costs
associated with this alternative are expected to be $7.24 million. Operation and maintenance costs
(expressed in net present worth dollars) are estimated at $8.83 million. Total costs are therefore

$16.07 million. These costs are summarized in detail in Appendix G.
4.4a.2.8 State and Community Acceptance of Alternative #4a. Comments from the State of

Rhode Island, the town of South Kingstown, and citizens of the community regarding this alternative

will be addressed after the public comment period.
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4.4b EVALUATION OF ALTERNATIVE #4b: HORIZONTAL CONTAINMENT OF
SOLID WASTE AREA, LANDFILL MINING OF BULKY WASTE AREA,
LEACHATE COLLECTION AND ON-SITE TREATMENT, GAS COLLECTION
AND THERMAL TREATMENT

This section describes the components of Alternative #4b followed by detailed evaluation of those

components versus the nine FS criteria.

4.4b.1 Definition of Alternative #4b

Alternative #4b provides a similar level of human health risk mitigation as Alternative #4a through
control of landfill gas and migration of site COPCs into groundwater. Alternative #4b differs from
#4a in how the Bulky Waste Area is remediated. Instead of capping, Alternative #4b uses the
technology of landfill mining to restore the Bulky Waste Area. Non-recyclable wastes from the
Bulky Waste Area are re-disposed at the Solid Waste Area. Leachate control is still implemented
for the Bulky Waste Area. However, length of operation is assumed to be reduced due to source

removal.

The major components of this alternative include:

. Groundwater Access Restrictions. Where appropriate, restrictive covenants would

be placed on properties affected by site COPCs to limit use of groundwater as a
potable water source. The scope of this component is the same as discussed
previously under Alternative #2.

. Horizontal Contai t - Solid Waste Area. The implementation of the protective
cap for the Solid Waste Area would be the same as Alternatives #3a and #3b.

. Landfill Mining - Bulky Waste Area. The Bulky Waste Area would be excavated

to remove all wastes. The wastes would be segregated into three major categories:
recyclable wastes (ferrous goods and possibly plastics), reusable soil, and non-
recyclable wastes. The reusable soil would be backfilled at the Bulky Waste Area,
the non-recyclable wastes would be disposed at the Solid Waste Area, and the
recyclable wastes would be brought to an off-site recycling facility. Preliminary
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discussion of this technology was presented in Section 3.1.3. Further details are
presented below.

Active Perimeter LFG Collection - Solid Waste Area. The implementation of the

active perimeter LFG collection system would be the same as described previously
for Alternatives #3a and #3b.

Active Internal LFG Collection - Solid Waste Area. The implementation of the

active internal LFG collection system would be the same as described previously for
Alternatives #3a and #3b.

al LFG Treatment (Enclosed Flare) - Solid Wast ea. This alternative
would implement the LFG treatment enclosed flare system in the same manner as
Alternative #3a.

Leachate Collection (Wells/Drains) - Bulky Waste Area. The implementation of a

leachate collection system would be the same as described previously for Alternative
#4a. However, the length of operation would be reduced to the time of landfill
mining.

On-site Leachate Treatment. The implementation of a leachate treatment system
would be the same as described previously for Alternative #4a.

Discharge of Treated Water. Treated water would be discharged to either
groundwater or surface water, as discussed previously in Section 3.1.6.4.

Environmental Monitoring. Environmental monitoring includes monitoring of
groundwater, surface water/sediment, ambient air and soil gas. Monitoring locations,
frequencies and analytes are the same as described previously for Alternative #1
except for additional monitoring at three new dewatering wells (see Table 4-2).

Five-Year Review. As described previously in Alternative #1, since this alternative
would result in contaminants remaining on the Site, CERCLA §121(c) and
§300.430(f)(4)(11) of the NCP require that the site remedy be reviewed every five
years.

Community Relations Activities. In the same manner as Alternative #1, on-going
community relations activities will be conducted to provide appropriate information,
receive comment on that information and to adjust the remedy of the Proposed Plan
at key milestones.
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Figure 4-6 illustrates the site layout for Alternative #4b. The components of the alternative, and how

they interact with each media of concern, are presented on Figure 4-8.

4.4b.1.1 Landfill Mining of the Bulky Waste Area. Under this alternative, landfill mining is used
to extract waste from the Bulky Waste Area and recycle soil and other recyclable materials. Non-
recyclable, non-hazardous waste would be disposed of at the Solid Waste Area before it is capped.
If hazardous wastes are encountered, they would be containerized in drums for off-site
treatment/disposal at a RCRA Treatment, Storage, and Disposal Facility (TSDF). The Bulky Waste
Area would be backfilled with recycled soil (supplemented as necessary with clean fill) and graded

once all the waste had been removed and recycled or re-disposed.

A pilot study would need to be conducted to fully evaluate the applicability of landfill mining for
the Bulky Waste Area. As discussed in Section 3.1.3, it is important to collect data on the types and
quantities of wastes present; the locations and concentrations of various wastes; the condition of the
waste; the depth of waste and depth to groundwater; and the likelihood of encountering hazardous
waste. The evaluation of these factors that is presented in this report for the Bulky Waste Area is

preliminary and should be revised after a pilot study is performed.

A preliminary estimate of the quantity of recyclable metal waste in the Bulky Waste Area is
presented in Section 3.1.3.2. The town of South Kingstown is currently using Metals Recycling in
Johnston, Rhode Island to recycle scrap metal (South Kingstown transfer station staff, 1997). Metals
Recycling was contacted for pricing information. If the scrap material is sufficiently free of dirt, if
chlorofluorocarbons or capacitors have already been removed, and if the material is delivered to
Metals Recycling, the scrap value is $40.00 per ton. If Metals Recycling must pick up the dirt-free
materials and remove chlorofluorocarbons and capacitors, the scrap value is negated by

transportation and handling charges (Metals Recycling, 1997).

It is assumed that 30,900 yd® of waste will be non-recyclable and that this waste will be re-disposed

at the Solid Waste Area, which is to be covered with a protective cap. Cost allowances must be
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made for employee training, personal protective equipment, continuous monitoring equipment, and
decontamination facilities and supplies in the event that hazardous waste is encountered. It is
assumed that the volume of hazardous waste encountered will be minimal. If any hazardous waste

is encountered, it must be properly disposed of at an off-site RCRA TSDF.

The assumptions regarding waste types and volumes strongly influence the feasibility of landfill
mining as a remedial alternative for the Bulky Waste Area. Depending on the pilot study results,
it may be feasible to excavate the entire Bulky Waste Area as described above, or it may be
advantageous to consider mining only a portion of the landfill. If it is found that a significant
quantity of hazardous waste is present, and/or if a large percentage of the waste is non-recyclable,
capping the Bulky Waste Area could potentially be more cost-effective than mining thé waste and

re-disposing of it at the Solid Waste Area or offsite.

Groundwater extracted during any dewatering would be treated if necessary and reinjected. Based
on the anticipated groundwater reclassification, the aquifer underlying the Rose Hill area is
considered classification GB. If the groundwater is shown to be free of contamination, treatment
would not be necessary. In the case of the Bulky Waste Area, it appears that groundwater has
substantial levels of metals, with beryllium and lead above regulatory objectives. State review will

be required to determine the extent of treatment required, if any, prior to reinjection in nearby wells.

For this alternative, it is assumed that some dewatering and treatment before discharge will be
needed. Assumptions made for costing purposes include: three dewatering wells, two to three
injection wells, treatment in a 5 gpm metals precipitation system, and system operation for no more

than one year.

Because non-recyclable mined waste will be re-disposed of at the Solid Waste Area under this
alternative, it is necessary to coordinate landfill mining activities with installation of the cap and
LFG collection system at the Solid Waste Area. One possible sequence is to complete landfill

mining and waste placement activities before initiating any remedial activities at the Solid Waste
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Area. While this sequence is the least difficult logistically, it results in an increase in the overall
time to complete the remedial action because remediation of the Bulky Waste and Solid Waste Areas
would not take place concurrently. A further disadvantage is that landfill gas and leachate from the
Solid Waste Area would remain uncontrolled for approximately one year while landfill mining is
conducted. An alternate sequence would be to install a gas collection and treatment system at the
Solid Waste Area concurrently with landfill mining of the Bulky Waste Area. As non-recyclable
waste is placed at the Solid Waste Area, the gas collection well risers and manifolds would need to
be extended so that the gas collection system would remain above the level of the waste.
Alternatively, the wells could be installed but not piped together, and “mini-flares” could be installed
at each well to treat the gas as an interim measure. The mini-flares would remain in place until
mining and waste placement are completed, at which time it would be possible to cap the Solid

Waste Area and install a permanent gas collection and treatment system above the cap.

Any interim collection and treatment system will not be as efficient as a permanent system, primarily
because the cap will not be in place during its operation. However, an interim system would
provide some reduction in emissions of COPCs during the period when wastes are being placed at

the Solid Waste Area.

Cost assumptions for landfill mining are further detailed in Appendix A.

4.4b.2 Nine Criteria Evaluation of Alternative #4b

The analysis of Alternative #4b with respect to the nine criteria is presented in a narrative form in
the following paragraphs. The assessment focuses on how, and to what extent, the various factors

within each of the criteria are addressed. Uncertainties associated with the alternative are included

when changes in assumptions or unknown conditions could affect the analysis.
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4.4b.2.1 Overall Protection of Human Health and the Environment from Alternative #4b.
Specific long-term and short-term human health and environmental risks are discussed in Sections

4.4b.2.3 and 4.4b.2.5, respectively; the discussion below provides a general overview.

The overall long-term protection of human health from inhalation exposures on and off the Site
would be similar to that described for Alternative #4a. Removal of waste from the Bulky Waste
Area, and backfilling it with clean fill, would be expected to eventually reduce subsequent
groundwater impacts in this area. However, the sources of groundwater contamination in this area
may not be completely removed by landfill mining. Initially, groundwater impacts may increase due
to disturbance of the area. Institutional controls presented in Alternative #2, including groundwater
access restrictions and residential well monitoring, would be included in this altemative. Therefore,

future risks from residential ingestion of groundwater on and off the Site would not be expected.

Short-term risks to the community and workers at the Site from construction and implementation
of Alternative #4b would include those identified for Alternative #4a. Additional short-term risks
from landfill mining include the potential for exposure of workers and nearby residents to dust and
gases emitted during mining activities and placement of waste at the Solid Waste Area, the potential
for ecological impacts to the Saugatucket River and adjacent wetlands as a result of excavation.
Because it will be necessary to delay installation of the cap and active LFG collection system at the
Solid Waste Area until landfill mining is completed, the duration of short-term risks is longer for

this alternative than for Alternative #4a.

The overall protection of the environment would be the similar to Alternative #4a. Proper
engineering controls would be utilized to ensure that this invasive action would not result in long-

term ecological damage (e.g., sedimentation of wetlands or surface waters).

4.4b.2.2 Compliance With ARARs from Alternative #4b. Action-specific ARARs under this
alternative are presented in Table 4-9. Any remedial actions taken under this alternative must

comply with the ARARs listed in this table. Environmental monitoring will be used as an indicator
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of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.
Further actions may be required to comply with ARARSs if they are not met through this source

control/leachate treatment remedy.

4.4b.2.3 Long-term Effectiveness and Permanence from Alternative #4b. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.

Magnitude of Residual Risks. With this alternative, capping and gas collection would leave solid
wastes in place at the Solid Waste Area but would reduce migration of contamination. Capping, and
gas collection and treatment would reduce uncontrolled emissions of landfill gas and leachate
generation from the Solid Waste Area, as presented for Alternative #4a. Wastes would be removed
from the Bulky Waste Area, thereby reducing the potential for contaminated leachate to be generated
and migrate to the Saugatucket River. However, source removal may not be complete and a residual
risk of contaminant migration will remain until natural attenuation of sources outside the limits of

the Bulky Waste Area occurs.

The residual human health risks from inhalation exposures both on and off the Site under Alternative

#4b would be similar to those described for Alternative #4a.

Residual human health risks from future ingestion of contaminated groundwater at the Site would
be further reduced over the long-term. Control of leachate in the Solid Waste Area and removal of
a source of groundwater contamination at the Bulky Waste Area would reduce future groundwater

impacts.

Residential well monitoring would be included under this alternative. Therefore, future risks to
nearby residents from ingestion of contaminated groundwater as a result of plume migration would

not be expected.
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Long-term risks to ecological receptors in Alternative #4b would be the same as Alternative #4a.

Adequacy of Controls. Measures are described below that detail controls to be placed on untreated

waste, waste-contaminated media, and treatment residuals from implementation of Alternative #4b.

Groundwater/Leachate. The institutional controls, capping and leachate collection/treatment
are the same as Alternative #4a and perform the same function. The cap for the Solid Waste
Area may require additional maintenance under this alternative, however, due to the increased
potential for differential settlement caused by placement of mined waste from the Bulky
Waste Area in this area.

Source removal through landfill mining would eliminate the generation of leachate in the
Bulky Waste Area, assuming complete source removal can be attained. However, operation
of the leachate collection system would be required for a period of time to capture remaining
contamination. If waste needs to be left in place, additional controls (i.e., a cap and long-term
leachate collection) would be necessary.

Residuals created by this alternative that are not created by Alternative #4a include the wastes
removed from the Bulky Waste Area during landfill mining. That portion of the mined waste
that cannot be reused or recycled will be re-disposed at the Solid Waste Area (if not
hazardous) or disposed off-site at a RCRA TSDF.

Monitoring of groundwater and surface water would be included in the alternative and would
adequately measure progress of the remedy.

Landfill Gas. Adequacy of controls for landfill gas under Alternative #4b would be similar
to Alternative #4a.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability,
and permanence control measures would provide to protect human health and the environment from

exposures to untreated waste, waste-contaminated media, and treatment residues.

Groundwater/L eachate. The performance of institutional controls, capping and leachate
collection/treatment would be similar to Alternative #4a.
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Landfill mining and restoration of the Bulky Waste Area will reliably control contamination
in this area, provided source removal is complete. If waste needs to be left in place at the
Bulky Waste Area, additional controls such as a cap and long-term leachate collection will
be necessary. The reliability of these additional controls is similar to Alternative #4a.

Monitoring of groundwater and surface water/sediment would provide an accurate measure
of the success of this remedy and provide a basis for modification of the remedy, if required.

Landfill Gas. Reliability of controls for landfill gas would be similar to Alternative #4a.

Need for Five-Year Review. Because wastes would remain on site for this alternative, CERCLA
§121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted every five
years until it is demonstrated that there is no longer a threat to human health or the environment from
the Site. For the purpose of this FS and costing, it is assumed that a "Level I" review, the lowest

level, would be conducted.

4.4b.2.4 Reduction of Toxicity, Mobility or Volume through Treatment from Alternative #4b.
This criterion evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.

Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

Groundwater/I eachate

. Horizontal Containment - Solid Waste Area

. Landfill Mining - Bulky Waste Area

. Leachate collection (wells/drains) - Bulky Waste Area

. On-Site leachate treatment (precipitation, media filtration and UV/chemical
oxidation)

. Discharge of treated water
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Landfill Gas

. Active perimeter LFG collection - Solid Waste Area
. Active internal LFG collection - Solid Waste Area
. Thermal LFG Treatment (enclosed flare) - Solid Waste Area

Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may

also include other hazardous materials that are involved in the remedy.

Groundwater/I.eachate. The amount of materials treated or recycled for horizontal
containment of the Solid Waste Area is the same as described previously for Alternative #4a.

Landfill mining of the Bulky Waste Area is estimated to result in recycling of approximately
37,500 yd® of metal waste, and reuse of approximately 45,600 yd* of soil as backfill. The
remaining 30,900 yd® of mined waste is assumed to be contaminated or otherwise non-
recyclable, and would be re-disposed at the Solid Waste Area.

Landfill Gas. The amount of materials treated or recycled relating to LFG impacts to ambient
air and soil gas are the same as described for Alternative #4a.

Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.

Groundwater/Leachate. The expected reduction in toxicity or mobility for horizontal
containment of the Solid Waste Area is the same as described previously for Alternative #4a.

Landfill mining of the Bulky Waste Area will limit mobility of some site COPCs towards the
Saugatucket River by removing waste from the area and relocating it under the cap at the
Solid Waste Area. In the short term, however, mobility may be increased due to the
disturbance caused by mining activities. The leachate collection system will further limit
mobility of site COPCs towards the Saugatucket River. The reduction of toxicity of the
captured leachate is the same as described in Alternative #4a.

Landfill Gas. The expected degree of reduction in toxicity or mobility of LFG site COPCs are
the same as described for Alternative #4a.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.
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Groundwater/L eachate. The degree of reversibility for horizontal containment of the Solid
Waste Area and leachate collection/treatment at the Bulky Waste Area is the same as
described previously for Alternative #4a.

Landfill mining would be an irreversible removal process which, if discontinued at any point
would result in altered site conditions and increased mobility of site COPCs.

Landfill Gas. The degree to which treatment of landfill gas is irreversible is the same as
described for Alternative #4a.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.

Groundwater/Leachate. Residuals from leachate collection/treatment would be the same as
described in Alternative #4a.

Residuals from landfill mining of the Bulky Waste Area include recyclable metal wastes
(37,500 yd?), reusable soil (45,600 yd®), and non-recyclable wastes (30,900 yd?). It will be
necessary to locate an off-site recycling facility to accept the recyclable metals wastes.
Reusable soil will be backfilled at the Bulky Waste Area during restoration of that area. Non-
recyclable wastes will be re-disposed on site at the Solid Waste Area.

Landfill Gas. The type and quantity of residuals remaining after treatment of LFG are the
same as described previously for Alternative #3a.

4.4b.2.5 Short-term Effectiveness of Alternative #4b. This alternative is evaluated for
effectiveness in protecting the community and local workers, site remediation workers, and the

environment during the construction of the remedy.

Community Protection. Short-term risks to the community would include those identified for
Alternative #4a, and would be mitigated using similar measures. Additional short-term risks will
exist during landfill mining of the Bulky Waste Area and placement of non-recyclable mined wastes
at the Solid Waste Area. Placement of additional waste at the Solid Waste Area may expose nearby

residents to additional odors, noise and blowing trash. Nearby residents may also be exposed to dust
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and site COPCs released during mining activities. It will be necessary to leave the Solid Waste Area
uncapped until pilot tests for landfill mining of the Bulky Waste Area and the actual mining are
completed (estimated to take approximately one year). The LFG collection system will not be as
efficient during the time the Solid Waste Area is uncapped. Hence, this delay may result in

additional exposures to untreated LFG.

Worker Protection. Short-term risks to workers would include those identified for Alternative #4a,
and would be mitigated using similar measures. In addition, landfill mining of the Bulky Waste
Area could result in inhalation exposures from dust and gases emitted during excavation and
processing of waste, as well as dermal exposures from direct contact with surface soil contamination
and with COPCs in leachate. Vermin may also be attracted to the uncovered waste once mining

begins.

If it is determined that there are no hazardous substances in the soil and groundwater at the Bulky
Waste Area that could result in employee exposure, then work would proceed as a conventional
construction operation. However, if at any time during the mining process an accumulation of
hazardous substances in the soil or groundwater is identified that results in the reasonable possibility
for employee exposure to safety or health hazards, then all the requirements of 29 CFR 1910.120
Hazardous Waste Operations and Emergency Response would need to be met. At a minimum this
would require: generation of a site-specific health and safety plan, initial training for general site
workers, management training for supervisory personnel, training of several individuals in First
Aid/CPR, higher levels of personal protective equipment, continuous use of exposure monitoring

equipment, decontamination facilities and supplies, and emergency response equipment.

Environmental Protection. Impacts to habitat and proposed mitigation activities are similar to
those presented under Alternative #4a, plus additional impacts related to the landfill mining
component of the alternative. Emergent wetlands, forested wetlands, and two lotic waterbodies are
located within 100 meters of the eastern and western boundaries of the Bulky Waste Area. The main

ecological concern associated with landfill mining is the potential impact of surface runoff and dust
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from landfill operations. If erosion/dust suppression controls are not implemented, substantial
sedimentation would take place in wetland resources. Sedimentation would decrease water depth
and could change both the temperature regime and the character of the substrate. Runoff or dust
reaching the Saugatucket River and Mitchell Brook would increase sediment loads and suspended
solids levels. Runoff and dust are potential problems regardless of whether the materials are
contaminated. The risk to receptor communities would only be compounded if hazardous materials
were released to aquatic resources via dust, runoff, or through groundwater discharge to surface

water. Noise may also be factor that would temporarily discourage wildlife from nesting near the
landfill.

It is anticipated that landfill mining will cause some short-term ecological impacts due to dust and
runoff. However, best management practices will limit media migration from the Bulky Waste Area

to a level which will not result in long-term ecological damage.

Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. The time required to meet the RAOs for this media is the same as Alternative
#4a.

Surface Water/Sediments. Through use of landfill mining and leachate collection with on-site
treatment (precipitation, media filtration and UV/chemical oxidation), the time required to
meet the RAOs will be the time required to implement and achieve an operational and
functional status of these technologies and process options. This time frame is expected to
be within 2 years of selection of the F'S remedy.

Ambient Air. The time required to meet the RAOs for this media is the same as Alternative
#4a.

Soil Gas. Through use of landfill mining and the active perimeter LFG collection system
combined with thermal LFG treatment (enclosed flare), the time required to meet the RAOs
will be the time required to implement, and achieve an operational and functional status of
these technologies and process options. This is expected to occur within 2 years of selection
of the FS remedy.
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4.4b.2.6 Implementability of Alternative #4b. The implementability of this alternative 1s
discussed as a measure of the technical and administrative feasibility of this approach as well as the

availability of key services and materials required for this remedy.

Technical Feasibility. The relative ease of implementing the remedy is summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/Leachate. For Alternative #4b, the technical feasibility associated with access
restrictions and horizontal containment would be similar to that described for Alternative #4a.
Implementation of environmental monitoring would be the same as Alternative #1.

The landfill mining component of Alternative #4b may be technically difficult to implement,
depending on the contents of the Bulky Waste Area, the location of the waste with respect to
the water table, and potential markets for recyclable metal waste. A pilot study will be needed
to evaluate potential implementation difficulties. If hazardous waste is found to be present
and/or if a significant percentage of the waste is below the water table, mining will be
technically difficult and there will be a corresponding increase in costs. Similarly, if the
market for recyclable waste is limited, it may be necessary to re-dispose a large amount of
waste at the Solid Waste Area, which will increase the complexity of efforts to install the gas
collection system and cap for that area.

The reliability to meet RAOs for the groundwater access restrictions and horizontal
containment is the same as Alternative #4a. Reliability in attaining RAOs for surface
water/sediment in the Saugatucket River is slightly improved from Alternative #4a, because
Alternative #4b involves source removal (landfill mining) which should reduce the amount
of leachate at the Bulky Waste Area required to be collected and treated.

Similar to Alternative #4a, future actions could be implemented to increase this alternative's
remedial effectiveness, but should maintain the integrity of the horizontal containment.

The monitoring approach would be similar to that described for Alternative #4a.

Landfill Gas. The technical feasibility for landfill gas would be the same as for Alternative
#4a.
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Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory
approvals and permits for the remedy is evaluated below.

Groundwater/Leachate. Regulatory approvals or permits anticipated to be required to
implement the remedy in Alternative #4a will also apply to this alternative. For any
dewatering activities required for landfill mining, RIDEM would determine the acceptability
of reinjection and the need for treatment according to the Rhode Island Underground Injection
Control Program rules.

Landfill Gas. The administrative feasibility for landfill gas would be the same as for
Alternative #4a.

~ Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of TSDFs,
availability of necessary equipment and specialists, timing and scheduling, and ability to obtain

competitive cost bids.

Groundwater/Leachate. Availability of services and materials for horizontal containment,
access restrictions, environmental monitoring, five-year reviews and community relations
support is the same as Alternative #4a.

The major component of this alternative that differs from Alternative #4a is landfill mining
of the Bulky Waste Area. A contractor experienced in landfill mining, and with employees
trained according to OSHA 1910.120, would need to be retained. A RCRA TSDF would be
needed to dispose of any hazardous wastes that are encountered during mining. An out-of-
state transporter/RCRA TSDF would likely be required for any hazardous waste disposal as
the number of Rhode Island facilities are limited and handle specific wastes. A recycling
facility that will accept recyclable metal wastes from the Site will also need to be located.
There are multiple facilities in Rhode Island which will accept these metals. However, some
may not be able to accept the metal unless it is sufficiently clean of dirt/debris and any
chlorofluorocarbons or capacitors are removed.

Landfill Gas. The availability of services and materials for this alternative is the same as
Alternative #4a.

4.4b.2.7 Cost of Alternative #4b. Cost assumptions regarding escalation, discount rate,

contingency and duration, unless otherwise specified, are the same as Alternative #4a. Leachate
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collection and treatment is anticipated to be utilized for approximately one year, based on the

assumed duration of landfill mining.

Capital costs associated with this alternative are expected to be $9.82 million. Operation and
maintenance costs (expressed in net present worth dollars) are estimated at $7.10 million. Total

costs are therefore $16.92 million. These costs are summarized in detail in Appendices A and G.

4.4b.2.8 State and Community Acceptance of Alternative #4b. Comments from the State of
Rhode Island, the town of South Kingstown, and citizens of the community regarding this alternative

will be addressed after the public comment period.

4.5a EVALUATION OF ALTERNATIVE #5a: HORIZONTAL CONTAINMENT OF
SOLID WASTE AND BULKY WASTE AREAS, GROUNDWATER AND LEACHATE
COLLECTION AND ON-SITE TREATMENT, GAS COLLECTION AND THERMAL
TREATMENT

This section describes the components of Alternative #5a followed by detailed evaluation of those

components versus the nine FS criteria.

4.5a.1 Definition of Alternative #5a

Alternative #5a provides the same level of human health risk mitigation as Alternative #4a through
control of landfill gas. It also provides improved mitigation of human health risk by additional
engineering controls preventing migration of site COPCs into groundwater. Mitigation of ecological

risk is the same as Alternative #4a.

The major components of this alternative include:

. Groundwater Access Restrictions. Where appropriate, restrictive covenants would
be placed on properties affected by site COPCs to limit use of groundwater as a
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potable water source. The scope of this component is the same as discussed
previously under Alternative #2.

Horizontal Containment - Solid Waste Area. The implementation of the protective
cap for the Solid Waste Area would be the same as Alternatives #3a and #3b.

Horizontal Containment - Bulky Waste Area. The implementation of the protective

cap for the Bulky Waste Area would be the same as Alternatives #3a and #3b.

Active Perimeter LFG Collection - Solid Waste Area. The implementation of the

active perimeter LFG collection system would be the same as described previously
for Alternatives #3a and #3b.

Active Internal LFG Collection - Solid Waste Area. The implementation of the

active internal LFG collection system would be the same as described previously for
Alternatives #3a and #3b.

Thermal LFG Treatment (Enclosed Flare) - Solid Waste Area. This alternative

would implement the LFG treatment enclosed flare system in the same manner as
Alternative #3a.

Passive Internal LF lection - Bulky Waste Area. This alternative would
implement the passive internal LFG collection system for the Bulky Waste Area in
the same manner as Alternatives #3a and #3b.

Leachate Collection (Wells/Drains) - Bulky Waste Area. A leachate collection

system would be installed southeast of the Bulky Waste Area to intercept leachate
migrating toward the Saugatucket River. The scope of this component is the same
as presented for Alternative #4a.

Groundwater Collection System (Wells/Drains) - Solid Waste Area. A groundwater

depression system would be installed on the northern end of the Solid Waste Area
to intercept groundwater prior to contact with refuse in the landfill. Details of the
groundwater collection system and expected flowrates have been provided in Section
3.14.

On-site Groundwater and I eachate Treatment. Treatment of extracted water would

be accomplished using the same process options as for leachate treatment in
Alternative #4a. These process options include precipitation, media filtration and
UV/chemical oxidation. However, due to the increased water volume from the Solid
Waste Area groundwater, the treatment system would be larger. Details of this
system are described further below.
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. Discharge of Treated Water. Similar to Alternative #4a, treated water would be
discharged to either groundwater or surface water, as discussed previously in Section
3.1.6.4.

. Environmental Monitoring. Environmental monitoring includes monitoring of
groundwater, surface water/sediment, ambient air and soil gas. Monitoring locations,
frequencies and analytes are the same as described previously for Alternative #1.

. Five-Year Review. As described previously in Alternative #1, since this alternative
would result in contaminants remaining on the Site, CERCLA §121(c) and
§300.430(f)(4)(ii) of the NCP require that the site remedy be reviewed every five
years.

. Community Relations Activities. In the same manner as Alternative #1, on-going

community relations activities will be conducted to provide appropriate information,
receive comment on that information and to adjust the remedy of the Proposed Plan
at key milestones.

Figure 4-9 illustrates the site layout for Alternative #5a. The components of the altemative, and how

they interact with each media of concern, are presented on Figure 4-10.

4.5a.1.1 On-Site Groundwater and Leachate Treatment. Similar to Alternative #4a, a treatment
train consisting of precipitation, media filtration and UV/chemical oxidation would be used to
remove site COPCs to within ARAR limits prior to discharge. However, due to the increased water

volume from the Solid Waste Area groundwater, the system would be larger.

The expected combined flowrate of leachate and groundwater to be processed in this treatment train
is 50 gpm (Appendix C). Based on this flow rate, continuous operation will be used to process the

collected water.

Precipitation. As in Alternative #4a, precipitation would be used to remove high concentrations
of inorganic compounds from collected water. To handle the increased water volume, equipment
sizes for this process option would be increased to the following: 12,000 gallon holding/equalization

tank, PVC-lined pH adjustment/coagulant addition tank, neutralization tank, flocculation tank, solids
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separation tank, 3,500 gallon sludge thickener, and a filter press with 5 ft*/100 psi capacity. Further

equipment sizing specifics, such as vendor quotations, are presented in Appendix D.

Media Filtration. Similar to Alternative #4a, a sand filter would be used to further remove any
suspended matter remaining in the water after precipitation. A larger size, continuous backwash,
upflow sand filter would be utilized for this process option to handle the additional groundwater

flows. Further equipment sizing specifics, such as vendor quotations, are presented in Appendix D.

UV/Chemical Oxidation. As with Alternative #4a, UV/chemical oxidation would be used to
destroy organic COPCs. A general description of the system includes the following: an ozone
generator, an 0zone generator air preparation system (compressor, dryer, filter), a peroxide feed
system, an oxidation reactor (includes UV lamps), a catalytic ozone/VOC destruction unit to treat
any vapors, and a control unit. Further equipment sizing specifics, such as vendor quotations, are

presented in Appendix D.

4.5a.2 Nine Criteria Evaluation of Alternative #5a

The analysis of Alternative #5a with respect to the nine criteria is presented in a narrative form in
the following paragraphs. The assessment focuses on how, and to what extent, the various factors
within each of the criteria are addressed. Uncertainties associated with the alternative are included

when changes in assumptions or unknown conditions could affect the analysis.

4.5a.2.1 Overall Protection of Human Health and the Environment from Alternative #5a.
Alternative #5a provides the maximum degree of overall protection of human health for this FS
using both institutional controls to prevent exposures and engineering controls to reduce and contain
concentrations of COPCs at the Site. This alternative maximizes groundwater source control,
thereby minimizing the effort required for any future groundwater remediation, if necessary. By

doing so, reduction in human health risks from groundwater ingestion is also maximized.
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Overall protection of human health from inhalation exposures to Site COPCs in ambient air and soil
gas would be the same as Alternatives #3a and #4a. Specific long-term and short-term human health

risks are discussed in Sections 4.5a.2.3 and 4.5a.2.5, respectively.

Groundwater access restrictions, presented in Alternative #2 and included in this alternative, would

prevent potential future exposures from residential ingestion of groundwater at the Site.

Additional short-term risks to workers from implementation of the groundwater
collection/depression and treatment systems would be similar to those identified for leachate in
Alternative #4a; however, these risks could be higher because the implementation of this alternative
would be expected to take longer and entail more extensive intrusive work at the Site. Risks to
workers would be mitigated by using appropriate PPE. There may be additional short-term risks to
the community from inhalation exposures because of the additional intrusive work at the Site with
this alternative. However, any potential short-term risks would be evaluated using air monitoring

during construction activities.

With one exception, the overall protection of ecological habitat and proposed mitigation activities
are the same as those presented for Alternative #4a. The exception is that more substantial impacts
to the hydrogeology of Mitchell Brook and the Saugatucket River may be realized due to drawdown
associated with the operation of the groundwater collection/depression system at the Solid Waste
Area. However, reinjection or surface water discharge will be utilized to mitigate drawdown in

Mitchell Brook and associated wetlands.

4.5a.2.2 Compliance With ARARs from Alternative #5a. Action-specific ARARs under this
alternative are presented in Table 4-10. Any remedial actions taken under this alternative must
comply with the ARARs listed in this table. Environmental monitoring will be used as an indicator
of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.
Further actions may be required to comply with ARARs if they are not met through this source

control/leachate and groundwater treatment remedy.
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4.5a.2.3 Long-term Effectiveness and Permanence from Alternative #5a. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.

Magnitude of Residual Risks. Under Alternative #5a, the residual human health risks from
inhalation exposures to site COPCs in LFG both on and off the Site would be the same as those for
Alternatives #3a and #4a. Risk estimates for these exposure pathways are qualitatively expected to

be within EPA's target risk range.

Residual risks from fugitive landfill gas emissions would be the same as for Alternatives #3a and

#4a.

Groundwater access restrictions, included under Alternative #2, would prevent potential future
exposures from ingestion of groundwater contaminated with site COPCs. Implementation of
Alternative #5a could provide the largest reduction of risk to nearby residents from exposure to

contaminated groundwater.

Risks to the community and workers at the Site from soil gas collection and treatment activities
would be the same as those risks identified for Alternatives #3a and #4a. The mitigation measures
presented for Alternatives #3a and #4a would also be the same for this alternative. Sources of
residual risks from groundwater/leachate collection and treatment activities would be similar to those
identified for Alternative #4a. Treatment technologies for groundwater/leachate in Alternative #5a
are the same as Alternative #4a, but would include a larger flowrate of collected water due to the
addition of the groundwater collection/depression system. Mitigation measures presented for

Alternative #4a would also be the same for this alternative.

Long-term risks to ecological receptors would be similar to those described for Alternative #4a.

However, the extent of required watercourse mitigation may be greater.
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Adequacy of Controls. Measures are described below that detail controls to be placed on untreated

waste, waste-contaminated media. and treatment residuals from implementation of Alternative #5a.

Groundwater/Leachate. The adequacy of controls for groundwater/leachate would be the
same as Alternative #5a.

Landfill Gas. Adequacy of controls for landfill gas would be the same as in Alternative #4b.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability,
and permanence that control measures would provide to protect human health and the environment

from untreated waste, waste-contaminated media, and treatment residues.

Groundwater/Leachate. The reliability of controls for groundwater/leachate would be the
similar to Alternative #4b. However, the effectiveness of lowering the water table to a level
below the landfill source cannot be determined at this time.

Landfill Gas. Reliability of controls for landfill gas would be the same as in Alternative #4b.

Need for Five-Year Review. Because wastes would remain on the Site under this alternative,
CERCLA §121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted
every five years until it is demonstrated that there is no longer a threat to human health or the
environment from the Site. For the purpose of this FS and costing, it is assumed that a "Level I"

review, the lowest level, would be conducted.

4.5a.2.4 Reduction of Toxicity, Mobility or Volume through Treatment from Alternative #5a.
This criteria evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.
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Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

N
Groundwater/I eachate
. Horizontal Containment - Solid Waste Area
. Horizontal Containment - Bulky Waste Area
. Leachate collection (wells/drains) - Bulky Waste Area
. Groundwater collection (wells/drains) - Solid Waste Area
. On-Site groundwater and leachate treatment (precipitation, media filtration and
UV/chemical oxidation)
. Discharge of treated water
andfill Gas.
. Active perimeter LFG collection - Solid Waste Area
. Active internal LFG collection - Solid Waste Area
. Thermal LFG Treatment (enclosed flare) - Solid Waste Area
. Passive internal LFG collection - Bulky Waste Area
Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may
~ also include other hazardous materials that are involved in the remedy.

Groundwater/Leachate. The amount of materials treated or recycled for horizontal
containment of the Bulky Waste and Solid Waste Areas is the same as described previously
for Alternative #3a and #3b.

As with Alternative #4a, the leachate collection system for the Bulky Waste Area will capture
approximately 5 gpm. The groundwater collection system for the Solid Waste Area will
capture approximately 45 gpm. Both streams will be combined (50 gpm total), treated on the
Site and discharged to either groundwater or surface water.

Landfill Gas. The amount of materials treated or recycled relating to LFG impacts to ambient
air and soil gas are the same as described for Alternative #3a.

Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.
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Groundwater/Leachate. The expected reduction in toxicity or mobility for horizontal
containment of the Bulky and Solid Waste Areas is the same as described previously for
Alternatives #3a and #3b.

The leachate collection system for the Bulky Waste Area will limit mobility and reduce
toxicity of site COPCs the same as Alternative #4a.

The groundwater collection system for the Solid Waste Area will further limit downgradient
mobility of site COPCs. Since the on-site treatment system is the same, the reduction of
toxicity of the captured groundwater, when combined with the collected leachate, will be the
same as Alternative #4a.

Landfill Gas. The expected degree in toxicity or mobility of LFG site COPCs are the same
as described for Alternative #3a.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.

Groundwater/Leachate. The degree of reversibility for horizontal containment of the Bulky
and Solid Waste Areas is the same as described previously for Alternatives #3a and #3b.

The on-site leachate and groundwater treatment system would be an irreversible destruction
process for site COPCs. Removal of the treatment system would result in conditions the same
as Alternatives #3a and #3b less the quantity of contaminants removed during past operation.

Landfill Gas. The degree to which treatment of landfill gas is irreversible is the same as
described for Alternative #3a.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.

Groundwater/Leachate. The types of process residuals from the on-site groundwater and
leachate treatment plant are the same as Alternative #4a. Since the total flowrate is higher,
larger quantities of residuals are expected and include:

. Larger quantities of soil residuals from drilling/construction of extraction wells,
trenches, and recharge wells (when compared with Alternative #4a).
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. Sludge filter cake from the precipitation process option containing metal hydroxide
sludges such as Al(OH),, Fe(OH),, and Mn(OH),. The quantity of sludge generated
is expected to be approximately 9 ft*/day.

. Remaining volatile organic COPCs not destroyed in the UV/chemical oxidation
system off-gas.

Landfill Gas. The type and quantity of residuals remaining after treatment of LFG are the
same as described previously for Alternative #3a.

4.5a2.2.5 Short-term Effectiveness of Alternative #5a. This alternative is evaluated for
effectiveness in protecting the community and local workers, site remediation workers, and the

environment during the construction and implementation of the remedy.

Community Protection. Short-term risks to the community would be the same as those identified
for Alternative #4a and would be mitigated using similar measures. Additional short-term risks to
the community from the installation of the groundwater collection/depression system may result
from inhalation exposures. Construction measures for the installation of this system are expected
to take more time as a result of additional intrusive work at the Site. Any potential risks would be

evaluated using air monitoring.

Worker Protection. Short-term risks to workers would be the same as those identified for
Alternative #4a and would be mitigated using similar measures. Additional short-term risks to
workers may result from inhalation exposures or dermal exposures from contact with groundwater
at the Site during the installation of the groundwater collection/depression system. This alternative
entails the highest degree of intrusive work at the Site and construction activities would take longer
and occur over more area at the Site. Potential short-term risks would be the highest for a worker
at the Site. Any potential risks to workers would be mitigated using appropriate PPE. Risks to

workers from long-term mitigation exposures are discussed in Section 4.5a.2.3.

Environmental Protection. Short-term risks and impacts to the environment would be the same

as those identified for Alternative #4a.
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Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. The time required to meet the RAOs for this media is the same as Alternatives
#3a and #3b. RAOs will be exceeded by addition of the groundwater collection system to
the leachate collection and on-site treatment (precipitation, media filtration and UV/chemical
oxidation) of Alternative #4a. The time required to achieve the RAOs in this manner will be
the time required to implement and achieve an operational and functional status of the above
technologies and process options. This is also expected to be within 1-2 years of selection of
the FS remedy.

Surface Water/Sediments. The time required to meet the RAOs for this media is the same as
Alternative #4a.

Ambient Air. The time required to meet the RAOs for this media is the same as Alternative
#3a.

Soil Gas. The time required to meet the RAOs for this media is the same as Alternative #3a.

4.5a.2.6 Implementability of Alternative #5a. The implementability of this alternative is
discussed as a measure of the technical and administrative feasibility of this approach as well as the

availability of key services and materials required for this remedy.

Technical Feasibility. The relative ease of implementing the remedy is summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/L eachate. For Alternative #5a, the technical feasibility associated with leachate
collection, access restrictions and horizontal containment would be similar to that described
for Alternative #4a. Implementation of environmental monitoring would be the same as
Alternative #1. This alternative only adds construction of extraction wells/drains for the
groundwater collection/depression system in the Solid Waste Area, a larger on-site treatment
system and discharge of an increased volume of treated water. As with Alternative #4a, the
location and construction of these items must be coordinated with the implementation of the
horizontal containment to ensure cap integrity is maintained. The technical feasibility
associated with the on-site groundwater/leachate treatment system would be the same as
Alternative #4a.
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The reliability to meet RAOs is increased over Alternative #4a with the addition of the
groundwater depression system.

Similar to Alternative #4a, future actions could be implemented to increase this alternative's
remedial effectiveness, but should maintain the integrity of the horizontal containment.

The monitoring approach would be similar to that described for Alternative #4a.

Landfill Gas. The technical feasibility for landfill gas would be the same as for Alternative
#3a.

Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory

approvals and permits for the remedy is evaluated below.

Groundwater/Ieachate. Regulatory approvals or permits that may be required to implement
the remedy in Alternative #4a will also apply to this alternative. Similar to Alternative #4a,
State approval is anticipated to be required prior to any treated water discharge and
construction of the treatment system. State approval would be dependent on a larger volume
of treated water than Alternative #4a and therefore may be more difficult to obtain.

Landfill Gas. The administrative feasibility for landfill gas would be the same as for
Alternative #3a.

Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of TSDFs,
availability of necessary equipment and specialists, timing and scheduling, and availability to obtain

competitive cost bids.

Groundwater/Leachate. Availability of services and materials for this alternative is the same
as Alternative #4a.

Landfill Gas. The availability of services and materials for this alternative is the same as
Alternative #3a.

4.5a.2.7 Cost of Alternative #5a. Cost assumptions regarding escalation, discount rate,

contingency and duration, unless otherwise specified, are the same as Alternative #4a. Capital costs
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associated with this alternative are expected to be $8.43 million. Operation and maintenance costs
(expressed in net present worth dollars) are estimated at $11.81 million. Total costs are therefore

$20.24 million. These costs are summarized in detail in Appendix G.

4.5a.2.8 State and Community Acceptance of Alternative #5a. Comments from the State of
Rhode Island, the town of South Kingstown, and citizens of the community regarding this alternative

will be addressed after the public comment period.

4.5b EVALUATION OF ALTERNATIVE #5b: HORIZONTAL CONTAINMENT OF
SOLID WASTE AREA, LANDFILL MINING OF BULKY WASTE AREA,
GROUNDWATER AND LEACHATE COLLECTION AND ON-SITE TREATMENT,
GAS COLLECTION AND THERMAL TREATMENT

This section describes the components of Alternative #5b followed by detailed evaluation of those

components versus the nine FS criteria.

4.5b.1 Definition of Alternative #5b

Alternative #5b provides the same level of human health risk mitigation as Alternative #4b, except
it also provides improved mitigation of human health risk by additional engineering controls
preventing migration of site COPCs into groundwater, as in Alternative #5a. Mitigation of

ecological risk is the same as Alternative #4b.

The major components of this alternative include:

. Groundwater Access Restrictions. Where appropriate, restrictive covenants would
be placed on properties affected by site COPCs to limit use of groundwater as a
potable water source. The scope of this component is the same as discussed
previously under Alternative #2.

. Horizontal Containment - Solid Waste Area. The implementation of the protective
cap for the Solid Waste Area would be the same as Alternatives #3a and #3b.
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Landfill Mining - Bulky Waste Area. The implementation of landfill mining would
be the same as described previously for Alternative #4b.

Active Perimeter LFG Collection - Solid Waste Area. The implementation of the

active perimeter LFG collection system would be the same as described previously
for Alternatives #3a and #3b.

Active Internal LFG Collection - Solid Waste Area. The implementation of the

active internal LFG collection system would be the same as described previously for
Alternatives #3a and #3b.

Thermal LFG Treatment (Enclosed Flare) - Solid Waste Area. This alternative

would implement the LFG treatment enclosed flare system in the same manner as
Alternative #3a.

Passive Internal LFG Collection - Bulky Waste Area. This alternative would

implement the passive internal LFG collection system for the Bulky Waste Area in
the same manner as Alternatives #3a and #3b.

Leachate Collection (Wells/Drains) - Bulky Waste Area. A leachate collection

system would be installed southeast of the Bulky Waste Area to intercept leachate
migrating toward the Saugatucket River. The scope of this component is the same
as presented for Alternative #4a. However, the length of operation would be reduced
to the time of landfill mining.

Groundwater Collection System (Wells/Drains) - Solid Waste Area. A groundwater

depression system would be installed on the northern end of the Solid Waste Area
to intercept groundwater prior to contact with refuse in the landfill. The scope of this
component is the same as presented for Alternative #5a.

On-site Groundwater and [ eachate Treatment. Implementation of extracted water

treatment would be the same as described for Alternative #5a.

Discharge of Treated Water. Similar to Alternative #4a, treated water would be
discharged to either groundwater or surface water, as discussed previously in Section
3.1.64.

Environmental Monitoring. Environmental monitoring includes monitoring of

groundwater, surface water/sediment, ambient air and soil gas. Monitoring locations,
frequencies and analytes are the same as described previously for Alternative #4b.
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. Five-Year Review. As described previously in Alternative #1, since this alternative
would result in contaminants remaining on the Site, CERCLA §121(c) and
§300.430(f)(4)(ii) of the NCP require that the site remedy be reviewed every five
years.

. Community Relations Activities. In the same manner as Alternative #1, on-going
community relations activities will be conducted to provide appropriate information,

receive comment on that information and to adjust the remedy of the Proposed Plan
at key milestones.

Figure 4-9 illustrates the site layout for Alternative #5b. The components of the alternative, and how

they interact with each media of concern, are presented on Figure 4-11.

4.5b.2 Nine Criteria Evaluation of Alternative #5b

The analysis of Alternative #5b with respect to the nine criteria is presented in a narrative form in
the following paragraphs. The assessment focuses on how, and to what extent, the various factors
within each of the criteria are addressed. Uncertainties associated with the alternative are included

when changes in assumptions or unknown conditions could affect the analysis.

4.5b.2.1 Overall Protection of Human Health and the Environment from Alternative #5b.
Alternative #5b provides the same degree of overall protection of human health as Alternative #5a,
using both institutional controls to prevent exposures and engineering controls to reduce and contain
concentrations of COPCs at the Site. This alternative maximizes groundwater source control,
thereby minimizing the effort required for any future groundwater remediation, if necessary. By

doing so, reduction in human health risks from groundwater ingestion is also maximized.
Overall protection of human health from inhalation exposures to Site COPCs in ambient air and soil

gas would be the same as Alternative #4b. Specific long-term and short-term human health risks are

discussed in Sections 4.5b.2.3 and 4.5b.2.5, respectively.
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Groundwater access restrictions, presented in Alternative #2 and included in this alternative, would

prevent potential future exposures from residential ingestion of groundwater at the Site.

Short-term risks to the community and workers from landfill mining and implementation of the
groundwater collection/depression and treatment systems are the same as those identified in

Alternatives #4b and #5a, respectively.

With one exception, the overall protection of ecological habitat and proposed mitigation activities
are the same as those presented for Alternative #4b. The exception is that more substantial impacts
to the hydrogeology of Mitchell Brook and the Saugatucket River may be realized due to drawdown
associated with the operation of the groundwater collection/depression system at the Solid Waste
Area. However, reinjection or surface water discharge will be utilized to mitigate drawdown in

Mitchell Brook and associated wetlands.

4.5b.2.2 Compliance With ARARs from Alternative #5b. Action-specific ARARs under this
alternative are presented in Table 4-11. Any remedial actions taken under this alternative must
comply with the ARARS listed in this table. Environmental monitoring will be used as an indicator
of compliance with the site-specific chemical and location-specific ARARs described in Section 2.3.
Further actions may be required to comply with ARARs if they are not met through this source

control/leachate and groundwater treatment remedy.

4.5b.2.3 Long-term Effectiveness and Permanence from Alternative #5b. This alternative is
evaluated below in terms of the risk remaining at the Site after RAOs are addressed. This portion
of the evaluation focuses on the extent and effectiveness of the controls required to manage the risk

posed by treatment residuals and/or untreated contamination.

Magnitude of Residual Risks. Under Alternative #5b, the residual human health risks from

inhalation exposures to site COPCs in LFG both on and off the Site would be the same as those for
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Alternative #4b. Risk estimates for these exposure pathways are qualitatively expected to be within

EPA's target risk range.

Residual risks from fugitive landfill gas emissions would be the same as for Alternative #4b.

Groundwater access restrictions, included under Alternative #2, would prevent potential future

exposures from ingestion of groundwater contaminated with site COPCs.

Risks to the community and workers at the Site would be the same as those risks identified for
Alternative #4b. Sources of residual risks from groundwater/leachate collection and treatment
activities would be similar to those identified for Alternative #5a because treatment technologies for
groundwater/leachate in Alternative #5b are the same as Alternative #5a. Mitigation measures

presented for Alternatives #4b and #5a would be similar for this alternative.

Long-term risks to ecological receptors would be similar to those described for Alternative #4b.

However, the extent of required watercourse mitigation may be greater.

Adequacy of Controls. Measures are described below that detail controls to be placed on untreated

waste, waste-contaminated media, and treatment residuals from implementation of Alternative #5b.

Groundwater/[eachate. The adequacy of controls for groundwater/leachate would be the
same as Alternative #4b.

Landfill Gas. Adequacy of controls for landfill gas would be the same as in Alternative #3a.

Reliability of Controls. Evaluations are described below that detail the effectiveness, reliability.
and permanence that control measures would provide to protect human health and the environment

from untreated waste, waste-contaminated media, and treatment residues.
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Groundwater/L eachate. The reliability of controls for groundwater/leachate would be the
similar to Alternative #4b. However, the effectiveness in lowering the water table to a level
below the landfill source cannot be determined at this time.

Landfil] Gas. Reliability of controls for landfill gas would be the same as in Alternative #3a.

Need for Five-Year Review. Because wastes would remain on the Site under this alternative,
CERCLA §121(c) and the NCP at §300.430(f)(4)(ii) require that a five-year review be conducted
every five years until it is demonstrated that there is no longer a threat to human health or the
environment from the Site. For the purpose of this FS and costing, it is assumed that a "Level 1"

review, the lowest level, would be conducted.

4.5b.2.4 Reduction of Toxicity, Mobility or Volume through Treatment from Alternative #5b.
This criteria evaluates how the alternative mitigates the effects of site COPCs by describing the
following: treatment technologies and process options utilized, quantity of site
COPCs/contaminated media affected, degree of expected reductions in mobility of site COPCs into
the environment, degree to which the treatment is irreversible, and the residuals remaining after

treatment.

Treatment/Recycling Processes Utilized. The treatment, recycling and other mitigation processes

of the remedy and any materials treated are listed below for this alternative:

Groundwater/I eachate

. Horizontal Containment - Solid Waste Area

. Landfill Mining - Bulky Waste Area

. Leachate collection (wells/drains) - Bulky Waste Area

. Groundwater collection (wells/drains) - Solid Waste Area

. On-Site groundwater and leachate treatment (precipitation, media filtration and
UV/chemical oxidation)

. Discharge of treated water

Landfill Gas.

. Active perimeter LFG collection - Solid Waste Area

. Active internal LFG collection - Solid Waste Area
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. Thermal LFG Treatment (enclosed flare) - Solid Waste Area
. Passive internal LFG collection - Bulky Waste Area

Amount of Hazardous Materials Treated or Recycled. The quantities or volumes of materials
containing COPCs that are destroyed, recycled or treated are detailed below. These quantities may

also include other hazardous materials that are involved in the remedy.

Groundwater/Leachate. The amount of materials treated or recycled for horizontal
containment of the Solid Waste Area is the same as described previously for Alternative #3a.

As with Alternative #5a, the leachate collection system for the Bulky Waste Area will capture
approximately 5 gpm. The groundwater collection system for the Solid Waste Area will
capture approximately 45 gpm. Both streams will be combined (50 gpm total), treated on the
Site and discharged to either groundwater or surface water.

The amount of materials treated or recycled using landfill mining of the Bulky Waste Area
is the same as described previously for Alternative #4b.

Landfill Gas. The amount of materials treated or recycled relating to LFG impacts to ambient
air and soil gas are the same as described for Alternative #3a.

Degree of Expected Reductions in Toxicity or Mobility. The expected degree of reductions in

toxicity or mobility of the COPCs in site media are detailed below.

Groundwater/Leachate. The expected reduction in toxicity or mobility for horizontal
containment of the Solid Waste Area is the same as described previously for Alternatives #3a
and #3b.

The leachate collection system for the Bulky Waste Area will limit mobility and reduce
toxicity of site COPCs the same as Alternative #4b.

The groundwater collection system for the Solid Waste Area will further limit downgradient
mobility of site COPCs the same as Alternative #5a. Since the on-site treatment system is the
same, the reduction of toxicity of the captured groundwater, when combined with the
collected leachate, will be the same as Alternative #4a.

The expected reduction in toxicity and mobility using landfill mining is the same as described
in Alternative #4b.
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Landfill Gas, The expected degree in toxicity or mobility of LFG site COPCs are the same
as described for Alternative #3a.

Degree to Which Treatment Is Irreversible. The degree to which treatment, recycling or other

appropriate remedial components of the selected remedy are irreversible is evaluated below.

Groundwater/L eachate, The degree of reversibility for horizontal containment of the Solid
Waste Area is the same as described previously for Alternatives #3a and #3b.

The degree of reversibility for the on-site leachate and groundwater treatment system would
be the same as for Alternative #5a.

The degree of reversibility for landfill mining would be the same as described for
Alternative #4b.

Landfill Gas. The degree to which treatment of landfill gas is irreversible is the same as
described for Alternative #3a.

Type and Quantity of Residuals Remaining After Treatment. The quantity and composition of
residuals generated by treatment processes in this alternative are described below. These residuals

may require further disposal and handling.

Groundwater/Leachate. The types and quantities of process residuals from the on-site
groundwater and leachate treatment plant are the same as Alternative #5a.

Landfill Gas. The type and quantity of residuals remaining after treatment of LFG are the
same as described previously for Alternative #3a.

4.5b.2.5 Short-term Effectiveness of Alternative #5b. This alternative is evaluated for
effectiveness in protecting the community and local workers, site remediation workers, and the

environment during the construction and implementation of the remedy.

Community Protection. Short-term risks to the community would be the same as those identified
for Alternative #4b and would be mitigated using similar measures. As with Alternative #5a, short-

term risks to the community from the installation of the groundwater collection/depression system
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may result from inhalation exposures. Construction measures for the installation of this system are
expected to take more time as a result of additional intrusive work at the Site. Any potential risks

would be evaluated using air monitoring.

Worker Protection. Short-term risks to workers from installation of the LFG collection and
treatment systems would be the same as those identified for Alternative #4b and would be mitigated
using similar measures. Additional short-term risks to workers may result from the installation of
the groundwater collection/depression system as identified for Alternative #5a. Mitigation measures
identified for Alternative #5a are, as a result, appropriate for use with Alternative #5b as well. Risks

to workers from long-term exposures and mitigation measures are discussed in Section 4.5b.2.3.

Environmental Protection. Short-term risks and impacts to the environment would be the same

as those identified for Alternative #4b.

Time Until Remedial Action Objectives are Achieved. Estimates for the time to achieve RAOs

are discussed below by site media of concern.

Groundwater. The time required to meet the RAOs for this media is the same as Alternatives
#3aand #3b. RAOs will be achieved by addition of the groundwater collection system to the
leachate collection and on-site treatment (precipitation, media filtration and UV/chemical
oxidation) of Alternative #4b. The time required to achieve the RAOs in this manner will be
the time required to implement and achieve an operational and functional status of the above
technologies and process options. This is also expected to be within 2 years of selection of
the FS remedy.

Surface Water/Sediments. The time required to meet the RAOs for this media is the same as
Alternative #4b.

Ambient Air. The time required to meet the RAOs for this media is the same as
Alternative #3a.

Soil Gas. The time required to meet the RAOs for this media is the same as Alternative #3a.
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4.5b.2.6 Implementability of Alternative #5b. The implementability of this alternative is
discussed as a measure of the technical and administrative feasibility of this approach as well as the

availability of key services and materials required for this remedy.

Technical Feasibility. The relative ease of implementing the remedy is summarized below. Key
items include: ability to be constructed and operated, reliability in meeting RAOs, ease of

undertaking additional remedial actions and ability to monitor effectiveness of the remedy.

Groundwater/L eachate. For Alternative #5b, the technical feasibility associated with leachate
collection, access restrictions and horizontal containment would be similar to that described
for Alternative #4b. Implementation of environmental monitoring would be the same as
Alternative #1. The implementation of the groundwater collection/depression system in the
Solid Waste Area is the same as Alternative #5a.

The reliability to meet RAOs is increased over Alternative #4b with the addition of the
groundwater depression system.

Similar to Alternative #4b, future actions could be implemented to increase this alternative's
remedial effectiveness, but should maintain the integrity of the horizontal containment.

The monitoring approach would be similar to that described for Alternative #4b.

Landfill Gas. The technical feasibility for landfill gas would be the same as for
Alternative #3a.

Administrative Feasibility. The relative effort and time required to obtain the necessary regulatory

approvals and permits for the remedy is evaluated below.

Groundwater/l eachate. Regulatory approvals or permits that may be required to implement
the remedy in Alternative #4b will also apply to this alternative. Similar to Alternative #4b,
State approval is anticipated to be required prior to any treated water discharge and
construction of the treatment system. State approval would be dependent on a larger volume
of treated water than Alternative #4b and therefore may be more difficult to obtain.

Landfill Gas. The administrative feasibility for landfill gas would be the same as for
Alternative #3a.
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Availability of Services and Materials. The availability of key services and materials needed to
implement the alternative are discussed below and include: capacity and location of TSDFs,
availability of necessary equipment and specialists, timing and scheduling, and availability to obtain

competitive cost bids.

Groundwater/ eachate. Availability of services and materials for this alternative is the same
as Alternative #4b.

Landfill Gas. The availability of services and materials for this alternative is the same as
Alternative #3a.

4.5b.2.7 Cost of Alternative #5b. Cost assumptions regarding escalation, discount rate,
contingency and duration, unless otherwise specified, are the same as Alternative #4b. Capital costs
associated with this alternative are expected to be $11.01 million. Operation and maintenance costs
(expressed in net present worth dollars) are estimated at $11.81 million. Total costs are therefore

$22.82 million. These costs are summarized in detail in Appendices A and G.
4.5b.2.8 State and Community Acceptance of Alternative #5b. Comments from the State of

Rhode Island, the town of South Kingstown, and citizens of the community regarding this alternative

will be addressed after the public comment period.
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SECTION 5.0
COMPARATIVE ANALYSIS OF SITE REMEDIATION ALTERNATIVES

This section provides a detailed comparison for each of the five site remediation alternatives in terms
of the nine evaluation criteria presented in Section 4.0. Comparisons are presented qualitatively,
identifying substantive differences between alternatives. A summary of the comparison of

alternatives, by criteria, is presented in Table 5-1.

5.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Overall protection of human health and the environment, within the limits of the remedial action
objectives defined for this feasibility study, is a key threshold criteria that must be attained by an
alternative to be eligible for selection in the ROD. This section describes the overall assessment of

whether each alternative achieves adequate protection of human health and the environment.

Alternatives #1 and #2 do not meet this criteria, while Alternatives #4a, #4b, #5a and #5b would
attain or exceed adequate protection of human health and the environment. Alternatives #3a and #3b
would attain adequate protection of human health, but only approach adequate attainment for
protection of the environment, since some portion of leachate would still reach surface

water/sediment bodies.

5.1.1 Human Health Protection

Alternative #1 provides no protection against human health risks and, thus, does not meet this
threshold criteria. The estimated cancer risk and hazard index would continue to exceed EPA's
target cancer risk range of 10 to 10 and the target non-cancer risk limit of 1, for those exposure
pathways identified in the baseline risk assessment (see Sections 2.0 and 4.0 for further definition).
Alternative #1 also provides no protection from potential future risks, if off-site migration of

contamination occurs.



Alternative #2 uses institutional controls (access restrictions) to provide some degree of overall
protection of human health by significantly reducing the potential for on-site human exposures to
occur. Overall risks to human health at the Site may be greater than for Alternative #1, but human
health risks remain at unacceptable levels under this alternative if the proposed institutional controls
are not effective. Risks from on-site exposures are expected to exceed EPA's target risk range.
Engineering controls (residential LFG control contingency) are provided under this alterative to
increase overall protection of human health at off-site locations in the event that site COPCs impact
these locations in the future. Since contamination at the Site is not reduced or contained under this
alternative, off-site exposures to COPCs in ambient air or indoor air at nearby residences would
exceed the EPA target cancer risk range. This occurs even at locations with the residential LFG
control contingency since these systems are appropriate only for reducing safety risks from methane
in soil gas. There would also be limited short-term risks to workers from the installation of fencing

under this alternative.

Human health risks from inhalation exposures are reduced to acceptable levels by engineering
controls and access restrictions for Alternatives #3a through #5b. These alternatives also use
engineering controls to increase the protection of human health from inhalation exposures to COPCs
originating in landfill gas (cap installation, LFG collection, and treatment of LFG at the Solid Waste
Area). Risks from inhalation exposures to COPCs in soil gas in ambient air and indoor air at nearby

residences are expected to be reduced to within EPA's target risk range under these alternatives.

Installation of a cap in Alternatives #3a through #5b also provide some leachate control to help
reduce subsequent groundwater impacts by minimizing infiltration of precipitation. Furthermore,
alternatives #4a through #5b use a leachate collection and treatment system to provide additional
leachate control. Alternatives #4b and #5b utilize landfill mining to remove a source of groundwater
impacts (Bulky Waste Area) from the Site. Separation of the water table from refuse in the Solid
Waste Area using a groundwater depression system would be expected to further reduce risks from
this groundwater/leachate exposure pathway to acceptable levels for Alternatives #5a and #5b.

However, Alternatives #2, #3a, #3b, #4a, and #5a do not provide source reduction of existing
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groundwater contamination at the Site. Groundwater access restrictions included in these
alternatives would prevent any exposures from potential future groundwater ingestion at the Site.
For Alternatives #2 through #5b, potential future risks from groundwater ingestion at the Site would
not exceed the EPA target cancer risk range as long as groundwater access restrictions are effective.
Overall protection of human health from this groundwater ingestion exposure pathway for
Alternatives #2 through #5b would depend on the long-term effectiveness of institutional controls,
since these alternatives would not provide any source containment of the groundwater
contamination. Alternatives #4b and #5b remove the Bulky Waste Area through landfill mining, but
move some of it to another area of the Site. If groundwater contamination migrates off of the Site,
potential future risks from residential ingestion of groundwater at nearby residences may exceed
EPA's target risk range. However, risks to off-site residents from this exposure pathway are not
expected for Altermatives #2 through #5b, because institutional controls are proposed for each of
these alternatives. Overall protection of human health from this exposure pathway for Alternatives

#2 through #5b would depend on long-term monitoring.

Although Alternative #1 would not result in any additional short-term risks to the community or
workers, other alternatives would as a result of mitigation activities. Alternative #2 would result in
limited additional short-term risks to workers as a result of the installation of fencing at the Solid
Waste Area. For Alternatives #3a through #5b, installation of the LFG collection and treatment
systems would result in increased short-term risks from the movement of soils and/or invasive work
at the Solid Waste Area, as well as from the increased human presence at the Site for the duration
of remediation work. Furthermore, Alternatives #4a through #5b would result in additional short-
term risks relative to Alternative #3 from increased invasive work during installation of a
groundwater/leachate collection and treatment systems. Alternatives #4b and #5b would result in
additional short-term risks relative to Alternatives #4a and #5a, respectively, from increased invasive
work during landfill mining activities. However, all additional short-term risks identified for
Alternatives #2 through #5b, to either the community or workers at the Site, are expected to be
sufficiently mitigated using engineering controls and/or PPE. Alternatives #3a through #5b result

in limited residual long-term health risks to the community and/or workers relative to Alternatives
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#1 and #2. On-site LFG collection and treatment in Alternatives #3a through #5a would result in
long-term residual risks to on-site workers working around and with the LFG remediation

equipment. Alternatives #4a through #5b would result in long-term residual risks to workers

charged with maintaining the groundwater/leachate collection and treatment systems.--A relatively

small long-term residual risk to the community results from Alternatives #3a through #5a due to the

off-site transport of site contaminants from-the leachate/groundwater treatment process and the LFG

condensate collection. These long-term risks to workers and the community are expected to be

sufficiently mitigated by some-combination of engineering controls, use of PPE, and proper--

hazardous materials handling and transport procedures.

5.1.2 Ecological Protection

The no action and limited action alternatives, Alternative #1 and #2, respectively, are not protective
of the environment and, thus, do not-meet this criteria. These alternatives provide no reduction in
long- or short-term risks to ecological receptors relative to baseline levels since there would be no
reduction in contaminant migration via leachate and groundwater. Therefore, the documented
adverse impacts to the aquatic community (as were described in Section 2.0), especially to Mitchell

Brook and the Saugatucket River, would persist-under these two alternatives. . _.

Under Alternatives #3a and #3b, capping of the two disposal areas would substantially decrease
ecological exposures to site-related contaminants in wetland and aquatic habitats since leachate
generation and subsequent discharge to Mitchell Brook and the Saugatucket River would be
substantially reduced. However, these alternatives may not be totally protective of the environment

since some leachate would still reach surface water bodies.
Alternatives #4a through #5b are protective of the environment, since capping of the disposal areas,

landfill mining and installation of groundwater/leachate collection and treatment systems would

essentially eliminate ecological- exposures to site-related contaminants in wetland and aquatic
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habitats. Leachate generation and subsequent discharge to Mitchell Brook and the Saugatucket

River would be prevented and/or controlled.

The remedial alternatives differ in the magnitude of potential impacts to ecological habitats. Other
than the continued presence of contaminants in on-site media, there would be no impacts to wetlands
or other habitats under the no action alternative, since no disturbance of these habitats would occur.
For the limited action alternative, some minor, short-term impacts to small areas of wetland and
upland habitats would occur due to fence installation. For Alternatives #3a, #3b, #4a, and #5a,
capping the disposal areas and constructing the various collection and treatment systems would
result in some temporary and/or minor impacts to ecological habitat, the filling of one small
emergent wetland (<0.15 acres) and impacts to forested wetlands (0 to 0.5 acres). These potential
impacts can be mitigated and are lowest for Alternatives #3a and #3b and highest for Alternatives

#4a through #5b (due to the number and extent of remedial actions to be conducted).

For Alternatives #3a through #5b, the caps and collection/treatment systems also have the potential
to affect the hydrology of on-site wetlands, Saugatucket River and Mitchell Brook. These potential
impacts are relatively low for Alternatives #3a and #3b compared to Alternatives #4a through #5b

(due to the presence of both groundwater collection/depression and leachate collection systems).

5.2 COMPLIANCE WITH ARARS

Compliance with ARARSs is the second of the two key criteria that must be attained by an alternative
to be eligible for selection in the ROD. Compliance with ARARSs is partially or substantially met
by Alternatives #3a through #5b and is not attained by Alternatives #1 and #2.

The no action and limited action alternatives, Alternatives #1 and #2 respectively, fail to meet
requirements for hazardous waste landfills. These two alternatives also fail to attain groundwater
quality criteria and standards. Alternatives #3a through #5b meet either the intent or the letter of the

Rhode Island and federal regulatory requirements for a landfill cap. Groundwater protection
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standards are currently not attained under any alternative since there is no remediation of
groundwater. Based on the use of source control and an anticipated groundwater reclassification,
this non-attainment is expected to be temporary and will be reviewed further following monitoring,

which is included as a part of each alternative.

Landfill gas emissions controls, proposed under Alternatives #3a through #5b, would be designed,
installed, and operated to meet Rhode Island Air Pollution Control Regulations and the federal Clean
Air Act. Emissions from the gas treatment systems would attain RIDEM Air Pollution Control
Regulation No. 7, which prohibits the emission of air contaminants detrimental to person or
property. These emissions would also be expected to be below the minimum reportable quantities
and acceptable ambient levels set forth in RIDEM air toxics rules, No. 22, which prohibits the
emission of air toxics without a permit. Under this regulation, air quality modeling may be required

to determine allowable emissions.

Alternatives #3a through #5b also include a condensate aboveground storage tank and condensate
pump stations which are regulated as ancillary equipment to tanks. This condensate is assumed to
be hazardous by characteristic and would require off-site disposal at a RCRA-compliant TSDF. The
tank and pump stations would need to be installed in compliance with state, federal, and local tank

rules and underground components would also need to comply with appropriate UST rules.

For the no action and limited action alternatives, Alternatives #1 and #2, federal and state AWQC
for the protection of aquatic life for the chemicals of potential ecological concern in surface water
would not be met since leachate seeps are neither eliminated nor contained. For Alternatives #3a
and #3b, AWQC may not be met in the Saugatucket River and Mitchell Brook since release of
leachate to these water bodies is substantially reduced but is not eliminated. AWQC would be met
under Alternatives #4a through #5b since leachate generation and discharge would be eliminated
and/or controlled. Discharge of treated wastewater, proposed for Alternatives #4a through #5b,
would require consultation and coordination with state authorities, including RIDEM and the Rhode

Island Fish and Wildlife Division. Treated groundwater/leachate may be discharged to surface water
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and/or groundwater. It is anticipated that a discharge scheme in compliance with Rhode Island
Groundwater Quality Standards and Preventive Action Limits, Rhode Island Water Quality Criteria,
Federal Clean Water Act AWQC, and other action-specific ARARs would be developed between

state and federal authorities as part of the remedial design.

Wetland-related ARARs and TBCs would be met under the no action and limited action alternatives
since these areas are not disturbed (although some minimal disturbance would occur to small areas
within the wetland buffer zone under the limited action alternative) and no surface water discharges
from treatment facilities would occur. For Alternatives #3a through #5b, wetlands-related ARARs
would be met through on-site mitigation (replacement of a small emergent wetland area to be
impacted during cap installation on the Solid Waste Area as well as replacement of other impacted
forested wetlands) and through proper hydrological design (to mitigate potential hydrological
impacts to surface water bodies and wetlands due to the caps and/or the collection and treatment

systems).

Federal and state ARARSs relating to threatened and endangered species would be met under all
alternatives since none of the remedial alternatives directly affect any known threatened or
endangered species nor do they adversely modify or destroy any critical habitat. In addition, the
baseline ecological risk assessment did not identify any significant exposure pathways to site

contaminants for any endangered species which could potentially occur on the Site.

For Alternatives #3a through #5b, actions must be taken during construction to protect (or mitigate

unavoidable impacts to) wetlands, surface waterbodies, the floodplain, and the nearby cemetery.

5.3 LONG-TERM EFFECTIVENESS AND PERMANENCE

This section summarizes the evaluation for risks remaining at the Site after RAOs have been met,

and risk from management of residuals.
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5.3.1 Magnitude of Residual Risk: Human Health

Alternative #1 provides no long-term effectiveness and permanence and does not protect against the
human health risks identified in the baseline human health risk assessment. Exposure pathways
which exceed acceptable human health risk levels include inhalation exposures at the Site, inhalation
exposures from indoor air and ambient air at off-site receptors and groundwater ingestion exposures

at the Site.

Alternative #2 only provides minor long-term effectiveness and permanence since no source
reduction or containment measures are implemented under this alternative. This alternative reduces
residual human health risks by using institutional controls and residential contingencies to prevent
exposures from occurring. Provided that institutional controls are effective over the long-term,
residual human health risks from exposure to site COPCs in soil gas and groundwater at the Site
would be reduced to or near acceptable risk levels. In addition, assuming that there is long-term
monitoring, residual human health risks from off-site exposures to groundwater may be reduced to
acceptable risk levels. However, residual human health risks from ambient air inhalation exposures

of off-site receptors may continue to exceed acceptable risk levels.

Through engineering controls and treatment, Alternatives #3a through #5b provide an increase in
long-term effectiveness and permanence, relative to Alternative #2, by controlling and reducing site
COPCs in ambient air and soil gas. As a result, residual human health risks from inhalation

exposures at off-site receptors would be reduced to acceptable risk levels.

Alternatives #3a through #5b provide some increase in long-term effectiveness and permanence with
respect to residual human health risks from exposures to surface water and groundwater
contamination. Institutional controls provide reductions in long-term residual human health risks
from ingestion exposures to both on- and off-site groundwater. These risks are expected to be
reduced to acceptable levels provided that institutional controls and monitoring continue over the

long term.
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Additional long-term residual risks would result from the engineering controls proposed for the
various alternatives. The LFG collection and treatment system proposed for Alternatives #3 through
#5 would result in additional long-term risks from the condensate waste stream and from combustion
products at the enclosed flare. In addition, Alternatives #4a through #5b would have long-term
residual risks from the treatment train for collected groundwater and leachate. Residual risks would
result from waste streams requiring disposal and the release of off-gases. These potential risks
associated with treatment technologies could be mitigated by using appropriate engineering controls

where possible and by using proper operating and transport methods and procedures.

5.3.2 Magnitude of Residual Risk: Ecological

The no action and limited action alternatives, Alternatives #1 and #2, would not result in a
quantifiable long-term reduction in risk to ecological receptors since leachate would continue to be
generated and enter Mitchell Brook and the Saugatucket River. Documented adverse impacts (see
Section 2.0) to the aquatic communities in these water bodies would continue from exposure to this

leachate.

Long-term risks to ecological receptors in wetland and aquatic habitats would be substantially
reduced under Alternatives #3a and #3b due to installation of horizontal containments on the Solid
Waste and Bulky Waste Areas. Since some leachate would still reach on-site water bodies under
these alternatives, there is a residual risk associated with them. The magnitude of residual ecological

risks are proportional to the amount of residual leachate discharged following capping.

Long-term risks to ecological receptors in wetland and aquatic habitats would be virtually eliminated

under Alternatives #4a through #5b.
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5.3.3 Adequacy and Reliability of Controls

Alternative #1 would not provide adequate or reliable protection of human heaith or the environment
as it involves no treatment or management controls for either groundwater/leachate or landfill gas,
and relies on only natural attenuation for protection. Alternative #2 would not involve treatment
controls for groundwater/leachate or landfill gas, but provides protection through access restrictions
and the LFG control contingency. The reliability of these controls are dependent upon the frequency
of routine monitoring. The adequacy and reliability of monitoring is, in tun, dependent upon the
use of proper sampling and analytical procedures. Regardless, protection of human health due to

off-site inhalation of ambient air is not fully adequate under Alternative #2.

Horizontal containment (capping) proposed under Alternatives #3a through #5b would adequately
reduce or eliminate the infiltration of precipitation into waste, thereby reducing the generation of
leachate. The caps would require long-term maintenance to ensure that their integrity is not
compromised. The caps would also lower the water table to a limited degree, reducing contact
between in-place refuse and groundwater. This action reduces the volume of groundwater that
becomes contaminated as well as the quantity of leachate produced. The caps, however, may not
adequately cover or eliminate all leachate outbreaks. There is a high degree of confidence associated
with caps in relation to their ability to reduce infiltration of precipitation and control the escape of
landfill gas. Furthermore, capping is an indirect method of providing protection from exposure to
untreated groundwater. The caps, however, would not be expected to cover all leachate outbreaks

that could still be potential exposure locations.

The leachate collection system proposed under Alternatives #4a through #5b would reduce the
leachate outbreaks near the Saugatucket River. The groundwater depression system proposed under
Alternatives #5a and #5b would lower the water table in the Solid Waste Area so that waste is no
longer in direct contact with the groundwater. The systems used to treat the groundwater/leachate
collected would be housed in a building which would protect the public from contacting untreated

water and treatment system areas.
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Source removal through landfill mining would eliminate the generation of leachate in the Bulky
Waste Area, assuming complete source removal can be attained. However. operation of the leachate
collection system would be required for a period of time to capture remaining contamination. If
waste needs to be left in place, additional controls (i.e., a cap and long-term leachate collection)

would be necessary.

The reliability and adequacy of the LFG collection and treatment systems proposed under
Alternatives #3a through #5b is initially dependent on the collection system. Landfill gas not
captured by the active internal collection system would be captured by the active perimeter
collection system. The perimeter system and caps provide an adequate secondary containment of

landfill gas and substantially reduce fugitive emissions to ambient air.

Treatment by enclosed flare is proposed for Alternatives #3a, and #4a through #5b. The hazard from
untreated site COPCs exiting the enclosed flare would be very low due to the high destruction
removal efficiencies that can be expected (95% minimum for all VOCs). Other hazards are posed
by condensate from the landfill gas as well as combustion by-products such as hydrochloric acid,
acid gases and odor-causing sulfur oxides. Reliability of the landfill gas collection and treatment

system will be dependent on close attention of the operator(s), and engineering support staff.
Alternative #3b proposes LFG treatment by photocatalytic oxidation. Because photocatalytic
oxidation is an innovative technologys, its reliability over years of operation has not been determined.

The technology has not yet been tested on landfill gas.

Each of the five alternatives would require periodic five-year reviews to examine the reliability and

adequacy of the process options and technologies selected.
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5.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT

5.4.1 Treatment/Recycling Processes Utilized

Alternatives #1 and #2 do not utilize any treatment processes beyond natural attenuation and
therefore do not remediate source areas. In Alternative #2, utilization of the LFG control
contingency would only result in negligible reduction of toxicity, mobility, and volume of the treated
waste. Alternatives #3a, #4a, #4b, #5a and #5b treat captured landfill gases by combustion in an
enclosed flare, reducing the toxicity and mobility of landfill gas migrating off the Site. Similar to
Alternative #3a, Alternative #3b also treats COPCs in LFG, but does not destroy methane.
Alternatives #4a through #5b additionally treat groundwater/leachate using precipitation, media

filtration and UV/chemical oxidation.

5.4.2 Amount of Hazardous Materials Treated or Recycled

The total flow rate of leachate that would be treated under Alternatives #4a and #4b is approximately
5 gpm. The total flow rate of groundwater/leachate in Alternatives #5a and #5b which would be
treated is approximately 50 gpm. The Bulky Waste Area leachate comprises 5 gpm of this flow,
while the groundwater depression system north of the Solid Waste Area contributes 45 gpm, mostly
groundwater migrating into the Site. During landfill mining in Alternatives #4b and #5b, the flow

rate of leachate at the Bulky Waste Area may be increased due to ground disturbances.

Under Alternatives #3a, #4a, #4b, #5a and #5b, the majority of the LFG would be burned using an
enclosed flare. Under Alternative #3b, the majority of the LFG would be treated using
photocatalytic oxidation. Only limited quantities of landfill gas would be addressed under

Alternative #2 through the residential LFG control contingency.
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5.4.3 Degree of Expected Reductions in Toxicity, Mobility, or Volume

While none of the alternatives remove the source of LFG contamination, Alternatives #3a through
#5b provide the greatest degree of reduction in COPC toxicity, mobility, and volume from landfill
gas through appropriate controls. Alternatives #3a and b, #4a and #5b provide progressively more
reduction in COPC toxicity, mobility and volume for groundwater/leachate. Alternatives #4b and
#5b also provide more reduction in groundwater/leachate COPC toxicity than Alternatives #3a and
#3b. They also reduce the volume of leachate due to source removal. However, short-term mobility

may be increased due to ground disturbances.

5.4.4 Irreversibility

Alternatives #3a through #5b are irreversible with respect to implemented treatment technologies
and process options which destroy site COPCs. To a small extent, Alternative #2 (through the LFG

control contingency) also irreversibly removes or destroys site COPCs.

5.4.5 Type and Quantity of Residuals

For groundwater, Alternatives #1 and #2 would generate no treatment residuals. Alternative #3a
would generate condensate from the landfill gas collection system as well as combustion by-
products. Landfill gas condensate is expected to generate at a rate of 125 gal/10° ft* of extracted gas.
Combustion gases would be expected to include trace nitrogen oxides, sulfur oxides, and small
quantities of undestroyed COPCs. Alternative #3b would also generate condensate from the LFG
collection system as well as residuals such as methane and possibly small quantities of hydrogen
chloride. Alternatives #4a through #5b would generate landfill gas condensate and combustion
by-products (at the same rates as predicted for Alternative #3a), drilling/construction soils from
installation of the groundwater depression/leachate collection and treatment systems, and sludge
filter cakes from the wastewater treatment plant. The sludge filter cakes would be expected to

contain hydroxide sludges of aluminum, iron, and manganese. Alternatives #4b and #5b would
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generate waste, soil and scrap metal residuals during landfill mining. There may also be minor

hazardous waste encountered under these two alternatives.

Further reduction in toxicity and mobility of Site COPCs in groundwater would be achieved with
Alternatives #4b, #5a, and #5b. Landfill mining (Alternatives #4b and #5b) would eliminate a waste
source (Bulky Waste Area), while groundwater depression (Alternatives #5a and #5b) would

separate the waste source from the water table.

5.5 SHORT-TERM EFFECTIVENESS

The effects of each remedial alternative during construction and implementation are compared to one

another in the following paragraphs.

5.5.1 Protection of Community and Workers During Remedial Actions

Short-term risks include any additional risks to the community or workers at the Site from exposures
as a result of construction measures and implementation of remediation activities. There would be
no additional short-term risks from exposures under Alternative #1, as this alternative entails no

action at the Site.

Alternative #2 has nominal increases of short-term risks due to installation of the residential LFG

control contingency as well as fence installation.

Alternatives #3a through #5b would result in additional short-term risks to the community and
workers from ingestion and inhalation exposures to soil particles in dust during preparation of
disposal areas for capping and inhalation exposures to VOCs from invasive work at the Solid Waste
Area. Air sampling and monitoring would be used to evaluate any potential risks from inhalation
exposures and in addition, engineering controls would be used to reduce any potential inhalation

risks from invasive activities. Dust control measures would be used to mitigate potential soil
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ingestion or inhalation exposures. Concentrations of COPCs are expected to be the highest at the
Site, therefore, workers at the Site would also use appropriate PPE to mitigate any potential risks

from exposures.

Alternatives #4a through #5b may present short-term risks in addition to those described for
Alternatives #3a and #3b, as a result of additional invasive work required for installation of leachate
collection and treatment and the groundwater collection/depression and treatment systems. These
short-term risks could be mitigated by a variety of measures. Air sampling and monitoring would
be used to evaluate any potential risks to the community. As discussed above, engineering controls
would also be used to minimize the degree of invasive work to mitigate potential risks from this
exposure pathway. Workers would also wear appropriate PPE to mitigate any potential risks from
increased exposures at the Site. Alternatives #4b and #5b also present short-term risks due to landfill
mining. Similar to above, these risks could be mitigated by sampling/monitoring, engineering

controls and PPE.

5.5.2 Environmental Impacts

For Alternative #1, short-term habitat impacts due to remediation activities would not occur.
Minimal short-term habitat impacts would occur under Alternative #2. Short-term risks to ecological
receptors are likely to increase slightly due to the mobilization of contaminants during horizontal
containment operations for Alternatives #3a through #5b. These three alternatives would also
temporarily displace some resident organisms, and some mortality of animals would occur during

capping operations.

Direct, relatively short-term (1 year) habitat impacts would occur during remedial construction
activities for Alternatives #3a through #5b and would affect approximately 30 acres of habitat,
including one small emergent wetland and up to 0.5 acres of forested wetlands (Alternatives #4a
through #5b). Most of the impacted areas occur on top of the disposal areas; the primary disturbance

would occur during installation of the caps. These impacts are lowest for Alternative #3a and #3b
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and highest for Alternatives #5a and #5b (due to the greater extent of remedial activities), although
differences among these alternatives are not substantial. Additional disturbances include
construction of roadways, groundwater depression/leachate collection systems, and installation of
treatment facilities. Disturbed areas would be restored following remediation. The increase for
potential erosion, run-off, and sedimentation related to invasive activities for Alternatives #4a

through #5b would be mitigated with appropriate engineering controls.

5.5.3 Time Until Remedial Action Objectives are Achieved

For Alternative #1, the time for natural attenuation of contaminants from the disposal areas is
unknown and may be larger than the 30 year default value for CERCLA remedies. The time
required to meet RAOs, however, is considerably less for alternatives that employ active remedial

measures for these disposal areas.

For groundwater, Alternatives #2 through #5b achieve RAOs within 1 to 2 years of implementation
of remedial design and remedial action (e.g. construction) activities. These RAOs are achieved
quickly since groundwater remediation is not required at this time, as only prevention of COPC
ingestion from affected groundwater is required. Surface water/sediment RAOs are achieved in the

same periods as groundwater for Alternatives #3a through #5b through control of leachate.

For Alternative #1, natural attenuation of LFG from the Solid Waste Area is estimated to be 5 to 15
years (e.g., 20 to 30 years after the last waste placement in 1982). Soil gas RAOs for Alternatives #2
through #5b will be achieved within 1 to 2 years of remedy implementation through the residential
LFG control contingency and LFG collection/treatment systems. The time required to meet ambient
air RAOs for Alternative #2 would be the same as Alternative #1. The time required to meet
ambient air RAOs for Alternatives #3a through #5b would be within 1 to 2 years of remedy selection

or the time required for remedial design and construction of the LFG control measures.
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5.6 IMPLEMENTABILITY

This section summarizes the technical and administrative feasibility of implementing an alternative
and the availability of various services and material required during it implementation. As
Alternative #1 would not entail implementation of any actions, it's implementability is not an issue

and is not discussed below.

5.6.1 Technical Feasibility

There are not significant differences between Alternatives #3a, #3b, #4a and #5a with regards to
ability to construct and operate the associated technologies and process options. Alternatives #4b
and #5b are similar to those above except for landfill mining. The technical feasibility of this
technology option would be determined during pilot testing. Since Alternative #2 only includes
residential contingencies, installation and operation will be simplified in comparison to the above
alternatives. Details regarding the ability to construct and operate technologies and process options

are discussed further below.

Gas extraction wells would be installed in the Solid Waste Area in Alternatives #3a through #5b.
Installation of the wells would necessitate drilling into disposal areas. Obstructions may be
encountered in the disposal areas, which may complicate the drilling operation. Installation of the
perimeter LFG collection system would be complicated by the power lines and proximity of
residences along Rose Hill Road. The perimeter system should be constructed outside the limit of
waste. However, this may not be possible due to the lack of area between the western limit of refuse

placement and Rose Hill Road.

Cap construction in Alternatives #3a through #5b would require stripping existing vegetation,
installation and seaming of a geomembrane, backfill and compaction of the soil components of the
cap, and revegetation. Installation of the geomembrane would be complicated by the numerous gas

extraction wells. The top of each extraction well would penetrate the cap and the measures taken
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to prevent leakage around these penetrations would slow and increase the cost of the cap installation.
Cap construction at the Solid Waste Area for Alternatives #4b and #5b will also be complicated by
the need to place non-recyclable landfill mined wastes at the Solid Waste Area before capping is
conducted. Level B PPE may be necessary especially during invasive construction activities. This

would slow the schedule and increase the cost of construction significantly.

Alternatives #4a through #5b would also involve the construction of groundwater/leachate collection
systems and a treatment plant. Portions of the groundwater/leachate collection system may be in
disposal areas, which would cause the same problems as mentioned above with respect to the landfill
gas collection system. The groundwater/leachate treatment plant would involve building
construction, connection of the different skid mounted processes, utility connection, and piping from

the extraction systems.

Alternatives #4b and #5b would involve landfill mining of the Bulky Waste Area. If waste is found
to be below the water table during pilot testing, dewatering would be necessary. Treatment of this
water prior to discharge may be required. Any hazardous waste encountered may require PPE

upgrades as well as appropriate handling and disposal.

Potential future remedial actions at the Site may involve on-site activities such as expanded
groundwater/collection and treatment. Alternative #2 offers the least difficulty in conducting future
remedial actions since most activities for this alternative occur off of the Site. The greatest difficulty
in instituting future remedial actions would occur with Alternatives #4a through #5b since they
incorporate the largest number of on-site remedial actions (capping, landfill gas collection/treatment,

landfill mining, groundwater depression/leachate collection and treatment).

Monitoring would play the largest role in Alternative #2 since it is needed for two major functions:
1) as the decision mechanism for instituting the residential LFG control contingency and 2) as a
means to confirm the success of the remedy. Environmental monitoring outlined in this FS is the

same for most alternatives since contaminants in disposal areas are left in place for all but
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Alternatives #4b and #5b. Monitoring for these two alternatives may be reduced over time in the

Bulky Waste Area, but initially must be performed to determine the technology’s effectiveness.

5.6.2 Administrative Feasibility

Institutional controls (access restrictions) are included in Alternatives #2 through #5b; therefore,
administrative feasibility is the same with respect to this component. Effort required for
administrative implementability will increase incrementally from Alternatives #3a through #5b. This
is due to permitting required for landfill gas control and treatment, leachate control and treatment,
landfill mining, and groundwater/leachate control and treatment. Further administrative feasibility

details are described below.

Alternatives #2 through #5b would require significant long-term coordination between federal, state,
and local authorities. Implementation of restrictive covenants in the form of property deed
restrictions, modifications to local zoning, or other changes in local ordinances would require
significant legal services and coordination with the town of South Kingstown and with the property
owners. Reclassification of groundwater and/or surface water would require coordination with the

town of South Kingstown and RIDEM.

Environmental monitoring programs proposed under all five alternatives would require coordination
with the State of Rhode Island and the property owners of record. Long-term coordination would

be required for analytical services and review and maintenance of data.

Under Superfund, permits are not required for remediation activities. Compliance with substantive
requirements is, however, required. Thus, while an air permit would not be required for operation
of the enclosed flare or photocatalytic oxidation unit in Alternatives #3a through #5b, designs must
meet state standards and RIDEM must be consulted during the design phase. Coordination with state
and local authorities may be necessary to effectively implement air monitoring, flare operation, and

cap maintenance. The condensate storage tank and pump stations would need to be designed and
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installed in compliance with state, federal and local tank rules and underground components would
also need to comply with appropriate UST rules. Local ordinances would need to be followed (such
as building permits. etc.) during construction of the collection system. treatment system, and support

facilities.

For Alternatives #4a through #5b, state approval is anticipated to be required prior to any
groundwater discharge and construction of the treatment system. Coordination with state and local
authorities may be necessary to effectively implement cap maintenance, water treatment train

operation, and filter cake disposal under these alternatives.

Landfill mining under Alternatives #4b and #5b will require further state approval for refuse
transfers to the Solid Waste Area. The increased height of the Solid Waste Area will have to be

approved as well as part of the remedial design phase.

5.6.3 Availability of Services and Materials

Contractors familiar with landfill gas applications would be required to install residential control
systems in Alternative #2. Large volumes of capping materials (topsoil, earth, sand, vegetation, etc.)
would be necessary under Alternatives #3a through #5b. Construction contractors familiar with
methane safety as well as fugitive vapors/COPCs would be required for Alternatives #3a through
#5b. Also for those alternatives, fabrication of the LFG treatment system would take significant lead
time and may be limited to specific, specialty contractors. Contractors would be necessary for
construction of the extraction system, discharge wells, water treatment train, building, and piping
in Alternatives #4a through #5b. OSHA-trained contractors would be required for landfill mining
under Alternatives #4b and #5b. In all alternatives, consulting specialists, equipment and services

are readily available to perform monitoring.

Alternatives #3a through #5b will generate a waste stream (landfiil gas condensate) that may require

disposal at a RCRA-compliant TSDF. Alternatives #4a through #5b require disposal of wastewater
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treatment plant filter cakes. Metals reclamation facilities would also be required under Alternatives
#4b and #5b. There may also be a need for a RCRA-compliant TSDF if hazardous waste is
encountered during the landfill mining process. Although there are no RCRA-compliant facilities
in Rhode Island which would accept these RCRA wastes, availability of this service is not expected

to present any difficulties.

5.7 COST

The total net present cost (capital plus operations and maintenance over the duration of the remedial
action) for the five alternatives evaluated ranges from $3.57 million to $22.8 million. A cost
summary is presented in Table 5-2. The cost differential between Alternatives #1 and #2 is relatively
low ($0.3 million) as the major cost component for each would be annual expenditures associated
with environmental monitoring. Both alternatives have a relatively low capital cost component. The
costs of Alternative #3a ($13.4 million) and #3b ($13.2 million) are significantly more than the
previous two alternatives. The additional costs are required principally for installation of the
horizontal containments, active LFG internal and perimeter collection systems and landfill gas
treatment. The difference in costs between Alternatives #3a and #3b is due to capital costs of the
two LFG treatment systems. Landfill gas collection and treatment is conducted for a 15-year
duration based on estimates of LFG production. The costs for Alternatives #4a and #5a are $16.1
million and $20.2 million, respectively. The additional cost expenditures over the cost of Alternative
#3a are primarily for groundwater and leachate treatment. The groundwater depression system
proposed for Alternatives #5a and #5b is more extensive than the leachate collection/treatment
system proposed for Alternatives #4a and #4b and will be conducted for a 30-year duration.
Leachate collection and treatment are based on a 30-year duration for Alternatives #4a and #5a. The
costs for Alternatives #4b and #5b are $16.9 million and $22.8 million, respectively. The additional

cost expenditures over Alternatives #4a and #5a, respectively, is due to landfill mining.

The costs presented above provide order-of-magnitude estimates which may be used to compare the

relative expense of each alternative. A 20% contingency is utilized to account for any inaccuracy
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of the costs. Based on the accuracies of the estimates, the cost differences between alternatives may
not be significant. To provide a better analysis of these differences. cost sensitivities were provided

as described below.

Key cost variables were tested to determine the cost sensitivity of each of the alternatives. The
results of this sensitivity analysis are shown in Table 5-2. The variables tested include: discount rate
(for net present worth estimation), total capital costs, total annual (e.g. O&M) costs, contingency,

and O&M duration related to the landfill gas components of each alternative.

Variation of the discount rate was evaluated at 5 and 9%. These values are estimated to be
reasonable lower and upper bounds, respectively, for long-term financial performance and reflect

values above the rate of inflation.

Total capital and annual costs were varied from the base case by a +50% increase and -30%
decrease. This range was selected based upon the minimum accuracy of the costs required per EPA's

RI/FS guidance (U.S. EPA, 1988c¢).

Variation of the contingency costs were evaluated at 15 and 25%. These values are estimated to be
reasonable lower and upper bounds, respectively, for the degree of cost unknowns associated with

these remedial alternatives.

O&M duration of the landfill gas components of each of the alternatives was varied based on the
range of times possible for natural attenuation of landfill gas from the Solid Waste Area. As
described in Section 4.1.2.5, the Solid Waste Area is expected to generate landfill gas for a duration
of 5 to 15 more years. Since 15 years was evaluated as the base case, lower durations were used in

the cost sensitivity of 5 years (low value of range) and 10 years (midpoint of range).
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In Table 5-2, "Overall" costs reflect the highest and lowest total cost of each alternative for any of
the variables evaluated. Based on this, the potential sensitivity range of costs varies from a low case

of $2.5 million (for Alternative #1) to a high value of $28.7 million (for Alternative #5b).

5.8 STATE AND COMMUNITY ACCEPTANCE

Acceptance of the remedy by the State of Rhode Island, the Town of South Kingstown, and the
community residents are modifying criteria that affect the remedy selection. Comments from the
State, Town and residents regarding the selection process will be addressed in the ROD after the
public comment period. Therefore, at this time, there are no differences in the remedial alternatives

with respect to these criteria.
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TABLE 1-1. CHRONOLOGY OF ACTIVITIES AT THE
ROSE HILL REGIONAL LANDFILL

Year

Activity Affecting Landfill Operations

1967

1970

1971

1973

1975

1976

1977

1978

Solid waste landfill begins operation in an abandoned gravel quarry off Rose
Hill Road.

Court order limits use of landfill by prohibiting disposal of combustibles.

State Division of Solid Waste Management suggests to South Kingstown
director of public works that liquid waste from Peacedale Processing be
spread over the other waste if the town continued to accept Peacedale waste
for disposal.

State Division of Solid Waste Management notifies South Kingstown town
manager that liquid waste from Peacedale Processing is improperly being
disposed of; again, town is told to spread liquid waste on top of other waste if
it continues to accept Peacedale waste.

Town of Narragansett enters into an agreement with South Kingstown to
engage in a regional landfill and disposal program concerning Rose Hill and
West Kingston landfill facilities.

Town of South Kingstown retains independent professional engineer to
conduct groundwater study because the landfill facility has been found to be
the source of objectionable groundwater in off-site private well. A new well
is installed by town to this residence.

South Kingstown Town Council votes to lease additional property (Lots
OL16A and OL16 on Block 93A) for landfill facility from private resident.

Town of South Kingstown retains engineering firm to conduct site analysis
and develop operation plans for solid waste activities to comply with state
regulations. Engineering report deems site suitable for bulky waste disposal
and sludge landfill and recommends monitoring of water quality at four wells
close to site.

State Water Resource Board notifies State Division that site is not adequate as
a landfill site; leachate formation and drainage noted as reasons for
disapproval.

Sewage sludge landfill begins operations.

Town of South Kingstown recommends Rose Hill Regional Landfill as
disposal site for refuse, bulky waste, and sewage sludge, if acceptable to state
health authorities.

Bulky waste disposal area opens.



TABLE 1-1 (Continued). CHRONOLOGY OF ACTIVITIES AT THE
ROSE HILL REGIONAL LANDFILL

Year Activity Affecting Landfill Operations

Town of South Kingstown initiates monitoring of seven residential wells in
landfill area for water quality parameters.

Monitoring well installation begins at landfill. By 1982, eleven monitoring
wells have been installed.

1979 State orders cities and towns to provide for collection of waste oil.

RIDEM collects sample from drum at landfill; analysis shows presence of
trichloroethylene. The glue waste is also known to contain dimethyl
formamide and cellosolve solvent. State bans glue waste from Rose Hill
Regional Landfill because industrial waste should not have been dumped at
refuse facility.

1980 State Department of Waste Management official is quoted in newspaper,
stating that Peacedale Processing glue wastes must be exposed to air and in
solid form before disposal.

1981 Peacedale Processing notifies EPA Region I that laminating adhesive
containing trichloroethylene was disposed of at the Rose Hill Regional
Landfill from 1971 to 1979.

Results of sampling document high copper and zinc concentrations in sludge;
this is consistent with test results of December 1978 and October 1979.
Origin of source is not resolved.

1982 Solid waste landfill closes; solid waste is disposed of in bulky waste area until
transfer station is completed.

Highest concentration of volatile organic compounds is reported;
1,2-dichloroethene is substance having highest concentration level.

Town of South Kingstown redelivers a +6-acre parcel to private resident and
votes to purchase 15.03-acre parcel from same resident.

1983 Town of South Kingstown declares zone change to accommodate transfer
station.

Court order prohibits disposal of combustibles at Rose Hill Regional Landfill.

EPA conducts identification and preliminary assessment; potential hazards to
human health through contaminated well and contaminated water supply,
groundwater, and soil are identified.




TABLE 1-1 (Continued). CHRONOLOGY OF ACTIVITIES AT THE
ROSE HILL REGIONAL LANDFILL

Year Activity Affecting Landfill Operations

Sampling in Saugatucket River below confluence with Mitchell Brook shows
presence of substance susceptible to biological and chemical oxidation,
qualitatively indicating contamination.

Bulky waste disposal area and sewage sludge landfill close.

1984 Landfill rental payments from town of South Kingstown to Frisella cease as
of June 30, 1984.

Consultant site inspection shows volatile organic compounds at detectable
levels in groundwater on site, in bedrock and overburden residential wells,
and in soils in bulky waste disposal area. Sampling of surface water shows no
contamination from volatile organic compounds.

Later sampling is conducted by the town for iron, phosphate, total Kjeldahl
nitrogen, and chemical oxygen demand (COD); COD shows levels indicative
of contamination.

1985 Town of South Kingstown extends municipal water supply line to residents on
Rose Hill Road.

Sampling analysis indicates that volatile organic compounds continue to be
released to underlying groundwater on site. Compounds are not detected in
Saugatucket River, Mitchell Brook, or downgradient at groundwater and
surface water locations.

Consultant recommends that monitoring of water and soil continue even
though low contamination releases do not appear to adversely affect water
quality.

1986 Neither heavy metals nor volatile organic compounds are detected in RIDEM
monitoring wells: high conductivity appears in some groundwater monitoring
wells but not in others.

1987 Volatile organic compounds are detected in breathing zone at bulky waste and
solid waste disposal areas; concentrations detected higher than background
levels. Low resistivity survey indicates likely contamination of overburden.

Rose Hill Regional Landfill is ranked for inclusion on the NPL (score 38.11).
Consulting team observes leachate pools in solid waste landfill area.

Consultants learn that portion of landfill area has been rezoned: action may
allow development of property.




TABLE 1-1 (Continued). CHRONOLOGY OF ACTIVITIES AT THE
ROSE HILL REGIONAL LANDFILL

Year Activity Affecting Landfill Operations

Rose Hill Regional Landfill is proposed on NPL update #7 on 6/24/88.

1989 Rose Hill Regional Landfill is placed on NPL 10/4/89.
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TABLE 1-2. CONTAMINANTS DETECTED AT THE ROSE HILL REGIONAL LANDFILL SITE AND THOSE

OF POTENTIAL CONCERN TO HUMAN HEALTH AND THE ENVIRONMENT IN VARIOUS MEDIA

[CHEMICAL NAME

Groundwater

Residential
Wells

Leachate

Surface
Water

Sediment

Surface
Soil

Landfill
Gas

Residential
Ambient Afr ***

VOLATILE ORGANICS

Acetone

H

s

Benzene

X

Carbon Disulfide

=

Chloroethane

1,1-Dichloroethane

1,1-Dichloroethene

cis-1,2-Dichloroethene *

trans-1,2-Dichloroethene

Dichlorodifluoromethane

Ethylbenzene

4-Methyl-2-pentanone

Methylene chloride

fus] Jun] Bus] Juof Bas] Just funi fun

1,1,2,2-Tetrachloroethane

Toluene

1.2,4-Trichlorobenzene

jun] an)

1,1,I-Trichloroethane

Trichloroethene

1,2,4-Trimethylbenzene

1,3,5-Trimethylbenzene

Vinyl chloride **

m,p-Xylene

I| |||

0-Xylene

SEMIVOLATILE ORGANICS

Acrylamide

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

juo] Jan) Juni fus

Bis(2-ethylhexyl)phthalate

4-Chloro-3-methylphenol

Chrysene

2,4-Dimethylphenol

N,N-Dimethylformamide

H
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TABLE 1-2. CONTAMINANTS DETECTED AT THE ROSE HILL REGIONAL LANDFILL SITE AND THOSE

OF POTENTIAL CONCERN TO HUMAN HEALTH AND THE ENVIRONMENT IN VARIOUS MEDIA

CHEMICAL NAME Groundwater Residential Leachate Surface Sediment Surface Landfill Residential
Wells Water Soil Gas Ambient Air ***

Indeno(1,2,3-c,d)pyrene H
2-Methyinaphthalene H

4-Methylphenol H

Pentachlorophenol H

PESTICIDES

Dieldrin H

INORGANICS

Aluminum H H H.E H,E H,E H
Antimony H H

Arsenic H H H H
Barium H H H H H H
Beryllium H H H H
Cadmium H
IChromium **** H H H H
[[Cobalt H H H H
|Copper H H H H H,E
Cyanide

Iron E E E

Lead H H.E H HE
Manganese H H H,E H,E H H,E
Mercury H H
Nickel H H

Selenium H

Thallium H
Vanadium H H H H
Zinc H H H

Ammonia H H H H

Sulfide H H H H

H - Human Healih Chemical of Potential Concern

E - Ecological/Environmental Chemical of Potential Concern
* Laboratory reported 1,2-dichloroethene (total) in all media except soil gas; this was conservatively assumed to be cis-1,2-dichloroethene.

** Vinyl chloride was the only chemical of concern used to evaluate potential future risk from indoor air exposure at nearby residences.
**¥* All chemicals detected in ambient air at nearby residences were include as chemicals of concern, except for those rejected during data validation.
**#*+* Laboratory reported [total] chromijum; this was conservatively assumed to be chromium V1.
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TABLE 2-1A. CHEMICALS OF POTENTIAL CONCERN WITH SUBSTAN;I'IAL RISKS BY
MEDIA AND DISPOSAL AREA

Media Disposal Area

Chemical of Concern ¥

Groundwater

Ambient/Indoor Air

Surface Water

Solid Waste Area
(Table 2-1AK)

Bulky Waste Area
(Table 2-1AM)

Sewage Sludge Area
(Table 2-1A0)

Residential Wells
(Table 2-1AQ)

Solid Waste Area

Residential Area

2-1BS)

Solid Waste Area

Bulky Waste Area

(Tables 2-1BE and 2-1BO)

(Tables 2-1BK, 2-1BM, and

Vinyl chloride ™
1,2-Dichloroethene
Acrylamide W
Arsenic ¥

Cadmium ®
Manganese
Antimony
Manganese

Antimony ¢
Cadmium ®
Manganese

Manganese 9

(H)

Vinyl chloride

Benzene
Vinyl chloride ¥

Aluminum ®
Iron ®
Manganese &

Aluminum ®
[ron ‘¥
Manganese ®

(1)

)

(E)
(H)

The substantial associated risks are identified and discussed in the Supplemental HHRA (M&E,

1998).

This list includes those chemicals which individually exceed a hazard index of one and/or a
baseline cancer risk of 107, so this list is not the same as the list of chemicals shown on the
following tables of Preliminary Remediation Goals which were developed for compounds greater
than a cancer risk of 10 and an HI of one. For groundwater, benzene, pentachlorophenol, bis(2-
ethylhexyl)phthalate, chromium, lead, and beryllium are not major contributors to site risks, but

exceed MCLs.
Chemical contributes to ecological risks.

Chemical contributes to current or future excess human health risks.
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TABLE 2 - 1 B*. SUMMARY OF CANCER RISK ESTIMATES

Exposure Point Target Route Average (a) Maximum (a) Table Reference
Analyses Originally Conducted in the Remedial Investigation (1994):
Solid Waste Area Surface Soil Adult Ingestion 5.9E-7 1.3E-6 2-1D, 2-1E
Dermal 5.7E-8 2.7E-7 2-1P, 2-1Q
Total Adult 6.5E-7 1.6E-6 (b)
Child Ingestion 1.4E-6 3.0E-6 2-1J, 2-1K
Dermal 6.6E-8 3.2E-7 2-1V, 2-1W
Total Child 1.5E-6 3.3E-6 (b)
Total Lifetime 2.1E-6 4.9E-6 (b,c)
Bulky Waste Area Surface Soil Adult Ingestion 3.7E-7 4.0E-7 2-1F, 2-1G
Dermal 2.1E-9 2.1E-9 2-1R, 2-1S
Total Adult 3.7E-7 4.0E-7 (b)
Child Ingestion 8.7E-7 9.4E-7 2-1L, 2-1M
Dermal 2.5E-9 2.5E-9 2-1X,2-1Y
Total Child 8.7E-7 9.4E-7 (b)
Total Lifetime 1.2E-6 1.3E-6 (b,c)
Sewage Sludge Area Surface Soil Adult Ingestion 2.4E-7 2.6E-7 2-1H, 2-11
Dermal - - 2-1T,2-1U
Total Adult 2.4E-7 2.6E-7 (b)
Child Ingestion 5.6E-7 6.1E-7 2-1N, 2-10
Dermal - - 2-1Z,2-1AA
Total Child 5.6E-7 6.1E-7 (b)
Total Lifetime 8.0E-7 8.7E-7 (b,c)
Solid Waste Area Leachate Adult Dermal 49E-9 4 9E-9 2-1AB, 2-1AC
Adolescent Dermal 1.7E-8 1.7E-8 2-1AF, 2-1AG
Bulky Waste Area Leachate Adult Dermal - - 2-1AD, 2-1AE
Adolescent Dermal - - 2-1AH, 2-1Al
Solid Waste Area Groundwater Adult Ingestion 9.3E-3 2.8E-2 2-1A], 2-1AK
Bulky Waste Area Groundwater Adult Ingestion 1.5E-5 4.1E-5 2-1AL, 2-1AM
Sewage Sludge Area Groundwater Adult Ingestion 3.2E-5 9.7E-5 2-1AN, 2-1A0
Residential Wells Groundwater Adult Ingestion 7.0E-7 9.8E-7 2-1AP, 2-1AQ
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TABLE 2 - 1 B* (continued). SUMMARY OF CANCER RISK ESTIMATES

Exposure Point Target Route Average (a) Maximum (a) Table Reference

Analyses Originally Conducted in the Remedial Investigation (1994) (continued):

Saugatucket River Water Adult Ingestion -- - 2-1AR, 2-1AS
Dermal - - 2-1AT, 2-1AU
Adolescent Ingestion - -- 2-1AV, 2-1AW
Dermal - - 2-1AX, 2-1AY
Mitchell Brook Water Adult Dermal 1.1E-7 2.3E-7 2-1AZ, 2-1BA
Adolescent Dermal 3.1E-8 6.5E-8 2-1BB, 2-1BC
Solid Waste Soil Gas Visitor Inhalation (d) 2.0E-4 4.4E-4 2-1BD, 2-1BE
Bulky Waste Soil Gas Visitor Inhalation (d) 1.9E-7 3.4E-7 2-1BF, 2-1BG
Sewage Sludge Soil Gas Visitor Inhalation (d) 2.6E-11 2.3E-10 2-1BH, 2-1BI
Residential Ambient/Indoor Air Resident Inhalation 2.1E-4 4.9E-4 2-1BJ, 2-1BK
Future Residential Indoor Air Resident Inhalation 7.9E-4 1.9E-3 2-1BL, 2-1BM

Analyses Originally Conducted in the Supplemental Human Health Risk Assessment (1998):

Solid Waste Soil Gas Visitor Inhalation (d) 1.6E-4 4.4E-4 2-1BN, 2-1BO
‘ Passer-by Inhalation (d) 5.3E-7 1.5E-6 2-1BT, 2-1BU
Residential Ambient/Indoor Air Resident Inhalation (d) 2.9E-5 8.1E-5 2-1BP, 2-1BQ
Resident Inhalation 1.7E-4 4.5E-4 2-1BR, 2-1BS

NOTES:

-- No carcinogens detected or no carcinogens significantly absorbed.
a. Values greater than 1.0E-4 are in bold.

b. Ingestion plus dermal risks

c. Adult plus child risks

d. Air concentrations modeled from soil gas data.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE 7
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TABLE 2 -1 C*, SUMMARY OF HAZARD INDEX ESTIMATES

Exposure Point Target Route Average (a) Maximum (a) Table Reference
Analyses Originally Conducted in the Remedial Investigation (1994):
Solid Waste Area Surface Soil Adult Ingestion 7.5E-3 1.7E-2 2-1D, 2-1E
Dermal 2.1E-4 2.3E-3 2-1P, 2-1Q
Total Adult 7.7E-3 1.9E-2 (b)
Child Ingestion 7.0E-2 1.6E-1 2-1J,2-1K
Dermal 9.6E-4 1.1E-2 2-1V,2-1W
Total Child 7.1E-2 1.7E-1 (b)
Bulky Waste Area Surface Soil Adult Ingestion 1.7E-2 5.8E-2 2-1F, 2-1G
Dermal 7.0E-5 3.5E-4 2-1R, 2-1S
Total Adult 1.7E-2 5.8E-2 b)
Child Ingestion 1.5E-1 5.5E-1 2-1L,2-1M
Dermal 3.3E4 1.6E-3 2-1X,2-1Y
Total Child 1.5E-1 5.5E-1 (b)
Sewage Sludge Area Surface Soil Adult Ingestion S.7E-3 8.0E-3 2-1H, 2-11
Dermal 2.1E-7 3.4E-7 2-1T, 2-1U
Total Adult 5.7E-3 8.0E-3 (b)
Child Ingestion S3E-2 7.4E-2 2-1N, 2-10
Dermal 9.6E-7 1.6E-6 2-1Z,2-1AA
Total Child 5.3E-2 7.4E-2 (b)
Solid Waste Area Leachate Adult Dermal 9.9E-4 9.9E-4 2-1AB, 2-1AC
Adolescent Dermal 8.2E-4 8.2E-4 2-1AF, 2-1AG
Bulky Waste Area Leachate Adult Dermal 3.1E-3 5.8E-3 2-1AD, 2-1AE
Adolescent Dermal 2.6E-3 4.8E-3 2-1AH, 2-1Al
Solid Waste Area Groundwater Adult Ingestion 2.5E+1 S5.1E+1 2-1A), 2-1AK
Bulky Waste Area Groundwater Adult Ingestion 34E+0 2.0E+1 2-1AL, 2-1AM
Sewage Sludge Area Groundwater Adult Ingestion 4.6E+0 1.5E+1 2-1AN, 2-1A0
Residential Wells Groundwater Adult Ingestion 1L1IE+0 4.0E+0 2-1AP, 2-1AQ
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TABLE 2 - 1 C* (continued). SUMMARY OF HAZARD INDEX ESTIMATES

Exposure Point Target Route Average (a) Maximum (a) Table Reference

Analyses Originally Conducted in the Remedial Investigation (1994) (continued):

Saugatucket River Water Adult Ingestion 7.4E-4 3.0E-3 2-1AR, 2-1AS
Dermal 2.7E-4 1.1E-3 2-1AT, 2-1AU
Adolescent Ingestion 8.9E-4 3.6E-3 2-1AV, 2-1AW
Dermal 2.9E-4 1.1E-3 2-1AX, 2-1AY
Mitchell Brook Water Adult Dermal 3.6E-4 8.6E-4 2-1AZ, 2-1BA
Adolescent Dermal 44E-4 1.0E-3 2-1BB, 2-1BC
Solid Waste Soil Gas Visitor Inhalation (c) 1.2E-2 1.5E-2 2-1BD, 2-1BE
Bulky Waste Soil Gas Visitor Inhalation (c) 5.4E-4 8.9E-3 2-1BF, 2-1BG
Sewage Sludge Soil Gas Visitor Inhalation (c¢) 8.2E-5 7.9E-5 2-1BH, 2-1BI
Residential Ambient/Indoor Air Resident Inhalation 3.8E+0 1.2E+1 2-1BJ, 2-1BK
Future Residential Indoor Air Resident Inhalation - - 2-1BL, 2-1BM

Analyses Originally Conducted in the Supplemental Human Health Risk Assessment (1998):

Solid Waste Soil Gas Visitor Inhalation (c) 8.1E-3 1.6E-2 2-1BN, 2-1BO
Passer-by Inhalation (c) 2.7E-5 5.3E-5 2-1BT, 2-1BU
Residential Ambient/Indoor Air Resident Inhalation (c) 1.5E-3 2.9E-3 2-1BP, 2-1BQ
Resident Inhalation 3.8E+0 1.2E+1 2-1BR, 2-1BS
NOTES:

a. Values greater than 1.0E+0 are in bold.
b. Ingestion plus dermal risks
¢. Air concentrations modeled from soil gas data.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE 8
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TABLE 2-1D*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)

(mgkg)  Factor (RAF)|  (mgkg/day) _ (mgkg/day) (mg/kg/day) Kmg/kg/day)
Acetone 14 1 8.2E-06 01 8.2E-05 2.8E-06 na ---
Vinyl Chloride 0.025 1 1.5E-08 na - 5.0E-09 1.9 9.6E-09
Benzo(a)anthracene 0.078 ! 4.6E-08 na - 1.6E-08 0.73 1.1E-08
Benzo(a)pyrene 0.068 1 4.0E-08 na - 1.4E-08 73 1.0E-07
Benzo(b)fluoranthene 0.076 1 4. 5E-08 na - 1.5E-08 0.73 1.1E-08
Benzo(k)fluoranthene 0.064 | 3.8E-08 na - 1.3E-08 0.073 9.4E-10
Chrysene 0.095 t 5.6E-08 na - 1.9E-08 0.0073 1.4E-10
Indeno(l1,2,3-cd)pyrene 0.052 1 3.1E-08 na - 1.0E-08 0.73 7.6E-09
Aluminum 8000 1 4.7E-03 na - 1.6E-03 na -
Arsenic 1.5 1 8.8E-07 0.0003 2.9E-03 3.0E-07 1.5 4.5E-07
Barium 16 1 9.4E-06 0.07 1.3E-04 3.2E-06 na -
Beryllium 0.41 1 2.4E-07 0.002 1.2E-04 8.3E-08 na -
Chromium (d) 1.5 1 4.4E-06 0.005 8.8E-04 1.5E-06 na -
Cobalt 29 1 1.7E-06 na - 5.8E-07 na -
Copper 27 1 1.6E-05 na - 5.4E-06 na -—
1.cad 12 | 7.0E-06 na - 2 4E-06 na -
Manganese (e) 110 1 6.5E-05 0.07 9.2E-04 2.2E-05 na -
Mercury 0.067 1 39E-08 0.0003 1.3E-04 1.3E-08 na --
Thallium 0.15 ] 8.8E-08 0.00008 1.1E-03 3.0E-08 na -
Vanadium 14 | 8.2E-06 0.007 1.2E-03 2 8E-06 na -

Total Hazard Index = 7.5E-03 Total Risk = 5.9E-07

NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion x Exposure x Exposure x RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 100 150 24 RAF 70 () 365 x1E+06

ing/day days/yr years kg years days/year mg/kg

(b) Hazard quotient = chronic exposure dose / RfD

(c) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium VI was used.

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 my/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.

(f) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-1

na = toxicity value not available
nd = not detected
-— = not calculated due to absence of data




TABLE 2-1 E*
POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximum Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)
(mg/kg) Factor (RAF) (mg/kg/day) (mg/ky/day) (mg/kg/day) Hmg/kg/day)
Acetone 160 | 9 4E-05 0.1 9.4E-04 3.2E-05 na -
Vinyl Chloride 025 1 1.5E-07 na - 5.0E-08 1.9 9.6E-08
Benzo(a)anthracene 0.078 i 4.6E-08 na --- I.6E-08 0.73 1.1E-08
Benzo{a)pyrene 0.068 | 4.0E-08 na - 1 4E-08 7.3 1.0E-07
Benzo(b)fluoranthene 0.076 ] 4.5E-08 na - 1.5E-08 0.73 1.1E-08
Benzo(k)fluoranthene 0.064 1 3.8E-08 na - 1.3E-08 0.073 9.4E-10
Chrysene 0.095 I 5.6E-08 na - 1 9E-08 0.0073 1.4E-10
Indeno(1,2,3-cd)pyrene 0.052 | 3.1E-08 na --- 1.0E-08 0.73 7.6E-09
Aluminum 14400 1 8.5E-03 na - 2.9E-03 na -
Arsenic 35 1 2.1E-06 0.0003 6.8E-03 7.0E-07 1.5 1.1E-06
Barium 205 1 1.2E-05 0.07 1.7E-04 4.1E-06 na -
Beryllium 1.1 1 6.5E-07 0.002 3.2E-04 2.2E-07 na -
Chromium (d) 139 1 8.2E-06 0.005 1.6E-03 2.8E-06 na -
Cobalt 6.2 i 3.6E-06 na - 1.2E-06 na -—
Copper 253 1 1.5E-04 na - 5.1E-05 na -
Lead 311 | 1.8E-05 na - 6.3E-06 na -
Manganese (e) 257 1 1.5E-04 0.07 2.2E-03 5.2E-05 na -
Mercury 0.2 1 1.2E-07 0.0003 3.9E-04 4.0E-08 na -—
Thallium 0.36 1 2.1E-07 0.00008 2.6E-03 7.2E-08 na —_
Vanadium 27.2 | 1.6E-05 0.007 2.3E-03 5.5E-06 na —
Total Hazard Index = 1.7E-02 Total Risk = 1.3E-06
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion x Exposure x Exposure x RAF / Body «x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor|
DOSE Conc. 100 150 P2 RAF 70 () 365 x1Et06
my/day days/yr years kg years days/year mgkg
(b) Hazard quotient = chronic exposure dose / RfD na = toxicity value not available
(c) Cancer risk = lifetime exposure dose x slope factor nd = not detected
(d) The reference dose for chromium V1 was used. -— = not calculated due to absence of data

(€) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mp/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.
(f) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-2



TABLE 2-1F*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (¢)

(my/kg) Factor (RAF) (myp/kg/day) (my/kg/day) (my/kg/day) Nmg/kg/day)
Acetone 4.8 1 2.8E-06 0.1 2 8E-05 9.7E-07 na -
Viny} Chioride nd 1 na - 19
Benzo(a)anthracene nd i .- na - - 0.73 -
Benzo(a)pyrene nd | .- na - - 73 -
Benzo(b)luoranthene 0.057 | 3.3E-08 na - 1.1E-08 0.73 8.4E-09
Benzo(k)fluoranthene nd i - na - - 0.073 -
Chrysene 0.055 1 3.2E-08 na - 1.1E-08 0.0073 8.1E-11
Indenof},2.3-cd)pyrene nd 1 - na — - 0.73 -
Aluiminum 6400 1 3.8E-03 na - 1.3E-03 na -
Arsenic 12 1 1.0E-07 0.0003 2.3E-03 2.4E-07 1.5 3.6E-07
Barium 34 1 2.0E-05 0.07 2 9E-04 6.8E-06 na -
Beryllium 0.57 1 3.3E-07 0.002 1.7E-04 1.1E-07 na -
Chromium (d) 5.8 1 3 4E-06 0.005 6.8E-04 1.2E-06 na -
Cobalt 6.0 | 3.5E-06 na - 1.2E-06 na -
Copper 3.3 { 1 9E-06 na - 6.6E-07 na -
Lead 29 I 1.7E-05 na - 5.8E-06 na --
Manganese (e) 1400 1 8.2E-04 0.07 1.2E-02 2.8E-04 na -
Mercury 0.13 i 7.6E-08 0.0003 2.5E-04 2.6E-08 na -
Thallium nd | - 0.00008 --- - na -
Vanadium 12 1 7.0E-06 0.007 1.0E-03 2 4E-06 na —

Total Hazard Index = 1.7E-02 Total Risk = 3.7E-07

NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion x Exposure x Exposure x RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 100 150 24 RAF 70 (f) 365 x 1E+06

my/day days/yr years kg years days/year mg/kg

(b) Hazard quotient = chronic exposure dose / RfD

(c) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium V1 was used.
(€) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 my/day).

The remaining intake (5 mg/day) was normalized for body weight {70 kg) to derive the RfD.
(f) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-3

na = toxicity value not available

nd = not detected

--- = not calculated due¢ to absence of data




TABLE 2-1G*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

(b) Hazard quotient = chronic exposure dose / RfD

(c) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium VI was used

na = toxicity value not available
nd = not detected
--- = not calculated due to absence of data

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized tor body weight (70 kg) to derive the RfD.
() Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-4

Maximum Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Siope Cancer|
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)
(my/kg) Factor (RAF) (mg/kg/day) (mg/kg/day) (ing/kg/day) A(mg/kg/day)
Acetone 237 | 1.4E-05 0.1 1 4E-04 4.8E-06 na -
Vinyl Chloride nd | - na -— - 19 -
Benzo(a)anthracene nd 1 -- na - -—- 0.73 —
Benzo(a)pyrene nd 1 - na - - 73 -
Benzo(b)fluoranthene 0.057 1 3 3E-08 na -- 1.1E-08 0.73 8.4E-09
Benzo(k)fluoranthene nd 1 -- na -- - 0.073 -
Chrysene 0.055 | 3.2E-08 na -- 1.1E-08 0.0073 8.1E-11
Indeno(1,2.3-cd)pyrene nd | - na - - 0.73 -
Aluminum 8940 1 5.2E-03 na -— 1.8E-03 na —
Arsenic 1.3 1 7.6E-07 0.0003 2.5E-03 2.6E-07 1.5 3.9E-07
Barium 86.2 1 5.1E-05 0.07 7.2E-04 1.7E-05 na -
Beryllium 0.88 1 5.2E-07 0.002 2 6E-04 1.8E-07 na -
Chromium (d) 98 1 5.8E-06 0.005 1.2E-03 2.0E-06 na -
Cobalt 12.8 | 7.5E-06 na - 2.6E-06 na -
Copper 5.6 | 3.3E-06 na - 1.1E-06 na -
l.ead 124 | 7.3E-05 na - 2.5E-05 na -
Manganese (e) 6120 I 3.6E-03 0.07 5.1E-02 1.2E-03 na -
Mercury 041 1 2.4E-07 0.0003 8.0E-04 8.3E-08 na -
Thatlium nd 1 -—- 0.00008 -- -- na -
Vanadium 18.1 1 1.1E-05 0.007 1.5E-03 3.6E-06 na -
Total Hazard Index = 5.8E-02 Total Risk = 4.0E-07
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion Exposure x Exposure x RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 100 150 24 R.AF 70 (D 365 x IE+06
my/day days/yr years kg years days/year mg/kg




TABLE 2-1R*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)

(mp/kg) Factor (RAF) (mg/kg/day) (mg/kg/day) (mg/ky/day) /mg/kg/day)
Acetone 0014 l 8.2E-09 0.1 8.2E-08 2.8E-09 na -—
Vinyl Chloride nd 1 - na -— - 1.9 -
Benzo(a)anthracene nd 1 - na - 0.73 -
Benzo(a)pyrene nd 1 - na - 73 -~
Benzo(b){luoranthene nd \ - na --- --- 0.73 —
Benzo(k)fluoranthene nd 1 - na - 0.073 -
Chrysene nd 1 - na - .- 0.0073 -
Indeno(1,2.3-¢d)pyrene nd 1 na - .- 0.73 —
Aluminuin 5500 | 3.2E-03 na o 1.1E-03 na -
Arsenic 079 | 4.6E-07 0.0003 1.5E-03 1.6E-07 1.5 2.4E-07
Barium 28 1 1.6E-05 0.07 2.3E-04 5.6E-06 na -
Beryllium 0.35 1 2.1E-07 0.002 1.0E-04 7.0E-08 na -
Chromium (d) 6.4 1 3.8E-06 0.005 7.5E-04 1.3E-06 na .-
Cobalt 29 1 1.7E-06 na - 5.8E-07 na -
Copper 37 i 2.2E-05 na --- 74E-06 na -—
Lead 6.3 1 3.7E-06 na -— 1.3E-06 na -
Manganese (e) 110 | 6.5E-05 0.07 9.2E-04 2.2E-05 na —
Mercury 0.13 1 7.6E-08 0.0003 2.5E-04 2.6E-08 na -
Thallium 0.15 ] 8.8E-08 0.00008 1.1E-03 30E-08 na ---
Vanadium 9.2 1 5.4E-06 0.007 7.7E-04 1.9E-06 na -

Total Hazard Index = 5.7E-03 Total Risk = 2.4E-07

NOTES:
(a) Calculation for exposure dose .
INGESTION = Conc.  x Ingestion x Exposure x Exposure x RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 100 150 24 RAF 70 () 365 x IE+06

my/day days/yr years kg years days/year mg/kg

(b) Hazard quotient = chronic exposure dose / RfD

(¢) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium V1 was used.

na = toxicity value not available
nd = not detected
--- = not calculated due to absence of dala

(e) The reference dose for manganese is based on total allowable intake (10 ing/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.
(f) Averaging times of 24 years for chronic doses and 70 years for liftime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-S




TABLE 2-11*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

(b) Hazard quotient = chronic exposure dose / RfD

(c) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium VI was used.

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.

(f) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-6

na = toxicity value not available
nd = not detected
- = not calculated due to absence of data

Maximumn Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)
(mg/kg) Factor (RAF) (mg/kwday) (mg/kg/day) (mg/kg/day) /(mg/kg/day)
Acetone 0.023 ! 1.4E-08 0.1 1.4E-07 4.6E-09 na ---
Vinyl Chiloride nd | n-- na - --- 1.9 -
Benzo(a)anthracene nd 1 - na .- e 0.73 -
Benzo(a)pyrene nd 1 - na -— - 7.3 -
Benzo(b)fluoranthene nd 1 - na - -— 0.73 -
Benzo(k)fluoranthene nd t - na - -—- 0.073 -
Chrysene nd | - na .- - 0.0073 -
Indeno(1.2.3-cd)pyrene nd 1 - na - - 0.73 -
Aluminum 6740 | 4.0E-03 na - 1.4E-03 na -
Arsenic 0.86 1 5.0E-07 0.0003 1.7E-03 1.7€-07 1.5 2.6E-07
Barium 58.9 1 3.5E-05 0.07 4.9E-04 1.2E-05 na —
Beryllium 0.4 1 2.3E-07 0.002 1.2E-04 8.1E-08 na -
Chromium (d) 98 1 5.8E-06 0.005 1.2E-03 2.0E-06 na -
Cobalt 3.6 1 2.1E-06 na - 7.2E-07 na -
Copper 99.3 1 5.8E-05 na - 2.0E-05 na -
Lead 11.8 1 6.9E-06 na -— 2.4E-06 na -
Manganese (e} 135 1 7.9E-05 0.07 1.1E-03 2.7E-05 na -
Mercury 0.28 1 1.6E-07 0.0003 5.5E-04 5.6E-08 na -
Thailium 0.25 1 1.5E-07 0.00008 1.8E-03 5.0E-08 na —
Vanadium 121 | 7.1E-06 0.007 1.0E-03 2.4E-06 na -
Total Hazard Index = 8.0E-03 Total Risk = 2.6E-07
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion x Exposure x Exposure RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 100 150 24 RAF 70 () 365 x IE+06
mg/day days/yr years kg years days/year mp/kg




TABLE 2-1J*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS

AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE

Average Relative] Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (¢)

(my/kg) Factor (RAF) (mg/kg/day) (mp/ky/day) (my/kg/day) I(mg/kp/day)
Acetone 14 I 7.7E-05 0.1 7.7E-04 6.6E-06 na —
Vinyl Chloride 0.025 1 1.4E-07 na -— 1.2E-08 1.9 2.2E-08
Benzo(a)anthracene 0.078 1 4.3E-07 na --- 3.7E-08 0.73 2.7E-08
Benzo(a)pyrene 0.068 1 3.7E-07 na - 3.2E-08 73 23E07
Benzo(b)fluoranthene 0.076 1 4.2E-07 na - 3.6E-08 0.73 2.6E-08
Benzo(k)fluoranthene 0.064 1 3.5E-07 na -- 3.0E-08 0.073 2.2E-Q9
Chrysene 0.095 l 5.2E-07 na -— 4.5E-08 0.0073 33E-t0
Indeno(1,2,3-cd)pyrene 0.052 I 2.8E-07 na - 2.4E-08 0.73 1.8E-08
Aluminum 8000 1 4.4E-02 na --- 3.8E-03 na -
Arsenic 1.5 | 8.2E-06 0.0003 2.7E-02 7.0E-07 1.5 1.1E-06
Barium 16 1 8 8E-05 0.07 1.3E-03 7.5E-06 na -
Beryllium 041 1 2.2E-06 0.002 1.1E-03 1.9E-07 na -
Chromium (d) 1.5 ! 4.1E-05 0.005 8.2E-03 3.5E-06 na -
Cobalt 29 1 1.6E-05 na - 1.4E-06 na -
Copper 2 | 1.5E-04 na - | .3E-05 na -
I.ead 12 | 6.06E-05 na - 5.6E-06 na .-
Manganese (¢) 110 1 6.0E-04 0.07 8.6E-03 5.2E-05 na -
Mercury 0.067 1 3.7E-07 0.0003 1.2E-03 3.1E-08 na -
Thallium 0.15 1 8.2E-07 0.00008 1.0E-02 7.0E-08 na .-
Vanadium 14 | 7.7E-05 0.007 1.1E-02 6.6E-06 na -

Total Hazard Index = 7.0E-02 Total Risk = 1.4E-06

NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Inpestion x Exposure x Exposure x RAF / Body «x Averaging x  Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor|
DOSE Conc. 200 150 6 RAF 15 (f) 365 xIE+06

my/day days/yr years kg years days/year mg/kg

(b) Hazard quotient = chronic exposure dose / RfD
(¢) Cancer risk = lifetime exposure dose x slope factor
(d) The reference dose for chromium VI was used.

na = oxicity value not available
nd = not detected
--- = not calculated due to absence of data

(¢) The reference dose for manganese is based on total allowable intake (10 mp/day) minus the background intake (5 mg/day)

The remaining intake (5 ing/day) was nommalized for body weight (70 kg) to derive the RfD.
() Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-7




TABLE 2-1K*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR A CHILD EXPOSURE

Maximum Relative Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)
(mg/kg) Factor (RAF) (mg/ky/day) (mg/ky/day) (ng/kp/day) f(ng/kg/day)
Acetone 160 1 8.8E-04 0.1 8.8E-03 7.5E-05 na -
Vinyl Chloride 0.25 1 1.4E-06 na -— 1.2E-07 19 2.2E-07
Benzo(a)anthracene 0.078 1 4 3E-07 na - 3.7E-08 0.73 2.7E-08
Benzo(a)pyrene 0.068 | 3.7E-07 na - 3.2E-08 73 2.3E-07
Benzo(b)fluoranthene 0.076 1 4 2E-07 na - 3.6E-08 0.73 2.6E-08
Benzo(k)fluoranthene 0.064 1 3.5E-07 na - 3.0E-08 0.073 2.2E-09
Chrysene 0.095 | 5.2E-07 na - 4.5E-08 0.0073 3.3E-10
ndeno(l,2,3-cd)pyrene 0.052 1 2.8E-07 na -—- 2.4E-08 0.73 1 8E-08
Aluminum 14400 | 7.9E-02 na -—- 6.8E-03 na -
Arsenic 35 1 1.9E-05 0.0003 6.4E-02 1.6E-06 1.5 2.5E-06
Barium 20.5 | 1.1E-04 0.07 1.6E-03 9.6E-06 na -
Beryllium 1.1 1 6.0E-06 0.002 3.0E-03 5.2E-07 na ---
Clromium (d) 139 1 7.6E-05 0.005 1.5E-02 6.5E-06 na -
Cobalt 6.2 1 3.4E-05 na - 2.9E-06 na —
Copper 253 1 1.4E-03 na - 1.2E-04 na -~
{.ead 311 ! 1.7E-04 na - 1.5E-05 na -
Manyanese (e) 257 1 1.4E-03 0.07 2.0E-02 1.2E-04 na -
Mercury 0.2 1 1.1E-06 0.0003 3.7E-03 9.4E-08 na ---
Thatlium 0.36 ! 2.0E-06 0.00008 2.5E-02 1.7E-07 na -
Vanadium 27.2 ] 1.5E-04 0.007 2.1E-02 1.3E-05 na ---
Total Hazard Index = 1.6E-01 Total Risk = 3.0E-06
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion x Exposure x Exposure x RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 200 150 6 RAF 15 () 365 x 1E+06
my/day days/yr years kg years days/year mp/kg

(b} Hazard quotient = chronic exposute dose / RfD

(c) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium VI was used.

na = toxicity value not available
nd = not detected
--- = not calculated due to absence of data

(¢) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 myg/day) was normalized for body weight (70 kg) to derive the RfD.
(f) Averaging times of 6 years for chronic doses and 70 years for litetine doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-8




TABLE 2-1L*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS

AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE

Average Relative Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)

(mg/ky) Factor (RAF) (mg/ky/day) (mg/ky/day) (mg/kg/day) Amg/kg/day)
Acetone 48 | 2.6E-05 0.1 2.6E-04 2.3E-06 na -~
Vinyl Chloride nd | - na - --- 1.9 -
Benzo(a)anthracene nd 1 - na - --- 073 -
Benzo(a)pyrene nd 1 --- na - - 73 —
Benzo(b)fluoranthene 0.057 1 3.1E-07 na - 2.7E-08 0.73 2.0E-08
Benzo(k)fluoranthene nd 1 - na --- - 0.073 -
Chrysene 0.055 | 3.0E-07 na - 2.6E-08 0.0073 1.9E-10
Indeno(1.2.3-cd)pyrene nd | - na - -- 0.73 -
Aluminum 6400 1 3.5E-02 na - 3.0E-03 na --
Arsenic 12 | 6.6E-06 0.0003 22E-02 5.6E-07 1.5 8.5E-07
Barium 34 1 1.9€-04 0.07 2.7E-03 1.6E-05 na -
Beryllium 0.57 1 3.1E-06 0.002 1.6E-03 2.7E-07 na -
Chromium (d) 5.8 | 3.2E-05 0.005 6.4E-03 2.7E-06 na -
Cobalt 6 1 3.3E-05 na - 2.8E-06 na —
Copper 33 t 1.8E-05 na - I.5E-06 na -
Lead 29 1 1.6E-04 na - 1.4E-05 na -
Manganese (e) 1400 1 7.7E-03 0.07 1.1E-01 6.6E-04 na -
Mercury 0.13 ! 7.1E-07 0.0003 2.4E-03 6.1E-08 na -~
Thallium nd | - 0.00008 --- - na -
Vanadium 12 1 6.6E-05 0.007 9.4E-03 5.6E-06 na -

Total Hazard Index = 1.5E-01 Total Risk = 8.7E-07
NOTES:
(a) Caleulation for exposure dose - 7
INGESTION = Conc. x Ingestion x Exposure x Exposure x RAF / Body «x Averaging x  Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone., 200 150 6 RAF 15 (N 165 x K406
L my/day days/yr years kg years days’year mg/kg

(b) Hazard quotient = chronic exposure dose / RfD
(c) Cancer risk = lifetime exposure dose x slope factor
(d) The reference dose for chromium VI was used.

na = toxicity value not available
nd = not detected
--- = not calculated due to absence of data

(¢) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.

(f) Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-9




TABLE 2-1 M*

POTENTIAL RISK FROM INGESTION OF SURFACE SO!1.S WITHIN THE BULKY WASTE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR A CHILD EXPOSURE

Maximum Relative Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)
(ing/kg) Factor (RAF) (mg/kp/day) (mp/kg/day) (mg/kg/day) /(mg/kg/day)
Acetone 237 1 1.3E-04 0.1 1.3E-03 1.1E-05 na -
Vinyl Chloride nd | -—- na - - 19 -
Benzo(a)anthracene nd 1 - na - 0.73 -
Benzo(a)pyrene nd 1 - na - - 73 -
Benzo(b)fluoranthene 0.057 1 3.1E-07 na - 2.7E-08 0.73 2.0E-08
Benzo(k)fluoranthene nd | - na - - 0.073 -
Chrysene 0.055 | 3.0E-07 na - 2.6E-08 0.0073 1.9E-10
Indeno(1.2.3-cd)pyrene nd | - na - - 0.73 -—-
Aluminum 8940 1 4.9E-02 na - 4.2E-03 na -
Arsenic 1.3 1 7.1E-06 0.0003 2.4E-02 6.1E-07 1.5 9.2E-07
Barium 86.2 1 4.7E-04 0.07 6.7E-03 4.0E-05 na -
Beryllium 0.88 1 4.8E-06 0.002 2.4E-03 4.1E-07 na ---
Chromium (d) 9.8 1 54E-05 0.005 1.1E-02 4.6E-06 na -
Cobalt 12.8 1 7.0E-05 na - 6.0E-06 na -
Copper 5.6 1 3.1E-05 na - 2.6E-06 na -
Lead 124 1 6.8E-04 na - 5.8E-05 na ---
Manganese (e) 6120 1 34E-02 0.07 4.8E-01 2.9E-03 na -—
Mercury 041 1 2.2E-06 0.0003 7.5E-03 1.9E-07 na -
Thallium nd 1 - 0.00008 - - na -
Vanadium 18.1 I 9.9E-05 0.007 1 4E-02 8.5E-06 na -
Total Hazard Index = 5.5E-01 Total Risk = 9 4E-07
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion Exposure x Exposure x RAF / Body Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor|
DOSE Conc. 200 150 6 R.AF 15 () 365 x1E+06
my/day days/yr years ke years days/year mykg

(b) Hazard quotient = chronic exposure dose / RfD

(c) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium VI was used.

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 ng/day).

The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.

(f) Averaging times of 6 years for chronic doses and 70 years for lifctime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-10

na = toxicity value not available
nd = not detected

--- = not calculated due to absence of data




TABLE 2- I N*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS

AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE

Average Relative Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (¢)

(mg/kg) Factor (RAF) (mg/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day)
Acetone 0.014 | 7.7E-08 0.1 7.7E-07 6.6E-09 na ---
Vinyl Chloride nd 1 - na - - 1.9 -
Benzo(a)anthracene nd 1 - na - - 0.73 —
Benzo(a)pyrene nd | -- na - - 73 -—
Benzo(b)fluoranthene nd 1 -— na - - 0.73 -
Benzo(k)fluoranthene nd l - na - .- 0.073 -
Chrysene nd 1 --- na --- - 0.0073 -
Indeno(1,2.3-cd)pyrene nd 1 .- na - - 0.73 -
Aluminum 5500 1 3.0E-02 na --- 2.6E-03 na -
Arsenic 0.79 | 4 3E-06 0.0003 1.4E-02 3.7E-07 1.5 5.6E-07
Barium 28 | 1.5E-04 0.07 2.2E-03 1.3E-05 na -
Beryllium 0.35 1 1.9E-06 0.002 9.6E-04 1.6E-07 na --
Chromium (d) 64 1 3.5E-05 0.005 7.0E-03 3.0E-06 na -—
Cobalt 29 ] 1.6E-05 na - 1.4E-06 na -—
Copper 37 1 2.0E-04 na -- 1.7E-05 na -
Lead 6.3 | 3.5E-05 na - 3.0E-06 na ---
Manganese (e) 110 | 6.0E-04 0.07 8.6E-03 5.2E-05 na -
Mercury 0.13 1 7.1E-07 0.0003 2.4E-03 6.1E-08 na —
Thallium 0.15 1 8.2E-07 0.00008 1.0E-02 7.0E-08 na -
Vanadium 9.2 | 5.0E-05 0.007 7.2E-03 4.3E-06 na -

Total Hazard Index = 5.3E-02 Total Risk = 5.6E-07

NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc. x Ingestion x Exposure x Exposure x RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 200 150 6 R.AF 15 (f) 365 x IE+06

ing/day days/yr years kg years days/year mg/kp

(b) Hazard quotient = chronic exposure dose / RfD
(c) Cancer risk = lifetime exposure dose x slope factor
(d) The reference dose for chromium V1 was used.

na = toxicity value not available

nd = not detected

--- = not calculated due to absence of data

(€) The reference dose for manganesc is based on total allowable intake (10 mg/day) minus the background intake (5 ng/day).

The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.
() Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-11




TABLE 2-10*

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR A CHILD EXPOSURE

Maximum Relative Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RID) Quotient (b) Lifetime (a) Factor Risk (¢)
(mg/kg) Factor (RAF) (mg/ky/day) (mg/ky/day) (mg/kg/day) /(m/kg/day)
Acetone 0.023 [ 1.3E-07 0.1 1.3E-06 1.1E-08 na -
Vinyl Chlonde nd | - na - - 1.9 -
Benzo(a)anthracene nd 1 - na - - 0.73 —
Benzo(a)pyrene nd 1 - na - - 73 -
Benzo(b)fluoranthene nd 1 - na - - 0.73 —_
Benzo(k)fluoranthene nd 1 - na -- - 0.073 —
Chrysene nd I --- na - - 0.0073 -
Indeno(1,2,3-cd)pyrene nd | - na e - 0.73 -
Aluminum 6740 1 3.7E-02 na - 3.2E-03 na -
Arsenic 0.86 1 4.7E-06 0.0003 1.6E-02 4.0E-07 1.5 6.1E-07
Barium 58.9 1 3.2E-04 0.07 4 6E-03 2.8E-05 na -
Beryllium 0.4 1 2.2E-06 0.002 1.1E-03 1.9E-07 na -
Chromium (d) 9.8 | 5.4E-05 0.005 1.1E-02 4.6E-06 na —
Cobalt 36 1 2.0E-05 na - 1.7E-06 na -—
Copper 99.3 | 5.4E-04 na - 1.7E-05 na ---
Lead 11.8 | 6.5E-05 na - 5.5E-06 na -
Manganese (¢) 135 1 7.4E-04 0.07 1.1E-02 6.3E-05 na -
Mercury 0.28 I 1.5E-06 0.0003 5.1E-03 1.3E-07 na -—
Thallium 0.25 | 1.4E-06 0.00008 1.7E-02 1.2E-07 na -
Vanadium 12.1 | 6.6E-05 0.007 9.5E-03 5.7E-06 na -
Total Hazard Index = 7.4E-02 Total Risk = 6.1E-07
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.  x Ingestion Exposure x Exposure x RAF / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 200 150 6 RAF 15 () 365 x1E+06
mg/day days/yr years kg years days/year my/ky

(b) Hazard quotient = chronic exposure dose / RfD

(¢) Cancer risk = lifetime exposure dose x slope factor

(d) The reference dose for chromium VI was used.

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD.

() Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-12

na = toxicity value not available

nd = not detected

--- = not calculated due to absence of data




TABLE 2-1 P*

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS

AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)
(mg/kg) Factor (RAF) (my/kg/day) (mp/kg/day) (mg/kg/day) /(mg/kg/day)
Acetone 14 0.5 21E-05 0.1 2.1E-04 7.0E-06 na -—-
Vinyl Chloride 0.025 0.5 3.7E-08 na - 1.3E-08 1.9 2.4E-08
Benzo(a)anthracene 0.078 0.05 1.1E-08 na - 3.9E-09 0.73 2.9E-09
Benzo(a)pyrene 0.068 0.05 1.0E-08 na --- 3.4E-09 73 2.5E-08
Benzo(b)fluoranthene 0.076 0.05 1.1E-08 na - 3.8E-09 0.73 2.8E-09
Benzo(k)fluoranthene 0.064 0.05 94E-09 na -—- 3.2E-09 0.073 2.4E-10
Chrysene 0.095 0.05 1 4E-08 na - 4.8E-09 0.0073 3.5E-11
Indeno(1,2,3-cd)pyrene 0.052 0.05 7.6E-09 na - 2.6E-09 0.73 1.9E-09
Aluminun 8000 ) - na --- .- na -—--
Arsenic 1.5 (d) - 0.0003 - - 1.5 -
Barium 16 (d) - 0.07 - - na -
Beryllium 041 () 0.002 - na
Chromium (e) 75 @ - 0.005 - --- na -—
Cobalt 29 (d) - na - - na -
Copper 27 (d) - na --- - na -
Lead 12 (d) - na - - na -
Manganese (f) 110 (d) - 0.07 - - na --
Mercury 0.067 (d) - 0.0003 --- - na -
Thallium 0.15 (d) - 0.00008 -— - na -
Vanadium 14 (d) --- 0.007 - — na -
Total Hazard Index = 2.1E-04 Total Risk = 5.7E-08
NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact Exposure  x Exposure RAF. / Body x Averaging X Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 500 150 24 RAF 70 (&) 365 x IE+06
my/day days/yr years kg years  days/year mg/kg

(b} Hazard quotient = chronic exposure dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope factor

(d) R.AF. for metals is neglible; (USEPA, 1989, “Suppl
(e) The reference dose for chromium VI was used.

tal Risk As

nt Guidance ", EPA/901/5-89-001)

na = toxicity value not available
nd = chemical not detected

() The reference dose for manganese is based on total allowable intake (10 my/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was normalized for body weight (70 kg) to derive the RfD.

() Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-13

--- = not calculated due to an absence of data




TABLE2-1 Q*

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS

MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximum Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)

(ng/kg) Factor (RAF) (mpkyday) (my/kg/day) (ng/kp/day) /(mg/kg/day)
Acetone 160 0.5 2.3E-04 0.1 2.3E-03 8.1E-05 na -
Vinyl Chloride 025 0.5 3.7E-07 na - 1.3E-07 1.9 24E-07
Benzo(a)anthracene 0.078 0.05 1.1E-08 na -- 3.9E-09 0.73 2.9E-09
Benzo(a)pyrene 0.068 0.05 1.0E-08 na - 3.4E-09 7.3 2.5E-08
Benzo(b)fluoranthene 0.076 0.05 1.1E-08 na - 3.8E-09 0.73 2.8E-09
Benzo(k }fluoranthene 0.064 0.05 9.4E-09 na - 3.2E-09 0.073 24E-10
Chrysene 0095 0.05 1.4E-08 na - 4.8E-09 0.0073 3.5E-11
Indeno(1,2,3-cd)pyrene 0.052 0.05 1.6E-09 na - 2.6E-09 0.73 1.9E-09
Aluminum 14400 (d) - na - - na -
Arsenic 35 [C)]) - 0.0003 - - 15 -
Barium 205 (d) - 0.07 -— - na -
Beryllium I8 (d) - 0.002 --- - na -
Chromium (e) 13.9 (d) - 0.005 - -—- na -
Cobalt 6.2 (d) - na - - na -
Copper 253 (d) --- na - - na -
Lead 310 D --- na - - na -—
Manganese (f) 257 (d) - 0.07 - --- na -
Mercury 02 (d) - 0.0003 - - na -
Thatlium 0.36 (d) - 0.00008 - - na -
Vanadium 272 (d) - 0.007 - - na -—

Total Hazard Index = 2.3E-03 Total Risk = 2.7E-07

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact Exposure  x Exposure  x RAF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 500 150 24 RAF 70 (g) 365 x IE+06

mg/day days/yr years kg years  days/year mp/kg

(b) Hazard quotient = chironic exposure dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope factor

(d) R.AF. for metals is neglible; (USEPA, 1989, “Supplemental Risk Assessment Guidance ", EPA/901/5-89-001)
(¢) The reference dose for chromium VI was used.

na = toxicity value not available
nd = chemical not detected

() The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was nonnalized for body weight (70 kg) to derive the RfD.
() Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-14

--- = not calculated due to an absence of data




TABLE2-1 R*

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Relative] Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer|
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)

(mg/kg) Factor (RAF) (mpkg/day) (my/kg/day) (mg/kg/day) /(mg/kg/day)
Acetone 48 0.5 7.0E-06 0.1 7.0E-05 2.4E-06 na -
Vinyl Chloride nd 05 - na - - 1.9 -
Benzo(a)anthracene nd 0.05 - na - - 0713 S
Benzo(a)pyrene nd 0.05 na - -— 13 -
Benzo(b)fluoranthene 0.057 0.05 8.4E-09 na .- 2.9E-09 0.73 2.1E-09
Benzo(k)fluoranthene nd 0.05 - na - - 0.073 -
Chrysene 0.055 0.05 8 1E-09 na - 2.8E-09 0.0073 2.0E-11
Indeno(1.2.3-cd)pyrene nd 0.05 - na -- - 0.73 —
Aluminum 6400 (d) -- na - --- na -
Arsenic 1.2 (d) - 0.0003 - - 1.5 -
Barium 34 (d) - 0.07 - . na ---
Beryllium 0.57 (d) - 0.002 - - na -
Chromium (e) 5.8 (d) - 0.005 - .- na .-
Cobalt 6 (d) --- na - -- na .-
Copper 33 (d) — na - - na -
lead 29 (d) - na .- -—- na -
Manganese (f) 1400 {4y --- 0.07 -—- - na -
Mercury 0.13 (d) -- 0.0003 - na ---
Thallium nd (d) .- 0.00008 - - na ---
Vanadium 12 (d) --- 0.007 -—- - na -

Total Hazard Index = 7.0E-05 Total Risk = 2.1E-09

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact Exposure  x Exposure  x RAF. / Body x Averaging  x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 500 150 24 RAF 70 (8) 365 x 1E+06

myg/day days/yr years kg years  days/year mg/kg

(b) Hazard quotient = chronic exposure dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope factor
(d) R.AF. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessment Guidance ", EPA/901/5-89-001)

(e) The reference dose for chromium V1 was used.

na = toxicity value not available

nd = chemical not detected
-~ = aot calculated due to an absence of data

(f) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 ing/day).
The remaining intake (Sing/day) was nonmalized for body weight (70 kg) to derive the RfD.
(g) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-15




TABLE2-1 S+

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximum Relative]  Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)

{mg/kg) Factor (RAF) (mg/kg/day) (mg/kg/day) (mg/kp/day) /(mg/kg/day)
Acetone 237 0.5 3.5E-05 0.1 3.5E-04 1.2E-05 na -
Vinyl Chloride nd 0.5 - na - - 1.9 -
Benzo(a)anthracene nd 0.05 - na - - 0.73 -
Benzo(a)pyrene nd 0.05 - na -- - 73 -
Benzo(b)fluoranthene 0.057 0.05 84E-09 na - 2.9E-09 0.73 2.1E-09
Benzo(k)fluoranthene nd 0.05 - na - — 0.073 -
Chrysene 0.055 0.05 8.1E-09 na - 2.8E-09 0.0073 2.0E-11
Indeno(l,2.3-cd)pyrene nd 0.05 -- na - - 0.73 ---
Aluminum 8940 ) - na - - na -
Arsenic 1.3 (d) --- 0.0003 -- - 1.5 -
Barium 86.2 (d) 0.07 - - na -
Beryllium 0.88 (d) - 0.002 - -— na -
Chromium (e) 9.8 (d) --- 0.005 - - na --
Cobalt 12.8 (d) -- na - - na -
Copper 56 ) na - - na -
Lead 124 (d) na - --- na -
Manganese (f) 6120 (d) 0.07 - -—- na -
Mercury 041 (d) -- 0.0003 - --- na -
Thallium nd (d) - 0.00008 - - na -
Vanadiun 18.1 (d) - 0.007 - --- na -

Total Hazard Index = 3.5E-04 Total Risk = 2.1E-09

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact x Exposure x Exposure RAF. / Body x Averaging  x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 500 150 24 RAF 70 (8) 365 x 1IE+06

mg/day days/yr years kg years  days/year mg/kg

(b) Hazard quotient = chronic exposure dose

/ RfD

(c) Cancer Risk = lifetime exposure dose x slope factor
(d) R.AF. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessinent Guidance *, EPA/901/5-89-001)
(¢) The reference dose for chromium VI was used.
() The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was normalized for body weight (70 kg) to derive the RfD.
(¢) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-16

na = toxicity value not available
nd = chemical not detected

--- = not calculated due to an absence of data




TABLE2-1 T+

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Relative] Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a} Dose (RfD) Quotient (b) Lifetime (a) Factor Risk {c)

(mg/kg) Factor (RAF) (mg/kg/day) (my/kg/day) (mg/ky/day) Hmg/kg/day)
Acetone 0.014 0.5 2.1E-08 0.1 2.1E-07 7.0E-09 na --
Vinyl Chloride nd 0.5 - na - - 19 -
Benzo(a)anthracene nd 0.05 .. na - - 0.73 -
Benzo(a)pyrene nd 0.05 - na -- -— 7.3 -
Benzo(b)fluoranthene nd 0.05 - na - - 0.73 ---
Benzo(k)fluoranthene nd 0.05 - na - - 0.073 ---
Chrysene nd 0.05 - na - - 0.0073 -
indeno(1,2,3-cd)pyrene nd 0.05 - na - - 0.73 .-
Aluminum 5500 [C)] - na —— - na —
Arsenic 0.79 (d) - 0.0003 - - 1.5 -
Barium 28 (d) - 0.07 - - na -
Bery!lium 0.35 (d) 0.002 - - na -
Chromium (¢) 6.4 (d) - 0.005 -— - na --
Cobatt 29 (d) - na - - na -
Copper 37 (d) na -- - na -
Lead 63 (d) na - - na -
Manganese (f) 110 (d) - 0.07 . --- na -
Mercury 0.13 (d) - 0.0003 --- - na -
Thallium 0.15 (d) .- 0.00008 - - na -
Vanadium 9.2 (d) - 0.007 - - na -

Total Hazard Index = 2.1E-07 Total Risk = -—

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact Exposure  x Exposure R.AF. Body x Averaging X Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 500 150 24 RAF 70 (8) 365 x IE+06

my/day days/yr years kg years  days/year mp/kg

(b) Hazard quotient = chronic exposure dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope faclor

(d) R.AF. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessiment Guidance “, EPA/901/5-89-001)
(e) The reference dose for chromium V1 was used.

na = toxicity value not available
nd = chemical not detected

--- = not calculated due to an absence of data

(f) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was normalized for body weight (70 k) to derive the RfD.

(g) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-17




TABLE2-1 U=

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximuin Relative]  Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)

(mp/kg) Factor (RAF) {mg/kp/day) (mg/kp/day) (my/kg/day) Amy/kg/day)
Acetone 0.023 0.5 34E-08 0.1 3.4E-07 1.2E-08 na -
Vinyl Chloride nd 0.5 - na - - 1.9 -
Benzo(a)anthracene nd 0.05 na -— - 0.73 -
Benzo(a)pyrene nd 0.05 - na - - 7.3 -
Benzo(b){luoranthene nd 0.05 na - --- 0.73 -
Benzo(k)fluoranthene nd 0.05 - na - - 0.073 -
Chrysene nd 0.05 .- na - - 0.0073 -
Indeno(1,2.3-cd)pyrene nd 0.05 - na - --- 0.73 -
Aluminum 6740 (d) - na - - na -
Arsenic 0.86 (d) - 0.0003 - - 1.5 -
Barium 58.9 (d) - 0.07 --- - na -
Berylliun 04 (d) - 0.002 - - na —
Chromium (¢) 9.8 (d) - 0.005 --- - na .
Cobalt 36 (d) = na - - na -
Copper 99.3 (d) - na - - na -
Lead 118 (d) - na - na -
Manganese (f) 135 (d) - 0.07 - - na -
Mercury 0.28 (d) ee 0.0003 - - na ---
Thallium 0.25 (d} .- 0.00008 - - na -
Vanadium 12.] (d) 0.007 -—- .- na -—

Total Hazard Index = 3.4E-07 Total Risk = -

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact Exposure  x Exposure  x RAF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor:
DOSE Conc. 500 150 24 RAF 70 () 365 x IE+06

my/day days/yr years kg years  days/year mg/ky

(b) Hazard quotient = chronic exposure dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope factor

(d) R.AF. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessment Guidance *, EPA/901/5-89-001)
{e) The reference dose for chromium VI was used.

na = toxicity value not available
nd = chemical not detected

(f) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was nonnalized for body weight (70 kg) to derive the RfD.

(2) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-18

--- = not calculated due to an absence of data




TABLE2-1 \d

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITQRS
AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE

(b) Hazard quotient = chronic exposere dose / RfD
(¢) Cancer Risk = lifetime exposure dose x slope factor
(d) R.A'F. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessment Guidance", EPA/901/5-89-001)

(e) The reference dose for chromium V1 was used.

na = toxicity value not available
nd = chemical not detected
--- = not calculated due to an absence of data

(f) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was normalized for body weight (70 kg) to derive the RfD.

(g) Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-19

Average Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (¢}

(my/ky) Factor (RAF) (mg/kp/day) (mg/kg/day) (my/kg/day) /(mg/kg/day)
Acetone 14 0.5 9.6E-05 0.1 9.6E-04 8.2E-06 na -
Viny! Chloride 0.025 0.5 1.7E-07 na - 1.5E-08 1.9 2.8E-08
Benzo(a)anthracene 0.078 0.05 5.3E-08 na - 4.6E-09 0.73 3.3E-09
Benzo(a)pyrene 0.068 0.05 4.7E-08 na - 4.0E-09 73 2.9E-08
Benzo(b)fluoranthene 0.076 0.05 5.2E-08 na - 4.5E-09 0.73 33E-09
Benzo(k)fluoranthene 0.064 0.05 4 4E-08 na - 3.8E-09 0.073 2.7E-10
Chirysene 0.095 0.05 6.5E-08 na - 5.6E-09 0.0073 4.1E-11
Indeno(],2,3-cd)pyrene 0.052 0.05 3.6E-08 na -- 3.1E-09 0.73 2.2E-09
Aluminum 8000 (d) - na - - na -
Arsenic 1.5 (d) - 0.0003 - .- 1.5 -
Barium 16 (C)) -ee 0.07 .- - na -
Beryllium 0.41 (d) - 0.002 --- — na -
Chromium (¢) 7.5 (d) - 0.005 --- - na -
Cobalt 29 (d) - na - - na -
Copper 27 (d) - na - - na -
lead 12 (d) - na - - na —
Manganese (f) (1o (d) --- 0.07 - — na -
Mercury 0.067 (d) - 0.0003 --- - na .-
Thallium 0.15 (d) --- 0.00008 - . na -~
Vanadium 14 (d) - 0.007 - - na -

Total Hazard Index = 9.6E-04 Total Risk = 6.6E-08
NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact Exposure  x Exposure  x R.AF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 500 150 6 RAF 15 () 365 x IE+06
my/day days/yr years kg years days/year mg/kg




TABLE2-1 W

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR A CHILD EXPOSURE

Maximum Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)
{mg/kg) Factor (RAF) (mgky/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day)
Acetone 160 0.5 1.1E-03 0.1 1.1E-02 9.4E-05 na e
Vinyl Chloride 0.25 05 1.7E-06 na - 1.5E-07 1.9 2.8E-07
Benzo(a)anthracene 0.078 0.05 5.3E-08 na - 4.6E-09 073 3.3E-09
Benzo(a)pyrene 0.068 0.05 4.7E-08 na - 4.0E-09 73 2.9E-08
Benzo(b)fluoranthene 0.076 0.05 5.2E-08 na -— 4.5E-09 073 3.3E-09
Benzo(k)fluoranthene 0.064 0.05 4 4E-08 na - 3.8E-09 0.073 2.7E-10
Chirysene 0.095 0.05 6.5E-08 na - 5.6E-09 0.0073 4.1E-11
Indeno(1,2,3-cd)pyrene 0.052 0.05 3.6E-08 na .- 3.1E-09 0.73 2.2E-09
Aluminum 14400 (d) --- na - == na ---
Arsenic 35 (d) --- 0.0003 - --- 1.5 -
Barium 20.5 (d) -—- 0.07 - - na —
Beryllium I.1 (d) .- 0.002 --- - na .-
Chromium (e) 139 (d) .- 0.005 - - na -
Cobalt 6.2 {d) - na -—- - na —
Copper 253 (d) -— na - - na -
Lead 310 (d) - na -- - na -
Manganese (f) 257 (d) - 0.07 - - na -
Mercury 0.2 (d) .- 0.0003 - - na -
Thallium 0.36 (d) - 0.00008 - - na -
Vanadium 272 (d) --- 0.007 --- - na -
Total Hazard Index = 1.1E-02 Total Risk = 3.2E-07
NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x Soil Contact x Exposure  x Exposure x RAF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor,
DOSE Conc. 500 150 6 RAF 15 {g) 365 x IE+06
my/day days/yr years kg years days/year mg/kg

(b) Hazard quotient = chronic exposere dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope factor

(d) R.AF. for metals is neglible; (USEPA.1989."Supplemental Risk Assessment Guidanee®, EPA/901/5-89-001)

(e) The reference dose for chromium VI was used.

na = toxicity value not available
nd = chemical not detected

(f) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was normalized for body weight (70 kg) to derive the RfD.

(g) Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-20

--- = not calculated due to an absence of data




TABLE2-1 X

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE

Average Relative} Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)

(np/kg) Factor {RAF) (mpkg/day) (ng/kp/day) (my/ky/day) fmp/ky/day)
Acetone 48 05 33E-05 0.1 3.3E-04 2.8E-06 na -
Vinyl Chloride nd 05 - na --- - 1.9 -
Benzo(a)anthracene nd 005 - na - - 0.73 -
Benzo(a)pyrene nd 0.05 - na --- - 73 -
Benzo(b)luoranthene 0.057 0.05 3.9E-08 na - 3.3E-09 0.73 2.4£-09
Benzo(k)fluoranthene nd 0.05 - na - - 0.073 -
Chrysene 0.055 0.05 3.8E-08 na --- 3.2E-09 0.0073 2.4E-11
Indeno(1.2,3-cd)pyrene nd 0.05 - na --- - 0.73 -
Aluminum 6400 (d) - na - -e- na -
Arsenic 12 e} 0.0003 1.5
Barium 34 (d) .- 0.07 -- - na e
Beryllium 0.57 {dy --- 0.002 - - na -
Chromium (e) 58 (d) - 0.005 - --- na -
Cobalt 6 (d) - na — - na —
Copper 33 (d) - na - - na -
Lead 29 (d) --- na - - na -
Manganese (f) 1400 (d) - 0.07 - - na -
Mercury 0.13 (d) - 0.0003 .- --- na -—
Thallium nd (d) - 0.00008 - - na —
Vanadium 12 (d) - 0.007 — - na -

Total Hazard Index = 33E-04 Total Risk = 2.5E-09

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact x Exposure  x Exposure x R.AF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 500 150 6 RAF 15 () 365 x 1IE+06

my/day days/yr years kg years days/year myg/kg

(b) Hazard quotient = chronic exposere dose / RfD

(c) Cancer Risk = lifetime exposure dose x slope factor
(d) R.AF. for metals is neglible; (USEPA,1989,"Supplemental Risk Assessment Guidance”, EPA/901/5-89-001)

(e) The reference dose for chromium VI was used.

na = toxicity value not available
nd = chemical not detected
--- = not calculated due 10 an absence of data

(f) The reference dose for manganese is based on total allowable intake (10 my/day) minus the background intake (5 mg/day).
The remaining intake (Smg/day) was normalized for body weight (70 kg) to derive the RfD.
(¢) Averaging limes of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTIH RISK ASSESSMENT (1998) TABLE B-21




TABLE2-1 Y+

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR A CHILD EXPOSURE

Maximum Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)

(mg/kg) Factor (RAF) (mp/kp/day) (mp/kp/day) (mp/kg/day) J(mg/kg/day)
Acetone 237 05 1.6E-04 0.1 1.6E-03 1.4E-05 na -
Vinyl Chloride nd 0.5 - na - -~ 19 -
Benzo(a)anthracene nd 0.05 - na - -— 0.73 -
Benzo(a)pyrene nd 0.05 - na . - 7.3 -—-
Benzo(b)fluoranthene 0.057 0.05 39E-08 na - 3.3E-09 0.73 2.4E-09
Benzo(k)fluoranthene nd 0.05 --- na - - 0.073 -
Chrysene 0055 0.05 3I8E-08 na - 3.2E-09 0.0073 2.4E-11
Indeno(1.2.3-cd)pyrene nd 0.05 - na -— - 0.73 -
Aluminuin 8940 (d) - na - --- na -
Arsenic 1.3 (d) - 0.0003 - e- 1.5 -
Barium 86.2 (d) --- 0.07 - - na -
Beryllium 0.88 (d) - 0.002 - - na -
Chromium (e) 98 (d) - 0.005 - - na -
Cobalt 12.8 (d) - na - --- na -
Copper 5.6 (d) -—- na - - na -
Lead 124 D --- na - - na -
Manganese (f) 6120 (d) -- 0.07 - -- na -
Mercury 041 (d) - 0.0003 --- --- na --
Thallium nd (d) --- 0.00008 .- - na -—
Vanadium 18.1 (d) - 0.007 - - na -

Total Hazard Index = 1.6E-03 Total Risk = 2.5E-09

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact x Exposure x Exposure x RAF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 500 150 6 RAF 15 (g) 365 x IE+06

my/day days/yr years kg years days/year mp/kg
(b) Hazard quotient = chronic exposere dose / RfD na = toxicity value not available
(¢} Cancer Risk = lifetime exposure dose x slope factor nd = chemical not detected
(d) R.AF. for metals is neglible; (USEPA,1989,"Suppl ntal Risk A t Guidance”, EPA/901/5-89-001) --- = not calculated due to an absence of data

{e) The reterence dose tor chromiuin V1 was used.

(f) The reference dose for manganese is based on total allowable intake (10 ing/day) ininus the background intake (5 mg/day).
The remaining intake (Smy/day) was normalized for body weight (70 kg) to derive the RfD.
() Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-22




TABLE2- 1 YA

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE

Average Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) _ Factor Risk (c),

(my/ky) Factor (RAF) (mg/ky/day) (my/kg/day) (ing/kg/day) /(mp/kp/day)
Acetone 0.014 0.5 9.6E-08 0.1 9.6E-07 8.2E-09 na -
Vinyl Chloride nd 05 na --- - 1.9 -
Benzo(a)anthracene nd 0.05 -- na -— -- 0.73 -
Benzo(a)pyrene nd 0.05 --- na - - 73 -
Benzo(b)fluoranthene nd 0.05 - na - - 0.73 .
Benzo(k)fluoranthene nd 0.05 -—- na —- - 0.073 -
Chrysene nd 0.05 - na --- - 0.0073 ---
Indeno(1,2,3-cd)pyrene nd 0.05 - na - - 0.73 -
Aluminum 5500 (d) - na - --- na -
Arsenic 0.79 (d) 0.0003 - - 1.5 -
Barium 28 (d) - 0.07 -—- - na -
Beryllium 0.35 (d) --- 0.002 -—- - na -
Chromium (e) 6.4 (d) - 0.005 . - na ---
Cobalt 29 (d) na - - na -
Copper 37 (d) e na - - na -
Lead 6.3 (d) - na -~ - na -
Manganese (f) 110 (d) 0.07 . .- na -
Mercury 0.13 (d) - 0.0003 - - na -
Thallium 0.15 () -- 0.00008 --- na
Vanadium 92 (d) - 0.007 --- --- na -

Total Hazard Index = 9.6E-07 Total Risk = ---

NOTES:
(a) Calculation for exposure dose :
DERMAL = Conc. x  Soil Contact » Exposure  x Exposure x RAF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Cone. 500 150 6 RAF 15 (&) 365 x IE+06

my/day days/yr yeurs ke years days/year my/kg

(b) Hazard quotient = chronic exposere dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope factor
(d) R.AF. formetals is neglible; (USEPA.1989,"Supplemental Risk Assessment Guidance”, EPA/901/5-89-001)

(e) The reference dose for chromium VI was used.

na = toxicity value not available
nd = chemical not detected

--- = not calculated due to an absence of data

(f) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 ing/day).
The remaining intake (5ing/day) was nonmnalized for body weight (70 kg) to derive the RfD.
(g) Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-23




TABLE2-1 AA*

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR A CHILD EXPOSURE

Maximum Relative] Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Absorption Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (¢)

(mp/kg) Factor (RAF) (mg/ky/day) (mg/kg/day) (my/kg/day) /(mg/kg/day)
Acetone 0.023 0.5 1.6E-07 0.1 1.6E-06 1.4E-08 na -
Vinyl Chloride nd 05 — na — - 1.9 ---
Benzo(a)anthracene nd 0.05 -e- na - -—- 0.73 -—
Benzo(a)pyrene nd 0.05 --- na — - 73 -
Benzo(b)fluoranthene nd 0.05 -- na - - 0.73 ---
Benzo(k)fluoranthene nd 0.05 - na - - 0.073 -
Chrysene nd 0.05 - na - .- 0.0073 ---
Indeno(1.2,3-cd)pyrene nd 0.05 - na - - 0.73 -
Aluminum 6740 (d) -- na --- - na -
Arsenic 0.86 (d) -- 0.0003 - - 1.5 —
Barium 589 (d) --- 0.07 - - na -
Beryllium 04 (d) 0.002 - na -
Chromium (e) 98 (d) --- 0.00s - - na -
Cobalt 36 (d) na -- - na -
Copper 99.3 (d) -~ na - - na -
Lead 113 (d) - na - - na -
Manganese (f) 135 {d) 0.07 - - na -
Mercury 0.28 (d) --- 0.0003 --- - na -
Thallium 0.25 (d) - 0.00008 oen - na ---
Vanadium 12.1 (d) P 0.007 . - na -—

Total Hazard Index = 1 .6E-06 Total Risk = -—

NOTES:
(a) Calculation for exposure dose :
DERMAL = Con¢. x  Soil Contact x Exposure  x Exposure  x RAF. / Body x Averaging x Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor|
DOSE Cone. 500 150 6 RAF 15 (3] 365 x 1E+06

mny/day days/yr years kg years days/year mpkg
(b) Hazard quotient = chronic exposere dose / RfD na = toxicity value not available

(c) Cancer Risk = lifetime exposure dose x slope factor
(d) R.AF. for metals is neglible; (USEPA.1989,"Supplemental Risk Assessment Guidance", EPA/901/5-89-001)
(e) The reference dose for chromium VI was used.
(f) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

The remaining intake (Smg/day) was normalized for body weight (70 kg) to derive the RfD.
(g) Averaging times of 6 years for chronic doses and 70 years for lifetitne doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-24

nd = chemical not detected

--- = not calculated due to an absence of data




TABLE 2-1 AB*

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE SOLID WASTE AREA FOR SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Average Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Permeability Chronic (c) Dose (RfD) Quotient (d) Lifetime (c) Factor Risk (e)
(ug/L) Constant (b) (myg/kg/day) (mg/kg/day) (mg/kg/day) Amg/lkg/day)
Chloroethane nd 8.0E-03 - na e --- na -
1.2-Dichloroethene (f) 44 1.0E-02 3I9E-06 0.01 39E-04 3.89E-07 na —--
bis(2-Ethylhexyl)phthalate nd 3.3E-02 - 0.02 - - 0014 -
Aluminum 60500 1.0E-03 5.3E-04 na .- 5.35E-05 na —-—
Arsenic 37 1.0E-03 33E-08 0.0003 1.1E-04 3.27E-09 1.5 4.9E-09
Barium 328 1.0E-03 2.9E-06 0.07 4.1E-05 2.90E-07 na —
Beryllium 11.2 1.0E-03 9.9E-08 0.002 5.0E-05 9.90E-09 na --
Chromium (g) 239 1.0E-03 21E-07 0.005 4.2E-05 2.11E-08 na -
Cobalt nd 1.0E-03 --- na - - na -
Copper 37.8 1.0E-03 3.3E-07 na - 3.34E-08 na —
Lead 150 1.0E-03 1.3E-06 na - 1.33E-07 na -
Manganese (h) 814 1.0E-03 7.JE-06 0.024 3.0E-04 7.20E-07 na ---
Vanadium 49.8 1.0E-03 14E-07 0.007 6.3E-05 4.40E-08 na -
Aminonia nd 1.0E-03 - na --- - na -
Total Hazard Index = 9.9E-04 Total Risk = 4.9E-09

NOTES:
(a) Tables 2-1AB and 2-1AC are the same because there is only one leachate sample at this location.
(b) Source: EPA, 1992, "Demmal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(c) Calculation for exposure dose:
DERMAL = Conc. x Demnal x Skin Surface x  Exposure x  Exposure x Exposure Body x Averaging Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time X Factor
DOSE Conc. Kp (b} 1.800 1 104 7 58 (i) x 365 X IE+06

cm/hour 5q. cm hr/day days/yr years kg years  days/yr cm’-ug/mg-L

(d) Hazard quotient = chronic exposure dose / RfD
(e) Cancer risk = lifetime exposure dose x slope factor

(f) Dose-response data for cis-1,2-DCE and DPC for trans-1.2-DCE was used.

(¢) Reference Dose for chromium VI used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

The renaining intake (5 my/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(1) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-25

nd = chemical not detected

na = toxicity value not available
--- = not calculated due to absence of data




TABLE 2-1 AC*

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE SOLID WASTE AREA FOR SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Maximum Dennal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Permeability Chronic (c) Dose (RfD) Quotient (d) Lifetime (c) Factor Risk (¢e)
(ug/l) Constani (b) (my/kg/day) (ing/kg/day) (mg/ky/day) /(mg/ky/day)
Chloroethane nd 8.0E-03 - na -- - na -
1,2-Dichloroethene (f) 44 1.0E-02 3 9E-06 0.01 3.9E-04 3.89E-07 na -
bis(2-Ethythexyl)phthalate nd 3.3E-02 - 0.02 - - 0.014 -
Aluminum 60500 1.0E-03 5.3E-04 na --- 5.35E-05 na --
Arsenic 37 1.0E-03 313E-08 0.0003 1.1E-04 3.27E-09 1.5 4.9E-09
Barium 328 1.0E-03 29E-06 0.07 4.1E-05 2.90E-07 na -
Beryllium 1.2 | .0E-03 9.9E-08 0.002 5.0E-05 9.90E-09 na ---
Chromium (g) 239 1.0E-03 2.1E-07 0.005 4.2E-05 2.11E-08 na -
Cobalt nd 1.0E-03 --- na -- - na -—
Copper 378 1.0E-03 3.3E-07 na --- 3.34E-08 na -—
Lead 150 1.0E-03 1.3E-06 na - 1.33E-07 na -
Manganese (h) 814 1.0E-03 1.2E-06 0.024 3.0E-04 7.20E-07 na -
Vanadium 49.8 1.0E-03 44E-07 0.007 6.3E-05 4.40E-08 na -
Aminoma nd 1.0E-03 - na - - na --
Total Hazard Index = 9.9E-04 Total Risk = 4.9E-09
NOTES:
(a) Tables 2-1AB and 2-1AC are the same because there is only one leachate saniple at this location.
(b) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(c) Calculation for exposure dose:
DERMAL = Conc. x Dermal x Skin Surface x  Exposure x  Exposure x Exposure / Body x Averaging Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time X Factor|
DOSE Cone. Kp (b) 1,800 1 104 30 70 (i) x 365 X 1E+06
cm/hour sq. cm hr/day days/yr years kg years  days/yr cm-ug/mg-L

(d) Hazard quotient = chronic exposure dose / RfD
(e) Cancer risk = lifetime exposure dose x slope factor

(f) Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE was used.

(¢) Reference Dose for chromium VI used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(i) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-26




TABLE 2-1 AD*

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE BULKY WASTE AREA FOR SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer|

ANALYTE Concentration Permeability Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d)
(ug/L) Constant (a) (mp/kg/day) (mp/kg/day) (mg/kg/day) /(mg/kg/day)
Chloroethane 5.7 8.0E-03 - na - - na -
1,2-Dichloroethene (e) | 1.0E-02 8 8E-08 0.01 8.8E-06 8.84E-09 na -
bis(2-Ethylhexyl)phthalate 50 3.3E-02 - 0.02 - - 0014 -
Aluminum 2100 1.0E-03 1.9E-05 na - 1.86E-06 na -
Arsenic nd 1.0E-03 - 0.0003 - -- 1.5 -
Barium 510 1.0E-03 4.5E-06 0.07 6.4E-05 4.51E-07 na -
Beryllium 22 1.0E-03 1. 9E-08 0.002 9.7E-06 1.95E-09 na -
Chromium (f) 24 1.0E-03 2.1E-08 0.005 4.2E-06 2.12E-09 na -
Cobalt 63 1.0E-03 - na .- - na -
Copper nd 1.0E-03 - na - na -
Lead 37 1.0E-03 33E-07 na --- 3.27E-08 na -
Manganese (g) 8200 1.0E-03 1.3E-05 0.024 3.0E-03 7.25E-06 na -
Vanadium 15 1.0E-03 1.3E-07 0.007 1.9E-05 1.33E-08 na -
Ammonia 13000 1.0E-03 --—- na --- - na -
Total Hazard Index = 3.1E-03 Total Risk = -

NOTES:
(a) Source: EPA, 1992, "Dennal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(b) Calculation for exposure dose:
DERMAL = Cone. x Dennal x Skin Surface x  [Exposure x  Exposure Exposure  / Body x Averaging Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time b3 Factor
DOSE Cone. Kp 1.800 1 104 7 58 (h) x 365 X 1E+06

cm/hour sq. cm hriday days/yr years kg years  days/yr cm-ug/mg-L

(c) Hazard quotient = chronic exposure dose / RfD
(d) Cancer risk = lifetime exposure dose x slope factor

(e) Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE was used.

(f) Reference Dose for chromium VI used.

(£) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(h) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-27




TABLE 2-1 AE*

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE BULKY WASTE AREA FOR SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximum Dennal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Penneability Chronic (b) Dose (RD) Quotient (c) Lifetime (b) Factor Risk (d)
{ug/L) Constant (a) (mg/kg/day) (mng/ky/day) (mg/ky/day) /(mg/kg/day)
Chloroethane 8 8.0E-03 - na - - na —
1,2-Dichloroethene (¢) 1 1.0E-02 8 8E-08 0.01 8.8E-06 8.84E-09 na .-
bis(2-Ethylhexyl)phthalate 230 33E-02 .- 0.02 e - 0.014 -
Aluminum 9220 1.0E-03 8.2E-05 na - 8.15E-06 na -
Arsenic nd 1.0E-03 - 0.0003 --—- - 1.5 -
Barium 2120 1.0E-03 1 9E-05 0.07 2.7E-04 1.87E-06 na -—
Beryllium 8.7 1.0E-03 7.7E-08 0.002 3.8E-05 7.69E-09 na ---
Clrromium (f) 1.0E-03 44E-08 0.005 8.8E-06 4.42E-09 na -
Cobalt 295 1.0E-03 -—- na - - na ---
Copper nd 1.0E-03 - na - - na -
Lead 174 |1.0E-03 1.5E-06 na .- 1.54E-07 na .-
Manganese (g) 14700 1.0E-03 1.3E-04 0.024 5.4E-03 1.30E-05 na -
Vanadium 65.2 1.0E-03 5.8E-07 0.007 8.2E-05 5.77E-08 na -—
Ammonia 21800 1.0E-03 -—- na - - na -
Total Hazard Index = 5.8E-03 Total Risk = -—
NOTES:
(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
{b) Calculation for exposure dose:
DERMAL = Conc. x Dermal x Skin Surface x  Exposure x  Exposure x Exposure / Body x Averaging Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time X Factor
DOSE Conc. Kp 1,800 1 104 7 58 (h) x 365 X 1E+06
cm/hour 5q. cm hr/day days/yr years kg years  days/yr cm'-ug/mg-L

(c) Hazard quotient = chronic exposure dose / RfD
(d) Cancer risk - litetime exposure dose x slope factor

(e¢) Dose-response data for ¢is-1,2-DCE and DPC for trans-1,2-DCE was used.

() Reterence Dose for chromium VI used.

(2) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected
na = toxicity value not available
--- = not calculated due 1o absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(h) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-28




TABLE 2-1 AF*

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE SOLID WASTE AREA FOR SITE VISITORS

AVERAGE CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE (a)

Average Dermal|  Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Permeability Chronic (c) Dose (RfD) Quotient (d) Lifetime (c) Factor Risk (e)
(ug/L) Constant (b) (mp/kg/day) (my/kg/day) (mg/kg/day) /(mg/kg/day)
Chloroethane nd 8.0E-03 - na - - na ) -
1.2-Dichloroethene (f) 44 1.0E-02 3.2E-06 0.01 3.2E-04 1.38E-06 na -
bis(2-Ethylhexyl)phthalate nd 3.3E-02 - 0.02 - - 0.014 -
Aluminum 60500 1.0E-03 4 4E-04 na - 1.90E-04 na .-
Arsenic 37 1.0E-03 2.7E-08 0.0003 9.0E-05 1.16E-08 1.5 1.7E-08
Barium 328 1.0E-03 2.4E-06 0.07 3.4E-05 1.03E-06 na -
Beryllium 11.2 1.0E-03 8.2E-08 0.002 4.1E-05 3.52E-08 na -
Chromiumn (g) 239 1.0E-03 1.8E-07 0.005 3.5E-05 7.50E-08 na -
Cobalt nd 1.0E-03 --- na -- -- na -
Copper 378 1.0E-03 2.8E-07 na - 1.19E-07 na -
Lead 150 1.0E-03 1.1E-06 na - 4.71E-07 na -
Manganese (h) 814 1.0E-03 6.0E-06 0.024 2.5E-04 2.56E-06 na —
Vanadium 49.8 1.0E-03 3.6E-07 0.007 5.2E-05 1.56E-07 na -
Aminonia nd 1.0E-03 --- na --- -- na ---
Total Hazard Index = 8.2E-04 Total Risk = 1.7E-08

NOTES:
(a) Tables 2-1AF and 2-1AG are the same because there is only one leachate sample at this location.
(b) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/011B
(c) Calculation for exposure dose:
DERMAL = Conc. x Dermal x Skin Surface x  Exposure x Exposure x Exposure / Body X Averaging Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time X Factor
DOSE Conc. Kp 1.800 1 104 30 70 (i) X 365 X 1E+06

cm/hour 5q. cm hr/day days/yr years kg years days/yr cm’-ug/mg-L

(d) Hazard quotient = chronic exposure dose / RfD
(e) Cancer risk = lifetime exposure dose x slope factor

(f) Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE were used.

() Reference Dose for chromium VI used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 ing/day) was nommalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

(1) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-29

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to absence of data




TABLE 2-1 AG*

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE SOLID WASTE AREA FOR SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE (a)

Maximum Dermal|  Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Permeability Chronic (c) Dose (RfD) Quotient (d) Lifetime (c) Factor Risk (e)
(ug/L) Constant (b) (mg/kg/day) (my/kg/day) (my/kg/day) H{mg/kg/day)
Chloroethane nd 8.0E-03 - na - - na -
1.2-Dichloroethene (f) 44 1.0E-02 3.2E-06 0.01 3.2E-04 1.38E-06 na -
bis(2-Ethylhexyl)phthalate nd 3.3E-02 --- 0.02 -- - 0.014 -
Aluminum 60500 1.0E-03 4.4E-04 na — 1.90E-04 na —
Arsenic 37 1.0E-03 2.7E-08 0.0003 9.0E-05 1.16E-08 1.5 1.7E-08
Barium 328 1.0E-03 2.4E-06 0.07 3.4E-05 1.03E-06 na -
Beryllium 11.2 1.0E-03 8.2E-08 0.002 4.1E-05 3.52E-08 na —
Chromium (g) 239 1.0E-03 1.8E-07 0.005 3.5E-05 7.50E-08 na ---
Cobalt nd 1.0E-03 - na - --- na -
Copper 378 1.0E-03 2.8E-07 na - 1.19E-07 na —_
Lead 150 1.0E-03 1.1E-06 na - 4.71E-07 na -
Manganese (h) 814 1.0E-03 6.0E-06 0.024 2.5E-04 2.56E-06 na -
Vanadium 498 1.0E-03 3.6E-07 0.007 5.2E-05 1.56E-07 na ---
Aminonia nd 1.0E-03 - na - --- na -
Total Hazard Index = 8.2E-04 Total Risk = 1.7E-08
NOTES:
(a) Tables 2-1AF and 2-1AG are the same because there is only one leachate sample at this location.
(b) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(c) Calculation for exposure dose:
DERMAL = Conc. x Dermal x Skin Surface x  Exposure x Exposure x Exposure / Body x Averaging Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time X Factor
DOSE Cong. Kp 1,800 1 104 30 70 (i) x 365 X 1E+06
cm/hour 5Q. cm hr/day days/yr years kg years days/yr cm-ug/mg-L

(d) Hazard quotient = chronic exposure dose / Rf{D
(e) Cancer risk = lifetime exposure dose x slope factor

(f) Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE were used.

(g) Reference Dose for chromium Vi used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(i) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-30

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to absence of data




TABLE 2-1 AH*

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE BULKY WASTE AREA FOR SITE VISITORS
AVERAGE CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Average Dennal Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer

ANALYTE Concentration Permeability Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d)
{u/L) Constant (a) (mg/kyg/day) (ing/kg/day) (my/kg/day) Hmp/kg/day)
Chloroethane 5.7 8.0E-03 - na - - na ---
1,2-Dichloroethene (e) 1 1.0E-02 7.3E-08 0.01 7.3E-06 3.14E-08 na -
bis(2-EthyIhexyl)phthalate 50 3.3E-02 --- 0.02 -e- - 0.014 ---
Aluminum 2100 1.0E-03 1.5E-05 na --- 6.59E-06 na -
Arsenic nd 1.0E-03 - 0.0003 - - 1.5 -
Barium 510 1.0E-03 3.7E-06 0.07 5.3E-05 1.60E-06 na -
Berylliun 22 1.0E-03 1.6E-08 0.002 8.1E-06 6.91E-09 na -
Chromium (f) 24 1.0E-03 1 .8E-08 0.005 3.5E-06 7.54E-09 na -
Cobalt 63 1.0E-03 --- na .- - na ---
Copper nd 1.0E-03 - na - -— na -
Lead 37 1.0E-03 2.7E-07 na - 1.16E-07 na -
Manganese (g) 8200 1.0E-03 6.0E-05 0.024 2.5E-03 2.57E-05 na -
Vanadium 15 1.0E-03 1.1E-07 0.007 1.6E-05 4.71E-08 na -
Ammonia 13000 1.0E-03 - na - - na -
Total Hazard Index = 2.6E-03 Total Risk = -

NOTES:
(a) Source: EPA, 1992, "Dennal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(b) Calculation for exposure dose:
DERMAL = Conc. x Dermal x Skin Surface x  Exposure x Exposure x  Exposure / Body x Averaging Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time X Factor
DOSE Conc. Kp 1,800 1 104 30 70 (h) x 365 X 1E+06

cm/hour sq. cm hr/day days/yr years kg years days/yr cm’-ug/mg-L

(c) Hazard quotient = chronic exposure dose / RfD
(d) Cancer risk = lifetime exposure dose x slope factor

(¢) Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE were used.

(M) Reference Dose for chromium V1 used.

(g) The reference dose for manganese is based on total allowable intake (10 ng/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(h) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-31

nd = chemical not detected
na = toxicity value not available
--- = not calculated due 10 absence of data




TABLE 2-1 Al*
POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE BULKY WASTE AREA FOR SITE VISITORS
MAXIMUM CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Maximum Dermal|]  Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Permeability Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d)
(u/L) Constant (a) (mp/kp/day) (mp/kp/day) (mp/kp/day) Homg/kg/day)

Chloroethane 8 8.0E-03 -- na - --- na -
1,2-Dichloroethene (e) 1 1.0E-02 7.3E-08 0.01 7.3E-06 3.14E-08 na -
bis(2-Ethylhexyl)phthalate 230 3.3E-02 --- 0.02 --- -- 0.014 -
Aluminum 9220 1.0E-03 6.8E-05 na - 2.90E-05 na -—
Arsenic ad 1.0E-03 - 0.0003 --- - L5 -
Bariumn 2120 1.0E-03 1.6E-05 0.07 2.2E-04 6.66E-06 na -—-
Beryllium 87 1.0E-03 6.4E-08 0.002 3.2E-05 2.73E-08 na -
Chrotmium (f) 5 1.0E-03 3.7E-08 0.005 7.3E-06 1.57E-08 na -
Cobalt 295 © 1.0E-03 - na - - na -
Copper nd 1.0E-03 na - .- na -
Lead 174 1.0E-03 1.3E-06 na - 5.46E-07 na ——
Manganese (g) 14700 1.0E-03 1.1E-04 0.024 4.5E-03 4.62E-05 na -
Vanadium 65.2 1.0E-03 4.8E-07 0.007 6.8E-05 2.05E-07 na -
Ammonia 21800 1.0E-03 --- na --- --- na ---
Total Hazard Index = 4.8E-03 Total Risk = —

NOTES:
(a) Source: EPA, 1992, "Dennal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(b) Calculation for exposure dose:

DERMAL = Conc. x Dermal x Skin Surface X  Exposure x  Exposure x Exposure / Body X Averaging Conversion

EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time X Factor

DOSE Cong. Kp 1,800 1 104 30 70 (h) x 365 X 1E+06
cm/hour 5q. cm hr/day days/yr years kg years days/yr cm’-ug/mg-L

(c) Hazard quotient = chronic exposure dose / RfD

(d) Cancer risk = lifetime exposure dose x slope factor nd = chemical not detected

(e) Dose-response data for cis-1.2-DCE and DPC for trans-,2-DCE were used. na = toxicity value not available

(f) Reference Dose for chromium VI used. --- = not calculated due 1o absence of data

(g) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 my/day).
The remaining intake (5 my/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
() Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-32
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TABLE 2-1 AJ*

POTENTIAL RISK FROM INGESTION OF SITE GROUNDWATER WITHIN THE SOLID WASTE AREA (AS DRINKING WATER)
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Average Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
Analyte Concentration Chronic (b) Dose (RfD)  Quotient (c) Lifetime (b) Factor Risk (d)
(ug/L) (mg/kg/day) (mg/kg/day) (ng/kg/day) /(mg/kg/day)
Benzene 11 3.0E-04 na - 1.3E-04 0.029 3.7E-06
1,1-Dichloroethane 14 3.8E-04 0.1 3.8E-03 1.6E-04 na -
1.2-Dichloroethene (€) 34 9.3E-04 0.0t 9.3E-02 4.0E-04 na -
Vinyl Chloride 34 9.3E-04 na - 4.0E-04 1.9 7.6E-04
Pentachlorophenol 3 8 2E-05 0.03 2.7E-03 3.5E-05 0.12 4.2E-06
bis(2-Ethylhexyl)phthalate 5.6 1.5E-04 0.02 7.7E-03 6.6E-05 0.014 9.2E-07
Acrylamide 160 14E-03 0.0002 2.2E+01 1.9E-03 45 8.5E-03
N,N-DMF 200 5.5E-03 0.1 5.5E-02 2.3E-03 na -
Antimony nd -—- 0.0004 - == na -
Arsenic 2.7 74E-05 0.0003 2.5E-01 3.2E-05 1.5 4.8E-05
Barium 170 4.7E-03 0.07 6.7E-02 2.0E-03 na -
Beryllium 1.7 4.7E-05 0.002 2.3E-02 2.0E-05 na -
Cadimium (f) 4.4 1.2E-04 0.0005 2.4E-01 5.2E-05 na -
Chromium (e) 24 6.6E-04 0.005 1.3E-01 2.8E-04 na ---
Manganese (h) 1900 5.2E-02 0.024 2.2E+00 2.2E-02 na ---
Nickel 26 7.1E-04 0.02 3.6E-02 3.1E-04 na ---
Vanadium 21 5.8E-04 0.007 8.2E-02 2.5E-04 na ---
Zinc 680 1.9E-02 03 6.2E-02 8.0E-03 na -
Total Hazard Index = 2.5E+01 Total Risk = 9.3E-03
Hazard Index (liver toxins)= 0.07
Hazard Index (nervous system toxins)= 24.09
Hazard Index (kidney toxins)= 024
Hazard Index (red blood cell effects) - 0.16
NOTES:
(a) This table does not include groundwater chemicals of concemn for which no reference dose or slope factor exists.
(chloroethane,2-methylnapthalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia)
{b) Calculation for exposure dose :
INGESTION = Conc. x Ingestion x Exposure  x Exposure !/ Body Averaging Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 2 350 30 70 (g) 365 x IE+03
L/day days/yr years kg years days/year ug/mg

(c) Hazard quotient = chronic exposure dose / RfD

(d) Cancer Risk = lifetitne exposure dose x slope factor

(e) Dose-response data for cis-1,2-dichloroethene and chromium VI were used.

(f) Reference Dose for cadimium in water was used.

(g) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.

(h) The reference dose for manganese is based on total allowable intake (10 mp/day) minus the background intake (5 mg/day).

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-33
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TABLE 2-1 AK*

(

POTENTIAL RISK FROM INGESTION OF SITE GROUNDWATER WITHIN THE SOLID WASTE AREA (AS DRINKING WATER)
MANXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Maximum Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
Analyte Concentration Chronic (b) Dose (RfD)  Quotient (c) Lifetime (b) Factor Risk (d)
(ug/L) (mg/ky/day) (my/kg/day) (ng/kg/day) /(ng/kg/day)
Benzene 31 8.5E-04 na -—- 3.6E-04 0.029 1.1E-05
1,1-Dichloroethane 220 6.0E-03 0.1 .- 2.6E-03 na -
1.2-Dichloroethene (¢} 730 2.0E-02 0.01 2.0E+00 8.6E-03 na -
Vinyl Chloride 690 1.9E-02 na - 8.1E-03 1.9 1.5E-02
Pentachlorophenol 3 8.2E-05 0.03 2.7E-03 3.5E-05 0.12 4.2E-06
bis(2-Ethythexyl)phthalate 36 9.9E-04 0.02 4 9E-02 4.2E-04 0.014 5.9E-06
Acrylamide 229 6.3E-03 0.0002 3.1E+01 2.7E-03 45 1.2E-02
N.N-DMF 1440 3.9E-02 0.1 3.9E-01 1.7E-02 na -
Antimony nd -—- 0.0004 .- - na -
Arsenic 9.7 2 7E-04 0.0003 8.9E-01 1.1E-04 1.5 1.7E-04
Barium 508 1.4E-02 0.07 2.0E-01 6.0E-03 na -
Beryllium 13.7 3.8E-04 0.002 1.9E-01 1.6E-04 na -
Cadinium (f) 40 1.1E-03 0.0005 2.2E+00 4.7E-04 na -—
Chromium (e) 154 42E-03 0.005 8.4E-01 1.8E-03 na -
Manganese (h) 9790 2.7E-01 0.024 1.1E+01 1. 1E-01 na -
Nickel 125 J4E-03 0.02 1.7E-01 1.5E-03 na -
Vanadium 142 3.9E-03 0.007 5.6E-01 1.7E-03 na -
Zinc 7360 2.0E-01t 03 6.7E-01 8.6E-02 na -
Total Hazard Index = 5.1E+01 Total Risk = 2.8E-02
Hazard Index (liver toxins)= 045
Hazard Index {nervous system toxins)= 42.55
Hazard Index (kidney toxins)= 2.19
Hazard Index (red blood cell effects)= 267
NOTES:
(a) This table does not include groundwater chemicals of concem for which no reference dose or slope factor exists.
(chloroethane,2-methyInapthalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia)
(b) Calculation for exposure dose :
INGESTION = Conc. Ingestion x Exposure / Body Averaging Conversion
EXPOSURE Rate Duration Weight Time Factor
DOSE Conc. 2 30 70 (2) 365 x 1E+03
L/day years kg years days/year ug/mg

(c) Hazard quotient = chronic exposure dose / RfD
(d) Cancer Risk = lifetime exposure dose x slope factor

(e} Dose-response data for cis-1,2-dichloroethene and chromium VI were used.

(f) Reference Dose for cadmium in water was used.

(g) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.

(h) The reference dose for inanganese is based on total allowable intake (10 mg/day) minus the background intake (5 my/day).

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-34
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TABLE 2-1 AL+

(

POTENTIAL RISK OF INGESTION OF SITE GROUNDWATER WITHIN THE BULKY WASTE AREA (AS DRINKING WATER)
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Average Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer;
Analyte Concentration Chronic (b) Dose (RfD)  Quotient (c) Lifetime (b) Factor Risk (d)
(ug/l) (mg/kg/day) (my/kg/day) (mg/ky/day) /(mg/kg/day)
Benzene 1 2.7E-05 na - 1.2E-05 0.029 3.4E-07
1.1-Dichloroethane 5 1 4E-04 0.1 1.4E-03 5.9E-05 na -
1.2-Dichloroethene (¢) 5 1.4E-04 0.01 1.4E-02 5.9E-05 na -
Vinyl Chloride nd - na - --- 1.9 -
Pentachiorophenol nd - 0.03 - --- 0.12 -
bis(2-Ethylhexyl)phthalate nd - 0.02 - - 0.014 -
Acrylamide nd - 0.0002 - - 4.5 -
N.N-DMF 33 9.0E-04 0.1 9.0E-03 3.9E-04 na -
Antimony 19 5.2E-04 0.0004 1.3E+00 2.2E-04 na -
Arsenic 0.84 23E-05 0.0003 7.7E-02 9.9E-06 1.5 1.5E-05
Barium 81 22E-03 0.07 - 9.5E-04 na -
Beryllium 2 5.5E-05 0.002 2.7E-02 2.3E-05 na ---
Cadmium (f) nd --- 0.0005 - - na -
Chromium (e) 9.9 2.7E-04 0.005 5.4E-02 1.2E-04 na -
Manganese (h) 1600 4.4E-02 0.024 1.8E+00 1.9E-02 na -
Nickel 13 3.6E-04 0.02 1.8E-02 1.5E-04 na -
Vanadium 5 4.1E-04 0.007 5.9E-02 1.8E-04 na -
Zinc 61 1.7E-03 03 5.6E-03 7.2E-04 na -
Total Hazard Index = 3.4E+00 Total Risk = 1.5E-05
Hazard Index (liver toxins)= 0.01
Hazard Index (nervous system toxins)= 1.83
Hazard Index (kidney toxins)= 0.00
Hazard Index (red blood cell effects)= 0.02
Hazard Index (longevity)= 1.30
NOTES:
(a) This table does not include groundwater chemicals of concem for which no reference dose or slope factor exists.
(chloroethane,2-methylnapthalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia)
(b) Calculation for exposure dose :
INGESTION = Conc. Ingestion x Exposure / Body Averaging Conversion
EXPOSURE Rate Duration Weipht Time Factor
DOSE Cone. 2 30 70 (®) 365 x 1E+03
L/day years ky years days/year ug/mg

(¢) Hazard quotient = chronic exposure dose / RfD
(d) Cancer Risk = lifetime exposure dose x slope factor

(¢) Dose-tesponse data for cis-1,2-dichiloroethene and chromium VI were used.

(f) Reference Dose for cadmium in water was used.

(g) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected
na = toxicity value not available

--- = not caleulated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-35
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TABLE 2-1 AM*

(

POTENTIAL RISK OF INGESTION OF SITE GROUNDWATER WITHIN THE BULKY WASTE AREA (AS DRINKING WATER)
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Maximum Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
Analyte Concentration Chronic (b) Dose (RfD)  Quotient (c) Lifetime (b) Factor Risk (d)
(up/L) {mgkwday) (my/kp/day) (mp/ky/day) [{my/kg/day)
Benzene 1 2.7E-05 na - 1.2E-05 0.029 3.4E-07
1.1-Dichloroethane 5 1.4E-04 0.1 1.4E-03 5.9E-05 na -
1,2-Dichloroethene (¢) 5 1.4E-04 0.01 1.4E-02 5.9E-05 na -
Vinyl Chloride nd . na - - 1.9 ---
Pentachlorophenol nd - 0.03 - - 0.12 -—-
bis(2-Ethylhexy!)phthalate nd .- 0.02 - e 0.014 -
Acrylamide nd -—- 0.0002 - - 4.5 ---
N.N-DMF 183 5.0E-03 0.1 5.0E-02 2.1E-03 na -—
Antimony 104.9 29E-03 0.0004 7.2E+00 1.2E-03 na .-
Arsenic 23 6.3E-05 0.0003 2.1E-01 2.7E-05 1.5 4.1E-05
Barium 430 1.2E-02 0.07 - 5.0E-03 na -
Beryllium 10.5 2.9E-04 0.002 1 4E-01 1.2E-04 na .-
Cadmium (f) nd -- 0.0005 - - na -
Chromiwum (e) 66.6 1.8E-03 0.005 3.6E-01 7.8E-04 na -
Manganese (h) 9995 2.7E-01 0.024 1.1E+0] 1.2E-01 na —
Nickel 713 20E-03 0.02 9.8E-02 8 4E-04 na -
Vanadium 91 2.5E-03 0.007 3.6E-01 1.1E-03 na -
Zinc 215 59E-03 03 2.0E-02 2.5E-03 na -
Total Hazard Index = 2.0E+01 Total Risk = 4.1E-05
Hazard Index (liver toxins)= 0.05
Hazard Index (nervous system toxins)= 1141
Hazard Index (kidney toxins)= 0.00
Hazard Index (red blood cell effects)- 0.03
Hazard Index (longevity)= 7.18
NOTES:
(a) This table does not include groundwater chemicals of concern for which no reference dose or slope factor exists.
(chloroethane,2-methylnapthalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia)
(b) Calculation for exposure dose :
INGESTION = Conc. x Ingestion x Exposure  x Exposure /  Body Averaging Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 2 350 30 70 (g) 365 x 1E+03
L/day days/yr years kg years days/year ug/mg

(c) Hazard quotient = chronic exposure dose / RfD
(d) Cancer Risk = lifetime exposure dose x slope factor

(e) Dose-response data for cis-1,2-dichloroethene and chromium VI were used.

(f) Reference Dose for cadmium in water was used.

(g) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected
na = toxicity value not available

--- = not calculated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncentainty factor of 3 applied for water exposures.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-36
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TABLE 2-1 AN*

(

POTENTIAL RISK FROM INGESTION OF SITE GROUNDWATER WITHIN THE SEWAGE SLUDGE AREA (AS DRINKING WATER)
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Average Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
Analyte Concentration Chronic (b) Dose (RfD)  Quotient {¢) Lifetime (b) Factor Risk (d)
(ug/L) (p/kg/day) (ing/Kg/day) (mmg/kg/day) /(mg/kg/day)
Benzene nd - na - --- 0.029 .-
1,1-Dichloroethane nd - 0.1 - - na -
1,2-Dichloroethene (¢) nd - 0.01 — - na -
Vinyl Chloride nd --- na — - 1.9 ---
Pentachlorophenol nd - 0.03 . 0.12 -
bis(2-Lihyilexyl)phthalate nd - 0.02 - - 0.014 -
Acrylamide nd - 0.0002 ~— - 45 -
N.N-DMF nd - 0.1 — - na ---
Antimony 17 4.7E-04 0.0004 1.2E+00 2.0E-04 na -
Arsenic 1.8 49E-05 0.0003 1.6E-0] 2.1E-05 1.5 3.2E-05
Barium 97 27E-03 0.07 - 1.1E-03 na -
Beryllium 1.7 4.7E-05 0.002 2.3E-02 2.0E-05 na -
Cadmium (f) 33 9.0E-05 0.0005 1.8E-01 3.9E-05 na ---
Chromium (e) 14 38E-04 0.005 7.7E-02 1.6E-04 na -
Manganese (h) 2500 6.8E-02 0.024 29E+00 29E-02 na --
Nickel 33 9.0E-04 0.02 4.5E-02 3.9E-04 na ---
Vanadium 22 6.0E-04 0.007 8.6E-02 2.6E-04 na -
Zinc 140 3.8E-03 03 1.3E-02 1.6E-03 na -
Total Hazard Index = 4.6E+00 Total Risk = 3.2E-05
Hazard Index (liver toxins)= 0.00
Hazard Index (nervous system toxins)= 285
Hazard Index (kidney toxins)= 0.18
Hazard Index (red blood cell effects)= 0.01
Hazard Index (longevity)= 1.16
NOTES:
(a) This table does not include groundwater chemicals of concern for which no reference dose or slope factor exists.
(chloroethane,2-methylnapthalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia)
(b) Calculation for exposure dose :
INGESTION = Conc. Ingestion x Exposure / Body Averaging Conversion
EXPOSURE Rate Duration Weight Time Factor
DOSE Conc. 2 30 70 (g) 365 x 1E+03
L/day years ky years days/year ug/mg

(¢) Hazard quotient = chronic exposure dose / RfD
(d) Cancer Risk = lifetime exposure dose x slope factor

(e) Dose-response data for cis-1,2-dichloroethene and chromium VI were used.

(f) Reference Dose for cadmium in water was used.

(g) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected
na = toxicity value not available

--- = not calculated due to absence of data

The remaining intake (5 my/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
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TABLE 2-1 AO*

(

POTENTIAL RISK FROM INGESTION OF SITE GROUNDWATER WITHIN THE SEWAGE SLUDGE AREA (AS DRINKING WATER)
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a)

Maximum Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
Analyte Concentration Chrowe (b) Dose (RtD)  Quotient (c) Lifetime (b) Factor Risk (d)
(ug/l.) (mghp/day) (mp/ky/day) (mg/ky/day) Amg/kg/day)
Benzene nd - na .- - 0.029 -—-
1.1-Dichloroethane nd - 0.1 - -- na -
1.2-Dichloroethene (¢) nd . 0.01 - - na .-
Vinyl Chloride nd - na - e 1.9 -
Pentachlorophenol nd - 0.03 - - 0.12 -
bis(2-Ethylhexyl)phthalate nd - 0.02 --- e 0.014 -
Acrylamide nd -—- 0.0002 - - 45 -
N.N-DMF nd - 0.1 - -e- na -
Antimony 74.2 2.0E-03 0.0004 5.1E+00 8.7E-04 na -
Arsenic 55 1.5E-04 0.0003 5.0E-01 6.5E-05 1.5 9.7E-05
Barium 284 7.8E-03 0.07 1.1E-01 3.3E-03 na -
Beryllium 34 9 3E-05 0.002 4.7E-02 4.0E-05 na -
Cadmium (f) 194 5.3E-04 0.0005 1.1E+00 2.3E-04 na -
Chromium (€) 545 1.5E-03 0.005 3.0E-01 6.4E-04 na -
Manganese (h) 6230 1.7E-01 0024 7.1E+00 7.3E-02 na -
Nickel 76.6 2.1E-03 0.02 1.0E-01 9.0E-04 na -
Vanadium 101 2.8E-03 0.007 4.0E-01 1.2E-03 na -
Zinc 362 9.9E-03 03 3.3E-02 4.3E-03 na -
Total Hazard Index = 1.5E+01 Total Risk = 9.7E-05
Hazard Index (liver toxins)= 0.00
Hazard Index (nervous system toxins)= 7.1
Hazard Index (kidney toxins)= 1.06
Hazard Index (red blood cell effects)= 0.03
Hazard Index (longevity)= 5.08
NOTES:
(a) This table does not include groundwater chemicals of concern for which no reference dose or slope factor exists.
(chloroethane,2-methylnapthalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia)
(b) Calculation for exposure dose :
INGESTION = Conec. x Ingestion x Exposure  x Exposure /  Body Averaging Conversion
EXPOSURE Rate Frequency Duration Weight Time Factor
DOSE Conc. 2 350 30 70 (8) 365 x IE+03
L/day days/yr years kg years days/year ug/mg

(¢) Hazard quotient = chronic exposure dose / RfD
(d) Cancer Risk = lifetime exposure dose x slope factor

(¢) Dose-response data for cis-1,2-dichlorocthene and chromiwm VI were used

(f) Reference Dose for cadmium in water was used.

(2) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.

(h) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected

na = toxicity value not available
--- = ot caleulated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-38




TABLE 2-1 AP*

POTENTIAL RISK FROM INGESTION OF GROUNDWATER FROM RESIDENTIAL WELLS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
Analyte Concentration Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk (c)
(ug/L) (mg/kg/day) (mg/kp/day) (mg/kg/day)  /(mp/kg/day)
Benzene 0.52 1.4E-05 na - 6.1E-06 0.029 1.8E-07
Chloroethane 0.53 1.5E-05 na --- 6.2E-06 na -
Trichloroethene 0.56 1.5E-05 na - 6.6E-06 0011 7.2E-08
4-Methylphenol 79 2.2E-04 0.005 4 3E-02 9.3E-05 na -
N,N-DMF 14 3.8E-04 0.1 3.8E-03 1.6E-04 na -
Dieldrin 0.0024 6.6E-08 0.00005 1.3E-03 2.8E-08 - 16 4.5E-07
Aluminum 90 2.5E-03 na --- 1.1E-03 na -
Barium 83 2.3E-04 0.07 3.2E-03 9.7E-05 na -
Copper 14 3.8E-04 na - 1.6E-04 na -
Manganese (d) 890 2.4E-02 0.024 1.0E+00 1.0E-02 na -
Mercury 0.14 3.8E-06 0.0003 1.3E-02 1.6E-06 na -
Zinc 24 6.6E-04 03 2.2E-03 2.8E-04 na
Sulfide 1600 4.4E-02 na --- 1.9E-02 na ---
Total Hazard Index = I.1E+00 Total Risk = 7.0E-07
Hazard Index (liver toxins) = 0.01
Hazard Index (nervous system toxins) = 1.06
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc. x Ingestion x Exposure x Exposure /  Body Averaging X Conversion
EXPOSURE Rate  Frequency Duration Weight Time Factor
DOSE Conc. 2 350 30 70 (e) 365 x 1E+03
L/day days/yr years kg years days/year ug/mg

(b) Hazard quotient = chronic exposure dose / RfD
(c) Cancer Risk = lifetime exposure dose x slope factor

(d) The reference dose for inanganese is based on total allowable intake (10 mg/day) minus the background intake (5 my/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(e) Averaging times of 30 years for chronic doses and 70 years for lifctime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-39
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TABLE 2-1 AQ*

POTENTIAL RISK FROM INGESTION OF GROUNDWATER FROM RESIDENTIAL WELLS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximum Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
Analyte Concentration Chronic (a) Dose (RfD)  Quotient (b) Lifetime (a) Factor Risk {(c)
(ug/L) (mg/kg/day) (mg/ky/day) (mg/kg/day)  /ng/kg/day)
Benzene 0.8 2.2E-05 na - 9.4E-06 0.029 27E-07
Chloroethane 1 2.7E-05 na - 1.2E-05 na -
Trichloroethene 2 5.5E-05 na - 2.3E-05 0.011 2.6E-07
4-Methylphenol 63 1.7E-03 0.005 3.5E-01 7.4E-04 na -
N,N-DMF 14 3 8E-04 0.1 3.8E-03 1.6E-04 na -
Dieldrin 0.0024 6.6E-08 0.00005 1.3E-03 2 8E-08 16 4.3E-07
Aluminum 552 I.5E-02 na --- 6.5E-03 na -
Barium 443 1.2E-03 0.07 1.7E-02 5.2E-04 na .-
Copper 58.6 1.6E-03 na - 6.9E-04 na -
Manganese (d) 3100 8.5E-02 0.024 3.5E+00 3.6E-Q2 na -
Mercury 0.46 1.3E-05 0.0003 4.2E-02 5.4E-06 na -
Zinc 165 4.5E-03 03 1.5E-02 1.9E-03 na -
Sulfide 3700 1.0E-01 na - 4.3E-02 na -
Total Hazard Index = 4.0E+00 Total Risk = 9.8E-07
Hazard Index (liver toxins) = 0.0t
Hazard Index (nervous system toxins) = 3.88
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc. x Ingestion  x Exposure x Exposure /' Body Averaging X Conversion
EXPOSURE Rate  Frequency Duration Weight Time Factor
DOSE Conc. 2 350 30 70 (e) 365 x 1E+03
L/day days/yr years kg years days/year ug/mg

(b) Hazard quotient = chronic exposure dose / RfD
(¢) Cancer Risk = lifetime exposure dose x slope factor

(d) The reference dose for manganese is based on total allowable intake (10 ing/day) minus the background intake (5 mg/day).
The remnaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(e) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-40

nd = chemical not detected
na = toxicity value not available
—- = not calculated due to absence of data




TABLE 2-1 AR*

POTENTIAL RISK FROM INGESTION OF SAUGATUCKET RIVER WATER BY SWIMMERS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c),
(ug/L) (mg/kyg/day) (mg/kg/day) (mp/kg/day) /(mg/kg/day)
Aluminum 200 3.9E-06 na - 1.7E-06 na -
Antimony 1 2.2E-07 0.0004 S4E-04 9.2E-08 na -
Barium 15 2.9E-07 0.07 4.2E-06 1.3E-07 na -
Manganese (d) 240 4.7E-06 0.024 2.0E-04 2.0E-06 na -
Ammonia (f) 210 4.1E-06 na --- 1.8E-06 na -
Sulfide 790 1.5E-05 na - 6.6E-06 na -
Acrylamide nd - 0.0002 - - 4.5 -
N N dimethylformamide nd - 0.1 - - na -
Total Hazard Index= 7.4E-04 Total Risk = -—
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc. x Ingestion x Exposure x Exposure x Exposure / Body x Averaging x  Conversion
EXPOSURE Rate Time Frequency Duration Weight Time Factor
DOSE Conc. 0.05 1 10 30 70 (e) 365 x IE+03
L/hr hr/day days/yr years kg years days/year ug/mg

(b) Hazard quotient = chronic exposere dose / RfD

(c) Cancer Risk = lifetime exposure dose x slope factor
(d) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected

na = toxicity value not available

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water expasures.
(e) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.
(f) HEAST '97 provides a taste threshold of 34,000 ug/L. The concentration detected was well below this.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-41

--- = not ¢alculated due 10 absence of data




TABLE 2-1 AS*

POTENTIAL RISK FROM INGESTION OF SAUGATUCKET RIVER WATER BY SWIMMERS

MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximum Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)
(/L) (me/kg/day) (ng/kg/day) (mykg/day) Hmy/kg/day)
Aluminum 424 8.3E-06 na - 3.6E-06 na -
Antimony 25 4.9E-07 0.0004 1.2E-03 2.1E-07 na -
Barium 279 5.5E-06 0.07 7.8E-05 2.3E-06 na -
Manganese (d) 2030 4.0E-05 0.024 1.7E-03 1.7E-05 na e
Ammonia (f) 670 1.3E-05 na - 5.6E-06 na -
Sulfide 1900 3.7E-05 na - 1.6E-05 na -
Acrylamide nd - 0.0002 --- - 45 -
N N dimethylformamide nd - 0.1 --- e na -
Total Hazard Index= 3.0E-03 Total Risk = ---
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc. x Ingestion x Exposure x Exposure x Exposure / Body x Averaging x Conversion
EXPOSURE Rate Time Frequency Duration Weight Time Factor
DOSE Conc. 0.05 1 10 30 70 (e) 365 x IE+03
L/hr hr/day days/yr years kg years days/year ug/mg

(b) Hazard quotient = chronic exposere dose / RfD

(c) Cancer Risk = lifetime exposure dose x slope factor
(d) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).

nd = chemical not detected

na = toxicity value not available

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(e) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used.
(f) HEAST '97 provides a taste threshold of 34,000 ug/L. The concentration detected was well below this.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-42

--- = not calculated due to absence of data




TABLE 2-1 AT*
POTENTIAL RISK FROM DERMAL CONTACT WITH SAUGATUCKET RIVER WATER BY SWIMMERS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Penneability Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d)
(ug/L) Constant (a) (mg/ky/day) (mg/kg/day) (mg/kg/day) f(mg/kg/day)
Aluminum 200 1.0E-03 1.4E-06 na 6.04E-07 na ---
Antimony " 1.0E-03 7.7E-08 0.0004 1.9E-04 3.32E-08 na -
Barium 15 1.0E-03 1.1E-07 0.07 1.5E-06 4.53E-08 na -
Manganese (e) 240 1.0E-03 1.7E-06 0.024 7.0E-05 7.25E-07 na -
Ammonia 210 1.0E-03 1.5E-06 na - 6.34E-07 na ---
Sulfide 790 1.0E-03 5.6E-06 na 2.39E-06 na -
Acrylamide nd 2. 4E-04 - 0.0002 - - 45 ---
N N dimethylformamide nd na - 0.1 .- --- na ---
Hazard Index = 2.7E-04 Total Risk = ---
NOTES:
(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications”. EPA/600/8-91/0118
(b) calculation for exposure dose:
DERMAL = Conc. x  Demal x Skin Surface x  Exposure x  Exposure x  Exposure Body X Averaging x Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time Factor|
DOSE Cone, Kp 18,000 1 10 30 70 () 365 X 1E06
cm/hour sq. cm hr/day days/yr years kg years days/yr cu.cm-ug/L-mg

(c) Hazard quotient = chronic exposure dose / RfD
(d) cancer risk = lifetime exposure dose x slope factor
(e) The reference dose for manganese is based on total allowable intake (10 mg/day) ininus the background intake (5 mg/day).

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

(f) Averaging times of 30 years for chronic doses and 70 years for lifctime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-43

nd = chemical not detected

na = toxicity value not available




TABLE 2-1 AU*

POTENTIAL RISK FROM DERMAL CONTACT WITH SAUGATUCKET RIVER WATER BY SWIMMERS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maximum Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYIE Concentration Permeability Chronic (b) Dose (RfD) Quotient (¢) Lifetime (b) Factor Risk (d)
(ug/L) Constant (a) (my/kg/day) (ing/kp/day) (my/kg/day) Nmg/kg/day)
Aluminum 424 1.0E-03 3.0E-06 na - |.28E-06 na -
Antimony 25 1.0E-03 1.8E-07 0.0004 4 4E-04 7.55E-08 na -
Barium 279 1.0E-03 2.0E-06 0.07 2.8E-05 8.42E-07 na -
Manganese (€) 2030 1.0E-03 1.4E-05 0.024 6.0E-04 6.13E-06 na -
Ammonia 670 1.0E-03 4.7E-06 na - 2.02E-06 na ---
Sulfide 1900 1 0E-03 1.3E-05 na 5.74E-06 na -
Acrylamide nd 2.4E-04 --- 0.0002 --- - 45 -
N N dimethylformamide nd na .- 0.1 -ee - na -
Hazard Index = 1.1E-03 Total Risk = ---
NOTES:
(a) Source: EPA, 1992, "Dennal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(b) calculation for exposure dose:
DERMAL = Conc. x  Dennal x Skin Surface x  Exposure x  Exposure x Exposure / Body X Averaging x Conversion
EXPOSURE Perin. Const. Area Time Frequency Duration Weight Time Factor
DOSE Cone. Kp 18.000 1 10 30 70 t) 365 X IE+06
cm/hour s¢. cm hr/day days/yr years kg years days/yr cu.cm-ug/L-mg

(c) Hazard quotient = chronic exposure dose / RfD
(d) cancer risk = lifetime exposure dose x slope factor

(&) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 ing/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

(f) Averaging times of 30 years for chronic doses and 70 years {or lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-44

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to the absence of data




TABLE 2-1 AV*

POTENTIAL RISK FROM INGESTION OF SAUGATUCKET RIVER WATER BY SWIMMERS
AVERAGE CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Average Exposure Dose  Oral Reference Hazard Exposure Dose Oral Siope Cancer;
ANALYTE Concentration Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c)
(ugL) (inw/kg/day) (ing/kg/day) (mg/ky/day) /(my/kg/day)
Aluminum 200 4.7E-06 na - 4.7E-07 na -
Antimony 11 2.6E-07 0.0004 6.5E-04 2.6E-08 na -
Barium 15 3 SE-07 0.07 5.1E-06 3.5E-08 na ---
Manganese (d) 240 5.7E-06 0.024 24E-04 5.7E-07 na -
Ammonia (f) 210 5.0E-06 na - 5.0E-07 na -
Sulfide 790 1.9E-05 na - 1.9E-06 na ---
Acrylamide nd --- 0.0002 - - 4.5 -
N N dimethylformamide nd - 0.1 - - na —-
Total Hazard Index= 8.9E-04 Total Risk = —-
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.x  Ingestion x Exposure x Exposure x Exposure / Body x  Averaging x Conversion
EXPOSURE Rate Time Frequency Duration Weight Time Factor
DOSE Conc. 0.05 1 10 7 58 (e) 365 X IE+03
L/r hr/day days/yr years kg years days/year ug/mg

(b) Hazard quotient = chronic exposere dose / RfD
{(c) Cancer Risk = lifetime exposure dose x slope factor

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-4§

nd = chemical not detected

na = toxicity value not availabie

(d) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 my/d -— = not calculated due to absence of data
The remaining intake (§ mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

(¢) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used.

(f) HEAST '97 provides a taste threshold of 34,000 ug/L. The concentration detected was well below this.




TABLE 2-1 AW*

POTENTIAL RISK FROM INGESTION OF SAUGATUCKET RIVER WATER BY SWIMMERS
MAXIMUM CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Maximum Exposure Dose  Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (¢)
(ug/l) (my/ky/day) (ng/ky/day) (mg/ky/day) [(my/kg/day)
Aluminum 424 1.0E-05 na - 1.0E-06 na -
Antimony 25 5.9E-07 0.0004 1.5E-03 5.9E-08 na -
Barium 279 6.6E-06 0.07 9.4E-05 6.6E-07 na -
Manganese (d) 2030 4 8E-05 0.024 2.0E-03 4.8E-06 na -
Ammonia () 670 1.6E-05 na - 1.6E-06 na -
Sulfide 1900 4.5E-05 na - 4.5E-06 na -
Acrylamide nd - 0.0002 .- - 4.5 -
N N dimethylformamide nd -— 0.1 - -~ na -
Total Hazard Index= 3.6E-03 Total Risk = -
NOTES:
(a) Calculation for exposure dose :
INGESTION = Conc.x  Ingestion x Exposure x Exposure x Exposure Body X Averaging x Conversion
EXPOSURE Rate Time Frequency Duration Weight Time Factor
DOSE Conc. 0.05 1 10 7 58 (e) 365 X IE+03
L/hr hr/day days/yr years kg years days/year ug/mg

(b) Hazard quotient = chronic exposere dose / RfD

(c) Cancer Risk = lifetime exposure dose x slope factor
(d) The reference dose for tnanganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/d --- = not calculated due to absence of data

The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(¢) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used.
(f) HEAST '97 provides a taste threshold of 34,000 ug/L.. The concentration detected was well below this.

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-46

nd = chemical not detected
na = toxicity value not available




TABLE 2-1 AX*

POTENTIAL RISK FROM DERMAL CONTACT WITH SAUGATUCKET RIVER WATER BY SWIMMERS
AVERAGE CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Average Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer,
ANALYTE Concentration Penneability Chronic (b) Dose (RfD) Quotient (c), Lifetime (b) Factor Risk (d)
(ug/L) Constant (a) (mg/kg/day) (mg/kyday) (mg/kg/day) /(mg/kg/day)
Aluminum 200 1.0E-03 1.5E-06 na -—- 1.51E-07 na --
Antimony 11 1.0E-03 8.3E-08 0.0004 2.1E-04 8.31E-09 na -
Barium 15 1.0E-03 1.1E-07 0.07 1.6E-06 1.13E-08 na -
Manganese (e) 240 1.0E-03 1.8E-06 0.024 7.6E-05 1.81E-07 na -
Ammonia 210 1.0E-03 1 .6E-06 na - 1.59E-07 na -
Sulfide 790 1.0E-03 6.0E-06 na - 5.97€E-07 na ---
Acrylamide nd 2.4E-04 - 0.0002 - -— 4.5 -
N N dimethylfonnamide nd na - 0.1 - - na -
Hazard Index = 2.9E-04 Total Risk = -
NOTES:
(a) Source: EPA, 1992, "Demal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(b) calculation for exposure dose:
DERMAL = Conc. x  Demnal x Skin Surface x  Exposure x  Exposure x  Exposure Body x Averaging x Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time Factor
DOSE Cone. Kp 16.000 1 10 7 58 )] 365 X 1LE+06
cm/hour sq. cm hr/day days/yr years kg years days/yr cu.cu-ug/L-mg

(c) Hazard quotient = chronic exposure dose / RfD
(d) cancer risk = lifetime exposure dose x slope factor

(¢) The reference dose for manganese is based on total allowable intake (10 my/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was nonnalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(f) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-47

nd = chemical not detected

na = toxicity value not available




TABLE 2-1 AY*
POTENTIAL RISK FROM DERMAL CONTACT WITH SAUGATUCKET RIVER WATER BY SWIMMERS
MANXIMUM CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Maximum Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Permeability Chronic (b) Dose (RfD) Quotient (¢) Lifetime (b) Factor Risk (d)
(ug/L) Constant (a) (mp/kg/day) {mg/kg/day) (myu/kg/day) /(my/kg/day)
Aluminum 424 1.0E-03 3.2E-06 na - 3.20E-07 na --
Antimony 25 1.0E-03 1.9E-07 0.0004 4.7E-04 1.89E-08 na .-
Barium 279 1.0E-03 2.1E-06 0.07 3.0E-05 2.11E-07 na -
Manganese (¢) 2030 1 OE-03 1.5E.05 0.024 6.4E-04 1.53E-06 na .-
Ammoniy 670 1.0E-03 5.1E-06 na - 5.06E-07 na .-
Sulfide 1900 1 OE-03 1 4E-05 na - 1.44E-06 na ---
Acrylamide nd 2.4E-04 - : 0.0002 e -— 45 -
N N dimethylformamide nd na --- 0.1 .- - na -
Hazard Index = 1.1E-03 Total Risk = -
NOTES:
(a) Source: EPA, 1992, "Dermal Exposure Assessiment: Principles and Applications”, EPA/600/8-91/011B
(b) calculation for exposure dose:
DERMAL = Conc. x  Demmal x Skin Surface x  Exposure x  Exposure x  Exposure Body X Averaging x Conversion
EXPOSURE Permn. Const. Area Time Frequency Duration Weight Time Factor
DOSE Conc. Kp 16.000 1 10 7 58 (f) 365 X [E+06
em/hour sq. ¢In hr/day days/yr years kg years days/yr cu.cm-ug/L-mg

(c) Hazard quotient = chronic exposur¢ dose / RfD
(d) cancer risk = lifetime exposure dose x slope factor
(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 myg/day).
The remaining intake (5 myg/day) was narmalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(f) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-48

nd = chemical not detected
na = toxicity value not available
--- = not calculated due to the absence of daia




TABLE 2-1 AZ*
POTENTIAL RISK FROM DERMAL CONTACT WITH MITCHELL BROOK WATER
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Average Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer,
ANALYTE Concentration Penmeability Chronic (b) Dose (RfD) Quotient (¢c) Lifetime (b} Factor Risk (d)
(ug/L) Constant (a) (mg/ky/day) (my/kg/day) (my/kg/day) /(mg/kg/day)
Aluminum 400 1.0E-03 T1.3E-07 na - 3.14E-07 na -
Antimony 12 1.0E-03 2.2E-08 0.0004 5.5E-05 9.42E-09 na ---
Bartum 17 1.0E-03 3.1E-08 0.07 4 4E-07 1.33E-08 na ---
Manganese (e) 280 |.0E-03 5.1E-07 0.024 2.1E-05 2.20E-07 na ---
Aminonia 670 1 0E-03 1.2E-06 na - 5.26E-07 na ---
Sulfide 760 1.0E-03 1.4E-06 na - 5.97E-07 na .
Acrylamide 130 2.4E-04 S.7E-08 0.0002 2.9E-04 2 45E-08 4.5 1.1E-07
N N dimethylformamide nd na - 0.1 - —_ na -
Hazard Index = 3.6E-04 Total Risk = 1.1E-07
NOTES:
(a) Source: EPA, 1992, "Dermal Exposure Assessinent: Principles and Applications”, EPA/600/8-91/011B
(b) calculation for exposure dose:
DERMAL = Conc. x  Dennal x Skin Surface x  Exposure x  Exposure Exposure / Body x Averaging x Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time Factor
DOSE Conc. Kp 1.800 1 26 30 70 (3] 365 X 1E+06
cm/hour sq. cm hr/day days/yr years kg years days/yr cu.cin-ug/L-mg

(c) Hazard quotient = chronic exposure dose / RfD
(d) cancer risk = lifetime exposure dose x slope factor

(€) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

(f) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-49

nd = chemical not detected

na = toxicity value not available

--- = not calculated due to the absence of data




TABLE 2-1 BA*
POTENTIAL RISK FROM DERMAL CONTACT WITH MITCHELL BROOK WATER
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Maxinum Dennal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Penneability Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d)
(ug/L) Constant (2) (mkp/day) (myg/kg/day) (my/ky/day) J(mg/kg/day)
Aluminum 1140 1.0E-03 2.1E-06 na - 8.95E-07 na -
Antimony 28.8 1.0E-03 5.3E-08 0.0004 1.3E-04 2.26E-08 na ---
Barium 173 1.0E-03 3.2E-07 0.07 4.5E-06 1.36E-07 na -
Manganese () 1610 1.0E-03 2.9E-06 0.024 1.2E-04 1.26E-06 na -
Ammonia 3530 1.0E-03 6.5E-06 na - 2.77E-06 na -
Sulfide 1900 1.0E-03 3.5E-06 na --- 1.49E-06 na --
Acrylamide 272 2.4E-04 1.2E-07 0.0002 6.0E-04 5.12E-08 45 2.3E-07
N N dimethylformamide nd na - 0.1 - - na -
Hazard Index = 8.6E-04 Total Risk = 2.3E-07
NOTES:
(a) Sowrce: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications”, EPA/600/8-91/011B
(b) calculation for exposure dose:
DERMAL = Conc. x  Dermmal x Skin Surface x  Exposure x  Exposure x Exposure Body x Averaging x Conversion
EXPOSURE Perin. Const. Area Time Frequency Duration Weight Time Factor
DOSE Conc. Kp 1,800 1 26 30 70 H 365 X 1E+06
cm/hour sq. cm hr/day days/yr years kg years days/yr cu.cm-ug/L-mng

(¢) Hazard quotient = chronic exposure dose / RfD
(d) cancer risk = lifetime exposure dose x slope factor

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.

(f) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-50

nd = chemical not detected

na = toxicity value not available

--- = not calculated due to the absence of data



TABLE 2-1 BB*
POTENTIAL RISK FROM DERMAL CONTACT WITH MITCHELL BROOK WATER
AVERAGE CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Average Dermal Lxposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Permeability Chronic (b) Dose (RfD) Quotient (<) Lifetime (b) Factor Risk (d)
(ug/L) Conslant (a) (mg/kg/day) (mg/kg/day) (mg/kg/day) H(mp/kg/day)

Aluminum 400 1.0E-03 8.8E-07 na - 8.84E-08 na -

Antimony 12 1.0E-03 2.7E-08 0.0004 6.6E-05 2.65E-09 na -

Barium 17 1.0E-03 3.8E-08 0.07 5.4E-07 3.76E-09 na -

Manganese (¢) 280 1.0E-03 6.2E-07 0.024 2.6E-05 6.19E-08 na -

Aminonia 670 1.0E-03 1.5E-06 na -~ 1.48E-07 na ---
Sulfide 760 1.0E-03 1.7E-06 na 1.68E-07 na -
Acrylamide 130 2.4E-04 6.9E-08 0.0002 3.4E-04 6.90E-09 4.5 3.1E-08

N N dimethylfonnamide nd na 0.0E+00 0.1 -e- - na -—-
Hazard Index = 4.4E-04 Total Risk = 3.1E-08

NOTES:
(a) Source: EPA, 1992, "Denmal Exposure Assessment: Principles and Applications™, EPA/600/8-91/011B
(b) calculation for exposure dose:

DERMAL = Conc. x  Demmal x Skin Surface x  Exposure x  Exposure x Exposure / Body X Averaging x Conversion

EXPOSURE Permn. Const. Area Time Frequency Duration Weight Time Factor

DOSE Conc. Kp 1.800 1 26 7 S8 ) 365 X 1E+06
cm/hour sq. cm hr/day days/yr years kg years days/yr cu.cm-ug/L-mg

(c) Hazard quotient = chronic exposure dose / RfD nd = chemical not detected

(d) cancer risk = lifetime exposure dose x slope faclor na = toxicity value not available

(¢) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 ing/day). --- = not calculated due to the absence of data

The remaining intake (5 ing/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(f) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-51




TABLE 2-1 BC*
POTENTIAL RISK FROM DERMAL CONTACT WITH MITCHELL BROOK WATER
MAXIMUM CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE

Maximum Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer
ANALYTE Concentration Permeability Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d)
(ug/L) Constant (a) (mp/ky/day) (mg/ky/day) (mg/kg/day) mg/kg/day)
Aluminum 1140 1.0E-03 2.5E-06 na --- 2.52E-07 na -
Antimony 28.8 1.0E-03 6.4E-08 0.0004 1.6E-04 6.37E-09 na -
Barium 173 1.0E-03 3.8E-07 0.07 5 SE-06 3.82E-08 na -
Manganese (e) 1610 1.0E-03 3.6E-06 0.024 1.5E-04 3.56E-07 na -
Ammonia 3530 1.0E-03 7.8E-06 na - 7.80E-07 na —
Sulfide 1900 1.0E-03 4.2E-06 na - 4.20E-07 na .
Acrylammide 272 2.4E-04 1.4E-07 0.0002 7.2E-04 1.44E-08 45 6.5E-08
N N dimethylformamide od na - 0.1 -~ - na -
Hazard Index = 1.0E-03 Total Risk = 6.5E-08
NOTES:
(a) Source: EPA, 1992, "Dermal Exposure Assessiment: Principles and Applications”, EPA/600/8-91/011B
{b) calculation for exposure dose:
DERMAL = Conc. x  Dermal x Skin Surface x  Exposure x  Exposure x Exposure Body x Averaging x Conversion
EXPOSURE Perm. Const. Area Time Frequency Duration Weight Time Factor
DOSE Cone. Kp 1,800 1 26 7 58 )] 365 X IE+06
cm/hour sq. cm he/day days/yr years kg years days/yr cu.cm-ug/L-mg

(¢) Hazard quotient = chronic exposure dose / RfD
(d) - cancer risk = lifetime exposure dose x slope factor
(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day).
The remaining intake (5 mg/day) was normalized for body weight (70 kg) and an additional uncertainty factor of 3 applied for water exposures.
(f) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-52

nd = chemical not detected

na = toxicity value not available
--- = not calculated due to the absence of data




TABLE 2-1 BD*

POTENTIAL RISK FROM INHALATION OF OUTDOOR AIR BY ADULTS IN THE SOLID WASTE AREA

AVERAGE CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS

Avg. Soil Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m”3) (mg/sec)(a) (mg/m”3)(b) (mg/m”3)(c) (mg/m"3) /(ug/m"3) Quotient (d) Risk (€)
Acetone 0 0 0 0 na na na ---
Benzene 8.0 023 4.6E-04 3.1E-05 0.006 8.3E-06 5.2E-03 1.1E-07
Carbon Disulfide 0.87 0.02 5.0E-05 3.4E-06 0.7 nd 4 9E-06 ---
1,1-Dichloroethane 6l 1.72 3.5E-03 2.4E-04 0.5 nd 4 8E-04
1,1-Dichloroethene 17 0.48 9.7E-04 6.7E-05 na 5.0E-05 na 1.4E-06
cis-1,2-Dichloroethene 9800 276.36 5.6E-01 3.8E-02 na na na -
trans-1,2-Dichloroethene 11 0.31 6.3E-04 4.3E-05 na nd na
Dichlorodifluoromethane 51 1.44 2.9E-03 2.0E-04 02 nd 1.0E-03 -~
Ethylbenzene 25 0.71 1.4E-03 9.8E-05 i na 9.8E-05 ---
4-Methyl-2-pentanone 6.5 0.18 3.7E-04 2.5E-05 0.08 nd 3.2E-04 -
Methylene Chloride 26 0.73 1.5E-03 1.0E-04 3 4.7E-07 3.4E-05 2.1E-08
Toluene 100 2.82 5.7E-03 3.9E-04 04 na 9.8E-04 -
1.2.4-Trichlorobenzene 0 0 0 0 0.2 na - -
1,2.4-Trimethylbenzene 2 0.06 1.1E-04 7.8E-06 0.006 na 1.3E-03 -
1,3,5-Trimethylbenzene 43 0.12 2.5E-04 1.7E-05 0.006 na 2.8E-03 -
Trichloroethene 31 0.87 1.8E-03 1.2E-04 na 1.7E-06 na 8.8E-08
Vinyl Chloride 1400 39.48 8.0E-02 5.5E-03 na 8.4E-05 na 2.0E-04
m,p-Xylene 41 1.16 2.3E-03 1.6E-04 na nd na -
Total Hazard Index = 1.2E-02
| Total Cancer Risk = 2.0E-04

NOTES:

(a) Soil gas concentration x gas generation rate (60 cfm, or 0.0282 m~3/sec, calculated in M&E FS, 1998)
(b) Emission rate x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed.

[(Emission rate x 450 m) /(110950 m"2 x 2 m x | m/sec)]

(c) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 4 hrs/24 hrs x 150 days / 365 days

(d) Hazard quotient = Annualized Air Concentration / RfC

(e) Cancer Risk = Annualized Air Concentration (mg/m~3) x 1000 ug/mg x Unit Risk /(ug/m~3) x 30 yrs / 70 yrs

na - not avaijlable
nd - not determined
-- - not calculated due to absence of data

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-53




TABLE 2-1 BE*

POTENTIAL RISK FROM INHALATION OF OUTDOOR AIR BY ADULTS IN THE SOLID WASTE AREA

MAXIMUM CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS

Max. Soil Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m”"3) (mg/sec)(a) (mg/m"3)(b) (mg/m”"3)(c) (mg/m”"3) /(ug/m"3) Quotient (d) Risk (e)
Acclone 0 0 0 0 na na na -
Benzene 8.0 0.23 4.6E-04 3.1E-05 0.006 8.3E-06 5.2E-03 1.1E-07
Carbon Disulfide 0.87 0.02 5.0E-05 3.4E-06 0.7 nd 4.9E-06 --
1,1-Dichloroethane 140 395 8.0E-03 5.5E-04 05 nd 1.1E-03 ---
1,1-Dichloroethene 32 0.90 1.8E-03 1.3E-04 na 5.0E-05 na 2.7E-06
cis-1,2-Dichloroethene 23000 648.60 1.3E+00 9.0E-02 na na na .-
trans-1.2-Dichloroethene 27 0.76 1.5E-03 1.1E-04 na nd na -
Dichlorodifluoromethane 100 2.82 5.7E-03 3.9E-04 0.2 nd 2.0E-03 -
Ethylbenzene 25 0.71 1.4E-03 9.8E-05 | na 9.8E-05 -
4-Methyl-2-pentanone 6.5 0.18 3.7E-04 2.5E-05 0.08 nd 3.2E-04 ---
Methylene Chloride 66 1.86 3.8E-03 2.6E-04 3 4.7E-07 8.6E-05 5.2E-08
Toluene 230 6.49 1.3E-02 9.0E-04 04 na 2.3E-03 -—-
1,2,4-Trichlorobenzene 0 0 0 0 0.2 na -
1,2,4-Trimethylbenzene 2 0.06 1.1E-04 7.8E-06 0.006 na 1.3E-03 -
1.3,5-Trimethylbenzene 43 0.12 2.5E-04 1.7E-05 0.006 na 2.8E-03 ---
Trichloroethene 31 0.87 1.8E-03 1.2E-04 na 1.7E-06 na 8.8E-08
Viny! Chloride 3100 87.42 1.8E-01 1.2E-02 na 8.4E-05 na 4 4E-04
m.p-Xylene 41 1.16 2.3E-03 1.6E-04 na nd na -
Total Hazard Index = 1.5E-02
| Total Cancer Risk = 4.4E-04

NOTES:

(a) Soil gas concentration x gas generation rate (60 ctm, or 0.0282 m”3/sec, calculated in M&E FS, 1998)
(b) Emission rate x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed.

[(Emission rate x 450 m) / (110950 m"2 x 2 m x 1 m/sec)]
(c) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 4 hrs/24 hrs x 150 days / 365 days
(d) Hazard quotient = Annualized Air Concentration / RfC
(e) Cancer Risk = Annualized Air Concentration (mg/m*3) x 1000 ug/mg x Unit Risk /(ug/m”3) x 30 yrs / 70 yrs

na - not available
nd - not determined

-- - not calculated due to absence of data

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-54




TABLE 2-1 BF*
POTENTIAL RISK FROM INHALATION OF OUTDOOR AIR BY ADULTS IN THE BULKY WASTE AREA
AVERAGE CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS

Avg. Soil Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m"3) (mg/sec)(a) (mg/m”3)(b) (mg/m”3)(c) (mg/m"3) /(ug/m"3) Quotient (d) Risk (e)
Acetone | 0.004 9.6E-06 6.6E-07 na na na -
Benzene 1.6 0.006 1.5E-05 1.1E-06 0.006 8.3E-06 1.8E-04 3.7E-09
Carbon Disulfide 0 0.000 0 0 0.7 nd - .-
1,1-Dichloroethane 45 0.018 4.3E-05 3.0E-06 0.5 nd 5.9E-06 ---
1,1-Dichloroethene 0.2 0.001 1.9E-06 1.3E-07 na 5.0E-05 na 2.8E-09
cis-1,2-Dichloroethene 11 0.043 1.1E-04 7.2E-06 na na na -
trans-1,2-Dichloroethene 0.21 0.001 2.0E-06 1.4E-07 na nd na
Dichloroditfluoromethane 14 0.054 1.3E-04 9.2E-06 0.2 nd 4.6E-05
Ethylbenzene 8.8 0.034 8.4E-05 5.8E-06 1 na 5.8E-06 --
4-Methyl-2-pentanone 0 0.000 0 0 0.08 nd - ---
Methylene Chloride 1.7 0.007 1.6E-05 1.1E-06 3 4.7E-07 3.7E-07 2.3E-10
Toluene 28 0.109 2.7E-04 1.8E-05 04 na 4.6E-05 -
1.2,4-Trichlorobenzene 0.27 0.001 2.6E-06 1.8E-07 0.2 na 8.9E-07 -
1.2,4-Trimethylbenzene 1.5 0.006 1.4E-05 9.9E-07 0.006 na 1.6E-04 ---
1,3,5-Trimethylbenzene 0.9 0.004 8.6E-06 5.9E-07 0.006 na 9.9E-05 ---
Trichloroethene 35 0.014 3.4E-05 2.3E-06 na 1.7E-06 na 1.7E-09
Vinyl Chloride 7.6 0.030 7.3E-05 5.0E-06 na 8.4E-05 na 1.8E-07
m.p-Xylene 14 0.054 0.0E+00 0.0E+00 na nd na -
Total Hazard Index = 5.4E-04

| Total Cancer Risk = 1.9E-07

NOTES:

(a) Soil gas concentration x gas generation rate (8.2 cfm, or 0.00389 m"3/sec, calculated in M&E FS, 1998)
(b) Emission rate x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed.

[(Emission rate x 190 m) /(38511 m”"2 x 2 mx | m/sec)]

(c) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 4 hrs/24 hrs x 150 days / 365 days

(d) Hazard quotient = Annualized Air Concentration / RfC

(e) Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk /(ug/m”3) x 30 yrs / 70 yrs

na - not available
nd - not determined
-- - not calculated due to absence of data

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-55




TABLE 2-1 BG*
POTENTIAL RISK FROM INHALATION OF QUTDOOR AIR BY ADULTS IN THE BULKY WASTE AREA
MAXIMUM CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS

Max. Soil Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m"3) (mg/sec)(a) (mg/m”3)(b) (mg/m”3)(c) (mg/m"3) /(ug/m"3) Quotient (d) Risk (e)
Acetone 1.3 0.005 L 2E-05 8.5E-07 na na na ---
Benzene 29 0.0t1 2.8E-05 1.9E-06 0.006 8 3E-06 3.2E-04 6.8E-09
Carbon Disulfide 0 0.000 0 0 0.7 nd - -
1,1-Dichloroethane 6.9 0.027 6.6E-05 4.5E-06 0.5 nd 9.1E-06 -
1,1-Dichloroethene 0.31 0.001 3.0E-06 2.0E-07 na 5.0E-05 na 4 4E-09
cis-1,2-Dichloroethene 17 0.066 1.6E-04 1.1E-05 na na na -
trans-1,2-Dichloroethene 0.3 0.001 29E-06 2.0E-07 na nd na -
Dichlorodifluoromethane 26 0.101 2.5E-04 1.7E-05 0.2 nd 8.5E-05 .-
Ethylbenzene 12 0.047 1.2E-04 7.9E-06 1 na 7.9E-06 -
4-Methyl-2-pentanone 0 0.000 0 0 0.08 nd .- --
Methylene Chloride 24 0.009 2.3E-05 1.6E-06 3 4.7E-07 5.3E-07 3.2E-10
Toluene 34 0.132 3.3E-04 2.2E-05 04 na 5.6E-05 -
1.2.4-Trichlorobenzene 0.27 0.001 2.6E-06 1.8E-07 0.2 na 8.9E-07 -
1.2.4-Trimethylbenzene 23 0.009 2.2E-05 1.5E-06 0.006 na 2.5E-04 ---
1.3,5-Trimethylbenzene 1.5 0.006 1.4E-05 9.9E-07 0.006 na 1.6E-04 -
Trichloroethene 38 0.015 3.6E-05 2.5E-06 na 1.7E-06 na 1 .8E-09
Vinyl Chloride 14 0.054 1.3E-04 9.2E-06 na 8.4E-05 na 3.3E-07
m.p-Xylene 24 0.093 2.3E-04 1.6E-05 na nd na -
Total Hazard Index = 8.9E-04
| Total Cancer Risk = 34E-07

NOTES:

(a) Soil gas concentration x gas generation rate (8.2 cfm, or 0.00389 m"3/sec, calculated in M&E FS, 1998)

(b) Emission rate x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed.
f(Emission rate x 190 m) /(38511 m"2 x 2 m x | m/sec)}

(¢) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 4 hrs/24 hrs x 150 days / 365 days

(d) Hazard quotient = Annualized Air Concentration/ RfC

(e) Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk /(ug/m”"3) x 30 yrs / 70 yrs

na - not available
nd - not determined

-- - not calculated due to absence of data

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-56




TABLE 2-1 BH*

POTENTIAL RISK FROM INHALATION OF OUTDOOR AIR BY ADULTS IN THE SEWAGE SLUDGE AREA

AVERAGE CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS

Avg. Soil Estimated Modeied Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m"3) (mg/sec)(a) (mg/m”3)(b) (mg/m”3)(c) (mg/m"3) /(ug/m”"3) Quotient (d) Risk (¢)
Acetone 0.081 0.04543 7.5E-05 5.2E-06 na na na ---
Benzene 0 0 0 0 0.006 8.3E-06 - ---
Carbon Disulfide 0 0 0 0 0.7 nd - -
1,1-Dichloroethane 0 0 0 0 0.5 nd - -
1,!-Dichloroethene 0 0 0 0 na 5.0E-05 na -
cis-1,2-Dichloroethene 0 0 0 0 na na na ---
trans-1,2-Dichlorocthene 0 0 0 0 na nd na -
Dichlorodifluoromethane 0 0 0 0 0.2 nd - -
Ethylbenzene 0.01 0.00514 8.5E-06 5.8E-07 1 na 5.8E-07 -
4-Methyl-2-pentanone 0 0 0 0 0.08 nd - -
Methylene Chloride 0.002 0.00114 1.9E-06 1.3E-07 3 4.7E-07 4.3E-08 2.6E-11
Toluene 0 0 0 0 0.4 na - -
1,2,4-Trichlorobenzene 0 0 0 0 0.2 na - --
1,2 4-Trimethylbenzene 0.005 0.00269 4.5E-06 3.1E-07 0.006 na 5.1E-05 .-
1,3,5-Trimethylbenzene 0.003 0.00161 2.7E-06 1.8E-07 0.006 na 3.1E-05 -
Trichloroethene 0 0 0 0 na 1.7E-06 na -
Vinyl Chloride 0 0 0 0 na 8.4E-05 na -
m.p-Xylene 0.02 0.01041 1.7E-05 1.2E-06 na nd na ---
Total Hazard Index = 8.2E-05
| Total Cancer Risk = 2.6E-11

NOTES:
(a) See Appendix E in M&E RI

(b) Emission rate x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed.

[(Emission rate x 120 m) /(36118 m"2 x 2 mx | m/sec)]

(c) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 4 hrs/24 hrs x 150 days / 365 days

(d) Hazard quotient = Annualized Air Concentration / RfC

(e) Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk /(ug/m”3) x 30 yrs / 70 yrs

na - not availabie
nd - not determined
-- - not calculated due to absence of data

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-57




TABLE 2-1 BI*

POTENTIAL RISK FROM INHALATION OF OUTDOOR AIR BY ADULTS IN THE SEWAGE SLUDGE AREA
MAXIMUM CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS

Max. Soil Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m"3) (mg/sec)(a) (mg/m”3)(b) (mg/m”"3)(c) (mg/m"3) /(ug/m”3) Quotient (d) Risk (e)
Acetone 0.081 0.0453 7.5E-05 5.2E-06 na na na ---
Benzene 0 0 0 0 0.006 8.3E-06 - -
Carbon Disulfide 0 0 0 0 0.7 nd -
1.1-Dichloroethane 0 4] 0 0 0.5 nd .- ---
I,1-Dichloroethene 0 0 0 0 na 5.0E-05 na -
cis-1,2-Dichloroethene 0 0 0 0 na na na -—
trans-1,2-Dichioroethene 0 0 0 0 na nd na -
Dichlorodifluoromethane 0 0 0 0 0.2 nd - ---
Ethylbenzene 0.01 0.005 8.3E-06 5.7E-07 1 na 5.7E-07 ---
4-Methyl-2-pentanone 0 0 Q Q 0.08 nd - ---
Methylene Chloride 0.002 0.01 1.7E-05 1.1E-06 3 4.7E-07 3.8E-07 2.3E-10
Toluene 0 0 0 0 04 na - -a-
1,2,4-Trichlorobenzene 0 0 0 0 0.2 na - .-
1,2,4-Trimethylbenzene 0.005 0.0026 4.3E-06 3.0E-07 0.006 na 4.9E-05 -
1,3,5-Trimethylbenzene 0.003 0.0015 2.5E-06 1.7E-07 0.006 na 2.8E-05 .
Trichloroethene 0 0 1} 0 na 1.7E-06 na -
Vinyl Chioride 0 0 0 0 na 8 4E-05 na -
m,p-Xylene 0.02 0.0103 1.7E-05 1.2E-06 na nd na ---
Total Hazard Index = 7.9E-05
| Total Cancer Risk = 2.3E-10

NOTES:
(a) See Appendix E in M&E RI

{b) Emission rate x Disposal arca length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed.

[(Emission rate x 120 m) /(36118 m"2 x 2 m x 1 m/sec)]

{c) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 4 hrs/24 hrs x 150 days / 365 days

(d) Hazard quotient = Annualized Air Concentration / RfFC

(e) Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk /(ug/m”3) x 30 yrs / 70 yrs

na - not available
nd - not determined
-- - not calculated due to absence of data

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-58




TABLE 2-1BJ*

POTENTIAL RISK FROM INHALATION OF AMBIENT AIR BY NEARBY RESIDENTS
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Ambient Air Annualized Inhalation

ANALYTE Concentration Avg. Conc. RfC Unit Risk Hazard Cancer

(mg/m”3) (mg/m”3)(a) (mg/m"3) /(ug/m”3) Quotient (b) Risk (c)
Benzene 2.4E-02 2.3E-02 0.006 8.3E-06 3.8E+00 8 2E-05
Ethylbenzene 2.0E-03 1.9E-03 I na 1.9E-03 na
Methylene Chloride 1.0E-03 9.6E-04 3 4.7E-07 3.2E-04 1.9E-07
1,1.2.2-Tetrachloroethane 4.0E-03 3.8E-03 na 5.8E-05 na 9.5E-05
Toluene 1.0E-03 9.6E-04 0.4 na 2.4E-03 na
1.1,1-Trichloroethane 2.0E-03 1.9E-03 1 na 1.9E-03 na
Viny! Chloride 1.0E-03 9.6E-04 na 8.4E-05 na 3.5E-05
m.p-Xylene 4.0E-03 3.8E-03 na na na na
o-Xylene 5.0E-03 4.8E-03 na na na na

Total Hazard Index = 3.8E+00
| Total Cancer Risk = 2.1E-04

NOTES:

(a) Annualized Air Concentration = Ambient Air Concentration (mg/m”3) x 350 days / 365 days
(b) Hazard quotient = Annualized Air Concentration / RfC
(c) Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk /(ug/m”~3) x 30 yrs / 70 yrs

na - not available
nd - not determined

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-59




TABLE 2 -1 BK*

POTENTIAL RISK FROM INHALATION OF AMBIENT AIR BY NEARBY RESIDENTS
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE

Ambient Air Annualized Inhalation

ANALYTE Concentration Avg. Conc. RfC Unit Risk Hazard Cancer

(mg/m"3) (mg/m"3)(a) (mg/m”3) /(ug/m"3) Quotient (b) Risk (¢)
Benzene 7.5E-02 7.2E-02 0.006 8 3E-06 1.2E+01 2.6E-04
Ethylbenzene 2.0E-03 1.9E-03 | na 1.9E-03 na
Methylene Chloride 1.0E-03 9.6E-04 3 4.7E-07 3.2E-04 1.9E-07
1,1,2,2-Tetrachloroethane 4.0E-03 3.8E-03 na 5.8E-05 na 9 5E-05
Toluene 2.0E-03 1.9E-03 0.4 na 4.8E-03 na
1.1,1-Trichloroethane 2.0E-03 1.9E-03 | na 1.9E-03 na
Vinyl Chioride 4.0E-03 3.8E-03 na 8.4E-05 na 1.4E-04
m,p-Xylene 7.0E-03 6.7E-03 na na na na
o-Xylene 7.0E-03 6.7E-03 na na na na

Total Hazard Index = 1.2E+01
| Total Cancer Risk = 4.9E-04

NOTES:

(a) Annualized Air Concentration = Ambient Air Concentration (mg/m”3) x 350 days / 365 days
(b) Hazard quotient = Annualized Air Concentration / RfC
(c) Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk /(ug/m"3) x 30 yrs / 70 yrs

na - not available
nd - not determined

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-60




TABLE2-1 BL*

POTENTIAL FUTURE RISK FROM INHALATION OF INDOOR AIR BY NEARBY RESIDENTS
AVERAGE CONCENTRATION OF VINYL CHLORIDE USED FOR AN ADULT EXPOSURE

Indoor Air Annualized Inhalation
ANALYTE Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m~3}) {mg/m”3)(a) (mg/m"3) /(ug/m"3) Quotient (b) Risk (c)
Vinyl Chloride 2.3E-02 2.2E-02 na 8 4E-05 na 7.9E-04
Total Hazard Index = na
- | Total Cancer Risk = 7.9E-04

NOTES:

(a) Annualized Air Concentration = Indoor Air Concentration (mg/m”~3) x 350 days / 365 days
(b) Hazard quotient = Annualized Air Concentration / RfC
(c) Cancer Risk = Annualized Air Concentration (mg/m~3) x 1000 ug/mg x Unit Risk /(ug/m*3) x 30 yrs / 70 yrs

na - not available
nd - not determined

* EDITED FINAL SUPPLEMENTAL HHUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-61
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TABLE2-1 BM*
POTENTIAL FUTURE RISK FROM INHALATION OF INDOOR AIR BY NEARBY RESIDENTS
MAXIMUM CONCENTRATION OF VINYL CHLORIDE USED FOR AN ADULT EXPOSURE

Indoor Air Annualized Inhalation
ANALYTE Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m"3) (mg/m”3)(a) (mg/m"3) /(ug/m"3) Quotient (b) Risk (c)
Viny! Chloride 5.6E-02 5.4E-02 na 8.4E-05 na 1.9E-03
Total Hazard Index = na
[ Total Cancer Risk = 1.9E-03

NOTES:

(a) Annualized Air Concentration = Indoor Air Concentration (mg/m”3) x 350 days / 365 days

(b) Hazard quotient = Annualized Air Concentration/ RfC

(c) Cancer Risk = Annualized Air Concentration (mg/m~3) x 1000 ug/mg x Unit Risk /(ug/m”3) x 30 yrs / 70 yrs

na - not available
nd - not determined

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-62




TABLE 2 - I BN*,

POTENTIAL CENTRAL TENDENCY RISKS FOR A CURRENT/FUTURE SITE VISITOR TO THE SOLID WASTE AREA, FROM
INHALATION OF AMBIENT AIR, ESTIMATED FROM SUMMA CANISTER SAMPLES OF LANDFILL GAS AND BOX DISPERSION MODEL

Avg. Landfill Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m”3)(a) {mg/sec)(b) (mg/m”3)(c) (mg/m"3)(d)| (mg/m"3) /(ug/m"3) Quotient () Risk (f)
Acetone nd nd nd nd na na nd -
Benzene 42 0.12 2.4E-04 1.7E-05 0.006 8.3E-06 2.8E-03 5.9E-08
Carbon disulfide 0.87 0.02 5.0E-05 3.4E-06 0.7 na 4.9E-06 -
Dichlorodifluoromethane 44 1.24 2.5E-03 1.7E-04 0.2 nd 8.7E-04 nd
I,1-Dichloroethane 43 1.21 2.5E-03 1.7E-04 0.5 nd 3.4E-04 nd
1,1-Dichloroethene 14 0.39 8.1E-04 5.5E-05 na 5.0E-05 nd 1.2E-06
cis-1,2-Dichlorocthene 7800 220 4.5E-01 3.1E-02 na na nd -
trans-1,2-Dichloroethene 82 0.23 4.7E-04 3.2E-05 na nd nd .-
Ethylbenzene 25 0.71 1.4E-03 9.9E-05 1 na 9.9E-05 -
4-Methyl-2-pentanone 3.5 0.10 2.0E-04 1.4E-05 0.08 na 1.7E-04 .-
Methylene chloride 19 0.54 1.1E-03 7.5E-05 3 4.7E-07 2.5E-05 1.5E-08
1,1.2,2-Tetrachloroethane nd nd nd nd na 5.8E-05 nd -
Toluene 83 2.34 4.8E-03 3.3E-04 0.4 na 8.2E-04
1,2,4-Trichlorobenzene nd nd nd nd 0.2 na nd -
1,1,1-Trichloroethane 4.0 0.11 2.3E-04 1.6E-05 1 na 1.6E-05 ---
Trichloroethene 15 0.42 8.6E-04 5.9E-05 na 1.7E-06 nd 4.3E-08
1,2,4-Trimethylbenzene 25 0.07 1.4E-04 9.9E-06 0.006 na 1.6E-03 -
1,3,5-Trimethylbenzene 2.0 0.06 1.2E-04 7.9E-06 0.006 na 1.3E-03 ---
Vinyl chloride 1100 31 6.3E-02 4.3E-03 na 8.4E-05 nd 1.6E-04
m,p-Xylene 41 1.16 2.4E-03 1.6E-04 na na nd ---
0-Xylene 11 0.31 6.3E-04 4.3E-05 na na nd -
Total Hazard Index = 8.1E-03
NOTES: | Total Cancer Risk = 1.6E-04

(a)  Average concentration among three SUMMA canister locations, or substitute value, as specified in Table 5

(b) Soil gas concentration x gas generation rate (0.0282 m"3/sec, calculated in FS: M&E, 1998)

(c) Emission rate x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed
[(Emission rate x 370 m) / (90,580 m~2 x 2 m x 1 m/sec)]

(d)  Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 4 hrs/24 hrs x 150 days / 365 days

(e} Hazard quotient = Annualized Air Concentration (mg/m”3)/ Chronic RfC (mg/m"3)

()  Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk (m"3/ug) x 30 yrs / 70 yrs

na  not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMAN
nd  not detected or not determined HEALTH RISK ASSESSMENT (1998) TABLE
-~ minimal risk from compounds that were not detected or that are not considered carcinogenic B-63
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TABLE 2 - 1 BO*.

POTENTIAL RME RISKS FOR A CURRENT/FUTURE SITE VISITOR TO THE SOLID WASTE AREA, FROM INHALATION
OF AMBIENT AIR, ESTIMATED FROM SUMMA CANISTER SAMPLES OF LANDFILL GAS AND BOX DISPERSION MODEL

Max. Landfill Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m”"3)(a) (mg/sec)(b) (mg/m”3)(c) (mg/m"3)(d)| (mg/m"3) /(ug/m"3) Quotient (e) Risk (f)
Acetone nd nd nd nd na na nd .-
Benzene 8.0 0.23 4.6E-04 3.2E-05 0.006 8.3E-06 5.3E-03 1.1E-07
Carbon disulfide 0.87 0.02 5.0E-05 3.4E-06 0.7 na 4.9E-06 .-
Dichlorodifluoromethane 110 3.10 6.3E-03 4.3E-04 0.2 nd 2.2E-03 nd
1,1-Dichloroethane 140 3.95 8.1E-03 5.5E-04 0.5 nd 1.1E-03 nd
1,1-Dichloroethene 32 0.90 1.8E-03 1.3E-04 na 5.0E-05 nd 2.7E-06
cis-1,2-Dichloroethene 23000 649 1.3E+00 9.1E-02 na na nd ---
trans-1,2-Dichloroethene 27 0.76 1.6E-03 1.1E-04 na nd nd -
Ethylbenzene 25 0.71 1.4E-03 9.9E-05 1 na 9.9E-05 -
4-Methyl-2-pentanone 6.6 0.19 3.8E-04 2.6E-05 0.08 na 3.3E-04 -
Methylene chloride 66 1.86 3.8E-03 2.6E-04 3 4.7E-07 8.7E-05 5.2E-08
1,1,2,2-Tetrachlorocthane nd nd nd nd na 5.8E-05 nd .-
Toluene 230 6.49 1.3E-02 9.1E-04 0.4 na 2.3E-03 -
1.2,4-Trichlorobenzene nd nd nd nd 0.2 na nd ---
1,1,1-Trichloroethane 10 0.28 5.8E-04 3.9E-05 1 na 3.9E-05 ---
Trichlorocthene 31 0.87 1.8C-03 1.2E-04 na 1.7E-06 nd 8.9L-08
1,2,4-Trimethylbenzene 25 0.07 1.4E-04 9.9E-06 0.006 na 1.6E-03
1,3,5-Trimethylbenzene 43 0.12 2.5E-04 1.7E-05 0.006 na 2.8E-03 ---
Vinyl chloride 3100 87 1.8E-01 1.2E-02 na 8.4E-05 nd 4.4E-04
m,p-Xylene 41 1.16 2.4E-03 1.6E-04 na na nd .-
o-Xylene ] 0.3] 6.3E-04 4.3E-05 na na nd -
Total Hazard Index = 1.6E-02
NOTES: Total Cancer Risk = 4.4E-04

(a) Maximum concentration among three SUMMA canister locations, or substitute value, as specified in Table 5
(b)  Soil gas concentration x gas generation rate (0.0282 m~3/sec, calculated in FS: M&E, 1998)
(c) Emission rate x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed

[(Emission rate x 370 m) / (90,580 m”2 x 2 m x 1 m/sec)]

(d) Annualized Air Concentration = Modeled Air Concentration {mg/m~3) x 4 hrs/24 hrs x 150 days / 365 days

(e) Hazard quotienmt = Annualized Air Concentration (mg/m”3)/ Chronic RfC (mg/m”3)

() Cancer Risk = Annualized Air Concentration (mg/m”3) x 1000 ug/mg x Unit Risk (m”~3/ug) x 30 yrs / 70 yrs

na  notavailable or not applicable

nd not detected or not determined

---  minimal risk from compounds that were not detected or that are not considered carcinogenic

* EDITED FINAL SUPPLEMENTAL HUMAN
HEALTH RISK ASSESSMENT (1998) TABLE

B-64
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TABLE 2 - 1 BP*. :
POTENTIAL CENTRAL TENDENCY RISKS FOR A CURRENT/FUTURE RESIDENT, FROM INHALATION OF AMBIENT AND INDOOR AlR,
ESTIMATED FROM SUMMA CANISTER SAMPLES OF SOLID WASTE AREA LANDFILL GAS AND ISCST3 DISPERSION MODEL

Avg. Landfill Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m”3)a) (mg/sec)(b) (mg/m”3)(c) (mg/m"3)(d)| (mg/m"3) /(ug/m”3) Quotient (e) Risk (f)
Acetone nd nd nd nd na na nd ---
Benzene 42 0.12 3.2E-06 3.0E-06 0.006 8.3E-06 5.0E-04 1.1E-08
Carbon disulfide 0.87 0.02 6.5E-07 6.3E-07 0.7 na 8.9E-07 -
Dichlorodifluoromethane 44 1.24 3.3E-05 3.2E-05 0.2 nd 1.6E-04 nd
1,1-Dichloroethane 43 1.2] 3.2E-05 3.1E-05 0.5 nd 6.2E-05 nd
1,1-Dichloroethene 14 0.39 1.1E-05 1.0E-05 na 5.0E-05 nd 2.2E-07
cis-1,2-Dichloroethene 7800 220 5.9E-03 5.6E-03 na na nd -
trans-1,2-Dichloroethene 82 0.23 6.2E-06 5.9E-06 na nd nd ---
Ethylbenzene 25 0.71 1.9E-05 1.8E-05 1 na 1.8E-05 ---
4-Methyl-2-pentanone 35 0.10 2.6E-06 2.5E-06 0.08 na 3.1E-05 ---
Methylene chloride 19 0.54 1.4E-05 1.4E-05 3 4.7E-07 4.6E-06 2.8E-09
1.1,2,2-Tetrachloroethane nd nd nd nd na 5.8E-05 nd -
Toluene 83 2.34 6.2E-05 6.0E-05 04 na 1.5E-04 -
1,2,4-Trichlorobenzene nd nd nd nd 0.2 na nd -
1.1,1-Trichloroethane 4 0.11 3.0E-06 2.9E-06 l na 2.9E-06 ---
Trichloroethene 15 0.42 1.1E-05 1.1E-05 na 1.7E-06 nd 7.9E-09
1,2,4-Trimethylbenzene 2.5 0.07 1.9E-06 1.8E-06 0.006 na 3.0E-04 -
1,3,5-Trimethylbenzene 2 0.06 1.5E-06 1.4E-06 0.006 na 2.4E-04 ---
Vinyl chloride 1100 31 8.3E-04 7.9E-04 na 8.4E-05 nd 2.8E-05
m,p-Xylene 41 1.16 3.1E-05 2.9E-05 na na nd ---
o-Xylene 11 0.31 8.3E-06 7.9E-06 na na nd .-
Total Hazard Index = 1.5E-03

{  Total Cancer Risk = 2.9E-05
NOTES:
(a)  Average concentration among three SUMMA canister locations, or substitute value, as specified in Table 5
(b)  Soil gas concentration x gas generation rate (0.0282 m"3/sec, calculated in FS: M&E, 1998)
(c)  Emission rate x unit dispersion estimated using ISCST3 at highest residential receptor among $ years of meteorological data (highest value, 2.66 x 10** sec/m”3)
(d)  Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 24 hrs/24 hrs x 350 days / 365 days
(e) Hazard quotient = Annualized Air Concentration (mg/m”3)/ Chronic RfC (mg/m"3)
(f)  Cancer Risk = Annualized Air Concentration (mg/m”3) x Unit Risk (m”3/ug) x 1000 ug/mg x 30 yrs / 70 yrs
na  not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMAN
nd  not detected or not determined HEALTH RISK ASSESSMENT (1998) TABLE

minimal risk from compounds that were not detected or that are not considered carcinogenic B-65
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TABLE 2 -1 BQ*.
POTENTIAL RME RISKS FOR A CURRENT/FUTURE RESIDENT, FROM INHALATION OF AMBIENT AND INDOOR AIR,
ESTIMATED FROM SUMMA CANISTER SAMPLES OF SOLID WASTE AREA LANDFILL GAS AND ISCST3 DISPERSION MODEL

Max. Landfill Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m”3)(a) (mg/sec)(b) (mg/m”3){c) (mg/m”~3)(d){ (mg/m”"3) /(ug/m”3) Quotient (e) Risk (f)
Acetone nd nd nd nd na na nd ---
Benzene 8.0 0.23 6.0E-06 5.8E-06 0.006 8.3E-06 9.6E-04 2.0E-08
Carbon disulfide 0.87 0.02 6.5E-07 6.3E-07 0.7 na 8.9E-07 ---
Dichlorodifluoromethane 110 3.10 8.3E-05 7.9E-05 0.2 nd 4,0E-04 nd
1,1-Dichloroethane 140 395 - 1.1E-04 1.0E-04 0.5 nd 2.0E-04 nd
1,1-Dichloroethene 32 0.90 2.4E-05 2.3E-05 na 5.0E-05 nd 4 9E-07
cis-1.2-Dichloroethene 23000 649 1.7E-02 1.7E-02 na na nd ---
trans-1,2-Dichloroethene 27 0.76 2.0E-05 1.9E-05 na nd nd -
Ethylbenzene 25 0.71 1.9E-05 1.8E-05 1 na 1.8E-05 ---
4-Methyl-2-pentanone 6.6 0.19 5.0E-06 4.7E-06 0.08 na 5.9E-05 ---
Methylene chloride 66 1.86 5.0E-05 4.7E-05 3 4.7E-07 1.6E-05 9.6E-09
1,1,2,2-Tetrachloroethane nd nd nd nd na 5.8E-05 nd -
Toluene 230 6.49 1.7E-04 1.7E-04 04 na 4.1E-04
1,2,4-Trichlorobenzene nd nd nd nd 0.2 na nd -
1,1,1-Trichloroethane 10 0.28 7.5E-06 7.2E-06 1 na 7.2E-06
Trichloroethene 31 0.87 2.3E-05 2.2E-05 na 1.7E-06 nd 1.6E-08
1,2,4-Trimethylbenzene 25 0.07 1.9E-06 1.8E-06 0.006 na 3.0E-04 ---
1,3,5-Trimethylbenzene 43 0.12 3.2E-06 3.1E-06 0.006 na 5.2E-04
Vinyl chloride 3100 87 2.3E-03 2.2E-03 na 8.4E-05 nd 8.0E-05
m,p-Xylene 41 1.16 3.1E-05 2.9E-05 na na nd ---
o-Xylene H 0.31 8.3E-06 7.9E-06 na na nd .-
Total Hazard Index = 2.9E-03

- | Total Cancer Risk = 8.1E-05
NOTES:
(a) Maximum concentration among three SUMMA canister locations, or substitute value, as specified in Table 5

(b)
(c)
(d)
(¢)
U

na
nd

Soil gas concentration x gas generation rate (0.0282 m”3/sec, calculated in FS: M&E, 1998)

Emission rate x unit dispersion estimated using ISCST3 at highest residential receptor among 5 years of meteorological data (highest value, 2.66 x 10°-5 sec/m”3)
Annualized Air Concentration = Modeled Air Concentration {mg/m”"3) x 24 hrs/24 hrs x 350 days / 365 days

Hazard quotient = Annualized Air Concentration (mg/m”~3)/ Chronic RfC (ng/m”3)

Cancer Risk = Annualized Air Concentration {mg/m”3) x Unit Risk (m”~3/ug) x 1000 ug/mg x 30 yrs / 70 yrs

not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMAN
not detected or not determined HEALTH RISK ASSESSMENT (1998) TABLE
minimal risk from compounds that were not detected or that are not considered carcinogenic B-66
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TABLE 2 -1 BR*.

POTENTIAL CENTRAL TENDENCY RISKS FOR A CURRENT/FUTURE RESIDENT, FROM INHALATION OF AMBIENT AND INDOOR AIR,

ESTIMATED FROM SUMMA CANISTER SAMPLES OF RESIDENTIAL AREA AMBLENT AIR

Measured Air Annualized Inhalation
ANALYTE Concentration Avg. Conc. RfC Unit Risk Hazard Cancer

(mg/m”3)(a) (mg/m~3)(b)] (mg/m"3) /(ug/m"3) Quotient (c) Risk (d)
Benzene 0.024 2.3E-02 0.006 8.3E-06 3.8E+00 8.2E-05
Ethylbenzene 0.0017 1.6E-03 1 na 1.6E-03 --
Methylene chloride 0.0010 9.6E-04 3 4.7E-07 3.2E-04 1.9E-07
1,1,2,2-Tetrachloroethane 0.0021 2.0E-03 na 5.8E-05 nd 5.0E-05
Toluene 0.0011 1.1E-03 0.4 na 2.6E-03 -
1,1,1-Trichloroethane 0.0014 1.3E-03 1 na 1.3E-03 -—--
Vinyl chloride 0.0011 1.1E-03 na 8.4E-05 nd 3.8E-05
m.p-Xylene 0.0045 4.3E-03 na na nd ---
0-Xylene 0.0055 5.3E-03 na na nd -

Total Hazard Index = 3.8E+00
| Total Cancer Risk = 1.7E-04

NOTES:

(a)
(b)
(c)
(d

na
nd

Avcrage concentration among valid outdoor SUMMA canister samples, as specified in Table 6

Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 24 hrs/24 hrs x 350 days / 365 days
Hazard quotient = Annualized Air Concentration (mg/m”3) / Chronic RfC (mg/m”3)

Cancer Risk = Annualized Air Concentration (mg/m”3) x Unit Risk (m”~3/ug) x 1000 ug/mg x 30 yrs / 70 yrs

not available or not applicable
not detected or not determined
minimal risk from compounds that were not detected or that are not considered carcinogenic

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-67
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TABLE 2 - 1 BS*.
POTENTIAL RME RISKS FOR A CURRENT/FUTURE RESIDENT, FROM INHALATION OF AMBIENT AND INDOOR AIR,
ESTIMATED FROM SUMMA CANISTER SAMPLES OF RESIDENTIAL AREA AMBIENT AIR

Measured Air Annualized Inhalation
ANALYTE Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m"3)(a) (mg/m"3)(b)} (mg/m~"3) {ug/m"3) Quotient (c) Risk (d)
Benzene 0.075 7.2E-02 0.006 8.3E-06 1.2E+01 2.6E-04
Ethylbenzene 0.0017 1.6E-03 1 na 1.6E-03 -~
Methylene chloride 0.0014 1.3E-03 3 4.7E-07 4.5E-04 2.7E-07
1.1,2,2-Tetrachloroethane 0.0021 2.0E-03 na 5.8E-05 nd 5.0E-05
Toluene 0.0015 1.4E-03 04 na 3.6E-03 -~-
1.1,1-Trichloroethane 0.0016 1.5E-03 1 na 1.5E-03 ---
Vinyl chloride (4.0043 4 .1E-03 na 8.4E-05 nd 1.5E-04
m.p-Xylene 0.0069 6.6E-03 na na nd -
o-Xylene 0.0069 6.6E-03 na na nd ---
Total Hazard Index = 1.2E+01

| Total Cancer Risk = 4.5E-04
NOTES:
(a) Maximum concentration among valid outdoor SUMMA canister samples, as specified in Table 6
(b) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 24 hrs/24 hrs x 350 days / 365 days
(¢) Hazard quotient = Annualized Air Concentration (mg/m”3) / Chronic RfC (mg/m”3)
(d) Cancer Risk = Annualized Air Concentration (mg/m”3) x Unit Risk (m"3/ug) x 1000 ug/mg x 30 yrs / 70 yrs
na  not available or not applicable
nd  not detected or not determined

minimal risk from compounds that were not detected or that are not considered carcinogenic

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-68
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TABLE2-1BT*
POTENTIAL CENTRAL TENDENCY RISKS FOR A CURRENT/FUTURE PASSER-BY, FROM INHALATION OF AMBIENT AIR,
ESTIMATED FROM SUMMA CANISTER SAMPLES OF SOLID WASTE AREA LANDFILL GAS AND ISCST3 DISPERSION MODEL

Avg. Landfill Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m~3)(a) (mg/sec)(b) (mg/m”3)(c) (mg/m”3)}(d)| (mg/m"3) /(ug/m”"3) Quotient (e) Risk (f)
Acetone nd nd nd nd na na nd ---
Benzene 4.2 0.12 6.5E-06 5.5E-08 0.006 8.3E-06 9.2E-06 2.0E-10
Carbon disulfide 0.87 0.02 1.3E-06 1.1E-08 0.7 na 1.6E-08 -
Dichlorodifluoromethane 44 1.24 6.8E-05 5.8E-07 0.2 nd 2.9E-06 nd
1.1-Dichloroethane 43 1.21 6.6E-05 5.7E-07 0.5 nd 1.1E-06 nd
I,1-Dichloroethene 14 0.39 2.2E-05 1.8E-07 na 5.0E-05 nd 3.9E-09
cis-1,2-Dichloroethene 7800 220 1.2E-02 1.0E-04 na na nd ---
trans-1.2-Dichlorocthene 8.2 0.23 1.3E-05 1.1E-07 na nd nd -
Ethylbenzene 25 07 3.8E-05 3.3E-07 1 na 3.3E-07 ---
4-Methyl-2-pentanone 35 0.10 5.4E-06 4.6E-08 0.08 na 5.8E-07 ---
Methylene chloride 19 0.54 2.9E-05 2.5E-07 3 4.7E-07 8.3E-08 5.0E-11
1,1,2.2-Tetrachloroethane nd nd nd nd na 5.8E-05 nd -
Toluene 83 2.34 1.3E-04 1.1E-06 0.4 na 2.7E-06
1.2,4-Trichlorobenzene nd nd nd nd : 0.2 na nd -—-
1,1,1-Trichloroethane 4 0.11 6.1E-06 5.3E-08 1 na 5.3E-08 -
Trichlorocthene 15 0.42 2.3E-05 2.0E-07 na 1.7E-06 nd 1.4E-10
1,2,4-Trimethylbenzene 25 0.07 3.8E-06 3.3E-08 0.006 na 5.5E-06 -
1,3,5-Trimethylbenzene 2 0.06 3.1E-06 2.6E-08 0.006 na 4.4E-06 -
Vinyl chloride 1100 k]| 1.7E-03 1.4E-05 na 8.4E-05 nd 5.2E-07
m.p-Xylene 41 1.16 6.3E-05 5.4E-07 na na nd -
o-Xylene 11 0.31 1.7E-05 1.4E-07 na na nd -
Total Hazard Index = 2.7E-05

| Total Cancer Risk = 5.3E-07
NOTES:
(a) Average concentration among three SUMMA canister locations, or substitute value, as specified in Table 5.
(b) Soil gas concentration x gas generation rate (0.0282 m"3/sec, calculated in FS: M&E, 1998)
(¢) Emission rate x unit dispersion at transfer station, estimated using ISCST3 among 5 years of meteorological data (5.45 x 10* sec/m"3)
(d) Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 0.5 hrs/24 hrs x 150 days / 365 days
(e) Hazard quotient = Annualized Air Concentration (mg/m”3)/ Chronic RfC (mg/m~3)
(D Cancer Risk = Annualized Air Concentration (mg/m”3) x Unit Risk (m”3/ug) x 1000 ug/mg x 30 yrs/ 70 yrs
na  not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMAN
nd  not detected or not determined HEALTH RISK ASSESSMENT (1998) TABLE

---  minimal risk from compounds that were not detected or that are not considered carcinogenic B-69
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TABLE 2 -1 BU*,
POTENTIAL RME RISKS FOR A CURRENT/FUTURE PASSER-BY, FROM INHALATION OF AMBIENT AIR,
ESTIMATED FROM SUMMA CANISTER SAMPLES OF SOLID WASTE AREA LANDFILL GAS AND ISCST3 DISPERSION MODEL

Avg. Landfill Estimated Modeled Air Annualized Inhalation
ANALYTE Gas Conc. Emission Rate Concentration Avg. Conc. RfC Unit Risk Hazard Cancer
(mg/m”"3)(a) (mg/sec)(b) (mg/m”3)(c) (mg/m”3)(d){ (mg/m"3) /(ug/m”"3) Quotient (e) Risk (f)
Acetone nd nd nd nd na na nd ---
Benzene 8.0 0.23 1.2E-05 1.1E-07 0.006 8.3E-06 1.8E-05 3.7E-10
Carbon disulfide 0.87 0.02 1.3E-06 1.1E-08 0.7 na 1.6E-08 ---
Dichlorodifluoromethane 110 3.10 1.7E-04 1.4E-06 0.2 nd 7.2E-06 nd
1,1-Dichloroethane 140 3.95 2.2E-04 1.8E-06 0.5 nd 3.7E-06 nd
I,1-Dichloroethene 32 0.90 4.9E-05 4.2E-07 na 5.0E-05 nd 9.0E-09
cis-1,2-Dichloroethene 23000 649 3.5E-02 3.0E-04 na na nd -
trans-1.2-Dichloroethene 27 0.76 4.1E-05 3.6E-07 na nd nd ---
Ethylbenzene 25 0.71 3.8E-05 3.3E-07 | na 3.3E-07 -
4-Methyl-2-pentanone 6.6 0.19 1.0E-05 8.7E-08 0.08 na 1.1E-06 ---
Methylene chloride 66 1.86 1.0E-04 8.7E-07 3 4.7E-07 2.9E-07 1.7E-10
1,1,2,2-Tetrachloroethane nd nd nd nd na 5.8E-05 nd -
Toluene 230 6.9 3.5E-04 3.0E-06 04 na 7.6E-06
1.2,4-Trichlorobenzene nd nd nd nd 0.2 na nd -
1,1,1-Trichloroethane 10 0.28 1.5E-05 1.3E-07 1 na 1.3E-07 -
Trichloroethene 31 0.87 4.8E-05 4.1E-07 na 1.7E-06 nd 3.0E-10
1,2,4-Trimethylbenzene 2.5 0.07 3.8E-06 3.3E-08 0.006 na 5.5E-06 ---
1,3,5-Trimethylbenzene 43 0.12 6.6E-06 5.7E-08 0.006 na 9.4E-06 --
Vinyl chloride 3100 87 4.8E-03 4.1E-05 na 8.4E-05 nd . 1.5E-06
m,p-Xylene 41 1.16 6.3E-05 5.4E-07 na na nd -
o-Xylene 11 0.31 1.7E-05 1.4E-07 na na nd --
Total Hazard Index = 5.3E-05
| Total Cancer Risk = 1.5E-06

NOTES:

(a) Maximum concentration among three SUMMA canister locations, or substitute value, as specified in Table 5

(b)  Scil gas concentration x gas generation rate (0.0282 m"3/sec, calculated in FS: M&E, 1998)

(c) Emission rate x unit dispersion at transfer station, estimated using ISCST3 among S years of meteorological data ( 5.45 x 10"-5 sec/m”3)
(d)  Annualized Air Concentration = Modeled Air Concentration (mg/m”3) x 0.5 hrs/24 hrs x 150 days / 365 days

{e)  Hazard quotient = Annualized Air Concentration (mg/m”3)/ Chronic RfC (mg/m”3)

(H  Cancer Risk = Annualized Air Concentration (mg/m”3) x Unit Risk (in"3/ug) x 1000 ug/mg x 30 yrs / 70 yrs

na  not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMAN
nd  not detected or not determined HEALTH RISK ASSESSMENT (1998) TABLE
---  minimal risk from compounds that were not detected or that are not considered carcinogenic B-70
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TABLE 2-2. HUMAN HEALTH REMEDIAL ACTION OBJECTIVES

Media Remedial Action Objectives
Groundwater Solid Waste Area:

Prevent ingestion of benzene, vinyl chloride, pentachlorophenol, DEHP'", arsenic and acrylamide at concentrations greater
than ARARs or, if there is no ARAR, greater than the EPA target risk range of 10 to 10,

Prevent ingestion of cadmium, 1,2-dichloroethene, acrylamide and manganese at concentrations greater than ARARs or, if
there is no ARAR, greater than a total Hazard Index of 1.

Prevent ingestion of beryllium, chromium and lead at concentrations greater than ARARs.

Bulky Waste Area:
Prevent ingestion of antimony and manganese at concentrations greater than ARARs or, if there is no ARAR, greater than a
total hazard index of 1.

Prevent ingestion of beryllium and lead at concentrations greater than ARARs.

Sewage Sludge Area:
Prevent ingestion of antimony, cadmium, and manganese at concentrations greater than ARARs or, if there is no ARAR,

greater than a total hazard index of [.

Locations Contaminated by Waste Areas:
Prevent ingestion of benzene, vinyl chloride, pentachlorophenol, DEHP, arsenic and acrylamide at concentrations greater

than ARARSs or, if there is no ARAR, greater than the EPA target risk range of 10 to 10”.

Prevent ingestion of antimony, cadmium, 1,2-dichloroethene, and manganese at concentrations greater than ARARs or, if
there is no ARAR, greater than a total hazard index of 1.

Prevent ingestion of beryllium, chromium and lead at concentrations greater than ARARs.
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TABLE 2-2 (Continued). HUMAN HEALTH REMEDIAL ACTION OBJECTIVES

Media

Remedial Action Objectives

Ambient Air

Solid Waste Area:

Prevent inhalation of site-related vinyl chloride and 1,1-dichloroethene in air at levels greater than the EPA target risk range
of 10 10 10“.

Residential Areas:
Prevent inhalation of site-related benzene, 1,1,2,2-tetrachloroethane and vinyl chloride in air at levels greater than the EPA
target risk range of 10° to 10*.

Prevent inhalation of site-related benzene in air at levels greater than a hazard index of one.

Soil Gas

Off-Site Properties:
Maintain soil gas concentrations below ARARs or, if there is no ARAR, below explosive levels at the site boundaries and
beyond.

On-Site Structures:

Maintain air concentrations below ARARs or, if there is no ARAR, below explosive levels within any on-site structures.

" DEHP: Bis(2-ethylhexyl)phthalate
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TABLE 2-3. HUMAN HEALTH PRELIMINARY REMEDIATION GOALS

FOR GROUNDWATER
Analyte Exceeding Preliminary PRG (ug/L) Basis
Remediation Goal (PRG)
SOLID WASTE AREA @
Benzene 5 Final MCL
1,2-Dichloroethene 70 Final MCL ®
Vinyl chloride 2 Final MCL
Pentachlorophenol 1 Final MCL
bis(2-Ethylhexyl)phthalate 6 Final MCL
Acrylamide 0.02 Human Health Risk-Based
Beryllium 4 Final MCL
Cadmium 5 Final MCL
Chromium 100 Final MCL
Lead © 15 SDWA Action Level
Manganese 9 840 Human Health Risk-Based
BULKY WASTE AREA
Antimony © 6 Final MCL
Beryllium 4 Final MCL
Lead © 15 SDWA Action Level
Manganese 840 Human Health Risk-Based
SEWAGE SLUDGE AREA
Antimony © 6 Final MCL
Cadmium 5 Final MCL
Manganese © 840 Human Health Risk-Based

Note: These PRGs are determined for baseline conditions, which include an assumption of direct consumption of groundwater.

MCL: Maximum Contaminant Level under the Federal Safe Drinking Water Act (SDWA, U.S. EPA, [996MCL).

Footnotes:

@ Arsenic, which is listed on Table 2-1A, is not an anlyte exceeding the PRG since it was detected at concentrations lower
than the SDWA MCL.

®  The MCL for cis-1,2-DCE, 70 ug/L is selected; the MCL for trans-1,2-DCE is higher, 100 ug/L.

' The average concentration at a background location (MW-01-01) was 36.7 ug/L.

¥ The average concentration at a background location (MW-01-01) was 2,041 ug/L.

' There was one detection of antimony at a background location (RES#9) during the RI.



TABLE 2-4. HUMAN HEALTH PRELIMINARY REMEDIATION GOALS

FOR AMBIENT AIR
Analyte Exceeding Preliminary Remediation Goal (PRG) | PRG (ug/m’) Basis
SOLID WASTE AREA
Vinyl chloride 0.2 Human Health
Risk-Based
1,1-Dichloroethene 0.05 Human Health
Risk-Based
RESIDENTIAL AREA
Benzene 0.1 Rhode Island
A AL m
1,1,2,2-Tetrachloroethane 0.04 Human Health
Risk-Based
Vinyl chloride 0.03 Human Health
Risk-Based
Notes:

M AAL - Acceptable Ambient Level as defined in Air Pollution Control Regulation No. 22



TABLE 2-5. ECOLOGICAL REMEDIAL ACTION OBJECTIVES

Media

Remedial Action Objectives

Surface Water &
Sediments

Mitchell Brook:

Reduce contaminant migration via leachate to surface waters and sediments of Mitchell Brook.

Saugatucket River;

Reduce contaminant migration via leachate to surface waters and sediments of Saugatucket River.




TABLE 2-6. ECOLOGICAL PRELIMINARY REMEDIATION GOALS

FOR SURFACE WATER
Analyte Exceeding Preliminary Remediation Goal (PRG) PRG (ug/l) Basis
]
MITCHELL BROOK
Aluminum 140 Background
Iron 1,000 AWQC
Manganese 45 Background
SAUGATUCKET RIVER
Aluminum 140 Background
Iron 1,000 AWQC
Manganese 45 Background




TABLE 2-7. REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

Media Remedial Action Objectives Range of General Response Actions
Groundwater | Solid Waste Area:

Human Health Risk
Prevent ingestion of benzene, vinyl chloride, pentachlorophenol,
DEHP'", arsenic and acrylamide at concentrations greater than ARARs
or, if there is no ARAR, greater than the EPA target risk range of 10°®
to 10™.

Prevent ingestion of cadmium, 1,2-dichloroethene, acrylamide and
manganese at concentrations greater than ARARs or, if there is no
ARAR, greater than a total Hazard Index of 1.

Prevent ingestion of beryllium, chromium and lead at concentrations
greater than ARARs.

Ecological Risk
No RAOs required.

No Action
Institutional Controls: Access Restrictions,
Monitoring
Source Control: Containment
¢ Collection
Treatment: On-Site

e No Action

Bulky Waste Area.
Human Health Risk

Prevent ingestion of antimony and manganese at concentrations greater

than ARARs or, if there is no ARAR, greater than a total hazard index
of 1.

Prevent ingestion of beryllium and lead at concentrations greater than
ARARs.

Ecological Risk
No RAOs required.

No Action

¢ [nstitutional Controls: Access Restrictions,
Monitoring

¢ Source Control: Containment

® Source Control: Landfill Mining

¢ No Action

Page 1 of §



TABLE 2-7 (Continued). REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

Media

Remedial Action Objectives

Range of General Response Actions

Groundwater
(continued)

Sewage Sludge Area:

Human Health Risk
Prevent ingestion of antimony, cadmium, and manganese at
concentrations greater than ARARs or, if there is no ARAR, greater
than a total hazard index of 1.

Ecological Risk
No RAOs required.

No Action
¢ [Institutional Controls: Access Restrictions,
Monitoring

+ No Action

Locations Contaminated by Disposal Areas:
Human Health Risk

Prevent ingestion of benzene, vinyl chloride, pentachlorophenol,
DEHP, arsenic and acrylamide at concentrations greater than ARARs
or, if there is no ARAR, greater than the EPA target risk range of 10
to 10*.

Prevent ingestion of antimony, cadmium, 1,2-dichloroethene, and
manganese at concentrations greater than ARARs or, if there is no
ARAR, greater than a total hazard index of 1.

Prevent ingestion of beryllium, chromium and lead at concentrations
greater than ARARs.

Ecological Risk
No RAOs required.

No Action
Institutional Controls: Access Restrictions,
Monitoring

* No Action
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TABLE 2-7 (Continued). REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

Media

Remedial Action Objectives

Range of General Response Actions

Surface Water
& Sediments

Mitchell Brook:
Human Health Risk
No RAOs required.

Ecological Risk
Reduce site-related contamination migration to surface water and
sediments.

* No Action

No Action

Institutional Controls: Monitoring

Source Control: Containment (Solid Wasie Area &
leachate breakouts)

Saugatucket River:

No RAOs required.

Human Health Risk

Ecological Risk
Reduce site-related contaminant migration to surface water/sediments
from leachate.

e No Action

No Action

Institutional Controls: Monitoring

Source Control: Containment (Bulky Waste Area)
Source Control: Landfill Mining (Bulky Waste
Area)

Collection (leachate breakouts)

Treatment: On-Site (Ieachate)
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TABLE 2-7 (Continued). REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

Media

Remedial Action Objectives

Range of General Response Actions

Ambient Air

Solid Waste Area;

Human Health Risk
Prevent inhalation of site-related vinyl chloride and
1,1-dichloroethene in air at levels greater than the EPA target risk
range of 10° to 10*,

Ecological Risk
No RAOs required.

No Action

¢ Institutional Controls: Monitoring, Access
Restrictions

e Management of Migration (Landfill Gas):
- Passive Horizontal Barriers
- Internal Collection: Active

¢ Treatment (Landfill Gas)

¢ No Action

Ambient Air

Residential Areas:
Human Health Risk
Prevent inhalation of site-related benzene, 1,1,2,2-tetrachloroethane

and vinyl chloride in air at levels greater than the EPA target risk range
of 10° 10 10*.

Prevent inhalation of site-related benzene in air at levels greater than a
hazard index of one.

Ecological Risk
No RAOs required.

e No Action

Institutional Controls: Monitoring, Residential LFG

Control Contingency

e Management of Migration (Landfill Gas):
- Passive Horizontal Barriers
- Perimeter Collection: Active

* Treatment (Landfill Gas)

e No Action
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TABLE 2-7 (Continued). REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS

Media Remedial Action Objectives Range of General Response Actions
Soil Gas Off-Site Properties:
Safety Risk
Maintain soil gas concentrations below ARARs or, if there is no e No Action
ARAR, below explosive levels at the site boundaries and beyond. ¢ Institutional Controls: Monitoring, Residential LFG
Control Contingency
¢ Management of Migration (Landfill Gas - Solid
Waste Area):
- Passive Horizontal Barriers
- Perimeter Collection: Active
Treatment (Landfill Gas - Solid Waste Area)
Management of Migration (Landfill Gas - Bulky
Waste Area):
- Internal Collection: Passive
¢ Source Control (Landfill Gas - Bulky Waste Area):
- Landfill Mining
Soil Gas On-Site Structures:
Safety Risk
Maintain air concentrations below ARARs or, if there is no ARAR, ¢ No Action
below explosive levels within any on-site structures. ¢ Institutional Controls: Monitoring

‘) DEHP: Bis(2-ethylhexyl)phthalate
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TABLE 2-8. CHEMICAL-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE

Media/Authority

Requirements

Status

Requirement Synopsis

Action to be taken to attain ARAR

Air

Federal Regulatory
Requirements

State Regulatory
Requirements

Federal Criteria,
Advisories and
Guidance

Groundwater

State Regulatory
Requirements

Clean Air Act, NAAQS
(40 CFR 50.1 - 50.12)

Air Pollution Control
Regulation No. 7:

Emissions Detrimental to

Persons or Property

Air Pollution Control
Regulation No. 22:
Air Toxics

Solid Waste Management
Facility Rufes (12-030-015)

Threshotd Limiting
Values (TLVs)

Rules and Regulations
for Groundwater
Quality (12-100-006)

Relevant and
Appropriate

Applicable

Applicable

Applicable

To be
Considered

Applicable

NAAQS define levels of primary and
secondary levels for listed air
contaminants.

Prohibits emissions of contaminants which

may be injurious to human, plant or life

or cause damage to property or which

interferes with the enjoyment of lite or property.

Identities toxic air contaminants,

lists acceptable ambient levels, and
specifies minimum quantities that may
be discharged to atmosphere without a
permit.

Identifies requirements for gas controls
and closure for sofid waste landfills

These standards were issued as
consensus standards for
controlling air quality in

work place environments.

Sets groundwater quality standards

and classifies all groundwaters within
the state. Specifies procedures for deter-
mination of compliance with RI
groundwater quality rules, as well

as procedures for corrective actions.

Standards for particulate matter
will be used when assessing
excavation and emission controls
for gas treatment.

The system will be designed, constructed, and
operated in accordance with these rules.

Air quality modeling will be
conducted in compliance with RI
guidance. The system will be
designed, constructed, and operated
to prevent exceedences of acceptable
ambient air levels.

Methane gas concentrations at the site will be
controlled to less than 25% of the LEL.

TLVs could be used for assessing
site inhalation risks for site
remediation workers.

Class GB groundwaters shall not: threaten public
health or the environment, cause a viofation of
surrounding groundwater quality standards;
adversely impact groundwater and surface water
at boundary of facility; or violate or have the
potential to cause a violation of Rhode Island
surface water quality standards.
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TABLE 2-8. CHEMICAL-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE

Media/Authority Requirements Status Requirement Synopsis Action to be taken to attain ARAR
Federal Criteria, EPA Groundwater To be The Groundwater Protection Strategy Class 11 groundwaters, potentially
Advisories and Protection Strategy considered provides a common reference for sources of drinking water, are
Guidance preserving clean groundwater and protected at levels consistent with
protecting the public health against current sources of drinking water.
the effects of past contamination. SDWA MCLs were used when PRG's
Guidelines for consistency in were established.
groundwater protection programs focus
on the highest beneficial use of a
groundwater aquifer and defines three
classes of groundwater.
EPA Carcinogen To be Carcinogenic eflects present the Carcinogen potency factors are used
Assessment Group considered most up-to-date information on to compute the individual incremental
Potency Factors cancer risk potency derived from cancer risk resulting from exposure
EPA's cancer assessment group. to certain compounds.
EPA Risk Reference Dose To be R{Ds are considered to be the EPA R{Ds are used to characterize
(RfDs) considered levels unlikely to cause risks due to noncarcinogens in

Federal Regulatory
Requirements

Surface Water

Federal Regulatory
Requirements

RCRA - Subpart F
Groundwater

Protection Standards
Maximum Concentration
Limits (40 CFR 264.94)

CWA Ambient Water Quality
Criteria (AWQC)
(40 CFR 122.44)

Relevant and
Appropriate

Relevant and
Appropriate

significant adverse health effects
associated with a threshold
mechanism of action in human
exposure for a lifetime.

There are three possible
standards (aside from MCLs and
background concentrations)
available under Subpart F for
setting a cleanup level for
remediating groundwater contam-
ination from a RCRA facility.

Remedial actions involving
contaminated surface water or
groundwater must consider the uses
of the water and the circumstances
of the release or threatened

release.

various media. They were
considered when developing
target cleanup levels.

These requirements are relevant and
appropriate if exposure studies
performed for the site indicate a

risk level higher than acceptable
levels using MCLs or MCLGs.
Procedures for developing maximum
concentration limits are outlined

in RCRA Subpart F, Section 264.94.

The AWQC for compounds detected
on-site were compared to the
observed concentrations in the
groundwater. The AWQC were used
when developing PRG's for surface
water.
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TABLE 2-8. CHEMICAL-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE

Media/Authority

Requirements

Status

Requirement Synopsis

Action to be taken to attain ARAR

State Regulatory
Requirements

Federal Criteria,
Advisories and
Guidance

Proposed Clean Water Act
Ambient Water Quality
Criteria (AWQC)

(40 CFR 120)

RI Water Quality Regulations
for Water Pollution Control,
pursuant to

RI Water Pollution

Control Law (RIGL Title 46,
Chapter 12)

EPA Groundwater
Protection Strategy

EPA Carcinogen
Assessment Group
Potency Factors

EPA Risk Reference Dose
(RiDs)

To be
Considered

Applicable

To be
considered

To be
considered

To be
considered

Remedial actions involving
contaminated surface water or
groundwater must consider the uses
of the water and the circumstances
of the release or threatened

release.

Detines water quality standards
and discharges, effluent limit-
ations, and antidegradation

policy.

The Groundwater Protection Strategy
provides a common reference for
preserving clean groundwater and
protecting the public health against

the effects of past contamination.
Guidelines for consistency in
groundwater protection programs focus
on the highest beneficial use of a
groundwater aquifer and defines three
classes of groundwater.

Carcinogenic effects present the
most up-to-date information on
cancer risk potency derived from
EPA's cancer assessment group.

R{Ds are considered to be the
levels unlikely to cause
significant adverse health etfects
associated with a threshold
mechanism of action in human
exposure for a lifetime.

Proposed AWQC for compounds
detected on-site were compared to the
observed concentrations in the
groundwater. These were used when
developing PRGs for surface water.

Numerical standards listed in Tables
1 and 11 apply to the Saugatucket
River and any discharges made
thereto. These are used when
developing and evaluating site
remediation alternatives and

surface water discharges.

Class Il groundwaters, potentially
sources of drinking water, are
protected at levels consistent with
current sources of drinking water.
Class Il groundwater is not considered
a potential source of drinking water
based on yield or naturally-occurring
contamination.

Carcinogen potency factors are used
to compute the individual incremental
cancer risk resulting from exposure
to certain compounds.

EPA RfDs are used to characterize
risks due to noncarcinogens in
various media. They were
considered when developing
target cleanup levels.
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TABLE 2-9. GROUNDWATER STANDARDS AND CRITERIA TO BE CONSIDERED

ARARs TBCs
MOST MOST FEDERAL RI GW RIGW  FED.
CHEMICAL STRINGENT STRINGENT SDWA Quality Std. PAL SDWA
OF CONCERN ARAR TBC (mg/L) (mg/L) (mg/L) (mg/L)

(mg/L) (mg/L) (1) (2) 3) 3 )]
Acrylamide t® ml 0 @ u® -- - - 0
Benzene 0.005 ), 3) 0 @] 0.005 - 0.0055 0.0025 0
bis(2-ethylhexyl)phthalate (DEHP) 0.006 m| O @] 0.006 -- 0.006 0.003 0
Dichloroethene, cis-1,2- 0.07 .. 3 0.035 @] 0.07 0.07 0.07 0.035 -
Pentachlorophenol 0.001 me| 0 @| 0.001 -- 0.001 0.0005 0
Vinyl chloride 0.002 ). 03) 0 @ 0.002 -- 0.002 0.001 0
Antimony 0.006 ay | 0.003 @] 0.006 0.006 0.006 0.003 --
Arsenic 0.05 | 0.025 3| 0.05 -- 0.05 0.025 --
Beryllium 0.004 M. @ 0.002 @ 0.004 0.004 0.004 0.002 --
Cadmium 0.005 (M, | 0.0025 @ 0.005 0.005 0.005 0.0025 --
Chromium (total) 0.1 M. 0.05 3 0.1 0.1 0.1 0.05 --
Lead 0.015 ane| o P - 0.015 0.0075 0
Manganese - 0.05 (4 -~ -- -- -- 0.05 SMCL
Nickel 0.1 3)] 0.05 ) -- -- 0.1 0.05 --
Zinc - 5 @ -- -- -- -- 5 SMCL
NOTES:

(1) National Primary Drinking Water Regulations pursuant to the Sate Drinking Water Act, 40 CFR Part 141, Subpart G, Maximum

Contaminant Levels (MCLs)

(2) National Primary Drinking Water Regulations pursuant to the Safe Drinking Water Act, 40 CFR Part 141, Subpart F, Maximum

Contaminant Level Goals (MCLGs). Zero MCLGs are considered TBCs rather than ARARs.
(3) Numerical groundwater quality standard and preventative action limits (PALs) for Class GA groundwater. DEM-GW-01-92, May
92. The quality standards are TBCs in disposal areas and ARARs outside of these areas. The PALs are TBCs in both areas.
{4) National Secondary Drinking Water Regulations, 40 CFR Part 143, Secondary Maximum Contaminant Levels (SMCLs) and zero

MCLGs.

(5) Treatment technique for acrylamide: Maximum level of 0.05% at use rate of | ppm polyacrylamide. Treatment technique yields

0.0005 mg/L maximum residual.

(6) Treatment technique specifying an action level of 0.015 mg/l at the tap, 0.005 mg/l in system.
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TABLE 2-10. SURFACE WATER STANDARDS AND CRITERIA TO BE CONSIDERED

ARARs TBCs
CHEMICAL AWQC (mg/L)"V SDWA (mg/L)"" SDWA (mg/L)"”
OF CONCERN Freshwater Freshwater
Acute Chronic MCL MCLG

Acrylamide -- -- (5) -- 0 MCLG
Benzene 2.65E-01 5.90E-03 0.005 -- 0 MCLG
bis(2-ethylhexyl)phthalate (DEHP) 5.55E-01 1.20E-02 -- - 0 MCLG
Dichloroethene, cis-1,2- - - 0.07 0.07 -~
Pentachlorophenol 4) 4) 0.001 -- 0 MCLG
Vinyl chloride -- -- 0.002 - 0 MCLG
Antimony 4.5E-01 1.0E-02 0.006 0.006 --
Arsenic 3.60E-01 1.90E-01 0.05 -- --
Beryllium 7.50E-03 1.70E-04 0.004 0.004 -
Cadmium 4) 4) 0.005 0.005 -~
Chromium VI 1.5E-02 1.0E-02 0.1 0.1 --
Manganese -- -- -- -- 0.05 SMCL
Nickel 4) 4) 0.1 0.1 -
Zinc 4) 4 -- -- 5 SMCL
NOTES:

(1) RIDEM Ambient Water Quality Criteria and Guidelines for Toxic Pollutants, August 6, 1997.

(2) National Primary Drinking Water Regulations pursuant to the Safe Drinking Water Act, 40 CFR Part 141, Subpart G, Maximum

Contaminant Levels (MCLs) and Subpart F, Maximum Contaminant Level Goals (MCLGs)

(3) Zero MCLGs promulgated under the Safe Drinking Water Act and National Secondary Drinking Water Regulations, 40 CFR Part

143, Secondary Maximum Contaminant Levels (SMCLs).

(4) Hardness dependent criteria

(5) Treatment technique for acrylamide: Maximum level of 0.05% at use rate of 1 ppm polyacrylamide. Treatment technique yields

0.0005 mg/L maximum residual




TABLE 2-11. SELECTED AIR STANDARDS AND CRITERIA TO BE CONSIDERED

ARARS TBCs
RHODE ISLAND AIR TOXICS RULES ACGIH TLV
CHEMICAL (a) (b) (c) (d)
(ug/m’) (ng/m’) (Ibs/yr) (ng/m’)
Benzene 0.1 1-yr avg 1 l-yravg 50 32,000 (€)
Dichloroethene, 1,1- - -- -- 20,000
Dichloroethene, cis-1,2- -- -- -- 793,000 )
Dichloroethene, trans-1,2- - - - - 6
Ethylbenzene - -- - 434,000
1,1,2,2-Tetrachloroethane - -- - 6,900
Methylene chloride 2 l-yr avg 20 1-yravg 1000 103,000 ()
Toluene 2000 1-hr avg 10,000 188,000
400 1-yr avg 400 l-yravg

Trichloroethene 0.3 1-yravg 3 l-yravg 200 269,000
Vinyl chloride -- -- -- 13,000
Xylenes 700 24-hr avg 700 24-hr avg 10,000 434,000
NOTES:

(a) Rhode Istand Air Toxic Regulations, No. 22. Table [. Acceptable Ambient Levels. Requires modeling to determine compliance.
(b) Rhode Island Air Toxic Regulations, No. 22. Table II, Acceptable Ambient Levels With LAER. Requires modeling.

(c) Rhode Island Air Toxic Regulations, No. 22. Table IIl, Minimum Quantities. Requires modeling to determine compliance.

(d) ACGIH Threshold Limit Values for Chemical Substances and Physical Agents. 1996.
(e) Notice of intended change for 1992 brings benzene criteria to 1600 ug/m3.

(D Guidance does not distinguish between cis- and trans- isomers.
(g) Notice of intended change published.

-- Indicates no standard set for substance.

NA Not analyzed.

Page 1 of 1




(

TABLE 2-12. LOCATION-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE

Site Feature/Authority

Requirements

Status/
System

Requirement Synopsis

Consideration in the RI/FS

Wetlands. Floodplains. Streams. or Water Body

Federal Regulatory
Requirements

Clean Water Act,
Section 404(b)(1)
Guidelines for
Specification of Disposal
Sites for Dredged

or Fill Material

(40 CFR Part 230, 231)

Executive Order 11990;
Statement of Procedures
on Wetlands Protection
(40 CFR Part 6, Appendix
A)

RCRA Location Standards
(40 CFR 264.18)

Fish and Wildlife
Coordination Act
(50 CFR 297)

Executive Order 11988;
Statement of Procedures
on Floodplain Management
(40 CFR Pan 6,

Appendix A)

Applicable

Applicable

TBC

Applicable

Applicable

Under this requirement, no activity
that adversely affects a wetland
shall be permitted if a practicable
alternative with lesser effects

is available. Controls discharges of
dredged or fill material to protect
aquatic ccosystems.

Action to avoid, whenever possible, the
long- and short-term impacts on
wetlands and to prescrve and enhance
wetlands. Plans for action in

wetlands must be submitted for

public review.

This regulation places limitations on
where RCRA TSDFs may be located. It
also outlines the criteria for
constructing a RCRA facility on a
100-year floodplain.

Any modification of a body of water
requires consultation with the U.S. Fish
and Wildlife Services and the appropriate
state wildlife agency to develop measures
to prevent, mitigate or compensate for
losses of fish and wildlife. This
requirement is addressed under CWA
Section 404 requirements.

Action to avoid, whenever possible, the
long- and short-term impacts associated
with the occupancy and modifications of
floodplains development, wherever there
is a practical alternative.

Promotes the preservation and restoration
of floodplains so that their natural and
beneficial value can be realized.

During the identification, screening
and evaluation of the systems,
the effects on wetlands are discussed.

All practicable means will be used to
minimize harm to the wetlands.

Wetlands disturbed by remedial activitics
will be mitigated in accordance with
requirements.

A facility located on a 100-year floodplain
must be designed, constructed, operated,

and maintained to prevent washout of any
hazardous waste by a 100-year flood, unless
waste may be removed safely before flooding.

Requires federal and state coordination
on fish and wildlife matters.
Floodplain protection considerations
must be incorporated into the

planning and decision-making about
remedial alternatives.

Remedial actions that involve construction
in the floodplain areas must include all
practicable means to minimize harm to
and preserve beneficial values of
floodplains. Floodplains disturbed by
excavation will be restored to their
original conditions and utility.
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TABLE 2-12. LOCATION-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE

Site Feature/Authority

Requirements

Status/
System

Requirement Synopsis

Consideration in the RI/FS

Federal Regulatory
Requirements (cont.)

State Regulatory
Requirements

Archaeologic/Historic Sites

Federal Regulatory
Requirements

State Regulatory
Requirements

Endangered Species

State Regulatory
Requirements

Rivers and Harbors Act of
1899 (33 U.S.C. 403)

Rules and Regulations
Governing the
Administration and
Enforcement of the
Freshwater Wetlands Act
(12-100-003)

National Historic
Preservation Act, (36 CFR
800); Archacologic and
Historical Preservation
Act (36 CIFR 65); and
Historic Sites Building
and Antiquities Act

An Act Relating to Historic
Cemetaries

Endangered Species Act

Applicable

Applicable

Applicable

Applicable

Applicable

Protects navigable rivers from
unauthorized discharges or from
unauthorized obstruction or alteration.
This requirement is addressed under
CWA Section 404 requirements.

ldentification and protection of
significant wetlands and their values
and functions with the goal of no net
loss.

Several statutes which govern the
preservation of historic, scientific,

and archaeological sites and

resources. Includes action to recover
and preserve artifacts, preserve historic
properties, and minimize harm to
National Historic Landmarks.

Prescribes provisions for altering land
within 25 feet of historical human
cemetaries.

Action 1o conserve identified local
endangered or threatened species.

Actions that cause alteration of navigable rivers are
discussed.

Measures prescribed 1o mitigate adverse
impacts on protected functions and
achieve no net loss are considered for
all remedial activities.

Actions that cause alteration of

terrain that threatens significant
scientific, prehistorical, historical,

or archacological data must be minimized
and work in conjunction with
preservation agencies and societices.

Actions must be coordinated with appropriate
agencies and organizations such as the Rhode
Island Cemetaries Commission, town offices and
the Historical Preservation Commission.

Consultation with RIDEM to ensure that
remedial actions do not jeopardize the continued
existence of endangered or threatened species,
or adversely modify or destroy critical habitat.

Page 2 of 2


http:minimi/.cd

TABLE 2-13. MEDIA POTENTIALLY REQUIRING REMEDIATION

Media Location

Volume / Area Potentially

Requiring Remediation

Comments

I. GROUNDWATER
Current Contaminant Plume

1. Areal extent: PRG 143.3 acres Based on plume boundary, Fig. 2-1
exceedances
2. Affected property Lots: Lot # Refer to plume boundary, Fig. 2-1
Plat # 33 29 121 Rose Hill Road
33 30 Rose Hill Road
33 32-35 Rose Hill Road
33 36 349 Rose Hill Road
33 42 278 Rose Hill Road
33 43 Rose Hill Road
33 44 220 Rose Hill Road
33 46 163 Rose Hill Road
Waste Volumes:
3. Solid Waste Area
a. Area extent: 229 acres Refer to Figure 2-1
b. Approximate waste
volume: 880,000 bank yd* Includes daily and final cover soils;
actual waste volume estimated to
be: 703,000 bank yd?
4. Bulky Waste Area
a. Area extent: 7.4 acres Refer to Figure 2-1
b. Approximate waste
volume: 130,000 bank yd? Includes fill and cover materials;
actual waste volume estimated to
be: 104,000 bank yd?
5. Sewage Sludge Area
a. Area extent: 8.9 acres Refer to Figure 2-1
b. Approximate waste
volume: unknown Cannot be accurately estimated;
one exploratory boring ( BH-01)
identified sludge depth to be 6 feet
deep.
IL. SURFACE SOIL
Bulky Waste Area
Volume of soil exceeding PRG exceedance due to Manganese;
PRGs: unknown  yd? may be isolated hot spot; further

sampling would be needed to define
volume.
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TABLE 2-13. MEDIA POTENTIALLY REQUIRING REMEDIATION

Media Location

Volume / Area Potentially

Requiring Remediation

Comments

III. SURFACE WATER AND SEDIMENTS
Mitchell Brook
1. Solid Waste Area: estimated current

Refer to HELP model calculations,

leachate generation: 8.14 million Appendix C.
- gallons / yr
Saugatucket River
2. Bulky Waste Area: estimated current Refer to HELP model calculations,
leachate generation: 2.31 million Appendix C.
gallons / yr
3. Sewage Sludge Area: estimated current Refer to HELP model calculations,
leachate generation: 1.87 million Appendix C.
gallons / yr
1IV. AMBIENT AIR
1. Solid Waste Area - landfill
gas generation rate: 31.1 MMcf/yr Million cubic feet per year; refer to
Appendix E
2. Ambient air exceeding PRGs:
Affected off-site areas --- Approximate Modeled ambient air exceeding PRGs;
Distance from center of site: See Fig. 2-1 for site center; refer to
N 1.7 miles Appendix F for dispersion results.
NE 2.1 miles
E 1.9 miles
SE 2.1 miles
S 2.5 miles
SW 1.7 miles
w 1.3 miles
NW 0.9 miles

V. SOIL GAS  Off-Site Properties

1. Solid Waste Area: property lots where soil gas

methane exceeds ARAR limits:

Lot #

Plat # 33 33
33 34
33 32
32 10
33 42
33 43
33 44
33 45
33 46
33 29
41-1 18

339

320
278

220
222
163

121
96

Refer to plume boundary, Fig. 2-1

Rose Hill Road; Lot includes portion of
Solid Waste Area

Rose Hill Road

Rose Hill Road

Rose Hill Road

Rose Hill Road

Rose Hill Road

Rose Hill Road

Rose Hill Road

Rose Hill Road ( Town of S. Kingstown
Transfer Station )

Rose Hill Road

Rose Hill Road Page 2 of 3



TABLE 2-13. MEDIA POTENTIALLY REQUIRING REMEDIATION

Media Location Volume / Area Potentially Comments
Requiring Remediation
V.SOIL GAS  Off-Site Properties (Continued)

2. Bulky Waste Area: property lots where soil gas methane
exceeds ARAR limits: Lot # Refer to plume boundary, Fig. 2-1

Plat # 33 30 Rose Hill Road

On-Site Structures

No locations where soil gas Only current on-site structures are Town of S.

methane exceeds ARAR limits Kingstown Solid Waste Transfer Station buildings.
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
NO ACTION NONE NONE
INSTITUTIONAL ACCESS DEED
ACTIONS RESTRICTIONS RESTRICTIONS
GROUNDWATER
MONITORING MONITORING

N

NS

R

\k

TECHNOLOGY DESCRIPTION

No remedial or response action taken
within the Site.

Groundwater below property cannot be
used as a potable water supply source;
restrictions may include modifications
to deeds, zoning and ordinances;
typically combined with alternate water
supply technologies.

Analytical testing of residential and site
monitoring wells to determine changes
in groundwater quality.

Acquisition of private property next to
site with payment of compensation to the
owner; may include closure of adjacent
roadways as well.

Low permeability subsurface wall
consisting of soil and bentonite mixture
encircling waste disposal areas.

Low permeability subsurface wall
consisting of sheet piling encircling
waste disposal areas.

Low permeability subsurtace wall
consisting of vertical gcomembrane
encircling waste disposal areas.

Low permeability subsurface wail
consisting of adjacent grout injections
encircling waste areas.
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SCREENING

POTENTIALLY APPLICABLE:
Required as a baseline evaluation by the NCP.

POTENTIALLY APPLICABLE:

Effective in mitigating site risk by cutting risk pathway to
receptors; implementation will require close cooperation
between Local, State and Federal ofticials.

POTENTIALLY APPLICABLE:
Effective in confirming migration of contaminants,
success of remedy and water quality in residential wells.

NOT APPLICABLE:

Effectiveness due to removal of receptors from area of’
concern; cost competitive with other remedial actions but
implementation will require close cooperation between
Local, State and Federal officials.

NOT APPLICABLE:

Most effective in reducing lateral migration of contaminants
as part of a pump & treat system and for diversion of clean
groundwater. However, there are more effective options
available for the site conditions.

NOT APPLICABLE:

Most effective in reducing lateral migration of contaminants
as part of a pump & treat system and for diversion of clean
groundwater. However, there are more effective options
available for the site conditions.

NOT APPLICABLE:

Most effective in reducing lateral migration of contaminants
as part of a pump & treat system and for diversion of clean
groundwater. However, there are more effective options
available for the site conditions.

NOT APPLICABLE:
Permeability of wall is uncertain due to heterogeneity of
waste and subsurface strata.
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
SOURCE HORIZONTAL TIE Q
CONTROL CONTAINMENT k&vhi\\

NN

COMPOSITE/DOUBLE
BARRIER CAP

T

NN

T

NN

NS

NN

TECHNOLOGY DESCRIPTION

Cover area of waste placement with
common earth and vegetate.

Cover area of waste disposal with a
low permeability soil or geomembrane
cap.

Cover area of waste disposal with a
low permeability double soil and / or
geomembrane cap.

Inject grout below the waste to create a
bottom seal limiting the downward
migration of leachate.

Excavate hot spots and transport for
disposal in RCRA Subtitle C Landfill

Excavate hot spots and transport for
disposal in RCRA Subtitle D Landfill

Excavate hot spots and transport for
treatment at RCRA TSD Facility.

Excavate hot spots and treat in on-site
RCRA TSD Facility.
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SCREENING

NOT APPLICABLE:
Not effective in signiticantly reducing infiltration into
waste.

NOT APPLICABLE:
Limited effectiveness in reducing infiltration into waste,
generation of leachate and contamination of groundwater.

POTENTIALLY APPLICABLE:
Effective in reducing infiltration into waste, generation of’
leachate and contamination of groundwater.

NOT APPLICABLE:

Permeability of bottom seal uncertain due to heterogeneity
of waste and subsurface stratta and uncertainty of waste
depth. Technology has had limited application on
hazardous waste sites.

NOT APPLICABLE:

Hot spots posing an elevated groundwater or leachate
risk have not been identified. The volume of waste
significantly exceeds the 100,000 cubic yard maximum
considered feasible for waste removal (U.S. EPA, 1991a).

NOT APPLICABLE:

Hot spots posing an elevated groundwater or leachate risk
have not been identified. The volume of waste significantly
exceeds the 100,000 cubic yard maximum considered
feasible for waste removal (U.S. EPA, 1991a). Restrictions
may prohibit disposal of waste in a Subtitle D landfill.

NOT APPLICABLE:

Hot spots posing an elevated groundwater or leachate
risk have not been identified. The volume of waste
significantly exceeds the 100,000 cubic yard maximum
considered feasible for waste removal (U.S. EPA, 1991a).

NOT APPLICABLE:

Hot spots posing an elevated groundwater or leachate
risk have not been identified. The volume of waste
significantly exceeds the 100,000 cubic yard maximum
considered feasible for waste removal (U.S. EPA, 1991a).
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE

GENERAL RESPONSE REMEDIAL
ACTIONS TECHNOLOGY
SOURCE EXCAVATION
CONTROL & CONSOLIDATION
(continued) (LANDFILL MINING)
EXTRACTION
COLLECTION WELLS
SUBSURFACE
DRAINS

PROCESS
OPTIONS

SN

Nt

e

RN

MITEEEN

TREATMENT:
ON-SITE

PHYSICAL
PROCESSES

N

MEDIA
FILTRATION

AN

N

TECHNOLOGY DESCRIPTION

Remove waste from landfill, sorting out reuseable
materials, and then consolidate in another location.

Series of wells to extract contaminated
groundwater and form migration
barrier.

High hydraulic conductivity trenches
dug to intercept and collect
contaminated groundwater.

Enhancement of natural microbial
breakdown by addition of nutrients,
co-substrates and oxygen sources via
injection wells;

Excavated trenches, placed
perpendicular to groundwater flow &
filled with adsorbant (such as activated
carbon) which removes contaminants as
groundwater passes through.

Gravitational separation of suspended
solids from contaminated water

Reduction of suspended solids by
passage through bed of various media.
Mechanisms involved include straining,
adsorption & coagulation/flocculation.

Removal of organics by flow through
bed of activated carbon adsorbant.

Removal of volatile organics from
water into air by using packed tower
air/water contactors.
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SCREENING

POTENTIALLY APPLICABLE:
Effective in mitigating site risk through reduction/removal
of source; may still require barrier cap after consolidation.

POTENTIALLY APPLICABLE:
Effective and implementable; extraction wells can limit
lateral migration of contaminated groundwater.

POTENTIALLY APPLICABLE:
Effective and implementable, subsurtace drains can limit
lateral migration of contaminated groundwater.

NOT APPLICABLE:

Limited effectiveness, technology cannot treat the
inorganic COPCs (i.e. heavy metals) which constitute
significant site risk.

NOT APPLICABLE;
Limited effectiveness in treating inorganic COPCs (i.e
heavy metals) which constitute signiticant site risk.

NOT APPLICABLE:

Not effective for media of concern; contaminated water is
likely to contain suspended solids due to leachate content,
however, solids are unlikely to be settleable by gravity.

POTENTIALLY APPLICABLE:;

Effective pretreatment for removing contaminants ad-
sorbed to suspended solids and to prevent plugging in
other processes; applicable due to leachate content.

NOT APPLICABLE:

Not as effective as UV/chemical oxidation; generates more
process residuals requiring disposal and is not a destruction
technology, which is preferable (U.S. EPA, 1990).

NOT APPLICABLE:

Limited effectiveness in treating semivolatile COPCs Best
suited for volatile organics. Technology which removes all
organic COPCs at once is more desirable.
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
TREATMENT: PHYSICAL TEM.
ON-SITE PROCESSES

(continued)

(continued)

I

N

TEET

NN

RN

=

TECHNOLOGY DESCRIPTION

Removal of metals, TDS and SS

by very high pressure osmotic membranes;

processes include reverse osmosis,
ultra-filtration and electrodialysis.

Low pressure, microscopic bubble aer-
ation for removal of free and emulsified
oil and suspended solids ( may be
chemically enhanced with polymer ).

Volatile organic COPCs removed by
heating groundwater to the boiling
point and collecting low boiling point
organic vapors, typically, multiple
distillation stages required.

Water separated from contaminants by
boiling it off and recondensing; salts
and inorganic COPCs are leit behind as
sludges/solids for disposal.

Use of powdered activated carbon and
activated sludge to remove contaminants
both by adsorption and microbial
degradation.

Closed-system, aerobic microbial
degradation of contaminants to
non-toxic products.

Use of biologically active
microorganisms which convert
contaminants to biomass, other oxidized
compounds and gases.

Anaerobic microbial degradation of
contaminants to non-toxic products

Treatment of contaminated groundwater
by spraying onto fields or tarmland,
where natural microbial degradation
occurs.
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SCREENING

NOT APPLICABLE:

Although effective in removing residual inorganic
contaminants, option is not needed to meet discharge limits
of treated water.

NOT APPLICABLE;

Not effective in removing the primary site COPCs;
technology is primarily used for handling floating product
such as oils, etc.

NOT APPLICABLE:

Limited effectiveness in treating semivolatile COPCs.
Technology which removes all organic COPCs at once is
more desirable. Not cost-effective when compared with
other technologies for organic COPCs.

NOT APPLICABLE
Effective on all site COPCs, but not cost-eltective with other
technologies due to high energy requirements.

Not cost-effective when compared with other technologics
with equal technical effectiveness. Provides higher level of
treatment than needed for organic COPCs.

NOT APPLICABLE:
Limited effectiveness due to low substrate concentrations
which may not support biomass.

NOT APPLICABLE:

Limited effectiveness due to low substrate concentrations
which may not support biomass. Not designed to prevent
uncontrolled release of volatile organics.

NOT APPLICABLE:

Limited effectiveness due to low substrate concentrations
which may not support biomass. High O&M costs as
compared to other technologies.

NOT APPLICABLE;
May be difficult to implement due to land use requirements.
Causes uncontrolled release of volatile organics.
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
TREATMENT: \
ON-SITE
(continued) (¥ \\\
CHEMICAL COAGULATION/
PROCESSES FLOCCULATION &
PRECIPITATION

\

ULTRA-VIOLET/
CHEMICAL
OXIDATION

R

R

N

TECHNOLOGY DESCRIPTION

Removal of contaminants by use of
specific enzymes which function as
catalysts in breaking down
contaminants.

Removal of heavy metals as settleable
solids by increasing pH and addition of
flocculating agent.

Addition of chemical binding agents to
the water to prevent precipitation of
inorganic COPCs such as iron and
manganese;

Removal by exchange of heavy metal
ions with non-toxic ions using columns
containing resin beds.

Oxidation using UV light in
combination w/oxidizing agents such as
hydrogen peroxide and/or ozone (O3) to
detoxify organic COPCs.

Use of elevated pressure and
temperature to oxidize organics in the
liquid phase.

Removal of chlorine from chlorinated
organics by proprietory reagents to
lessen the toxicity of the contaminants.

Removal of organic materials by
dissolving the contaminant in a solvent
which may be easily separated from
water.
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SCREENING

NOT APPLICABLE:
Not cost-effective when compared with other technologies
for organic COPCs.

POTENTIALLY APPLICABLE:

Very effective for high concentration inorganic COPCs such
as iron and manganese; also known to remove additional
low concentration inorganic COPCs.

NOT APPLICABLE:
Iron and manganese will likely be removed along with other
inorganic COPCs which pose unacceptable risk.

NOT APPLICABLE:

Limited effectiveness; coplex multiple resin beds would be
required due to large number of inorganic COPCs present;
additional inorganics technologies would likely be required.

POTENTIALLY APPLICABI.E:

Effective in treating the organic COPCs; will need to be
combined with a metals treatment technology,
cost-competitive with other technologies, may need
treatability testing to fully implement

NOT APPLICABLE:

Limited effectiveness in treating dilute volatile COPCs and
highly chlorinated compounds. Best suited for
concentrated, non-volatile, waste streams.

NOT APPLICABLE:
Not effective in removing the primary site COPCs since
only two are chlorinated.

NOT APPLICABLE:
Not effective in removing the primary site COPCs,
typically suited for oily petroleum wastes.
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
TREATMENT: DISCHARGE TO
ON-SITE OF TREATED GROUNDWATER:
(continued) WATER RECHARGE WELLS
TO SURFACE
WATER
. \ N\ \ N \
DY

\ﬁ\\

TECHNOLOGY DESCRIPTION

Treated water is returned to the
groundwater aquifer of origin using
recharge wells or basins.

Treated water is discharged 10 a surface
water body; Mitchell Brook or the
Saugatucket River.

Discharge of weated water to the South
Kingstown POTW via sewer lines or
tanker truck.

Discharge/disposal of contaminated
water to the South Kingstown POTW
via sewer lines or tanker truck.

Transport contaminated water to RCRA
facility for treatment & disposal via
pipelines or tanker trucks.

SCREENING

POTENTIALLY APPLICABLE:
Easily implementable and cost effective; must ensure that

" on-site recharge does not cause "mounding” which may

push groundwater plume into clean zones.

POTENTIALLY APPLICABLE:

Cost effective and avoids problems associated with
groundwater discharge (clogging, mounding)

but implementation will require RIPDES permit.

NOT APPLICABLE:

Not implementable; there are no sewer lines near the
Rosehill landfill and the South Kingstown POTW can only
accept domestic wastewater (M&E, 1993b)

NOT APPLICABLE:

Not implementable; there are no sewer lines near the
Rosehill landfill and the South Kingstown POTW can only
accept domestic wastewater (M&E, 1993b)

NOT APPLICABLE:
Not effective, other treatment technologies are more
cost-effective with equivalent mitigation of risks.

KEY: K\XJ Technology / Process Option screened from further evaluation.
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TABLE 2-15. TECHNOLOGY & PROCESS OPTION SCREENING FOR LANDFILL GAS

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
NO ACTION NONE NONE

INSTITUTIONAL ACCESS FENCING &
ACTIONS RESTRICTIONS SECURITY
MEASURES
LANDFILL GAS
MONITORING MONITORING
RESIDENTIAL ALARMS &
LFG CONTROL CONTROLS
CONTINGENCY
GAS VENTING
SYSTEMS

e

Page | of 4

TECHNOLOGY DESCRIPTION

No remedial or response action taken
within the Site.

Placement of fencing, security alarms,
etc. around the site boundary to limit
Public exposure to migrating gases

Testing of landfill gas consituents at
off-site and on-site locations; used to
trigger remedial measures based on com-
parison with risk or ARARs criteria.

Installation of sensors and controls to
detect methane, provide alarms to warn
of explosive conditions and shut-off
ignition sources such as pilot lights;
only installed if monitoring indicates
exceedence of risk or ARARS criteria.

Small-scale systems for residential and
commercial use to vent air below
foundations or in basements if
monitoring indicates exceedence of
criteria; similar to systems for radon
removal (USEPA, 1991b).

Acquisition of private property next to
site with payment of compensation to the
owner; may include closure of adjacent
roadways as well.

SCREENING

POTENTIALLY APPLICABLE:
Required as a baseline evaluation by the NCP.

POTENTIALLY APPLICABLE:
Effective in mitigating on-site risk by resticting access
to Site by human receptors.

POTENTIALLY APPLICABLE:

Monitoring is needed to characterize the effectiveness of
remedial measures or to initiate implementation of
remedial activities.

POTENTIALLY APPLICABLE.

Technology is effective in characterizing site risk due to
presence of methane, easily implemented into existing
residential/commercial wiring and low cost.

POTENTIALLY APPLICABLE:

Effective in mitigating site risks if methane is acceptable
indicator compound; easily implemented at reasonable
cost.

NOT APPLICABLE:

Technology would require protracted negotiation
between Local, State and Federal officials and respective
legal counsel which may delay implementation; the
effectiveness of the technology is minimal since no
permanent reduction of contaminant toxicity occurs.
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TABLE 2-15. TECHNOLOGY & PROCESS OPTION SCREENING FOR LANDFILL GAS

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
MANAGEMENT PASSIVE BARRIERS:
OF MIGRATION: HORIZONTAL
BARRIERS
SINGLE BARRIER
CAP
| | COMPOSITE/DOUBLE
BARRIER CAP
N\:Q
NN\ ~ .
< N
s
NN NN
SOURCE EXCAVATION
CONTROL & CONSOLIDATION
(LANDFILL MINING)
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TECHNOLOGY DESCRIPTION

Cover area of waste disposal with
common earth and vegitate.

Cover area of waste disposal with a low
permeability soil or geomembrane
cap.

Cover area of waste disposal with a low
permeability soil and geomembrane
cap.

Low permeability subsurface wall
consisting of soil and bentonite mixture.

Low permeability subsurface wail
consisting of sheet piling.

Low permeability subsurface wall
consisting of vertical geomembrane.

Low permeability subsurface wall
consisting of adjacent grout injections.

Remove waste from landfill, sorting out reuseable

materials, and then consolidate in another location.

SCREENING

NOT APPLICABLE:
Not effective in significantly reducing upward migration
of gases.

POTENTIALLY APPLICABLE.
Effective in reducing upward migration of gas.

POTENTIALLY APPLICABLE:
Effective in reducing upward migration of gas.

NOT APPLICABLE:

Although effective in reducing lateral migration of gas,
other options are as effective at lesser cost; excavation
would be required in or near waste zones leading to more
difficult implementation.

NOT APPLICABLE:

Although effective in reducing lateral migration of gas,
other options are as eftective at lesser cost, excavation
would be required in or near waste zones leading to more
difficult implementation.

NOT APPLICABLE:

Although effective in reducing lateral migration of gas,
other options are as effective at lesser cost; excavation
would be required in or near waste zones leading to more
difficult implementation.

NOT APPLICABLE.

Permeability of wall 1s uncertain due to heterogeneity of
waste and subsurface stratta. Technology has had limited
application on hazardous waste sites.

POTENTIALLY APPLICABLE:
Effective in mitigating safety risks due to soil gas in the
Bulky Waste Area.
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TABLE 2-15. TECHNOLOGY & PROCESS OPTION SCREENING FOR LANDFILL GAS

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
MANAGEMENT \
OF MIGRATION:
COLLECTION \\ AS
PERIMETER VERTICAL
COLLECTION: EXTRACTION
ACTIVE WELLS
HORIZONTAL
EXTRACTION
LATERALS
INTERNAL VERTICAL
COLLECTION: WELLS/VENTS
PASSIVE
INTERNAL EXTRACTION
COLLECTION: WELLS
ACTIVE
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TECHNOLOGY DESCRIPTION

Trench dug to groundwater table and
filled w/crushed stone or porous mat-
erial that allows easy collection of gas;
frequently combined with barrier
technologies to prevent migration
beyond the trench.

Lines of vapor extraction wells per-
pendicular to the direction of gas
migration intercept subsurface gases
and redirect them to a common header
pipe for treatment/discharge.

Same concept as vertical extraction
wells except that perforated collection
piping is placed in horizontal trenches;
best suited for shallow groundwater
table.

Vertical wells placed within the
boundary of refuse areas, gas is allowed
to passively vent to the atmosphere.

Same concept as perimeter extraction
wells except that landfill gas directly
removed from zone of refuse thereby
decreasing migration into air or adjacent
soils (M&E, 1992a).

SCREENING

NOT APPLICABLE:

Less effectiveness and higher cost than extraction wells
(M&E, 1993a); less short-term effectiveness due to
worker/public risk during installation; higher costs than
extraction wells due to greater volume of soils
requiring disposal.

POTENTIALLY APPLICABLE:

Effective in mitigating migration it well spacing allows
overlap of vacuum pressure zones, lower worker/public
risk due to less subsurface soil disturbance; less cost
due to less excavated soil for disposal (M&E, 1993a).

POTENTIALLY APPLICABLE:

Same rationale as extraction wells; easier o
implement than extraction wells in portions of the
site perimeter with shallow groundwater tabie.

POTENTIALLY APPLICABLE:
Reduces intemal landfill pressure and controls migration of
landfill gas.

POTENTIALLY APPLICABLE:

Effective in mitigating site risks; technology combined w/
treatment would reduce gas migration to off-site soils and
ambient air; must avoid "overpulling” wells which draws
air into fill and can potentially lead to undergound fires
(M&E, 1992a).
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TABLE 2-15. TECHNOLOGY & PROCESS OPTION SCREENING FOR LANDFILL GAS

GENERAL RESPONSE REMEDIAL PROCESS
ACTIONS TECHNOLOGY OPTIONS
GAS )
TREATMENT: X‘Q :
THERMAL
PROCESSES

.

| N\ E \ l%
\ER

ENCLOSED
FLARE

"

NN

N
PHYSICAL/ PHOTOCATALYTIC
CHEMICAL OXIDATION
PROCESSES

TECHNOLOGY DESCRIPTION

Discharge of untreated gases to ambient
air; dispersion is mechanism to meet risk
and ARARSs criteria, dispersion enhanced
by stack height and gas exit velocity.

Thermal destruction of tandfill gas
constituents at high temperatures with
discharge of treated gas to ambient air.
Very high DREs possible with
secondary combustion chamber.

Thermal destruction of gas contaminants
by the same method as incineration; com-
bustion gases discharged to ambient

air; no secondary combustion occurs.

Use of collected gas as fuel source for
combustion engine, engine typically

used to power electric generators; electricity
sold to utilities to defray costs.

Removal of gas contaminants by
adsorption onto activated carbon;
treated gas then discharged to ambient
air; spent activated carbon regenerated
either on or oft-site.

Removal of carbon dioxide, oxygen and
other VOC contaminants leaving
purified gas that is sold as substitute
natural gas to utilities.

Destruction of VOC contaminants through

catalyst-initiated oxidation; treated gas discharged to

ambient air.

SCREENING

NOT APPLICABLE:
Not effective in meeting site risk and ARARs criteria
(M&E, 1993a).

NOT APPLICABLE:

More difficult to implement than other thermal techniques
due to State, Community Acceptance; higher cost than
other thermal treatment technologies such as flaring
(M&E, 1990).

POTENTIALLY APPLICABLE:

Technology is effective in mitigating site risk (M&E,
1993a), implementable and less costly than incineration;
as effective in meeting site PRGs as incineration.

NOT APPLICABLE:

More difficult to implement the power recovery option
which is necessary to be cost-competitive with other
technologies; not as effective in destroying LFG
contaminants as other thermal technologies (M&E, 1990).

NOT APPLICABLE:

Less effective treatment than thermal processes;
significant waste residuals (spent carbon) are produced,;
Adsorption of COPCs may be hampered by high
concentrations of methane and Carbon Dioxide Not
effective for vinyl chloride

NOT APPLICABLE.

Difficult to implement since utility must be willing to
purchase upgraded gas; cost feasibility highly sensitive 1o
purchase price, significant waste residuals are generated
which require RCRA disposal.

POTENTIALLY APPLICABLE:

Technology is eftective in reducing site risk from VOCs;,
implementable and less costly than flaring; may require
enhanced dispersion methods such as stack height and gas
exit velocity modifications.

KEY:[\\\ Technology / Process Option screened from further evaluation.
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Section Three




TABLE 3-1. ON-SITE GROUNDWATER AND LEACHATE TREATMENT:

TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect

Value/Criteria

Rationale/Assumptions

Media Filtration

a) Suspended Solids

b) Media Material

TSS < 100 mg/L

sand, anthracite, or garnet

¢ "Granular media filtration should be preceded by gravity
separation or other pretreatment processes for suspended
solids concentration greater than about 100 mg/l. Otherwise,
premature plugging and excessive backwashing will occur.”
(M&E, 1985)

e Mulii-media with different densities will allow for less
maintenance and higher efficiency after backwashing: final
selection based on flow scheme

2.

Precipitation

a) Feed stream pH

b) Solids removal

pH must be adjusted to precipitate
out or keep specific constituents in
solution

operated to maintain design criteria

¢ Specific inorganics require different pH values to precipitate
out of solution.

* Assume approximately 3% solids out of the thickener and
30% solids in the filter cake. (U.S. Filter, 1993)
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TABLE 3-1. ON-SITE GROUNDWATER AND LEACHATE TREATMENT: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect Value/Criteria Rationale/Assumptions

3. UV/Chemical Oxidation

a) selection of oxidizing agent ® ozone (O,) or hydrogen peroxide * both compounds are able to generate the hydroxyl radicals
(H,0,) are the usual compounds used necessary for oxidation of refractory organics (Topudurti ef
al, 1993); other oxidizing agents that can produce the radicals
would be applicable as well

¢ limited to wastewater streams with
b) applicability less than 100 mg/L total organic * not cost effective for higher strength wastes
compounds

¢ iron and manganese and other
c) interfering constituents precipitating compounds ¢ precipitating agents block contact of the UV light with the
wastewater thus greatly reducting treatment efficiency;
removal of these compounds prior to treatment is required
(Topudurti er al, 1993)

* jow BOD
¢ BOD should be low so that there is no added demand on
oxidation requirements. Appendix D presents the site

groundwater concentrations utilized.
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TABLE 3-2. STANDARDS RELEVANT TO DISCHARGE OF TREATED WATER

RIDEM RIDEM Ambient Water
Groundwater Quality Quality Criteria and Guidelines”

Analyte Standard "' (pg/L) Acute (ug/L) Chronic (ug/L)
Acrylamide® -- -- -~
Benzene 5.5 265 5.9
bis(2-Ethylhexhl)phthalate 6 555 12
1,2-Dichloroethene (total) 70 -- --
Pentachlorophenol 1 @ ®
Vinyl chloride 2 -- --
Aluminum -- 750 7 g7 "
Ammonia -- © ©
Antimony 6 450 10
Arsenic 50 360 190
Beryllium 4 7.5 0.17
Cadmium 5 ® @
Chromium 100 ¥ 15® 10®
Copper N ) )
Iron -- -- 1,000
Lead 15 @ &
Manganese -- -- --
Mercury 2 2.1 0.0122
Nickel 100 @) ®
Zinc _ ) 3

" Numerical Groundwater Quality Standards for Class GAA and Class GA: Source;
RI Rules and Regulations for Groundwater Quality May 1992; Regulation DEM-GW-01-92
@ RIDEM Ambient Water Quality Criteria and Guidelines for Toxic Pollutants, August 6, 1997.
Appendix B to RIDEM Regulation EVM 112-88.97-1.
®) Ambient Water Quality Criteria and Guidelines are computed as a function of hardness as CaCO3.
)
o)

Total chromium

Chromium VI only

® ASQC for ammonia are temperature and pH dependent. 1f surface water discharge is to be an
option, ammonia would require treatment to meet RIDEM AWQC.

@ Criteria for aluminum are for waters in which the pH is between 6.5 and 9.
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TABLE 3-3.
RESIDENTIAL LANDFILL GAS CONTROL CONTINGENCY: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect Value/Criteria Rationale/Assumptions
Landfill nents:
1) Sensors for methane/COPCs ¢ Number required: e sensors below slab provide better early
- one sensor below warning of COPCs; methane sensors within
basement slab indoor air zones (basement, etc.) not
- one sensor for basement feasible due to high detection limits that
indoor air result in significant exceedance of PRGs

(Weston, 1993);

2) Vacuum blower(s)/fan(s), piping | ® typical residential-scale e create vacuum (negative) pressure under
& vents (USEPA, 1991b): basement slab to withdraw/redirect landfill
- blower/fan size: 3-8 gas to a safe ambient air discharge;
inches water column blower(s)/fan(s) also provide mechanism for
vacuum more frequent indoor air changes

- blower discharge through
piping (1'2-3") to roof
stack

- suction vents: 2-6 per
1,000 ft* of slab area

3) Alarms & Controls ¢ sensor connections: ¢ below slab sensors starts venting system if
- below slab sensor & CH, detected; indoor air sensor starts alarm
venting system if CH, detected; sensor detection limit is
- indoor air sensor & alarm 1,000 ppm as methane

Page 1 of 2



RESIDENTIAL LANDFILL GAS CONTROL CONTINGENCY: TECHNICAL RATIONALE AND ASSUMPTIONS

TABLE 3-3.

Technical Aspect

Value/Criteria

Rationale/ Assumptions

4) Indoor Air Changes

5) Energy Cost Allowance

® increase number of indoor air
changes

¢ allowance to offset higher
HVAC costs from more
frequent indoor air changes

¢ frequent indoor air changes will minimize
build-up of concentrations of COPCs

® see costs detailed in Section 4.2.2.7
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TABLE 3-4. PERIMETER LANDFILL GAS COLLECTION: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect

Value/Criteria

Rationale/ Assumptions

Perimeter Extraction System:

a) wells vs. laterals

b) number of wells/spacing

c) well depth

vertical extraction wells
assumed

26 wells with spacing of 60
feet between centers

average depth 22 feet

Detailed rationale described in M&E, 1993a

¢ horizontal laterals may be applicable for shallow
groundwater areas

e perimeter well system along Rose Hill Road section
of Solid Waste Area only; well spacing within
typical values in literature (Massman, 1989). In
addition, spacing successfully used by M&E on two
prior landfill gas migration control projects

e average depth to groundwater along Rose Hill Road

Page 1 of 2



TABLE 3-4. PERIMETER LANDFILL GAS COLLECTION: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect Value/Criteria Rationale/Assumptions
2. Gas Estimates
a) seasonal assumptions maximum perimeter migration presumes worst-case winter conditions with frozen
towards Rose Hill Road cap (no vertical migration)
assummed
b) flowrate Approximate flowrate of 810 includes mixture of landfill gas and air drawn in by
standard cubic feet per minute extraction well system; see M&E, 1993a for
(scfm) detailed calculations
¢) hydraulic conductivity & vacuum at well head: 15 instrinsic gas permeability of the vadose soil
vacuum applied at well inches of water; calculated from groundwater slug tests during the
RI; Well head vacuum pressure in range used
successfully by M&E on two prior landfill gas
migration control projects
3. Condensate:

a) generation rate

b) characterization

125 gallons per million
standard ft® of extracted gas

condensate assumed to be
RCRA hazardous waste

best estimate between the theoretical maximum
(Maxwell, 1989) and lesser amounts documented
from existing systems (RICL, 1993)

likely to be RCRA-waste based on experience at
other sites (M&E, 1993a and Maxwell, 1989)
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TABLE 3-5.
INTERNAL LANDFILL GAS COLLECTION: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect Value/Criteria Rationale/ Assumptions

Extraction System:

a) wells vs. laterals ¢ vertical extraction wells * horizontal laterals may be applicable due to the
assumed shallowness of the landfill but would generate more
excavate for disposal than vertical wells

b) number of wells/spacing o thirty-six (36) wells with * closer spacing than typically required due to
spacing of approximately 150 thickness of refuse disposed in the Solid Waste
to 200 feet between centers Area; detailed calculations shown in Appendix E.

c) well depth ® screened interval in well to be | ® approximate engineering rule-of-thumb for
two-thirds of the depth of maintaining adequate gas removal

waste fill (average well depth:
25 feet)




TABLE 3-6. LANDFILL GAS FLARE: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect

Value/Criteria

Rationale/Assumptions

Feed Gas Conditions:

a) flowrate (1997 estimate)

b) estimated composition

approximately 850 scfm

Internal LFG:

-~ 50% methane

-~ 50% carbon dioxide
Perimeter gas:

- 1% methane

- 1% carbon dioxide
- 77% nitrogen

- balance oxygen

Detailed rationale described in M&E, 1993a

perimeter gas flowrate from Table 3-4 utilized as
combustion air; this flowrate would change if
extraction system changed

derived by mass balance based on assumed perimeter
gas composition; refer to Appendix E

2.

Flare Operating Requirements:

a) operating temperature
b) residence time

¢) combustion air requirement

1,500°F
approximately 1.0 second
130% of the theoretical (i.c.

stoichiometric) minimum air
required

good engineering practice for complete combustion
good engineering practice for complete combustion

based on operating experience from typical systems
(John Zink, 1993)
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TABLE 3-6. LANDFILL GAS FLARE: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect

Value/Criteria

Rationale/Assumptions

3. Auxiliary Fuel Requirements:
a) minimum Btu content for equivalent Btu content in flare rule-of-thumb requirement based on typical
stable combustion feed gas of 25% methane by operating experience (John Zink, 1993 & 1997)
volume (approximately 1.5
MMBtuwhr)

b) auxiliary gas type propane easiest available auxiliary fuel is liquid propane;
nearest natural gas service line is approx. 5,000 ft
away; propane has higher heating value and is more
cost effective

¢) auxiliary gas flowrate required small amount (approximately based on heat balance required to meet minimum Btu

2.7 scfm) required upon initial content for stable combustion
operation; maximum estimated
at approximately 6 scfm

4. Flare Size & Anticipated

Operation:

a) Flare size at temperature and
residence time requirements

- diameter
- total height

b) stack velocity

Flare dimensions

- 3.5 feet
- 30 feet

11.9 feet/sec

(John Zink, 1997); flare size driven by amount of
perimeter gas collected
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TABLE 3-7. PHOTOCATALYTIC OXIDATION: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect

Value/Criteria

Rationale/Assumptions

Feed Gas Conditions:

a)

b)

flowrate

estimated composition

approximately 850 scfm

composition:

- 3.5% methane

3.5% carbon dioxide

- 73.5% nitrogen

- 19.5% oxygen

- 83 ppmv vinyl chloride

- See Appendix E for other
VOCs

flowrate includes landfill gas and air from perimeter
and internal gas collection systems; no auxiliary fuel
required

derived by mass balance based on maximum VOC
detections in landfill gas and assumed perimeter gas
composition; refer to Appendix E

Operating Requirements:

a)

b)

destruction/removal
efficiencies (DREs) high
enough to meet preliminary
remediation goals

limit emission of toxic
oxidation byproduct (HCI) to
less than the Rhode Island
permit trigger limit

minimum DRE for vinyl
chloride of 98% at original
design basis concentration of
150 ppmv

HCI limit is 1.14 Ib/hour;
remove by scrubbing if
potential exists to exceed limit

dispersion modeling (Appendix F) indicates that
98% DRE is needed to attain the PRG for vinyl
chloride at the site boundary with a reasonably sized
stack and blower; DRE can be reduced if blower and
stack size are increased

mass balance indicates that the HCI limit will not be
approached in the exhaust from the photocatalytic
oxidation unit (Appendix E); hence no scrubber
required
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TABLE 3-7. PHOTOCATALYTIC OXIDATION: TECHNICAL RATIONALE AND ASSUMPTIONS

Technical Aspect

Value/Criteria

Rationale/Assumptions

Operating Requirements (cont.):

¢) Limit potential for explosive
conditions due to methane

Lower explosive limit (LEL)
for methane is 5%

Explosion-proof system may not be required because
estimated influent methane concentration is 3.5%,
which is below the LEL

Size:

a) Size dependent on residence
time required and specific
vendor configurations

Full-scale units typically fit in
a trailer (12' x 8")

Discussions with vendors indicate that a mobile
trailer-size system would be sufficient for this
application (KSE, Inc. 1997; Matrix Photocatalytic,
1997). On-site pilot testing is recommended to
establish size.
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TABLE 3-8. REMEDIAL ALTERNATIVES AND COMPONENTS

Alternative #1: No Action

Components of this alternative include:

o Environmental monitoring

° Five-year reviews of site conditions

. Community relations activities
Alternative #2: Limited Action

Components of this alternative include:

. Groundwater access restrictions

. Landfill gas access restrictions - Solid Waste Area

. Residential landfill gas control contingency (alarms & controls, gas venting
system)

Environmental monitoring
Five-year reviews of site conditions
Community relations activities

Alternative #3a: Horizontal Containment of Solid Waste and Bulky Waste Areas, Gas
Collection and Thermal Treatment

Components of this alternative include:

. Groundwater access restrictions
Horizontal containment - Solid Waste Area
Horizontal containment - Bulky Waste Area
Active perimeter LFG collection - Solid Waste Area
Active internal LFG collection - Solid Waste Area
Thermal LFG treatment (enclosed flare) - Solid Waste Area
Passive internal LFG collection - Bulky Waste Area
Environmental monitoring
Five-year reviews of site conditions
Community relations activities
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TABLE 3-8. REMEDIAL ALTERNATIVES AND COMPONENTS

Alternative #3b:

Horizontal Containment of Solid Waste and Bulky Waste Areas, Gas
Collection and Treatment by Photocatalytic Oxidation

Components of this alternative include:

Alternative #4a:

Groundwater access restrictions

Horizontal containment - Solid Waste Area

Horizontal containment - Bulky Waste Area

Active perimeter LFG collection - Solid Waste Area

Active internal LFG collection - Solid Waste Area

Physical/chemical LFG treatment (photocatalytic oxidation) - Solid Waste Area
Passive internal LFG collection - Bulky Waste Area

Environmental monitoring

Five-year reviews of site conditions

Community relations activities

Horizontal Containment of Solid Waste and Bulky Waste Areas, Leachate
Collection and On-Site Treatment, Gas Collection and Treatment

Components of this alternative include:

Groundwater access restrictions

Horizontal containment - Solid Waste Area

Horizontal containment - Bulky Waste Area

Active perimeter LFG collection - Solid Waste Area

Active internal LFG collection - Solid Waste Area

Thermal LFG treatment (enclosed flare) - Solid Waste Area
Passive internal LFG collection - Bulky Waste Area
Leachate collection (wells/drains) - Bulky Waste Area
On-site leachate treatment (precipitation, media filtration, and UV/chemical
oxidation)

Discharge of treated water (groundwater, surface water)
Environmental monitoring

Five-year reviews of site conditions

Community relations activities
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TABLE 3-8. REMEDIAL ALTERNATIVES AND COMPONENTS

Alternative #4b:

Horizontal Containment of Solid Waste Area, Landfill Mining of Bulky Waste
Area, Leachate Collection and On-Site Treatment, Gas Collection and
Treatment

Components of this alternative include:

Alternative #5a:

Groundwater access restrictions

Horizontal containment - Solid Waste Area

Excavation & consolidation (landfill mining) - Bulky Waste Area
Active perimeter LFG collection - Solid Waste Area

Active internal LFG collection - Solid Waste Area

Thermal LFG treatment (enclosed flare) - Solid Waste Area
Leachate collection (wells/drains) - Bulky Waste Area

On-site leachate treatment (precipitation, media filtration, and UV/chemical
oxidation)

Discharge of treated water (groundwater, surface water)
Environmental monitoring

Five-year reviews of site conditions

Community relations activities

Horizontal Containment of Solid Waste and Bulky Waste Areas, Groundwater
and Leachate Collection and On-Site Treatment, Gas Collection and
Treatment

Components of this alternative include:

Groundwater access restrictions

Horizontal containment - Solid Waste Area

Horizontal containment - Bulky Waste Area

Active perimeter LFG collection - Solid Waste Area

Active internal LFG collection - Solid Waste Area

Thermal LFG treatment (enclosed flare) - Solid Waste Area
Passive internal LFG collection - Bulky Waste Area

Leachate collection (wells/drains) - Bulky Waste Area
Groundwater collection system (wells/drains) - Solid Waste Area
On-site groundwater and leachate treatment (precipitation, media filtration, and
UV/chemical oxidation)

Discharge of treated water (groundwater, surface water)
Environmental monitoring

Five-year reviews of site conditions

Community relations activities
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TABLE 3-8. REMEDIAL ALTERNATIVES AND COMPONENTS

Alternative #5b:

Horizontal Containment of Solid Waste Area, Landfill Mining of Bulky Waste
Area, Groundwater and Leachate Collection and On-Site Treatment, Gas
Collection and Treatment

Components of this alternative include:

Groundwater access restrictions

Horizontal containment - Solid Waste Area

Excavation & consolidation (landfill mining) - Bulky Waste Area
Active perimeter LFG collection - Solid Waste Area

Active internal LFG collection - Solid Waste Area

Thermal LFG treatment (enclosed flare) - Solid Waste Area
Leachate collection (wells/drains) - Bulky Waste Area
Groundwater collection system (wells/drains) - Solid Waste Area
On-site groundwater and leachate treatment (precipitation, media filtration, and
UV/chemical oxidation)

Discharge of treated water (groundwater, surface water)
Environmental monitoring

Five-year reviews of site conditions

Community relations activities
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Section Four




TABLE 4-1. NINE CRITERIA FOR DETAILED EVALUATION OF ALTERNATIVES

'

Threshold Criteria (A, B)

A. Overall Protection of Human Health and Environment

Short- and long-term protection for unacceptable risks
How each source of contamination is to be eliminated, reduced, or controlled
How site risks are to be reduced

Overall compliance with chemical-specific ARARs

B. Compliance with ARARs

Compliance with chemical-specific ARARs
Compliance with location-specific ARARs
Compliance with action-specific ARARs

Grounds for waivers, if appropriate

Balancing Criteria (C, D, E, F, G)

C. Long-Term Effectiveness and Permanence

The magnitude of the residual risk to human and environmental receptors
remaining from untreated waste or treatment residues at the completion of
remedial activities

An assessment of the type, degree, and adequacy of long-term management
(including engineering controls, institutional controls, monitoring, and operation
and maintenance) required for untreated waste or treatment residues remaining
at the site

An assessment of the long-term reliability of engineering and/or institutional

controls to provide continued protection from untreated waste or treatment
residues
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TABLE 4-1 (Continued). NINE CRITERIA FOR DETAILED
EVALUATION OF ALTERNATIVES

o The potential need for replacement of the remedy and the continuing need for
repairs to maintain the performance of the remedy

D. Reduction of Toxicity, Mobility, or Volume Through Treatment

. The treatment or recycling processes, the remedies they will employ, and the
materials they will treat

. The amount of hazardous materials that will be destroyed, recycled or treated

o The degree of expected reduction in toxicity, mobility, or volume, including
how the principal threat is addressed through treatment or recycling

. The degree to which the treatment will be irreversible

. The type and quality of treatment residuals that will remain following treatment

E. Short-Term Effectiveness

° Protection of community during remedial actions

. Protection of workers during remedial actions

. Environmental impacts during remedial actions

. Time until remedial response objectives are achieved

F. Implementability

. Technical Feasibility: The relative ease of implementing or completing an
action abased on site-specific constraints, including the use of established
technologies, including:

- Ability to construct the alternative as a whole

- Operational reliability, or the ability of a technology to meet specified
process efficiencies or performance goals
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TABLE 4-1 (Continued). NINE CRITERIA FOR DETAILED
EVALUATION OF ALTERNATIVES

- Ability to undertake future remedial actions that may be required
- Ability to monitor the effectiveness of the remedy

Administrative Feasibility: The ability and time required to obtain any
necessary approvals and permits from other agencies

Availability of Services and Materials: The availability of the technologies,
materials, or services required to implement an alternative, including:

- Available capacity and location of needed treatment, storage, and
disposal services

- Availability of necessary equipment and specialists, and provisions to
ensure any necessary additional resources

- Timing of the availability of prospective technologies under
consideration

- Availability of services and materials, plus the potential for obtaining
bids which are competitive (which may be particularly important for
innovative technologies)

Capital Costs: Capital costs consist of direct (construction) and indirect (non-
construction and overhead) costs. Direct costs include costs for equipment,
labor and materials incurred to develop, construct and implement a remedial
action. Indirect costs are expenditures for engineering, financial, and other
services that are not actually a part of construction, but are required to
implement a remedial alternative. In this Feasibility Study, that will include the
following items:

- Health and safety items

- Permitting and legal fees

- Services during construction
- Engineering and design
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TABLE 4-1 (Continued). NINE CRITERIA FOR DETAILED
EVALUATION OF ALTERNATIVES

These items are included in the detailed cost analysis as separate line items, and
are expressed as a percentage of direct capital costs. Additionally, two
contingency factors (bid and scope) are also included in the cost estimates to
account for factors that cannot be anticipated or estimated.

o Operation and Maintenance (O&M) Costs: O&M costs refer to post-
construction costs necessary to ensure the continued effectiveness of a remedial
action. They typically refer to long-term power and material costs (such as the
operational costs of a water treatment facility), equipment replacement costs,
and long-term monitoring costs.

. Operation and maintenance costs also include items for which quotes were
obtained on a unit cost basis.

] Costs for Five-Year Review: CERCLA, as amended, Section 121(c) states that
a five-year review of a remedial action is required if that remedial action results
in hazardous contaminants remaining on-site. A discussion of costs associated
with five-year reviews is presented, when applicable.

. Present Worth Analysis: This assessment is used to evaluate the capital and
O&M costs of a remedial alternative on a present worth basis. Present worth
analysis is a method of comparing expenditures for various alternatives that
occur over different time periods. By discounting all costs to a common base
year, the costs for different remedial action alternatives can be compared on the
basis of a single cost figure for each alternative. The total present worth for a
given alternative is equal to the full amount of all capital costs plus the series of
expenditures in following years reduced by the appropriate future value/present
worth discount factors. This analysis allows the comparison of remedial
alternatives on the basis of a single cost representing an amount that, if invested
in the base year and disbursed as needed, would be sufficient to cover all costs
associated with the remedial action over its planned life. A 30-year
performance period is assumed for present worth analyses. A discount rate of
10 percent and inflation rate of 5 percent is assumed for base calculations.

The cost elements for each remedial alternative are summarized in the cost analysis

section. The "study estimate" costs provided for the alternatives are intended to reflect
actual costs with an accuracy of -30 to +50 percent.
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TABLE 4-1 (Continued). NINE CRITERIA FOR DETAILED
EVALUATION OF ALTERNATIVES

Modifying Criteria (H, I)

H. and I. State and Community Acceptance

o The state's position and key concerns relative to the alternatives
. State comments on ARARs or the proposed use of waivers
. Formal comments made during previous phases of the RI/FS relative to

technical and administrative issues and concerns should be considered and
evaluated as part of this assessment. Eventually, state comments on the
selection of remedy will be addressed in the ROD

. When community positions on specific alternative shave been documented
during preparation of the RI/ES, the detailed analysis should address features of
the remedial activities on which the community has expressed a position.
Community positions on the selection of remedy will be addressed in the ROD.
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TABLE 4-2. GROUNDWATER AND SURFACE WATER/SEDIMENT MONITORING: ALL ALTERNATIVES

Activity

Location & Flow Zone

Analyses

Frequency

1.

Off-Site Groundwater Monitoring:

Tracking Off-Site Groundwater Plume

Migration

a) Perimeter Well Monitoring

b) Residential Well Monitoring

¢) Background

MW-03-01/02/03; SOB/DOB/BR
MW-04-01/02/03; SOB/DOB/BR
MW-05-01/02; SOB/DOB
MW-06-01/02; SOB/DOB
MW-07-01/02; DOB/BR
MW-08-01/02; DOB/BR
MW-09-01; DOB

MW-10-01; DOB
MW-11-01/02/03; SOB/DOB/BR
MW-12-01/02; SOB/DOB
MW-13-01/02; SOB/DOB

MW-] through MW-V; all SOB
OW-30; DOB

RES#1, SOB
RES#6, BR
RES#7, BR
RES#8, BR
RES#9, SOB
RES#10, BR
RES#11, BR *

MW-01-01/02; SOB/BR

Volatile Organic
Compounds (VOCs),
Semivolatile Organic
Compounds (SVOCs),
Acrylamide, Total Metals
- based on previous
rounds of sampling

Quarterly during first
year of remedy; reduced
frequency thereafter
(assumed semi-annual
for this FS)
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TABLE 4-2. GROUNDWATER AND SURFACE WATER/SEDIMENT MONITORING: ALL ALTERNATIVES

L

Monitoring Remediation Progress

a)  Saugatucket River

b) Mitchell Brook

¢) Unnamed Brook

SW/SD-02 through SW/SD-06
SW/SD-08
SW/SD-11
SW/SD-17
SW/SD-18

SW/SD-07
SW/SD-09
SW/SD-12 through SW/SD-16
SW/SD-01 (unnamed tributary)

SW/SD-10

VOCs, SVOCs,
Acrylamide, Total Metals
- based on previous
rounds of sampling

Activity Location & Flow Zone Analyses Frequency
2. Disposal Area Groundwater
Monitoring:
Monitoring Sources and Remediation
Progress
a) Solid Waste Area e MW-14-01; DOB VOCs, SVOCs, Quarterly during first
OWwW-25; DOB Acrylamide, Total Metals year of remedy; reduced
OwW-27; DOB - based on previous frequency thereafter
rounds of sampling (assumed semi-annual
b) Bulky Waste Area * Alternatives #4b, #5b; three new for this FS)
extraction wells. All others; none.
¢) Sewage Sludge Area ¢ MW-02-01/02; SOB/DOB
3. Surface Water/Sediment Monitoring:

Quarterly during first
year of remedy; reduced
frequency thereafter
(assumed semi-annual
for this FS)

* - Data not available to confirm the flow zone

SOB - Shallow Overburden
DOB - Deep Overburden
BR - Bedrock
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TABLE 4-3. AMBIENT AIR AND SOIL GAS MONITORING: ALL ALTERNATIVES

Activity ' Location Analyses Frequency

1. Ambient Air Monitoring:

a) Solid Waste Area ¢ three on-site stations:
- junction of Rose Hill
Road and Site Owner's

Driveway

- junction of Rose Hill
Road and Transfer Station - Volatile organics (i.e. | Quarterly during
Road TO-14) first year of remedy;

- eastern boundary of Solid - Sulfur & odor causing | reduced frequency
Waste Area near road to compounds thereafter (assumed
Bulky Waste Area (mercaptans, H,S) semi-annual for this

- Methane FS)
b) Bulky Waste Area ¢ (wo stations along northwest

and southeast Area boundaries

¢) Site Background ® one station at off-site, upwind
location on day of sample
collection
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TABLE 4-3. AMBIENT AIR AND SOIL GAS MONITORING: ALL ALTERNATIVES

Activity

Location

Analyses

Frequency

2.

Soil Gas Monitoring:

a) Perimeter Soil Gas
Monitoring - Solid Waste
Area

b) Solid Waste Area

c) Bulky Waste Area

the northern, western and
southern boundaries of the
Solid Waste Area

Minimum of one point every
200 ft. for a total of 32 points

two well locations; one at
historical "hot" spot, one at
lesser concentration location

one well location at historical
"hot" spot

Methane (CH,)
Carbon dioxide (CO,)
Oxygen (O,)
Indicator VOCs
(vinyl chloride)

Quarterly during
first year of remedy;
reduced frequency
thereafter (assumed
semi-annual for this
FS)
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TABLE 4-4. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #1

Regulation

Status

Requirement

Action to be taken to attain ARARs

ACTION-SPECIFIC

GROUNDWATER

RCRA Groundwater Protection (40 CFR
264, Subpart F)

Rhode Island Rules and Regulations for
Hazardous Waste Management, RIDEM
4/92, Section 9.03

RI Rules and Regs for Groundwater
Quality, RIDEM 7/93, Sections 12.02 and
12.03.

Implemented
through RI
regulations

Applicable

Applicable

Establishes requirements for solid waste
management units (SWMUs) at RCRA
regulated sites. Regulations include
groundwater protection standard
requirements for groundwater monitoring,
detection monitoring and compliance
monitoring and the corrective action
program.

Regulation outlines operation requirements
for treatment, storage and disposal
facilities, including a groundwater
monitoring program.

Regulations are designed to protect and
restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

Because this is a no action remedy,
groundwater cleanup will not be addressed
and cleanup goals are not set; however, all
alternatives will comply with the portions
of the regulations which apply to installing
groundwater monitoring wells and
compliance monitoring.

Although this is a no action remedy which
does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells and compliance
monitoring.

Although this is a no action remedy which
does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells.
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TABLE 4-4. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #1

Regulation Status Requirement Action to be taken to attain ARARs
Draft Interim Final OSWER Monitored To Be Provides guidance on how EPA will Decisions on use and efficacy of monitored
Natural Attenuation Policy (OSWER Considered implement national policy on use of natural attenuation will be consistent with
Dir.9200.4-17)(12/1/97) monitored natural attenuation. guidance.
HAZARDOUS WASTE
RI Rules and Regs for HW Management, Applicable Outlines requirements for treatment, Management and treatment of on-site
Section 8, RIDEM 4/92, disposal and storage of hazardous waste by treatment residues and waste derived from
TSDFs. monitoring well installation will comply
with these regulations.
RI Guidelines on the Management of To Be Guidance on management and disposal of All sampling activities performed on-site
Investigation-Derived Waste Considered materials generated during environmental will comply with this guidance.
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.
SURFACE WATER
RI PDES Regulations (12-190-003) and RI Relevant & Sets AWQC standards for water discharged Because this is a no action remedy, surface
Water Quality Regs for Water Pollution Appropriate to surface waters. water cleanup will not be addressed;

Control (12-190-001)

AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-4. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #1

Regulation

Status

Requirement

Action to be taken to attain ARARs

CWA Ambient Water Quality Criteria
(AWQC), 40 CFR 122.44

Proposed CWA Ambient Water Quality
Criteria (AWQC), 40 CFR Part 120

CHEMICAL-SPECIFIC

EPA Human Health Assessment Cancer
Slope Factors (CSFs)

Relevant &
Appropriate

To Be
Considered

To Be
Considered

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants.

Remediai actions involving contaminated
surface water or groundwater must consider
the uses of the water and circumstances of
release or threatened release.

CSFs are developed by EPA for health
effects assessments or evaluation by the
Human Health Assessment Group.

Because this is a no action remedy, surface
water cleanup will not be addressed; WQC
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Proposed AWQC for compounds detected
onsite (Fe) were compared to observed
concentrations in groundwater and used in
developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

The values present the most up-to-date
cancer risk potency information. CSFs will
be used to compute the individual cancer
risk resulting from exposure to
contaminants.
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TABLE 4-4. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #1

Regulation Status Requirement Action to be taken to attain ARARs

Note 1: Because the remedy is no action, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are health goals for
public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater containment
alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.
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TABLE 4-5. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #2

Regulation

Status

Requirement

Action to be taken to attain ARARs

ACTION-SPECIFIC

GROUNDWATER

RCRA Groundwater Protection (40 CFR
264, Subpart F)

Rhode Island Rules and Regulations for
Hazardous Waste Management, RIDEM
4/92, Section 9.03

RI Rules and Regs for Groundwater
Quality, RIDEM 7/93, Sections 12.02 and
12.03.

Implemented
through RI
regulations

Applicable

Applicable

Establishes requirements for solid waste
management units (SWMUSs) at RCRA
regulated sites. Regulations include
groundwater protection standard
requirements for groundwater monitoring,
detection monitoring and compliance
monitoring and the corrective action
program.

Regulation outlines operation requirements
for treatment, storage and disposal
facilities, including a groundwater
monitoring program.

Regulations are designed to protect and
restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

Because this is a limited action remedy,
groundwater cleanup will not be addressed
and cleanup goals are not set; however, all
alternatives will comply with the portions
of the regulations which apply to installing
groundwater monitoring wells and
compliance monitoring.

Although this is a limited action remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells and compliance
nonitoring.

Although this is a limited action remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells.
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TABLE 4-5. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #2

Regulation Status Requirement Action to be taken to attain ARARs
Draft Interim Final OSWER Monitored To Be Provides guidance on how EPA will Decisions on use and efficacy of monitored
Natural Attenuation Policy (OSWER Considered implement national policy on use of natural attenuation will be consistent with
Dir.9200.4-17)(12/1/97) monitored natural attenuation. guidance.
HAZARDOUS WASTE
Rl Rules and Regs for HW Management, Applicable Outlines requirements for treatment, Management and treatment of on-site
Section 8, RIDEM 4/92. disposal and storage of hazardous waste by treatment residues and waste derived from
TSDFs. monitoring well installation will comply
with these regulations.
RI Guidelines on the Management of To Be Guidance on management and disposal of All sampling activities performed on-site
Investigation-Derived Waste Considered materials generated during environmental will comply with this guidance.
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.
SURFACE WATER
RI PDES Regulations (12-190-003) and RI ~ Relevant & Sets AWQC standards for water discharged  Because this is a limited action remedy,
Water Quality Regs for Water Pollution Appropriate to surface waters. surface water cleanup will not be addressed;

Control (12-190-001)

AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-5. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #2

Regulation

Status

Requirement

Action to be taken to attain ARARs

CWA Ambient Water Quality Criteria
(AWQC), 40 CFR 122.44

Proposed CWA Ambient Water Quality
Criteria (AWQC), 40 CFR Part 120

IR

RI Air Pollution Control Reg No. 22--Air
Toxics

Relevant &
Appropriate

To Be
Considered

Applicable

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants,

Remedial actions involving contaminated
surface water or groundwater must consider
the uses of the water and circumstances of
release or threatened release.

Prohibits the emission of specified
contaminants at rates which would result in
ground level concentrations greater than
acceptable ambient levels in the reg.

Because this is a limited action remedy,
surface water cleanup will not be addressed;
WQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Proposed AWQC for compounds detected
onsite (Fe) were compared to observed
concentrations in groundwater and used in
developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Because this is a limited action remedy,
acceptable ambient levels for listed air
toxics will not be met at source property
boundaries; acceptable ambient levels will
be used to calculate contingency residential
action levels.
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TABLE 4-5. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #2

Regulation Status Requirement Action to be taken to attain ARARs

CAA National Emissions Standards for Relevant & Establishes emission levels for certain Because this is a limited action remedy,
Hazardous Air Pollutants (NESHAP) (40 Appropriate hazardous air pollutants, including vinyl NESHAP emission limits will not be met;
CFR Part 61). chloride and benzene. NESHAP levels will be used to calculated

contingency residential action levels.

CHEMICAL-SPECIFIC

EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health The values present the most up-to-date
Slope Factors (CSFs) Considered effects assessments or evaluation by the cancer risk potency information. CSFs will
Human Health Assessment Group. be used to compute the individual cancer

risk resulting from exposure to
contaminants.

Note 1: Because the remedy is limited action only, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are health
goals for public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater
containment alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation Status Requirement Action to be taken to attain ARARs
ACTION-SPECIFIC
GROUNDWATER
RCRA Groundwater Protection (40 CFR Implemented Establishes requirements for solid waste Because this is a source control remedy,
264, Subpart F) through RI management units (SWMUs) at RCRA groundwater cleanup will not be addressed
regulations regulated sites. Regulations include and cleanup goals are not set; however, all
groundwater protection standard alternatives will comply with the portions
requirements for groundwater monitoring, of the regulations which apply to installing
detection monitoring and compliance groundwater monitoring wells and
monitoring and the corrective action compliance monitoring.
program.
Rhode Island Rules and Regulations for Applicable Regulation outlines operation requirements Although this is a source control remedy
Hazardous Waste Management, RIDEM for treatment, storage and disposal which does not address groundwater, this
4/92, Section 9.03 facilities, including a groundwater alternative will comply with the regulations
monitoring program. with respect to installation of groundwater
monitoring wells and compliance
monitoring.
R1 Rules and Regs for Groundwater Applicable Regulations are designed to protect and Although this is a source control remedy

Quality, RIDEM 7/93, Sections 12.02 and
12.03.

restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation Status Requirement Action to be taken to attain ARARs

Rhode Island Regs for Underground Applicable Establishes procedures & requirements for Underground components of condensate
Storage Facilities used for Petroleum preventing, assessing and remediating collection system from flares will be
Products & Hazardous Material (USTs) releases from USTs. installed and maintained in accordance with
(12-190-017) these requirements.

Draft Interim Final OSWER Monitored To Be Provides guidance on how EPA will Decisions on use and efficacy of monitored
Natural Attenuation Policy (OSWER Considered implement national policy on use of natural attenuation will be consistent with

Dir.9200.4-17)(12/1/97)

HAZARDOUS WASTE

RCRA-Hazardous Waste Identification, 40
CFR Part 261.

RCRA-Closure and Post-Closure, 40 CFR
Part 264, Subpart G

RCRA-Standards for Permitted TSDFs;
Thermal Treatment, 40 CFR Part 264,
Subpart AA

Implemented
through RI
regulations

Implemented
through RI
regulations

Relevant &
Appropriate

monitored natural attenuation.

Defines solid wastes that are subject to
regulation as hazardous waste under 40
CFR Parts 262-265.

Outlines the requirements for closure and
post-closure care of hazardous waste
management facilities.

Air emission standards for process vents,
closed vent systems and control devices at
facilities that treat, store or dispose of
hazardous wastes.

guidance.

Requirements define RCRA regulated
wastes. Acceptable management
approaches for listed and characteristic
hazardous waste will be met for this
alternative.

Closure and post-closure care of the landfill
will comply with these requirements.

Alternatives which include on-site thermal
treatment (enclosed flares) will meet these
requirements.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation Status Requirement Action to be taken to attain ARARs

EPA Technical Guidance for Final Covers To Be Guidance for landfill covers. Presents Cap construction will be protective in

on HW Landfills and Surface Considered recommended technical specifications for accordance with the guidance.

Impoundments, EPA/530-SW-047 (7/89) multilayer landfill cover design.

EPA Technical Guidance memorandum To Be Guidance for landfill covers in EPA Region  Cap construction will be protective in

regarding Alternative Cap Design for Considered I. Presents recommended technical accordance with the guidance

Unlined, Hazardous Waste Landfills in specifications for multilayer landfill cover

EPA Region I, From Dennis P. Gagne & design.

Yoon-Jean Choi to OSRR, 9/30/97

EPA Technical Guidance on Management To Be Guidance for landfill covers, Waste derived from cap construction will

of Investigation-Derived Waste: Final Considered recommending technical specifications for be managed in accordance with these

covers on HW Landfills and surface multi-layer landfill cover design. standards.

Impoundments (EPA/530-SW-89-047)

RI Rules and Regs for HW Management, Applicable Outlines requirements for treatment, Management and treatment of on-site

Section 8, RIDEM 4/92. disposal and storage of hazardous waste by treatment residues and waste derived from
TSDFs. cap construction will comply with these

regulations.
RI Rules and Regs for HW Management, Applicable Outlines requirements for general waste Identification and handling of hazardous

Sections 9 and 10.02, RIDEM 4/92.

analysis, security procedures, and
management of hazardous waste. Sets
design, construction and operational
requirements for containers and tanks and
closure requirements for hazardous waste
facilities.

waste and closure of hazardous waste
landfill will comply with these
requirements.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation

Status

Requirement

Action to be taken to attain ARARs

RI Guidelines on the Management of
Investigation-Derived Waste

SURFACE WATER

RI PDES Regulations (12-190-003) and RI
Water Quality Regs for Water Pollution
Control (12-190-001)

CWA Ambient Water Quality Criteria
(AWQC), 40 CFR 122.44

To Be
Considered

Relevant &
Appropriate

Relevant &
Appropriate

Guidance on management and disposal of
materials generated during environmental
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.

Sets AWQC standards for water discharged
to surface waters.

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants.

All sampling activities performed on-site
will comply with this guidance.

Because this is a source control remedy,
surface water cleanup will not be addressed;
AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Because this is a source control remedy,
surface water cleanup will not be addressed;
WQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation

Status

Requirement

Action to be taken to attain ARARs

Proposed CWA Ambient Water Quality
Criteria (AWQC), 40 CFR Part 120

IR

Air Pollution Control Regs, RI Dept of
Health, Div of Air Pollution Control, eff.
8/2/67, amended 5/20/91--Regulation No. |
Visible Emissions

RI Air Pollution Control Reg No. 5--
Fugitive Dust

RI Air Pollution Control Reg No. 7.1 and
7.2--Emission of Air Contaminants
Detrimental to Person or Property

RI Air Pollution Control Reg No. 9--
Permits

To Be
Considered

Applicable

Applicable

Applicable

Applicable

Remedial actions involving contaminated
surface water or groundwater must consider
the uses of the water and circumstances of
release or threatened release.

Prohibits contaminant emissions for periods
of more than 3 minutes in any one hour
which are greater or equal to 20% opacity.

Requires reasonable precautions to prevent
particulate matter from becoming airborne.

Prohibits the emission of any contaminant
which may be injurious to human, plant or
animal life, or cause damage to property or
interferes with the enjoyment of property.

Requires permitting for air poliution control
systems and any new stationary sources
which create an increase in pollutant
emissions.

Proposed AWQC for compounds detected
onsite (Fe) were compared to observed
concentrations in groundwater and used in
developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Air emissions from remedial actions will
meet emission levels in regulations.

Operations will be performed in acc. with
these rules.

Air emissions will meet all applicable
standards, as set forth in RI Reg No. 22 and
CAA NESHAPs, 40 CFR Part 61.

Air pollution control systems will be
designed to meet all applicable standards,
as set forth in RI Reg No. 22 and CAA
NESHAPs, 40 CFR Part 61.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation Status Requirement Action to be taken to attain ARARs
RI Air Pollution Control Reg No. 16-- Applicable Requires operation of air pollution control Air pollution control systems will be
Operation of Air Pollution Control Systems systems according to design specifications operated and maintained in accordance with
and defines malfunction reporting Operation and Maintenance Plan.
requirements.
RI Air Pollution Control Reg No. 22--Air Applicable Prohibits the emission of specified Ambient air quality levels will be met for
Toxics contaminants at rates which would result in all technologies which emit air
ground level concentrations greater than contaminants.
acceptable ambient levels in the reg.
RI Guidance for Air Quality/Air Toxics To Be Provides guidelines for models and Guidance will be considered when
Substances Considered modeling procedures. modeling emissions from the LFG
combustion stack.
CAA National Emissions Standards for Relevant & Establishes emission levels for certain This remedy will attain NESHAP emission
Hazardous Air Pollutants (NESHAP) (40 Appropriate hazardous air pollutants, including vinyl limits for hazardous air pollutants that result
CFR Part 61). chloride and benzene. from treatment processes.
CAA Standards of Performance for Relevant & Establishes air emission limits for Landfill gas collection and control systems
Municipal Solid Waste Landfills (40 CFR Appropriate municipal solid waste landfills (MSWLF) will meet relevant and applicable
Part 60, Subpart WWW). and standards of performance for MSWLF performance standards.
gas collection and control systems.
CHEMICAL-SPECIFIC
EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health The values present the most up-to-date
Slope Factors (CSFs) Considered effects assessments or evaluation by the cancer risk potency information. CSFs will

Human Health Assessment Group.

be used to compute the individual cancer
risk resulting from exposure to
contaminants.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation

Status

Requirement

Action to be taken to attain ARARs

LOCATION-SPECIFIC

CWA Section 404(b)(1); Guidelines for
Specification of Disposal Sites for Dredged
or Fill Material (40 CFR Parts 230, 231)

Executive Order 11990; Statement of
Procedures on Wetlands Protection (40
CFR Part 6, App.A)

Fish and Wildlife Coordination Act; 16
U.S.C. 661, 40 CFR Section 6.302

Applicable

Applicable

Applicable

No activity that adversely affects a wetland
is permitted if a practicable alternative with
lesser effects is available. Controls
discharges of dredged or fill material to
protect aquatic ecosystems.

Action to avoid, whenever possible, the
long and short-term impacts on wetlands
and to preserve and enhance wetlands.
Plans for action in wetlands must be
submitted for public review.

Any modification of a body of water
requires consultation with US Fish and
Wildlife Service and appropriate state
wildlife agency to develop measures to
prevent, mitigate or compensate for losses
of fish and wildlife. This requirement is
addressed under CWA Section 404
requirements.

During the identification, screening and
evaluation of the systems, the effects on
wetlands will be considered, and no activity
which adversely affects a wetland will be
undertaken if a practicable alternative with
lesser effects is available.

All practicable means will be used to
minimize harm to the wetlands. Wetlands
disturbed by remedial activities will be
mitigated in accordance with requirements
if no practicable alternative exists.

Requires federal and state coordination on
fish and wildlife matters. Will consult as
required.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation Status

Requirement

Action to be taken to attain ARARs

Executive Order 11988; Statement of
Procedures on Floodplain Management (40
CFR Part 6, App. A)

Applicable

Rules and Regulations governing
administration and enforcement of
Freshwater Wetlands Act (12-100-
003)(8/90)

Applicable

An Act Relating to Historic Cemeteries Applicable

RI Endangered Species Act Applicable

Action should avoid, whenever possible,
the long and short-term impacts associated
with occupancy and modifications of
floodplains development, wherever there is
a practicable alternative. Promotes
preservation and restoration of floodplains
so that their natural and beneficial value can
be realized.

Identifies and protects significant wetlands
and their values and functions with the goal
of no net loss.

Restrictions on altering land within 25 feet

of historical human cemeteries.

Actions must conserve identified local
endangered or threatened species.

Remedial actions that involve construction
in the floodplain areas will include all
practicable means to minimize harm to and
preserve beneficial values of floodplains.
Floodplains disturbed by excavation will be
restored to original conditions and utility.

Remedial actions will includes measures to
mitigate adverse impacts on protected
functions and achieve no net loss.

Plat 35 is a historic cemetery; actions must
be coordinated with appropriate agencies
such as Rl Cemeteries Commission, town
offices, and Historical Preservation
Commission.

Consultation with RIDEM will ensure that
remedial actions do not jeopardize the
existence of endangered or threatened
species or adversely modify or destroy
critical habitat.
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A

Regulation Status Requirement Action to be taken to attain ARARs

Note |: Because the remedy is source control only, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are
health goals for public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater
containment alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.

Note 2: RI Air Pollution Control Reg No. 17-Odors. RI Regulation No. 17, which prohibits emissions of air contaminants that create an objectionable odor
beyond the property line, does not fall within the definition of an ARAR as set forth in the NCP, in EPA’s view, because it falls within the category of nuisance
laws rather than environmental cleanup or control standards. Therefore, it is not listed as an ARAR for this site. However, EPA views this rule to be a
regulation which, like those promulgated under OSHA, must nonetheless be complied with in the performance of any remedy.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation

Status

Requirement

Action to be taken to attain ARARs

ACTION-SPECIFIC

GROUNDWATER

RCRA Groundwater Protection (40 CFR
264, Subpart F)

Rhode Island Rules and Regulations for
Hazardous Waste Management, RIDEM
4/92, Section 9.03

RI Rules and Regs for Groundwater
Quality, RIDEM 7/93, Sections 12.02 and
12.03.

Implemented
through R
regulations

Applicable

Applicable

Establishes requirements for solid waste
management units (SWMUs) at RCRA
regulated sites. Regulations include
groundwater protection standard
requirements for groundwater monitoring,
detection monitoring and compliance
monitoring and the corrective action
program.

Regulation outlines operation requirements
for treatment, storage and disposal
facilities, including a groundwater
monitoring program.

Regulations are designed to protect and
restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

Because this is a source control remedy,
groundwater cleanup will not be addressed
and cleanup goals are not set; however, all
alternatives will comply with the portions
of the regulations which apply to installing
groundwater monitoring wells and
compliance monitoring.

Although this is a source control remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells and compliance
monitoring.

Although this is a source control remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation

Status

Requirement

Action to be taken to attain ARARs

Rhode Island Regs for Underground
Storage Facilities used for Petroleum
Products & Hazardous Material (USTs)
(12-190-017)

Draft Interim Final OSWER Monitored

Natural Attenuation Policy (OSWER
Dir.9200.4-17)(12/1/97)

HAZARDOUS WASTE

RCRA-Hazardous Waste Identification, 40
CFR Part 261.

RCRA-Closure and Post-Closure, 40 CFR
Part 264, Subpart G

RCRA-Standards for Permitted TSDFs;
Thermal Treatment, 40 CFR Part 264,
Subpart AA

Applicable

To Be
Considered

Implemented
through RI
regulations

Implemented
through RI
regulations

Relevant &
Appropriate

Establishes procedures & requirements for
preventing, assessing and remediating
releases from USTs.

Provides guidance on how EPA will
implement national policy on use of
monitored natural attenuation.

Defines solid wastes that are subject to
regulation as hazardous waste under 40
CFR Parts 262-265.

Outlines the requirements for closure and
post-closure care of hazardous waste
management facilities.

Air emission standards for process vents,
closed vent systems and control devices at
facilities that treat, store or dispose of
hazardous wastes.

Underground components of condensate
collection system from flares will be
installed and maintained in accordance with
these requirements.

Decisions on use and efficacy of monitored
natural attenuation will be consistent with
guidance.

Requirements define RCRA regulated
wastes. Acceptable management
approaches for listed and characteristic
hazardous waste will be met for this
alternative.

Closure and post-closure care of the landfill
will comply with these requirements.

Alternatives which include on-site thermal
treatment (enclosed flares) will meet these
requirements.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation

Status

Requirement

Action to be taken to attain ARARs

EPA Technical Guidance for Final Covers
on HW Landfills and Surface
Impoundments, EPA/530-SW-047 (7/89)

EPA Technical Guidance memorandum
regarding Alternative Cap Design for
Unlined, Hazardous Waste Landfills in
EPA Region I, From Dennis P. Gagne &
Yoon-Jean Choi to OSRR, 9/30/97

EPA Technical Guidance on Management
of Investigation-Derived Waste: Final
covers on HW Landfills and surface
Impoundments (EPA/530-SW-89-047)

RI Rules and Regs for HW Management,
Section 8, RIDEM 4/92.

RI Rules and Regs for HW Management,
Sections 9 and 10.02, RIDEM 4/92.

To Be
Considered

To Be
Considered

To Be
Considered

Applicable

Applicable

Guidance for landfill covers. Presents
recommended technical specifications for
multilayer landfill cover design.

Guidance for landfill covers in EPA Region
I. Presents recommended technical
specifications for multilayer landfill cover
design.

Guidance for landfill covers,
recommending technical specifications for
multi-layer landfill cover design.

Outlines requirements for treatment,
disposal and storage of hazardous waste by
TSDFs.

Outlines requirements for general waste
analysis, security procedures, and
management of hazardous waste. Sets
design, construction and operational
requirements for containers and tanks and
closure requirements for hazardous waste
facilities.

Cap construction will be protective in
accordance with the guidance.

Cap construction will be protective in
accordance with the guidance

Waste derived from cap construction will
be managed in accordance with these
standards.

Management and treatment of on-site
treatment residues and waste derived from
cap construction will comply with these
regulations.

Identification and handling of hazardous
waste and closure of hazardous waste
landfill will comply with these
requirements.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation

Status

Requirement

Action to be taken to attain ARARs

RI Guidelines on the Management of
Investigation-Derived Waste

SURFACE WATER

RI PDES Regulations (12-190-003) and RI
Water Quality Regs for Water Pollution
Control (12-190-001)

CWA Ambient Water Quality Criteria
(AWQC), 40 CFR 122.44

To Be
Considered

Relevant &
Appropriate

Relevant &
Appropriate

Guidance on management and disposal of
materials generated during environmental
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.

Sets AWQC standards for water discharged
to surface waters.

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants.

All sampling activities performed on-site
will comply with this guidance.

Because this is a source control remedy,
surface water cleanup will not be addressed;
AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Because this is a source control remedy,
surface water cleanup will not be addressed,;
WQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation Status Requirement Action to be taken to attain ARARs
Proposed CWA Ambient Water Quality To Be Remedial actions involving contaminated Proposed AWQC for compounds detected
Criteria (AWQC), 40 CFR Part 120 Considered surface water or groundwater must consider  onsite (Fe) were compared to observed
the uses of the water and circumstances of concentrations in groundwater and used in
release or threatened release. developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
IR
Air Pollution Control Regs, RI Dept of Applicable Prohibits contaminant emissions for periods  Air emissions from remedial actions will
Health, Div of Air Pollution Control, eff. of more than 3 minutes in any one hour meet emission levels in regulations.
8/2/67, amended 5/20/91--Regulation No. | which are greater or equal to 20% opacity.
Visible Emissions
R1 Air Pollution Control Reg No. 5-- Applicable Requires reasonable precautions to prevent Operations will be performed in acc. with
Fugitive Dust particulate matter from becoming airborne. these rules.
R1 Air Pollution Control Reg No. 7.1 and Applicable Prohibits the emission of any contaminant Air emissions will meet all applicable
7.2--Emission of Air Contaminants which may be injurious to human, plant or standards, as set forth in RI Reg No. 22 and
Detrimental to Person or Property animal life, or cause damage to property or CAA NESHAPs, 40 CFR Part 61.
interferes with the enjoyment of property.
RI Air Pollution Control Reg No. 9-- Applicable Requires permitting for air pollution control  Air pollution control systems will be

Permits

systems and any new stationary sources
which create an increase in pollutant
emissions.

designed to meet all applicable standards,
as set forth in Rl Reg No. 22 and CAA
NESHAPs, 40 CFR Part 61.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation Status Requirement Action to be taken to attain ARARSs
RI Air Pollution Control Reg No. 16-- Applicable Requires operation of air pollution control Air pollution control systems will be
Operation of Air Pollution Control Systems systems according to design specifications operated and maintained in accordance with
and defines malfunction reporting Operation and Maintenance Plan.
requirements.
RI Air Pollution Control Reg No. 22--Air Applicable Prohibits the emission of specified Ambient air quality levels will be met for
Toxics contaminants at rates which would result in all technologies which emit air
ground level concentrations greater than contaminants.
acceptable ambient levels in the reg.
RI Guidance for Air Quality/Air Toxics To Be Provides guidelines for models and Guidance will be considered when
Substances Considered modeling procedures. modeling emissions from the LFG
combustion stack.
CAA National Emissions Standards for Relevant & Establishes emission levels for certain This remedy will attain NESHAP emission
Hazardous Air Pollutants (NESHAP) (40 Appropriate hazardous air pollutants, including vinyl limits for hazardous air pollutants that result
CFR Part 61). chloride and benzene. from treatment processes.
CAA Standards of Performance for Relevant & Establishes air emission limits for Landfill gas collection and control systems
Municipal Solid Waste Landfills (40 CFR Appropriate municipal solid waste landfills (MSWLF) will meet relevant and applicable
Part 60, Subpart WWW). and standards of performance for MSWLF performance standards.
gas coltection and control systems.
CHEMICAL-SPECIFIC
EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health The values present the most up-to-date
Slope Factors (CSFs) Considered effects assessments or evaluation by the cancer risk potency information. CSFs will

Human Health Assessment Group.

be used to compute the individual cancer
risk resulting from exposure to
contaminants.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation

Status

Requirement

Action to be taken to attain ARARs

LOCATION-SPECIFIC

CWA Section 404(b)(1); Guidelines for
Specification of Disposal Sites for Dredged
or Fill Material (40 CFR Parts 230, 231)

Executive Order 11990; Statement of
Procedures on Wetlands Protection (40
CFR Part 6, App.A)

Fish and Wildlife Coordination Act; 16
U.S.C. 661, 40 CFR Section 6.302

Applicable

Applicable

Applicable

No activity that adversely affects a wetland
is permitted if a practicable alternative with
lesser effects is available. Controls
discharges of dredged or fill material to
protect aquatic ecosystems.

Action to avoid, whenever possible, the
long and short-term impacts on wetlands
and to preserve and enhance wetlands.
Plans for action in wetlands must be
submitted for public review.

Any modification of a body of water
requires consultation with US Fish and
Wildlife Service and appropriate state
wildlife agency to develop measures to
prevent, mitigate or compensate for losses
of fish and wildlife. This requirement is
addressed under CWA Section 404
requirements.

During the identification, screening and
evaluation of the systems, the effects on
wetlands will be considered, and no activity
which adversely affects a wetland will be
undertaken if a practicable alternative with
lesser effects is available.

All practicable means will be used to
minimize harm to the wetlands. Wetlands
disturbed by remedial activities will be
mitigated in accordance with requirements
if no practicable alternative exists.

Requires federal and state coordination on
fish and wildlife matters. Will consult as
required.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation Status

Requirement

Action to be taken to attain ARARs

Executive Order 11988; Statement of
Procedures on Floodplain Management (40
CFR Part 6, App. A)

Applicable

Rules and Regulations governing
administration and enforcement of
Freshwater Wetlands Act (12-100-
003)(8/90)

Applicable

An Act Relating to Historic Cemeteries Applicable

RI Endangered Species Act Applicable

Action should avoid, whenever possible,
the long and short-term impacts associated
with occupancy and modifications of
floodplains development, wherever there is
a practicable alternative. Promotes
preservation and restoration of floodplains
so that their natural and beneficial value can
be realized.

Identifies and protects significant wetlands
and their values and functions with the goal
of no net loss.

Restrictions on altering land within 25 feet

of historical human cemeteries.

Actions must conserve identified local
endangered or threatened species.

Remedial actions that involve construction
in the floodplain areas will include all
practicable means to minimize harm to and
preserve beneficial values of floodplains.
Floodplains disturbed by excavation will be
restored to original conditions and utility.

Remedial actions will includes measures to
mitigate adverse impacts on protected
functions and achieve no net loss.

Plat 35 is a historic cemetery; actions must
be coordinated with appropriate agencies
such as RI Cemeteries Commission, town
offices, and Historical Preservation
Commission.

Consultation with RIDEM will ensure that
remedial actions do not jeopardize the
existence of endangered or threatened
species or adversely modify or destroy
critical habitat.
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B

Regulation Status Requirement Action to be taken to attain ARARs

Note |: Because the remedy is source control only, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are
health goals for public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater
containment alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.

Note 2: RI Air Pollution Control Reg No. 17-Odors. RI Regulation No. 17, which prohibits emissions of air contaminants that create an objectionable odor
beyond the property line, does not fall within the definition of an ARAR as set forth in the NCP, in EPA’s view, because it falls within the category of nuisance
Jaws rather than environmental cleanup or control standards. Therefore, it is not listed as an ARAR for this site. However, EPA views this rule to be a
regulation which, like those promulgated under OSHA, must nonetheless be complied with in the performance of any remedy.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4A

Regulation

Status

Requirement

Action to be taken to attain ARARs

ACTION-SPECIFIC

GROUNDWATER

RCRA Groundwater Protection (40 CFR
264, Subpart F)

Rhode Island Rules and Regulations for
Hazardous Waste Management, RIDEM
4/92, Section 9.03

RI Rules and Regs for Groundwater
Quality, RIDEM 7/93, Sections 12.02 and
12.03.

Implemented
through R1
regulations

Applicable

Applicable

Establishes requirements for solid waste
management units (SWMUs) at RCRA
regulated sites. Regulations include
groundwater protection standard
requirements for groundwater monitoring,
detection monitoring and compliance
monitoring and the corrective action
program.

Regulation outlines operation requirements
for treatment, storage and disposal
facilities, including a groundwater
monitoring program.

Regulations are designed to protect and
restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

Because this is a source control remedy,
groundwater cleanup will not be addressed
and cleanup goals are not set; however, all
alternatives will comply with the portions
of the regulations which apply to installing
groundwater monitoring wells and
compliance monitoring.

Although this is a source control remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells and compliance
monitoring.

Although this is a source control remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE

: ALTERNATIVE #4A

Regulation Status Requirement Action to be taken to attain ARARs
RI Rules and Regs for Underground Applicable Regulations are designed to assure proper The portions of this alternative which
Injection Control Program location, design, construction, maintenance include on-site treatment of leachate,
and operation of injection wells and other requiring discharge of treated water to GW
subsurface disposal systems to prevent GW  recharge wells, will comply with UICP
contamination. requirements.
Rhode Island Regs for Underground Applicable Establishes procedures & requirements for Underground components of condensate
Storage Facilities used for Petroleum preventing, assessing and remediating collection system from flares will be
Products & Hazardous Material (USTs) releases from USTs. installed and maintained in accordance with
(12-190-017) these requirements.
Draft Interim Final OSWER Monitored To Be Provides guidance on how EPA will Decisions on use and efficacy of monitored
Natural Attenuation Policy (OSWER Considered implement national policy on use of natural attenuation will be consistent with
Dir.9200.4-17)(12/1/97) monitored natural attenuation. guidance.
HAZARDOUS WASTE
RCRA-Hazardous Waste Identification, 40 Implemented Defines solid wastes that are subject to Requirements define RCRA regulated
CFR Part 261. through RI regulation as hazardous waste under 40 wastes. Acceptable management
regulations CFR Parts 262-265. approaches for listed and characteristic

RCRA-Closure and Post-Closure, 40 CFR
Part 264, Subpart G

Implemented
through Rl
regulations

Outlines the requirements for closure and
post-closure care of hazardous waste
management facilities.

hazardous waste will be met for this
alternative.

Closure and post-closure care of the landfill
will comply with these requirements.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4A

Regulation

Status

Requirement

Action to be taken to attain ARARs

RCRA Tank Systems Requirements, 40
CFR Part 264 Subpart J

RCRA-Standards for Permitted TSDFs;
Thermal Treatment, 40 CFR Part 264,
Subpart AA

EPA Technical Guidance for Final Covers
on HW Landfills and Surface
Impoundments, EPA/530-SW-047 (7/89)

EPA Technical Guidance memorandum
regarding Alternative Cap Design for
Unlined, Hazardous Waste Landfills in
EPA Region |, From Dennis P. Gagne &
Yoon-Jean Choi to OSRR, 9/30/97

EPA Technical Guidance on Management
of Investigation-Derived Waste: Final
covers on HW Landfills and surface
Impoundments (EPA/530-SW-89-047)

RI Rules and Regs for HW Management,
Section 8, RIDEM 4/92.

Implemented
through R1
regulations

Relevant &
Appropriate

To Be
Considered

To Be
Considered

To Be
Considered

Applicable

Sets standards for storage and treatment of
hazardous waste in tanks, including pipes
and ancillary equipment.

Air emission standards for process vents,
closed vent systems and control devices at
facilities that treat, store or dispose of
hazardous wastes.

Guidance for landfill covers. Presents
recommended technical specifications for
multilayer landfill cover design.

Guidance for landfill covers in EPA Region
I. Presents recommended technical
specifications for multilayer landfill cover
design.

Guidance for landfill covers,
recommending technical specifications for
multi-layer landfill cover design.

Outlines requirements for treatment,
disposal and storage of hazardous waste by
TSDFs.

On-site treatment of leachate will comply
with these standards.

Alternatives which include on-site thermal
treatment (enclosed flares) will meet these
requirements.

Cap construction will be protective in
accordance with the guidance.

Cap construction will be protective in
accordance with the guidance

Waste derived from cap construction will
be managed in accordance with these
standards.

Management and treatment of on-site
treatment residues and waste derived from
cap construction will comply with these
regulations.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4A

Regulation

Status

Requirement

Action to be taken to attain ARARs

RI Rules and Regs for HW Management,
Sections 9 and 10.02, RIDEM 4/92.

RI Guidelines on the Management of
Investigation-Derived Waste

SURFACE WATER

Rl PDES Regulations (12-190-003) and RI
Water Quality Regs for Water Pollution
Control (12-190-001)

Applicable

To Be
Considered

Relevant &
Appropriate

Outlines requirements for general waste
analysis, security procedures, and
management of hazardous waste. Sets
design, construction and operational
requirements for containers and tanks and
closure requirements for hazardous waste
facilities.

Guidance on management and disposal of
materials generated during environmental
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.

Sets AWQC standards for water discharged
to surface waters.

Identification and handling of hazardous
waste and closure of hazardous waste
landfill will comply with these
requirements.

All sampling activities performed on-site
will comply with this guidance.

Because this is a source control remedy,
surface water cleanup will not be addressed;
AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4A

Regulation Status

Requirement

Action to be taken to attain ARARs

CWA Ambient Water Quality Criteria
(AWQC), 40 CFR 122.44

Relevant &
Appropriate

Proposed CWA Ambient Water Quality To Be
Criteria (AWQC), 40 CFR Part 120 Considered
AIR

Air Pollution Control Regs, RI Dept of Applicable
Health, Div of Air Pollution Control, eff.

8/2/67, amended 5/20/91--Regulation No. 1

Visible Emissions

RI Air Pollution Control Reg No. 5-- Applicable

Fugitive Dust

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants.

Remedial actions involving contaminated
surface water or groundwater must consider
the uses of the water and circumstances of
release or threatened release.

Prohibits contaminant emissions for periods
of more than 3 minutes in any one hour
which are greater or equal to 20% opacity.

Requires reasonable precautions to prevent
particulate matter from becoming airborne.

Because this is a source control remedy,
surface water cleanup will not be addressed;
WQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Proposed AWQC for compounds detected
onsite (Fe) were compared to observed
concentrations in groundwater and used in
developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Air emissions from remedial actions will
meet emission levels in regulations.

Operations will be performed in acc. with
these rules.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4A

Regulation

Status

Requirement

Action to be taken to attain ARARs

R1 Air Pollution Control Reg No. 7.1 and
7.2--Emission of Air Contaminants
Detrimental to Person or Property

RI Air Pollution Control Reg No. 9--
Permits

RI Air Pollution Control Reg No. 16--
Operation of Air Pollution Control Systems

RI Air Pollution Control Reg No. 22--Air
Toxics

RI Guidance for Air Quality/Air Toxics
Substances

CAA National Emissions Standards for
Hazardous Air Pollutants (NESHAP) (40
CFR Part 61).

Applicable

Applicable

Applicable

Applicable

To Be
Considered

Relevant &
Appropriate

Prohibits the emission of any contaminant
which may be injurious to human, plant or
animal life, or cause damage to property or
interferes with the enjoyment of property.

Requires permitting for air pollution control
systems and any new stationary sources
which create an increase in pollutant
emissions.

Requires operation of air pollution control
systems according to design specifications
and defines malfunction reporting
requirements.

Prohibits the emission of specified
contaminants at rates which would result in
ground level concentrations greater than
acceptable ambient levels in the reg.

Provides guidelines for models and
modeling procedures.

Establishes emission levels for certain
hazardous air pollutants, including vinyl
chloride and benzene.

Air emissions will meet all applicable
standards, as set forth in RI Reg No. 22 and
CAA NESHAPs, 40 CFR Part 61.

Air pollution control systems will be
designed to meet all applicable standards,
as set forth in R1 Reg No. 22 and CAA
NESHAPs, 40 CFR Part 61.

Air pollution control systems will be
operated and maintained in accordance with
Operation and Maintenance Plan.

Ambient air quality levels will be met for
all technologies which emit air
contaminants.

Guidance will be considered when
modeling emissions from the LFG
combustion stack.

This remedy will attain NESHAP emission
limits for hazardous air pollutants that result
from treatment processes.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4A

Regulation Status Requirement Action to be taken to attain ARARs
CAA Standards of Performance for Relevant & Establishes air emission limits for Landfill gas collection and control systems
Municipal Solid Waste Landfills (40 CFR Appropriate municipal solid waste landfills (MSWLF) will meet relevant and applicable
Part 60, Subpart WWW). and standards of performance for MSWLF performance standards.
gas collection and control systems.
CHEMICAL-SPECIFIC
EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health The values present the most up-to-date
Slope Factors (CSFs) Considered effects assessments or evaluation by the cancer risk potency information. CSFs will
Human Health Assessment Group. be used to compute the individual cancer
risk resulting from exposure to
contaminants.
LOCATION-SPECIFIC
CWA Section 404(b)(1); Guidelines for Applicable No activity that adversely affects a wetland During the identification, screening and
Specification of Disposal Sites for Dredged is permitted if a practicable alternative with  evaluation of the systems, the effects on
or Fill Material (40 CFR Parts 230, 231) lesser effects is available. Controls wetlands will be considered, and no activity
discharges of dredged or fill material to which adversely affects a wetland will be
protect aquatic ecosystems. undertaken if a practicable alternative with
lesser effects is available.
Executive Order 11990; Statement of Applicable Action to avoid, whenever possible, the All practicable means will be used to

Procedures on Wetlands Protection (40
CFR Part 6, App.A)

long and short-term impacts on wetlands
and to preserve and enhance wetlands.
Plans for action in wetlands must be
submitted for public review.

minimize harm to the wetlands. Wetlands
disturbed by remedial activities will be
mitigated in accordance with requirements
if no practicable alternative exists.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE

: ALTERNATIVE #4A

Requirement

Action to be taken to attain ARARs

Regulation Status

Fish and Wildlife Coordination Act; 16 Applicable
U.S.C. 661, 40 CFR Section 6.302

Executive Order |1988; Statement of Applicable
Procedures on Floodplain Management (40

CFR Part 6, App. A)

Rules and Regulations governing Applicable
administration and enforcement of

Freshwater Wetlands Act (12-100-

003)(8/90)

An Act Relating to Historic Cemeteries Applicable

Any modification of a body of water
requires consultation with US Fish and
Wildlife Service and appropriate state
wildlife agency to develop measures to
prevent, mitigate or compensate for losses
of fish and wildlife. This requirement is
addressed under CWA Section 404
requirements.

Action should avoid, whenever possible,
the Jong and short-term impacts associated
with occupancy and modifications of
floodplains development, wherever there is
a practicable alternative. Promotes
preservation and restoration of floodplains
so that their natural and beneficial value can
be realized.

Identifies and protects significant wetlands
and their values and functions with the goal
of no net loss.

Restrictions on altering land within 25 feet
of historical human cemeteries.

Requires federal and state coordination on
fish and wildlife matters. Will consult as
required.

Remedial actions that involve construction
in the floodplain areas will include all
practicable means to minimize harm to and
preserve beneficial values of floodplains.
Floodplains disturbed by excavation will be
restored to original conditions and utility.

Remedial actions will includes measures to
mitigate adverse impacts on protected
functions and achieve no net loss.

Plat 35 is a historic cemetery; actions must
be coordinated with appropriate agencies
such as Rl Cemeteries Commission, town
offices, and Historical Preservation
Commission.
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TABLE 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4A

Regulation Status Requirement Action to be taken to attain ARARs
RI Endangered Species Act Applicable Actions must conserve identified local Consultation with RIDEM will ensure that
endangered or threatened species. remedial actions do not jeopardize the

existence of endangered or threatened
species or adversely modify or destroy
critical habitat.

Note 1: Because the remedy is source control only, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are
health goals for public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater
containment alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.

Note 2: RI Air Pollution Control Reg No. 17-Odors. RI Regulation No. 17, which prohibits emissions of air contaminants that create an objectionable odor
beyond the property line, does not fall within the definition of an ARAR as set forth in the NCP, in EPA’s view, because it falls within the category of nuisance
laws rather than environmental cleanup or control standards. Therefore, it is not listed as an ARAR for this site. However, EPA views this rule to be a
regulation which, like those promulgated under OSHA, must nonetheless be complied with in the performance of any remedy.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation

Status

Requirement

Action to be taken to attain ARARs

ACTION-SPECIFIC

GROUNDWATER

RCRA Groundwater Protection (40 CFR
264, Subpart F)

Rhode Island Rules and Regulations for
Hazardous Waste Management, RIDEM
4/92, Section 9.03

RI Rules and Regs for Groundwater
Quality, RIDEM 7/93, Sections 12.02 and
12.03.

Implemented
through RI
regulations

Applicable

Applicable

Establishes requirements for solid waste
management units (SWMUSs) at RCRA
regulated sites. Regulations include
groundwater protection standard
requirements for groundwater monitoring,
detection monitoring and compliance
monitoring and the corrective action
program.

Regulation outlines operation requirements
for treatment, storage and disposal
facilities, including a groundwater
monitoring program.

Regulations are designed to protect and
restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

Because this is a source control remedy,
groundwater cleanup will not be addressed
and cleanup goals are not set; however, all
alternatives will comply with the portions
of the regulations which apply to installing
groundwater monitoring wells and
compliance monitoring.

Although this is a source control remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells and compliance
monitoring.

Although this is a source control remedy
which does not address groundwater, this
alternative will comply with the regulations
with respect to installation of groundwater
monitoring wells.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation Status Requirement Action to be taken to attain ARARSs
RI Rules and Regs for Underground Applicable Regulations are designed to assure proper The portions of this alternative which
Injection Control Program location, design, construction, maintenance include on-site treatment of leachate,
and operation of injection wells and other requiring discharge of treated water to GW
subsurface disposal systems to prevent GW recharge wells, will comply with UICP
contamination. requirements.
Rhode Island Regs for Underground Applicable Establishes procedures & requirements for Underground components of condensate
Storage Facilities used for Petroleum preventing, assessing and remediating collection system from flares will be
Products & Hazardous Material (USTs) releases from USTs. installed and maintained in accordance with
(12-190-017) these requirements.
Draft Interim Final OSWER Monitored To Be Provides guidance on how EPA will Decisions on use and efficacy of monitored
Natural Attenuation Policy (OSWER Considered implement national policy on use of natural attenuation will be consistent with
Dir.9200.4-17)(12/1/97) monitored natural attenuation. guidance.
HAZARDOUS WASTE
RCRA-Hazardous Waste Identification, 40 Implemented Defines solid wastes that are subject to Requirements define RCRA regulated
CFR Part 261. through RI regulation as hazardous waste under 40 wastes. Acceptable management
regulations CFR Parts 262-265. approaches for listed and characteristic

RCRA-Closure and Post-Closure, 40 CFR
Part 264, Subpart G

Implemented
through RI
regulations

OQutlines the requirements for closure and
post-closure care of hazardous waste
management facilities.

hazardous waste will be met for this
alternative.

Closure and post-closure care of the landfill
will comply with these requirements.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation

Status

Requirement

Action to be taken to attain ARARs

RCRA Tank Systems Requirements, 40
CFR Part 264 Subpart J

RCRA-Standards for Permitted TSDFs;
Thermal Treatment, 40 CFR Part 264,
Subpart AA

EPA Technical Guidance for Final Covers
on HW Landfilis and Surface
Impoundments, EPA/530-SW-047 (7/89)

EPA Technical Guidance memorandum
regarding Alternative Cap Design for
Unlined, Hazardous Waste Landfills in
EPA Region I, From Dennis P. Gagne &
Yoon-Jean Choi to OSRR, 9/30/97

EPA Technical Guidance on Management
of Investigation-Derived Waste: Final
covers on HW Landfills and surface
Impoundments (EPA/530-SW-89-047)

RI Rules and Regs for HW Management,
Section 8, RIDEM 4/92,

Implemented
through R1
regulations

Relevant &
Appropriate

To Be
Considered

To Be
Considered

To Be
Considered

Applicable

Sets standards for storage and treatment of
hazardous waste in tanks, including pipes
and ancillary equipment.

Air emission standards for process vents,
closed vent systems and control devices at
facilities that treat, store or dispose of
hazardous wastes.

Guidance for landfill covers. Presents
recommended technical specifications for
multilayer landfill cover design.

Guidance for landfill covers in EPA Region
I. Presents recommended technical
specifications for multilayer landfill cover
design.

Guidance for landfill covers,
recommending technical specifications for
multi-layer landfill cover design.

Outlines requirements for treatment,
disposal and storage of hazardous waste by
TSDFs.

On-site treatment of leachate will comply
with these standards.

Alternatives which include on-site thermal
treatment (enclosed flares) will meet these
requirements.

Cap construction will be protective in
accordance with the guidance.

Cap construction will be protective in
accordance with the guidance

Waste derived from cap construction will
be managed in accordance with these
standards.

Management and treatment of on-site
treatment residues and waste derived from
cap construction will comply with these
regulations.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation

Status

Requirement

Action to be taken to attain ARARs

RI Rules and Regs for HW Management,
Sections 9 and 10.02, RIDEM 4/92.

RI Guidelines on the Management of
Investigation-Derived Waste

SURFACE WATER

Rl PDES Regulations (12-190-003) and R
Water Quality Regs for Water Pollution
Control (12-190-001)

Applicable

To Be
Considered

Relevant &
Appropriate

Outlines requirements for general waste
analysis, security procedures, and
management of hazardous waste. Sets
design, construction and operational
requirements for containers and tanks and
closure requirements for hazardous waste
facilities.

Guidance on management and disposal of
materials generated during environmental
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.

Sets AWQC standards for water discharged
to surface waters.

Identification and handling of hazardous
waste and closure of hazardous waste
landfill will comply with these
requirements.

All sampling activities performed on-site
will comply with this guidance.

Because this is a source control remedy,
surface water cleanup will not be addressed;
AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE

: ALTERNATIVE #4B

Regulation Status

Requirement

Action to be taken to attain ARARs

CWA Ambient Water Quality Criteria Relevant &
(AWQCQ(), 40 CFR 122.44 Appropriate
Proposed CWA Ambient Water Quality To Be
Criteria (AWQC), 40 CFR Part 120 Considered
AIR

Air Pollution Control Regs, RI Dept of Applicable
Health, Div of Air Pollution Control, eff.

8/2/67, amended 5/20/91--Regulation No. 1

Visible Emissions

RI Air Pollution Control Reg No. 5-- Applicable

Fugitive Dust

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants.

Remedial actions involving contaminated
surface water or groundwater must consider
the uses of the water and circumstances of
release or threatened release.

Prohibits contaminant emissions for periods
of more than 3 minutes in any one hour
which are greater or equal to 20% opacity.

Requires reasonable precautions to prevent
particulate matter from becoming airborne.

Because this is a source control remedy,
surface water cleanup will not be addressed;
WQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Proposed AWQC for compounds detected
onsite (Fe) were compared to observed
concentrations in groundwater and used in
developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Air emissions from remedial actions will
meet emission levels in regulations.

Operations will be performed in acc. with
these rules.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation Status Requirement Action to be taken to attain ARARs
RI Air Pollution Control Reg No. 7.1 and Applicable Prohibits the emission of any contaminant Air emissions will meet all applicable
7.2--Emission of Air Contaminants which may be injurious to human, plant or standards, as set forth in Rl Reg No. 22 and
Detrimental to Person or Property animal life, or cause damage to property or CAA NESHAPs, 40 CFR Part 61.
interferes with the enjoyment of property.
RI Air Pollution Control Reg No. 9-- Applicable Requires permitting for air pollution control  Air pollution control systems will be
Permits systems and any new stationary sources designed to meet all applicable standards,
which create an increase in pollutant as set forth in RI Reg No. 22 and CAA
emissions. NESHAPs, 40 CFR Part 61.
R1 Air Pollution Control Reg No. 16-- Applicable Requires operation of air pollution control Air pollution control systems will be
Operation of Air Pollution Control Systems systems according to design specifications operated and maintained in accordance with
and defines malfunction reporting Operation and Maintenance Plan.
requirements.
R1 Air Pollution Control Reg No. 22--Air Applicable Prohibits the emission of specified Ambient air quality levels will be met for
Toxics contaminants at rates which would result in  all technologies which emit air
ground level concentrations greater than contaminants.
acceptable ambient levels in the reg.
RI Guidance for Air Quality/Air Toxics To Be Provides guidelines for models and Guidance will be considered when
Substances Considered modeling procedures. modeling emissions from the LFG
combustion stack.
CAA National Emissions Standards for Relevant & Establishes emission levels for certain This remedy will attain NESHAP emission
Hazardous Air Pollutants (NESHAP) (40 Appropriate hazardous air pollutants, including vinyl limits for hazardous air pollutants that result

CFR Part 61).

chloride and benzene.

from treatment processes.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation Status Requirement Action to be taken to attain ARARs
CAA Standards of Performance for Relevant & Establishes air emission limits for Landfill gas collection and control systems
Municipal Solid Waste Landfills (40 CFR Appropriate municipal solid waste landfills (MSWLF) will meet relevant and applicable
Part 60, Subpart WWW). and standards of performance for MSWLF performance standards.
gas collection and control systems.
CHEMICAL-SPECIFIC
EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health The values present the most up-to-date
Slope Factors (CSFs) Considered effects assessments or evaluation by the cancer risk potency information. CSFs will
Human Health Assessment Group. be used to compute the individual cancer
risk resulting from exposure to
contaminants.
LOCATION-SPECIFIC
CWA Scction 404(b)(1); Guidelines for Applicable No activity that adversely affects a wetland During the identification, screening and
Specification of Disposal Sites for Dredged is permitted if a practicable alternative with  evaluation of the systems, the effects on
or Fill Material (40 CFR Parts 230, 231) lesser effects is available. Controls wetlands will be considered, and no activity
discharges of dredged or fill material to which adversely affects a wetland will be
protect aquatic ecosystems. undertaken if a practicable alternative with
lesser effects is available.
Executive Order 11990; Statement of Applicable Action to avoid, whenever possible, the All practicable means will be used to

Procedures on Wetlands Protection (40
CFR Part 6, App.A)

long and short-term impacts on wetlands
and to preserve and enhance wetlands.
Plans for action in wetlands must be
submitted for public review.

minimize harm to the wetlands. Wetlands
disturbed by remedial activities will be
mitigated in accordance with requirements
if no practicable alternative exists.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation

Status

Requirement

Action to be taken to attain ARARs

Fish and Wildlife Coordination Act; 16
U.S.C. 661, 40 CFR Section 6.302

Executive Order 11988; Statement of
Procedures on Floodplain Management (40
CFR Part 6, App. A)

Rules and Regulations governing
administration and enforcement of
Freshwater Wetlands Act (12-100-
003)(8/90)

An Act Relating to Historic Cemeteries

Applicable

Applicable

Applicable

Applicable

Any modification of a body of water
requires consultation with US Fish and
Wildlife Service and appropriate state
wildlife agency to develop measures to
prevent, mitigate or compensate for losses
of fish and wildlife. This requirement is
addressed under CWA Section 404
requirements.

Action should avoid, whenever possible,
the long and short-term impacts associated
with occupancy and modifications of
floodplains development, wherever there is
a practicable alternative. Promotes
preservation and restoration of floodplains
so that their natural and beneficial value can
be realized.

Identifies and protects significant wetlands
and their values and functions with the goal
of no net loss.

Restrictions on altering land within 25 feet
of historical human cemeteries.

Requires federal and state coordination on
fish and wildlife matters. Will consult as
required.

Remedial actions that involve construction
in the floodplain areas will include all
practicable means to minimize harm to and
preserve beneficial values of floodplains.
Floodplains disturbed by excavation will be
restored to original conditions and utility.

Remedial actions will includes measures to
mitigate adverse impacts on protected
functions and achieve no net loss.

Plat 35 is a historic cemetery; actions must
be coordinated with appropriate agencies
such as RI Cemeteries Commission, town
offices, and Historical Preservation
Commission.
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B

Regulation Status Requirement Action to be taken to attain ARARs
RI Endangered Species Act Applicable Actions must conserve identified local Consultation with RIDEM will ensure that
endangered or threatened species. remedial actions do not jeopardize the

existence of endangered or threatened
species or adversely modify or destroy
critical habitat.

Note |: Because the remedy is source control only, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are
health goals for public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater
containment alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.

Note 2: RI Air Pollution Control Reg No. 17-Odors. RI Regulation No. 17, which prohibits emissions of air contaminants that create an objectionable odor
beyond the property line, does not fall within the definition of an ARAR as set forth in the NCP, in EPA’s view, because it falls within the category of nuisance
laws rather than environmental cleanup or control standards. Therefore, it is not listed as an ARAR for this site. However, EPA views this rule to be a
regulation which, like those promulgated under OSHA, must nonetheless be complied with in the performance of any remedy.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5A

Regulation

Status

Requirement

Action to be taken to attain ARARs

ACTION-SPECIFIC

GROUNDWATER

RCRA Groundwater Protection (40 CFR
264, Subpart F)

Rhode Island Rules and Regulations for
Hazardous Waste Management, RIDEM
4/92, Section 9.03

RI Rules and Regs for Groundwater
Quality, RIDEM 7/93, Sections 12.02 and
12.03.

Implemented
through RI
regulations

Applicable

Applicable

Establishes requirements for solid waste
management units (SWMUs) at RCRA
regulated sites. Regulations include
groundwater protection standard
requirements for groundwater monitoring,
detection monitoring and compliance
monitoring and the corrective action
program.

Regulation outlines operation requirements
for treatment, storage and disposal
facilities, including a groundwater
monitoring program.

Regulations are designed to protect and
restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

Because this is a source control remedy,
groundwater cleanup will not be addressed
and cleanup goals are not set; however, all
alternatives will comply with the portions
of the regulations which apply to installing
groundwater monitoring wells and
compliance monitoring.

Although this is a source control remedy
which does not address groundwater, the
groundwater containment component of
this alternative will comply with the
regulations with respect 10 installation of
groundwater monitoring wells and
compliance monitoring.

Although this is a source control remedy
which does not address groundwater, the
groundwater containment component of
this alternative will comply with the
regulations with respect to installation of
groundwater monitoring wells.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5A

Regulation

Status

Requirement

Action to be taken to attain ARARs

RI Rules and Regs for Underground
Injection Control Program

Rhode Island Regs for Underground
Storage Facilities used for Petroleum
Products & Hazardous Material (USTs)
(12-190-017)

Draft Interim Final OSWER Monitored

Natural Attenuation Policy (OSWER
Dir.9200.4-17)(12/1/97)

HAZARDOUS WASTE

RCRA-Hazardous Waste Identification, 40
CFR Part 261.

RCRA-Closure and Post-Closure, 40 CFR
Part 264, Subpart G

Applicable

Applicable

To Be
Considered

Implemented
through Rl
regulations

Implemented
through RI
regulations

Regulations are designed to assure proper
location, design, construction, maintenance
and operation of injection wells and other
subsurface disposal systems to prevent GW
contamination.

Establishes procedures & requirements for
preventing, assessing and remediating
releases from USTs.

Provides guidance on how EPA will
implement national policy on use of
monitored natural attenuation.

Defines solid wastes that are subject to
regulation as hazardous waste under 40
CFR Parts 262-265.

Outlines the requirements for closure and
post-closure care of hazardous waste
management facilities.

The portions of this alternative which
include on-site treatment of GW and
leachate, requiring discharge of treated
water to GW recharge wells, will comply
with UICP requirements.

Underground components of condensate
collection system from flares will be
installed and maintained in accordance with
these requirements.

Decisions on use and efficacy of monitored
natural attenuation will be consistent with
guidance.

Requirements define RCRA regulated
wastes. Acceptable management
approaches for listed and characteristic
hazardous waste will be met for this
alternative.

Closure and post-closure care of the landfill
will comply with these requirements.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

(

ALTERNATIVE #5A

Regulation

Status

Requirement

Action to be taken to attain ARARs

RCRA Tank Systems Requirements, 40
CFR Part 264 Subpart J

RCRA-Standards for Permitted TSDFs;
Thermal Treatment, 40 CFR Part 264,
Subpart AA

EPA Technical Guidance for Final Covers
on HW Landfills and Surface
Impoundments, EPA/530-SW-047 (7/89)

EPA Technical Guidance memorandum
regarding Alternative Cap Design for
Unlined, Hazardous Waste Landfills in
EPA Region I, From Dennis P. Gagne &
Yoon-Jean Choi to OSRR, 9/30/97

EPA Technical Guidance on Management
of Investigation-Derived Waste: Final
covers on HW Landfills and surface
Impoundments (EPA/530-SW-89-047)

RI Rules and Regs for HW Management,
Section 8, RIDEM 4/92.

Implemented
through RI
regulations

Relevant &
Appropriate

To Be
Considered

To Be
Considered

To Be
Considered

Applicable

Sets standards for storage and treatment of
hazardous waste in tanks, including pipes
and ancillary equipment.

Air emission standards for process vents,
closed vent systems and control devices at
facilities that treat, store or dispose of
hazardous wastes.

Guidance for landfill covers. Presents
recommended technical specifications for
multilayer landfill cover design.

Guidance for landfill covers in EPA Region
1. Presents recommended technical
specifications for multilayer landfill cover
design.

Guidance for landfill covers,
recommending technical specifications for
multi-layer landfill cover design.

Outlines requirements for treatment,
disposal and storage of hazardous waste by
TSDFs.

On-site treatment of leachate and
groundwater will comply with these
standards.

Alternatives which include on-site thermal
treatment (enclosed flares) will meet these
requirements.

Cap construction will be protective in
accordance with the guidance.

Cap construction will be protective in
accordance with the guidance

Waste derived from cap construction will
be managed in accordance with these
standards.

Management and treatment of on-site
treatment residues and waste derived from
cap construction will comply with these
regulations.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

ALTERNATIVE #5A

Regulation

Status

Requirement

Action to be taken to attain ARARs

RI Rules and Regs for HW Management,
Sections 9 and 10.02, RIDEM 4/92.

RI Guidelines on the Management of
Investigation-Derived Waste

SURFACE WATER

RI PDES Regulations (12-190-003) and RI
Water Quality Regs for Water Pollution
Control (12-190-001)

Applicable

To Be
Considered

Relevant &
Appropriate

Outlines requirements for general waste
analysis, security procedures, and
management of hazardous waste. Sets
design, construction and operational
requirements for containers and tanks and
closure requirements for hazardous waste
facilities.

Guidance on management and disposal of
materials generated during environmental
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.

Sets AWQC standards for water discharged
to surface waters.

Identification and handling of hazardous
waste and closure of hazardous waste
landfill will comply with these
requirements.

All sampling activities performed on-site
will comply with this guidance.

Because this is a source control remedy,
surface water cleanup will not be addressed;
AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5A

Regulation Status

Requirement

Action to be taken to attain ARARs

CWA Ambient Water Quality Criteria Relevant &
(AWQC), 40 CFR 122.44 Appropriate
Proposed CWA Ambient Water Quality To Be
Criteria (AWQQ), 40 CFR Part 120 Considered
AIR

Air Pollution Control Regs, RI Dept of Applicable
Health, Div of Air Pollution Control, eff.

8/2/67, amended 5/20/91--Regulation No. 1

Visible Emissions

R1 Air Pollution Control Reg No. 5-- Applicable

Fugitive Dust

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants.

Remedial actions involving contaminated
surface water or groundwater must consider
the uses of the water and circumstances of
release or threatened release.

Prohibits contaminant emissions for periods
of more than 3 minutes in any one hour
which are greater or equal to 20% opacity.

Requires reasonable precautions to prevent
particulate matter from becoming airborne.

Because this is a source control remedy,
surface water cleanup will not be addressed;
WQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Proposed AWQC for compounds detected
onsite (Fe) were compared to observed
concentrations in groundwater and used in
developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Air emissions from remedial actions will
meet emission levels in regulations.

Operations will be performed in acc. with
these rules.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

ALTERNATIVE #5A

Regulation Status Requirement Action to be taken to attain ARARs
RI Air Pollution Control Reg No. 7.1 and Applicable Prohibits the emission of any contaminant Air emissions will meet all applicable
7.2--Emission of Air Contaminants which may be injurious to human, plant or standards, as set forth in Rl Reg No. 22 and
Detrimental to Person or Property animal life, or cause damage to property or CAA NESHAPs, 40 CFR Part 61.
interferes with the enjoyment of property.
RI Air Pollution Control Reg No. 9-- Applicable Requires permitting for air pollution control  Air pollution control systems will be
Permits systems and any new stationary sources designed to meet all applicable standards,
which create an increase in pollutant as set forth in RI Reg No. 22 and CAA
emissions. NESHAPs, 40 CFR Part 61.
RI Air Pollution Control Reg No. 16-- Applicable Requires operation of air pollution control Air pollution control systems will be
Operation of Air Pollution Control Systems systems according to design specifications operated and maintained in accordance with
and defines malfunction reporting Operation and Maintenance Plan.
requirements.
RI Air Pollution Control Reg No. 22--Air Applicable Prohibits the emission of specified Ambient air quality levels will be met for
Toxics contaminants at rates which would result in  all technologies which emit air
ground level concentrations greater than contaminants.
acceptable ambient levels in the reg.
RI Guidance for Air Quality/Air Toxics To Be Provides guidelines for models and Guidance will be considered when
Substances Considered modeling procedures. modeling emissions from the LFG
combustion stack.
CAA National Emissions Standards for Relevant & Establishes emission levels for certain This remedy will attain NESHAP emission
Hazardous Air Pollutants (NESHAP) (40 Appropriate hazardous air pollutants, including vinyl limits for hazardous air pollutants that result

CFR Part 61).

chloride and benzene.

from treatment processes.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5A

Regulation Status Requirement Action to be taken to attain ARARs
CAA Standards of Performance for Relevant & Establishes air emission limits for Landfill gas collection and control systems
Municipal Solid Waste Landfills (40 CFR Appropriate municipal solid waste landfills (MSWLF) will meet relevant and applicable
Part 60, Subpart WWW), and standards of performance for MSWLF performance standards.
gas collection and control systems.
CHEMICAL-SPECIFIC
EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health The values present the most up-to-date
Slope Factors (CSFs) Considered effects assessments or evaluation by the cancer risk potency information. CSFs will
Human Health Assessment Group. be used to compute the individual cancer
risk resulting from exposure to
contaminants.
LOCATION-SPECIFIC
CWA Section 404(b)(1); Guidelines for Applicable No activity that adversely affects a wetland During the identification, screening and
Specification of Disposal Sites for Dredged is permitted if a practicable alternative with  evaluation of the systems, the effects on
or Fill Material (40 CFR Parts 230, 231) lesser effects is available. Controls wetlands will be considered, and no activity
discharges of dredged or fill material to which adversely affects a wetland will be
protect aquatic ecosystems. undertaken if a practicable alternative with
lesser effects is available.
Executive Order | 1990; Statement of Applicable Action to avoid, whenever possible, the All practicable means will be used to

Procedures on Wetlands Protection (40
CFR Part 6, App.A)

long and short-term impacts on wetlands
and to preserve and enhance wetlands.
Plans for action in wetlands must be
submitted for public review.

minimize harm to the wetlands. Wetlands
disturbed by remedial activities will be
mitigated in accordance with requirements
if no practicable alternative exists.

Page 7 of 9
Version: 10 November 1998



TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5A

Regulation

Status

Requirement

Action to be taken to attain ARARs

Fish and Wildlife Coordination Act; 16
U.S.C. 661, 40 CFR Section 6.302

Executive Order 11988; Statement of
Procedures on Floodplain Management (40
CFR Part 6, App. A)

Rules and Regulations governing
administration and enforcement of
Freshwater Wetlands Act (12-100-
003)(8/90)

An Act Relating to Historic Cemeteries

Applicable

Applicable

Applicable

Applicable

Any modification of a body of water
requires consultation with US Fish and
Wildlife Service and appropriate state
wildlife agency to develop measures to
prevent, mitigate or compensate for losses
of fish and wildlife. This requirement is
addressed under CWA Section 404
requirements.

Action should avoid, whenever possible,
the long and short-term impacts associated
with occupancy and modifications of
floodplains development, wherever there is
a practicable alternative. Promotes
preservation and restoration of floodplains
so that their natural and beneficial value can
be realized.

Identifies and protects significant wetlands
and their values and functions with the goal
of no net loss.

Restrictions on altering land within 25 feet
of historical human cemeteries.

Requires federal and state coordination on
fish and wildlife matters. Will consult as
required.

Remedial actions that involve construction
in the floodplain areas will include all
practicable means to minimize harm to and
preserve beneficial values of floodplains.
Floodplains disturbed by excavation will be
restored to original conditions and utility.

Remedial actions will includes measures to
mitigate adverse impacts on protected
functions and achieve no net loss.

Plat 35 is a historic cemetery; actions must
be coordinated with appropriate agencies
such as RI Cemeteries Commission, town
offices, and Historical Preservation
Commission.
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5A

Regulation Status Requirement Action to be taken to attain ARARs
RI Endangered Species Act Applicable Actions must conserve identified local Consultation with RIDEM will ensure that
endangered or threatened species. remedial actions do not jeopardize the

existence of endangered or threatened
species or adversely modify or destroy
critical habitat.

Note I: Because the remedy is source control only, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are
health goals for public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater
containment alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.

Note 2: RI Air Pollution Control Reg No. 17-Odors. RI Regulation No. 17, which prohibits emissions of air contaminants that create an objectionable odor
beyond the property line, does not fall within the definition of an ARAR as set forth in the NCP, in EPA’s view, because it falls within the category of nuisance
laws rather than environmental cleanup or control standards. Therefore, it is not listed as an ARAR for this site. However, EPA views this rule to be a
regulation which, like those promulgated under OSHA, must nonetheless be complied with in the performance of any remedy.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5B

Regulation

Status

Requirement

Action to be taken to attain ARARs

ACTION-SPECIFIC

GROUNDWATER

RCRA Groundwater Protection (40 CFR
264, Subpart F)

Rhode Island Rules and Regulations for
Hazardous Waste Management, RIDEM
4/92, Section 9.03

RI Rules and Regs for Groundwater
Quality, RIDEM 7/93, Sections 12.02 and
12.03.

Implemented
through R1
regulations

Applicable

Applicable

Establishes requirements for solid waste
management units (SWMUs) at RCRA
regulated sites. Regulations include
groundwater protection standard
requirements for groundwater monitoring,
detection monitoring and compliance
monitoring and the corrective action
program.

Regulation outlines operation requirements
for treatment, storage and disposal
facilities, including a groundwater
monitoring program.

Regulations are designed to protect and
restore the quality of the state’s
groundwater and include a groundwater
monitoring program.

Because this is a source control remedy,
groundwater cleanup will not be addressed
and cleanup goals are not set; however, all
alternatives will comply with the portions
of the regulations which apply to installing
groundwater monitoring wells and
compliance monitoring.

Although this is a source control remedy
which does not address groundwater, the
groundwater containment component of
this alternative will comply with the
regulations with respect to installation of
groundwater monitoring wells and
compliance monitoring.

Although this is a source control remedy
which does not address groundwater, the
groundwater containment component of
this alternative will comply with the
regulations with respect to installation of
groundwater monitoring wells.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5B

Regulation Status Requirement Action to be taken to attain ARARs
R1 Rules and Regs for Underground Applicable Regulations are designed to assure proper The portions of this alternative which
Injection Control Program location, design, construction, maintenance include on-site treatment of GW and
and operation of injection wells and other leachate, requiring discharge of treated
subsurface disposal systems to prevent GW  water to GW recharge wells, will comply
contamination. with UICP requirements.
Rhode Island Regs for Underground Applicable Establishes procedures & requirements for Underground components of condensate
Storage Facilities used for Petroleum preventing, assessing and remediating collection system from flares will be
Products & Hazardous Material (USTs) releases from USTs. installed and maintained in accordance with
(12-190-017) these requirements.
Draft Interim Final OSWER Monitored To Be Provides guidance on how EPA will Decisions on use and efficacy of monitored
Natural Attenuation Policy (OSWER Considered implement national policy on use of natural attenuation will be consistent with

Dir.9200.4-17)(12/1/97)

HAZARDOUS WASTE

RCRA-Hazardous Waste Identification, 40
CFR Part 261.

RCRA-Closure and Post-Closure, 40 CFR
Part 264, Subpart G

Implemented
through RI
regulations

Implemented
through Rl
regulations

monitored natural attenuation.

Defines solid wastes that are subject to
regulation as hazardous waste under 40
CFR Parts 262-265.

Outlines the requirements for closure and
post-closure care of hazardous waste
management facilities.

guidance.

Requirements define RCRA regulated
wastes. Acceptable management
approaches for listed and characteristic
hazardous waste will be met for this
alternative.

Closure and post-closure care of the landfill
will comply with these requirements.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

(

ALTERNATIVE #5B

Regulation

Status

Requirement

Action to be taken to attain ARARs

RCRA Tank Systems Requirements, 40
CFR Part 264 Subpart J

RCRA-Standards for Permitted TSDFs;
Thermal Treatment, 40 CFR Part 264,
Subpart AA

EPA Technical Guidance for Final Covers
on HW Landfills and Surface
Impoundments, EPA/530-SW-047 (7/89)

EPA Technical Guidance memorandum
regarding Alternative Cap Design for
Unlined, Hazardous Waste Landfills in
EPA Region I, From Dennis P. Gagne &
Yoon-Jean Choi to OSRR, 9/30/97

EPA Technical Guidance on Management
of Investigation-Derived Waste: Final
covers on HW Landfills and surface
Impoundments (EPA/530-SW-89-047)

RI Rules and Regs for HW Management,
Section 8, RIDEM 4/92.

Implemented
through RI
regulations

Relevant &
Appropriate

To Be
Considered

To Be
Considered

To Be
Considered

Applicable

Sets standards for storage and treatment of
hazardous waste in tanks, including pipes
and ancillary equipment.

Air emission standards for process vents,
closed vent systems and control devices at
facilities that treat, store or dispose of
hazardous wastes.

Guidance for landfill covers. Presents
recommended technical specifications for
multilayer landfill cover design.

Guidance for landfill covers in EPA Region
I. Presents recommended technical
specifications for multilayer landfill cover
design.

Guidance for landfill covers,
recommending technical specifications for
multi-layer landfill cover design.

Qutlines requirements for treatment,
disposal and storage of hazardous waste by
TSDFs.

On-site treatment of leachate and
groundwater will comply with these
standards.

Alternatives which include on-site thermal
treatment (enclosed flares) will meet these
requirements.

Cap construction will be protective in
accordance with the guidance.

Cap construction will be protective in
accordance with the guidance

Waste derived from cap construction will
be managed in accordance with these
standards.

Management and treatment of on-site
treatment residues and waste derived from
cap construction will comply with these
regulations.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

(

ALTERNATIVE #5B

Regulation Status Requirement Action to be taken to attain ARARs
RI Rules and Regs for HW Management, Applicable Outlines requirements for general waste Identification and handling of hazardous
Sections 9 and 10.02, RIDEM 4/92, analysis, security procedures, and waste and closure of hazardous waste
management of hazardous waste. Sets landfill will comply with these
design, construction and operational requirements.
requirements for containers and tanks and
closure requirements for hazardous waste
facilities.
RI Guidelines on the Management of To Be Guidance on management and disposal of All sampling activities performed on-site
Investigation-Derived Waste Considered materials generated during environmental will comply with this guidance.
investigations. Specifies action levels for
soils and liquids below which investigation-
derived waste may be disposed of on-site.
SURFACE WATER
RI PDES Regulations (12-190-003) and Rl ~ Relevant & Sets AWQC standards for water discharged  Because this is a source control remedy,
Water Quality Regs for Water Pollution Appropriate to surface waters. surface water cleanup will not be addressed;

Control (12-190-001)

AWQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

(

ALTERNATIVE #5B

Regulation Status

Requirement

Action to be taken to attain ARARs

CWA Ambient Water Quality Criteria Relevant &
(AWQC), 40 CFR 122.44 Appropriate
Proposed CWA Ambient Water Quality To Be
Criteria (AWQC), 40 CFR Part 120 Considered
AIR

Air Pollution Control Regs, RI Dept of Applicable
Health, Div of Air Pollution Control, eff.

8/2/67, amended 5/20/91--Regulation No. |

Visible Emissions

RI Air Pollution Control Reg No. 5-- Applicable

Fugitive Dust

Non-enforceable guidance used by states in
conjunction with a designated use for a
stream effluent to establish water quality
standards. WQC levels for protection of
human health from consuming fish and
aquatic organisms have been developed for
several contaminants. The standards are
RA if there is no more stringent state rules
for particular contaminants.

Remedial actions involving contaminated
surface water or groundwater must consider
the uses of the water and circumstances of
release or threatened release.

Prohibits contaminant emissions for periods
of more than 3 minutes in any one hour
which are greater or equal to 20% opacity.

Requires reasonable precautions to prevent
particulate matter from becoming airborne.

Because this is a source control remedy,
surface water cleanup will not be addressed;
WQC standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Proposed AWQC for compounds detected
onsite (Fe) were compared to observed
concentrations in groundwater and used in
developing PRGs for surface water;
standards will be used to measure
effectiveness of remedy with respect to
leachate outbreaks to streams and other
discharges to onsite surface water.

Air emissions from remedial actions will
meet emission levels in regulations.

Operations will be performed in acc. with
these rules.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

ALTERNATIVE #5B

Regulation Status Requirement Action to be taken to attain ARARs
RI Air Pollution Control Reg No. 7.1 and Applicable Prohibits the emission of any contaminant Air emissions will meet all applicable
7.2--Emission of Air Contaminants which may be injurious to human, plant or standards, as set forth in RI Reg No. 22 and
Detrimental to Person or Property animal life, or cause damage to property or CAA NESHAPs, 40 CFR Part61.
interferes with the enjoyment of property.
RI Air Pollution Control Reg No. 9-- Applicable Requires permitting for air pollution control  Air pollution control systems will be
Permits systems and any new stationary sources designed to meet all applicable standards,
which create an increase in pollutant as set forth in RI Reg No. 22 and CAA
emissions. NESHAPs, 46 CFR Part 61.
RI1 Air Pollution Control Reg No. 16-- Applicable Requires operation of air pollution control Air pollution control systems will be
Operation of Air Pollution Control Systems systems according to design specifications operated and maintained in accordance with
and defines malfunction reporting Operation and Maintenance Plan.
requirements.
RI Air Pollution Control Reg No. 22--Air Applicable Prohibits the emission of specified Ambient air quality levels will be met for
Toxics contaminants at rates which would result in all technologies which emit air
ground level concentrations greater than contaminants.
acceptable ambient levels in the reg.
Rl Guidance for Air Quality/Air Toxics To Be Provides guidelines for models and Guidance will be considered when
Substances Considered modeling procedures. modeling emissions from the LFG
combustion stack.
CAA National Emissions Standards for Relevant & Establishes emission levels for certain This remedy will attain NESHAP emission
Hazardous Air Pollutants (NESHAP) (40 Appropriate hazardous air pollutants, including vinyl limits for hazardous air pollutants that result

CFR Part 61).

chloride and benzene.

from treatment processes.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

ALTERNATIVE #5B

Regulation

Status

Requirement

Action to be taken to attain ARARs

CAA Standards of Performance for
Municipal Solid Waste Landfills (40 CFR
Part 60, Subpart WWW).

CHEMICAL-SPECIFIC

EPA Human Health Assessment Cancer
Slope Factors (CSFs)

LOCATION-SPECIFIC

CWA Section 404(b)(1); Guidelines for
Specification of Disposal Sites for Dredged
or Fill Material (40 CFR Parts 230, 231)

Executive Order 11990; Statement of
Procedures on Wetlands Protection (40
CFR Part 6, App.A)

Relevant &
Appropriate

To Be
Considered

Applicable

Applicable

Establishes air emission limits for
municipal solid waste landfills (MSWLF)
and standards of performance for MSWLF
gas collection and control systems.

CSFs are developed by EPA for health
effects assessments or evaluation by the
Human Health Assessment Group.

No activity that adversely affects a wetland
is permitted if a practicable alternative with
lesser effects is available. Controls
discharges of dredged or fill material to
protect aquatic ecosystems.

Action to avoid, whenever possible, the
long and short-term impacts on wetlands
and to preserve and enhance wetlands.
Plans for action in wetlands must be
submitted for public review.

Landfill gas collection and control systems
will meet relevant and applicable
performance standards.

The values present the most up-to-date
cancer risk potency information. CSFs will
be used to compute the individual cancer
risk resulting from exposure to
contaminants.

During the identification, screening and
evaluation of the systems, the effects on
wetlands will be considered, and no activity
which adversely affects a wetland will be
undertaken if a practicable alternative with
lesser effects is available.

All practicable means will be used to
minimize harm to the wetlands. Wetlands
disturbed by remedial activities will be
mitigated in accordance with requirements
if no practicable alternative exists.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

ALTERNATIVE #5B

Regulation

Status

Requirement

Action to be taken to attain ARARs

Fish and Wildlife Coordination Act; 16
U.S.C. 661, 40 CFR Section 6.302

Executive Order 11988; Statement of
Procedures on Floodplain Management (40
CFR Part 6, App. A)

Rules and Regulations governing
administration and enforcement of
Freshwater Wetlands Act (12-100-
003)(8/90)

An Act Relating to Historic Cemeteries

Applicable

Applicable

Applicable

Applicable

Any modification of a body of water
requires consuitation with US Fish and
Wildlife Service and appropriate state
wildlife agency to develop measures to
prevent, mitigate or compensate for losses
of fish and wildlife. This requirement is
addressed under CWA Section 404
requirements.

Action should avoid, whenever possible,
the long and short-term impacts associated
with occupancy and modifications of
floodplains development, wherever there is
a practicable alternative. Promotes
preservation and restoration of floodplains
so that their natural and beneficial value can
be realized.

Identifies and protects significant wetlands
and their values and functions with the goal
of no net loss.

Restrictions on altering land within 25 feet
of historical human cemeteries.

Requires federal and state coordination on
fish and wildlife matters. Will consult as
required.

Remedial actions that involve construction
in the floodplain areas will include all
practicable means to minimize harm to and
preserve beneficial values of floodplains.
Floodplains disturbed by excavation will be
restored to original conditions and utility.

Remedial actions will includes measures to
mitigate adverse impacts on protected
functions and achieve no net loss.

Plat 35 is a historic cemetery; actions must
be coordinated with appropriate agencies
such as RI Cemeteries Commission, town
offices, and Historical Preservation
Commission.
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5B

Regulation Status Requirement Action to be taken to attain ARARs
RI Endangered Species Act Applicable Actions must conserve identified local Consultation with RIDEM will ensure that
endangered or threatened species. remedial actions do not jeopardize the

existence of endangered or threatened
species or adversely modify or destroy
critical habitat.

Note 1. Because the remedy is source control only, Safe Drinking Water Act, Maximum Contaminant Level Goals (MCLGs), 40 CFR Part 141, which are
health goals for public water systems, are not ARARs for the alternative remedies at this site. Rather, they are used to measure performance of groundwater
containment alternatives. The alternatives are expected to contain groundwater exceeding non-zero MCLGs within the compliance boundaries.

Note 2: RI Air Pollution Control Reg No. 17-Odors. Rl Regulation No. 17, which prohibits emissions of air contaminants that create an objectionable odor
beyond the property line, does not fall within the definition of an ARAR as set forth in the NCP, in EPA’s view, because it falls within the category of nuisance
laws rather than environmental cleanup or control standards. Therefore, it is not listed as an ARAR for this site. However, EPA views this rule to be a
regulation which, like those promulgated under OSHA, must nonetheless be complied with in the performance of any remedy.
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TABLE 5-1. NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

A. OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Human Health Protection

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

® No overall protection of human health
e Access restrictions (fencing) reduce on-site ambient air exposures
® Groundwater access restrictions reduce the potential for exposures

¢ Residential LFG control contingency reduces indoor air and soil gas exposures
in residences

Access restrictions (fencing) reduce on-site ambient air exposures
¢ Groundwater access restrictions reduce exposure to groundwater COPCs

* Horizontal containment limits exposure to on-site surface soils and reduce
generation of leachate

e Horizontal containment, LFG collection and thermal treatment reduce risk from
inhalation exposures of VOC COPCs

e Short-term risks to remediation workers can be mitigated with PPE

Same as Alternative #3a except:

¢ LFG collection/treatment non-thermally reduce the risk from inhalation
exposures to VOC COPCs by may result in increased on-site safety risk due to
remaining methane emissions

Same as Alternative #3a except:

¢ Leachate collection and on-site treatment further reduces groundwater
contamination impacts at the Site

Same as Alternative #4a except:
e Landfill mining further reduces groundwater contamination impacts at the Site

Same as Alternative #4a except:

¢ Groundwater depression system and on-site treatment further reduces
groundwater contamination impacts at the Site

Same as Alternative #5a except:
* Landfill mining further reduces groundwater contamination impacts at the Site
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Ecological Protection

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

No reduction in short- or long-term risks relative to baseline (existing) conditions
Same as Alternative #1

* Horizontal containment (capping) reduces leachate generation, and therefore, site
COPC migration to surface water/sediment thereby reducing ecological exposure

¢ Potential impacts to wetland and brook/river hydrology will be addressed during
design

Same as Alternative #3a

Same as Alternative #3a except:

¢ Impacts to wetland and aquatic areas are essentially eliminated by horizontal
containment and leachate collection/treatment

Same as Alternative #4a except:

¢ Landfill mining of the Bulky Waste Area removes a long-term source of
ecological impacts

Same as Alternative #4a except:

e Site COPC migration will be further reduced by the groundwater
collection/depression and on-site treatment

Same as Alternative #5a

* Landfill mining of the Bulky Waste Area removes a long-term source of
ecological impacts

B. COMPLIANCE WITH ARARS

Chemical-Specific ARARs

Alternative #1

* On-site groundwater will continue to exceed chemical-specific ARARs for most
COPCs

* Leachate will continue to impact surface waterbodies and cause exceedance of
surface water ARARs

*  Air pollution control regulations and LFG control requirements are not met
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

Same as Alternative #1

* Capping of the Solid Waste and Bulky Waste Areas will reduce precipitation
infiltration and leachate generation. Monitoring will be used as an indicator of
compliance with groundwater and surface water ARARs. Further actions may
be necessary.

* Air quality ARARs will be met through use of horizontal containment and LFG
collection/treatment systems

Same as Alternative #3a

Same as Alternative #3a except:

¢ Leachate collection and treatment further mitigates exceedance of groundwater
and surface water ARARs. Leachate will be treated to attain chemical-specific
ARARs

Same as Alternative #4a except:

¢ Landfill mining of the Bulky Waste Area further mitigates exceedance of
groundwater ARARs

Same as Alternative #4a except:

¢ Groundwater depression/treatment system further mitigates exceedance of
groundwater ARARs

Same as Alternative #5a except:

¢ Landfill mining of the Bulky Waste Area further mitigates exceedance of
groundwater ARARs

Location-Specific ARARs

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Location-specific ARARs are not affected by this alternative except for
¢ Leachate will continue degrading ecological habitats

Same as Alternative #1

Same as Alternative #2 except:

* Actions must be taken during construction to protect (or mitigate unavoidable
impacts to) wetlands, surface waterbodies, the floodplain, and the nearby
cemetery

Same as Alternative #3a
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

Same as Alternative #3b

Same as Alternative #4a

Same as Alternative #4b

Same as Alternative #5a

Action-Specific ARARs

Alternative #1

Alternative #2

Alternative #3a

Groundwater Quality Rules and Regulations - Because this is a no action
remedy, groundwater cleanup will not be addressed and cleanup goals are not
set; however, all alternatives will comply with the portions of the portions of the
regulations which apply to installing groundwater monitoring wells and
compliance monitoring.

Water Quality Rules and Regulations - Because this is a no action remedy,
surface water cleanup will not be addressed; water quality standards will be used
to measure effectiveness of the remedy

Groundwater Quality Rules and Regulations - Because this is a limited action
remedy, groundwater cleanup will not be addressed and cleanup goals are not
set; however, all alternatives will comply with the portions of the portions of the
regulations which apply to installing groundwater monitoring wells and
compliance monitoring.

Water Quality Rules and Regulations - Because this is a limited action remedy,
surface water cleanup will not be addressed; water quality standards will be used
to measure effectiveness of the remedy

Groundwater Quality Rules and Regulations - Because this is a source control
remedy, groundwater cleanup will not be addressed and cleanup goals are not
set; however, all alternatives will comply with the portions of the portions of the
regulations which apply to installing groundwater. monitoring wells and
compliance monitoring.

Water Quality Rules and Regulations - Because this is a source control remedy,
surface water cleanup will not be addressed; water quality standards will be used
to measure effectiveness of the remedy

RCRA and Rhode Island Hazardous Waste Rules and Regulations for closure
and post-closure requirements are met for the Solid Waste and Bulky Waste
Areas
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

State and Federal ARARs for Ambient Air/Soil Gas are attained

Same as Alternative #3a

Same as Alternative #3a

Same as Alternative #3a

Same as Alternative #3a

Same as Alternative #3a

C. LONG-TERM EFFECTIVENESS AND PERMANENCE

Magnitude of Residual Risk

Alternative #1

Alternative #2

Alternative #3a

Neither long-term effectiveness nor permanence provided. Residual health risks
in excess of the EPA target risk range continue to persist

No reduction from baseline ecological risks due to exposure to landfill leachate
discharged to Mitchell Brook and the Saugatucket River

Health risks: limited by institutional controls; permanence of controls is
unknown

Reductions is residual human health risks by groundwater access restrictions
depend on effectiveness

Access restrictions (fencing) reduce risk from on-site inhalation exposures

Residential LFG control contingency expected to reduce risk from exposure to
vinyl chloride in indoor air below 2 x 10*. Groundwater access restrictions
reduce the potential risk from ingestion of groundwater COPCs

Ecological risks: same as Alternative #1
Increased long-term effectiveness and permanence provided by controlling LEFG

LFG collection/treatment and access restrictions are expected to reduce risk from
inhalation exposures to vinyl chloride in ambient air and carcinogenic risk at
nearby residences to within the EPA target risk range
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

e Engineering controls. required operating procedures, and PPE specified during
the design should minimize potential residual risks to community and workers
from exposures to combustion by-products, LFG condensate waste and leaks and
safety risks from maintenance and potential explosion hazard by methane gas
and/or auxiliary fuel.

e Horizontal containment (capping) reduces risks from groundwater

e Surface water contamination and ecological risks are reduced by horizontal
containment (capping). However, discharge of leachate and contaminated
groundwater to surface waterbodies will continue

Same as Alternative #3a except:
e Non-thermal treatment of LFG does not reduce on-site methane emissions and a
residual safety risk of explosion remains

Same as Alternative #3a except:

e The leachate collection/treatment system further increases long-term
effectiveness and permanence

¢ The leachate collection system further reduces migration of site COPCs to
groundwater and surface water

¢ The leachate collection system further reduces ecological risk by eliminating the
release of leachate to surface water bodies

e Engineering controls, PPE, and required operating procedures specified during
the design should minimize potential residual risks to the community and
workers from concentration waste from water treatment

Same as Alternative #4a except:

e Source removal of the Bulky Waste Area further reduces groundwater and
surface water/sediment impacts

Same as Alternative #4a except:

® The groundwater depression/treatment system further reduces migration of site
COPCs

e An additional potential for risks due to generation of larger quantities of water
treatment residuals is expected to be mitigated by engineering controls, PPE, and
required operating procedures

Same as Alternatives #5a and #4b
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Adequacy and Reliability of Controls

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

No measures beyond environmental monitoring

Natural attenuation is minimal protection against untreated waste or treatment
residuals

Monitoring will provide measure of a remedy’s success and effectiveness and
reliability of monitoring is dependent on proper sampling and analytical
procedures

Same as Alternative #1 except:

Groundwater access restrictions will be effective and reliable if implemented
appropriately

Residential LFG control contingency will be effective and reliable assuming
proper operation

Access restrictions (fencing) will reliably maintain security around the Solid
Waste Area

Same as Alternative #2 except:

Horizontal containment (capping) will be effective and reliable in mitigating
surface soil risks and controlling leachate generation, provided long-term
maintenance is followed

Landfill gas will effectively be captured by horizontal containment, active
internal and perimeter collection systems at Solid Waste Area, with greater than
95% DRE by enclosed flare. Effective LFG capture will be achieved by proper
operation and maintenance

Passive venting at Bulky Waste Area will effectively and reliably remove LFG

Same as Alternative #3a except:

Non-thermal DRE of 95% is expected for VOCs, assuming proper operation and
maintenance. Reliability of photocatylitic oxidation, an innovative technology, is
not well qualified, but on-site pilot tests or review of applications at other
facilities can be used to evaluate relevant factors
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #4a  Same as Alternative #3a except:

® The collection system will adequately eliminate leachate discharge and treatment
will effectively remove COPCs, provided that proper operation and maintenance
are performed and that residuals created during construction and treatment are
properly disposed of

Alternative #4b  Same as Alternative #4a except:

¢ Landfill mining will be effective and reliable in providing source control in the
Bulky Waste Area assuming 100% source removal is accomplished

Alternative #5a  Same as Alternative #4a except:

e Effectiveness and reliability of the groundwater depression system in the Solid
Waste Area is not well qualified, however, proper design, well installation, and
operation will facilitate source control

Alternative #5b  Same as Alternative #4b and #5a

Need for Five-Year Reviews

All Alternatives  Five-year reviews will be required

D. REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT
Treatment/Recycling Processes Utilized

Alternative #1 No treatment processes utilized

Alternative #2 ¢ Residential LFG control contingency

Alternative #3a  ® Horizontal containment (capping) for Solid Waste and Bulky Waste Areas

® Active perimeter and internal LFG collection and LFG thermal treatment
(enclosed flare) for the Solid Waste Area

® Passive internal LFG collection for the Bulky Waste Area

Alternative #3b  Same as Alternative #3a except:
® LFG non-thermal treatment (photocatylitic oxidation) for the Solid Waste Area

Alternative #4a  Same as Alternative #3a except:
® Leachate collection/treatment system for the Bulky Waste Area
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #4b

Alternative #5a

Alternative #5b

® Discharge of treated water

Same as Alternative #4a except:
¢ Landfill Mining of the Bulky Waste Area used as a recycling process

Same as Alternative #4a except:

* Groundwater collection/depression system and on-site groundwater/leachate
treatment for the Solid Waste Area

Same as Alternative #5a except:
* Landfill Mining of the Bulky Waste Area used as a recycling process

Amount of Hazardous Materials Treated or Recvcled

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Alternative #4b

None

® Small fraction of migrating LFG redirected through residential control
contingency

¢ Leachate (through horizontal containment): 100% reduction for both the Solid
Waste and Bulky Waste Areas

® LFG - 95% reduction (minimum) of COPCs into ambient air in the Solid Waste
Area and redirect LFG from subsurface environment to ambient air in the Bulky
Waste Area, but no reductions in toxicity or mobility beyond natural attenuation

® Surface soil - risk mitigated by horizontal containment

Same Alternative #3a except:
®  98% reduction of VOC COPCs into ambient air in the Solid Waste Area

Same as Alternative #3a except:
® Leachate collection/treatment system will capture and treat 5 gpm of leachate

Same as Alternative #4a except:

e Landfill mining: estimated recycling of over 30.000 yd’ of metal waste and over
40,000 yd* of reusable soil, which should be confirmed during the remedial
design
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #5a  Same as Alternative #4a except:

* Groundwater collection/depression system will capture 45 gpm of groundwater
from the Solid Waste Area, which will be treated in an on-site groundwater/

leachate treatment system
Alternative #5b  Same as Alternative #5a and #4b
Degree of Expected Reductions in Toxicity, Mobility, or Volume
Alternative #1 None except for natural attenuation

Alternative #2 Same as Alternative #1

Alternative #3a  Same as Alternative #1 except:

* Groundwater/Leachate: No reduction in toxicity, but reduction in mobility due
to horizontal containment (capping)

e LFG: Reduction in toxicity proportionate with flare DREs and reduction in
mobility proportionate with collection system efficiency

Alternative #3b  Same as Alternative #3a except:
* LFG: Reduction in toxicity proportionate with non-thermal DREs

Alternative #4a  Same as Alternative #3a except:

e Leachate: Reduction in toxicity equal to on-site treatment efficiency (85%
metals and 90% VOCs) and reduction in mobility proportionate to treatment
efficiencies

Alternative #4b  Same as Alternative #4a except:

¢ Landfill mining: Over the long-term, reduction in toxicity and mobility will be
achieved to the degree that the waste sources are removed. However, there may
be increased mobility due to disturbances over the short-term

Alternative #5a  Same as Alternative #4a except:

¢ Groundwater: Reduction in toxicity equal to on-site treatment efficiency and
further reduction in mobility for the Solid Waste Area

Alternative #5b  Same as Alternative #5a and #4b

Irreversibility

Alternative #1 Not applicable
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5a

Same as Alternative #1 except a slight degree of irreversibility due to residential
LFG control contingency

¢ Leachate: Horizontal containment (capping) improved over existing site
conditions, but only temporary if cap is removed or compromised

¢ LFG: Not reversible for quantity treated
¢ Surface soil: risk mitigation 100% reversible if cap is removed
Same as Alternative #3a

Same as Alternative #3a except:
* On-site leachate treatment is irreversible for quantity treated

Same as Alternative #4a except:
¢ Landfill mining is irreversible for quantity removed

Same as Alternative #4a except:
¢ On-site groundwater treatment is irreversible for quantity treated

Same as Alternatives #5a and #4b

Type and Quantity of Residuals

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Not Applicable
No Residuals

* Landfill gas condensate is expected to be generated at a rate of 125 gal/10° ft*
extracted gas

* Non-thermal by-products: trace nitrogen and sulfur oxides, carbon monoxide,
hydrogen peroxide, and potentially dioxins

* Non-thermal by-products: methane, carbon dioxide, HCI and chlorine gas.
undestroyed/partially destroyed odor-causing compounds

Same as Alternative #3a except:
¢ Leachate collection system: Drilling/construction soils
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #4b

Alternative #5a

Alternative #5b

® Leachate treatment system: Metals sludge filter cake and undestroyed VOCs in
off-gas of UV/chemical oxidation. Sludge rate is expected to be 2 ft’ day

Same as Alternative #4a except:
¢ Landfill Mining: reusable soil and non-recyclable wastes

Same as Alternative #4a except:
* Larger on-site treatment plant and soil residuals from collection systems

* Sludge generation rate is expected to be 9 ft’ day

Same as Alternatives #5a and #4b

E. SHORT-TERM EFFECTIVENESS

Community and Worker Protection

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Alternative #4b

® No increase in short-term human health risks

¢ Nominal increases in short-term human health risks to workers during fence
installation and residential LFG control contingency

Same as Alternative #2 except:

* Potential inhalation hazard to workers and adjacent residents during invasive
construction activities (grading and installation of horizontal containment and
LFG systems)

Same as Alternative #3a

Same as Alternative #3a except:
¢ Additional invasive construction activities for during installation of the leachate
collection system

Same as Alternative #4a except:

* Increased risks to workers and adjacent residents for approximately 1 year from
landfill mining activities, which include exposure of wastes, additional odors,
noise, and dust. Additional worker risks may include contact with vermin,
landfill gas exposure. and potential for explosions.
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #5a  Same as Alternative #4a except:

® Increased short-term risks to workers and adjacent residents due to larger on-site
treatment plant and construction of the groundwater depression/collection
system.

Alternative #5b Same as Alternatives #5a and #4b

Environmental Impacts

Alternative #1 ® No increase or reduction in short-term environmental risks
® No disturbance of wetlands or other habitats

Alternative #2 *  Minor short-term disturbances to some wetland buffer zone during fence
installation

Alternative #3a  ®  Short-term risks for ecological receptors may increase somewhat from remedial
activities

¢ Some mortality of upland organisms during capping operations

®  One wetland filled inside limits of Solid Waste Area will require mitigation
(<0.15 acres)

* Minor ecological disturbances by roadway, fence, and plant construction along
with minor clearing of trees and shrubs

* Cap placement will disturb approximately 30 acres of grassland habitats,
requiring restoration following capping

¢ Increased erosion and sedimentation potential during remedial construction

e Changes in infiltration to groundwater and surface water recharge as a result of
remedial activities (primarily horizontal containment)

Alternative #3b  Same as Alternative #3a

Alternative #4a  Same as Alternative #3a except:

¢ Increase in areal extent of upland and wetland impacts because of the leachate
collection system
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #4b  Same as Alternative #4a except:

e Potential environmental impact from increased surface run-off. erosion, and dust
as well as increased iron releases from disturbance of soil/waste during landfill
mining operations

Alternative #5a  Same as Alternative #4a except:

e Larger area affected by construction of groundwater depression/collection
system

e Increased potential for impacts to hydrology of Mitchell Brook, Saugatucket
River and bordering wetlands

Alternative #5b  Same as Alternatives #5a and #4b

Time Until Remedial Action Objectives are Achieved

Alternative #1 e Groundwater - Natural attenuation of source areas; likely to be as long as FS
default duration of 30 years

e Surface Soil - No natural attenuation
e Surface Water/Sediment - Same as groundwater
e Ambient Air - Natural attenuation - 5 to 15 years, depending on LFG generation

e Soil Gas - Same as ambient air

Alternative #2 Groundwater - Within 1 year of remedy implementation
¢ Surface Soil - Same as Alternative #1

e Surface Water/Sediment - Same as Alternative #1

* Ambient Air - Same as Alternative #1

® Soil Gas - Within | year of remedy implementation

Alternative #3a  ®  Groundwater - Within 2 years of remedy implementation

¢ Surface Soil - Same as groundwater
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Surface Water/Sediment - Same as groundwater

Ambient Air - Within 1 to 2 years of remedy implementation

Soil Gas - Same as ambient air

Groundwater - Same as Alternative #3a

Surface Soil - Same as groundwater

Surface Water/Sediment - Same as groundwater

Ambient Air - Same as Alternative #3a

Soil Gas - Same as ambient air

Groundwater - Same as Alternative #3a

Surface Soil - Same as groundwater

Surface Water/Sediment - Within 1 to 2 years of remedy implementation
Ambient Air - Same as Alternative #3a

Soil Gas - Same as ambient air

Groundwater - Same as Alternative #4a

Surface Soil - Same as groundwater

Surface Water/Sediment - Within 2 years of remedy implementation
Ambient Air - Same as Alternative #4a

Soil Gas - Same as ambient air

Groundwater - Within 1 to 2 years of remedy implementation
Surface Soil - Same as Alternative #3a

Surface Water/Sediment - Same as Alternative #4a
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #5b

Ambient Air - Same as Alternative #3a

Soil Gas - Same as ambient air

Groundwater - Same as Alternative #5a

Surface Soil - Same as Alternative #3a

Surface Water/Sediment - Same as Alternative #4b

Ambient Air - Same as Alternative #3a

Soil Gas - Same as ambient air

F. IMPLEMENTABILITY

Technical Feasibility

Alternative #1

Alternative #2

Construction: No construction. Labor only required for conversion of soil gas
points and for monitoring

RAOs: RAOs will not be met

Additional Actions: Future actions can be taken to increase alternative’s
effectiveness

Monitoring: Monitoring will measure effectiveness of groundwater natural
attenuation and indirect effectiveness of LFG natural attenuation

Construction; Groundwater/leachate - No construction

LFG - Installation of residential LFG control contingency, if necessary; minor
maintenance requirements

RAOs: Groundwater/leachate - Groundwater access restriction reliability is
dependent on implementation/observance.

LFG - Soil gas RAOs reliably met with residential LFG control contingency.
Reliability of fencing to meet ambient air RAOs is limited

Additional Actions: Additions could be made to increase alternative’s
effectiveness
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #3a

Alternative #3b

Alternative #4a

Monitoring: Monitoring will measure effectiveness of groundwater natural
attenuation. It will also indirectly measure effectiveness of LFG natural
attenuation and the effectiveness of residential LFG control contingency.

Construction: Groundwater/leachate - Same as Alternative #2 except
construction of landfill caps. Access road improvements may be required. Five
piezometers will be installed; requires coordination with cap installation

LFG - Construction & operation of enclosed flare and LFG collection systems;
must be coordinated with cap installation. LFG emissions must be minimized
during subsurface work

RAOs: Groundwater/leachate - Same as Alternative #2 except for addition of
landfill caps which provide permanent and effective way to meet RAOs.
Reliability dependent on cap maintenance and inspections.

LFG - Reliability meets ambient air and soil gas RAOs. Effectiveness of flare
dependent on operation and maintenance.

Additional Actions: Additions could be made to increase alternative’s
effectiveness, such as extraction wells or trenches to capture
groundwater/leachate or internal or perimeter LFG wells if gas capture is
inadequate.

Monitoring: Groundwater - Similar to Alternative #2 with the addition of
5 piezometers

LFG - Monitoring will measure the effectiveness of the LFG collection/treatment
systems.

Groundwater/Leachate: Construction, achievement of RAOs, additional actions
and monitoring - are the same as Alternative #3a.

LFG: Construction - is the same as Alternative #3a except, on-site pilot study of
the photocatylitic oxidation technology would be needed prior to design and
installation, and the installed system operated and maintained properly. RAOs,
additional actions and monitoring - are the same as Alternative #3a.

Construction: Groundwater/leachate - Same as Alternative #3a except
construction of leachate collection and treatment systems: building construction,
utility hookup, and piping from collection system.

LFG - Same as Alternative #3a
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TABLE 3-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

e RAOs: Groundwater/leachate - Same as Alternative #3a except for addition of
leachate collection/treatment which provides improved reliability in meeting
Surface water/Sediment RAOs.

LFG - Same as Alternative #3a

e Additional Actions: Additions could be made to increase alternative’s
effectiveness

* Monitoring: Same as Alternative #3a

Alternative #4b Construction: Groundwater/leachate - Same as Alternative #4a except a pilot

study will be needed prior to commencement of landfill mining to determine
waste types, water table levels, and reusability/recycling of wastes.

LFG - Same as Alternative #3a

* RAOs: Groundwater/leachate - Same as Alternative #4a except the removal of
waste from the Bulky Waste Area will reduce leachate discharge and further
improve RAOs for surface water/sediment.

LFG - Same as Alternative #3a
* Additional Actions: Same as Alternative #4a
* Monitoring: Same as Alternative #3a

Alternative #5a ® Construction: Groundwater/leachate - Same as Alternative #4a except
construction. of groundwater depression system and larger on-site treatment
system: building construction, utility hookup. and piping from collection
system.

LFG - Same as Alternative #3a

¢ RAOs: Groundwater/leachate - Same as Alternative #4a except for addition of
groundwater depression system which provides improved reliability in meeting
groundwater and surface water/sediment RAOs.

LFG - Same as Alternative #3a

¢ Additional Actions: Additions could be made to increase alternative’s
effectiveness
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #5b

Monitoring: Same as Alternative #4a

Construction: Groundwater/leachate - Same as Alternatives #5a and #4b
LFG - Same as Alternative #3a

RAOs: Groundwater/leachate - Same as Alternative #4b

LFG - Same as Alternative #3a

Additional Actions: Additions could be made to increase alternative’s
effectiveness

Monitoring: Same as Alternative #4a

Administrative Feasibility

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

No regulatory approvals or permits required. Coordination with state and local
authorities required for monitoring

Groundwater/leachate - Same as Alternative #1 except for significant
coordination for implementation of access restrictions

LFG - Same as Alternative #1 except for coordination for implementation of
access restrictions (fencing) and residential LFG control contingency

Groundwater/leachate - Same as Alternative #2 except for any permits required
prior to cap construction. Coordination necessary for cap maintenance

LFG - Similar to Groundwater/Leachate for cap construction, cap maintenance
and monitoring. Coordination required for enclosed flare design and operation.
UST installation rules must be followed. Local ordinances need to be followed
during flare system construction

Groundwater/leachate - Same as Alternative #3a

LFG - Same as Alternative #3a except for coordination required for
photocatylitic oxidation system design and operation

Groundwater/leachate - Same as Alterative #3a except for State approval
required prior to treated water discharge
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #4b

Alternative #5a o

Alternative #5b

LFG - Same as Alternative #3a

Groundwater/leachate - Same as Alternative #4a except for additional State
approval and coordination on landfill mining

LFG - Same as Alternative #3a

Groundwater/Leachate - Same as Alternative #4a except for State approval
required prior to discharge of a larger volume of treated water

LFG - Same as Alternative #3a
Groundwater/Leachate - Same as Alternatives #5a and #4b

LFG - Same as Alternative #3a

Availability of Services and Materials

Alternative #1 ]

Alternative #2 L

Alternative #3a *

Alternative #3b

Groundwater/leachate - Consultants and firms are available to conduct
monitoring

LFG - Consultants and firms are available to conduct monitoring
Groundwater/leachate - Same as Alternative #1

LFG - Same as Alternative #1 except services and materials for installation of
fencing are readily available and contractors familiar with LFG applications are
required for residential LFG control systems

Groundwater/Leachate - Same as Alternative #2 except that materials necessary
for cap construction should be obtained from as near the Site as possible

LFG - Same as Alternative #2 for fencing and monitoring. Also, construction
contractors familiar with methane safety and fugitive vapors/COPCs are
required, and fabrication of flare requires significant lead time and may be
limited to specific, specialty contractors

Groundwater/Leachate - Same as Alternative #3a
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

LFG - Same as Alternative #3a except that fabrication of photocatylitic oxidation
system requires significant lead time and may be limited to specific, specialty
contractors

Groundwater/leachate - Same as Alternative #3a except that a TSDF is likely
needed for the precipitation process. Consultants, equipment and services are
commonly available for leachate collection and treatment design and O&M

LFG - Same as Alternative #3a

Groundwater/leachate - Same as Alternative #4a except that a contractor
experienced in landfill mining with OSHA-trained employees is required, a
TSDF will be needed for any hazardous wastes being transported offsite, and a
recycling facility to receive recyclable metal wastes will need to be located.

LFG - Same as Alternative #3a

Groundwater/leachate - Same as Alternative #4a

LFG - Same as Alternative #3a

Groundwater/leachate - Same as Alternatives #5a and #4b

LFG - Same as Alternative #3a
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS

G. COST

(Annual costs = total present worth operation and maintenance costs)

Alternative #1

Alternative #2

Alternative #3a

Alternative #3b

Alternative #4a

Alternative #4b

Alternative #5a

Alternative #5b

H & I. STATE AND COMMUNITY ACCEPTANCE

All Alternatives

Capital:
Capital:
Capital:
Capital:
Capital:
Capital:
Capital:

Capital:

$110,000

$360,000

$6,420,000

$6,560,000

$7,240,000

$9,820.000

$8.430,000

$11.010,000

Annual:

Annual:

Annual:

Annual:

Annual:

Annual:

Annual:

Annual:

$3,460,000

$3,480,000

$7,000,000

$6,630,000

$8,830,000

$7,100,000

$11,810,000

$11,810,000

Total:

Total:

Total:

Total:

Total:

Total:

Total:

Total:

$3,570,000

$3.840,000

$13,420,000

$13,190,000

$16,070,000

$16,920,000

$20,240,000

$22,820,000
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