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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 

•	 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 

•	 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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•	 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 

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. 

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

• Alternative #3a: Total cost of $13.4 million. 

• Alternative #3b: Total cost of $13.2 million. 

• Alternative #4a: Total cost of 16.1 million. 

• Alternative #4b: Total cost of 16.9 million. 

• Alternative #5a: Total cost of $20.2 million. 

• 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 available) 

• 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 199If). 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 Saugarucket 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 

area. 

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, Rl 
(Kelly, 1975) 

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

•	 Phase II 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 Landfill, 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 RI, 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, glacial lacustrine deposits, and 

glacial outwash sediments. The till and glacial outwash permit unconfmed groundwater flow in a 

south-southeast direction. Although the groundwater flow is predominantly to the south-southeast, 

mounding of groundwater in the northwest comer 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 offish 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 adjacent 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 rra/w-l,2-dichloroethene (DCE), TCE, and BTEX compounds. In the Solid Waste Area, 

numerous VOCs were found in landfill gas, although vinyl chloride, cw-l,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 

is 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 RI 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, 

1-15
 



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 

199 la) 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 also 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

1B and 2-1C illustrate the basis for selection of the media and disposal areas in need of remedial 

action. Tables 2-I D 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"6 to 10"4 . 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"6 to 10"4 . 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 10'6 to 1Q-4 . 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"6 to 10"4 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 ARARs or, in the absence of ARARs, in excess of 
the EPA target risk range of 10"6 to 10"4 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, 199Id), it is appropriate to develop PRGs for site media with 

cumulative cancer risks greater than IxlO"4 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 IxlO"6 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 RAOs. 

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 1x10'6 

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 10'6 to 10"4 , 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 ^g/m g 
C (\ig/L) = 

EF x ED x TOX x IR w 

C = Chemical concentration in water 
TR = Target risk: target excess lifetime cancer risk (for carcinogenic effects) = 10"6; 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 is chemical-specific for both carcinogens and
 

noncarcinogens. Carcinogens are measured as oral slope factor (mg/kg-day)"1 and 
noncarcinogens are measured as 1/reference dose (RfD) (mg/kg-day). 

IRW = 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"6 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/da y 
-	 3—i '­

EF x ED x HR x TOX a 

where: 

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

C = Chemical concentration in air 

EF = Exposure frequency = 1 50 (days/year) 

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

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

and noncarcinogens. The toxicity value for both carcinogens and 

noncarcinogens are in units 

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

2-6
 



3 = x AT x 365 days/yea r C(ng/m3 ) = 
EF x ED x TOX 

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 PRO 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. 
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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 amphibians 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 offish 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, Pimephalespromelas. 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 /^g/L for iron, and 87 /^g/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 PRO for iron was set at 1,000 ug/L, the chronic AWQC. This concentration is greater than the 

maximum iron concentration detected in background samples (250 |ig/L). The aluminum PRO was 

set at a concentration greater than the chronic AWQC (87 ug/L) because the background aluminum 

concentration (140 ug/L) was greater than the AWQC. No EPA AWQC was available for 

manganese. Therefore, the PRO for manganese was set at the background concentration (45 ug/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 Atg/L) as well 
as attainment of background levels for manganese (45 Mg/L) and aluminum 
(140/^g/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 floe) 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 Saugarucket 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 

2-16
 



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 PRO 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 PRO 

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 

ARARs 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 promulgated 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 
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• 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. 

2.3.13 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)(l) 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 

offish 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 

Air 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/m3), 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 ug/m3 , 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/m3), 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 ug/m3 . 

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 

Ozone: 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 Ground water 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. 
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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 

ARARs 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 Protection 

•	 Statement of Procedures on Floodplain Management and Wetlands Protection 
(40 CFR 6, Appendix A) 

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

•	 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 ARARs; 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)(l) 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 offish 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. §469-469c-l); 

Federal Historic Sites Building and Antiquities Act (16 U.S.C. §461 to 467); National Historic 

Preservation Act of 1966, Pub. I., 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). 
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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. 

23.2.6 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 not 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 offish, shellfish and wildlife and for recreation in 

and on the water and take into consideration their use and value of public water supplies, propagation 

offish, 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. 
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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 II were authorized. Non-HSWA Cluster III 

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, 1991 b). 
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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 3 00.415(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 J 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 

2-41
 



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 (N AA) 

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 

(i.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 
million m3 . Landfill design capacities may be calculated in either Mg or m3 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 m3 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. 



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. 

2-46
 



2.4.1 Groundwater 

Figure 2-2 shows the approximate areal extent of groundwater PRO 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 PRO 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 yd3 , which amounts to 878,750 yd3 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 yd3 , 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. 
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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 yd3 

assuming an in-place unit density of 800 pounds per cubic yard (lbs/yd3) (Robinson, 1986). Based 

on this information it is estimated that 120,000 yd3 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/yd3 , the annual 

volume of waste disposed of in the Solid Waste Area from 1978 to 1982 was 51,000 yd3 for a total 

of 204,000 yd3 over the 4-year period. 

Approximately 13,365 yd3 of solid waste (total fill and cover volume 16,700 yd3) 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 yd3 , which amounts to 130,400 yd3 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 lbs/yd3 , which was the density 

assumed in the Plan, an estimated 37,500 yd3 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/yd3 , approximately 76,500 yd3 

of municipal solid waste was disposed of in the Bulky Waste Area. Based on these projected loading 

rates, approximately 114,000 yd3 of waste is estimated to have been disposed of in the Bulky Waste 

Area. This number compares reasonably well to the 104,320 yd3 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 PRO 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 fWyear (60 fWmin). 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 ydVyear) 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 106 fV/year (8 fWminute). 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 farther 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 (RAOs) 

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 (through 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 offences, 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. 
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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, 199la). 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 ft2), 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. 
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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 storm water 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"5 cm/sec. The thickness of the existing cover ranges from 

Ot o 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 yd3 of top soil, 74,000 yd3 of granular fill, 37,000 yd3 of silt/sand, 111,000 yd2 of drainage 

composite, and 1.0 million ft2 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 10'5 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 yd3 of topsoil, 

18,000 yd3 of granular fill, 12,000 yd3 of silt/sand, 72,000 yd2 of drainage composite, and 320,000 ft2 

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 

(i.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 yd3 , which is 33% of the estimated total waste volume of 114.000 yd3 (M&E, 1996a). It 

is further estimated that 40% of the 114,000 yd3 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 
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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 5 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 Media 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 
is 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 a!., 1989; Ku and Ho, 1990; Topudurti et 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 et 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 (H2O2) and ozone (O3). 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 

H2O2 + hv 20H' 

OZONE ULTRAVIOLET WATER HYDROGEN OXYGEN 
LIGHT PEROXIDE 

03 + hv + H20 ­ H202 4 

THEN SIMILARLY: 

H,O, + hv 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 ng/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 ug/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 floe to a groundwater recharge well system may have negative impacts on operations 

& maintenance (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. 
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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 

control 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 - is 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 is 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 Aig/m3 and 

5.36 Aig/m3 , 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. 

3-25
 



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 at, 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 corner 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 

chloride 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 et 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 et 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, the 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 

is 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 ft3 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 ft3 of extracted gas generation rate 

represents approximately one-half the theoretical rate of 300 gallons/million ft3 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 

a relatively 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 et 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: 

k(t laQ@time,t= kL0e- - e> 

Where: 

L0 = 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 yr1 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'1 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 ft3 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 ft3 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). It is 

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: 

•	 <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. 

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

• -5" to +5" W.C. Acceptable operation range 
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• +5" W.C. or greater 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. 

•	 Oxygen (O2 at or Acceptable operation range
 
near 0.0% by volume
 

•	 O2>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, landfill 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 ai, 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 

ARARs 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, 1996c), 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 (»C1), 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 et 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 et 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 ai, 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 

VOCs of potential concern, in particular vinyl 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 (HC1) and chlorine gas 

(C12). According to KSE, Inc., for their system a gas stream containing 150 ppmv of vinyl chloride 
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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 HC1 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 HC1 be removed 

by scrubbing (Air Pollution Control Rule 12-031-009). However, material balance calculations 

(Appendix E ) indicate that the HC1 emission rate for a photocatalytic oxidation unit at the Site 

would not exceed 1.14 Ib/hour. The estimated maximum HC1 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)(l)). Since municipal landfill sites lend themselves to remediation by similar 

approaches (U.S. EPA, 1991 a), 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. 



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 criteria. 

4.1 EVALUATION OF ALTERNATIVES: 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: 
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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 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 



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 (H2S) and methane 

(CH4). 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 migrationof 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 (CO2), oxygen (O2), 

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 Dragerwerk 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"4 to 10~6 . 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 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 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. 
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Carcinogenic human health risk to a visitor from inhalation of landfill gas components at the Solid 

Waste Area is estimated at 4.4X10"4 , 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 S.lxlO'5 (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 1.9xlO'3 (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"4 

(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 2.8xlO~2 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/Leachate. 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 from 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/Leachate. 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 5 to 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 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 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/Leachate. 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/Leachate. 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 offences, 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 offences 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, ARARs 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 S.lxKT1 (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 l.SxlO"4 (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"4 , 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/Leachate. 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 I" 

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/Leachate 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 relatively 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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4.3a 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.l Definition of Alternative #3a 

Alternative #3a provides increased mitigation of human health risks through control of landfill 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. 

4-28
 



Active Perimeter LFG 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 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. 

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 4-4 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.l.l 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. 

Perimeter Gas Stream 
812 fWminute of gas with composition of: 

77% nitrogen (% by volume) 
21% oxygen 

1% methane 
1% carbon dioxide 

Internal LFG Stream 
41 fWminute 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 

4-30
 



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 fWminute 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 fWminute 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 (CH3SH) and hydrogen 

sulfide, hydrogen chloride (HC1), sulfur oxides (SOX), and nitrogen oxides (NC*x). 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 (SOX). 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 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 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. 
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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 

exposures. 

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 

OSH A/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 

4-36
 



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/Leachate. 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.l, 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.l.l. 

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 Volume 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/Leachate 
• 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.l .1). The enclosed flare ORE 
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 



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/Leachate. 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. 



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 theFS 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. 

4.3a.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 RAOs, ease of 

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

Groundwater/Leachate. 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/Leachate. 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/Leachate. 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 is 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. 

4.3b 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.l 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 alternative 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 LFG 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(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 4-4 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.l.l 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 fWminute 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 fWminute of LFG with composition of: 

50% methane (% by volume) 
50% carbon dioxide 
1,200 ppmv vinyl chloride 
See Appendix E for concentrations of other COPCs 

Combined perimeter and internal LFG gas stream (feed to photocatalytic oxidation system) 
853 fWminute 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 jointl y 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 

4-52
 



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 (TiO2) 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 concern 

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 TiO2 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 (SSlfWminute). 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 (HC1), and chlorine gas (C12). Secondary oxidation products that 

may also be generated in trace amounts include: undestroyed or partially destroyed COPCs (as 

defined by the DREs), undestroyed or partially destroyed odor causing compounds such as methyl 

mercaptan (CH3SH) 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 (SOX). 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 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. 

4.3b.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 chloride 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 

VOCs 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.l.l . 

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 #3 a. 

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: 

Groundwater/Leachate 
• Horizontal Containment - Solid Waste Area 
• Horizontal Containment - Bulky Waste Area 

Landfill 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 
DREs, 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/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: 

•	 untreated methane that exits the stack of the photocatalytic oxidation system. The 
estimated emission rate for the first year of operation is 75 Ib/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 is 
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 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. 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 bum 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/Leachate. The administrative feasibility for groundwater/leachate would be the 
same as for Alternative #3 a. 

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 #3 a. 

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.l 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 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. 
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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 Leachate 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.l.l 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. It is 

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 
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remove particles sizes greater than 11 |im 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 ozone/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 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 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/Leachate. 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 ozone/VOC destruction 
unit. 

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/Leachate. 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: 

Groundwatcr/Leachate 
•	 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 Efficiency 
metals 85% 
organics 90% 

Landfill Gas. The expected degree in toxicity or mobility of LFG site COPCs are the same 
as described for Alternative #3 a. 

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 A1(OH)3, Fe(OH)3, and Mn(OH)2. The quantity of sludge generated 
is expected to be approximately 2 fWday. 

•	 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. 

4.4a.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 
#3aand#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. 

4.4a.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/Leachate. 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 wells/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. 

4.4a.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.l 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 Containment - 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. 

Thermal LFG Treatment (Enclosed Flare) - Solid Waste Area. This alternative 
would implement the LFG treatment enclosed flare system in the same manner as 
Alternative #3 a. 

Leachate Collection fWells/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)(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. 
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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.l.l 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 yd3 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 the 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 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 #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 ARARs 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/Leachate. 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/Leachate 
•	 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/Leachate. 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 yd3 of metal waste, and reuse of approximately 45,600 yd3 of soil as backfill. The 
remaining 30,900 yd3 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/Leachate. 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 yd3), reusable soil (45,600 yd3), and non-recyclable wastes (30,900 yd3). 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 #3 a. 

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 ground water 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 FS 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 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. 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.l 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 #3 a. 

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 Raver. 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 
3.1.4. 

On-site Groundwater and Leachate 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 alternative, and how 

they interact with each media of concern, are presented on Figure 4-10. 

4.5a.l.l 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 ft3/!00 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 ozone 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: 

Groundwater/Leachate 
•	 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 

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. 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 A1(OH)3, Fe(OH)3, and Mn(OH)2. The quantity of sludge generated 
is expected to be approximately 9 ft3/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 #3 a. 

4.5a.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/Leachate. 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/Leachate. 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 #3 a. 

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.l 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 Leachate 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 
3.1.6.4. 

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 #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 Raver 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/Leachate. 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/Leachate. 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. 

Landfill 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 I" 

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/Leachate 
•	 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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Landfil l 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 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 Mb 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 ground water collection/depression system as identified for Alternative #5 a. 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 
#3a and #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 #3 a. 

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/Leachate. 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/Leachate. 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 #3 a. 
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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/Leachate. 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"6 to 10"4 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. 
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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 alternative 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 Alternatives #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 Ma 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 #Land #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 #3 a 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 ARARs 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 ARARs 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 #3 a 

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 ARARs 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 health 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 turn, 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 technology, 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/106 ft3 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 

5-13
 



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 (landfill 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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Section One
 



TABLE 1-1. CHRONOLOGY OF ACTIVITIES AT THE
 
ROSE HILL REGIONAL LANDFILL
 

Year	 Activity Affecting Landfill Operations 

1967	 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. 

1970	 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. 

1971	 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. 

1973	 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. 

1975	 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. 

1976	 South Kingstown Town Council votes to lease additional property (Lots 
OL16A and OL16 on Block 93A) for landfill facility from private resident. 

1977	 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. 

1978	 Bulky waste disposal area opens. 



Year 

1979
 

1980
 

1981
 

1982
 

1983
 

TABLE 1-1 (Continued). CHRONOLOGY OF ACTIVITIES AT THE 
ROSE HILL REGIONAL LANDFILL 

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. 

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. 

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. 

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. 

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 j±_6-acre parcel to private resident and 
votes to purchase 15.03-acre parcel from same resident. 

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. 



Year 

1984
 

1985
 

1986
 

1987
 

TABLE 1-1 (Continued). CHRONOLOGY OF ACTIVITIES AT THE 
ROSE HILL REGIONAL LANDFILL 

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. 

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. 

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. 

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. 

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 Leachate Surface Sediment Surface Landfill Residential 
Wells Water Soil Gas Ambient Air *** 

VOLATILE ORGANICS 
Acetone H H 
Benzene H H H H 
Carbon Disulfide H 
Chloroethane H H H 
1,1-Dichloroethane H H 
1,1-Dichloroethene H 
cis-l,2-Dichloroethene * H H H 
trans- 1 ,2-Dichloroethene H 
Dichlorodifluoromethane H 
Ethylbenzene H H 
4-Methyl-2-pentanone H 
Methylene chloride H H 
1 , 1 ,2,2-Tetrachloroethane H 
Toluene H H 
1 ,2,4-Trichlorobenzene H 
1,1,1-Trichloroethane H 
Trichloroethene H H 
1 ,2,4-Trimethy Ibenzene H 
1 ,3,5-Trimethylbenzene H 
Vinyl chloride ** H H H H 
m,p-Xylene H H 
o-Xylene H 
SEMIVOLATILE ORGANICS 
Acrylamide H H 
Benzo(a)anthracene H 
Benzo(a)pyrene H 
Benzo(b)fluoranthene H 
Benzo(k)fluoranthene H 
Bis(2-ethylhexyl)phthalate H H 
4-Chloro-3-methylphenol H 
Chrysene H 
2,4-Dimethylphenol 
N,N-Dimethylformamide H H 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-Methylnaphthalene H 
4-Methylphenol H 
Pentachlorophenol H 
PESTICIDES 
Dieldrin H 
INORGANICS 
Aluminu  m 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 
Chromium **** 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 H,E 
Manganese H H H,E H,E H H,E 
Mercury H H 
Nickel H H 
Selenium H 
Thall ium H 
Vanadium H H H H 
Zinc H H H 
Ammonia H H H H 
Sulfide H H H H 

H - Human Health 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-l,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] chromium; this was conservatively assumed to be chromium VI. 
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TABLE 2-1A. CHEMICALS OF POTENTIAL CONCERN WITH SUBSTANTIAL RISKS BY
 
MEDIA AND DISPOSAL AREA <"
 

Media 

Groundwater 

Ambient/Indoor Air 

Surface Water 

Disposal Area 

Solid Waste Area 
(Table2-lAK) 

Bulky Waste Area 
(Table 2-1AM) 

Sewage Sludge Area
(Table2-lAO) 

Residential Wells 
(Table2-lAQ) 

Solid Waste Area 
(Tables 2-1 BE and 2-1 BO) 

Residential Area 
(Tables 2-1BK, 2-IBM, and 
2-1BS) 

Solid Waste Area 

Bulky Waste Area 

Chemical of Concern (2) 

Vinyl chloride(H ) 

l,2-Dichloroethene(H) 

Acrylamide(H > 

Arsenic (H) 

Cadmium (H) 

Manganese (H) 

Antimony( H  ) 

Manganese (H) 

Antimony( H  ) 

Cadmium (H) 

Manganese <H) 

Manganese (H) 

Vinyl chloride(H ) 

Benzene <H) 

Vinyl chloride( H  ) 

Aluminum (E) 

IronIE> 
Manganese (E) 

Aluminum (E) 

Iron (E) 

Manganese (E) 

The substantial associated risks are identified and discussed in the Supplemental HHRA (M&E, 
1998). 

(2)	 This list includes those chemicals which individually exceed a hazard index of one and/or a 
baseline cancer risk of 10"*, 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 10~6 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. 

(E)	 Chemical contributes to ecological risks. 
(H) 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 

Analyses Originally Conducted in 

Solid Waste Area Surface Soil 

Bulky Waste Area Surface Soil 

Sewage Sludge Area Surface Soil 

Solid Waste Area Leachate 

Bulky Waste Area Leachate 

Solid Waste Area Groundwater 

Bulk y Waste Area Groundwater 

Sewage Sludge Area Groundwater 

Residential Wells Groundwater 

Target Route 

the Remedial Investigation (1994): 

Adult Ingestion 
Dermal 
Total Adult 

Child Ingestion 
Dermal 
Total Child 
Total Lifetime 

Adult Ingestion 
Dermal 
Total Adult 

Child Ingestion 
Dermal 
Total Child 
Total Lifetime 

Adult Ingestion 
Dermal 
Total Adult 

Child Ingestion 
Dermal 
Total Child 
Total Lifetime 

Adult Dermal 
Adolescent Dermal 

Adult Dermal 
Adolescent Dermal 

Adult Ingestion 

Adul t Ingestion 

Adult Ingestion 

Adul t Ingestion 

Average (a) 

5.9E-7 
5.7E-8 
6.5E-7 
1.4E-6 
6.6E-8 
1.5E-6 
2.1 E-6 

3.7E-7 
2.IE-9 
3.7E-7 
8.7E-7 
2.5E-9 
8.7E-7 
1. 2 E-6 

2.4E-7 

2.4E-7 
5.6E-7 

~ 
5.6E-7 
8.0E-7 

4.9E-9 
1.7E-8 

-

9.3E-3 

1.5E-5 

3.2E-5 

7.0E-7 

Maximu m (a) 

1.3E-6 
2.7E-7 
1.6E-6 
3.0E-6 
3.2E-7 
3.3E-6 
4.9E-6 

4.0E-7 
2.1E-9 
4.0E-7 
9.4E-7 
2.5E-9 
9.4E-7 
1.3E-6 

2.6E-7 

2.6E-7 
6.1E-7 

~ 
6.1E-7 
8. 7E-7 

4.9E-9 
1.7E-8 

-

2.8E-2 

4.1E-5 

9.7E-5 

9.8E-7 

Table Reference 

2-1D.2-1E 
2-1P, 2-1Q 

(b) 
2-1J.2-1K 
2-1V, 2-1 W 

(b) 
(b,c) 

2-lF,2-lG 
2-1R.2-1S 

(b) 
2-1L, 2-1M 
2-lX,2- l  Y 

(b) 
(b,c) 

2 - lH ,2 - l  I 
2- lT,2- l  U 

(b) 
2-1N.2-1O 
2-1Z.2-1AA 

(b) 
(b,c) 

2-1AB.2-1AC 
2-1AF, 2-1AG 

2- 1 AD, 2-1 AE 
2- lAH,2- lA I 

2-1 AJ, 2-1 AK 

2-IAL.2-1A M 

2- IAN, 2-1 AO 

2-1AP.2-1AQ 
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TABLE 2 - 1 B* (continued). SUMMARY OF CANCER RISK ESTIMATES 

Exposure Point Target Route Average (a) Maximu m (a) Table Reference 

Analyses Originally Conducted in the Remedial Investigation (1994) (continued): 

Saugatucket River Water Adult Ingestion 2-1AR.2-1AS 
Dermal ~ 2-1 AT, 2-1AU 

Adolescent Ingestion -­ 2-1 AV, 2-1 AW 
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-U 2.3E-10 2-lBH,2-lB I 

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- IBM 

Analyses Originally Conducted in the Supplemental Huma n Health Risk Assessment (1998): 

Solid Waste Soil Gas Visitor Inhalation (d) 1.6E-4 4.4E-4 2-lBN,2-lBO 
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-lBP,2-lBQ 
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 l.OE-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 

Page 2 of2 



TABLE 2 -1 C*. SUMMARY OF HAZARD INDEX ESTIMATES
 

Exposure Point 

Analyses Originally Conducted in 

Solid Waste Area Surface Soil 

Bulky Waste Area Surface Soil 

Sewage Sludge Area Surface Soil 

Solid Waste Area Leachate 

Bulky Waste Area Leachate 

Solid Waste Area Groundwater 

Bulk y Waste Area Groundwater 

Sewage Sludge Area Groundwater 

Residential Wells Groundwater 

Target Route 

the Remedial Investigation (1994): 

Adult 

Child 

Adult 

Child 

Adult 

Child 

Adult 
Adolescent 

Adult 
Adolescent 

Adul t 

Adul t 

Adul t 

Adult 

Ingestion 
Dermal 
Total Adult 
Ingestion 
Dermal 
Total Child 

Ingestion 
Dermal 
Total Adult 
Ingestion 
Dermal 
Total Child 

Ingestion 
Dermal 
Total Adult 
Ingestion 
Dermal 
Total Child 

Dermal 
Dermal 

Dermal 
Dermal 

Ingestion 

Ingestion 

Ingestion 

Ingestion 

Average (a) 

7.5E-3 
2.1E-4 
7.7 E-3 
7.0E-2 
9.6E-4 
7.IE-2 

1.7E-2 
7.0E-5 
1.7E-2 
1.5E-1 
3.3E-4 
1.5E-1 

5.7E-3 
2.1E-7 
5.7 E-3 
5.3E-2 
9.6E-7 
5.3E-2 

9.9E-4 
8.2E-4 

3.1E-3 
2.6E-3 

2.5E+1 

3.4E+0 

4.6E+0 

1.1 E+0 

Maximu m (a) 

1.7E-2 
2.3E-3 
I.9E-2 
1.6E-1 
1.1E-2 
I.7E-1 

5.8E-2 
3.5E-4 
5.8E-2 
5.5E-1 
1.6E-3 
5.5E-1 

8.0E-3 
3.4E-7 
8.0E-3 
7.4E-2 
1.6E-6 
7.4E-2 

9.9E-4 
8.2E-4 

5.8E-3 
4.8E-3 

5.1 E+l 

2.0E+1 

1.5E+1 

4.0E+0 

Table Reference 

2-ID.2-1E 
2-1P.2-1Q 
(b) 
2-1J.2-1K 
2-1V.2-1W 
(b) 

2-lF,2-lG 
2-1R.2-1S 
(b) 
2-IL.2-1 M 
2-1X.2-1Y 
(b) 

2- lH,2- l  I 
2-1T.2-1U 
(b) 
2-1N, 2-1O 
2-1Z.2-1AA 
(b) 

2-1AB.2-1AC 
2-1AF.2-1AG 

2-1AD, 2-1AE 
2-lAH,2-lA I 

2-1AJ, 2-1AK 

2-1AL.2-1AM 

2- IAN , 2-1 AO 

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, 2-1 AS 
Dermal 2.7E-4 1.1 E-3 2-1 AT, 2- IAD 

Adolescent Ingestion 8.9E-4 3.6E-3 2-1AV.2-1AW 
Dermal 2.9E-4 1.1E-3 2-1 AX, 2-1 AY 

Mitchell Brook Water Adult Dermal 3.6E-4 8.6E-4 2-1AZ, 2-1BA 
Adolescent Dermal 4.4E-4 l.OE-3 2-1BB, 2-1BC 

Solid Waste Soil Gas Visitor Inhalation (c) 1 .2E-2 1.5E-2 2-lBD,2-lBE 

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-lBN,2-lBO 
Passer-by Inhalation (c) 2.7E-5 5.3E-5 2-1BT, 2-IBU 

Residential Ambient/Indoor Air Resident Inhalation (c) 1.5E-3 2.9E-3 2-lBP,2-lBQ 
Resident Inhalation 3.8E+0 1.2E+1 2-lBR,2-lBS 

NOTES: 
a. Values greater than l.OE+0 are in bold. 
b. Ingestion plus dermal risks 
c. Air concentrations modeled from soil gas data. 

* EDITED FINAL SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE 8 
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TABLE 2-I D ­

POTENTIAL RISK FROM INGEST1ON 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) (mg/kg/day) (nig/kg/day) (mg/kg/day) /(mg/kg/day) 

Acetone 1 4 1 8.2E-06 0.1 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 1 46E-08 na .6E-08 0.73 I.1E-08 

Benzo(a)pyrene 0.068 1 4.0E-08 na .4E-08 7.3 l.OE-07 

Benzo(b)fluoranthene 0.076 1 45E-0 8 na .5E-08 0.73 1.IE-08 

Benzo(k)fluoranthene 0.064 1 3.8E-08 na .3E-08 0.073 9.4E-10 

Chrysene 0.095 1 56E-08 na .9E-08 0.0073 1.4E-10 

lndeno(l,2,3-cd)pyrene 0.052 1 3.1E-08 na .OE-08 0.73 7.6E-09 

Aluminum 8000 4.7E-03 na 1 .6E-03 na 

Arsenic 1 .5 8.8E-07 0.0003 2.9E-03 3.0E-07 1.5 4.5E-07 

Barium 16 9.4E-06 0.07 I.3E-04 3.2E-06 na 

Ben, Ilium 0.41 2.4E-07 0.002 I.2E-04 8.3E-08 na 

Chromium (d) 7.5 4.4E-06 0.005 8.8E-04 1.5E-06 na — 

Cobalt 2.9 1.7E-06 na 5.8E-07 na 

Copper 27 I.6E-05 na 5.4E-06 na 

Lead 12 70E-06 na 2.4E-06 na 

Manganese (e) 110 6.5E-05 0.07 9.2E-04 2.2E-05 na 

Mercury 0.067 3.9E-08 0.0003 \.3E-04 1 .3E-08 na 

Thallium 0.15 8.8E-08 0.00008 I.1E-03 3. OE-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 : 

1NGEST1ON = Cone. x Ingestion x Exposure x Exposure x R.A.F / Body x Averaging x Conversion 

EXPOSURE Rate Frequency Duration Weight Time Factor 

DOSE Cone. 100 150 24 R.A F 70 (0 365 x !Et06 

ing/day days/yr vears years days/year mg/kg 
^ 

(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 VI was used. — = not calculated due to absence of data 

(e) The reference dose for manganese is based on total allowable intake (10 ing/day) minus the background intake (5 rng/day) 

The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD. 

(0 Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used. 

' EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-l 



TABLE 2 - I E* 

POTENTIAL RISK FROM 1NGESTION OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

Maximum

ANALYTE Concentration

(ing/kg)

Acetone 160

Vinyl Chloride 0 25

Benzo(a)amhracene 0.078

Benzo(a)pyrene 0.068

Benzo(b)fluoranlhene 0.076

Benzo(k)lluoranthene 0.064

Chrysene 0.095

lndeno(l,2,3-cd)pyrene 005 2

Aluminum 14400 

Arsenic 3.5 

Barium 20.5 

Beryllium I.I 

Chromium (d) 139 

Cobalt 6.2 

Copper 253 

Lead 31. 1 

Manganese (e) 257 

Mercury 0.2 

Thallium 0.36 

Vanadium 27.2 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = Cone. x Ingestion

EXPOSURE Rate 

DOSE Cone. 100 

mg/day 

 Relative 

 Absorption 

 Factor (RAF) 

Exposure Dose

Chronic (a)

(mg/kg/day)

 Oral Reference

 Dose (RfD)

 (mg/kg/day) 

 Hazard 

 Quotient (b) 

1 

1 

94E-05

1 .5E-07

 0.1

 na 

 9.4E-04 

1 

1 

1 

1 

1 

1 

4.6E-08

4.0E-08

4.5E-08

3.8E-08

5.6E-08

3.IE-08

 na 

 na 

 na 

 na 

 na 

 na 

8.5E-03

2.IE-06

I.2E-05

6.5E-07

8.2E-06

3.6E-06

I.5E-04

1 .8E-05

I.5E-04

1.2E-07

2.1E-07

1 6E-05

Total Hazard Index =

 na 

 0.0003

 0.07

 0.002

 0.005

 na 

 na 

 na 

 0.07

 0.0003

 0.00008

 0.007

 6.8E-03 

 I.7E-04 

 3.2E-04 

 1.6E-03 

 2.2E-03 

 3.9E-04 

 2.6E-03 

 2.3E-03 

1 .7E-02 

x Exposure 

Frequency 

150 

days/yr 

x Exposure 

Duration 

24 

years 

x R.A.F

R.A.F 

/ Body

Weight 

70 

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.

Exposure Dose Oral Slope Cancer 

Lifetime (a) Factor Risk (c) 

(mg/kg/day) /(mg/kg/day) 

3.2E-05 na — 

5.0E-08 1.9 9.6E-08 

I.6E-08 0.73 1.1E-08 

1 4E-08 7.3 I.OE-07 

1.5E-08 0.73 1.IE-08 

I.3E-08 0.073 9.4E-IO 

I.9E-08 0.0073 1.4E-10 

I.OE-08 0.73 7.6E-09 

2.9E-03 na 

7.0E-07 1.5 I.1E-06 

4.IE-06 na 

2.2E-07 na 

2.8E-06 na 

1.2E-06 na 

5.IE-05 na 

6.3E-06 na 

5.2E-05 na — 

4.0E-08 na 

7.2E-OS na — 

5.5E-06 na — 

Total Risk = 1.3E-06 

x Averaging x Conversion 

Time Factor 

(f) 365 x IEt0 6 

years days/year mg/kg 

 na = loxicity 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 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. 
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TABLE 2 - I F* 

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE BULKY WASTE ARE A BY SITE VISITORS 

AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE

Average

 Concentration

(mg/kg)

 Relative 

 Absorption 

 Factor (RAF) 

Exposure Dose

Chronic (a)

(mg/kg/day)

 Oral Reference

 Dose (RfD)

 (mg/kg/day) 

 Hazard 

 Quotient (b) 

Exposure Dose

Lifetime (a)

(mg/kg/day)

 Oral Slope

 Factor

 /(mg/kg/day) 

 Cancer 

 Risk (c) 

Acetone

Vinyl Chloride

 4.8

 nd

 1 

1 

2.8E-06 0.1

na

 28E-05 

— 

9.7E-07 na 

1.9 

Benzo(a)amhracene

Benzo(a)pyrene

Benzo(b)fluoramhene

Beiizo(k)fluor3nlhene

Chrysene

lndeno(l,2.3-cd)pyiene

 nd

 nd

 0.057

 nd

 0.055

 nd

 1 

1 

1 

1 

1 

1 

—

3.3E-08

3.2E-08

 na 

na 

 na 

na 

 na 

na 

1.1E-08

1.1E-08

0.73 

7.3 

 0.73

0.073 

 0.0073

0.73 

 8.4E-09 

 8.IE-11 

Aluminum

Arsenic

Barium

Beryllium

Chromium (d)

Cobalt

Copper

Lead

Manganese (e)

Mercury

Thallium

Vanadium

 6400 

 1.2 

 34 

 0.57 

 5.8 

 60 

 3.3 

 29 

 1400 

 0.13 

 nd 

 12 

3.8E-03

7.0E-07

2.0E-05

3.3E-07

3.4E-06

35E-06

\ .9E-06

I.7E-05

8.2E-04

7.6E-08

7.0E-06

Total Hazard Index =

 na 

 0.0003

 0.07

 0.002

 0.005

 na 

 na 

 na 

 0.07

 0.0003

0.00008 

 0.007

 2.3E-03 

 2.9E-04 

 1.7E-04 

 6.8E-04 

I 2E-02 

 2.5E-04 

 l.OE-03 

1 .7E-02 

1 .3E-03

2.4E-07

6.8E-06

1 1 E-07

1 2E-06

I.2E-06

6.6E-07

5.8E-06

2.8E-04

2.6E-08

2.4E-06

Total Risk =

 na 

 1.5

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

na 

 na 

 3.6E-07 

 3.7E-07 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = 

EXPOSURE 

DOSE 

Cone. 

Cone. 

x Ingestion

Rale 

100 

mg/day 

x Exposure 

Frequency 

150 

days/yr 

x Exposure 

Duration 

24 

years 

x R.A.F

R.A F 

/ Body

Weight 

70 

kg 

x Averaging x Conversion 

Time Factor 

(0 365 x IE+06 

years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD na = toxicity value not available 

(c) Cancer risk = lifetime exposure dose x slope factor nd = not delected 

(d) The reference dose for chromium VI was used. — = nol 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 for body weight (70 kg) to derive the RfD. 

(0 Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used. 
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TABLE 2- 1 G* 

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE BULK Y WASTE ARE A BY SITE VISITORS 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE

Maximum

 Concentration

(mg/kg)

 Relative 

 Absorption 

 Factor (RAF) 

Exposure Dose

Chronic (a)

(mg/kg/day)

 Oral Reference

 Dose (RfD)

 (mg/kg/day) 

 Hazard 

 Quotient (b) 

Exposure Dose

Lifetime (a)

(mg/kg/day)

 Oral Slope

 Factor

 /(mg/kg/day) 

 Cancer 

 Risk (c) 

Acetone

Vinyl Chloride

 23.7

 nd

 1 

1 

I.4E-05 O.I

na

 I.4E-04 

— 

4.8E-06 na 

1 .9 

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

lndeno(l,2.3-cd)pyrene

 nd

 nd

 0.057

 nd

 0.055

 nd

 1 

1 

1 

1 

1 

1 

3.3E-08

3.2E-08

na 

na

 na 

na 

 na 

na 

— 

1.1E-08

1.1E-08

0.73
7 3 

 073

0.073 

 0.0073

0.73 

— 

 8.4E-09 

 8. IE- 11 

Aluminum

Arsenic

Barium

Beryllium

Chromium (d)

Cobalt

Copper

Lead

Manganese (e)

Mercury

Thallium

Vanadium

 8940

 1.3

 86.2

 0.88

 9.8

 12.8

 5.6

 124

 6120

 0.41

 nd

 18.1

 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

5.2E-03

7.6E-07

5.IE-05

5.2E-07

5.8E-06

7.5E-06

3.3E-06

73E-0 5

3.6E-03

2.4E-07

I.IE-05

Total Hazard Index =

 na 

 0.0003

 0.07

 0.002

 000 5

 na 

 na 

 na 

 0.07

 00003

0.00008 

 0.007

 2.5E-03 

 7.2E-04 

 2.6E-04 

 1.2E-03 

 5.IE-02 

 8.0E-04 

 1.5E-03 

 5.8E-02 

1.8E-03

2.6E-07

1.7E-05

1 .8E-07

2.0E-06

2.6E-06

1 1 E-06

2.5L-05

1 .2E-03

83E-0 8

36E-0 6

Total Risk =

 na

 1.5

 na 

 na 

 na 

 na 

 na

 na 

 na 

 na 

na 

 na 

— 

 3.9E-07 

— 

 4.0E-07 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = Cone. x Ingestion x Exposure x Exposure x R.A.F / Body x 

EXPOSURE Rate Frequency Duration Weight 

DOSE Cone. 100 150 24 R.A.F 70 

mg/day days/yr years kg 

Averaging x Conversion 

Time Factor 

(0 365 x IE+06 

years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD na = loxicity value not available 

(c) Cancer risk - lifetime exposure dose x slope factor nd = not detected 

(d) The reference dose for chromium VI was used — = not calculated due to absence of data 

(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. 

(I) Averaging times of 24 years for chronic doses and 70 years for lifetime doses were used. 
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TABLE 2 - 1 H* 

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS 

AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE

Average

 Concentration

(nig/kg)

 Relative 

 Absorption 

 Factor (RAF) 

Exposure Dose

Chronic (a)

(mg/kg/day)

 Oral Reference

 Dose (RfD)

 (mg/kg/day) 

 Hazard 

 Quotient (b) 

Exposure Dose

Lifetime (a)

(mg/kg/day)

 Oral Slope

 Factor

 /(mg/kg/day) 

 Cancer 

 Risk (c) 

Acetone

Vinyl Chloride

 0.014

 nd

 1 

1 

8.2E-09

—

 O.I

 na

 8.2E-08 

— 

2.8E-09 na 

1.9 

Benzo(a)anlhracene

Benzo(a)pyreite

Benzo(b)fluoranlhene

Benzo(k)fluoranthene

Chrysene

lndeno(l,2.3-cd)pyrene

 rid

 nd

 nd

 nd

 nd

 nd

 1 

1 

1 

1 

1 

1 

na 

na 

na 

na 

na 

na — 

0.73 

7.3 

0.73

0.073 

0.0073 

0.73 

— 

Aluminum

Arsenic

Barium

Beryllium

Chromium (d)

Cobalt

Copper

Lead

Manganese (e)

Mercury

Thallium

Vanadium

 5500 

 0.79 

 28 

0.35 

 6.4 

 2.9 

 37 

 6.3 

 110 

 0.13 

 0.15 

 9.2 

3.2E-03

4.6E-07

I.6E-05

2.1E-07

3.8E-06

1 .7E-06

2.2E-05

3.7E-06

6.5E-05

7.6E-08

8.8E-08

5.4E-06

Total Hazard Index =

 na 

 0.0003

 0.07

 0.002

 0.005

 na 

 na 

 na 

 007

 00003

 0.00008

 0.007

 I.5E-03 

 2.3E-04 

 l.OE-04 

 7.5E-04 

 9.2E-04 

 2.5E-04 

1 1E-03 

7.7E-04 

 5.7E-03 

1.IE-03

1.6E-07

56E-06

70E-08

1.3E-06

5.8E-07

7.4E-06

1.3E-06

2.2E-05

2.6E-08

3.0E-08

1 .9E-06

Total Risk =

 na 

 1.5

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 2.4E-07 

 2.4E-07 

NOTES: 

(a) Calculation for exposure dose . 

INGESTION = 

EXPOSURE 

POSE 

Cone. 

Cone 

x Ingestion

Rale 

100 

ing/day 

x Exposure 

Frequency 

150 

days/yr 

x Exposure 

Duration 

24 

years 

x R.A.F

R.A.F 

/ Body

Weight 

70 

kg 

x Averaging x Conversion 

Time Factor 

(0 365 x IE*06 

years days/year mg/kg 

(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 VI was used — = not calculated due to absence of data 

(e) The reference dose for manganese is based on total allowable intake (10 ing/day) minu s the background intake (5 mg/day). 

The remaining intake (5 mg/day) was normalized for body weight (70 kg) to derive the RfD. 

(0 Averaging limes of 24 years for chronic doses and 70 years for l i fe t im e doses were used. 
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TABLE 2- I I* 

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHI N THE SEWAGE SLIIDGE AREA BY SITE VISITORS 

MAXIMU M 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) 

(ing/kg) Factor (RAF) (mg/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Acetone 0.023 1 I.4E-08 0.1 1.4E-07 4.6E-09 na 

Vinyl Chloride nd 1 na 1 9 

Benzo(a)anthracene nd 1 na 0.73 

Benzo(a)pyrene nd 1 na — 7.3 

Benzo(b)fluoranthene nd 1 na — 0.73 

Benzo(k)lluoranthenc nd 1 na 0.073 

Chryscne nd 1 na 0.0073 

lndeno(l,2.3-cd)pyrene nd 1 na 0.73 

Aluiniiunn 6740 40E-0 3 na 1.4E-03 na 

Arsenic 0.86 5.0E-07 0.0003 1.7E-03 1.7E-07 1.5 2.6E-07 

Barium 58.9 3.5E-05 0.07 4.9E-04 1.2E-05 na — 

Beryllium 0.4 2.3E-07 0.002 1.2E-04 8.1E-08 na 

Chromium (d) 9.8 5.8E-06 0.005 1.2E-03 2.0E-06 na 

Cobalt 3.6 2.1E-06 na 7.2E-07 na — 

Copper 99.3 5.8E-05 na 2.0E-05 na 

Lead 11.8 6.9E-06 na 2.4E-06 na 

Manganese (e) 135 7.9E-05 0.07 1.1E-03 2.7E-05 na 

Mercury 0.28 1.6E-07 0.0003 5.5E-04 5.6E-08 na — 

Thallium 0.25 1 .5E-07 0.00008 1 .8E-03 5.0E-08 na — 

Vanadium 12.1 7.1E-06 0.007 I.OE-03 2.4E-06 na 

Total Hazard Index = 8.0E-03 Total Risk = 2.6E-07 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = Cone. x Ingeslion x Exposure x Exposure x R.A.F / Body x Averaging x Conversion 

EXPOSURE Rate Frequency Duration Weight Time Factor 

DOSE Cone. 100 150 24 R A.F 70 (0 365 x IE+06 

mg/day days/yr years kg years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD na = loxicity value not available 

(c) Cancer risk = lifetime exposure dose x slope factor nd = not detected 

(d) Tlie reference dose for chromium VI was used. — = not calculated due to absence of data 

(e) The reference dose for manganese is based on total allowable intake (10 rag/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. 
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TABLE 2-1 J* 

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BV SITE VISITORS 

AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE 

Average Relative 

ANALYTE Concentration Absorption 

(ing/kg) Factor (RAF) 

Acetone 14 1 

Vinyl Chloride 0 025 1 

Benzo(a)anthracene 0.078 1 

Benzo(a)pyrene 0.068 1 

Benzo(b)fluoranthene 0.076 1 

Benzo(k)fluoramhene 0.064 1 

Chrysene 0095 1 

lndeno(l,2,3-cd)pyrene 0.052 1 

Aluminum 8000 1 

Arsenic 1 5 1 

Barium 16 1 

Beryllium 041 1 

Chromium (d) 7.5 1 

Cobalt 2.9 1 

Copper 27 I 

Lead 12 1 

Manganese (e) 110 1 

Mercury 0.067 1 

Thallium 0.15 1 

Vanadium 14 1 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = Cone. x Ingestion x Exposure 

EXPOSURE Rate Frequency 

DOSE Cone. 200 IS O 

ing/day days/yr 

(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. 

Exposure Dose

Chronic (a)

(mg/kg/day)

7.7E-05

1.4E-07

4.3E-07

3.7E-07

4.2E-07

3.5E-07

5.2E-07

2.8E-07

4.4E-02

8.2E-06

88E-0 5

2.2E-06

4.1E-05

1 6E-05

I.5E-04

66E-0 5

6.0E-04

3.7E-07

8.2E-07

7.7E-05

Total Hazard Index =

x Exposure 

Duration 

6 

years 

 Oral Reference

 Dose (RID)

 (nig/kg/day) 

 O.I

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 00003

 0.07

 0.002

 0.005

 na 

 na 

 na 

 0.07

 0.0003

 0.00008

 0.007

x R.A.F

RA. F 

 Hazard 

 Quotient (b) 

 7.7E-04 

 2.7E-02 

 I.3E-03 

 1.1E-03 

 8.2E-03 

 8.6E-03 

 1.2E-03 

 I.OE-02 

 I.IE-02 

 7.0E-02 

/ Body

Weight 

15 

kg 

Exposure Dose

Lifetime (a)

(mg/kg/day)

 Oral Slope

 Factor

 /(mg/kg/day) 

 Cancer 

 Risk (c) 

6.6E-06

1.2E-08

 na

 1.9

 — 

 2.2E-08 

3.7E-08

3.2E-08

3.6E-08

3.0E-08

4.5E-08

24E-0 8

 0.73

 7.3

 0.73

 0.073

 0.0073

 0.73

 2.7E-08 

 2.3E-07 

 2.6E-08 

 2.2E-Q9 

 3.3E-10 

 I.8E-08 

3.8E-03

7.0E-07

7.5E-06

1 .9E-07

3.5E-06

I.4E-06

UE-05

5.6E-06

5.2E-05

3.1E-08

7.0E-08

6.6E-06

Total Risk =

 na 

 1.5

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 I.1E-06 

 I.4E-06 

x Averaging x Conversion 

Time Factor 

(1) 365 x IE+06 

years days/year mg/kg 

na = loxicity value not available 

nd = not detected 

— ­ not calculated due to absence of data 

(e) The reference dose for manganese is based on \olal 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 RID. 

(!) Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used. 
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c 
TABLE 2 - 1 K' 

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHI N THE SOLID WASTE AREA BY SITE VISITORS 

MAXIMU M 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/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Acetone 160 1 8.8E-04 0.1 88E-03 7.5E-05 na 

Vinyl Chloiide 0.25 1 1 .4E-06 na I.2E-07 1.9 2.2E-07 

Benzo(a)anlhracene 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 7.3 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 1 5.2E-07 na 4.5E-08 0.0073 3.3E-10 

lndeno(l,2,3-cd)pyrene 0.052 1 2.8E-07 na 2.4E-08 0.73 1.8E-08 

Aluminum U400 7.9E-02 na 6.8E-03 na 

Arsenic 3.5 1 .9E-05 0.0003 6.4E-02 1 6E-06 1.5 2.5E-06 

Barium 205 1.1E-04 0.07 1.6E-03 9.6E-06 na 

Beryllium I.I 6.0E-06 0.002 3.0E-03 5.2E-07 na 

Chromium (d) 13.9 7.6E-05 0005 I.5E-02 6.5E-06 na 

Cobalt 6.2 3.4E-05 na 2.9E-06 na 

Copper 253 1 .4E-03 na I.2E-04 na 

Lead 31. 1 1 .7E-04 na 1 5E-05 na 

Manganese (e) 257 1.4E-03 0.07 2.0E-02 1.2E-04 na 

Mercury 0.2 I.IE-06 0.0003 3.7E-03 9.4E-08 na 

Thallium 0.36 2.0E-06 0.00008 2.5E-02 1 .7E-07 na 

Vanadium 27.2 1 5E-04 0.007 2.IE-02 1 3E-05 na 

Total Hazard Index = 1 .6E-01 Total Risk = 3.0E-06 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = Cone. x Ingestion x Exposure x Exposure x R.A.F / Body x Averaging x Conversion 

EXPOSURE Rate Frequency Duration Weight Time Factor 

DOSE Cone. 200 150 6 R.A.F 15 (0 365 x IE+06 

nig/day days/yr years kg years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD na = toxicity value not available 

(c) Cancer risk = lifetime exposure dose x slope factor nd = not delected 

(d) Tile reference dose for chromium VI was used. — = 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 for body weighl (70 kg) to derive the RfD. 

(f) Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used. 
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TABLE 2- 1 L* 

POTENTIAL RISK FROM 1NGESTION OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS 

AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE 

ANALYTE

Average

 Concentration

(ingftg)

 Relative 

 Absorption 

 Factor (RAF) 

Acetone

Vinyl Chloride

 4.8

 nd

 1 

1 

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoramhene

Benzo(k)fluoranlhene

Chrysene

lndeno(1.2.3-cd)pyrene

 nd

 nd

 0.057

 nd

 0.055

 nd

 1 

1 

1 

1 

1 

1 

Aluminum

Arsenic

Barium

Beryllium

Chromium (d)

Cobalt

Copper

Lead

Manganese (e)

Mercury

Thallium

Vanadium

 6400 

 1.2 

 34 

 0.57 

 5.8 

6 

 3.3 

 29 

 1400 

 0. 1 3 

 nd 

 12 

NOTES: 

(a) Calculation for exposxue dose : 

INGESTION = Cone. x digestion x Exposure 

EXPOSURE Rate Frequency 

DOSE Cone. 200 150 

ing/day days/yr 

(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. 

Exposure Dose

Chronic (a)

(mg/kg/day)

2.6E-05

—

3.1E-07

3.0E-07

3.5E-02

6.6E-06

1.9E-04

3.IE-06

3.2E-05

3.3E-05

1 .8E-05

I.6E-04

7.7E-03

7.IE-07

6.6E-05

Total Hazard Index =

x Exposure 

Duration 

6 

years 

 Oral Reference

 Dose (RfD)

 (mg/kg/day) 

 O.I

na 

 na

na 

 na 

na 

 na 

na 

 na 

 0.0003

 0.07

 0.002

 0.005

 na

 na 

 na 

 0.07

 0.0003

0.00008 

 0.007

x R.A.F

R.A.I­

 Hazard 

 Quotient (b) 

 2.6E-04 

— 

 2.2E-02 

 2.7E-03 

 1.6E-03 

 6.4E-03 

— 

 I.1E-OI 

 2.4E-03 

 9.4E-03 

1 .5E-01 

/ Body

Weight 

15 

ku 

Exposure Dose

Lifetime (a)

(mg/kg/day)

 Oral Slope

 Factor

 /(mg/kg/day) 

 Cancer 

 Risk (c) 

2.3E-06 na

1.9 

— 

2.7E-08

26E-0 8

0.73 
7  3 

 0.73

0.073 

 0.0073

0.73 

 2.0E-08 

 1.9E-IO 

30E-03

5.6E-07

1 .6E-05

2.7E-07

2.7E-06

2.8E-06

I.5E-06

1 .4E-05

6.6E-04

6.IE-08

56E-06

Total Risk =

 na 

 1.5

 na 

 na 

 na 

 na

 na 

 na 

 na 

 na 

na 

 na 

 8.5E-07 

— 

 8.7E-07 

x Averaging x Conversion 

Time Factor 
ff> 1M v II-N nf. 

years days/year mg/kg 

na = toxicity value not available 

nd = not delected 

— = not calculated due to absence of data 

(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 RID. 

(0 Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used. 

* EDITED FINAL SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-9 



TABLE 2- 1 M* 

POTENTIAL RISK FROM 1NGESTION OF SURFACE SOILS WITHI N THE BULK Y 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/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Acetone 23.7 1 1.3E-04 0.1 I.3E-03 1.IE-05 na 

Vinyl Chloride nd 1 na 1 .9 

Benzo(a)anthracene ud 1 na 0.73 

Benzo(a)pyrene nd 1 na — •7 ^ 

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 1 3.0E-07 na 2.6E-08 0.0073 I.9E-10 

lndeno(1.2.3-cd)pyrcne nd 1 na 0.73 

Aluminum 8940 4.9E-02 na 4.2E-03 na 

Arsenic 1 .3 7.IE-06 00003 2.4E-02 6.IE-07 1.5 9.2E-07 

Barium 862 4.7E-04 0.07 6.7E-03 4.0E-05 na — 

Beryllium 0.88 4.8E-06 0.002 2.4E-03 4.IE-07 na 

Chromium (d) 9.8 5.4E-05 0.005 I.1E-02 4.6E-06 na — 

Cobalt 12 8 7.0E-05 na 6.0E-06 na 

Copper 5.6 3.IE-05 na 2.6E-06 na 

Lead 124 68E-04 na 5.8E-05 na 

Manganese (e) 6120 3.4E-02 0.07 4.8E-OI 2.9E-03 na 

Mercury 0.41 2.2E-06 0.0003 7.5E-03 1 .9E-07 na 

Thallium nd 0.00008 na — 

Vanadium 18.1 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 Tor exposure dose : 

INGEST1ON = Cone. x Ingestion x Exposure x Exposure x R.A.F / Body x Averaging x Conversion 

EXPOSURE Rate Frequency Duration Weight Time Factor 

DOSE Cone. 200 150 6 R.A.F 15 (0 365 x IE+06 

mg/day days/yr years ks years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD na = toxicity value nol available 

(c) Cancer risk = lifetime exposure dose x slope factor nd = not detected 

(d) The reference dose for chromium VI was used. — = nol 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 for body weight (70 kg) to derive the RfD. 

(0 Averaging times of 6 years for chronic doses and 70 years for l i fet ime doses were used. 

* EDITED FINAL SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-10 



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 

ANALYTE

Average

 Concentration

(mg/kg)

 Relative 

Absorption 

Factor (RAF) 

Exposure Dose

Chronic (a)

(mg/kg/day)

 Oral Reference

 Dose (RiD)

 (mg/kg/day) 

Hazard 

Quotient (b) 

Exposure Dose

Lifetime (a)

(mg/kg/day)

 Oral Slope

 Factor

 /(mg/kg/day) 

Cancer 

Risk (c) 

Acetone

Vinyl Chloride

 0014

 nd

 1 

1 

7.7E-08 0.1

na 

7.7E-07 66E-09 na 

1 .9 

Benzo(a)anthracene

Benzo(a)pyvene

Benzo(b)fluoran!hene

Benzo(k)fluoramhene

Chrysene

Indeno(l,2.3-cd)pyrene

 nd

 nd

 nd

 nd

 nd

 nd

 1 

1 

1 

1 

1 

1 

—

na 

na 

na 

na 

na 

na 

0.73

7.3 

0.73

0.073 

0.0073 

0.73 

— 

— 

Aluminum

Arsenic

Barium

Beryllium

Chromium (d)

Cobalt

Copper

Lead

Manganese (e)

Mercury

Thallium

Vanadium

 5500 

079 

28 

0.35 

6.4 

2.9 

37 

6.3 

110 

0.13 

0.15 

92 

3.0E-02

4.3E-06

1 5E-04

1 .9E-06

3.5E-05

1.6E-05

20F.-04

3.5E-05

6.0E-04

7.IE-07

8.2E-07

5.0E-05

Total Hazard Index =

 na 

0.0003

 0.07

 0.002

 0.005

 na 

na 

na 

0.07

 0.0003

 0.00008

 0.007

 1 4E-02 

2.2E-03 

9.6E-04 

7.0E-03 

8.6E-03 

2.4E-03 

1 .OE-02 

72E-03 

5.3E-02 

2.6E-03

3.7E-07

1 3E-05

1 .6E-07

3.0E-06

1 4E-06

UF.-05

3.0E-06

5.2E-05

6.IE-08

7.0E-08

4.3E-06

Total Risk =

 na 

1.5

 na 

na 

na 

na 

na 

na 

na

 na

 na 

na 

5.6E-07 

— 

— 

5.6E-07 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = Cone. x Ingestion x Exposure x Exposure x R.A.F / Body x Averaging x Conversion 

EXPOSURE Rale Frequency Duration Weight Time Factor 

DOSE Cone. 200 150 6 R.A.F 15 (0 365 xlE+06 

ing/day days/yr years kg years days/year mg/kg 

(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 VI was used\M; mi. ii.iiii.iivi uua*, »ui i i i iuuiiuiu »i »aa uavu.. —­ not calculateddue to absence of data 

(e) The reference dose for manganese is based on Iota! 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) to derive the RID. 

(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-l1 



TABLE 2- 1O* 

POTENTIAL RISK FROM INGESTION OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BY SITE VISITORS 

MAXIMU M CONCENTRATIONS USED FOR A CHILD EXPOSURE 

ANALYTE

Maximum

 Concentration

(mg'kg)

 Relative 

 Absorption 

 Factor (RAF) 

Exposure Dose

Chronic (a)

(ing/kg/day)

 Oral Reference

 Dose (RID)

 (mg/kg/day) 

 Hazard 

 Quotient (b) 

Exposure Dose

lifetime (a)

(mg/kg/day)

 Oral Slope

 Factor

 /(my/kg/day) 

 Cancer 

 Risk (c) 

Acetone

Vinyl Chloride

 0.023

 nd

 1 

1 

I.3E-07 O.I

na 

 I.3E-06 1.1E-08 na 
1 (J 

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

lndeno(l,2,3-cd)pyrene

 nd

 nd

 nd

 nd

 nd

 nd

 1 

1 

1 

1 

1 

1 

na 

na 

na 

na 

na 

na 

0.73
7 ^

0.73 

0.073

0.0073 

0.73 

— 
 __ 

— 

Aluminum

Arsenic

Barium

Ben Ilium

Chromium (d)

Cobalt

Copper

Lead

Manganese (e)

Mercury

Thallium

Vanadium

 6740

 0.86

 58.9

 0.4

 9.8

 3.6

 99.3

 II. 8

 135

 0.28

 0.25

 12.1

 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3.7E-02

4.7E-06

32E-0 4

2.2E-06

5.4E-05

2.0E-05

5.4E-04

6.5E-05

7.4E-04

1.5E-06

1.4E-06

6.6E-05

Total Hazard Index =

 na 

 0.0003

 0.07

 0002

 0.005

 na 

 na 

 na 

 0.07

 0.0003

 0.00008

 0.007

 I.6E-02 

 4.6E-03 

 I.1E-03 

 I.1E-02 

 1.1E-02 

 5.1E-03 

 I.7E-02 

 9.5E-03 

 7.4E-02 

3.2E-03

4.0E-07

2.8E-05

1.9E-07

4.6E-06

1 .7E-06

4.7E-05

5.5E-06

6.3E-05

1 .3E-07

1 2E-07

5.7E-06

Total Risk =

 na 

 1.5

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 na 

 6.IE-07 

 6.1E-07 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = 

EXPOSURE 

DOSE 

Cone. 

Cone. 

x Ingestion

Rate 

200 

mg/day 

x Exposure 

Frequency 

150 

days/yr 

x Exposure 

Duration 

6 

years 

x R.A.F

R.A F 

/ Body

Weight 

15 

kg 

x Averaging x Conversion 

Time Factor 

(0 365 x 1E+06 

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 

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minu s 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 l i fet ime doses were used. 

• EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-12 



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 

ANALYTE

Acetone
Vinyl Chloride

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranlhene
Benzo(k)fluoranlhene
Chrysene
lndeno(l,2,3-cd)pyrene

Aluminum

Arsenic
Barium
Beryllium
Chromium (e)
Cobalt
Copper
Lead
Manganese (0
Mercury
Thallium
Vanadium

NOTES: 

Average Relative Exposure Dose Oral Reference Hazard 
 Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) 

(trig/kg) Factor (RAF) (mg/kg/day) (mg/kg/day) 

 14
 0.025

 0.078
 0.068

 0.076
 0.064

 0.095
 0.052

 8000

 1.5
 16

 0.41
 75

 2.9
 27

 12
 1 10

 0.067
 0.15
 14

(a) Calculation for exposure dose : 
DERMAL = Cone, x Soil Contact x 
EXPOSURE Rate 
DOSE Cone 500 

nig/day 
(b) Hazard quotient - chronic exposure dose / RfD 

 0.5 2.IE-05 0.1 2.1E-04 
 0.5 3.7E-08 na 

 0.05 1.1E-08 na 
 0.05 IOE-08 na 
 0.05 I.IE-08 na 
 005 9.4E-09 na 
 0.05 I4E-08 na 
 0.05 7.6E-09 na 

 (d) na 
 (d) 0.0003 
 (d) 0.07 
 (d) 0.002 
 (d) 0.005 
 (d) na 
 (d) na 
 (d) na 
 (d) 0.07 

 (d) 0.0003 
 (d) 0.00008 
 (d) 0.007 

Total Hazard Index = 2.1E-04 

Exposure x Exposure x R.A.F. / Body x 
Frequency Duration Weight 

150 24 RAF 70 

days/yr years kg 

(c) Cancer Risk = lifetime exposure dose x slope factor 

(d) R.A.F. for melals is neglible; (USEPA. 1989, "Supplemental Risk Assessment Guidance ", EPA/901/5-89-001) 

(e) The reference dose for chromium VI was used. 

Exposure Dose
Lifetime (a)
(mg/kg/day)

 Oral Slope

 /(mg/k
 Factor

g/day) 

 Cancer 
 Risk (c) 

7.0E-06
1 .3E-08

 na 
 1 .9 2.4E-08 

3.9E-09
3.4E-09
3.8E-09
3.2E-09
4.8E-09
2.6E-09

 0

 0.73
 7.3
 0.73
 0.073

.0073
 0.73

 2.9E-09 
 2.5E-08 
 2.8E-09 
 2.4E-10 
 3.5E-I1 
 1.9E-09 

—
—

—
—

Total Risk =

na 
1 .5 

 na 
 na 

na 
na 

 na
 na 

na 

na 
na
na 

— 

— 

 5.7E-08 

Averaging 
Time 

(e) 
years 

x C

365 
days/ye 

on

x
ar

version 
Factor 

 IE+06 
 my/kg 

na = toxicity value not available 
nd = chemical not detected 
— = not calculated due to an absence of data 

(0 The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day) 

The remaining intake (5mg/day) was normalized 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 HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-13 



TABLE 2-1 Q* 

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHI N THE SOLID WASTE AREA BY SITE VISITORS 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE

Acetone
Vinyl Chloride

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranlhene
Benzo(k)fluoranlhene
Chrysene
Indeno(l,2,3-cd)pyrene

Aluminum
Arsenic
Barium

Beryllium
Chromium (e)
Cobalt
Copper
Lead
Manganese (1)
Mercury
Thallium
Vanadium

NOTES: 

Maximum Relative Exposure Dose Oral Reference Hazard 
 Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) 

(mg/kg) Factor (RAF) (ing/kg/day) (mg/kg/day) 

 160 0.5 2.3E-04 0.1 2.3E-03 
 0 25 0.5 3.7E-07 na 

 0.078 0.05 I.1E-08 na 
 0.068 0.05 I.OE-08 na 

 0.076 0.05 I.1E-08 na 
 0.064 0.05 9.4E-09 na 

 0 095 0.05 1.4E-08 na 
 0.052 0.05 7.6E-09 na 

 14400 (d) na 

 3.5 (d) 0.0003 
 20.5 (d) 0.07 

 I.I (<1) 0.002 
 13.9 (d) 0.005 

 6.2 (d) na 
 253 (d) na 

 31.  1 (d) na 
 257 (d) 0.07 

 0.2 (d) 00003 
 0.36 (d) 0.00008 
 27.2 (d) 0.007 

Total Hazard Index = 2.3E-03 

(a) Calculation for exposure dose : 
DERMAL = Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x 

EXPOSURE Rale Frequency Duration Weight 

DOSE Cone. 500 150 24 RAF 70 

ing/day days/yr years kg 
(b) Hazard quotient = chronic exposure dose / RfD 

(c) Cancer Risk = lifetime exposure dose x slope factor 
(d) R.A.F. fornie la ls isnegl ible ; (USHPA , 1989, "Supplemental Risk Assessment Guidance ", EPA/901/5-89-001) 

(c) Tin; reference dose for chromium VI was used. 

Exposure Dose Oral Slope Cancer 
Lifetime (a) Factor Risk (c) 
(mg/kg/day) /(mg/kg/day) 

8.IE-05 na 
1 .3E-07 1 .9 2.4E-07 

3.9E-09 0.73 2.9E-09 
3.4E-09 7.3 2.5E-08 
3.8E-09 0.73 2.8E-09 
3.2E-09 0.073 2.4E-IO 
48E-09 0.0073 3.5E-II 
2.6E-09 0.73 I.9E-09 

na 
1 .5 

na 
na 

na 
na 

na — 
na — 

na 
na 
na 

— na — 
Total Risk = 2.7E-07 

Averaging x Conversion 

Time Factor 

(g) 365 x 1E+06 

years days/year mg/kg 

na = toxiciry value not available 

nd = chemical not detected 

— - not calculated due to an absence of data 

(0 The reference dose for manganese is based on total allowable intake (10 tng/day) minus the background intake (5 mg/day). 

The remaining intake (5mg/day) was normalized for body weight (70 kg) to derive the RfD. 

(g) Averaging limes of 24 years for chronic doses and 70 years for lifetime doses were used. 

* EDITED FINA L SUPPLEMENTA L HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-14 



T A B L E 2 - I R * 

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS 

AVERAG E CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE
Average

 Concentration
(mg/kg)

 Relative 
 Absorption 
 Factor (RAF) 

Exposure Dose
Chronic (a)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (my/kg/day) 

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (c) 

Acetone
Vinyl Chloride

 4.8
 nd

 0.5 
 05 

7.0E-06 O.I
na 

 7.0E-05 2.4E-06 na 
1 9 

Benzo(a)anthracene
Benzo(a)pyrene

Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Indeno(1.2,3-cd)pyrene

 nd
 nd

 0.057
 nd

 005 5
 nd

 005 
 0.05 

 005 
 005 

 0.05 
 0.05 

84E-09

8IE-0 9

na 

na 

 na 
na 

 na 
na 

2.9E-09

2.8E-09

0.73 
7.3 

 073
0.073 

 0.0073
0.73

 2.1E-09 

 2.0E-1I 
— 

Aluminum
Arsenic
Barium
Beryllium
Chromium (e)
Cobalt
Copper
Lead

Manganese (1)
Mercury
Thallium
Vanadium

 6400
 1 .2
 34

 0.57
 5.8

 6
 3.3

 29

 1400
 013
 nd

 12

 (d) 
 (d) 

 (d) 
 (d) 
 (d) 
 (d) 
 (d) 
 (d) 

 (d) 
 (d) 

 (d) 
 (d) 

Total Hazard Index =

na 

0.0003 
0.07 

0.002 
000 5 

na 

na 

na 

0.07 

00003 
0.00008 

0.007 

 7.0E-05 Total Risk =

na 

1.5 

na 

na 

na 

na 

na 

na 

na 

na 

na 

na 

 2.1E-09 

NOTES'. 

(a) Calculation for exposure dose : 

DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rale Frequency Duration Weight Time Factor 
DOSE Cone. 500 150 24 RAF 70 (g) 365 xlE+0 6 

mg/day days/yr years kg years days/year ing/kg 

(b) Hazard quotient = chronic exposure dose / RfD	 na = loxicity value not available 
(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not detected 
(d)	 R.A.F. for metal s is neglible; (USEPA, 1989, "Supplemental Risk Assessment Guidance ", EPA/901/5-89-001) — = not calculated due lo an absence of data 

(e) The reference dose for chromium VI was used. 
(0	 The reference dose for manganeseis based on total allowable intake (10 mg/day) minus the background intake (5 mg/day). 

The remaining intake (Sing/day) was normalized for body weight (70 kg) to derive the RfD. 
(g) Averaging limes of 24 years for chronic doses and 70 years for lifetime doses were used. 

" EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-IS 



T A B L E 2 - 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 

ANALYTE
Maximum

 Concentration
(mg/kg)

 Relative 
 Absorption 
 Factor (RAF) 

Exposure Dose
Chronic (a)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (c) 

Acetone
Vinyl Chloride

 23.7
 nd

 0.5 
 0.5 

35E-0 5 O.I
na 

 3.5E-04 1.2E-05 na 
1 .9 

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoran(hene
Beiizo(k)(luoranthene
Chrysene
lndeno(l,2.3-cd)pyrene

 nd
 nd

 0.057
 nd

 0.055
 nd

 0.05 
 0.05 

 005 
 0.05 

 0.05 
 005 

84E-09

81E-0 9

na 

na 

 na 
na 

 na 
na 

2.9E-09

2.8E-09

0.73 
7  3 

 0.73
0.073 

 0.0073
0.73 

 2.1E-09 

 2.0E-I1 

Aluminum

Arsenic
Barium
Beryllium
Chromium (e)
Cobalt
Copper
Lead

Manganese (0
Mercury
Thallium
Vanadium

 8940

 1.3
 86.2

 0.88
 9.8

 12.8
 5.6

 124

 6120
 041
 nd
 18. 1

 (d) 

 (d) 
 (d) 
 (d) 
 (d) 
 (d) 
 (d) 
 (d) 

 (d) 
 (d) 

 (d) 
 (d) 

—

Total Hazard Index =

na 

0.0003 
0.07 

0.002 
0.005 

 na 

na 

na 

0.07 

00003 
0.00008 

0.007 

 3.5E-04 Total Risk =

na 

1.5 

na 

na
na 

na 

na 

na
na 

na 

na 

na 

— 

— 

 2.IE-09 

NOTES: 

(a) Calculation for exposure dose : 
DERMAL = Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rale Frequency Duration Weight Time Factor 

DOSE Cone. 500 150 24 RAF 70 <S) 365 x 1E+06 

mg/day days/yr years kB years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD	 na = loxicity value not available 
(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not detected 
(d) R A.F. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessment Guidance ", EPA/901/5-89-001) — = not calculated due to an absence of data 
(e) The reference dose for chromium VI was used. 
(0	 The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day). 

The remaining intake (5mg/day) was normalized 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-16 



TABLE 2- I 

AVERAG E CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE
Average

 Concentration
(mg/kg)

 Relative 
 Absorption 
 Factor (RAF) 

Exposure Dose
Chronic (a)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kgMay) 

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)
(mg/kg/day)

 Oral Slope
 Factor
 /(nig/kg/day) 

 Cancer 
 Risk (c) 

Acetone 0.014 0.5 2.1E-08 0.1 2.1E-07 7.0E-09 na 
Vinyl Chloride nd 05 na 1 .9 

Benzo(a)antliracene nd 0.05 na 0.73 
(Jenzo(a)pyrene nd 0.05 na 7.3 
Benzo(b)lluoranthene nd 0.05 na 0.73 
Benzo(k)lluoranthene nd 0.05 — na 0.073 
Clirysene nd 0.05 na 0.0073 
lndeno(l,2,3-cd)pyrene nd 005 na 0.73 

Aluminum 5500 (d) na na — 
Arsenic 0.79 (d) 00003 1.5 
Barium 28 (d) 0.07 na — 
Beryllium 0.35 (d) 0.002 na 
Chromium (o) 6.4 (d) 0.005 na 
Cobalt 2.9 (d) na — na — 
Copper 37 (d) na — na 
Lead 6.3 (d) na na — 

Manganese (0 110 (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 Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone 500 150 24 RA F 70 365 x IE+06 (B) 

ing/day days/yr years M years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD	 na = toxicity value not available 

(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not delected 

(d) R.A.F. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessment Guidance ", EPA/901/5-89-001) — = not calculated due to an absence of data 

(e) The reference dose for chromium VI was used. 
(0	 The reference dose for manganese is based on total allowable intake (10 mg/day) minu  s the background intake (5 ing/day). 

The remaining intake (5mg/day) was normalized for body weight (70 kg) to derive the RfD. 

(g) Averaging limes of 24 years for chronic doses and 70 years for l ifetime doses were used. 
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TABLE 2-1 U * 

POTEINTIAL RISK FROM DERMA L CONTACT OF SURFACE SOILS WITHIN THE SEWAGE SLUDGE AREA BV SITE VISITORS 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE

Maximum

 Concentration
(nig/kg)

 Relative 

 Absorption 
 Factor (RAF) 

Exposure Dose
Chronic (a)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)
(ing/kg/day)

 Oral Slope
 Factor
 /(nig/kg/day) 

 Cancer 
 Risk (c) 

Acetone
Vinyl Chloride

 0.023
 nd

 0.5 
 0.5 

34E-0 8
—

 0.1
 na 

 3.4E-07 1 .2E-08 na 
| .9 

Benzo(a)anthracene

Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluorantliene
Chrysene
Indeno(l,2.3-cd)pyrene

 nd

 nd
 nd
 nd

 nd
 nd

 005 

 0.05 
 0.05 
 0.05 
 0.05 
 0.05 

na 

na 
na 
na
na 

na 

— 

0.73 
7.3 

0.73 
0.073 

0.0073 
0.73 

Aluminum
Arsenic
Barium
Beryllium
Chromium (e)
Cobalt
Copper
Lead

Manganese (0
Mercury
Thallium
Vanadium

 6740
 0.86
 58.9

 0.4
 9.8

 3.6
 99.3

 1 1 .8

 135
 0.28
 0.25
 12.1

 (d) 
 (d) 
 (d) 
 (d) 
 (d) 
 (d) 
 (d) 
 (d) 

 (d) 
 (d) 
 (d) 
 (d) 

Total Hazard Index =

na 
0.0003 

0.07 

0.002 
0.005 

na 

na 
na 

0.07 

0.0003 
0.00008 

0.007 
 3.4E-07 Total Risk =

na 
1.5 

na 

na
na 
na 

na 
na 
na 
na 

na

na

 — 

— 

— 
— 

NOTES: 

(a) Calculation for exposure dose : 

DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 500 150 24 RAF 70 (8) 365 x IE+06 

ing/day days/yr years kg years days/year mg/kg 

(b) Hazard quotient = chronic exposure dose / RfD	 na = toxicity value not available 

(c) Caneer Risk = lifetime exposure dose x slope factor	 nd = chemical not delected 

(d) R.A.F. for metals is neglible; (USEPA, 1989, "Supplemental Risk Assessment Guidance ", EPA/901/5-89-001) — = not calculated due to an absence of data 

(e) The reference dose for chromium VI was used. 

(0	 The reference dose for manganese is based on total allowable intake (10 ing/day) minu s the background intake (5 mg/day). 

The remaining intake (5mg/day) was normalized for body weight (70 kg) to derive the RfD. 

(g) Averaging limes of 24 years for chronic doses and 70 years for lifetime doses were used. 
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TABLE 2 ­

AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE 

ANALYTE

Acetone
Vinyl Chloride

Benzo(a)anlhracene
Benzo(a)pyrene
Benzo(b)fluorantliene
Baizo(k)!liiorantlieiie
Chrysene
Indeno(l,2,3-cd)pyreiie

Aluminum
Arsenic
Barium
Beryllium
Chromium (e)
Cobalt
Copper
Lead
Manganese (0
Mercury
Thallium
Vanadium

NOTES: 

Average Relative Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer 
 Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) Lifetime (a) Factor Risk (c) 

(ing/kg) Factor (RAF) (mg/kg/day) (ing/kg/day) (mg/kg/day) /(mg/kg/day) 

 14 0.5 9.6E-05 0.1 9.6E-04 8.2E-06 na 
 0.025 0.5 1.7E-07 na 1.5E-08 1.9 2.8E-08 

 0.078 0.05 5.3E-08 na 46E-09 0.73 3.3E-09 
 0.068 0.05 4.7E-08 na 40E-09 7.3 2.9E-08 

 0.076 0.05 5.2E-08 na 4.5E-09 0.73 3.3E-09 
 0.064 0.05 44E-0 8 na 3.8E-09 0.073 2.7E-IO 

 0095 005 6.5E-08 na 5.6E-09 0.0073 4.IE-I 1 

 0.052 0.05 36E-08 na 3.IE-09 0.73 2.2E-09 

 8000 (d) na na 

 1.5 (d) 0.0003 1.5 

 16 (d) 0.07 na 

 0.41 (d) 0.002 — na 

 7.5 (d) 0.005 na 

 2.9 (d) na na 

 27 (d) na na 

 12 (d) na na — 

 110 (d) 0.07 na 

 0.067 (d) 0.0003 na 

 0.15 (d) 0.00008 na 

 14 (d) 0.007 na 

Total Hazard Index = 9.6E-04 Total Risk = 6.6E-08 

(a)	 Calculation for exposure dose : 
DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 500 150 6 RAF 15 365 x IE+06 <B) 

mg/day days/yr vears years days/year mg/kg kg 
(b) Hazard quotient - chronic exposcre dose / RfD	 na = toxicity value not available 

(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not detected 

(d) R.A.F. for metals is neglible; (USEPA.1989,"Supplemenlal Risk Assessment Guidance", EPA/901 /5-89-001) — - not calculated due to an absence of data 

(e) Tlie reference dose for chromium VI was used. 
(f) The	 reference dose for manganese is based on total allowable intake (10 mg/day) minu  s the background intake (5 mg/day). 

The remaining intake (5mg/day) was normalized for body weight (70 kg) to derive the RfD. 

(y) Averaging times of 6 years for chronic doses and 70 years for l i fet ime doses were used. 
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T A B L E 2 - I W * 
POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE SOLID WASTE AREA BY SITE VISITORS 
MAXIMU M CONCENTRATIONS USED FOR A CHILD EXPOSURE 

ANALYTE

Acetone
Vinyl Chloride

Benzo(a)anlhracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Indeno(l,2,3-i:d)pyrene

Aluminum
Arsenic
Barium
Beryllium
Chromium (e)
Cobalt
Copper
Lead
Manganese (0
Mercury
Thallium
Vanadium

NOTES: 

Maximum Relative Exposure Dose Oral Reference Hazard 
 Concentration Absorption Chronic (a) Dose (RfD) Quotient (b) 

(mg/kg) Factor (RAF) (mg/kg/day) (mg/kg/day) 

 160 0.5 1.IE-03 O.I I.1E-02 
 0.25 05 1.7E-06 na 

 0.078 0.05 5.3E-08 na 
 0.068 0.05 4.7E-08 na 

 0.076 0.05 5.2E-08 na 
 0.064 005 4 4E-08 na 

 0.095 005 65E-0 8 na 
 0.052 0.05 3.6E-08 na 

 14400 (d) na 

 3.5 (d) 0.0003 

 20.5 (d) 0.07 

 1.1 (d) 0.002 
 13.9 (d) 0.005 

 6.2 (d) na 

 253 (d) na — 

 31. 1 (d) na 

 257 (d) 0.07 

 0.2 (d) 0.0003 

 036 (d) 0.00008 

 27.2 (d) 000 7 

Total Hazard Index = I.1E-02 

(a) Calculation fur exposure dose : 
DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x 
EXPOSURE Rate Frequency Duration Weight 
DOSE Cone. 500 150 6 RAF 15 

nig/day days/yr years	 kg 
(b) Hazard quotient = chronic exposere dose / RfD 
(c) Cancer Risk = lifetime exposure dose x slope factor 
(d) R.A F. for metals is neglible; (USEPA.1989,"Supplemenlal Risk Assessment Guidance", EI'A/901/5-89-001) 
(e) The reference dose for chromium VI was used. 

Exposure Dose Oral Slope Cancer 
Lifetime (a) Factor Risk (c) 
(mg/kg/day) /(ing/kg/day) 

9.4E-05 na 
I.5E-07 1.9 2.8E-07 

4.6E-09 073 3.3E-09 
4.0E-09 7.3 2.9E-08 
4.5E-09 0.73 3.3E-09 
3.8E-09 0.073 2.7E-10 
5.6E-09 0.0073 4IE-I  1 
3.IE-09 0.73 2.2E-09 

na 
1.5 

na — 
na 

na — 
na 

—	 na 
—	 na 

na 
na 
na 
na 

Total Risk =	 3.2E-07 

Averaging x Conversion 
Time Factor 

(B) 365 x 1E+06 
years days/year mg/kg 

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 ing/day) minus the background intake (5 mg/day) 
The remaining intake (5mg/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. 
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TABLE 2-1 X * 
POTENTIAL RISK FROM DERMAL C ONTACT OK SURFACE SOILS WITHIN THE BULKY WASTE AREA BV SITE VISITORS 
AVERAGE CONCENTRATIONS USED FOR A CHILD EXPOSURE 

ANALYTE
Average

 Concentration
(mg/kg)

 Relative 
 Absorption 
 Factor (RAF) 

Exposure Dose
Chronic (a)

(ms/kg/day)

 Oral Reference
 Dose (RfD)

 (mg/kg/day) 

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)

(mg/kg/day)

 Oral Slope
 Factor

 /(mg/kg/iiay) 

 Cancer 
 Risk (c) 

Acetone
Vinyl Chloride

 4.8
 nd

 0.5 
 0.5 

3.3E-05 0.1

na 

 3.3E-04 2.8E-06 na 

1.9 

Benzo(a)anlhracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranlhene
Chrysene
lndeno(l,2,3-cd)pyrene

 nd
 nd

 0.057
 nd

 0.055
 nd

 0.05 
 0.05 

 0.05 
 0.05 

 0.05 
 0.05 

39E-08

3.8E-08

na 

na 

 na 
na 

 na 

na 

3.3E-09

3.2E-09

0.73 
7 3

 0.73

0.073 
 0.0073

0.73 

 __­

 2.4E-09 

 2.4E-II 

Aluminum

Arsenic
Barium
Beryllium

Chromium (e)
Cobalt
Copper

Lead

Manganese (f)
Mercury

Thallium
Vanadium

 6400

 1 .2
 34

 057

 5.8
 6
 3.3

 29

 1400
 0.13

 nd
 12

 (d) 

 (d) 
 (d) 
 (d) 

 (d) 
 (d) 
 (d) 

 (d) 

 (d) 
 (d) 

 (d) 
 (d) 

Total Hazard Index =

na 

0.0003 
0.07 

0.002 
0.005 

na
na 

na 

0.07 

0.0003 
0.00008 

0.007 

— 

 3.3E-04 

—

—
Total Risk =

na 

1 .5 

na 

na 

na 

na
 na 

na 

na 

na
na

 na 

— 

— 
— 

 2.5E-09 

NOTES. 

(a) Calculation for exposure dose : 
DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 500 150 6 RAF 15 (B) 365 x IE+06 

mg/day days/yr years kB years days/year mg/kg 
(b) Hazard quotient = chronic exposere dose / RfD	 na = toxicity value not available 
(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not delected 
(d) R.A.F. for metals is neglible; (USEPA,1989,"Supplemental Risk Assessment Guidance", LPA/901/5-89-001) — = not calculated due to an absence of data 
(e) The reference dose for chromium VI was used. 

(0	 The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day). 

The remaining intake (Sing/day) was normalized for body weight (70 kg) to derive the RfD 
(g) Averaging limes of 6 years for chronic doses and 70 years for lifetime doses were used. 
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TABL E 2- I Y  * 

POTENTIAL RISK FROM DERMAL CONTACT OF SURFACE SOILS WITHIN THE BULKY WASTE AREA BY SITE VISITORS 
MAXIMUM CONCENTRATIONS USED FOR A CHILD EXPOSURE 

ANALYTE
Maximum

 Concentration
(ing/kg)

 Relative 
 Absorption 
 Factor (RAF) 

Exposure Dose
Chronic (a)

(nig/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (c) 

Acetone
Vinyl Chloride

 23.7
 nd

 0 5 
 0.5 

1 6E-04 O.I
na 

 1.6E-03 1 .4E-05 na 
| Q 

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranlhene
Benzo(k)nuoranthene
Chrysene
lndeno(l,2.3-cd)pyrene

 nd
 nd

 0.057
 nd

 0 055
 nd

 005 
 0.05 
 005 
 0.05 

 0.05 
 0.05 

39E-08

3 8E-08

na 
na 

 na 
na 

 na 
na — 

3.3E-09

3.2E-09

0.73 
7.3 

 0.73
0.073 

 0.0073
0.73 

 2.4E-09 

 2.4E-II 

Aluminum
Arsenic
Barium
Beryllium
Chromium (e)
Cobalt
Copper
Lead

Manganese (0
Mercury
Thallium
Vanadium

 8940
 1.3
 86.2

 0.88
 9.8

 12.8
 5.6

 124

 6120
 0.41
 nd

 181

 (d) 
 (d) 
 (d) 
 (d) 
 (d) 
 (d) 

 (d) 
 (d) 

 (d) 
 (d) 
 (d) 

 (d) 
Total Hazard Index =

na 
0.0003 

0.07 

0.002 
0.005 

na 

na 
na 

0.07 

0.0003 
0.00008 

0.007 
1 .6E-03 

—

Total Risk =

na 
1 .5 

na 
 na 

na 

na 
na
na 

na 
na 

na
na 

— 

— 

 2.5E-09 

NOTES: 

(a) Calculation for exposure dose : 
DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 500 IS O 6 RAF 15 (B) 365 x IE+06 

mg/day days/yr years ke years days/year mg/kg 

(b) Hazard quotient = chronic exposere dose / RfD	 na = toxicity value not available 
(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not detected 
(d) R.A F. for melals is neglible; (USEPA.1989,"Supplanenlal Risk Assessment Guidance", EPA/901/5-89-001) — = not calculated due to an absence of data 
(e) The reference dose tor chromium VI was used. 
(0	 The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day). 

Ilie remaining intake (5mg/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. 
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TABLE 2-1 Z* 

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/kg) Factor (RAF) (m(i/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Acetone 0.014 0.5 9.6E-08 0.1 9.6E-07 8.2E-09 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 

Beiizo(b)fluorantliene nd 0.05 na 0.73 
Benzo(k)fluorantliene nd 0.05 na 0.073 
Chrysene nd 0.05 ua 0.0073 
lndeno(l,2,3-cd)pyrene nd 0.05 na 0.73 

Aluminum 5500 (d) ua na 
Arsenic 079 (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 2.9 (d) na na 
Copper 37 (d) na na 
Lead 6.3 (d) na na 
Manganese (0 1 10 (d) 0.07 na 
Mercury 0.13 (d) 00003 na 
Thallium 0.15 (d) 0.00008 na 
Vanadium 9.2 (d) 0.007 na 

Total Hazard Index = 9.6E-07 Total Risk = 

NOILS: 
(a) Calculation for exposure dose : 
DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weigh! Time Factor 
DOSE Couc. 500 150 6 RAF 15 (B) 365 x 1E+06 

mg/day days/yr vears kg years days/year mg/kg 
na = toxicity value not available 

(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not detected 

(d) R.A.F. for metals is neglible; (USEPA.1989,"Siipplemeiital Risk Assessment Guidance", EPA/901 /5-89-001) — = not calculated due to an absence of data 
(e) The reference dose lor chromium VI was used. 

(0	 The reference dose for manganese is based on total allowable intake (10 ing/day) minus the background intake (5 ing/day). 

The remaining intake (Sing/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. 
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T A B L E 2 - 1 AA " 

POTENTIAL RISK FROM DERMA L CONTACT OF SURFACE SOILS WITHI N THE SEWAGE SLUDGE ARE A 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) (me/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Acetone 0.023 0.5 1.6E-07 0.1 I.6E-06 1 .4E-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 •J J 

Benzo(b)fliioran(hene nd 005 na 0.73 
Benzo(k)fluoranlhene nd 0.05 na 0.073 
Chrysene nd 0.05 na 0.0073 
lndeno(l.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 
Beryllium 0.4 (d) 0.002 na 
Chromium (e) 9.8 (d) 0005 na 
Cobalt 3.6 (d) na na 
Copper 99.3 (d) na na 
Lead 1 1 .8 (d) na na 
Manganese (0 135 (d) 0.07 na 
Mercury 0.28 (d) 0.0003 na 
Thallium 0.25 (d) 0.00008 na 
Vanadium 12. 1 (d) 0.007 na — 

Total Hazard Index = 1 .6E-06 Total Risk = 

NOTES: 

(a) Calculalion tor exposure dose : 
DERMAL Cone, x Soil Contact x Exposure x Exposure x R.A.F. / Body x Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone 500 150 6 RAF 15 (B) 365 x 1E+06 

mg/day days/yr years k« years days/year ing/kg 
na = toxicity value not available 

(c) Cancer Risk = lifetime exposure dose x slope factor	 nd = chemical not detected 

(d) R.A.F. for metals is neglible; (USEPA.I989,"Supplemenlal Risk Assessment Guidance", EPA/901/5-89-001) — = not calculated due to an absence of data 

(e) The reference dose for chromium VI was used. 

(0	 The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day) 

The remaining intake (5mg/day) was normalized for body weight (70 kg) to derive the RID. 

(g) Averaging times of 6 years for chronic doses and 70 years for lifetime doses were used. 
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TABLE 2 - I 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 Kxposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer 
ANALYTK Concentration Permeability Chronic (c) Dose (RfD) Quotient (d) Lifetime (c) Factor Risk (e) 

(ug/L) Constant (b) (mg/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Chloroelhane nd 8.0E-03 na na 

1 ,2-Dichloroelhene (f) 44 1 .OE-02 3.9E-06 0.01 3.9E-04 3.89E-07 na 

bis(2-Ethylhexyl)phlhalate nd 3.3E-02 0.02 0.014 

Aluminum 60500 .OE-03 5.3E-04 na 5.35E-05 na 
Arsenic 3.7 .OE-03 3.3E-08 0.0003 1.IE-04 3.27E-09 1.5 4.9E-09 
Barium 328 .OE-03 29E-0 6 0.07 4.1E-05 2.90E-07 na 

Beryllium 11.2 OE-03 99E-0 8 0.002 5.0E-05 9.90E-09 na 
Chromium (g) 23.9 .OE-03 2.IE-07 0.005 4.2E-05 2.1IE-08 na 
Cobalt nd .OE-03 na na 

Copper 37.8 .OE-03 3.3E-07 na 3.34E-08 na 
Lead 150 OE-03 I.3E-06 na I.33E-07 na 

Manganese (h) 814 .OE-03 7.2E-06 0.024 3.0E-04 7.20E-07 na 

Vanadium 49.8 .OE-03 44E-0 7 0.007 6.3E-05 4.40E-08 na 

Ammonia nd 1 .OE-03 na na — 
Total Hazard Index = 9.9E-04 Total Risk = 4.9E-09 

NOTES: 

(a) Tables 2-IA B and 2-1 AC are the same because there is only one leachate sample at this location. 
(b) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 
(c) Calculation for exposure dose: 
DERMAL = Cone. 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 7 58 (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 / KfD nd - chemical not delected 

(e) Cancer risk = lifetime exposure dose x slope factor na - toxicity value not available 

(0 Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE was used. — = not calculated due to absence of data 
(g) Reference Dose for chromium VI used. 
(h) The reference dose for manganese is based on total allowable intake (10 ing/day) minus the background intake (5 mg/day). 

Hie remaining intake (5 ing/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 wer e used 
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TABLE 2 - 1 AC" 
POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHI N THE SOLID WASTE AREA FOR SITE VISITORS 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT 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) (ing/kg/day) (mg/kg/day) /(nig/kg/day) 

Chloroethane nd 8.0E-03 na na 
l,2-Dichloroethene(f) 44 l.OE-02 3.9E-06 0.01 3.9E-04 3.89E-07 na 

bis(2-Elhylliexyl)plithalale nd 3.3E-02 0.02 0.014 

Aluminum 60500 .OE-03 53E-0 4 na 5.35E-05 na 
Arsenic 3.7 .OE-03 3.3E-08 0.0003 I.IE-04 3.27E-09 1.5 4.9E-09 
Barium 328 .OE-03 2.9E-06 0.07 4.1E-05 2.90E-07 na 
Beryllium 11.2 .OE-03 9.9E-08 0.002 5.0E-05 990E-09 na 
Chromium (g) 23.9 .OE-03 2.IE-07 0.005 4.2E-05 2.I1E-08 na 
Cobalt nd .OE-03 na — na — 

Copper 37.8 .OE-03 3.3E-07 na 3.34E-08 na 
Lead 150 .OE-03 I.3E-06 na 1 .33E-07 na 

Manganese (li) 814 .OE-03 7.2E-06 0.024 3.0E-04 7.20E-07 na 

Vanadium 49.8 .OE-03 4.4E-07 0.007 6.3E-05 4.40E-08 na 

Ammonia nd 1 .OE-03 na na — 

Total Hazard Index = 9.9E-04 Total Risk = 4.9E-09 

NOTES: 

(a) Tables 2 - IA  B and 2-1 AC are the same because there is only one leachale sample at this location. 

(b) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 

(c) Calculation for exposure dose: 

DERMAL = Cone. x Dennal 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 IE+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 = l i fe t im e exposure dose x slope factor 

(0 Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE was used. 
(g) Reference Dose for chromium VI used. 

(h) 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 ing/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 

nd = chemical not delected 

na = toxicity value not available 

— = not calculated due to absence of data 
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TABLE 2-1 AD* 

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHI N THE BULKY WASTE AREA FOR SITE VISITORS 

AVERAG E CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

Average Dermal Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer 
ANALYTE Concentration Pemeability Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d) 

(ug/L) Constant (a) (mg/kg/day) (mg/kg/day) (ing/kg/day) /(mg/kg/day) 

Chloroethane 5.7 8.0E-03 na na — 
!,2-Dichloroethene(e) 1 l.OE-02 88E-0 8 0.01 8.8E-06 8.84E-09 na 

bis(2-Elhylhexyl)phthalale 50 3.3E-02 0.02 0.014 

Aluminum 2100 .OE-03 I9E-05 na 1 .86E-06 na 
Arsenic nd .OE-03 0.0003 1 .5 
Barium 510 .OE-03 •4.5E-06 0.07 6.4E-05 4.51E-07 na 
Beryllium 2.2 .OE-03 I.9E-08 0.002 9.7E-06 1 95E-09 na 
Chromium (0 2.4 .OE-03 2 IE-OS 0.005 4.2E-06 2.12E-09 na 
Cobali 63 .OE-03 na — na — 
Copper nd .OE-03 na na 
Lead 37 .OE-03 3.3E-07 na 3.27E-08 na 
Manganese (g) 8200 OE-03 7.3E-05 0.024 3.0E-03 7.25E-06 na 
Vanadium 15 .OE-03 1 .3E-07 0.007 1 .9E-05 1.33E-08 na 

Ammonia 13000 1. OE-03 na na 
Total Hazard Index = 3.1 E-03 Total Risk = 

NOTES: 

(a) Source: EPA, 1992. "Dermal Exposure Assessment Principles and Applications", EPA/600/8-91/01 IB 

(b) Calculation for exposure dose: 
DERMAL = Cone. x Dennal 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 1.800 1 104 7 58 (10 x 365 x IE+06 

cm/hour sq. cm hr/dily days/yr years years days/yr cm'-ug/mg-L 
^ 

(c) Hazard quotient = chronic exposure dose / RfD	 nd - chemical not detected 
(d) Cancer risk = l i fe t im e exposure dose x slope factor	 na = toxicity value not available 

(e) Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE was used — - not calculated due to absence of data 

(0 Reference Dose for chromium VI used. 

(g) 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) and an additional uncertainly factor of 3 applied for water exposures, 

(h) Averaging limes of 7 years for chronic doses and 70 years for lifetime doses were used 
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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 

ANALYTE

Maximum

 Concentration
(ug/L)

 Dermal 

 Permeability 
 Constant (a) 

Exposure Dose
Chronic (b)

(mg/kg/day)

 Oral Reference
 Dose (RID)
 (ing/kg/day) 

 Hazard 
 Quotient (c) 

Exposure Dose
Lifetime (b)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (d) 

Chloroethane
1 ,2-Dicliloroethene (e)

 8
 1

 8.0E-03 
1 .OE-02 88E-08

na 
 0.01 8.8E-06 8.84E-09

na
 na 

— 

bis(2-Eihylhexyl)phihalate 230 3.3E-02 0.02 0.014 

Aluminum
Arsenic
Barium
Beryllium
Chromium (f)
Cobalt
Copper
Lead
Manganese (g)
Vanadium

 9220
 nd
 2120

 8.7
 5

 295
 nd

 174
 14700

 65.2

 .OE-03 
 .OE-03 

 OE-03 
 .OE-03 
 OE-03 
 .OE-03 
 .OE-03 

 .OE-03 
 .OE-03 
 .OE-03 

8.2E-05

1 9E-05
77E-08
4.4E-08

1 5E-06
1.3E-04
5.8E-07

 na 
0.0003 

 0.07
 0.002
 000 5

na 

na 
 na 
 0.024
 0.007

 2.7E-04 
 3.8E-05 
 8.8E-06 

 5.4E-03 
 8.2E-05 

8.15E-06

I.87E-06
769E-09
4.42E-09

1 54E-07
1.30E-05
5.77E-08

 .

 na 
1.5 

 na 
 na 
 na 

na 
na 

 na 
 na 
 na 

Ammonia 21800 1. OE-03 
Total Hazard Index =

na — 
 5.8E-03 Total Risk =

na — 

— 

NOTES: 
(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 
(b) Calculation for exposure dose: 
DERMAL = Cone. 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 1,800 1 104 7 58 (h) x 365 x IE+06 

cm/hour sq. cm hr/day days/yr years kB years days/yr cm'-ug/mg-L 

(c) Hazard quotient = chronic exposure dose / RfD nd = chemical not detected 

(d) Cancer risk ••• lil'cliinc exposure dose x slope factor nu •• toxicily value not available 
(e) Dose-response data for cis-l,2-DCE and DPC for trans-1,2-DCE was used. — = not calculated due to absence of data 
(0 Reference Dose for chromium VI used. 
(g) Tlie 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, 
(h) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used 
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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) 

ANALYTE
Average

 Concentration
(ug/L)

 Dermal 
 Permeability 
 Constant (b) 

Exposure Dose
Chronic (c)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (d) 

Exposure Dose
Lifetime (c)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (e) 

Chloroethane

1.2-Dichloroelhene(0

 nd

 44

 8.0E-03 

 l.OE-02 3.2E-06
na 

 0.01 3.2E-04 1 .38E-06
na 

 na 

bis(2-Ethylhexyl)phlhalate nd 3 3E-02 0.02 0.014 

Aluminum
Arsenic
Barium
Beryllium
Chromium ((•)
Cobalt
Copper
Lead
Manganese (h)
Vanadium

 60500
 3.7
 328

 11.2
 23.9

 nd
 37.8

 150
 814

 49.8

 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 

4.4E-04
2.7E-08
2.4E-06
82E-08
I.8E-07

2.8E-07
I.IE-06
6.0E-06
3.6E-07

 na 
 0.0003
 0.07
 0.002
 0.005

na
 na 
 na 
 0.024
 0.007

 9.0E-05 
 3.4E-05 
 4.1E-05 
 3.5E-05 

— 

 2.5E-04 
 5.2E-05 

1 .90E-04
1.I6E-08
1 .03E-06
3.52E-08
7.50E-08

I.19E-07
4.7IE-07
2.56E-06
1 .56E-07

 na 
 1.5
 na 
 na 
 na 

na 
 na 
 na 
 na 
 na 

 1.7E-08 

Ammonia nd 1 .OL-03 
Total Hazard Index =

na 

 8.2E-04 Total Risk =
na 

1 .7E-08 

NOTES: 

(a) Tables 2-1 AF 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/600/8-91/01 IB 

(c) Calculation for exposure dose: 
DERMAL = Cone. 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 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 cmJ-ug/mg-L 
(d) Hazard quotient = chronic exposure dose / RfD	 nd = chemical not detected 

(e) Cancer risk = lifetime exposure dose x slope factor na = toxicily value not available 

(0 Dose-response data for cis-l ,2-DCE and DPC for trans-1,2-DCE were used. — - not calculated due to absence of data 

(g) Reference Dose for chromium VI used. 

(h) The	 reference dose for manganese is based on total allowable intake (10 ing/day) minu s 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 l ifetime doses were used 
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TABLE 2 - 1 AC' 
POTENTIAL RISK FR( 

MAXIMU M CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE (a) 

ANALYTE
Maximum

 Concentration
(ug/L)

 Dermal 
 Permeability 
 Constant (b) 

Exposure Dose
Chronic (c)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (d) 

Exposure Dose
Lifetime (c)
(mg/kg/day)

 Oral Slope
 Factor
 /(nig/kg/day) 

 Cancer 
 Risk (e) 

Chloroethane
1.2-Dichloroethene(0

 nd
 44

 8.0E-03 
 l.OE-02 3.2E-06

na 
 0.01 3.2E-04 I.38E-06

na 
 na 

bis(2-Elhylliexyl)phthalate nd 3 3E-02 0.02 0.014 

Aluminum
Arsenic
Barium
Beryllium
Chromium (g)
Cobalt
Copper
Lead
Manganese (h)
Vanadium

 60500
 3.7
 328

 11.2
 23.9

 nd
 37.8

 150
 814

 498

 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 OE-03 
 .OE-03 
 .OE-03 
 .OE-03 
 .OE-03 

4.4E-04
2.7E-08
2.4E-06
8.2E-08
1.8E-07

2.8E-07
I.1E-06
60E-06
3.6E-07

 na 
 0.0003
 0.07
 0.002
 0.005

na 
 na 
 na 
 0.024
 0.007

 9.0E-05 
 3.4E-05 
 4.1E-05 
 3.5E-05 

 2.5E-04 
 5.2E-05 

1 .90E-04
I.I6E-08
1 03E-06
3.52E-08
7.50E-08

I.19E-07
47IE-07
2.56E-06
1.56E-07

 na
 1.5
 na 
 na 
 na 

na 
 na 
 na 
 na 
 na 

— 
 1.7E-08 

Ammonia nd 1 .OH-03 
Total Hazard Index =

na 

 8.2E-04 Total Risk =
na 

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/600/8-91/01 IB 

(c) Calculation for exposure dose: 
DERMAL = Cone. 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 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 nd = chemical not detected 

(e) Cancer risk = lifetime exposure dose x slope factor na = toxicity value not available 

(0 Dose-response data for cis-1,2-DCE and DPC for trans-1,2-DCE were used. — = not calculated due to absence of data 

(g) Reference Dose for chromium VI used. 
(h) 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) 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 
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TABLE 2­ I AH* 

POTENTIAL RISK FROM DERMAL ABSORPTION OF LEACHATE WITHIN THE BULK Y WASTE AREA FOR SITE VISITORS 

AVERAGE CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE 

ANALYTE
Average

 Concentration
(ug/L)

 Dermal 
 Permeability 
 Constant (a) 

Exposure Dose
Chronic (b)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (c) 

Exposure Dose
Lifetime (b)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (d) 

Chloroethane
l,2-Dichloroethene(e)

 5.7
 1

 8.0E-03 
 I.OE-02 7.3E-08

na 
 0.01 7.3E-06 3.14E-08

na 
 na 

bis(2-Elhylhexyl)phthalate 50 3.3E-02 0.02 0.014 

Aluminum
Arsenic
Barium
Beryllium
Chromium (1)
Cobalt
Copper
Lead
Manganese (g)
Vanadium

 2100
 nd
 510

 22
 2.4

 63
 nd

 37
 8200

 15

 .OE-03 
 .OE-03 

 .OE-03 
 .OE-03 
 OE-03 
 .OE-03 
 .OE-03 

 .OE-03 
 .OE-03 
 .OE-03 

I.5E-05

3.7E-06
I.6E-08
1.8E-08

2.7E-07
6.0E-05
I.1E-07

 na 
0.0003 

 0.07
 0.002
 0.005

na 

na 
 na 
 0.024
 0.007

 5.3E-05 
 8.1E-06 
 3.5E-06 

 2.5E-03 
 I.6E-05 

659E-06

1.60E-06
69IE-09
7.54E-09

1.16E-07

2.57E-05
4.71E-08

 na 
1 .5 

 na 
 na 
 na 

na 

na 
 na 

 na 
 na 

Ammonia 13000 1 OE-03 
Total Hazard Index =

na 
 2.6E-03 Total Risk =

na — 

— 

NOTES: 

(a) Source: EPA, 1992. "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 
(b) Calculation for exposure dose: 
DERMAL = Cone. 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 1,800 1 104 30 70 00 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 nd = chemical not detected 
(e) Dose-response data for cis-l,2-DCE and DPC for trans-1,2-DCE were used na = toxicity value not available 

(0 Reference Dose for chromium VI used. — = not calculated due to absence of data 
(g) The reference dose for manganese is based on total allowable intake (10 ing/day) minus the background intake (5 mg/day). 

Tlie 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 
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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 

ANALYTE
Maximum

 Concentration
(ug/L)

 Dermal 
 Permeability 
 Constant (a) 

Exposure Dose
Chronic (b)
(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (c) 

Exposure Dose
Lifetime (b)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (d) 

Chloroethane
l,2-Dichloroethene(e)

 8
 1

 8.0E-03 
 I.OE-02 7.3E-08

na
 0.01

 — 
 7.3E-06 3.14E-08

na 
 na 

bis(2-Elhylhexyl)phthalate 230 3.3E-02 0.02 0.014 

Aluminum
Arsenic
Barium
Beryllium

Chromium (0
Cobalt
Copper
Lead
Manganese (g)
Vanadium

 9220
 nd
 2120

 87

 5
 295
 nd

 174
 14700

 65.2

 I.OE-03 
1 .OE-03 

 .OE-03 
 .OE-03 

 .OE-03 
 .OE-03 
 .OE-03 

 .OE-03 
 .OE-03 
 .OE-03 

6.8E-05

I.6E-05
6.4E-08
3.7E-08

1 .3E-06
1.IE-04
4.8E-07

 na 
0.0003 

 0.07
 0.002
 0.005

na 

na 
 na 
 0.024
 0.007

 2.2E-04 
 3.2E-05 
 7.3E-06 

 4.5E-03 
 6.8E-05 

2.90E-05

6.66E-06
2.73E-08
1 57E-08

5.46E-07
4.62E-05
2.05E-07

 na 
1 .5 

 na
 na 

na 
na 

na
 na 
 na 
 na 

— 

— 

Ammonia 21800 l.Ob-03 
Total Hazard Index =

na 

 4.8E-03 Total Risk =
na 

— 

NOTES: 
(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 
(b) Calculation for exposure dose: 
DERMAL = Cone. 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 1,800 1 104 30 70 (h) x 365 x IE+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 nd = chemical not detected 
(e) Dose-response data for cis-l,2-DCE and DPC for trans-l,2-DCE were used. na = toxicity value not available 
(0 Reference Dose for chromium VI used. — = not calculated due to absence of data 
(g) "Die 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) and an additional uncertainty factor of 3 applied for water exposures, 
(h) Averaging limes of 30 years for chronic doses and 70 years for lifetime doses were used 
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TABLE 2-1 AJ* 

POTENTIAL RISK FROM INGESTION OF SITE GROUNDWATER WITHI N THE SOLID WASTE ARE A (AS DRINKIN G WATER) 

AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a) 

Average 
Analyte Concentration 

Benzene
1,1-Dichloroelhane
l,2-Dichloroeihene(e)
Vinyl Chloride

Pcntachlurophenol
bis(2-EthyHie\yl)phthalate
Acrylamide
N.N-DMF

Aniimony
Arsenic
Barium
Beryllium
Cadmium (f)
Chromium (e)
Manganese (h)
Nickel
Vanadium
Zinc

NOTES: 

(ug/L) 

 1 1 
 14 

 34 
 34 

3 
 5.6 

 160 
 200 

 nd 
 2.7 
 170 

 1.7 
 4.4 

 24 
 1900 

 26 
 21 

 680 

(a) This table does not include groundwaler chemicals of concern

Exposure Dose
Chronic (b)

(ing/kg/day)

3.0E-04
3.8E-04
9.3E-04
9.3E-04

82E-0 5
1.5E-04
4.4E-03
5.5E-03

7.4E-05
4.7E-03
4.7E-05
1.2E-04
6.6E-04
5.2E-02
7.1E-04
58E-0 4
1.9E-02

Total Hazard Index

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 na 
 O.I
 0.01
 na 

 0.03
 0.02
 0.0002
 0.1

0.0004 
 0.0003
 0.07
 0.002
 0.0005
 0.005
 0.024
 0.02
 0.007
 0.3

 =
Hazard Index (liver toxins)=

Hazard Index (nervous system loxins)=

Hazard Index (kidney toxins)=

Hazard Index (red blood tell effects) ­

 Hazard 
 Quotient (c) 

 3.8E-03 
 9.3E-02 

 2.7E-03 
 7.7E-03 
 2.2E+01 
 5.5E-02 

 2.5E-01 
 6.7E-02 
 2.3E-02 
 2.4E-01 
 I.3E-01 
 2.2E+00 
 3.6E-02 
 8.2E-02 
 6.2E-02 

 2.5E+OI 
 0.07 

 24.09 
 0.24 

 016 

 for which no reference dose or slope factor exists. 

(chloroe(hane,2-melhylnapthalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia) 

(b) Calculation for exposure dose : 

INGESTION = Cone, x Ingestion x Exposure x Exposure 
EXPOSURE Rale Frequency Duration 
DOSE Cone. 2 350 30 

L/day days/yr years 
(c) Hazard quotient = chronic exposure dose / RfD 
(d) Cancer Risk - lifetime exposure dose x slope factor 

(e) Dose-response data for cis-l,2-dichloroelhene and chromium VI were used. 

(0 Reference Dose for cadmium in water was used. 

/ Body Averaging x 
Weight Time 

70 (g) 

kg years 

(g) Averaging times of 30 years for chronic doses and 70 years for l ifet ime 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). 

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 HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-33 

Exposure Dose Oral Slope Cancer 
Lifetime (b) Factor Risk (d) 
(mg/kg/day) /(mg/kg/day) 

1.3E-04 0.029 3.7E-06 
1 .6E-04 na 
4.0E-04 na 
4.0E-04 1.9 7.6E-04 

3.5E-05 0.12 4.2E-06 
66E-05 0.014 9.2E-07 
1.9E-03 4.5 8.5E-03 
2.3E-03 na 

na — 
3.2E-05 1.5 4.8E-05 
2.0E-03 na 
2.0E-05 na 
5.2E-05 na 
2.8E-04 na 
2.2E-02 na 
3.1E-04 na 
2.5E-04 na 
8.0E-03 na 

Total Risk = 9.3E-03 

Conversion 
Factor 

365 x IE+03 
days/year ug/mg 

nd = chemical not detected 

na = toxicity value not available 

— ­ not calculated due to absence of data 



TABLE 2 - I AK* 

POTENTIAL RISK FROM INGESTION OF SITE GROUNDWATER WITHIN THE SOLID 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) 

(ug/L) (mg/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Benzene 31 8.5E-04 na 3.6E-04 0.029 1.1E-05 
1,1-Dicliloroethane 220 60E-03 0.1 2.6E-03 na 
!,2-Dichloroelhene(e) 730 20E-02 0.01 2.0E+00 8.6E-03 na 
Vinyl Chloride 690 I9E-02 na 8.1E-03 1.9 I.5E-02 

Penlachloroplienol 3 8.2E-05 0.03 2.7E-03 3.5E-05 0.12 4.2E-06 
bis(2-Ethylhexyl)phthalale 36 9.9E-04 0.02 4.9E-02 4.2E-04 0.014 5.9E-06 
Acrylamide 229 63E-0 3 0.0002 3.1E+01 2.7E-03 4.5 I.2E-02 
N.N-DMF 1440 3.9E-02 O.I 3.9E-OI 1 JE-02 na 

Antimony nd 0.0004 na 
Arsenic 9.7 27E-0 4 0.0003 8.9E-01 1 1E-04 1.5 I.7E-04 
Barium 508 I4E-02 0.07 2.0E-01 60E-03 na 
Beryllium 13.7 38E-0 4 0.002 I.9E-OI 1 6E-04 na 
Cadmium (0 40 1.IE-03 0.0005 2.2E+00 4 7E-04 na 
Chromium (e) 154 4.2E-03 0.005 8.4E-OI 1 .8E-03 na 
Manganese (h) 9790 2.7E-OI 0.024 1.IE+OI 1.IE-OI na 
Nickel 125 3.4E-03 002 1.7E-01 I.5E-03 na 
Vanadium 142 3.9E-03 0.007 5.6E-01 1 .7E-03 na 
Zinc 7360 20E-O I 0.3 6.7E-01 8.6E-02 na — 

Total Hazard Index= 5.IE+01 Total RJsk = 2.8E-02 
Hazard Index (liver toxins)= 0.45 
Hazard Index (nervous system loxins)= 42.55 
Hazard Index (kidney toxins)= 2.19 

Hazard Index (red blood cell effecls)= 2.67 

NOTES: 

(a)	 This table docs not include groundwalcr chemicals of concern for whidi no reference dose or slope factor exists. 
(chloroethane,2-methylnaplhalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia) 

(b) Calculation for exposure dose : 
INGESTION Cone, x Ingeslion x Exposure x Exposure / Body Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 2 350 30 70 (B) 365 x IE+03 

L/day days/yr years kg years days/year ug/mg 
(c) Hazard quotient = chronic exposure dose / RfD	 nd - chemical not detected 
(d) Cancer Risk = lifetime exposure dose x slope factor	 na = loxicity value not available 
(e) Dose-response data for cis-1 ,2-dichloroethene and chromium VI were used. — = not calculated due to absence of data 
(0 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). 

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 



c
 
TABLE 2- I AL* 

POTENTIAL RISK OF INGESTION OF SITE GROUNDWATER WITHIN THE BULKY WASTE AREA (AS DRINKIN G WATER) 

AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a) 

Average Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer 
Analyle Concentration Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d) 

(ug/L) (mg/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Benzene	 1 2JE-05 na I.2E-05 0.029 3.4E-07 

l.l-Dichloroeihane	 5 I.4E-04 O.I 1.4E-03 59E-05 na 
1,2-Dichloroelhene (e) 5	 I.4E-04 0.01 I.4E-02 5.9E-05 na 
Vinyl Chloride nd na	 1 .9 

Pentachlorophenol nd 0.03 0.12 
bis(2-Ethylhexyl)phthalale nd 0.02 0.014 
Acrylamide nd 0.0002 4.5 

N.N-DMF 33 9.0E-04 O.I 9.0E-03 3.9E-04 na 

Antimony	 19 5.2E-04 0.0004 1.3E+00 2.2E-04 na 
Arsenic	 0.84 2 3E-05 0.0003 7.7E-02 9.9E-06 1.5 1.5E-05 
Barium	 81 2.2E-03 0.07 9.5E-04 na 
Beryllium	 2 55E-0 5 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 I.8E+00 I.9E-02 na 
Nickel	 13 36E-0 4 0.02 1.8E-02 I.5E-04 na 
Vanadium	 15 41E-0 4 0.007 5.9E-02 1 .8E-04 na 
Zinc	 61 I.7E-03 0.3 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 loxins)= 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 groundwaler chemicals of concern for which no reference dose or slope factor exists. 
(chloroethane,2-methylnapihalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide aud ammonia) 

(b) Calculation for exposure dose : 
INGESTION = Cone, x Ingestion x Exposure x Exposure / Body Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 2 350 30 70 (8) 365 x 1E+03 

L/day days/yr years kg years days/year ug/mg 
(c)	 Hazard quotient - chronic exposure dose / RfD nd = chemical not detected 

(d) Cancer Risk -- lifetime exposure dose x slope factor	 na = toxicily value not available 
(e) Dose-i espouse data for cis-l,2-dichloroclhene and chromium VI were used	 — = not calculated due to absence of data 

(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 nig/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. 

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-35 



TABLE 2 - 1 AM* 

POTENTIAL RISK OF INGESTION OF SITE GROUNDWATER WITHIN THE BULKY WASTE AREA (AS DRINKING WATER) 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a) 

Maximum Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer 
Analyt e Concentration Chronic (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d) 

(»g/U (ni^/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Benzene 1 2.7E-05 na I.2E-05 0.029 3.4E-07 
1,1-Dichloroethane 5 1.4E-04 O.I I.4E-03 59E-0 5 na 
1 ,2-Dichloroethene (e) 5 I.4E-04 0.01 I.4E-02 5.9E-05 na 
Vinyl Chloride nd na j 9 

Pentachlorophenol nd 0.03 0.12 

bis(2-Elhylhexyl)phlhalale nd 0.02 0.014 

Acrylamide nd 0.0002 4.5 

N.N-DMF 183 50E-03 0.1 5.0E-02 2.IE-03 na 

Antimony 104.9 2.9E-03 0.0004 7.2E+00 1 .2E-03 na 
Arsenic 2 3 63E-0 5 0.0003 2.1E-OI 2.7E-05 1.5 4.1E-05 
Barium 430 I.2E-02 0.07 5.0E-03 na 
Beryllium 10.5 29E-04 0.002 1 4E-01 I.2E-04 na 
Cadmium (0 nd 0.0005 na 

Chromium (e) 66.6 1 8E-03 0.005 3.6E-01 7.8E-04 na 
Manganese (h) 9995 27E-O I 002 4 1.IE+OI 1.2E-01 na 
Nickel 71.3 2.0E-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 0.3 2.0E-02 2.5E-03 na 

Total Hazard Index = 2.0E+01 Total Risk = 4.1E-05 
Hazard Index (liver (oxins)= 0.05 
Hazard Index (nervous system toxins)= 1 1 .41 
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-melhylnaplhalene, 4-chloro-3-methylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia) 

(b) Calculation for exposure dose : 

INGESTION = Cone, x Ingestion x Exposure x Exposure / Body Averaging x Conversion 
EXPOSURE Rale Frequency Duration Weight Time Factor 
DOSE Cone. 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 nd = chemical not detected 

(d) Cancer Risk = lifetime exposure dose x slope factor na = toxicily value not available 

(e) Dose-response data for cis-l,2-dichloroethene and chromium VI \\ere used — ­ not calculated due to absence of data 

(0 Reference Dose for cadmium in water was used. 

(g) Averaging limes 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 (he background intake (5 mg/day). 

The remaining intake (5 mg/day) was normalized for body weight (10 kg) and an additional uncertainly factor of 3 applied for water exposures. 

' EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-36 



TABLE 2- I AN* 
POTENTIAL RISK FROM INGESTION OF SITE GROHNDWATER WITHI N THE SEWAGE SLUDGE AREA (AS DRINKIN G 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) (ing/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Benzene nd na 0.029 
1 , 1 -Dichloroethane nd O.I na 
l,2-Dichloroelhene(e) nd 0.01 na — 
Vinyl Chloride nd na — 1 .9 

I'enlachliiropheiml nd 0.03	 0.12 
bis(2-litl\ylUe*yl)pluU.alatc nil 0.02 0.014 

4 5 Acrylamide nd 0.0002 
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-0 5 0.0003 1.6E-01 2.1E-05 1.5 3.2E-05 

Barium 97 2.7E-03 0.07 1 1E-03 na 

Beryllium 1.7 4.7E-05 0.002 2.3E-02 2.0E-05 na 

Cadmium (0 3.3 9.0E-05 0.0005 1.8E-01 3.9E-05 na 

Chromium (e) 14 3.8E-04 0.005 7.7E-02 1 .6E-04 na 
Manganese (h) 2500 6.8E-02 0024 2.9E+00 2.9E-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 0.3 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)- 2.85 
Hazard Index (kidney toxins)= 0.18 
Hazard Index (red blood cell effecls)= 0.01 
Hazard Index (longevity)" 1.16 

NOTES: 
(a)	 Tin's 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 = Cone x Ingestion x Exposure x Exposure / Body Averaging x Conversion 

EXPOSURE	 Rate Frequency Duration Weight Time Factor 

DOSE Cone. 2 350 30 70	 365 x 1E+03 (B) 
L/day days/yr years kg years days/year ug/mg 

(c) Hazard quotient - chronic exposure dose / RfD	 nd = chemical not detected 

(d) Cancer Risk = lifetime exposure dose x slope factor	 na = toxicity value not available 

(e) Dose-response data for cis-1,2-dichloroethene and chromium VI were used. — = not calculated due to absence of data 

(0 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 ing/day) minu s 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. 

' EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-37 



TABLE 2 - I AO'
 
POTENTIAL RISK FROM 1NGESTION OF SITE GROUNDWATER WITHIN THE SEWAGE SLUDGE AREA (AS DRINKING WATER)
 
MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE (a) 

Maximum Exposure Dose Oral Reference Hazard Exposure Dose Oral Slope Cancer 
Analyie Concenlralion Chrome (b) Dose (RfD) Quotient (c) Lifetime (b) Factor Risk (d) 

(up/1.) (mg/kg/day) (mg/Vg.'day) (mg/kg/day) /(mg/kg/day) 

Benzene nd na 0.029 
1,1-Dichloroelhane nd 0.1 na 

l,2-Dichloroethene(e) nd 0.01 na 
Vinyl Chloride nd na 1.9 

Pentachlorophenol nd 0.03 0.12 

bis(2-Elhylhexyl)phthalate nd 0.02 0.014 

Acrylamide nd 0.0002 4.5 

N.N-DMF nd 0.1 na 

Antimony 74.2 2.0E-03 0.0004 5.IE+00 8.7E-04 na 
Arsenic 5.5 1.5E-04 0.0003 5.0E-01 6.5E-05 1.5 9.7E-05 
Barium 284 78E-0 3 0.07 1.1E-OI 3.3E-03 na 

Beryllium 3.4 93E-0 5 0.002 4.7E-02 4.0E-05 na 

Cadmium (0 19.4 53E-0 4 0.0005 I.1E+00 2.3E-04 na 

Chromium (e) 54.5 1.5E-03 0005 3.0E-01 6.4E-04 na 
Manganese (h) 6230 17E-01 0024 7.1E+00 7.3E-02 na 
Nickel 76.6 2.IE-03 0.02 I.OE-01 9.0E-04 na 

Vanadium 101 2.8E-03 0.007 4.0E-OI I 2E-03 na 

Zinc 362 9.9E-03 0.3 3.3E-02 4.3E-03 na 

Total Hazard Index = 1 .5E+OI Total Risk = 9.7E-05 
Hazard Index (liver toxins)= 0 00 
Hazard Index (nervous system io*ins)= 7.11 
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-me!hylphenol, aluminum, cobalt, copper, lead, sulfide and ammonia) 
(b) Calculation for exposure dose : 
INGESTION = Cone, x Ingestion x Exposure x Exposure / Body Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 

DOSE Cone. 2 350 30 70 (8) 365 x IE+03 

L/day days/yr years kg years days/year ug/ing 

(c) Hazard quotient = chronic exposure dose / RfD nd = chemical not delected 
(d) Cancer Risk = lifetime exposure dose x slope factor na ­ toxicity value not available 
(e) Dose-response data for cis-1,2-dichlorocthene and chromium VI were used — = not calculated due to absence of data 
(0 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 nig/day). 

The remaining intake (5 ing/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 8-38 



TABLE 1- 1 AP* 

POTENTIAL RISK FROM INGESTION OFGROUNDWATE R FROM RESIDENTIAL WELLS 

AVERAG E CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

Analyte

Average 

 Concentration 

(UB/L) 

Exposure Dose

Chronic (a)
(mg/kg/day)

 Oral Reference

 Dose (RfD)
 (mg/kg/day) 

 Hazard 

 Quotient (b) 

Exposure Dose

Lifetime (a)
(mg/kg/day)

 Oral Slope

 Factor
 /(mg/kg/day) 

 Cancer 

 Risk (c) 

Benzene
Chloroelhane
Trichloroethene

 0.52 
 0.53 

 0.56 

1 .4E-05
I.5E-05
1 .5E-05

 na 
 na 
 na 

6.1E-06
6.2E-06
6.6E-06

 0.029
 na 
 0.011

 1 8E-07 

 7.2E-08 

4-Melhylphenol
N.N-DMF

 7.9 
 14 

2.2E-04
3.8E-04

 0005
 0.1

 4.3E-02 
 3.8E-03 

9.3E-05
1 .6E-04

 na 
 na 

Dieldrin 0.0024 6.6E-08 0.00005 I.3E-03 2.8E-08 16 4.5E-07 

Aluminum

Barium
Copper
Manganese (d)
Mercury
Zinc
Sulfide

 90 

 8.3 
 14 

 890 
 0.14 

 24 
 1600 

2.5E-03
2.3E-04
3.8E-04
2.4E-02
3.8E-06
6.6E-04
4.4E-02

Total Hazard Index =
Hazard Index (liver toxins) =
Hazard Index (nervous system toxins) =

 na 
 0.07
 na 
 0.024
 0.0003
 03
 na 

 3.2E-03 

 l.OE+00 
 I.3E-02 
 2.2E-03 

 1.1 E+00 
 0.01 

 1 .06 

Total Risk =

I.1E-03
9.7E-05
I.6E-04
l.OE-02
1 .6E-06
2.8E-04
1.9E-02

 na 
 na 
 na 
 na 
 na 
 na 
 na 

 7.0E-07 

NOTES: 
(a) Calculation for exposure dose : 

INGESTION = Cone, x Ingeslion x Exposure x Exposure / Body Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 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 nd = chemical not detected 

(c) Cancer Risk = lifetime exposure dose x slope factor na = loxicity value not available 

(d) The reference dose for manganese is based on total allowable intake (10 ing/day) minu s the background intake (5 mg day). — = 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, 

(e) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used. 

* EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-39 



TABLE 2 - I AQ* 

POTENTIAL RISK FROM INGESTION OF GROUNDWATER FROM RESIDENTIAL

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

 WELLS 

Analyte
Maximum 

 Concentration 

(ug/L) 

Exposure Dose
Chronic (a)

(mg/kg/day)

 Oral Reference
 Dose (RfD)

 (mg/kg/day) 

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)

(mg/kg/day)

 Oral Slope
 Factor

 /(ing/kg/day) 

 Cancer 
 Risk (c) 

Benzene
Chloroethani:
Trichloroethene

 0.8 
1 
2 

2.2E-05
2.7E-05
5.5E-05

 na 
 na 
 na 

9.4E-06
1 .2E-05
2.3E-05

 002 9
 na 
 001 1

 2.7E-07 

 2.6E-07 

4-Methylplienol
N.N-DMF

 63 
 14 

I.7E-03
3.8E-04

 0.005
 0.1

 3.5E-OI 
 3.8E-03 

7.4E-04
1.6E-04

 na 
 na 

Dieldrin 0.0024 6 6E-08 0.00005 1 .3E-03 28E-08 16 4.5E-07 

Aluminum
Barium
Copper
Manganese (d)
Mercury
Zinc
Sulflde

 552 
 44.3 
 58.6 

 3100 
 0.46 

 165 
 3700 

I.5E-02
1.2E-03
1 6E-03
8.5E-02
1.3E-05
4.5E-03
l.OE-01

Total Hazard Index =
Hazard Index (liver toxins) =
Hazard Index (nervous system toxins) =

 na 
 0.07
 na 
 0.024
 0.0003
 0.3
 na 

 I.7E-02 

 3.5E+00 
 4.2E-02 
 1.5E-02 

 4.0E+00 
 0.0 1 

 3.88 

Total Risk =

6.5E-03
5.2E-04
6.9E-04
3.6E-02
5.4E-06
1.9E-03
4.3E-02

 na 
 na 
 na 
 na 
 na 
 na 
 na 

 9.8E-07 

NOTES: 

(a) Calculation for exposure dose : 
INGESTION = Cone, x Ingeslion x Exposure x Exposure / Body Averaging x Conversion 
EXPOSURE Rate Frequency Duration Weight Time Factor 
DOSE Cone. 2 350 30 70 (e) 365 x IE+03 

L/day days/yr years kg years days/year ug/ing 
(b) Hazard quotient = chronic exposure dose / RfD nd = chemical not detected 

(c) Cancer Risk = lifetime exposure dose x slope factor na = toxicity value not available 

(d) The reference dose for manganese is based on total allowable intake (10 ing/day) minu s (he background intake (5 nig/day). — = 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. 

(e) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used. 
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TABLE 2 - 1 AR* 

POTENTIAL RISK FROM INGESTION OF SAUGATUCKET RIVE R WATER BY SWIMMERS 
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE
Average 

 Concentration 
Exposure Dose

Chronic (a)
 Oral Reference
 Dose (RfD)

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)

 Oral Slope
 Factor

 Cancer 
 Risk (c) 

(ug/L) (mg/kg/day) (mg/kg/day) (ing/kg/day) /(mg/kg/day) 

Aluminum

Antimony
Barium
Manganese (d)

Ammonia (0
Sulfide

 200 

 1 1 
 1 5 

 240 

 210 
 790 

3.9E-06
2.2E-07
2.9E-07
4.7E-06
4.1E-06
1 .5E-05

 na 
 00004
 0.07
 0.024
 na 
 na 

 5.4E-04 
 4.2E-06 
 2.0E-04 

1 .7E-06
9.2E-08
1 .3E-07
2.0E-06
1 .8E-06
6.6E-06

 na 
 na 
 na 
 na 
 na 
 na 

Acrylamide
N N dimethylformamide

 nd 
 nd 

Total Hazard Index=

0.0002 
0.1 

 7.4E-04 Total Risk = 

4  5 
na 

NOTES: 
(a) Calculation for exposure dose : 

INGESTION 
EXPOSURE 

DOSE 

Cone, x 

Cone. 

Ingestion 
Rate 

0.05 
L/hr 

x Exposure 
Time 

1 
hr/day 

x Exposure 
Frequency 

10 

days/yr 

x Exposure 
Duration 

30 

years 

/ Body 
Weight 

70 

kg 

x Averaging 
Time 

(e) 
years 

x Conversion 
Factor 

365 x IE+03 
days/year ug/mg 

(b) Hazard quotient = chronic exposere dose / RfD nd = chemical not detected 

(c) Cancer Risk = lifetime exposure dose x slope factor na = loxicity value not available 

(d) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day). — = 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. 

(e) Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used. 

(0 HEAST '97 provides a taste threshold of 34,000 ug/L. The concentration detected was well below this. 
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TABLE 2-1 AS * 

POTENTIAL RISK FROM 1NGESTION OF SAUGATUCKET RIVE R WATER BY SWIMMERS 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE

Aluminum
Antimony
Barium
Manganese (d)
Ammonia (f)
Sulfide

Maximum 
 Concenlralion 

(«B/L) 
 424 
 25 

 279 
 2030 

 670 
 1900 

Exposure Dose
Chronic (a)

(ing/kg/day)
8.3E-06
4.9E-07
5.5E-06
4.0E-05
1 .3E-05
3.7E-05

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 
 na 
 00004
 0.07
 0.024
 na 
 na 

 Hazard 
 Quotient (b) 

 1.2E-03 
 7.8E-05 
 1.7E-03 

Exposure Dose
Lifetime (a)
(mg/kg/day)

3.6E-06
2IE-0 7
2.3E-06
1 .7E-05
5.6E-06
1 .6E-05

 Oral Slope
 Factor
 /(mg/kg/day) 

 na 
 na 
 na 
 na 
 na 
 na 

 Cancer 
 Risk (c) 

Acrylamide
N N dimethylformamide

 nd 
 nd 

Total Hazard lndex=

0.0002 
O.I 

 3.0E-03 Total Risk = 

4.5 
na 

NOTES: 
(a) Calculation for exposure dose : 

INGESTION = Cone, x 
EXPOSURE 
DOSE Cone. 

Ingestion 
Rate 

0.05 

Mir 

x Exposure 
Time 

1 
hr/day 

x Exposure 
Frequency 

10 

days/yr 

x Exposure 
Duration 

30 

years 

1 Body
Weigh! 

70 

kg 

x Averaging 

Time 

(e) 
years 

x Conversion 
Factor 

365 x IE+03 
days/year ug/mg 

(b) Hazard quotient = chronic exposere dose / RfD nd = chemical not detected 

(c) Cancer Risk = lifetime exposure dose x slope factor na = toxicity value not available 

(d) 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 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. 

(e) Averaging limes of 30 years for chronic doses and 70 years for lifetime doses were used. 

(0 HEAST '97 provides a taste threshold of 34,000 ug/L. The concentration delected was well below this. 
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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/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Aluminum 200 .OE-03 1.4E-06 na 6.04E-07 na 

Antimony 1 1 .OE-03 7.7E-08 0.0004 1.9E-04 3.32E-08 na 
Barium 15 OE-03 I.IE-07 0.07 I.5E-06 4.53E-08 na 
Manganese (e) 240 .OE-03 I.7E-06 0.024 7.0E-05 7.25E-07 na 

Ammonia 210 .OE-03 1 .5E-06 na 6.34E-07 na 

Sulfide 790 .OE-03 5.6E-06 na 2.39E-06 na 

Acrylamide nd 2 4E-04 0.0002 4  5 
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/600/8-91/01 IB 

(b) calculation for exposure dose: 

DERMAL = Cone. 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 18,000 1 10 30 70 (0 365 X !Et06 

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 delected 

(d) cancer risk = lifetime exposure dose x slope factor na = toxicity value not available 
(e) The reference dose for manganese is based on total allowable intake (10 rng/day) minu s 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. 

(0 Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used 
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TABLE 1-1 All" 

POTENTIAL RISK FROM DERMAL CONTACT WITH SAUGATUCKET RIVER WATER BY SWIMMERS 
MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE

Maximum

 Concentration
(ug/L)

 Dermal 

 Permeability 
 Constant (a) 

Exposure Dose
Chronic (b)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (my/kg/day) 

 Hazard 
 Quotient (c) 

Exposure Dose
Lifetime (b)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (d) 

Aluminum
Antimony
Barium
Manganese (e)
Ammonia
Sulfide

 424
 25

 279
 2030

 670
 1900

 .OE-03 
 OE-03 
 OE-03 
 .OE-03 
 .OE-03 
 .OE-03 

3.0E-06
1 8E-07
2.0E-06
1 .4E-05
4.7E-06
\.3E-05

 na 
 0.0004
 0.07
 0.024
 na 
 na 

 4.4E-04 
 28E-05 
 6.0E-04 

1 .28E-06
7.55E-08
8.42E-07
6.I3E-06
2.02E-06
5.74E-06

 na 
 na 
 na 
 na 
 na 
 na 

Acrylamide
N N dimethylformamide

 nd
 nd

 2.4E-04 
 na 

Hazard Index­

0.0002 
O.I 

1 IE-03 Total Risk = 

4.5 
na 

NOTES: 
(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 

(b) calculation for exposure dose: 

DERMAL = 
EXPOSURE 
DOSE 

Cone. 

Cone. 

x Dermal x 

Perm. Const. 
Kp 

cm/hour 

Skin Surface 
Area 

18.000 

sq cm 

x Exposure 
Time 

1 
hr/day 

x Exposure 
Frequency 

10 

days/yr 

x Exposure
Duration 

30 

years 
(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 nig 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 for lifetime doses were used 

/ Body 
Weight 

70 

kg 

x Averaging 
Time 

(0 
years 

nd = chemical not delected 

na = toxicity value not available 

— = not calculated due to the absence of data 

x Conversion 
Factor 

365 X IE+06 
days/yr cu.cin-ug/L-mg 
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TABLE 2 - I AV* 
POTENTIAL RISK FROM INGESTION OF SAUGATUCKET RIVE R WATER BY SWIMMERS 

AVERAGE CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE 

ANALYTE
Average 

 Concentration 
Exposure Dose

Chronic (a)
 Oral Reference
 Dose (RfD)

 Hazard 
 Quotient (b) 

Exposure Dose
Lifetime (a)

 Oral Slope
 Factor

 Cancer 
 Risk (c) 

(»g/L) (ing/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Aluminum
Antimony
Barium
Manganese (d)

Ammonia (0
Sulfide

 200 
 1 ] 

 15 
 240 

 210 
 790 

4.7E-06
26E-07
35E-0 7
5 7E-06
50E-06
1 9E-05

 na 
 0.0004
 0.07
 0.024
 na 
 na 

 6.5E-04 
 5.1E-06 
 2.4E-04 

4.7E-07
2.6E-08
35E-08
5.7E-07
5.0E-07
1 .9E-06

 na 
 na 
 na 
 na 
 na 
 na 

Acrylamide
N N dimethylfonnamide

 nd 
 nd 

Total Hazard Index=

0.0002 
0.1 

 8.9E-04 Total Risk = 
—

4.5 

 na — 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = 
EXPOSURE 
DOSE 

Cone, x 

Cone. 

Ingeslion 
Rate 

0.05 

L/hr 

x Exposure 
Time 

1 

hr/day 

x Exposure 
Frequency 

10 
days/yr 

x Exposure 
Duration 

7 

years 

/ Body 
Weight 

58 

kg 

x Averaging 
Time 

(e) 
years 

x Conversion 
Factor 

365 X IE+03 
days/year ugAng 

(b) Hazard quotient = chronic exposere dose / RfD nd = chemical not delected 

(c) Cancer Risk = lifetime exposure dose x slope factor na = toxicity value not available 

(d) The reference dose for manganese 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. 

(e) 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 delected was well below this. 
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TABLE 2 - 1 AW* 

POTENTIAL RISK FROM INGESTION OF SAUGATUCKET RIVE R WATER BY SWIMMERS 

MAXIMU M CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE 

ANALYTE

Aluminum
Antimony
Barium
Manganese (d)
Ammonia (0
Sulfide

Maximum 
 Concentration 

(UB/L) 
 424 
 25 

 279 
 2030 

 670 
 1900 

Exposure Dose
Chronic (a)

(mg/kg/day)
1 .OE-05
5.9E-07
6.6E-06
4.8E-05
1 .6E-05
4.5E-05

 Oral Reference
 Dose (RfD)
 (tng/kg/day) 

 na 
 0.0004
 0.07
 0.024
 na 
 na 

 Hazard 
 Quotient (b) 

 I.5E-03 
 9.4E-05 
 2.0E-03 

Exposure Dose
Lifetime (a)
(ing/kg/day)

1 .OE-06
5.9E-08
66E-07
4.8E-06
1 .6E-06
4.5E-06

 Oral Slope
 Factor

 /(mg/kg/day) 
 na 
 na 
 na 
 na 
 na 
 na 

 Cancer 
 Risk (c) 

Acrylamide
N N dimethylfonnamide

 nd 
 nd 

Total Hazard Index=

0.0002 
0.1 

 3.6E-03 Total Risk =
—

4.5 
 na 

— 

NOTES: 

(a) Calculation for exposure dose : 

INGESTION = Cone, x Ingestion x Exposure x Exposure x Exposure / Body x Averaging x Conversion 
EXPOSURE Rate Time Frequency Duration Weight Time Factor 
DOSE Cone. 0.05 1 10 7 58 (e) 365 X 1E+03 

Mir hr/day days/yr years kg years days/year ug/ing 

(b) I lazard quotient = chronic exposere dose / RID nd = chemical not detected 

(c) Cancer Risk = lifetime exposure dose x slope factor na = loxicity value not available 
(d) The reference dose for manganese is based on total allowable intake (10 ing/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. 

(e) Averaging times of 7 years for chronic doses and 70 years for l ifetime doses were used. 

(0 HEAST '97 provides a taste threshold of 34,000 ug/L. The concentration detected was well below this. 
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TABLE 2- 1 AX* 

POTENTIAL RISK FROM DERMAL CONTACT WITH SAUGATUCKET RIVER WATER BY SWIMMERS 

AVERAG E CONCENTRATIONS USED FOR AN ADOLESCENT 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) (mg/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Aluminum 200 1 .OE-03 1 5E-06 na I.51E-07 na 

Antimony 1 1 .OE-03 8.3E-08 00004 2.IE-04 8.3IE-09 na 

Barium 1 5 .OE-03 I.IE-07 0.07 I.6E-06 1.I3E-08 na 
Manganese (e) 240 .OE-03 1 8E-06 0.024 7.6E-05 1.81E-07 na 

Ammonia 210 .OE-03 1 .6E-06 na 1 59E-07 na 
Sulfide 790 .OE-03 6.0E-06 na 5.97E-07 na 

Acrylamide nd 2.4E-04 0.0002 4.5 
N N dimethylfonnainide nd na O.I na 

Hazard Index = 2.9E-04 Total Risk = 

NOTES. 

(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications". EPA/600/8-91/01 IB 

(b) calculation for exposure dose: 

DERMAL = Cone. x Dermal x Skin Surface x Exposure x Exposure x Exposure / Body x Averaging x Conversion 
EXPOSURE Pent). Const. Area Time Frequency Duration Weight Time Factor 
DOSE Cuuc. Kp 1 0.000 1 10 7 58 (0 365 X 11-^06 

cm/liour 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 delected 

(d) cancer risk = lifetime exposure dose x slope factor na = toxiciry value not available 

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minu s (he 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 
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TABLE 2 - 1 AY* 

POTENTIAL RISK FROM DERMAL CONTACT WITH SAUGATDCKET RIVER WATER BY SWIMMERS 

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) (mg/kg/day) (mg/kg/day) (mgftg/day) /(mg/kgMay) 

Aluminum 424 .OE-03 3.2E-06 na 3.20E-07 na 
Antimony 25 .OE-03 I.9E-07 0.0004 4.7E-04 1 .89E-08 na 
Barium 279 OE-03 2.IE-06 0.07 3.0E-05 2.1IE-07 na 
Manganese (e) 2030 OE-03 1 5E-05 0.024 6.4E-04 I.53E-06 na 
Ammonia 670 .OE-03 5 IE-06 na 5.06E-07 na 
Sulfide 1900 .OE-03 1 .4E-05 na 1 .44E-06 na 

Acrylamide nd 2.4E-04 0.0002 4. 5 
N N dimethylfonnamide nd na O.I na 

Hazard Index = I.IE-03 Total Risk = 

NOTES. 

(a) Source: EPA, 1992. "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 

(b) calculation for exposure dose: 

DERMAL = Cone. x Dermal x Skin Surface x Exposure X Exposure x Exposure / Body x Averaging x Conversion 
EXPOSURE Penn. Const. Area Time Frequency Duration Weight Time Factor 
DOSE Cone. Kp 16.000 1 10 7 58 (0 365 X IE+06 

cm/hour sq. cm hr/day days/yr years kB years days/yr cu.cm-ug/L-mg 
(c) Hazard quotient-chroni c exposure dose / RfD nd = chemical not detected 

(d) cancer risk = lifetime exposure dose x slope factor na = toxicity value not available 

(e) The reference dose for manganese is based on total allowable intake (10 mg/day) minus the background intake (5 mg/day). — = not calculated due to the 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, 

(t) Averaging limes of 7 years for chronic doses and 70 years for lifetime doses were used 
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TABLE 2 - I AZ' 

POTENTIAL RISK FROM DERMAL CONTACT WITH MITCHELL BROOK WATER 
AVERAGE CONCENTRATIONS lISED FOR AN ADLILT EXrOSllRE 

Average Dennal Exposure Dose 

ANALYTE Concentration Penneability Chronic (b) 
(ug/L) Constant (a) (mg/kg/day) 

Aluminum 400 I.OE-03 7.3E-07 

Antimony 12 1.0E-03 2.2E-08 

Barium 17 1.0E-03 3.IE-08 

Manganese (e) 280 I.OE-03 5.1E-07 

Ammonia 670 I.OE-03 1.2E-06 

Sulfide 760 I.OE-03 lAE-06 

Acrylamide 130 2.4E-04 5.7E-08 

N N dimethylfonnamide nd na --
Hazard Index -

--------- --- -

NOTES: 

(a) Source: EPA, 1992. "Dennal Exposure Assessment: Principles and Applications", EPAl600/8-91/01IB 

(b) calculation for exposure dose: 

DERMAL Conc. x Dennal x Skin Surface Exposure 

EXPOSURE 

DOSE Conc. 

Penn. Const. 

Kp 

Area 

1.800 

Time 

( 

Oral Reference 

-

Dose (RID) 
(mglkg/day) 

na 
0.0004 

0,07 

0.024 

na 

na 

0.0002 

0.1 

-

x Exposure 

Frequency 

26 

Hazard 
Quotient (c) 

---
5.5E-05 

4.4E-07 

2.IE-05 

---
---

2.9E-04 

--
3.6E-04 

x Exposure 

Duration 
30 

cm/hour sq. cm hr/day days/yr years 

(c) Hazard quotient ~ chronic exposure dose / RID 

(d) cancer risk = lifetime exposure dose x slope factor 

(e) TIle reference dose for manganese is based on total allowable illlake (10 lng/day) minus the background intake (5 mg/day). 

TIle remaining intake (5 mg/day) was nonnalized 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 
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--

Exposure Dose 
Lifetime (b) 

(mglkg/day) 

Total Risk-

3.14E-07 

9.42E-09 

1.33E-08 

2.20E-07 

5.26E-07 

5.97E-07 

2.45E-08 

--

Body 

Weight 
70 

kg 

nd = chemical not detected 

Oral Slope 
Factor 

/(mglkg/day) 

na 

na 
na 

na 

na 

na 

4.5 

na 

x Averaging 
Time 

(I) 

years 

na = toxicity value not available 

--- = not calculated due to the absence of data 

( 

Cancer 
Risk (d) 

---
---
---
---
---
---I 

I.IE-07 I 
---

1.1 E-071 

x Conversion 

Factor 
365 X I E+06 

days/yr cu.cm-ug/L-mg 



TABLE 2-1 BA * 

POTENTIAL RISK FROM DERMA L CONTACT WITH MITCHELL BROOK WATER 

MAXIMU M CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE
Maximum

 Concentration
(ug/L)

 Dermal 
 Permeability 

 Constant (a) 

Exposure Dose
Chronic (b)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (c) 

Exposure Dose
Lifetime (b)
(mg/lcg/day)

 Oral Slope
 Factor
 /(ing/kg/day) 

 Cancer 
 Risk (d) 

Aluminum
Antimony
Barium
Manganese (e)
Ammonia
Sulfide

 1140
 28.8

 173
 1610

 3530
 WOO

 .OE-03 
 .OE-03 
 OE-03 
 .OE-03 

 .OE-03 
 .OE-03 

2 IE-06
5.3E-08
3.2E-07
29E-06
6.5E-06
3.5E-06

 na 
 0.0004
 0.07
 0.024
 na 
 na 

 1.3E-04 
 4.5E-06 
 1.2E-04 

8.95E-07
2.26E-08
1.36E-07
1 .26E-06
2.77E-06
1.49E-06

 na 
 na 
 na 
 na 
 na 
 na 

Acrylamide
N N dimclhylfonnamide

 272
 nd

 2.4E-04 
 na 

1.2E-07

Hazard Index =

 0.0002
0.1 

 6.0E-04 

 8.6E-04 

5.12E-08
—

Total Risk =

 4.5
 na 

 2.3E-07 

 2.3E-07 

NOTES: 

(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications", EPA/600/8-91/01 IB 

(b) calculation for exposure dose: 

DERMAL = 
EXPOSURE 

DOSE 

Cone. 

Cone. 

x Dennal x 
Perm. Const. 

Kp 
cm/hour 

Skin Surface 
Area 

1,800 

sq. cm 

x Exposure 
Time 

1 

hr/day 

x Exposure 
Frequency 

26 

days/yr 

x Exposure / 
Duration 

30 

years 
(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 ing/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. 

(0 Averaging times of 30 years for chronic doses and 70 years for lifetime doses were used 

Body 
Weight 

70 

kg 

x Averaging 
Time 

(0 
years 

nd = chemical not detected 

na = toxicity value not available 

— = not calculated due to the absence of data 

x Conversion 
Factor 

365 X IE+06 
days/yr cu cm-ug/L-mg 
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TABLE 2-1 BB * 

POTENTIAL RISK FROM DERMAL CONTACT WITH MITCHELL BROOK WATER 

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 (RID) Quotient (c) Lifetime (b) Factor Risk (d) 

(ug/L) Constant (a) (mg/kg/day) (mg/kg/day) (mg/kg/day) /(mg/kg/day) 

Aluminum 400 l.OE-03 8.8E-07 na 8.84E-08 na 
Antimony 12 l.OE-03 2.7E-08 0.0004 6.6E-05 2.65E-09 na 
Barium 17 1 OE-03 3.8E-08 0.07 5.4E-07 3.76E-09 na 
Manganese (e) 280 1 OE-03 6.2E-07 0.024 2 6E-05 6.19E-08 na 
Ammonia 670 l.OE-03 1 .5E-06 na 1 .48E-07 na 
Sulfide 760 1 .OE-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.IE-08 
N N dimelhylfonnamide nd na O.OE+00 0.1 na — 

Hazard Index = 4.4E-04 Total Risk = 3. IE-OS 

NOTES: 
(a) Soutce-. EPA, 1992. "Dennal Exposure Assessment: Principles and Applications", EPA7600/8-91/OI IB 
(b) calculation for exposure dose: 

DERMAL = Cone. 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 (0 365 X 1E<06 

cm/liour sq. cm lir/day days/yr years kS 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 factor na = toxicity value not available 

(e) The reference dose for manganese is based on total allowable intake (10 ing/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. 

(0 Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used 

* EDITED FINA L SUPPLEMENTA L HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-51 



TABLE 2 -1 BC* 

POTENTIAL RISK FROM DERMA L CONTACT WITH MITCHELL BROOK WATER 

MAXIMU M CONCENTRATIONS USED FOR AN ADOLESCENT EXPOSURE 

ANALYTE
Maximum

 Concentration
(un/L)

 Dermal 
 Permeability 
 Constant (a) 

Exposure Dose
Chronic (b)

(mg/kg/day)

 Oral Reference
 Dose (RfD)
 (mg/kg/day) 

 Hazard 
 Quotient (c) 

Exposure Dose
Lifetime (b)
(mg/kg/day)

 Oral Slope
 Factor
 /(mg/kg/day) 

 Cancer 
 Risk (d) 

Aluminum
Antimony
Barium
Manganese (e)
Ammonia
Sulfide

 1140
 28.8

 173
 1610

 3530
 1900

 1 OE-03 
 1. OE-03 
 1. OE-03 
 1. OE-03 

 1. OE-03 
 1. OE-03 

2 5E-06
6.4E-08
3.8E-07
3.6E-06
7.8E-06
4.2E-06

 na 
 0.0004
 0.07
 0.024
 na 
 na 

1 6E-04 
5 5E-06 

 1.5E-04 

2.52E-07
6.37E-09
3.82E-08
3.56E-07
7.80E-07
4.20E-07

 na 
 na 
 na 
 na 
 na 
 na 

Acrylamide
N N dimethylfonnamide

 272
 nd

 2.4E-04 
 na 

1 4E-07

Hazard Index =

 0.0002
O.I 

 7.2E-04 

1 .OE-03 

I.44E-08
—

Total Risk =

 4 5
 na 

 65E-08 

 6.5H-08 

NOTES: 

(a) Source: EPA, 1992, "Dermal Exposure Assessment: Principles and Applications". EPA/600/8-91/01 IB 

(b) calculation for exposure dose. 

DERMAL = Cone. x Dermal x Skin Surface x Exposure x Exposure 
EXPOSURE Perm. Const. Area Time Frequency 
DOSE Cone Kp 1,800 1 26 

cm/hour sq. cm hr/day days/yr 
(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 lotal 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 
(f) Averaging times of 7 years for chronic doses and 70 years for lifetime doses were used 

x Exposure 
Duration 

7 

years 

exposures. 

/ Body x Averaging 
Weight Time 

58 (0 
kg years 

nd = chemical not detected 
na = toxicity value not available 
— = not calculated due to the absence of data 

x Conversion 
Factor 

365 X IE+06 
days/yr cu cm-ug/L-mg 

* EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-52 



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 Annual ized Inhalation 
ANALYTE Gas Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3) (mg/sec)(a) (mg/mA3)(b) (mg/mA3)(c) (mg/mA3) /(ug/mA3) Quotient (d) Risk (e) 

... 

Benzene 8.0 0.23 4.6E-04 3.1E-05 0.006 8.3E-06 5.2E-03 I.1E-07 
Carbon Disulfide 0.87 0.02 5.0E-05 3.4E-06 0.7 nd 4.9E-06 

Acetone 0 0 0 0 na na na 

... 

1,1-Dichloroethane 61 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 I.4E-06 
cis-l,2-Dichloroethene 9800 276.36 5.6E-OI 3.8E-02 na na na ... 

trans- 1 ,2-Dichloroethene 11 0.31 6.3E-04 4.3E-05 na nd na ... 

Dichlorodifluoromethane 5 1 1.44 2.9E-03 2.0E-04 0.2 nd l.OE-03 ... 

Ethylbenzene 25 0.71 1.4E-03 9.8E-05 1 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 I.5E-03 l.OE-04 3 4.7E-07 3.4E-05 2.IE-08 
Toluene 100 2.82 5.7E-03 3.9E-04 0.4 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 4.3 0.12 2.5E-04 I.7E-05 0.006 na 2.8E-03 ... 

Trichloroethene 31 0.87 I.8E-03 I.2E-04 na 1.7E-06 na 8.8E-08 
Vinyl Chloride 1400 39.48 8.0E-02 55E-0 3 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 mA3/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 mA2 x 2 m x 1 m/sec)]
 

(c) Annual ized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days/365 days 

(d) Hazard quotient = Annualized Air Concentration / RfC 
(e) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Uni t Risk /(ug/mA3) x 30 yrs / 70 yrs 

na - not available 

nd - not determined 
-- - not calculated due to absence of data 

* EDITED FINA L 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 
MAXIMU M CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS 

Max. Soil Estimated Modeled Air Annualized Inhalation 
ANALYTE Gas Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3) (mg/sec)(a) (mg/mA3)(b) (mg/mA3)(c) (mg/mA3) /<ug/mA3) Quotient (d) Risk (e) 

Acetone 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 Disultide 0.87 0.02 5.0E-05 3.4E-06 0.7 nd 4.9E-06 — 

1,1-Dichloroethane 140 3.95 8.0E-03 5.5E-04 0  5 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-Dichloroelhene 23000 648.60 1.3E+00 9.0E-02 na na na — 

... 

Dichloroditluoromethane 100 2.82 5.7E-03 3.9E-04 0.2 nd 2.0E-03 
trans- 1 .2-Dichloroethene 27 0.76 1.5E-03 1.IE-04 na nd na 

... 

Ethylbenzene 25 0.71 1.4E-03 9.8E-05 1 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 0.4 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 4.3 0.12 2.5E-04 1.7E-05 0006 na 2.8E-03 ... 

Trichloroethene 31 0.87 1.8E-03 1.2E-04 na 1.7E-06 na 8.8E-08 
Vinyl Chloride 3100 87.42 1.8E-01 I.2E-02 na 8.4E-05 na 4.4E-04 
m.p-Xylene 4 1 1.1 6 2.3E-03 1 .6E-04 na nd na ... 

Total Ila/ard Index = 1.5E-02 
Total Cancer Risk = 4.4E-04 1 

NOTES: 
(a) Soil gas concentration x gas generation rate (60 dm, or 0.0282 mA3/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 mA2 x 2 m x 1 m/sec)] 
(c) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days / 365 days 
(d) Hazard quotient = Annualized Air Concentration / RfC 
(e) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Uni  t Risk /(ug/mA3) 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 



ANALYTE 

Acetone 
Benzene 
Carbon Disulfide 
1,1-Dichloroethane 
Kl-Dichloroertiene 
cis- 1 ,2-Dichloroethene 
trans- 1 ,2-Dichloroethene 
Dichloroditluoromethane 
Ethylbenzene 
4-Methyl-2-pentanone 
Methylene Chloride 
Toluene 
1 ,2,4-Trichlorobenzene 
1 ,2,4-Trimethylbenzene 
1,3,5-Trimethylbenzene 
Trichloroethene 
Vinyl Chloride 
m.p-Xylene 

NOTES: 
(a) Soil gas concentration x gas generation rate (8.2 cfm, or 0.00389 mA3/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 190m)/(3851 1 mA2 x2 mx I m/sec)j 

(c) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days / 365 days 

(d) Hazard quotient = Annualized Air Concentration / RfC 
(e) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Unit Risk /(ug/mA3) 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 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 
Gas Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk 
(mg/mA3) (mg/sec)(a) (mg/mA3)(b) (mg/mA3)(c) (mg/mA3) /(ug/mA3) 

1 0.004 9.6E-06 6.6E-07 na na 
1.6 0.006 1.5E-05 1.IE-06 0.006 8.3E-06 

0 0.000 0 0 0.7 nd 
4.5 0.018 4.3E-05 3.0E-06 0.5 nd 
0.2 0.001 1.9E-06 1.3E-07 na 5.0E-05 
11 0.043 1.IE-04 7.2E-06 na na 

0.21 0.001 2.0E-06 I.4E-07 na nd 
14 0.054 I.3E-04 9.2E-06 0.2 nd 

8.8 0.034 8.4E-05 5.8E-06 1 na 
0 0.000 0 0 0.08 nd 

1.7 0.007 1.6E-05 1.1E-06 3 4.7E-07 
28 0.109 2.7E-04 I.8E-05 0.4 na 

0.27 0.001 2.6E-06 1.8E-07 0.2 na 
1.5 0.006 1.4E-05 99E-07 0.006 na 
0.9 0.004 8.6E-06 5.9E-07 0.006 na 
3.5 0.014 3.4E-05 2.3E-06 na 1 .7E-06 
7.6 0.030 7.3E-05 5.0E-06 na 8.4E-05 
14 0.054 O.OE+00 O.OE+00 na nd 

Total Hazard Index = 

1 Total Cancer 

Hazard
 
Quotient (d)
 

na 
1.8E-04 

— 
5.9E-06 

na 
na 
na 

4.6E-05 
5.8E-06 

... 

3.7E-07 
4.6E-05 
8.9E-07 
1.6E-04 
9.9E-05 

na 
na 
na 

5.4E-04 
Rtsk = 

Cancer 
Risk (e) 

3.7E-09 

— 
... 

2.8E-09 
— 
... 

... 

... 

... 

2.3E-10 
... 
... 
... 

... 

1.7E-09 
1.8E-07 

... 

1.9E-07 



TABLE 2-1 BG* 
POTENTIAL RISK FROM INHALATION OF OUTDOOR AIR BY ADULTS IN THE BULKY WASTE AREA 
MAXIMU M CONCENTRATIONS USED BASED ON SOIL GAS CONTAMINATION COLLECTED BY SUMMA CANISTERS 

Max. Soil Estimated Modeled Air Annualized Inhalation 
ANALYTE Gas Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3) (mg/sec)(a) (mg/mA3)(b) (mg/mA3)(c) (mg/mA3) /(ug/mA3) Quotient (d) Risk (e) 

...Acetone 1.3 0.005 1 .2E-05 8.5E-07 na na na 

Benzene 2.9 0.011 2.8E-05 I.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 I.1E-05 na na na — 

trans- 1 ,2-Dichloroethene 0.3 0.001 2.9E-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 2.4 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 0.4 na 5.6E-05 — 

1 ,2.4-Trichlorobenzene 02 7 000 1 2.6E-06 1.8E-07 0.2 na 8.9E-07 — 
.1 ,2,4-Trimethylbenzene 2.3 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 3.8 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 = 3.4E-07 

NOTES: 
(a) Soil gas concentration x gas generation rate (8.2 cfm, or 0.00389 mA3/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 mA2 x 2 m x 1 m/sec)] 
(c) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days / 365 days 

(d) Hazard quotient = Annualized Air Concentration / RfC 
(e) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Uni  t Risk /(ug/mA3) 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* 
POTE1NTIAL 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 Modeled Air Annual ized Inhalation 
ANALYTE Gas Cone. Emission Rale Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3) (mg/sec)(a) (mg/mA3)(b) (mg/mA3)(c) (mg/mA3) /(ug/mA3) Quotient (d) Risk (e) 

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 — 
1,1-Dichloroethene 0 0 0 0 na 5.0E-05 na 

cis- 1 ,2-Dichloroethene 0 0 0 0 na na na 

trans- 1 ,2-Dichloroethene 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-1 1 
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 001041 1.7E-05 1.2E-06 na nd na 

Total Hazard Index = 8.2E-05 

1 Total Cancer Risk = 2.6E- 1 1 

NOTES: 
(a) See Appendix E in M&E Rl 
(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 mA2 x 2 m x 1 m/sec)] 
(c) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days / 365 days 
(d) Hazard quotient = Annualized Air Concentration / RfC 
(e) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Unit Risk /(ug/mA3) 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-57 



TABLE 2-1 Bl* 
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 Annual ized Inhalation 
ANALYTE Gas Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3) (mg/sec)(a) (mg/mA3)(b) (mg/mA3)(c) (mg/mA3) /(ug/mA3) 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 0 0 0 0.5 nd ... ... 

1,1-Dichloroethene 0 0 0 0 na 5.0E-05 na ... 

cis- 1 ,2-Dichloroethene 0 0 0 0 na na na — 

trans- 1 ,2-Dichloroethene 0 0 0 0 na nd na — 

Dichlorodilluoromethane 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 0 0 0.08 nd _ ... 

Methylene Chloride 0.002 0.01 1.7E-05 I.1E-06 3 4.7E-07 3.8E-07 2.3E-10 
Toluene 0 0 0 0 0.4 na ...— 

... ... 

1 ,2,4-Trimethylbenzene 0.005 0.0026 4.3E-06 3.0E-07 0.006 na 4.9E-05 
1 ,2,4-Trichlorobenzene 0 0 0 0 0.2 na 

... 

1 ,3,5-Trimethylbenzene 0.003 0.0015 2.5E-06 I.7E-07 0.006 na 2.8E-05 ... 

Trichlorocthene 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 0.0103 1.7E-05 1.2E-06 na nd na ... 

Total Hazard Index = 7.9E-05 
Total Cancer Risk = 2.3E-10 1 

NOTES: 
(a) See Appendix E in M&E Rl 
(b) Emission rale x Disposal area length in prevailing wind direction (NW)/ Surface area x Breathing zone height x Windspeed. 

[(Emission rate x 120 m) / (36118 m A2 x 2 m x I m/sec)] 
(c) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days / 365 days 
(d) Hazard quotient = Annualized Air Concentration / RfC 
(e) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Unit Risk /(ug/mA3) 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 -1 BJ* 
POTENTIAL RISK FROM INHALATION OF AMBIENT AIR BY NEARBY RESIDENTS 
AVERAGE CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE 
Ambient Air 

Concentration 
(mg/mA3) 

Annual ized 
Avg. Cone. 
(mg/mA3)(a) 

RfC 
(mg/mA3) 

Inhalation 
Unit Risk 
/(ug/mA3) 

Hazard 
Quotient (b) 

Cancer 
Risk (c) 

Benzene 
Ethylbenzene 
Methylene Chloride 
1 , 1 ,2.2-Tetrachloroethane 
Toluene 
1,1,1-Trichloroethane 
Vinyl Chloride 
m,p-Xylene 
o-Xylene 

2.4E-02 
2.0E-03 
1 .OE-03 
4.0E-03 
1 .OE-03 
2.0E-03 
1. OE-03 
4.0E-03 
5.0E-03 

2.3E-02 
1 .9E-03 
9.6E-04 
3.8E-03 
9.6E-04 
1 .9E-03 
9.6E-04 
3.8E-03 
4.8E-03 

0.006 
1 
3 
na 

0.4 
1 

na 
na 
na 

8.3E-06 
na 

4.7E-07 
5.8E-05 

na 
na 

8.4E-05 
na 
na 

Total Hazard Index = 

1 

3.8E+00 
1.9E-03 
3.2E-04 

na 
2.4E-03 
1.9E-03 

na 
na 
na 

3.8E+00 
Total Cancer Risk = 

8.2E-05 
na 

1.9E-07 
9.5E-05 

na 
na 

3.5E-05 
na 
na 

2.IE-04 

NOTES. 
(a) Annualized Air Concentration = Ambient Air Concentration (mg/mA3) x 350 days / 365 days 

(b) Hazard quotient = Annualized Air Concentration / RfC 
(c) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Unit Risk /(ug/mA3) x 30 yrs / 70 yrs 

na - not available 

nd - not determined 

EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-59 



TABLE 2 - 1BK* 
POTENTIAL RISK FROM INHALATION OF AMBIENT AIR BY NEARB Y RESIDENTS 
MAXIMUM CONCENTRATIONS USED FOR AN ADULT EXPOSURE 

ANALYTE 
Ambient Air 

Concentration 
(mg/mA3) 

Annualized 
Avg. Cone. 

(mg/mA3)(a) 
RfC 

(mg/mA3) 

Inhalation 
Unit Risk 
/(ug/mA3) 

Hazard 
Quotient (b) 

Cancer 
Risk (c) 

Benzene 
Ethylbenzene 
Methylene Chloride 
1 , 1 ,2,2-Tetrachloroethane 
Toluene 
1,1,1-Trichloroethane 
Vinyl Chloride 
m,p-Xylene 
o-Xylene 

7.5E-02 
2.0E-03 
l.OE-03 
4.0E-03 
2.0E-03 
2.0E-03 
4.0E-03 
7.0E-03 
7.0E-03 

7.2E-02 
1 .9E-03 
9.6E-04 
3.8E-03 
1 .9E-03 
1 .9E-03 
3.8E-03 
6.7E-03 
6.7E-03 

0.006 
1 
3 
na 

0.4 
1 
na 
na 
na 

Total Hazard 

L 

8.3E-06 
na 

4.7E-07 
5.8E-05 

na 
na 

8.4E-05 
na 
na 

Index = 

1.2E+01 
1 .9E-03 
3.2E-04 

na 
4.8E-03 
1.9E-03 

na 
na 
na 

I.2E+01 
Total Cancer Risk = 

2.6E-04 
na 

I.9E-07 
9.5E-05 

na 
na 

1.4E-04 
na 
na 

4.9E-04 

NOTES: 

(a) Annualized Air Concentration = Ambient Air Concentration (mg/mA3) x 350 days / 365 days 

(b) Hazard quotient = Annualized Air Concentration / RfC 
(c) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Unit Risk /(ugymA3) x 30 yrs / 70 yrs 

n a - n o  t available 
nd - not determined 

* EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-60 



TABLE 2­ I BL* 
POTENTIAL FUTURE RISK FROM INHALATION OF INDOOR AIR BY NEARBY RESIDENTS 
AVERAGE CONCENTRATION OF VINYL CHLORIDE USED FOR AN ADULT EXPOSURE 

ANALYTE 
Indoor Air 

Concentration 
(mg/mA3) 

Annual ized 
Avg. Cone. 
(mg/mA3)(a) 

RfC 
(mg/mA3) 

Inhalation 
Unit Risk 
/(ug/mA3) 

Hazard 
Quotient (b) 

Cancer 
Risk (c) 

Vinyl Chloride 2.3E-02 2.2E-02 na 
Total Hazard 

8.4E-05 
Index = 

| Total Cancer Risk = 

na 
na 

7.9E-04 

7.9E-04 

NOTES: 
(a) Annualized Air Concentration = Indoor Air Concentration (mg/mA3) x 350 days I 365 days 
(b) Hazard quotient = Annualized Air Concentration / RfC 
(c) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Uni t Risk /(ug/mA3) x 30 yrs / 70 yrs 

na - not available 
nd - not determined 

EDITED FINAL SUPPLEMENTAL HUMAN HEALTH RISK ASSESSMENT (1998) TABLE B-61 



T A B L E 2 - I BM* 
POTENTIAL FUTURE RISK FROM INHALATION OF INDOOR AIR BY NEARBY RESIDENTS 
MAXIMU M CONCENTRATION OF VINYL CHLORIDE USED FOR AN ADULT EXPOSURE 

ANALYTE 
Indoor Air 

Concentration 
(mg/mA3) 

Annual ized 
Avg. Cone. 
(mg/mA3)(a) 

RfC 
(mg/mA3) 

Inhalation 
Unit Risk 
/(ug/mA3) 

Hazard 
Quotient (b) 

Cancer 
Risk (c) 

Vinyl Chloride 5.6E-02 5.4E-02 na 
Total Hazard 

1 

8.4E-05 
Index = 

Total Cancer Risk = 

na 
na 

1.9E-03 

1.9E-03 

NOTES: 
(a) Annualized Air Concentration = Indoor Air Concentration (mg/mA3) x 350 days / 365 days 
(b) Hazard quotient = Annualized Air Concentration / RfC 
(c) Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Unit Risk /(ug/mA3) x 30 yrs / 70 yrs 

na - not available 
nd - not determined 

* EDITED FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-62 



TABLE 2-1 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 Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 
(mg/mA3)(a) (mg/sec)(b) (mg/mA3)(c) (mg/mA3)(d) (mg/mA3) /(ug/mA3) Quotient (e) Risk(f) 

Acetone nd nd nd nd na na nd 
Benzene 4.2 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 
1,1-Dichloroe thane 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 I.2E-06 
cis- 1 ,2-Dichloroethene 7800 220 4.5E-OI 3.1E-02 na na nd — 
trans- 1,2-Dichloroethene 8.2 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-MethyI-2-pentanone 3.5 0.10 2.0E-04 1.4E-05 0.08 na 1.7E-04 ... 

Methylene chloride 19 0.54 1 . 1 E-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 2.5 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 I.6E-04 na na nd ... 

o-Xylene I  I 0.31 6.3E-04 4.3E-05 na na nd 
— 

Total Hazard Index = 8.1 E-03 
NOTES: Total Cancer Risk = 1.6E-04 1 
(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 mA3/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 mA2 x 2 m x 1 m/sec)] 

(d) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days / 365 days 

(e) Hazard quotient = Annualized Air Concentration (mg/mA3)/ Chronic RfC (mg/mA3) 

(0 Cancer Risk = Annualized Air Concentration (mg/mA3)x 1000 ug/mg x Unit Risk (mA3/ug) x 30 yrs / 70 yrs 

na not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMA N 

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 



TABLE2-1 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. Landfil  l Estimated Modeled Air Annualized Inhalation 

ANALYTE Gas Cone. Emission Rale Concentration Avg. Cone. RtC Unit Risk Hazard Cancer 

(mg/mA3)(a) (mg/sec)(b) (mg/mA3)(c) (mg/mA3)(d) (mg/mA3) /(ug/mA3) 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.IE-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-Dichloroe thane 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 I.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-Tetrachloroethane nd nd nd nd na 5.8E-05 nd ... 

Toluene 230 6.49 1.3E-02 9.IE-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 
— 

Trichloroethcne 31 0.87 I.8E-03 1.2E-04 na 1.7E-06 nd 8.9E-08 

1 ,2,4-Trimethy Ibenzene 2.5 0.07 1.4E-04 9.9E-06 0.006 na 1.6E-03 ... 

1 ,3,5-Trimethy Ibenzene 4.3 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 11 0.31 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 mA3/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 mA2 x 2 m x 1 m/sec)] 

(d) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 4 hrs/24 hrs x 150 days / 365 days
 

(e) Hazard quotient = Annualized Air Concentration (mg/mA3)/ Chronic RfC (mg/mA3)
 

(0 Cancer Risk = Annualized Air Concentration (mg/mA3) x 1000 ug/mg x Unit Risk (mA3/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-64 



TABLE 2 - 1 BP*. 
POTENTIAL CENTRAL TENDENCY RISKS FOR A CURRENT/FUTURE RESIDENT, FROM INHALATION OF AMBIENT AND INDOOR AIR, 
ESTIMATED FROM SUMMA CANISTER SAMPLES OF SOLID WASTE AREA LANDFILL CAS AND ISCST3 DISPERSION MODEL 

Avg. Landfill Estimated Modeled Air Annualized Inhalation 
ANALYTE Gas Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3)(a) (mg/sec)(b) (tng/mA3)(c) (mg/mA3)(d) (mg/mA3) /(ug/mA3) Quotient (e) Risk (0 

Acetone nd nd nd nd na na nd 
Benzene 4.2 0.12 3.2E-06 3.0E-06 0.006 8.3E-06 5.0E-04 I.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 I.6E-04 nd 
1,1-Dichloroethane 43 1.21 3.2E-05 3.1E-05 0.5 nd 6.2E-05 nd 
1,1-Dichloroethene 14 0.39 1.1E-05 l.OE-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 8.2 0.23 6.2E-06 5.9E-06 na nd nd — 
Elhylbenzene 25 0.71 1.9E-05 1.8E-05 1 na 1.8E-05 ... 

4-Methyl-2-pentanone 3.5 0.10 2.6E-06 2.5E-06 0.08 na 3.1E-05 ... 

Methylene chloride 19 0.54 I.4E-05 1 .4E-05 3 4.7E-07 4.6E-06 2.8E-09 
1 , 1 ,2,2-Telrachloroethane nd nd nd nd na 5.8E-05 nd 

— 
Toluene 83 2.34 6.2E-05 6.0E-05 0.4 na I.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 1 na 2.9E-06 ... 

Trichloroethene 15 0.42 1.1E-05 1.1E-05 na I.7E-06 nd 7.9E-09 
1 ,2,4-Trimethy Ibenzene 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 

1 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 mA3/sec, calculated in FS: M&E, 1998) 
(c) Emission rate x unit dispersion estimated using ISCST3 at highest residential receptor among 5 years of meteorological data (highest value, 2.66 x IO"5 sec/m' •3) 

(d) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 24 hrs/24 hrs x 350 days / 365 days 

(e) Hazard quotient = Annualized Air Concentration (mg/mA3) / Chronic RfC (mg/mA3)
 

(0 Cancer Risk = Annualized Air Concentration (mg/mA3) x Unit Risk (mA3/ug) x 1000 ug/mg x 30 yrs / 70 yrs
 

na not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMA N 
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 



c 
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 1SCST3 DISPERSION MODEL 

Max. Landfill Estimated Modeled Air Annualized Inhalation 
ANALYTE Gas Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3)(a) (mg/sec)(b) (mg/mA3)(c) (mg/mA3)(d) (mg/mA3) /(ug/mA3) 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 ... 

Dichlorodi fluoromethane 110 3.10 8.3E-05 7.9E-05 0.2 nd 4.0E-04 nd 
1,1-Dichloroethane 140 3.95 1.IE-04 1 .OE-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 I.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-Telrachloroethane nd nd nd nd na 5.8E-05 nd ... 

Toluene 230 6.49 1.7E-04 1.7E-04 0.4 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 I.7E-06 nd I.6E-08 
1 ,2,4-Trimethylbenzene 2.5 0.07 I.9E-06 1.8E-06 0.006 na 3.0E-04 ... 

1 ,3,5-Trimethylbenzene 4.3 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.IE-05 2.9E-05 na na nd ... 

o-Xylene I  I 0.31 8.3E-06 7.9E-06 na na nd ... 
Total Hazard Index = 2.9E-03 

1 Total Cancer Risk = 8.IE-05 
NOTES: 
(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 mA3/sec, calculated in FS: M&E, 1998) 

(c) Emission rate x unit dispersion estimated using ISCST3 at highest residential receptor among 5 years of meteorological data (highest value, 2.66 x 10A-5 sec/mA3) 
(d) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 24 hrs/24 hrs x 350 days / 365 days 
(e) Hazard quotient = Annualized Air Concentration (mg/mA3) / Chronic RfC (tng/mA3)
 

(0 Cancer Risk = Annualized Air Concentration (tng/mA3) x Uni t Risk (mA3/ug) x 1000 ug/mg x 30 yrs / 70 yrs
 

na not available or not applicable * EDITED FINAL SUPPLEMENTAL HUMA N 
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-66 



TABLE 2 - 1 BR*.
 

POTENTIAL CENTRAL TENDENCY RISKS FOR A CURRENT/FUTURE RESIDENT, FROM INHALATION OF AMBIEN T AND INDOOR AIR,
 
ESTIMATED FROM SUMMA CAMSTER SAMPLES OF RESIDENTIAL AREA AMBIENT AIR
 

Measured Air Annualized Inhalation 
ANALYTE Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/raA3)(a) (mg/mA3)(b) (mg/mA3) /(ug/mA3) 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-Telrachloroethane 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 ... 
o-Xylene 0.0055 5.3E-03 na na nd 

— 
Total Hazard Index = 3.8E+00 

| Total Cancer Risk = 1.7E-04 
NOTES: 
(a) Average concentration among valid outdoor SUMM A canister samples, as specified in Table 6 
(b) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 24 hrs/24 hrs x 350 days / 365 days 
(c) Hazard quotient = Annualized Air Concentration (mg/mA3)/ Chronic RfC (mg/mA3) 
(d) Cancer Risk = Annualized Air Concentration (mg/mA3) x Uni  t Risk (mA3/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 FINA L SUPPLEMENTAL HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-67 



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. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3)(a) (mg/mA3)(b) (mg/mA3) /(ug/mA3) Quotient (c) Risk (d) 

Benzene 0.075 7.2E-02 0.006 8.3E-06 I.2E+01 2.6E-04 
Ethylbenzene 0.0017 I.6E-03 1 na 1.6E-03 ... 

Melhylene chloride 0.0014 1.3E-03 3 4.7E-07 4.5E-04 2.7E-07 
1 , 1 ,2,2-Telrachloroethane 0.0021 2.0E-03 na 5.8E-05 nd 5.0E-05 
Toluene 0.0015 1.4E-03 0.4 na 3.6E-03 ... 

1.1,1-Trichloroethane 0.0016 1.5E-03 1 na I.5E-03 
— 

Vinyl chloride 0.0043 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/mA3) x 24 hrs/24 hrs x 350 days / 365 days 
(c) Hazard quotient = Annualized Air Concentration (mg/mA3) / Chronic RfC (mg/mA3) 
(d) Cancer Risk = Annualized Air Concentration (mg/mA3) x Unit Risk (mA3/ug) x 1000 ug/mg x 30 yrs / 70 yrs 

na not available or not applicable 
nd not detected or not determined 

minima l risk from compounds that were not detected or that are not considered carcinogenic 

EDITED FINA L SUPPLEMENTA L HUMA N HEALTH RISK ASSESSMENT (1998) TABLE B-68 



TABLE 2 - 1 BT*. 
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 Cone. Emission Rate Concentration Avg. Cone. RfC Unit Risk Hazard Cancer 

(mg/mA3)(a) (mg/sec )(b) (mg/mA3)(c) (mg/mA3)(d) (mg/mA3) /(ug/mA3) 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 I.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 1.1 E-06 nd 
1,1-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 l.OE-04 na na nd ... 

trans- 1 ,2-Dichloroethene 8.2 0.23 1.3E-05 I.IE-07 na nd nd 
— 

Ethylbenzene 25 0.71 3.8E-05 3.3E-07 1 na 3.3E-07 ... 

4-Methyl-2-pentanone 3.5 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-Tetrachloroelhane nd nd nd nd na 5.8E-05 nd ... 

Toluene 83 2.34 1.3E-04 I.I E-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. 1 E-06 5.3E-08 1 na 5.3E-08 

— 
Trichloroethene 15 0.42 2.3E-05 2.0E-07 na 1.7E-06 nd I .4E-I  O 
1 ,2,4-Trimethy Ibenzene 2.5 0.07 3.8E-06 3.3E-08 0.006 na 5.5E-06 ... 

1 ,3,5-Trimethylbenzene 2 0.06 3.1 E-06 2.6E-08 0.006 na 4.4E-06 ... 

Vinyl chloride 1100 31 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 

T~ 

... 

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 SUMM A canister locations, or substitute value, as specified in Table 5. 
(b) Soil gas concentration x gas generation rate (0.0282 mA3/sec, calculated in FS: M&E, 1998) 

(c) Emission rate x unit dispersion at transfer station, estimated using ISCST3 among 5 years of meteorological data (5.45 x 10' sec/mA3) 
(d) Annualized Air Concentration = Modeled Air Concentration (mg/mA3) x 0.5 hrs/24 hrs x 150 days / 365 days 
(e) Hazard quotient = Annualized Air Concentration (mg/mA3) / Chronic RfC (mg/mA3) 

(0 Cancer Risk = Annualized Air Concentration (mg/mA3) x Unit Risk (mA3/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 



( ( 

TABLE 2 - I BlI*. 

POTENTIAL RME RISKS FOR A CliRRENT/FlITLIRE PASSER-BY, FROM INHALATION OF AMBIENT AIR, 

ESTIMATED FROM SUMMA CANISTER SAMPLES OF SOLID WASTE AREA LANDFILL GAS AND ISCSTJ DISPERSION MODEL 

Avg. Landf1l1 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 (t) 

Acetone nd nd nd nd na na nd ---
Benzene 8.0 0.23 1.2E-05 1.J E-07 0.006 8.3E-06 1.8E-05 3.7E-10 

Carbon disulfide 0.87 0.02 1.3E-06 1.J E-08 0.7 na 1.6E-08 ---
Dich lorodi Iluoromethane 110 3.10 1.7E-04 1.4E-06 0.2 nd 7.2E-06 nd 

I, \-Dichloroethane 140 3.95 2.2E-04 1.8E-06 0.5 nd 3.7E-06 nd 

I,I-Dichloroethene 32 0.90 4.9E-05 4.2E-07 na 5.0E-05 nd 9.0E-09 

cis-I,2-Dichloroethene 23000 649 3.5E-02 3.0E-04 na na nd ---
trans-I.2-Dichloroethene 27 0.76 4.1 E-05 3.6E-07 na nd nd ---
Ethylbenzene 25 0.71 3.8E-05 3.3E-07 I na 3.3E-07 ---
4-Methyl-2-pentanone 6.6 0.19 I.OE-05 8.7E-08 0.08 na 1.IE-06 ---
Methylene chloride 66 1.86 1.0E-04 8.7E-07 3 4.7E-07 2.9E-07 1.7E-1O 

1,1.2,2-Tetrachloroethane nd nd nd nd na 5.8E-05 nd ---
Toluene 230 6..t9 3.5E-04 3.0E-06 0.4 na 7.6E-06 ---
1.2,4-Trichlorobcnzcnc nd nd nd nd 0.2 na nd ---
I, 1,1-Trichloroethane 10 0.28 1.5E-05 1.3E-07 1 na 1.3E-07 ---
Trichloroethene 31 0.87 4.8E-05 4.1 E-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 4.3 0.12 6.6E-06 5.7E-08 0.006 na 9.4E-06 ---
Vinyl chloride 3100 87 4.8E-03 4.1 E-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 II 0.31 I.7E-05 I.4E-07 na na nd ---

Total Hazard Index = 5.3E-05 

I Total Cancer Risk = 1.5E-06 

NOTES: 

(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 unit dispersion at transfer station, estimated using ISCST3 among 5 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) Ilazard quotient = Annualized Air Concentration (mg/m"3) / Chronic RfC (mg/m"3) 

(t) Cancer Risk = Annualized Air COIJ(;cnlralion (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 
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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, DEHP01 , arsenic and acrylamide at concentrations greater 
than ARARs or, if there is no ARAR, greater than the EPA target risk range of 106 to 10~4 . 

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 1.
 

Locations Contaminated bv Waste Areas:
 
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 106 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 106 to 104 . 

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 106 to 104 .
 

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 
Remediation Goal (PRO) 

SOLID WASTE AREA (a) 

Benzene 

1 ,2-Dichloroethene 

Vinyl chloride 

Pentachlorophenol 

bis(2-Ethylhexyl)phthalate 

Acrylamide 

Beryllium 

Cadmium 

Chromium 

Lead (c) 

Manganese (d) 

BULKY WASTE AREA 

Antimony (e) 

Beryllium 

Lead (c) 

Manganese (d> 

SEWAGE SLUDGE AREA 

Antimony (e) 

Cadmium 

Manganese (d) 

PRG Oxg/L) 

5
 

70
 

2
 

1
 

6
 

0.02
 

4
 

5
 

100
 

15
 

840
 

6
 

4
 

15
 

840
 

6
 

5
 

840
 

Basis
 

Final MCL
 

Final MCL (b)
 

Final MCL
 

Final MCL
 

Final MCL
 

Human Health Risk-Based
 

Final MCL
 

Final MCL
 

Final MCL
 

SDWA Action Level
 

Human Health Risk-Based
 

Final MCL
 

Final MCL
 

SDWA Action Level
 

Human Health Risk-Based
 

Final MCL
 

Final MCL
 

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, 1996MCL).
 
Footnotes:
 
"' Arsenic, which is listed on Table 2-1 A, is not an anlyte exceeding the PRG since it was detected at concentrations lower
 

than the SDWA MCL. 
"" The MCL for cis-l,2-DCE, 70 ng/L is selected; the MCL for trans-1,2-DCE is higher, 100 j 

 The average concentration at a background location (MW-01-01) was 36.7 
(dl The average concentration at a background location (MW-01-01) was 2,041 
(c> There was one detection of antimony at a background location (RES#9) during the RI. 
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TABLE 2-4. HUMAN HEALTH PRELIMINARY REMEDIATION GOALS
 
FOR AMBIENT AIR
 

Analyte Exceeding Preliminary Remediation Goal (PRO) PRO (/ig/m3) 

SOLID WASTE AREA 

Vinyl chloride 0.2 

1, 1-Dichloroethene 0.05 

RESIDENTIAL AREA 

Benzene 0.1 

1 , 1 ,2,2-Tetrachloroethane 0.04 

Vinyl chloride 0.03 

Notes: 

Basis
 

Human Health
 
Risk-Based
 

Human Health
 
Risk-Based
 

Rhode Island
 
AAL (1) 

Human Health
 
Risk-Based
 

Human Health
 
Risk-Based
 

(1) AAL - Acceptable Ambient Level as defined in Air Pollution Control Regulation No. 22 



TABLE 2-5. ECOLOGICAL REMEDIAL ACTION OBJECTIVES 

Media 

Surface Water & 
Sediments 

Remedial Action Objectives 

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 (PRO) PRO Otg/1) 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 

Groundwater Solid Waste Area: 
Human Health Risk 

Prevent ingestion of benzene, vinyl chloride, pentachlorophenol, 
DEHP(I) , arsenic and acrylamide at concentrations greater than ARARs 
or, if there is no ARAR, greater than the EPA target risk range of 106 

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. 

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 RAQs required. 

Range of General Response Actions 

•	 No Action 
•	 Institutional Controls: Access Restrictions, 

Monitoring 
•	 Source Control: Containment 
•	 Collection 
•	 Treatment: On-Site 

•	 No Action 

•	 No Action 
•	 Institutional Controls: Access Restrictions, 

Monitoring 
•	 Source Control: Containment 
•	 Source Control: Landfill Mining 

No Action 
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TABLE 2-7 (Continued). REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS 

Media 

Groundwater 
(continued) 

Remedial Action Objectives 

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. 

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 106 

to 104 . 

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. 

Range of General Response Actions 

•	 No Action 
•	 Institutional Controls: Access Restrictions, 

Monitoring 

•	 No Action 

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 

Surface Water 
& Sediments 

Remedial Action Objectives 

Mitchell Brook: 
Human Health Risk 

No RAOs required. 

Ecological Risk 
Reduce site-related contamination migration to surface water and 
sediments. 

Saugatucket River: 
Human Health Risk 

No RAOs required. 

Ecological Risk 
Reduce site-related contaminant migration to surface water/sediments 
from leachate. 

Range of General Response Actions 

•	 No Action 

•	 No Action 
•	 Institutional Controls: Monitoring 
•	 Source Control: Containment (Solid Waste Area & 

leachate breakouts) 

•	 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 (leachate) 
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TABLE 2-7 (Continued). REMEDIAL ACTION OBJECTIVES AND GENERAL RESPONSE ACTIONS 

Media Remedial Action Objectives 

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 106 to 104 . 

No RAQs required. 
Ecological Risk 

Ambient Air Residential Areas: 
Human Health Risk 

Prevent inhalation of site-related benzene, 1,1,2,2-tetrachIoroethane 
and vinyl chloride in air at levels greater than the EPA target risk range 
of 106 to 104 . 

Prevent inhalation of site-related benzene in air at levels greater than a 
hazard index of one. 

No RAOs required. 
Ecological Risk 

Range of General Response Actions 

No Action
 
Institutional Controls: Monitoring, Access
 
Restrictions
 
Management of Migration (Landfill Gas):
 

Passive Horizontal Barriers
 
Internal Collection: Active
 

Treatment (Landfill Gas)
 

No Action 

No Action 
Institutional Controls: Monitoring, Residential LFG 
Control Contingency 
Management of Migration (Landfill Gas): 

Passive Horizontal Barriers
 
Perimeter Collection: Active
 

Treatment (Landfill Gas)
 

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 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 

(I) DEHP: Bis(2-ethylhexyl)phthalate 
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TABLE 2-8. CHEMICAL-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE
 

Media/Authority 

Air 

Federal Regulatory 
Requirements 

State Regulatory 
Requirements 

Federal Criteria, 
Advisories and 
Guidance 

Groundwater 

State Regulatory 
Requirements 

Requirements 

Clean Air Act, NAAQS 
(40CFR50.1 -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 Rules (12-030-015) 

Threshold Limitin g
Values (TLVs)

Rules and Regulations 
for Groundwater 
Quality (12-100-006) 

Status 

Relevant and
Appropriate

 Applicable 

 Applicable 

 Applicable 

 To be 
 Considered 

Applicable

Requirement Synopsis 

 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 life or property. 

Identifies 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 solid 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. 

Action to be taken to attain ARAR 

Standards for paniculate matter 
will be used when assessing 
excavation and emission controls 
for gas treatment. 

The system wil l be designed, constructed, and 
operated in accordance with these rules. 

Air quality modeling will be 
conducted in compliance with Rl 
guidance. The system will be 
designed, constructed, and operated 
to prevent exceedences of acceptable 
ambient air levels. 

Methane gas concentrations at the site wil l 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 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. 
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TABLE 2-8. CHEMICAL-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE
 

Media/Authority 

Federal Criteria, 
Advisories and 
Guidance 

Federal Regulatory 
Requirements 

Surface Water 

Federal Regulatory 
Requirements 

Requirements 

EPA Groundwater 
Protection Strategy 

EPA Carcinogen 
Assessment Group 
Potency Factors 

EPA Risk Reference Dose 
(RfDs) 

RCRA - Subpart F 
Groundwater 
Protection Standards 
Maximum Concentration 
Limits (40 CFR 264.94) 

CWA Ambient Water Quality 
Criteria (AWQC) 
(40 CFR 122.44) 

Status 

To be
considered

To be
considered

To be
considered

Relevant and
Appropriate

Relevant and
Appropriate

Requirement Synopsis 

 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. 

 RfDs are considered to be the 
 levels unlikely to cause 

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. 

Action to be taken to attain ARAR 

Class II groundwaters, potentially 
sources of drinking water, are 
protected at levels consistent with 
current sources of drinking water. 
SDWA MCLs were used when PRG's 
were established. 

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. 

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 

State Regulatory 
Requirements 

Federal Criteria, 
Advisories and 
Guidance 

Requirements 

Proposed Clean Water Act
 
Ambient Water Quality
 
Criteria (AWQC)
 
(40CFR 120)
 

RI Water Quality Regulations
 
for Water Pollution Control,
 
pursuant to
 
Rl Water Pollution
 
Control Law (RIGL Title 46.
 
Chapter 12)
 

EPA Groundwater
 
Protection Strategy
 

EPA Carcinogen
 
Assessment Group
 
Potency Factors
 

EPA Risk Reference Dose
 
(RtDs)
 

Status 

To be
Considered

Applicable

To be
considered

To be
considered

To be
considered

Requirement Synopsis 

 Remedial actions involving 
 contaminated surface water or 

groundwater must consider the uses 
of the water and the circumstances 
of the release or threatened 
release. 

 Defines 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. 

 RfDs are considered to be the 
 levels unlikel y to cause 

significant adverse health effects 
associated with a threshold 
mechanism of action in human 
exposure for a lifetime. 

Action to be taken to attain ARAR 

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 II groundwaters, potentially 
sources of drinking water, are 
protected at levels consistent wit h 
current sources of drinking water. 
Class III groundwater is not considered 
a potential source of drinkin g 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 RI GW FED. 

CHEMICAL STRINGENT STRINGENT SDWA Quality Std. PAL SDWA 
OF CONCERN ARAR TBC (mg/L) (mg/L) (mg/L) (mg/L) 

(mg/L) L_ (mg^) (1) (2) (3) (3) (4) 

Aery lam ide tt(5) (,) 0 (4) tt(5 ) 0 
Benzene 0.005 (i) , (3  ) 0 (4) 0.005 -­ 0.0055 0.0025 0 
bis(2-ethylhexyl)phthalate(DEHP) 0.006 (i) 0 (4) 0.006 ­ 0.006 0.003 0 
Dichloroethene, cis-1,2­ 0.07 ( l ) . ( 2 ) , ( 3  ) 0.035 (3) 0.07 0.07 0.07 0.035 
Pentachlorophenol 0.001 ( i ) . (3  ) 0 (4) 0.001 -­ 0.001 0.0005 0 
Vinyl chloride 0.002 ( i ) . ( 3  ) 0 (4) 0.002 -­ 0.002 0.001 0 
Antimony 0.006 ( i > , ( 2  ) 0.003 (3) 0.006 0.006 0.006 0.003 
Arsenic 0.05 < i > , < 3  ) 0.025 (3) 0.05 -­ 0.05 0.025 
Beryllium 0.004 ( i ) . ( 2  ) 0.002 (3) 0.004 0.004 0.004 0.002 
Cadmium 0.005 < i )  , (2) 0.0025 (3) 0.005 0.005 0.005 0.0025 
Chromium (total) 0.1 (l).(3 ) 0.05 (3) 0.1 0.1 0.1 0.05 

Lead 0.015 (3), (6) 0 (4) tt(6) ­ 0.015 0.0075 0 
Manganese -­ 0.05 (4) -­ 0.05 SMCL 
Nickel O.I (3) 0.05 (4) 0.1 0.05 
Zinc — 5 (4) 

— 
5 SMCL 

NOTES: 
(1)	 National Primary Drinking Water Regulations pursuant to the Safe 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 ARAR s 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 I ppm polyacrylamide. Treatment technique yields 

0.0005 mg/L maximum residual. 
(6)	 Treatment technique specifying an action level of 0.015 mg/1 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 

CHEMICA L AWQC( SDWA (mg/L)(2) SDWA (mg/L)(3) 

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 
Viny l chloride -­ -­ 0.002 - 0 MCLG 
Antimony 4.5E-01 l.OE-02 0.006 0.006 -­
Arsenic 3.60E-01 I.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 l.OE-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 aery lam ide: Maximum level of 0.05% at use rate of 1 ppm polyacrylamide. Treatment technique yields 

0.0005 mg/L maximum residual 
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TABLE 2-11. SELECTED AIR STANDARDS AND CRITERIA TO BE CONSIDERED
 

ARARS 
RHODE ISLAND AIR TOXICS RULES 

CHEMICAL (a) (b) (c) 
(Hg/m3) (jig/m3) (Ibs/yr) 

Benzene 0.1 l -y rav  g 1 l -yravg 50 

Dichloroethene, 1,1­ - - -

Dichloroethene, cis-1,2­ ~ - ~ 

Dichloroethene, trans- 1,2­ - ~ --

Ethylbenzene - - -

1 , 1 ,2,2-Tetrachloroethane - -­ -

Methylene chloride 2 l-yr avg 20 l -yravg 1000 

Toluene 2000 1-hr avg 10,000 

400 l -y rav  g 400 l - y r a v  g 

Trichloroethene 0.3 1 -yr avg 3 l - y r a v  g 200 

Vinyl chloride - - --

Xylenes 700 24-hr avg 700 24-hr avg 10,000 
NOTES: 
(a) Rhode Island Air Toxic Regulations. No. 22. Table I. 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 I I I , Minimum Quantities. Requires modeling to determine compliance. 

(d) ACGIH Threshold Limi  t Values for Chemical Substances and Physical Agents. 1996. 

(e) Notice of intended change for 1992 brings benzene criteria to 1600 ug/m3. 

(0 Guidance does not distinguish between cis- and trans- isomers. 

(g) Notice of intended change published. 

— Indicates no standard set for substance. 

NA Not analyzed. 

TBCs
 
ACGIH TLV
 

(d) 
(Hg/m3) 

32,000 (e) 
20,000 

793,000 (0 
- (0 

434,000 

6,900 

103,000 (g) 
188,000 

269,000
 

13,000
 

434,000
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TABLE 2-12. LOCATION-SPECIFIC ARARS, CRITERIA, ADVISORIES, AND GUIDANCE
 

Site Feature/Authority	 Requirements 

Wetlands. Floodplains. Streams, or Water Body 

Federal Regulatory	 Clean Water Act, 
Requirements	 Section 404(b)(l) 

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 CTR 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) 

Status/
 
System
 

Applicable

Applicable

TBC

Applicable

Applicable

Requirement Synopsis 

 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 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. 

 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. 

 Actio n 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. 

Consideration in the Rl/FS 

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 activities 
will be mitigated in accordance with 
requirements. 

A facility located on a 100-year tloodplain 
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
 

Status/ 
Site Feature/Authority Requirements System Requirement Synopsis Consideration in the RI/FS 

Federal Regulatory 
Requirements (com.) 

State Regulatory 
Requirements 

Archaeologic/Historic Sites 

Federal Regulatory 
Requirements 

State Regulatory 
Requirements 

Endangered Species 

Stale Regulatory 
Requirements 

Rivers and Harbors Act of
1899(33 U.SC. 403) 

Rules and Regulations
Governing the 
Administration and 
Enforcement of the 
Freshwater Wetlands Act 
(12-100-003) 

National Historic
Preservation Act, (36 CFR 
800); Archaeologic and 
Historical Preservation 
Act (36 CI:R 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. 

Identification 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 to conserve identified local 
endangered or threatened species. 

Actions that cause alteration of navigable rivers are 
discussed. 

Measures prescribed to 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 archaeological data must be minimi/.cd 
and work in conjunction with 
preservation agencies and societies. 

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. 
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TABLE 2-13. MEDIA POTENTIALLY REQUIRING REMEDIATION
 

Media Location Volume / Area Potentially Comments 
Requiring Remediation 

I.	 GROUNDWATER 
Current Contaminant Plume 
1.	 Areal extent: PRG 

exceedances 

2.	 Affected property Lots: 
Plat # 33 

33 
33 
33 
33 
33 
33 
33 

Waste Volumes: 

3.	 Solid Waste Area 
a. Area extent: 

b. Approximate waste 
volume: 

4.	 Bulky Waste Area 
a. Area extent: 

b. Approximate waste 
volume: 

5.	 Sewage Sludge Area 
a. Area extent: 

b. Approximate waste 
volume:

II. SURFACE SOIL 
Bulky Waste Area 

Volume of soil exceeding 
PRGs: 

143.3 acres 

Lot# 
29 121 
30 

32-35 
36 349 
42 278 
43 
44 220 
46 163 

22.9 acres 

880,000 bank yd3 

7.4 acres 

130,000 bank yd3 

8.9 acres

 unknown 

unknown yd3

Based on plume boundary, Fig. 2-1 

Refer to plume boundary, Fig. 2-1 
Rose Hill Road 
Rose Hill Road 
Rose Hill Road 
Rose Hill Road 
Rose Hill Road 
Rose Hill Road 
Rose Hil  l Road 
Rose Hill Road 

Refer to Figure 2-1 

Includes daily and final cover soils; 
actual waste volume estimated to 
be: 703,000 bank yd3 

Refer to Figure 2-1 

Includes fill and cover materials; 
actual waste volume estimated to 
be: 104,000 bank yd3 

 Refer to Figure 2-1 

Cannot be accurately estimated; 
one exploratory boring ( BH-01 ) 
identified sludge depth to be 6 feet 
deep. 

PRG exceedance due to Manganese; 
 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 Comments 
Requiring Remediation 

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 

IV. AMBIENT AIR 
Solid Waste Area ­ landfill 
gas generation rate: 31.1 MMcf/y  r Million cubic feet per year; refer to 

Appendix E 

2. Ambient air exceeding PR
Affected off-site areas —
Distance from center of si

N 
NE 
E 
SE 
S 
sw 
w 
NW 

Gs: 
Appr
te: 

oximate Modeled ambient air exceeding PRGs; 
See Fig. 2-1 for site center; refer to 

1.7 
2.1 
1.9 
2.1 
2.5 
1.7 
1.3 
0.9 

miles 
miles 
miles 
miles 
miles 
miles 
miles 
miles 

Appendix F for dispersion results. 

V. SOIL GAS Off-Site Properties 
1.	 Solid Waste Area: property lots where soil gas 

methane exceeds ARAR limits: Refer to plume boundary, Fig. 2-1 
Lot # 

Plat# 33 33 339 Rose Hill Road; Lot includes portion of 
Solid Waste Area 

33 34 Rose Hill Road 
33 32 Rose Hill Road 
32 10 320 Rose Hill Road 
33 42 278 Rose Hill Road 
33 43 Rose Hil  l Road 
33 44 220 Rose Hill Road 
33 45 222 Rose Hill Road 
33 46 163 Rose Hill Road ( Town of S. Kingstown 

Transfer Station ) 
33 29 121 Rose Hill Road 

41-1 18 96 Rose Hill Road	 Page 2 of 3 



TABLE 2-13. MEDIA POTENTIALLY REQUIRING REMEDIATION
 

Media Location Volume / Area Potentially 
Requirin g Remediation 

Comments 

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 
methane exceeds ARAR limits 

Only current on-site structures are Town of S. 
Kingstown Solid Waste Transfer Station buildings. 
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE
 

GENERAL RESPONSE REMEDIAL 
ACTIONS TECHNOLOGY 

NO ACTION NONE 

INSTITUTIONAL ACCESS 
ACTIONS RESTRICTIONS 

MONITORING 

PROCESS 
OPTIONS 

TECHNOLOGY DESCRIPTION SCREENING 

NONE 
No remedial or response action taken 
within the Site. 

POTENTIALLY APPLICABLE: 
Required as a baseline evaluation by the NCP 

DEED 
RESTRICTIONS 

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. 

POTENTIALLY APPLICABLE: 
Effective in mitigating site risk by cuttin g risk pathway to 
receptors; implementation will require close cooperation 
between Local, State and Federal officials 

GROUNDWATER 
MONITORING 

Analytical testing of residential and site 
monitoring wells to determine changes 
in groundwater quality 

POTENTIALLY APPLICABLE: 
Effective in confirming migration of contaminants, 
success of remedy and water quality in residential wells 

Acquisition of private properly next to 
site with payment of compensation to the 
owner; may include closure of adjacent 
roadways as well. 

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. 

Low permeability subsurface wall 
consisting of soil and bentonite mixture 
encircling waste disposal areas. 

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. 

Low permeability subsurface wall 
consisting of sheet p i l in  g encircling 
waste disposal areas 

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. 

Low permeability subsurface wall 
consisting of vertical geomembrane 
encircling waste disposal areas. 

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. 

Low permeability subsurface wall 
consisting of adjacent grout injections 
encircling waste areas 

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 

CONTROL CONTAINMENT 

COMPOSITE/DOUBLE 
BARRIER CAP 

 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 l imit in g 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. 

SCREENING 

NOT APPLICABLE: 
Not effective in significantly reducing infi l trat io n 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 leachale 
risk have not been identified. The volume oI waste 
significantly exceeds the 100,000 cubic yard maximum 
considered feasible for waste removal (US EPA, 199la). 

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 maximu m considered 
feasible for waste removal (US EPA, I99la) Restrictions 
may prohibit disposal of waste in a Subtitle D landfi l l  . 

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, 1991 a). 

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 (US EPA, 1991 a) 
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TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUNDWATER & LEACHATE
 

GENERAL RESPONSE
 
ACTIONS
 

SOURCE
 
CONTROL
 
(continued) 

COLLECTION
 

TREATMENT:
 
ON-SITE
 

REMEDIAL PROCESS 
TECHNOLOGY OPTIONS 

EXCAVATION 
& CONSOLIDATION 
(LANDFILL MINING ) 

EXTRACTION
 
WELLS
 

SUBSURFACE
 
DRAINS
 

PHYSICAL
 
PROCESSES
 

MEDI A 
FILTRATION 

TECHNOLOGY DESCRIPTION 

Remove waste from landfi l l  , sorting oul reuseable 
materials, and then consolidate in another location. 

Series of wells to extract contaminated 
groundwater and form migration 
barrier. 

High hydraulic conductivit y 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 How & 
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 (low through 
bed of activated carbon adsorbant. 

Removal of volatile organics from 
water into air by using packed tower 
air/water contactors 

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 l imi t 
lateral migration of contaminated groundwater. 

POTENTIALLY APPLICABLE : 
Effective and implementable; subsurface drains can l imi  t 
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 significant 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 unlikel  y to be settleable by gravity 

POTENTIALLY APPLICABL E 
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 (US EPA, 1990). 

NOT APPLICABLE: 
Limited effectiveness in treating sernivolatile COPCs Best 
suited for volatile organics. Technology which removes all 
organic COPCs at once is more desirable 

Page 3 of 6 



TABLE 2-14. TECHNOLOGY & PROCESS OPTION SCREENING FOR GROUND WATER & LE ACHATE
 

GENERA L RESPONSE REMEDIAL PROCESS 
ACTIONS TECHNOLOGY OPTIONS 

TREATMENT: PHYSICAL 

ON-SITE PROCESSES 

(continued) (continued) 

TECHNOLOGY DESCRIPTION 

Removal of metals, TDS and SS 

by very high pressure osmotic membranes; 

processes include reverse osmosis, 

ultra-nitration and clcctrodialysis 

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 otTand recondensing; salts 

and inorganic COPCs are left 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 farmland, 

where natural microbial degradation 

occurs. 

SCREENING 

NOT APPLICABLE: 

Although effective in removing residual inorganic 

contaminants, option is not needed to meet discharge limit s 

of treated water 

NOT APPLICABLE: 
Not effective in removing the primary site COPCs; 

technology is primarily used for handlin g 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-ellective with other 

technologies due to high energy requirements 

NOT APPLICABLE: 

Not cost-effective when compared with other technologies 

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/ 
CHEMICA L 
OXIDATION 

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 bindin g 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/oxidi/mg 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 

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 wil  l likely be removed along with other
 
inorganic COPCs which pose unacceptable risk.
 

NOT APPLICABLE:
 
Limited effectiveness; coplex multipl  e resin beds would be
 
required due to large number of inorganic COPCs present;
 
additional inorganics technologies would likel y be required
 

POTENTIALLY APPLICABLE :
 
Effective in treating the organic COPCs; wil  l need to be
 
combined with a metals treatment technology,
 
cost-competitive with other technologies, may need
 
trealability testing to fully implement
 

NOT APPLICABLE:
 
Limited effectiveness in treating dilut e volatil  e 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
 

GENERA L RESPONSE 
ACTIONS 

REMEDIAL 
TECHNOLOGY 

PROCESS 
OPTIONS 

TECHNOLOGY DESCRIPTION SCREENING 

TREATMENT: 

ON-SITE 
(continued) 

DISCHARGE 

OFTREATED 
WATER 

TO 
GROUNDWATER: 

RECHARGE WELLS 

Treated water is returned to the 

groundwater aquifer of origin using 

recharge wells or basins. 

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. 

TO SURFACE 
WATER 

Treated water is discharged to a surface 

water body; Mitchell Brook or the 

Saugatucket River. 

POTENTIALLY APPLICABLE : 

Cost effective and avoids problems associated wit  h 

groundwater discharge (clogging, mounding) 

but implementation wil  l require RIPDES permit. 

Discharge of wealed v,avei to the Sowh 

Kingstown POTW via sewer lines or 

tanker truck 

Discharge/disposal of contaminated 

water to the South Kingstown POTW 

via sewer lines or tanker truck 

NOT APPUCABLE. 

Not implementable; there are no sewer lines near the 

Rosehill landfill and the South Kingstown POTW can only 

accept domestic wastewater (M&E, I993b) 
NOT APPLICABLE: 

Not implementable; there are no sewer lines near the 

Rosehill landfil l and the South Kingstown POTW can only 

accept domestic wastewater (M&E, I993b) 

Transport contaminated water to RCRA 

facility for treatment & disposal via 
pipelines or tanker trucks 

NOT APPLICABLE: 

Not effective; other treatment technologies are more 

cost-effective with equivalent mitigation of risks 

KEY: Technology / Process Option screened from further evaluation 
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TABLE 2-15. TECHNOLOGY & PROCESS OPTION SCREENING FOR LANDFILL GAS
 

GENERAL RESPONSE
 
ACTIONS
 

NO ACTION
 

INSTITUTIONAL
 
ACTIONS
 

REMEDIAL
 
TECHNOLOGY
 

NONE
 

ACCESS
 
RESTRICTIONS
 

MONITORING
 

RESIDENTIAL 
LFG CONTROL 
CONTINGENCY 

PROCESS
 
OPTIONS
 

NONE 

FENCING & 
SECURITY 
MEASURES 

LANDFILL GAS 
MONITORING 

ALARMS &
 
CONTROLS
 

GAS VENTING
 
SYSTEMS
 

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, I991b). 

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 APPLICABL E 
Technology is effective in characterizing site risk due to 
presence of methane, easily implemented into existing 
residential/commercial wirin g 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 minima l 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 TECHNOLOGY DESCRIPTION 
ACTIONS TECHNOLOGY OPTIONS 

MANAGEMENT PASSIVE BARRIERS: Cover area of wasie disposal with 
OF MIGRATION: HORIZONTAL common earth and vegitate. 

BARRIERS 

SINGLE BARRIER Cover area of waste disposal with a low 

CAP permeability soil or geomembrane 

cap 

COMPOSITE/DOUBLE Cover area of waste disposal with a low 

BARRIER CAP permeability soil and geomembrane 

cap. 

Low permeability subsurface wall 

consisting of soil and bentonite mixture. 

Low permeability subsurface wall 

consisting of sheet piling. 

Low permeability subsurface wall 

consisting of vertical geomembrane. 

Low permeability subsurface wall 

consisting of adjacent grout injections 

SOURCE EXCAVATION Remove waste from landfil l , sorting out reuseable 

CONTROL & CONSOLIDATION materials, and then consolidate in another location 

(LANDFILL MINING ) 
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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 migratio n 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 effective at lesser cost; excavation
 

would be required in or near waste zones leading to more
 
difficult implementation.
 

NOT APPLICABLE
 

Permeability of wall is 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.
 



TABLE 2-15. TECHNOLOGY & PROCESS OPTION SCREENING FOR LANDFILL GAS
 

GENERAL RESPONSE
 
ACTIONS
 

MANAGEMEN T
 
OF MIGRATION:
 

COLLECTION
 

REMEDIAL
 
TECHNOLOGY
 

PERIMETER
 
COLLECTION:
 

ACTIVE
 

INTERNAL
 
COLLECTION:
 

PASSIVE
 

INTERNAL
 
COLLECTION:
 

ACTIVE
 

PROCESS
 
OPTIONS
 

VERTICAL
 
EXTRACTION
 

WELLS
 

HORIZONTAL
 
EXTRACTION
 

LATERALS
 

VERTICAL
 
WELLS/VENTS
 

EXTRACTION
 
WELLS
 

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, I992a) 

SCREENING 

NOT APPLICABLE: 
Less effectiveness and higher cost than extraction wells 
(M&E, I993a); 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 if 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 lor disposal (M&E, 1993a) 

POTENTIALLY APPLICABL E 
Same rationale as extraction wells; easier to 
implement than extraction wells in portions of the 
site perimeter with shallow groundwater table. 

POTENTIALLY APPLICABLE: 
Reduces internal 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 "overpullmg" wells which draws 
air into fill and can potentially lead to undergound fires 
(M&E, I992a) 
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TABLE 2-15. TECHNOLOGY & PROCESS OPTION SCREENING FOR LANDFILL GAS 

GENERA L RESPONSE REMEDIAL PROCESS TECHNOLOGY DESCRIPTION 
ACTIONS TECHNOLOGY OPTIONS 

GAS	 Discharge of untreated gases to ambient 
TREATMENT:	 air; dispersion is mechanism to meet risk 

and ARARs criteria, dispersion enhanced 
by stack height and gas exit velocity 

THERMAL	 Thermal destruction of landfi l  l gas 
PROCESSES	 constituents at high temperatures with 

discharge of treated gas to ambient air 
Very high DREs possible with 
secondary combustion chamber 

ENCLOSED Thermal destruction of gas contaminants 
FLARE	 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 utili t ies 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 off-site 

Removal of carbon dioxide, oxygen and 
other VOC contaminants leaving 
purified gas that is sold as substitute 
natural gas to utilities. 

PHYSICAL/ PHOTOCATALYTIC Destruction of VOC contaminants through 

CHEMICAL OXIDATION catalyst-initiated oxidation; treated gas discharged to 

PROCESSES ambient air. 

KEY:I Technology / Process Option screened from further evaluation. 
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SCREENING 

NOT APPLICABLE: 
Not effective in meeting site risk and ARARs criteria 
(M&E, I993a). 

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 uti l i t  y must be wi l l in  g to 
purchase upgraded gas; cost feasibility highl y sensitive to 
purchase price; significant waste residuals are generated 
which require RCRA disposal. 

POTENTIALLY APPLICABLE : 
Technology is effective 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. 



Section Three
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TABLE 3-1. ON-SITE GROUNDWATER AND LEACHATE TREATMENT: TECHNICAL RATIONALE AND ASSUMPTIONS
 

Technical Aspect Value/Criteria Rationale/Assumptions 

1. Media Filtration 

a) Suspended Solids TSS < 100 mg/L "Granular media filtration should be preceded by gravity 
separation or other pretreatment processes for suspended 
solids concentration greater than about 100 mg/1. Otherwise, 
premature plugging and excessive backwashing will occur." 
(M&E, 1985) 

b) Media Material sand, anthracite, or garnet Multi-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 pH must be adjusted to precipitate 
out or keep specific constituents in 
solution 

Specific inorganics require different pH values to precipitate 
out of solution. 

b) Solids removal operated to maintain design criteria 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 

3.	 UV/Chemical Oxidation 

a) selection of oxidizing agent 

b)	 applicability 

c)	 interfering constituents 

Value/Criteria 

ozone (O3) or hydrogen peroxide 
(H,O2) are the usual compounds used 

limited to wastewater streams with 
less than 100 mg/L total organic 
compounds 

iron and manganese and other 
precipitating compounds 

•	 low BOD 

Rationale/Assumptions 

•	 both compounds are able to generate the hydroxyl radicals 
necessary for oxidation of refractory organics (Topudurti et 
al, 1993); other oxidizing agents that can produce the radicals 
would be applicable as well 

•	 not cost effective for higher strength wastes 

•	 precipitating agents block contact of the UV light with the 
wastewater thus greatly redacting treatment efficiency; 
removal of these compounds prior to treatment is required 
(Topudurti et al, 1993) 

•	 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
 

Analyte

Acrylamide(8 > 

Benzene 
bis(2-Ethylhexhl)phthalate 
1,2-Dichloroethene (total) 
Pentachlorophenol 
Vinyl chloride 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Zinc 

RJDEM
 
Groundwater Quality
 

 Standard (l) (ug/L)
 

5.5
 
6
 
70
 

1
 
2
 

— 

— 
6 

50 
4 

5 
100(4 ) 

— 
15 

2 
100 
-

RJDEM Ambient Water
 
Quality Criteria and Guidelines'3'
 
Acute (ug/L) Chronic (ug/L)
 

_ 
„ 

265 5.9 
555 12 

(3)	 (3) 

750 (7) 87 (7) 

(6)	 (6) 

450 10 
360 190 
7.5 0.17 

(3) (3)
 

,5 (5) 10< 5  )
 

(3) (3)
 

- 1,000 
(3)	 (3) 

2.1 0.0122 
(3)	 (3) 

(3)	 (3) 

(I) 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 

(2)	 RIDEM Ambient Water Quality Criteria and Guidelines for Toxic Pollutants, August 6, 1997. 
Appendix B to RJDEM Regulation EVM 112-88.97-1. 

(3) Ambient Water Quality Criteria and Guidelines are computed as a function of hardness as CaCC>3. 
(4) Total chromium 
(5) Chromium VI only 
(6)	 ASQC for ammonia are temperature and pH dependent. If surface water discharge is to be an 

option, ammonia would require treatment to meet RJDEM AWQC. 
(7)	 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 

Landfill Gas Control Components: 
1) Sensors for methane/COPCs 

2) Vacuum blower(s)/fan(s), piping 
& vents 

3)	 Alarms & Controls 

Value/Criteria 

•	 Number required: 
one sensor below 
basement slab 
one sensor for basement 
indoor air 

• typical residential-scale 
(USEPA,	 1991b): 

blower/fan size: 3-8 
inches water column 
vacuum 
blower discharge through 
piping (11/2-3") to roof 
stack 
suction vents: 2-6 per 
1,000 ft2 of slab area 

•	 sensor connections: 
below slab sensor & 
venting system 
indoor air sensor & alarm 

Rationale/Assumptions 

• sensors below slab provide better early 
warning of COPCs; methane sensors within 
indoor air zones (basement, etc.) not 
feasible due to high detection limits that 
result in significant exceedance of PRGs 
(Weston, 1993); 

• create vacuum (negative) pressure under 
basement slab to withdraw/redirect landfill 
gas to a safe ambient air discharge; 
blower(s)/fan(s) also provide mechanism for 
more frequent indoor air changes 

• below slab sensors starts venting system if 
CH4 detected; indoor air sensor starts alarm 
if CH4 detected; sensor detection limit is 
1,000 ppm as methane 
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TABLE 3-3.
 
RESIDENTIAL LANDFILL GAS CONTROL CONTINGENCY: TECHNICAL RATIONALE AND ASSUMPTIONS 

Technical Aspect Value/Criteria Rationale/Assumptions 

4) Indoor Air Changes • increase number of indoor air • frequent indoor air changes will minimize 
changes build-up of concentrations of COPCs 

5) Energy Cost Allowance • allowance to offset higher • see costs detailed in Section 4.2.2.7
 
HVAC costs from more
 
frequent indoor air changes
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TABLE 3-4. PERIMETER LANDFILL GAS COLLECTION: TECHNICAL RATIONALE AND ASSUMPTIONS
 

Technical Aspect 

1.	 Perimeter Extraction System: 

a) wells vs. laterals 

b)	 number of wells/spacing 

c)	 well depth 

Value/Criteria 

vertical extraction wells 
assumed 

26 wells with spacing of 60 
feet between centers 

average depth 22 feet 

Rationale/Assumptions 

Detailed rationale described in M&E, 1993a 

horizontal laterals may be applicable for shallow 
groundwater areas 

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 

average depth to groundwater along Rose Hill Road 
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TABLE 3-4. PERIMETER LANDFILL GAS COLLECTION: TECHNICAL RATIONALE AND ASSUMPTIONS
 

Technical Aspect 

2.	 Gas Estimates 

a) seasonal assumptions 

b)	 flowrate 

c) hydraulic conductivity & 
vacuum applied at well 

3.	 Condensate: 

a) generation rate 

b)	 characterization 

Value/Criteria 

•	 maximum perimeter migration 
towards Rose Hill Road 
assummed 

•	 Approximate flowrate of 810 
standard cubic feet per minute 
(scfm) 

•	 vacuum at well head: 15 
inches of water; 

•	 125 gallons per million 
standard ft3 of extracted gas 

condensate assumed to be 
RCRA hazardous waste 

Rationale/Assumptions 

•	 presumes worst-case winter conditions with frozen 
cap (no vertical migration) 

•	 includes mixture of landfill gas and air drawn in by 
extraction well system; see M&E, 1993a for 
detailed calculations 

•	 instrinsic gas permeability of the vadose soil 
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 

•	 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 

Extraction System: 

a) wells vs. laterals 

b)	 number of wells/spacing 

c)	 well depth 

Value/Criteria 

•	 vertical extraction wells 
assumed 

•	 thirty-six (36) wells with 
spacing of approximately 150 
to 200 feet between centers 

•	 screened interval in well to be 
two-thirds of the depth of 
waste fill (average well depth: 
25 feet) 

Rationale/Assumptions 

• horizontal laterals may be applicable due to the 
shallowness of the landfill but would generate more 
excavate for disposal than vertical wells 

• closer spacing than typically required due to 
thickness of refuse disposed in the Solid Waste 
Area; detailed calculations shown in Appendix E. 

• approximate engineering rule-of-thumb for 
maintaining adequate gas removal 



TABLE 3-6. LANDFILL GAS FLARE: TECHNICAL RATIONALE AND ASSUMPTIONS
 

Technical Aspect 

1.	 Feed Gas Conditions: 

a) flowrate (1997 estimate) 

b) estimated composition 

2.	 Flare Operating Requirements: 

a) operating temperature 

b) residence time 

c) combustion air requirement 

Value/Criteria 

approximately 850 scfm 

Internal LFG: 
50% methane 
50% carbon dioxide 

Perimeter gas: 
1% methane 
1% carbon dioxide 

77% nitrogen
 
balance oxygen
 

1,500°F 

approximately 1.0 second 

130% of the theoretical (i.e. 
stoichiometric) minimum air 
required 

Rationale/Assumptions 

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 

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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c 
TABLE 3-6. LANDFILL GAS FLARE: TECHNICAL RATIONALE AND ASSUMPTIONS
 

Technical Aspect 

3.	 Auxiliary Fuel Requirements: 

a)	 minimu m Btu content for 
stable combustion 

b)	 auxiliary gas type 

c)	 auxiliary gas flowrate required 

4.	 Flare Size & Anticipated 
Operation: 

a) Flare size at temperature and 
residence time requirements 

diameter 
total height 

b)	 stack velocity 

Value/Criteria 

•	 equivalent Btu content in flare 
feed gas of 25% methane by 
volume (approximately 1.5 
MMBtu/hr) 

•	 propane 

small amount (approximately 
2.7 scfm) required upon initial 
operation; maximum estimated 
at approximately6 scfm 

Flare dimensions 

-	 3.5 feet 
-	 30 feet 

11.9 feet/sec 

Rationale/Assumptions 

rule-of-thumb requirement based on typical 
operating experience (John Zink, 1993 & 1997) 

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 

based on heat balance required to meet minimum Btu 
content for stable combustion 

(John Zink, 1997); flare size driven by amount of 
perimeter gas collected 

Page 2 of 2 



TABLE 3-7. PHOTOCATALYTIC OXIDATION: TECHNICAL RATIONALE AND ASSUMPTIONS
 

Technical Aspect 

I. Feed Gas Conditions: 

a) flowrate 

b) estimated composition 

2. Operating Requirements: 

a) destruction/removal 
efficiencies (DREs) high 
enough to meet preliminary 
remediation goals 

b) limit emission of toxic 
oxidation byproduct (HC1) to 
less than the Rhode Island 
permit trigger limit 

Value/Criteria 

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 

minimum DRE for vinyl 
chloride of 98% at original 
design basis concentration of 
150 ppmv 

HCll imit i  s 1.14 Ib/hour; 
remove by scrubbing if 
potential exists to exceed limit 

Rationale/Assumptions 

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 

dispersion modeling (Appendix F) indicates that 
98% DRE is needed to attain the PRO 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 HC1 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 

2. Operating Requirements (cont.): 

c) Limit potential for explosive Lower explosive limit (LEL) Explosion-proof system may not be required because 
conditions due to methane for methane is 5% estimated influent methane concentration is 3.5%, 

which is below the LEL 

3. Size: 

a) Size dependent on residence Full-scale units typically fit in Discussions with vendors indicate that a mobile 
time required and specific a trailer (12' x 8') trailer-size system would be sufficient for this 
vendor configurations 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: 
•	 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: 
•	 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 

Alternative #4a: 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: 
•	 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 

Alternative #5a: 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, Ground water 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
 

•	 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 

•	 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) 

G. Cost 

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. 

•	 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 

•	 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/FS, 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 

Activi!y Location & Flow Zone Analyses Frequency 

I. Off-Site Groundwater Monitoring: 
Tracking Off-Site Groundwater Plume 
Migration 

a) Perimeter Well Monitoring • MW -03-01/02/03; SOB/DOB/BR 
MW-04-0l/02/03; SOB/DOB/BR 
MW-05-01/02; SOBIDOB 
MW -06-0 I 102; SOB/DOB 
MW-07-01/02; DOB/BR Volatile Organic Quarterly during first 
MW-08-01/02; DOB/BR Compounds (VOCs), year of remedy; reduced 
MW-09-01; DOB Semivolatile Organic frequency thereafter 
MW-IO-OI; DOB Compounds (SVOCs), (assumed semi-annual 
MW-II-0I/02/03; SOB/DOB/BR Acrylamide, Total Metals for this FS) 
MW-12-01/02; SOBIDOB - based on previous 
MW-13-01/02; SOB/DOB rounds of sampling 
MW-I through MW-V; all SOB 
OW-30; DOB 

b) Residential Well Monitoring • RES#l, SOB 
RES#6, BR 
RES#7, BR 
RES#8, BR 
RES#9, SOB 
RESHIO, BR 
RES#II, BR * 

c 1 Background • MW-OI-Ol/02' SOB/BR 
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TABLE 4-2. GROUNDWATER AND SURFACE WATER/SEDIMENT MONITORING: ALL ALTERNATIVES 

Activity 

2. Disl2Qsal Mea Qroundwater 
MonitQring: 
Monitoring Sources and Remediation 
Progress 

a) Solid Waste Area • 

b) Bulky Waste Area • 
! 

I c) Sewage Sludge Area • 
I 3. Surface Water/Sediment Monitoring: 
I Monitoring Remediation Progress 

a) Saugatucket River • 

b) Mitchell Brook • 

c) Unnamed Brook • 
--

* - Data not available to confirm the flow zone 

SOB - Shallow Overburden 
DOB - Deep Overburden 
BR - Bedrock 

Location & Flow Zone Analyses Frequency 

MW-14-01; DOB VOCs, SVOCs, Quarterly during first 
OW-25; DOB Acrylamide, Total Metals year of remedy; reduced 
OW-27; DOB - based on previous frequency thereafter 

rounds of sampling (assumed semi-annual 
Alternatives #4b, #5b; three new for this FS) 
extraction wells. All others; none. 

MW-02-01/02; SOB/DOB 

SW /SD-02 through SW /SD-06 
SW/SD-08 
SW/SD-II VOCs, SVOCs, Quarterly during first 
SW/SD-17 Acrylamide, Total Metals year of remedy; reduced 
SW/SD-18 - based on previous frequency thereafter 

rounds of sampling (assumed semi-annual 
SW/SD-07 for this FS) 
SW/SD-09 
SW/SD-12 through SW/SD-16 
SW/SD-OI (unnamed tributary) 

SW/SD-IO 
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I TABLE 4-3. AMBIENT AIR AND SOIL GAS MONITORING: ALL ALTERNATIVES 

I 

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 (Le. 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, H2S) semi-annual for this 

- Methane FS) 
b) Bulky Waste Area • two stations along northwest 

and southeast Area boundaries 

c) 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 

, 

I 

Activity Location Analyses Frequency 

2. Soil Gas Monitorin~: 
I 

I 

a) Perimeter Soil Gas • the northern, western and 
Monitoring - Solid Waste southern boundaries of the 

I 

I 

Area Solid Waste Area 
- Methane (CH4) Quarterly during 

• Minimum of one point every - Carbon dioxide (CO2) first year of remedy; 
200 ft. for a total of 32 points - Oxygen (02) reduced frequency 

- Indicator VOCs thereafter (assumed 
b) Solid Waste Area • two well locations; one at (vinyl chloride) semi-annual for this 

historical "hot" spot, one at FS) 
lesser concentration location 

c) Bulky Waste Area • one well location at historical 
"hot" spot 
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TABLE 4-4. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #1 

Regulation 

ACTION-SPECIFIC 

GROUNDWATER 

RCRA Groundwater Protection (40 CFR 
264, Subpart F) 

Rhode Island Rules and Regulations for 
Hazardous Waste Management, RID EM 
4/92, Section 9.03 

RI Rules and Regs for Groundwater 
Quality, RIDEM 7/93, Sections 12.02 and 
12.03. 

Status 

Implemented 
through RI 
regulations 

Applicable 

Applicable 

Requirement 

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. 

Action to be taken to attain ARARs 

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 

Draft Interim Final OSWER Monitored 
Natural Attenuation Policy (OSWER 
Dir.9200.4-17)( 1211 /97) 

HAZARDOUS WASTE 

RI Rules and Regs for HW Management, 
Section 8, 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 (12-190-00 I) 

Status 

To Be 
Considered 

Applicable 

To Be 
Considered 

Relevant & 
Appropriate 

Requirement 

Provides guidance on how EPA will 
implement national policy on use of 
monitored natural attenuation. 

Outlines requirements for treatment, 
disposal and storage of hazardous waste by 
TSDFs. 

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 A WQC standards for water discharged 
to surface waters. 

Action to be taken to attain ARARs 

Decisions on use and efficacy of monitored 
natural attenuation will be consistent with 
guidance. 

Management and treatment of on-site 
treatment residues and waste derived from 
monitoring well installation will comply 
with these regulations. 

All sampling activities performed on-site 
will comply with this guidance. 

Because this is a no action remedy, surface 
water cleanup will not be addressed; 
A WQC standards will be used to measure 
effectiveness of remedy with respect to 
leachate outbreaks to streams and other 
discharges to on site surface water. 
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TABLE 4-4. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #1 

Regulation 

CW A Ambient Water Quality Criteria 
(A WQc), 40 CFR 122.44 

Proposed CW A Ambient Water Quality 
Criteria (A WQC), 40 CFR Part 120 

CHEMICAL-SPECIFIC 

EPA Human Health Assessment Cancer 
Slope Factors (CSFs) 

Status 

Relevant & 
Appropriate 

To Be 
Considered 

To Be 
Considered 

Requirement 

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. 

CSFs are developed by EPA for health 
effects assessments or evaluation by the 
Human Health Assessment Group. 

Action to be taken to attain ARARs 

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 A WQC 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 
contam inants. 

Page 3 of 4 
Version: 18 November 1998 



( ( ( 

TABLE 4-4. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #1 

Regulation Status Requirement Action to be taken to attain ARARs 

Note I: 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 perfonnance 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 

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. 

Status 

Implemented 
through RI 
regulations 

Applicable 

Applicable 

Requirement 

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. 

Action to be taken to attain ARARs 

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 
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. 
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TABLE 4-5. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #2 

Regulation 

Draft Interim Final OSWER Monitored 
Natural Attenuation Policy (OSWER 
Dir.9200.4-17)( 12/1 /97) 

HAZARDOUS WASTE 

RI Rules and Regs for HW Management, 
Section 8, 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 (12-190-00 I) 

Status 

To Be 
Considered 

Applicable 

To Be 
Considered 

Relevant & 
Appropriate 

Requirement 

Provides guidance on how EPA will 
implement national policy on use of 
monitored natural attenuation. 

Outlines requirements for treatment, 
disposal and storage of hazardous waste by 
TSDFs. 

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 A WQC standards for water discharged 
to surface waters. 

Action to be taken to attain ARARs 

Decisions on use and efficacy of monitored 
natural attenuation will be consistent with 
guidance. 

Management and treatment of on-site 
treatment residues and waste derived from 
monitoring well installation will comply 
with these regulations. 

All sampling activities performed on-site 
will comply with this guidance. 

Because this is a limited action remedy, 
surface water cleanup will not be addressed; 
A 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 4-5. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #2 

Regulation 

CWA Ambient Water Quality Criteria 
(A WQC), 40 CFR 122.44 

Proposed CWA Ambient Water Quality 
Criteria (A WQc), 40 CFR Part 120 

AIR 

RI Air Pollution Control Reg No. 22--Air 
Toxics 

Status 

Relevant & 
Appropriate 

To Be 
Considered 

Applicable 

Requirement 

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. 

Action to be taken to attain ARARs 

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 A WQC 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 
toxies 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 

CAA National Emissions Standards for 
Hazardous Air Pollutants (NESHAP) (40 
CFR Part 61). 

CHEMICAL-SPECIFIC 

EPA Human Health Assessment Cancer 
Slope Factors (CSFs) 

Status 

Relevant & 
Appropriate 

To Be 
Considered 

Requirement 

Establishes emission levels for certain 
hazardous air pollutants, including vinyl 
chloride and benzene. 

CSFs are developed by EPA for health 
effects assessments or evaluation by the 
Human Health Assessment Group. 

Action to be taken to attain ARARs 

Because this is a limited action remedy, 
NESHAP emission limits will not be met; 
NESHAP levels will be used to calculated 
contingency residential action levels. 

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. 

Note I: 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 

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. 

Status 

Implemented 
through RI 
regulations 

Applicable 

Applicable 

Requirement 

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. 

Action to be taken to attain ARARs 

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 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A 

Regulation 

Rhode Island Regs for Underground 
Storage Facilities used for Petroleum 
Products & Hazardous Material (USTs) 
(l2-190-OI7) 

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 

Status 

Applicable 

To Be 
Considered 

Implemented 
through RI 
regulations 

Implemented 
through RI 
regulations 

Relevant & 
Appropriate 

Requirement 

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. 

Action to be taken to attain ARARs 

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 
requ irements. 
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TABLE 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A 

Regulation 

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 & 
y oon-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. 

Status 

To Be 
Considered 

To Be 
Considered 

To Be 
Considered 

Applicable 

Applicable 

Requirement 

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 landtill 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. 

Action to be taken to attain ARARs 

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 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A 

Regulation 

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 (12-190-00 I) 

CWA Ambient Water Quality Criteria 
(A WQC), 40 CFR 122.44 

Status 

To Be 
Considered 

Relevant & 
Appropriate 

Relevant & 
Appropriate 

Requirement 

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 A WQC 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. 

Action to be taken to attain ARARs 

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; 
A WQC 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 

Proposed CW A Ambient Water Quality 
Criteria (A WQc), 40 CFR Part 120 

AIR 

Air Pollution Control Regs, RI Dept of 
Health, Div of Air Pollution Control, eff. 
8/2/67, amended 5l20/91--Regulation No. I 
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 

Status 

To Be 
Considered 

Applicable 

Applicable 

Applicable 

Applicable 

Requirement 

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 
6fmore than 3 minutes in anyone hour 
which are greater or equal to 20% opacity. 

Requires reasonable precautions to prevent 
particulate maner 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 permining for air pollution control 
systems and any new stationary sources 
which create an increase in pollutant 
emissions. 

Action to be taken to anain ARARs 

Proposed A WQC 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 

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
CFRPar t6 l )  . 

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)

Status 

 Applicable 

 Applicable 

 To Be 
 Considered 

 Relevant & 
 Appropriate 

 Relevant & 
 Appropriate 

 To Be 
 Considered 

Requirement 

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. 

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. 

Action to be taken to attain ARARs 

Air pollution control systems wil l 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. 

Landfill gas collection and control systems 
wil l meet relevant and applicable 
performance standards. 

The values present the most up-to-date 
cancer risk potency information. CSFs wil  l 
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:

Regulation Status Requirement 

LOCATION-SPECIFIC 

CWA Section 404(b)(l); Guidelines for Applicable No activity that adversely affects a wetland 
Specification of Disposal Sites for Dredged is permitted if a practicable alternative with 
or Fi l  l Material (40 CFR Parts 230, 231) lesser effects is available. Controls 

discharges of dredged or fill material to 
protect aquatic ecosystems. 

Executive Order 11990; Statement of Applicable Action to avoid, whenever possible, the 
Procedures on Wetlands Protection (40 long and short-term impacts on wetlands 
CFR Part 6, App.A) and to preserve and enhance wetlands. 

Plans for action in wetlands must be 
submitted for public review. 

Fish and Wildlife Coordination Act; 16 Applicable Any modification of a body of water 
U.S.C. 661, 40 CFR Section 6.302 requires consultation with US Fish and 

Wildlife Service and appropriate state 
wildlife agency to develop measures to 
prevent, mitigate or compensate for losses 
offish and wildlife. This requirement is 
addressed under CWA Section 404 
requirements. 

 ALTERNATIVE #3A 

Action to be taken to attain ARARs 

During the identification, screening and 
evaluation of the systems, the effects on 
wetlands will be considered, and no activity 
which adversely affects a wetland wil l 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 wil  l 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:

Regulation Status	 Requirement 

Executive Order 11988; Statement of Applicable Action should avoid, whenever possible, 
Procedures on Floodplain Management (40 the long and short-term impacts associated 
CFR Part 6, App. A) 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. 

Rules and Regulations governing Applicable Identifies and protects significant wetlands
 
administration and enforcement of and their values and functions with the goal
 
Freshwater Wetlands Act (12-100- of no net loss.
 
003)(8/90)
 

An Act Relating to Historic Cemeteries Applicable	 Restrictions on altering land within 25 feet 
of historical human cemeteries. 

RI Endangered Species Act Applicable Actions must conserve identified local 
endangered or threatened species. 

 ALTERNATIVE #3A 

Action to be taken to attain ARARs 

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 wil l be 
restored to original conditions and utility. 

Remedial actions wil  l 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 4-6. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3A
 

Regulation Status Requirement Action to be taken to attain ARARs 

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. 

Page 9 of 9 
Version: 10 November 1998 



TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

ACTION-SPECIFIC 

GROUNDWATER 

RCRA Groundwater Protection (40 CFR Implemented Establishes requirements for solid waste 
264, Subpart F) through RI management units (SWMUs) at RCRA 

regulations regulated sites. Regulations include 
groundwater protection standard 
requirements for groundwater monitoring, 
detection monitoring and compliance 
monitoring and the corrective action 
program. 

Rhode Island Rules and Regulations for Applicable Regulation outlines operation requirements 
Hazardous Waste Management, RIDEM for treatment, storage and disposal 
4/92, Section 9.03 facilities, includinga groundwater 

monitoring program. 

RI Rules and Regs for Groundwater Applicable Regulations are designed to protect and 
Quality, RIDEM 7/93, Sections 12.02 and restore the quality of the state's 
12.03.	 groundwater and includea groundwater 

monitoring program. 

 ALTERNATIVE #3B 

Action to be taken to attain ARARs 

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 wil  l 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 

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/l/97) 

HAZARDOUS WASTE 

RCRA-Hazardous Waste Identification, 40 
CFR Part 261. 

RCRA-CIosure and Post-Closure, 40 CFR 
Part 264, Subpart G 

RCRA-Standards for Permitted TSDFs;
Thermal Treatment, 40 CFR Part 264,
Subpart AA 

Status 

 Applicable 

 To Be 
 Considered 

Implemented
through RI
regulations

Implemented
through RI
regulations

 Relevant & 
 Appropriate 

Requirement 

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. 

Action to be taken to attain ARARs 

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) wil  l 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) 

Rl 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 wil l 
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:

Regulation Status	 Requirement 

RI Guidelines on the Management of To Be	 Guidance on management and disposal of 
Investigation-Derived Waste Considered	 materials generated during environmental 

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 
Water Quality Regs for Water Pollution Appropriate	 to surface waters. 
Control (12-190-001) 

CWA Ambient Water Quality Criteria Relevant &	 Non-enforceable guidance used by states in 
(AWQC),40CFR 122.44 Appropriate	 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. 

 ALTERNATIVE #3B 

Action to be taken to attain ARARs 

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 
Criteria (AWQC), 40 CFR Part 120 

A I  R 

Air Pollution Control Regs, Rl Dept of 
Health, Div of Air Pollution Control, eff. 
8/2/67, amended 5/20/91--Regulation No. 1 
Visible Emissions 

Rl Air Pollution Control Reg No. 5­
Fugitive Dust 

Rl Air Pollution Control Reg No. 7.1 and 
7.2~Emission of Air Contaminants 
Detrimental to Person or Property 

Rl 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 pollution 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 wil l 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 wi l  l 
meet emission levels in regulations. 

Operations will be performed in ace. with 
these rules. 

Air emissions will meet all applicable 
standards, as set forth in Rl 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 Rl Reg No. 22 and CAA 
NESHAPs,40CFRPart61. 
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TABLE 4-7. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #3B
 

Regulation 

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
CFRPart61)  . 

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)

Status 

 Applicable 

 Applicable 

 To Be 
 Considered 

 Relevant & 
 Appropriate 

 Relevant & 
 Appropriate 

 To Be 
 Considered 

Requirement 

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. 

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. 

Action to be taken to attain ARARs 

Air pollution control systems wi l  l be 
operated and maintained in accordance with 
Operation and Maintenance Plan. 

Ambient air quality levels wi l  l 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. 

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 wil  l 
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 

LOCATION-SPECIFIC 

CWA Section 404(b)(l); Guidelines for 
Specification of Disposal Sites for Dredged 
or F i l  l 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 

Status 

Applicable

Applicable

Applicable

Requirement 

 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 
offish and wildlife. This requirement is 
addressed under CWA Section 404 
requirements. 

Action to be taken to attain ARARs 

During the identification, screening and 
evaluation of the systems, the effects on 
wetlands will be considered, and no activity 
which adversely affects a wetland wi l  l 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:

Regulation Status	 Requirement 

Executive Order 11988; Statement of Applicable Action should avoid, whenever possible, 
Procedures on Floodplain Management (40 the long and short-term impacts associated 
CFR Part 6, App. A) 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. 

Rules and Regulations governing Applicable Identifies and protects significant wetlands
 
administration and enforcement of and their values and functions with the goal
 
Freshwater Wetlands Act (12-100- of no net loss.
 
003)(8/90)
 

An Act Relating to Historic Cemeteries Applicable	 Restrictions on altering land within 25 feet 
of historical human cemeteries. 

RI Endangered Species Act Applicable Actions must conserve identified local 
endangered or threatened species. 

 ALTERNATIVE #3B 

Action to be taken to attain ARARs 

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 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 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

ACTION-SPECIFIC 

GROUNDWATER 

RCRA Groundwater Protection (40 CFR Implemented Establishes requirements for solid waste 
264, Subpart F) through RI management units (SWMUs) at RCRA 

regulations regulated sites. Regulations include 
groundwater protection standard 
requirements for groundwater monitoring, 
detection monitoring and compliance 
monitoring and the corrective action 
program. 

Rhode Island Rules and Regulations for Applicable Regulation outlines operation requirements 
Hazardous Waste Management, RIDEM for treatment, storage and disposal 
4/92, Section 9.03 facilities, including a groundwater 

monitoring program. 

RI Rules and Regs for Groundwater Applicable Regulations are designed to protect and 
Quality, RIDEM 7/93, Sections 12.02 and restore the quality of the state's 
12.03.	 groundwater and include a groundwater 

monitoring program. 

 ALTERNATIVE #4A 

Action to be taken to attain ARARs 

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 

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/l/97) 

HAZARDOUS WASTE 

RCRA-Hazardous Waste Identification, 40 
CFR Part 261. 

RCRA-Closure and Post-Closure, 40 CFR 
Part 264, Subpart G 

Status 

 Applicable 

 Applicable 

 To Be
 
 Considered
 

Implemented
through RI
regulations

Implemented
through RI
regulations

Requirement 

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 wil l 
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. 

Action to be taken to attain ARARs 

The portions of this alternative which 
include on-site treatment of leachate, 
requiring discharge of treated water to GW 
recharge wells, will comply with UICP 
requirements. 

Underground components of condensate 
collection system from flares wil l 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 wil l 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 

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. 

Status 

Implemented
through RI
regulations

Relevant &
Appropriate

 To Be 
 Considered 

 To Be 
 Considered 

 To Be 
 Considered 

 Applicable 

Requirement 

 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 landfil l covers, 
recommending technical specifications for 
multi-layer landfill cover design. 

Outlines requirements for treatment, 
disposal and storage of hazardous waste by 
TSDFs. 

Action to be taken to attain ARARs 

On-site treatment of leachate wil  l 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 wi l  l 
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:

Regulation Status	 Requirement 

RI Rules and Regs for HW Management, Applicable	 Outlines requirements for general waste 
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. 

RI Guidelines on the Management of To Be	 Guidance on management and disposal of 
Investigation-Derived Waste Considered	 materials generated during environmental 

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 
Water Quality Regs for Water Pollution Appropriate to surface waters. 
Control (12-190-001) 

 ALTERNATIVE #4A 

Action to be taken to attain ARARs 

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 wil l 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 

CWA Ambient Water Quality Criteria 
(AWQC), 40 CFR 122.44 

Proposed CWA Ambient Water Quality 
Criteria (AWQC), 40 CFR Part 120 

AIR 

Air Pollution Control Regs, RI Dept of 
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-­
Fugitive Dust 

Status 

Relevant & 
Appropriate 

To Be 
Considered 

Applicable 

Applicable 

Requirement 

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 
paniculate matter from becoming airborne. 

Action to be taken to attain ARARs 

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 ace. 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 

Rl Air Pollution Control Reg No. 7.1 and
7.2-Emission of Air Contaminants 
Detrimental to Person or Property 

Rl Air Pollution Control Reg No. 9-­
Permits 

Rl Air Pollution Control Reg No. I6-­
Operation of Air Pollution Control Systems 

Rl Air Pollution Control Reg No. 22--Air
Toxics 

Rl Guidance for Air Quality/Air Toxics
Substances

CAA National Emissions Standards for
Hazardous Air Pollutants (MESHAP) (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 Rl 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 Rl 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 wil  l 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:

Regulation Status Requirement 

CAA Standards of Performance for Relevant & Establishes air emission limits for 
Municipal Solid Waste Landfills (40 CFR Appropriate municipal solid waste landfills (MSWLF) 
Part 60, Subpart WWW). and standards of performance for MSWLF 

gas collection and control systems. 

CHEMICAL-SPECIFIC 

EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health 
Slope Factors (CSFs) Considered effects assessments or evaluation by the 

Human Health Assessment Group. 

LOCATION-SPECIFIC 

CWA Section 404(b)(l); Guidelines for Applicable No activity that adversely affects a wetland 
Specification of Disposal Sites for Dredged is permitted if a practicable alternative with 
or Fil l Material (40 CFR Parts 230, 231) lesser effects is available. Controls 

discharges of dredged or fill material to 
protect aquatic ecosystems. 

Executive Order 11990; Statement of Applicable Action to avoid, whenever possible, the 
Procedures on Wetlands Protection (40 long and short-term impacts on wetlands 
CFR Part 6, App.A) and to preserve and enhance wetlands. 

Plans for action in wetlands must be 
submitted for public review. 

 ALTERNATIVE #4A 

Action to be taken to attain ARARs 

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 wil  l 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 4-8. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

Fish and Wildlife Coordination Act; 16 Applicable	 Any modification of a body of water 
U.S.C. 661, 40 CFR Section 6.302 requires consultation with US Fish and 

Wildlife Service and appropriate state 
wildlife agency to develop measures to 
prevent, mitigate or compensate for losses 
offish and wildlife. This requirement is 
addressed under CWA Section 404 
requirements. 

Executive Order 11988; Statement of Applicable Action should avoid, whenever possible, 
Procedures on Floodplain Management (40 the long and short-term impacts associated 
CFR Part 6, App. A) 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. 

Rules and Regulations governing Applicable Identifies and protects significant wetlands
 
administration and enforcement of and their values and functions with the goal
 
Freshwater Wetlands Act (12-100- of no net loss.
 
003)(8/90)
 

An Act Relating to Historic Cemeteries Applicable	 Restrictions on altering land within 25 feet 
of historical human cemeteries. 

 ALTERNATIVE #4A 

Action to be taken to attain ARARs 

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 4-8. 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 wil  l 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 withi  n 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 ARA R 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:

Regulation Status	 Requirement 

ACTION-SPECIFIC 

GROUNDWATER 

RCRA Groundwater Protection (40 CFR Implemented Establishes requirements for solid waste 
264, Subpart F) through RI management units (SWMUs) at RCRA 

regulations regulated sites. Regulations include 
groundwater protection standard 
requirements for groundwater monitoring, 
detection monitoring and compliance 
monitoring and the corrective action 
program. 

Rhode Island Rules and Regulations for Applicable Regulation outlines operation requirements 
Hazardous Waste Management, RIDEM for treatment, storage and disposal 
4/92, Section 9.03 facilities, including a groundwater 

monitoring program. 

RI Rules and Regs for Groundwater Applicable Regulations are designed to protect and 
Quality, RIDEM 7/93, Sections 12.02 and restore the quality of the state's 
12.03.	 groundwater and include a groundwater 

monitoring program. 

 ALTERNATIVE #4B 

Action to be taken to attain ARAR s 

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 

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/l/97) 

HAZARDOUS WASTE 

RCRA-Hazardous Waste Identification, 40 
CFR Part 261. 

RCRA-Closure and Post-Closure, 40 CFR 
Part 264, Subpart G 

Status 

 Applicable 

 Applicable 

 To Be 
 Considered 

Implemented
through RI
regulations

Implemented
through RI
regulations

Requirement 

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. 

Action to be taken to attain ARARs 

The portions of this alternative which 
include on-site treatment of 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 
wil l comply with these requirements. 
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TABLE 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B
 

Regulation 

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) 

Rl Rules and Regs for HW Management,
Section 8, RIDEM 4/92. 

Status 

Implemented
through RI
regulations

Relevant &
Appropriate

 To Be 
 Considered 

 To Be 
 Considered 

 To Be 
 Considered 

 Applicable 

Requirement 

 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. 

Action to be taken to attain ARARs 

On-site treatment of leachate wil l 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 wil l be protective in 
accordance with the guidance 

Waste derived from cap construction wil l 
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:

Regulation Status	 Requirement 

Rl Rules and Regs for HW Management, Applicable	 Outlines requirements for general waste 
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. 

RI Guidelines on the Management of To Be	 Guidance on management and disposal of 
Investigation-Derived Waste Considered	 materials generated during environmental 

investigations. Specifies action levels for 
soils and liquids below which investigation-
derived waste may be disposed of on-site. 

SURFACE WATER 

Rl PDIZS Regulations (12-190-003) and Rl Relevant &	 Sets A WQC standards for water discharged 
Water Quality Regs for Water Pollution Appropriate	 to surface waters. 
Control (12-190-001) 

 ALTERNATIVE #4B 

Action to be taken to attain ARAR s 

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 

CWA Ambient Water Quality Criteria 
(AWQC),40CFR 122.44 

Proposed CWA Ambient Water Quality 
Criteria (AWQC), 40 CFR Part 120 

AI R 

Air Pollution Control Regs, RI Dept of
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-­
Fugitive Dust 

Status 

Relevant &
Appropriate

To Be
Considered

 Applicable 

 Applicable 

Requirement 

 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 
paniculate matter from becoming airborne. 

Action to be taken to attain ARARs 

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 ace. 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 ARAR s 

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 

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 RI 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 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #4B
 

Regulation 

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)(l); Guidelines for 
Specification of Disposal Sites for Dredged 
or Fil l Material (40 CFR Parts 230, 231) 

Executive Order 11990; Statement of 
Procedures on Wetlands Protection (40 
CFR Part 6, App.A) 

Status 

Relevant &
Appropriate

 To Be 
 Considered 

Applicable

Applicable

Requirement 

 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. 

Action to be taken to attain ARARs 

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 4-9. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

Fish and Wildlife Coordination Act; 16 Applicable	 Any modification of a body of water 
U.S.C. 661, 40 CFR Section 6.302 requires consultation with US Fish and 

Wildlife Service and appropriate state 
wildlife agency to develop measures to 
prevent, mitigate or compensate for losses 
offis  h and wildlife. This requirement is 
addressed under CWA Section 404 
requirements. 

Executive Order 11988; Statement of Applicable Action should avoid, whenever possible, 
Procedures on Floodplain Management (40 the long and short-term impacts associated 
CFR Part 6, App. A) 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. 

Rules and Regulations governing Applicable Identifies and protects significant wetlands
 
administration and enforcement of and their values and functions with the goal
 
Freshwater Wetlands Act (12-100- of no net loss.
 
003)(8/90)
 

An Act Relating to Historic Cemeteries Applicable	 Restrictions on altering land within 25 feet 
of historical human cemeteries. 

 ALTERNATIVE #4B 

Action to be taken to attain ARARs 

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 uti l i ty. 

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 ARAR s 

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 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

ACTION-SPECIFIC 

GROUNDWATER 

RCRA Groundwater Protection (40 CFR Implemented Establishes requirements for solid waste 
264, Subpart F) through RI management units (SWMUs) at RCRA 

regulations regulated sites. Regulations include 
groundwater protection standard 
requirements for groundwater monitoring, 
detection monitoring and compliance 
monitoring and the corrective action 
program. 

Rhode Island Rules and Regulations for Applicable Regulation outlines operation requirements 
Hazardous Waste Management, R1DEM for treatment, storage and disposal 
4/92, Section 9.03 facilities, including a groundwater 

monitoring program. 

RI Rules and Regs for Groundwater Applicable Regulations are designed to protect and 
Quality, RIDEM 7/93, Sections 12.02 and restore the quality of the state's 
12.03.	 groundwater and include a groundwater 

monitoring program. 

 ALTERNATIVE #5A 

Action to be taken to attain ARARs 

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 wi l  l 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 

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/l/97) 

HAZARDOUS WASTE 

RCRA-Hazardous Waste Identification, 40 
CFR Part 261. 

RCRA-Closure and Post-Closure, 40 CFR 
Part 264, Subpart G 

Status 

 Applicable 

 Applicable 

 To Be 
 Considered 

Implemented
through Rl
regulations

Implemented
through RI
regulations

Requirement 

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. 

Action to be taken to attain ARARs 

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 

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. 

Status 

Implemented
through RI
regulations

Relevant &
Appropriate

 To Be 
 Considered 

 To Be 
 Considered 

 To Be 
 Considered 

 Applicable 

Requirement 

 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. 

Action to be taken to attain ARARs 

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 wi l  l 
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 

RI Rules and Regs for HW Management, 
Sections 9 and 10.02, R1DEM 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) 

Status 

Applicable

To Be
Considered

 Relevant & 
 Appropriate 

Requirement 

 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. 

Action to be taken to attain ARARs 

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 

CWA Ambient Water Quality Criteria 
(AWQC),40CFR 122.44 

Proposed CWA Ambient Water Quality 
Criteria (AWQC), 40 CFR Part 120 

AIR 

Air Pollution Control Regs, RI Dept of 
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
Fugitive Dust 

Status 

Relevant & 
Appropriate 

To Be 
Considered 

Applicable 

Applicable 

Requirement 

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 
paniculate matter from becoming airborne. 

Action to be taken to attain ARARs 

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 ace. 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
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
CFRPart61). 

 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 RJ Reg No. 22 and CAA 
NESHAPs, 40 CFR Part 61. 

Air pollution control systems wil l be 
operated and maintained in accordance with 
Operation and Maintenance Plan. 

Ambient air quality levels wil l 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 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status Requirement 

CAA Standards of Performance for Relevant & Establishes air emission limits for 
Municipal Solid Waste Landfills (40 CFR Appropriate municipal solid waste landfills (MSWLF) 
Part 60, Subpart WWW). and standards of performance for MSWLF 

gas collection and control systems. 

CHEMICAL-SPECIFIC 

EPA Human Health Assessment Cancer To Be CSFs are developed by EPA for health 
Slope Factors (CSFs) Considered effects assessments or evaluation by the 

Human Health Assessment Group. 

LOCATION-SPECIFIC 

CWA Section 404(b)(l); Guidelines for Applicable No activity that adversely affects a wetland 
Specification of Disposal Sites for Dredged is permitted if a practicable alternative with 
or Fill Material (40 CFR Parts 230, 231) lesser effects is available. Controls 

discharges of dredged or fill material to 
protect aquatic ecosystems. 

Executive Order 11990; Statement of Applicable Action to avoid, whenever possible, the 
Procedures on Wetlands Protection (40 long and short-term impacts on wetlands 
CFR Part 6, App.A) and to preserve and enhance wetlands. 

Plans for action in wetlands must be 
submitted for public review. 

 ALTERNATIVE #5A 

Action to be taken to attain ARAR s 

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 wil l 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 wi l  l be 
mitigated in accordance with requirements 
if no practicable alternative exists. 
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TABLE 4-10. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

Fish and Wildlife Coordination Act; 16 Applicable	 Any modification of a body of water 
U.S.C. 661, 40 CFR Section 6.302 requires consultation with US Fish and 

Wildlife Service and appropriate state 
wildlife agency to develop measures to 
prevent, mitigate or compensate for losses 
offish and wildlife. This requirement is 
addressed under CWA Section 404 
requirements. 

Executive Order 11988; Statement of Applicable Action should avoid, whenever possible, 
Procedures on Floodplain Management (40 the long and short-term impacts associated 
CFR Part 6, App. A) 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. 

Rules and Regulations governing Applicable Identifies and protects significant wetlands
 
administration and enforcement of and their values and functions with the goal
 
Freshwater Wetlands Act (12-100- of no net loss.
 
003)(8/90)
 

An Act Relating to Historic Cemeteries Applicable	 Restrictions on altering land within 25 feet 
of historical human cemeteries. 

 ALTERNATIVE #5A 

Action to be taken to attain ARARs 

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 util i ty. 

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 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 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

ACTION-SPECIFIC 

GROUNDWATER 

RCRA Groundwater Protection (40 CFR Implemented Establishes requirements for solid waste 
264, Subpart F) through RI management units (SWMUs) at RCRA 

regulations	 regulated sites. Regulations include 
groundwater protection standard 
requirements for groundwater monitoring, 
detection monitoring and compliance 
monitoring and the corrective action 
program. 

Rhode Island Rules and Regulations for Applicable Regulation outlines operation requirements 
Hazardous Waste Management, RIDEM for treatment, storage and disposal 
4/92, Section 9.03 facilities, including a groundwater 

monitoring program. 

Rl Rules and Regs for Groundwater Applicable Regulations are designed to protect and 
Quality, RIDEM 7/93, Sections 12.02 and restore the quality of the state's 
12.03.	 groundwater and include a groundwater 

monitoring program. 

 ALTERNATIVE #SB 

Action to be taken to attain ARARs 

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 wil  l 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 

Rl 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/l/97) 

HAZARDOUS WASTE 

RCRA-Hazardous Waste Identification, 40 
CFR Part 261. 

RCRA-Closure and Post-Closure, 40 CFR 
Part 264, Subpart G 

Status 

 Applicable 

 Applicable 

 To Be 
 Considered 

Implemented
through RI
regulations

Implemented
through Rl
regulations

Requirement 

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. 

Action to be taken to attain ARARs 

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 
wil l comply with these requirements. 
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5B
 

Regulation 

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 1, 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, RIDE M 4/92. 

Status 

 Implemented 
 through RI 

regulations 

 Relevant & 
 Appropriate 

 To Be
 
 Considered
 

 To Be
 
 Considered
 

 To Be
 
 Considered
 

 Applicable 

Requirement 

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. 

Action to be taken to attain ARARs 

Cm-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. 

Page 3 of 9 
Version: 10 November 1998 



TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE:

Regulation Status	 Requirement 

RI Rules and Regs for HW Management, Applicable	 Outlines requirements for general waste 
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. 

RI Guidelines on the Management of To Be	 Guidance on management and disposal of 
Investigation-Derived Waste Considered materials generated during environmental 

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
 
Water Quality Regs for Water Pollution Appropriate to surface waters.
 
Control (12-190-001)
 

 ALTERNATIVE #5B 

Action to be taken to attain ARARs 

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 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5B
 

Regulation 

CWA Ambient Water Quality Criteria 
(AWQC),40CFR 122.44 

Proposed CWA Ambient Water Quality 
Criteria (AWQC), 40 CFR Part 120 

A I  R 

Air Pollution Control Regs, Rl Dept of 
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
Fugitive Dust 

Status 

Relevant & 
Appropriate 

To Be 
Considered 

Applicable 

Applicable

Requirement 

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 
paniculate matter from becoming airborne. 

Action to be taken to attain ARARs 

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 wil l 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 wil  l 
meet emission levels in regulations. 

Operations will be performed in ace. with 
these rules. 
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5B
 

Regulation 

Rl Air Pollution Control Reg No. 7.1 and
7.2--Emission of Air Contaminants 
Detrimental to Person or Property 

Rl Air Pollution Control Reg No. 9-­
Permits 

Rl Air Pollution Control Reg No. 16-­
Operation of Air Pollution Control Systems 

Rl Air Pollution Control Reg No. 22--Air
Toxics 

Rl Guidance for Air Quality/Air Toxics
Substances

CAA National Emissions Standards for
Hazardous Air Pollutants (NESHAP) (40
CFR Part 61). 

Status 

 Applicable 

 Applicable 

 Applicable 

 Applicable 

 To Be 
 Considered 

 Relevant &
 
 Appropriate
 

Requirement 

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. 

Action to be taken to attain ARARs 

Air emissions will meet all applicable 
standards, as set forth in Rl Reg No. 22 and 
CAA NESHAPs, 40 CFR Part 61. 

Air pollution control systems wil  l be 
designed to meet all applicable standards, 
as set forth in Rl Reg No. 22 and CAA 
NESHAPs, 40 CFR Part 61. 

Air pollution control systems wi l  l 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 wil l attain NESHAP emission 
limits for hazardous air pollutants that result 
from treatment processes. 
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TABLE 4-11. ACTION-SPECIFIC ARARS, CRITERIA AND GUIDANCE: ALTERNATIVE #5B
 

Regulation 

CAA Standards of Performance for 
Municipa l 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)(l); 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) 

Status 

Relevant &
Appropriate

 To Be 
 Considered 

Applicable

Applicable

Requirement 

 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. 

Action to be taken to attain ARARs 

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 wil l 
be used to compute the individua l 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 wil l 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 

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

Status 

Applicable

Applicable

 Applicable 

 Applicable 

Requirement 

 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 
offish 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. 

Action to be taken to attain ARARs 

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 uti l i ty. 

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. 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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Section Five 




TABLE 5-1. NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS
 

A. OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection 
Alternative #1 • No overall protection of human health 

Alternative #2 • 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 

Alternative #3a • 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 

•	 Horizontal containment, LFG collection and thermal treatment reduce risk from 
inhalation exposures of VOC COPCs 

• Short-term risks to remediation workers can be mitigated with PPE 

Alternative #3b 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 

Alternative #4a Same as Alternative #3a except: 
•	 Leachate collection and on-site treatrnent further reduces groundwater 

contamination impacts at the Site 

Alternative #4b Same as Alternative #4a except: 
• Landfill mining further reduces groundwater contamination impacts at the Site 

Alternative #5a Same as Alternative #4a except: 
•	 Groundwater depression system and on-site treatment further reduces 

groundwater contamination impacts at the Site 

Alternative #5b 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 No reduction in short- or long-term risks relative to baseline (existing) conditions 

Alternative #2 Same as Alternative #1 

Alternative #3a • 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 

Alternative #3b Same as Alternative #3a 

Alternative #4a Same as Alternative #3a except: 
•	 Impacts to wetland and aquatic areas are essentially eliminated by horizontal 

containment and leachate collection/treatment 

Alternative #4b Same as Alternative #4a except: 
•	 Landfill mining of the Bulky Waste Area removes a long-term source of 

ecological impacts 

Alternative #5a Same as Alternative #4a except: 
•	 Site COPC migration will be further reduced by the groundwater 

collection/depression and on-site treatment 

Alternative #5b 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 Same as Alternative #1 

Alternative #3a • 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 

Alternative #3b Same as Alternative #3a 

Alternative #4a 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 

Alternative #4b Same as Alternative #4a except: 
•	 Landfill mining of the Bulky Waste Area further mitigates exceedance of 

groundwater ARARs 

Alternative #5a Same as Alternative #4a except: 
•	 Groundwater depression/treatment system further mitigates exceedance of 

groundwater ARARs 

Alternative #5b Same as Alternative #5a except: 
•	 Landfill mining of the Bulky Waste Area further mitigates exceedance of 

groundwater ARARs 

Location-Specific ARARs 

Alternative #1 Location-specific ARARs are not affected by this alternative except for 
• Leachate will continue degrading ecological habitats 

Alternative #2 Same as Alternative #1 

Alternative #3a 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 

Alternative #3b Same as Alternative #3a 
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS 

Alternative #4a Same as Alternative #3b 

Alternative #4b Same as Alternative #4a 

Alternative #5a Same as Alternative #4b 

Alternative #5b Same as Alternative #5a 

Action-Specific ARARs 

Alternative #1 • 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 

Alternative #2 • 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 

Alternative #3a	 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 

• State and Federal ARARs for Ambient Air/Soil Gas are attained 

Alternative #3b Same as Alternative #3a 

Alternative #4a Same as Alternative #3a 

Alternative #4b Same as Alternative #3a 

Alternative #5a Same as Alternative #3a 

Alternative #5b Same as Alternative #3a 

C. LONG-TERM EFFECTIVENESS AND PERMANENCE 

Magnitude of Residual Risk 

Alternative #1 • 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 

Alternative #2 • 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 104 . Groundwater access restrictions 
reduce the potential risk from ingestion of groundwater COPCs 

• Ecological risks: same as Alternative #1 

Alternative #3a • Increased long-term effectiveness and permanence provided by controlling LFG 

•	 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 

• 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. 

• Horizontal containment (capping) reduces risks from groundwater 

• Surface water contamination and ecological risks are reduced by horizontal 
containment (capping). However, discharge of leachate and contaminated 
groundwater to surface waterbodies will continue 

Alternative #3b Same as Alternative #3a except: 
•	 Non-thermal treatment of LFG does not reduce on-site methane emissions and a 

residual safety risk of explosion remains 

Alternative #4a Same as Alternative #3a except: 
•	 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 

•	 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 

Alternative #4b Same as Alternative #4a except: 
•	 Source removal of the Bulky Waste Area further reduces groundwater and 

surface water/sediment impacts 

Alternative #5a Same as Alternative #4a except: 
•	 The groundwater depression/treatment system further reduces migration of site 

COPCs 

•	 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 

Alternative #5b 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 • 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 

Alternative #2 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 

Alternative #3a 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 

Alternative #3b 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 CO PCs, 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: 
•	 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 

Page 8 of 22 



TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS 

• Discharge of treated water 

Alternative #4b Same as Alternative #4a except: 
• Landfill Mining of the Bulky Waste Area used as a recycling process 

Alternative #5a Same as Alternative #4a except: 
•	 Groundwater collection/depression system and on-site groundwater/leachate 

treatment for the Solid Waste Area 

Alternative #5b Same as Alternative #5a except: 
• Landfill Mining of the Bulky Waste Area used as a recycling process 

Amount of Hazardous Materials Treated or Recycled 

Alternative # 1 None 

Alternative #2 • Small fraction of migrating LFG redirected through residential control 
contingency 

Alternative #3a • 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 

Alternative #3b Same Alternative #3a except: 
• 98% reduction of VOC COPCs into ambient air in the Solid Waste Area 

Alternative #4a Same as Alternative #3a except: 
• Leachate collection/treatment system will capture and treat 5 gpm of leachate 

Alternative #4b Same as Alternative #4a except: 
•	 Landfill mining: estimated recycling of over 30.000 yd3 of metal waste and over 

40,000 yd3 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) 

•	 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: 
•	 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 Same as Alternative #1 except a slight degree of irreversibility due to residential 
LFG control contingency 

Alternative #3a • 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 

Alternative #3b Same as Alternative #3a 

Alternative #4a Same as Alternative #3a except: 
• On-site leachate treatment is irreversible for quantity treated 

Alternative #4b Same as Alternative #4a except: 
• Landfill mining is irreversible for quantity removed 

Alternative #5a Same as Alternative #4a except: 
• On-site groundwater treatment is irreversible for quantity treated 

Alternative #5a Same as Alternatives #5a and #4b 

Type and Quantity of Residuals 

Alternative #1 Not Applicable 

Alternative #2 No Residuals 

Alternative #3a • Landfill gas condensate is expected to be generated at a rate of 125 gal/106 ft3 

extracted gas 

•	 Non-thermal by-products: trace nitrogen and sulfur oxides, carbon monoxide, 
hydrogen peroxide, and potentially dioxins 

Alternative #3b • Non-thermal by-products: methane, carbon dioxide, HC1 and chlorine gas, 
undestroyed/partially destroyed odor-causing compounds 

Alternative #4a 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 

•	 Leachate treatment system: Metals sludge filter cake and undestroyed VOCs in 
off-gas of UV/chemical oxidation. Sludge rate is expected to be 2 ft3 day 

Alternative #4b Same as Alternative #4a except: 
• Landfill Mining: reusable soil and non-recyclable wastes 

Alternative #5a Same as Alternative #4a except: 
•	 Larger on-site treatment plant and soil residuals from collection systems 

• Sludge generation rate is expected to be 9 ft3 day 

Alternative #5b Same as Alternatives #5a and #4b 

E. SHORT-TERM EFFECTIVENESS 

Community and Worker Protection 

Alternative #1 • No increase in short-term human health risks 

Alternative #2 • Nominal increases in short-term human health risks to workers during fence 
installation and residential LFG control contingency 

Alternative #3a 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) 

Alternative #3b Same as Alternative #3a 

Alternative #4a Same as Alternative #3a except: 
•	 Additional invasive construction activities for during installation of the leachate 

collection system 

Alternative #4b 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 

•	 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: 
•	 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: 
•	 Larger area affected by construction of groundwater depression/collection 

system 

•	 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 • Groundwater - Natural attenuation of source areas; likely to be as long as FS 
default duration of 30 years 

•	 Surface Soil - No natural attenuation 

•	 Surface Water/Sediment - Same as groundwater 

•	 Ambient Air - Natural attenuation - 5 to 15 years, depending on LFG generation 

• Soil Gas - Same as ambient air 

Alternative #2 • Groundwater - Within 1 year of remedy implementation 

•	 Surface Soil - Same as Alternative #1 

•	 Surface Water/Sediment - Same as Alternative #1 

•	 .Ambient Air - Same as Alternative #1 

• Soil Gas - Within 1 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 

• Surface Water/Sediment - Same as groundwater 

• Ambient Air - Within 1 to 2 years of remedy implementation 

• Soil Gas - Same as ambient air 

Alternative #3b • 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 

Alternative #4a • 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 

Alternative #4b • 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 

Alternative #5a • 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 

•	 Ambient Air - Same as Alternative #3a 

• Soil Gas - Same as ambient air 

Alternative #5b • 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 • 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 

Alternative #2 • 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 

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. 

Alternative #3a	 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. 

Alternative #3b • 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. 

Alternative #4a	 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 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS 

•	 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 

•	 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 

•	 Monitoring: Same as Alternative #4a 

Alternative #5b • 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 • No regulatory approvals or permits required. Coordination with state and local 
authorities required for monitoring 

Alternative #2 • 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 

Alternative #3a • 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 

Alternative #3b • Groundwater/leachate - Same as Alternative #3a 

•	 LFG - Same as Alternative #3a except for coordination required for 
photocatylitic oxidation system design and operation 

Alternative #4a • 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 

• LFG - Same as Alternative #3a 

Alternative #4b • Groundwater/leachate - Same as Alternative #4a except for additional State 
approval and coordination on landfill mining 

• LFG - Same as Alternative #3a 

Alternative	 #5a • 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 

Alternative #5b • Groundwater/Leachate - Same as Alternatives #5a and #4b 

• LFG - Same as Alternative #3a 

Availability of Services and Materials 

Alternative #1 • Groundwater/leachate - Consultants and firms are available to conduct 
monitoring 

• LFG - Consultants and firms are available to conduct monitoring 

Alternative #2 •	 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 

Alternative #3a • 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 

Alternative #3b •	 Groundwater/Leachate - Same as Alternative #3a 
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TABLE 5-1 (Continued). NINE-POINT SUMMARY OF COMPARATIVE ANALYSIS 

LFG - Same as Alternative #3a except that fabrication of photocatylitic oxidation 
system requires significant lead time and may be limited to specific, specialty 
contractors 

Alternative #4a • 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 

Alternative #4b • 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 

Alternative #5a • Groundwater/leachate - Same as Alternative #4a 

LFG - Same as Alternative #3a 

Alternative #5b • 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 Capital: $110,000 Annual: $3,460,000 Total: $3,570,000 

Alternative #2 Capital: $360,000 Annual: $3,480,000 Total: $3,840,000 

Alternative #3a Capital: $6,420,000 Annual: $7,000,000 Total: $13,420,000 

Alternative #3b Capital: $6,560,000 Annual: $6,630,000 Total: $13,190,000 

Alternative #4a Capital: $7,240,000 Annual: $8,830,000 Total: $16,070,000 

Alternative #4b Capital: $9,820,000 Annual: $7,100,000 Total: $16,920,000 

Alternative #5a Capital: $8,430,000 Annual: $11,810,000 Total: $20,240,000 

Alternative #5b Capital: $11,010,000 Annual: $11,810,000 Total: $22,820,000 

H & I. STATE AND COMMUNITY ACCEPTANCE 

All Alternatives Comments from the State, Town and citizens of the community regarding this 
alternative will be addressed after the public comment period 
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TABLE 5-2. COST SENSITIVITY ANALYSI S SUMMARY
 

TOTAL ALTERNATIV E COSTS (in $l,000's) 
V A R I A B L  E 

ALT # 1 2 3a 3b 4a 4b 5a 5b 

Discoun t Rul e 5% 4,51 7 4,798 14,939 14,643 18,10 1 18,437 23,133 25,713 
7% 3,568 3,845 13,425 13,187 16,064 16,922 20,239 22,819 
9% 2,900 3,175 12,303 1 2 , 1 1  1 14,577 15,798 18,154 20,734 

Total -30% 3,534 3,736 1 1 ,499 11,220 13,893 13,977 17,711 19,517 
Capital Cost 0% 3,568 3,845 13,425 13,187 16,064 16,922 20,239 22,819 

+50% 3,623 4,027 16,635 16,464 19,682 21,830 24,451 28,322 
Total -30% 2,531 2,801 11,324 11,197 13,415 14,790 16,695 19,275 
Annua  l Cost 0% 3,568 3,845 13,425 13,187 16,064 16,922 20,239 22,819 

+50% 5,296 5,587 16,928 16,502 20,478 20,474 26,145 28,725 
Contingency 15% 3,419 3,685 12,866 12,637 15,395 16,216 19,395 21,868 

20% 3,568 3,845 13,425 13,187 16,064 16,922 20,239 22,819 
25% 3,716 4,006 13,985 13,736 16,733 17,627 21,082 23,770 

LFG Operation 5 years 3,262 3,273 4,799 4,650 6,622 4,899 9,607 9,607 
10 years 3,369 3,388 6,007 5,735 7,830 6,107 10,815 10,815 
15 years 3,568 3,845 13,425 13,187 16,064 16,922 20,239 22,819 
Low 2,531 2,801 4,799 4,650 6,622 4,899 9,607 9,607 

Overall Baseline 3,568 3,845 13,425 13,187 16,064 16,922 20,239 22,819 
Hig h 5,296 5,587 16,928 16,502 20,478 21,830 26,145 28,725 

Notes: 

Boldface indicates base case conditions for the alternative 
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TECHNOLOGY SCREENING OPTIONS TECHNICAL MEMORANDUM
 
June 1997
 

1.0 INTRODUCTION 

Metcalf & Eddy received Work Assignment No. 007-RICO-01A5 under EPA's Response Action 
Contract (RAC) to provide technical assistance in finalizing the Feasibility Study (FS) for the 
Rose Hill Regional Superfund Site in South Kingstown, Rhode Island. The first technical task 
of this work assignment has been undertaken in response to EPA's Statement of Work (SOW) 
dated February 10, 1997, and involved research (i.e. literature reviews and vendor contacts) and 
evaluation of three innovative technologies for their potential inclusion as part of one or more 
remedial alternatives in the Final FS report. The results of that research are reported in this 
technical memorandum. 

1.1 Project Background 

The site history and M&E's previous activities at the Site under the EPA Alternate Remedial 
Contracting Strategy (ARCS) contract are briefly summarized in this section. In May, 1994 
M&E completed the Remedial Investigation (RI) for the Site and submitted the Final RI report 
(M&E, 1994). In October 1996, M&E submitted the Draft Final FS report (M&E, 1996b), 
which updated the previous Draft FS report (M&E, 1993) based on direction and comments 
from EPA and the Rhode Island Department of Environmental Protection (RIDEM). During the 
comment period for the Draft Final FS report, RIDEM submitted comments requesting EPA to 
have three additional innovative technologies evaluated as part of the remedy selection process: 
photocatalytic oxidation and biofiltration for treatment of landfill gases collected from the Solid 
Waste Area, and landfill mining (source removal) for remediation of the Bulky Waste Area. As 
a result, M&E has conducted focused research on the technologies as described in Sections 2.0, 
3.0, 4.0, and 5.0 of this memorandum. 

The following sections briefly summarize site conditions and site history. The information is 
taken primarily from the Draft Final FS report (M&E, 1996b). A more comprehensive 
discussion of the site history, including previous studies and reports, and site characteristics can 
be found in the Final RI report (M&E, 1994) and the Draft Final FS report (M&E, 1996b). 

1.2 Site Description and History 

The Rose Hill Regional Landfill is located within the town of South Kingstown, Rhode Island, 
in the village of Peace Dale (Figure 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. 
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The Site includes an abandoned sand and gravel quarry that encompasses approximately 70 
acres. As shown in Figure 2, 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, south of the Bulky Waste 
Area. 

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. 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 annually. 
For approximately 16 years, it received domestic and industrial wastes from residents and 
industries in South Kingstown and Narragansett. 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 October 1983, the landfill reached 
its state-permitted maximum capacity and active landfilling operations were ceased. During that 
year, a transfer station for municipal refuse was located south of the Bulky Waste Area. The 
transfer station is currently active. For the past 50 years, the landfill owner has conducted 
organized small game hunts involving birds and dogs at the Site. 

1.3 Site Characteristics 

Several geologic features that impact the movement of groundwater across the Site have been 
identified. The behavior of groundwater in the bedrock has been 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. The overburden groundwater flow is predominately to the south-southeast, and 
mounding of groundwater in the northwest corner of the Solid Waste Area is evident. 
Groundwater interactions between the Site and the Saugatucket River and Mitchell Brook are 
also evident. Weathered and fractured bedrock south and west of the Solid Waste Area appears 
to facilitate interconnection of the overburden and bedrock flow systems. 

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. 
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Organic compounds, primarily chlorinated and aromatic volatiles and ketones, and elevated metal 
concentrations have been detected across the Site in the media evaluated: surface and subsurface 
soil, groundwater, surface water, sediment, and soil gas. Refuse and landfill gas from the 
disposal areas, primarily the Solid Waste Area, were found to be the principal source 
contaminants in the different media. Elevated iron concentrations were found near leachate 
seeps, and elevated lead was found throughout the Site. The contaminants responsible for the 
majority of the human health and ecological risk at the Site include 1,2-dichloroethene, vinyl 
chloride, acrylamide, aluminum, antimony, arsenic, beryllium, cadmium, copper, lead, 
manganese, and zinc. 

1.4 Project Objective 

During the comment period for the Draft Final FS report (M&E, 1996b), RIDEM submitted 
comments requesting EPA to evaluate three additional innovative technologies as part of the 
remedy selection process: photocatalytic oxidation and biofiltration for treatment of landfill 
gases in the Solid Waste Area, and landfill mining (source removal) for the Bulky Waste Area. 
The objective of this task is to conduct focused research and preliminary evaluation of the three 
innovative technologies as they may be directly applicable to the Site. The technical approach 
to conducting this work consisted of: 1) gathering data to support the findings, including but 
not limited to vendor contacts, technical descriptions, cost estimates, and useful performance 
data as may be available, and 2) presenting these findings in a technical memorandum for EPA 
and RIDEM use for consideration of these technologies for potential further development and/or 
inclusion in one or more remedial alternatives presented in a future FS. The goal of this work 
was to broaden the technology information base so as to support the selection of an approach for 
site remediation and then to use this data to develop a well-supported ROD. Landfill mining for 
the Bulky Waste Area was previously reviewed in a technical brief prepared by M&E (M&E, 
1996b). This memorandum investigates the technology further based on more recent 
information. Reviews of photocatalytic oxidation, biofiltration, and landfill mining are presented 
in Sections 2.0, 3.0, and 5.0, respectively. Section 4.0 includes a brief discussion of a fourth 
approach to reducing projected operation and maintenance (O&M) costs for treatment of landfill 
gas ~ an alternative flare design to that included in the Draft Final FS report. Section 6.0 
presents recommendations as to which technologies should be incorporated into the Final FS 
report. References and supporting calculations and documentation are included in Section 7.0 
and the attachments, respectively. 

2.0 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. Since the application of this technology at the Rose Hill Site is for treatment of 
landfill gas, this discussion is confined to applications of the technology to gaseous streams. 
Several variations of the technology for treatment of contaminated ah- streams have been 
demonstrated as part of EPA's SITE (Superfund Innovative Technology Evaluation) Program 
(U.S. EPA, 1994). 



2.1 General Process Description 

In general terms, the contaminated air stream is fed into a reactor containing a solid catalyst 
material that is illuminated by UV light. Organic contaminants in the air 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 (»C1), 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 et al., 
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 et al., 1995). In a variation of the 
technology developed by Process Technologies, Inc., 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). 

2.2 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 volatile organic compounds 
(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 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., 
1996a 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 concern at the Rose Hill 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 screened with respect to its ability 
to destroy VOCs of concern, in particular vinyl chloride. To provide complete treatment of 



landfill gas, photocatalytic oxidation will need to be coupled with a system for 
destruction/removal of methane (e.g., a flare or other thermal destruction technology) (RIDEM, 
1996). 

Specific Technology Descriptions. Two technologies, 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 technology 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 and flow diagram are presented. 

Photocatalytic Systems. The Matrix Photocatalytic system and the KSE AIR-II system 
are illustrated jointly in Figure 3. A system for collection of both perimeter and internal 
landfill gas is installed, and the combined gas streams are collected and drawn into the 
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 (TiO2) 
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 concern 
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 TiO2 catalyst, resulting in lower capital and operating costs. 

The oxidation of the halogenated organic compounds present in the landfill gas, such as 
vinyl chloride, will result in the production of hydrogen chloride (HC1) and chlorine gas 
(C12). According to KSE, Inc., for their system a gas stream containing 150 ppmv of 
vinyl chloride would typically yield 70 ppmv of chlorine gas and 10 ppmv of hydrogen 
chloride. The exhaust from the photocatalytic reactor would be treated by scrubbing with 
caustic to remove these gases. Removal of these gases is necessary to protect 
downstream equipment from corrosion. 
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Finally, it may be necessary to remove and/or destroy methane remaining in the gas 
before discharge to the atmosphere. Methane will pass essentially unchanged through 
the photocatalytic reactor and the caustic scrubber. A methane destruction/removal 
system is therefore included after the caustic scrubber. The specific system to be used 
would need to be defined during detailed evaluation of the photocatalytic oxidation 
alternative, should it be retained for further analysis. 

Photolytic System. The photolytic system of PTI, Inc. is illustrated schematically in 
Figure 4. 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 more one of reaction mechanism and semantics rather than a significant 
process difference. 

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 sent to a system for the removal/destruction of methane, since methane is not 
adsorbed in the adsorber/concentrator. The concentrated gas stream containing desorbed 
organic contaminants (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 off site. 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. 

2.3	 Applicability of Photocatalytic or Photolytic Oxidation Processes to Rose Hill 
Regional Landfill 

Presented below is a discussion of the technology's effectiveness, implementability and 
associated costs as they apply to the Site. 
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Effectiveness. Photocatalytic or photolytic oxidation processes are effective for the destruction 
of organic contaminants of concern, particularly vinyl chloride, in gas streams generated from 
air strippers, soil vapor extraction systems, and industrial process vents. The processes have 
not been demonstrated on landfill gas, however. A demonstration test at the Site would be 
needed to develop specific design parameters and identify any potential problems unique to 
treatment of landfill gas. The processes have not been developed for the destruction of methane. 
The stability of the methane molecule, and the absence of a double bond or halogen atoms, 
makes it a difficult candidate for ambient-temperature oxidation methods that are dependent upon 
free radical attack. One developer (KSE, Inc.) is building a prototype for NASA that is intended 
to destroy methane, but data are not yet available to determine whether it will be effective. An 
effective alternative that includes photocatalytic or photolytic oxidation will also need to include 
a separate system for the destruction/removal of methane, if it is determined that methane 
destruction/removal is necessary to attain ARARs (RIDEM, 1996). This determination will be 
made when this alternative is further evaluated as part of the FS. 

Implementability. A number of suppliers are available to provide a system that will destroy 
vinyl chloride and other contaminants of concern in the landfill gas. Since the suppliers do not 
have previous experience with treating landfill gas, there may be implementation problems that 
are not readily apparent now that may be revealed during demonstration testing. If a methane 
destruction/removal system is not included, for safety reasons the discharge from the 
photocatalytic system will need to be diluted with excess air to reduce the methane concentration 
in the discharge to less than 25% of the Lower Explosive Limit. The photocatalytic oxidation 
system itself will need to be explosion proof. 

Cost. Order-of-magnitude cost estimates for treatment of landfill gas at the Site were obtained 
from three developers. The gas flow rates and compositions upon which the estimates were 
based, correspondence with the developers, and a summary of their estimates are provided in 
Attachment A. The costs include capital and operating costs for the oxidation systems only. 
Costs for other system components, such as the methane destruction/removal system and the 
caustic scrubber, are not included. Costs for the perimeter and internal landfill gas collection 
systems are also not included. 

The capital cost estimates ranged from $75,000 to $350,000 and the operation and maintenance 
costs ranged from $10,800 to $54,000 per year. These are order-of-magnitude costs that are 
subject to a large degree of uncertainty, particularly because none of the systems have been 
tested on landfill gas to date. Demonstration testing would be needed to obtain actual costs. 
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3.0 BIOFILTRATION 

Biofiltration is an innovative treatment technology that utilizes microorganisms to remove and 
destroy organic contaminants in gaseous or aqueous streams. Since the application of this 
technology at the Rose Hill Site is for treatment of perimeter and internal landfill gas, this 
discussion is confined to applications of the technology to gaseous streams. 

3.1 General Process Description 

Biofiltration is a simple biological process in which naturally-occurring microorganisms, 
including bacteria, fungi and actinomycetes, are used to oxidize VOCs into carbon dioxide, 
water and salts by harnessing the metabolic ability of the microbes to biodegrade these 
compounds. This can be accomplished by controlling the living conditions (i.e., oxygen supply, 
humidity, temperature range, and pH) of the microorganisms. 

Biofiltration typically occurs in a biofilter (Figure 5) which consists of a packed bed in which 
microorganisms grow. The microorganisms are immobilized within biofilms attached to the 
packing material. The gases to be treated (perimeter and internal landfill gases) are collected, 
humidified if necessary, and forced to rise through the packed bed, where they come into contact 
with the biofilm on the packing material and with biomass particles trapped in the void spaces 
within the packing material. The packing material used in the biofilter may consist of soil, 
compost, peat, or heather, which may be supplemented with bark, wood chips or synthetic 
materials such as polystyrene to provide bulking and structural stability (Corsi and Seed, 1995; 
Vembu and Walker, 1995). 

Adsorption and oxidation of the VOCs present in the influent landfill gas occur simultaneously 
within the biofilter. Upon contact with the microorganisms, the organic contaminants are 
absorbed and biodegraded by the microbes which use the VOCs for food (substrate). Adsorption 
by the packing material also occurs in those areas of the filter which are not yet covered by the 
biofilm. This sorbed substrate is continually oxidized by the microbes as their biomass 
increases. Some contaminants which are not easily biodegraded may be captured by adsorption 
within the filter bed or may be released unchanged with the gas exiting the biofilter. 

3.2 Technology Applications 

Biofiltration has been used and is being used at many industrial facilities in Europe, and has 
more recently come into use in the United States. The most common applications within the 
United States have been at wastewater treatment plants for the removal of odors and hydrogen 
sulfide, and at industrial facilities to reduce/remove VOCs and odors from process gas streams. 
Review of available literature and conversations with biofilter vendors did not indicate that much 
work has been done using biofiltration to remove chlorinated compounds from gas streams, 
especially compounds which contain more than two chlorine atoms. 
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Biofiltration has been used more widely to treat streams containing alcohols, aldehydes, ketones, 
carboxylic acids and esters, furans, organic sulfides and polysulfides, styrene, BTEX, hydrogen 
sulfide, mercaptans, and basic nitrogen compounds (Werner et al., 1986). Biofiltration has also 
been more effective in applications with low-concentration, quick-degrading contaminants. 

Industries noted by vendors as making use of the technology to control odors and organic 
contaminants in process gas streams include the petroleum industry, chemical processing, wood 
and paper processing, printing, flavor and fragrance manufacturing, and corn processing. Other 
applications include tank filling operations and treatment of off-gases from sewage treatment and 
soil vapor extraction remediation systems. Compounds reportedly treated in these applications 
include alcohols, BTEX, ketones, hydrogen sulfide, carbon disulfide, organic acids, mercaptans, 
phenols, and other VOCs. 

Experience with the treatment of halogenated VOCs using biofiltration is more limited. One 
author reported that "at high raw gas concentrations, less than 40% removal is achieved for 
halogenated compounds" (Werner et al., 1986). Webster et al. (1996) reported on bench- and 
pilot-scale studies of biofiltration for treatment of off-gases from the headworks of a publicly 
owned treatment works. Different packing materials and retention times were tested. Removal 
efficiencies ranged from 53 to 98% for aromatic compounds, 43 to 96% for aldehydes and 
ketones, and 0 to 98% for chlorinated compounds. Generally, the more soluble chlorinated 
compounds were removed more effectively. Removal efficiencies for vinyl chloride ranged from 
0 to 56%. 

3.3 Applicability of Biofiltration to Rose Hill Regional Landfill 

Although biofiltration is a proven technology for use in certain applications, the anticipated 
landfill gas waste stream at the Rose Hill Site contains specific contaminants which are not 
readily removed by existing biofiltration systems. Based upon review of available literature and 
conversations with biofiltration vendors (Matrix Environmental Technologies, 1997; Biodigester 
Technologies, 1997; PPC Biofilter, 1997; RETEC, 1997; MonsantoEnviro-Chem Systems, Inc., 
1997), the applicability of biofiltration to the landfill gas waste stream is presented below. 

Effectiveness. Volatile organic contaminants that have been detected in the landfill gas can be 
categorized as follows: aromatic compounds (benzene, toluene, ethylbenzene, xylenes, 
trimethylbenzenes), ketones (4-methyl-2-pentanone, acetone), sulfur compounds (carbon 
disulfide), and halogenated organics (e.g. vinyl chloride, trichloroethylene). Biofiltration is 
generally effective for removal of aromatic compounds, ketones, and sulfur compounds, but 
effectiveness is limited for halogenated organic compounds such as vinyl chloride. The 
literature indicates that removal efficiencies on the order of 50% are attainable for vinyl 
chloride, but a much higher removal efficiency (at least 95%) will be needed to attain the 
Preliminary Remediation Goal (PRG) for vinyl chloride. 

Due to the high concentrations of chlorinated compounds present in the landfill gas, a long 
retention time (and therefore a large biofilter) would be needed to attain even moderate 
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removal/destruction of these compounds. Vendors were also concerned that at these 
concentrations, the chlorinated compounds might be toxic to the microorganisms. Acidification 
(i.e. hydrochloric acid formation) would be expected, and since the optimal pH range for 
effective biofiltration is the neutral range (6-8 pH units), it would be necessary to constantly 
buffer the filter bed or change the media, thereby increasing O&M costs. Corrosion of the 
biofilter housing may result and scrubbing or other post treatment of the exit gas stream may 
be required. 

Existing biofiltration systems will not remove compounds such as methane. The methane 
component of the landfill gas stream is at a concentration which will most likely require 
reduction prior to discharge. Therefore, an additional treatment technology would be required 
to specifically remove or destroy methane, if such removal/destruction is determined to be 
necesssary. 

Implementability. The biofiltration technology is well developed and there are a number of 
vendors available who could supply a system and also provide pilot testing services and 
assistance with start up and O&M. However, because the technology has not been developed 
for treatment of chlorinated VOCs or landfill gas in particular, vendors expressed some 
reluctance to recommend further investigation of the technology. Out of five vendors contacted, 
two immediately stated that biofiltration would not be a good option for treatment of the landfill 
gas, and recommended that thermal treatment options be explored. All five vendors agreed that 
the composition of the gas stream is complex and may require more than a simple biofilter for 
treatment. Three of the five vendors suggested that a pilot study would be necessary to 
determine the feasibility of treating this stream using a biofilter, and expressed doubt that the 
main compounds of concern could be removed to the degree necessary to attain PRGs. Even 
if a pilot study were conducted that demonstrated sufficient effectiveness, it could still be 
difficult to obtain a performance guarantee for a biofiltration system since the technology is not 
normally applied to landfill gas treatment. 

Cost. No costs were developed, because it is recommended that the biofiltration technology be 
eliminated at the technology screening stage due to ineffectiveness for both the primary 
contaminants of concern (halogenated VOCs) and methane. 

4.0 ALTERNATIVE FLARE DESIGN 

In response to a request for review of landfill gas treatment options which could reduce projected 
operation and maintenance costs at the Site, M&E briefly discussed options with a flare vendor 
(John Zink Company, 1997). In the time that has passed since the Draft Final FS report was 
prepared, improved alternative flares have been designed to handle landfill gas systems which 
include diluted perimeter gas. According to the vendor, a system such as this would increase 
capital costs (+$20,000), but would greatly reduce the need for supplemental fuel for a system 
that is treating perimeter landfill gas, thereby reducing O&M costs by approximately $350,000 
per year. Figure 6 presents schematics of both standard and alternative flare design systems. 
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Due to the potential need for methane destruction or removal in addition to VOC removal, an 
alternative flare design appears to be a solution which would reduce landfill gas treatment O&M 
costs as well as achieve all PRGs. Further review of this technology would be required during 
the next phase of the FS. 

5.0 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 Rose Hill 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 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, so that a cap and long-term monitoring will not 
be necessary. 

5.1 General Process Description 

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 reduction of 
capping costs, potential recovery of soil, and potential recovery of recyclable materials. General 
advantages and disadvantages of landfill mining are presented in Table 1. 

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 7. 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 (i.e. ferrous metals). 

5.2 Technology Applications 

Landfill mining has been in use since 1986 in at least five states: Florida, Pennsylvania, New 
York, Connecticut, and Massachusetts. Projects are also ongoing hi Ontario, Canada and a 
project is in the permitting stage in Vermont. Representative on-going or planned projects are 
summarized in Table 2. Three representative projects (Lancaster County, PA; Collier County, 
FL; and Newbury, MA) are discussed in more detail below. 
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Table 1. General Landfill Mining Advantages and Disadvantages 

ADVANTAGES DISADVANTAGES 

Extend the life of the landfill by 
increasing the amount of available 
space through development of a lined 
landfill in the displaced area 

Reduce the closure costs by reducing 
the area of the landfill. 

Transfer of waste from unlined 
landfill to a lined landfill may reduce 
future liability. 

Reclaimed land may be converted to 
other uses such as municipal 
recreational parks. 

Mined waste could potentially be 
used as a fuel supply for waste-to­
energy plants to produce electricity. 

Recovered soil may be used as 
landfill cover material, capping soil 
or, if suitable, for off-site fill. 

Revenue may be generated from sale 
of recyclable materials such as 
ferrous and non-ferrous metals. 

Not all landfills are suitable for 
mining implementation. 

Excavation may unearth hazardous 
materials which could incur 
expensive disposal costs. 

Subsoil and groundwater 
contamination may limit the 
possibilities for land reuse or require 
remediation. 

Odors and landfill gases could be 
emitted to the atmosphere and affect 
the surrounding community. 

Presence of high water table or 
submerged refuse may negatively 
effect economics and technical 
feasibility of implementation. 

Difficult working conditions 
associated with excavating a landfill. 

Possibility of contaminant release due 
to excavation process. 
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Lancaster County, PA: Frey Farm Landfill. The Lancaster County Solid Waste Management 
Authority (the Authority) operates the Frey Farm Landfill. The description below is based on 
information provided by Herbert Flosdorf and Brooks Norris of the Authority (Lancaster County 
Solid Waste Management Authority, 1996). In 1990, the Authority constructed a resource 
recovery facility to burn waste to reduce the volume of waste entering the landfill, with the goal 
of extending the landfill's operational life. In 1991, it began mining the landfill with the goal 
of recovering waste for use as fuel in the resource recovery facility. In three years of operation, 
188,590 tons of waste were reclaimed from the landfill, making 370,000 yd3 of space available 
for reuse. 

Initially, reclaimed waste was sent directly-to the resource recovery facility, without any attempt 
to recover soil. The presence of large amounts of soil reduced the fuel value of the reclaimed 
waste. To address this issue, the Authority purchased a trommel to separate soil from the waste. 
In addition to increasing the fuel value of the waste, removal of soil allows for its reuse as 
cover. 

Odor and air emissions at the landfill are negative aspects of the project, but the Authority 
believes these aspects are outweighed by the benefits of reclaimed landfill space, additional 
energy production in the resource recovery facility, and recovery of cover soil and ferrous 
metals. Average costs for excavating, sorting, and trommeling the waste were $2.63 per cubic 
yard during the period January 1992 - December 1993. The cost for transportation of waste 
to the resource recovery facility was $2 per cubic yard. The average weekly excavation volume 
for the period was 2,478 yd3 (1,476 tons). Reclaimed soil represented approximately 73% of 
the total mass of waste excavated and processed. The Authority assigned a value of $2 per ton 
to the reclaimed soil. 

Collier County, FL: Naples Landfill. This project is the longest on-going landfill mining 
operation in the United States. Ten acres of the landfill have been mined since 1986. The 
primary purpose of the project is to recover and reuse the soil as daily cover for an adjacent, 
lined landfill cell. The cost of producing the soil from the mined waste is estimated at 
approximately $2 per ton. Ferrous material was also initially recovered and sold as scrap, but 
this was discontinued due to the low market value of the material (Dickinson, 1995). 

In 1992, EPA sponsored a two-week demonstration project as part of the county's mining 
program. During the demonstration, approximately 60% of the recovered material by weight 
was soil. Ferrous material and plastics were also recovered but these materials were not pure 
enough to render them marketable, in comparison to the purity of materials available from 
source-separation programs (Dickinson, 1995). 

Newbury, MA Town Landfill. The town of Newbury has been mining its old, 12-acre unlined 
landfill since 1993. The objective is to install a composite liner in the landfill and use it for 
long-term disposal of town waste (MADEP, 1995). Reclaimed soil is sent to an adjacent town 
(Salisbury) at this tune. The reduction in waste volume that is being attained is on the order of 
65 to 70% (Pearson, 1997). No hazardous materials have been encountered during mining 
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activities (Newbury Department of Health, 1997). Tires and metal are recycled offsite. The 
landfill waste is reported to be 50-60% wood based on test pit observations (MADEP, 1997). 

According to program cost estimates prepared by Port Engineering for the Town of Newbury 
and submitted to MADEP (Port Engineering, 1996), landfill mining is planned to occur through 
fiscal year 1999, when the lined landfill construction is also anticipated to be completed. The 
estimated cost for the landfill mining component of the work (mining, tire removal, construction 
of haul roads and fencing, supervision/monitoring, and engineering design) was $2.98 million, 
and estimated costs for mining (excavation and sorting only) ranged from $8 per cubic yard to 
$10 per cubic yard, depending on the phase of the project. The projected rate of mining was 
1,200 cubic yards per day for 250 days, for a total of 300,000 cubic yards between 1997 and 
1999 (Port Engineering, 1996). Three acres of the 12-acre landfill have been mined since 1993 
(MADEP, 1997). 

5.3 Pilot Study/Feasibility Analysis 

The conditions at any given landfill dictate the feasibility of successfully implementing landfill 
mining. Since every landfill may not be a potential candidate for landfill mining, some 
information must be gathered initially and used to determine the applicability of the technology 
to each particular site. This initial data gathering and analysis is performed in the pilot 
study/feasibility phase. 

The pilot study information gathering consists of historical reviews and on-site investigative 
operations. Historical reviews would include such activities as reviewing landfill daily logs and 
evaluating available aerial photographs taken over the lifespan of the landfill. The on-site 
investigation would involve digging test pits and/or drilling borings hi the landfill to characterize 
the waste and sample the soil. The use of test pits or drilling would depend on the depth of the 
waste layer in the landfill. The number of test pits or boreholes would depend on the size of 
the landfill and the degree of confidence that would be required to characterize the landfill. 
Four test pits per acre were performed at the Newbury, MA landfill (Newbury Department of 
Health, 1997). 

The information obtained from these activities includes: 1) the types and quantities of wastes 
in the landfill; 2) the locations and concentrations of various wastes; 3) the condition of the 
waste; 4) the depth of waste in all parts of the landfill; 5) the depth to ground water; and 6) the 
possibility of hazardous waste existing in the landfill. 

This information would then be evaluated to determine if landfill mining is feasible. Some of 
the conditions that would present a significant obstacle to the success of landfill mining include 
the presence of wastes below the groundwater table, the presence of hazardous waste, and the 
possibility of releasing large amounts of landfill gases and objectionable odors. 

Associated activities for the pilot study would include the preparation of a site-specific health 
and safety plan, an air monitoring plan, an operational plan, and a hazardous materials 
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management plan in case hazardous materials or conditions are found. 

An economic evaluation is also performed to determine the feasibility of the technology. The 
cost of the project is most likely to be the major decision making criterion for the 
implementation of the process. A cost/benefit analysis would compare the projected costs for 
capping or closing a landfill without mining; with the costs associated with landfill mining and 
re-disposing of non-recyclable wastes, the anticipated savings from reducing the size of or 
eliminating the need for a cap, and the anticipated revenue from recyclable materials. For 
existing, active landfills, the potential value of reclaimed landfill space is also a factor. 

5.4 Applicability of Landfill Mining to Rose Hill Regional Landfill 

Landfill mining is being considered for the Bulky Waste Area at the Rose Hill Site. This 7-acre 
disposal area contains an estimated 114,000 yd3 of material and is located east of the Solid Waste 
Area and southwest of the Sewage Sludge Area approximately 200 feet east of Mitchell Brook 
and 250 feet west of the Saugatucket River (Figure 2). This landfill was in operation from 1978 
to 1983. Solid waste was also reportedly disposed of in the Bulky Waste Area during this period 
between closure of the Solid Waste Area .and construction of the transfer station. Currently 
some vegetation, primarily grasses overlying natural fill materials, provide cover for this area 
(M&E, 1994). 

A landfill cap is required for the Bulky Waste Area if the waste is to be left in place. 
Alternatively, landfill mining could be used to extract the waste 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 as part of a separate source control action. If hazardous wastes 
are encountered, they would need to 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 above, 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. Also, in the Draft 
Final FS report it was stated that a localized investigation of the Bulky Waste Area may be 
warranted due to a single surface soil sample which had a high manganese concentration. This 
area should be further sampled during the pilot study. 

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. The town of South Kingstown is currently using Metals Recycling in 
Johnston, RI to recycle scrap metal (South Kingstown transfer station staff, 1997). Metals 
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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). A preliminary estimate of the 
quantity of recyclable metal waste in the Bulky Waste Area is 37,500 yd3 , which is 33% of the 
estimated total waste volume of 114,000 yd3 (M&E, 1996a). It is further estimated that 40% 
of the 114,000 yd3 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. It is assumed that the volume 
of hazardous waste encountered will be minimal. 

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, the 
groundwater flow model that was used to simulate FS alternatives 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. A possible location for reinjection may be between the 
downgradient edge of the Bulky Waste Area and the Saugatucket River. The groundwater flow 
model is discretized with sufficient detail to also evaluate the location and impact of reinjection 
wells. 

Assuming that dewatering is necessary to conduct the landfill mining operation, 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 shows that the injection will be 
designed, constructed and operated so as to prevent pollution or endangerment of groundwater 
quality in Rhode Island. 

According to a letter from Mark Dennen, RIDEM (12/19/96), the groundwater underlying the 
Rose Hill area should be considered a medium-use aquifer, or classification GA. If the 
groundwater is shown to be clean, 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 
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above regulatory objectives. RIDEM Rules and Regulations for the Investigation and 
Remediation of Hazardous Material Releases (Remediation Regulations) identify GA 
groundwater objectives. A comparison of these objectives to data for the Bulky Waste Area 
(M&E, 1996a) is presented in Table 3. 

Table 3. Comparison of RIDEM GA Groundwater Objectives 
to Data for the Bulky Waste Area 

Analyte Objective Average Concentration in Maximum Concentration in 
(mg/1) Bulky Waste Area (mg/1) Bulky Waste Area (mg/1) 

Antimony 0.006 ND ND 

Barium 2 0.51 2.12 

Beryllium 0.004 0.002 0.009 

Cadmium 0.005 0.002 0.005 

Chromium 0.1 ND ND 
(total) 

Lead 0.015 0.037 0.174 

Mercury 0.002 0.00011 0.00020 

Nickel 0.1 0.005 0.014 

Selenium 0.05 NA NA 

Thallium 0.002 NA NA 

Cyanide 0.2 NA NA 
Notes: ND - Not Detected 

NA - Not Analyzed or Not Available 

For the order-of-magnitude estimate of the landfill mining alternative, a cost of $50,000 has been 
assigned for wells and associated piping, assuming three dewatering wells and two to three 
injection wells. A cost of $375,000 has been assigned for treatment of dewatering water, that 
is comprised of a $350,000 capital cost for a five gallon per minute metals precipitation system 
and a $25,000 O&M cost to operate the system for no more than one year. This was included 
because the available data indicate that the average concentration of lead in groundwater at the 
Bulky Waste Area will be above the RIDEM GA groundwater objective. 

Likelihood of Encountering Hazardous Waste. The likelihood of encountering hazardous 
waste during landfill mining is judged to be low to moderate. As noted above, for estimating 
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purposes it is assumed that 30,900 yd3 of waste will be non-recyclable and that this waste will 
be re-disposed at the Solid Waste Area, which is to be capped with a RCRA Subtitle C cap 
under a separate source control action. An allowance of $10,000 is included in the order-of­
magnitude cost estimate to account for the potential need to drum and dispose of a limited 
amount of hazardous waste at an off-site RCRA TSDF. A further allowance of $37,000 is 
included for employee training, personal protective equipment, continuous monitoring 
equipment, and decontamination facilities and supplies in the event that hazardous waste is 
encountered. 

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 
the waste and re-disposing of it at the Solid Waste Area or off site. 

Likelihood of Waste Below the Water Table. The issue of whether waste is present below the 
water table is a significant factor in determining the feasibility of mining the Bulky Waste Area. 
Dewatering costs and costs for treatment of the water before discharge or reinjection may be 
substantial if waste is present below the water table. Pilot study data are needed to address this 
concern. For the purpose of this order-of-magnitude cost estimate, it is assumed that some 
dewatering will be needed and the water will need to be treated before reinjection, but the extent 
of the dewatering will be minimal. 

5.5 Effectiveness 

The landfill mining alternative should be effective in the long term for remediation of the Bulky 
Waste Area, when coupled with relocation of non-recyclable wastes to the Solid Waste Area and 
capping of the latter area with a RCRA Subtitle C cap. Any hazardous wastes that are 
encountered would be disposed off site at a RCRA TSDF. Wastes would be completely removed 
from the Bulky Waste Area; hence eliminating continuing sources of groundwater and surface 
water contamination in this area. Monitoring would be needed for a tune after mining activities 
are completed, to confirm that source removal was attained. 

There are potential short-term risks to workers and nearby residents that would exist during the 
landfill mining phase of the alternative. Safety issues associated with landfill mining may 
include the following: 

• Oxygen depletion in the work zone (landfill gas is expected to be anaerobic) 
• Ignition of landfill gas (methane expected) 
• Collapse of excavation sidewalls (waste materials may be unstable) 
• Crushing from heavy equipment or bulky items 
• Laceration or puncture from metal or glass waste materials 
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• Heat and cold stress to equipment operators 

Health issues associated with landfill mining may include the following: 

• Worker exposure to odors from the landfill 
• Increased odors in the neighborhood of the landfill 
• Worker exposure to VOCs from the landfill 
• Increased exposure to VOCs in the neighborhood of the landfill 
• Worker exposure to dust generated during excavation, screening, and backfill 
• Skin contact with hazardous liquids and leachate 
• Attraction of vermin able to access exhumed/uncovered garbage 

If it is determined that there are no hazardous substances in the soil and groundwater 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. 

Potential short-term and long-term ecological risks of landfill mining must also be considered 
when evaluating its effectiveness. 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 from landfill operations on these aquatic resources. If erosion/dust 
suppression controls are not implemented, sedimentation could 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 discourage wildlife from nesting near the landfill. 

Mitigation measures would need to be developed to address potential safety concerns, short-term 
human health risks, and ecological risks if the landfill mining alternative is implemented. 

5.6 Implementability 

Contractors are available in New England with experience in landfill mining technology. There 
is a metal recycling facility near the Site that would accept scrap metal, provided it is cleaned 
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sufficiently to remove dirt and other waste debris and any chlorofluorocarbons or capacitors are 
removed. A pilot study is needed to determine whether there is material within the Bulky 
Waste Area that can be made acceptable for recycling in a cost-effective manner. If substantial 
cleaning is required, recycling may not provide a net cost benefit over re-landfilling the material 
at the Solid Waste Area or leaving the material in place and capping it. Similarly, the results 
of the pilot study are needed to evaluate whether recovered soil would be suitable for use as 
backfill. 

Management of water generated during dewatering activities by treatment (as necessary) and 
reinjection should be implementable, if RIDEM concurs with the landfill mining alternative. 
RIDEM would determine the acceptability of reinjection and the need for treatment according 
to the Rhode Island Underground Injection Control Program rules. 

5.7 Cost 

The cost of this alternative is highly dependent on a number of factors, including: the quantity 
of recyclables and reusable soil present, whether it will be possible to eliminate the need for a 
cap, whether or not hazardous waste is present, and the depth of the waste and the water table. 
An order-of-magnitude estimate has been derived that is based on a set of assumptions and 
utilizes cost estimates for the Newbury, MA landfill (Port Engineering, 1996), previous 
estimates included in the Draft Final FS report (M&E, 1996a), and a price for scrap metal 
obtained from Metals Recycling (Metals Recycling, 1997). The major assumptions on which 
the cost estimate is based are as follows: 

Volumes of Waste in the Bulky Waste Area 

Total waste volume: 114,000 cubic yards 
Recyclable scrap metal volume: 37,500 cubic yards 
Reusable soil volume: 45,600 cubic yards 
Non-recyclable waste volume: 30,900 cubic yards 

Fate of Mined Wastes 

Recyclable scrap metal: Transport to Metals Recycling, Johnston, RI; 
scrap metal is cleaned and capacitors and chlorofluorocarbons are removed 
onsite. 

Reusable soil: Use as backfill to restore Bulky Waste Area when mining 
is complete 

Non-recyclable waste: Place in Solid Waste Area under RCRA Subtitle 
C cap; it is assumed that this will increase the previously estimated cost 
for the Solid Waste Area cap, as presented in the Draft FS, by 
approximately 10% ($240,000). Note: Based on recent EPA comments 
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on the Draft Final FS report, a Subtitle C cap will be required for the 
Solid Waste Area. For this reason this technical memorandum has 
assumed a Subtitle C cap. 

Hazardous waste: A limited amount of hazardous waste will be 
encountered; an allowance of $10,000 is included for off-site disposal of 
hazardous waste at a RCRA TSDF. 

Other Assumptions 

A minimal amount of waste is present below the water table; an allowance 
of $50,000 is included for dewatering and reinjection. 

An allowance of $375,000 ($350,000 capital plus $25,000 for one year of 
operation) is included for treatment of water to meet RIDEM <5A 
groundwater objectives before reinjection. 

Hazardous waste will be encountered, triggering the requirements of 29 
CFR 1910.120. An allowance of $37,000 is included for health and 
safety plans, training and equipment. 

The order-of-magnitude capital cost estimate derived from these assumptions is $2.4 million. 
Details are presented in Attachment B. This estimate is within an order of magnitude of the 
capital cost estimate of $1.1 million for capping the Bulky Waste Area as was presented in the 
Draft Final FS report. However, O&M costs for the landfill mining alternative are expected to 
be less than those for the capping alternative. O&M costs for the landfill mining alternative 
include operation and maintenance of the water treatment system (estimated at $25,000 per year 
for one year), and groundwater monitoring to demonstrate that source removal has been 
accomplished. For the capping alternative, long-term groundwater monitoring would be 
required. It is assumed that the five existing monitoring wells in the vicinity of the Bulky Waste 
Area (MW-03-01, MW-03-02, MW-03-03, MW-12-01, and MW-12-02) would be used to 
monitor the effectiveness of the capping alternative, and that monitoring would take place for 
30 years. For comparison, it is assumed that monitoring for the landfill mining alternative 
would consist of sampling of ten wells (the five existing wells, plus three extraction (dewatering) 
wells and two reinjection wells) for a period of five years. Based on these assumptions the 
duration of monitoring would be a factor of six smaller for the landfill mining alternative, but 
the number of wells is doubled so the overall cost for monitoring is approximately three times 
lower than that for the capping alternative. 

Even if the lower O&M cost of the landfill mining alternative is not taken into account, the 
order-of-magnitude costs for the capping and landfill mining alternatives are not substantially 
different, given the accuracy of screening level estimates. The landfill mining alternative would 
therefore not be screened out at this stage, on the basis of cost alone. 
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5.8 Summary 

Some of the advantages that could be expected from applying landfill mining at the Bulky Waste 
Area are summarized below. 

•	 Mining this area may eliminate the need for a cap. 

•	 Mining would also recover soil which could be reused for capping the Solid 
Waste Area or restoring the Bulky Waste Area. 

•	 A limited amount of revenue could be generated from recycling of scrap metal. 

Some of the disadvantages to applying landfill mining technology at the Bulky Waste Area are: 

•	 The type and quantity of waste is not known. There is always a possibility that 
hazardous materials may be encountered. Hazardous materials would need to be 
containerized separately and disposed of off-site at a RCRA TSDF. 

•	 It is possible that dewatering and treatment of the liquid would be necessary 
during excavation operations. Mobilization of an on-site treatment unit to treat 
the liquid would be costly. 

•	 Any excavated recyclables that were found to be hazardous would require 
decontamination to remove any residual accumulations on the material and this 
rinsate would require on- or off-site treatment. 

•	 All waste and any contaminated soil must be removed in order to eliminate the 
cap. Any non-recyclable, non-hazardous wastes would be placed on the Solid 
Waste Area, which would increase the cost of the cap of that area. If dewatering 
is needed, it may not be possible to excavate all the waste from the Bulky Waste 
Area in a cost-effective manner. 

•	 Landfill mining does not have strong public support. Excavation of the landfill 
could cause the release of and/or further migration of potentially hazardous 
materials or nuisance odors. 

•	 Resolution of significant permitting issues may be required for re-opening and re-
closing the landfill. It is not clear if the disposal areas would remain 
"grandfathered" under past solid waste closure regulations or if more recent 
stringent requirements would apply. 

The most important advantage to implementing landfill mining is the potential to eliminate the 
need to cap the Bulky Waste Area. However, it is not certain whether this will be possible. 
It is possible that some of the waste is below the current water level. Excavating below the 
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water table would require dewatering measures. Dewatering a landfill with a possibility of 
hazardous contamination would be very expensive. For the cap to be eliminated, all the waste 
including that below the water table would have to be removed, and any hazardous waste that 
is encountered would need to be disposed of at an off-site RCRA TSDF. The costs associated 
with off-site hazardous waste disposal or any required dewatering and treatment measures could 
outweigh the possible cap elimination savings. 

6.0 CONCLUSIONS 

Based on the results of this additional technology evaluation, it is concluded that the alternative 
flare design should be retained for further evaluation in the FS for treatment of landfill gas. The 
alternative flare design is effective and implementable, and is likely to provide a substantial 
operations and maintenance savings over the conventional flare design presented in the Draft 
Final FS report. 

Further evaluation of the photocatalytic oxidation technology for treatment of landfill gas is also 
recommended. If it is determined that methane destruction is needed (RIDEM, 1996), the 
photocatalytic oxidation technology would be screened out because it does not effectively destroy 
methane. Another technology (such as a flare) would need to be employed in series with the 
photocatalytic oxidation system to destroy the methane. The use of both a photocatalytic 
oxidation system and a flare or other methane destruction system would be more costly than use 
of a flare alone. In this latter case, therefore, photocatalytic oxidation would be screened out 
because it would provide no increase in either effectiveness or implementability over a flare 
alone, while costing more. 

Biofiltration is not recommended for further consideration due to lack of effectiveness in 
removing chlorinated VOCs to the degree needed to attain PRGs, as well as lack of effectiveness 
in removing methane. 

With respect to landfill mining, it is concluded that the technology merits further evaluation as 
a component of alternatives for remediation of the Bulky Waste Area. While the capital costs 
for landfill mining are higher than that for a cap, O&M costs will be lower. Further 
development of costs will be performed as part of the detailed evaluation of alternatives. Costs 
are subject to a large degree of uncertainty due to the limited data available regarding the landfill 
contents. A pilot study will be needed to make a definitive conclusion regarding the suitability 
of landfill mining for the Bulky Waste Area. 
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Metcalf&Eddu 
An Air & Water Technologies Company 

020617-0010 

April 15, 1997 

Dr. James Kittrell 
KSE, Inc. 
P.O. Box 368 
Amherst, Massachusetts 01004 

Subject: Rose Hill Regional Landfill Superfund Site: Request for Budgetary Estimate 
and Process Configuration for Treatment of Landfill Gas 

Dear Dr.Kittrell: 

Metcalf & Eddy (M&E) has been retained by the U.S. EPA to evaluate several promising, 
innovative treatment technologies for management of landfill gas generated at the Rose Hill 
Superfund Site in South Kingstown, RI. 

A technology developed by your firm, photocatalytic oxidation, has been identified as a 
technology to be included in M&E's evaluation. The evaluation is at the feasibility study level. 

Characteristics of the gas to be treated are provided in the enclosed spreadsheet and process 
schematic. If this alternative is implemented, gas will be withdrawn using two collection 
systems: a perimeter system and an internal system. The perimeter system collects both landfill 
gas and air; the internal system collects predominantly landfill gas. The gas treatment 
technology will be implemented to treat the combined gas flows from both systems. 

Contaminants of primary concern in the gas are vinyl chloride (influent concentration 
approximately 149 ppmv) and methane (influent concentration approximately 6 percent by 
volume). The gas flow rate is estimated to be on the order of 890 standard cubic feet per minute. 
Relative humidity will approach 100 percent. Hydrogen sulfide and organic sulfide compounds 
are likely to be present in the gas, in addition to the contaminants identified in the enclosed 
spreadsheet. 

It is understood from the literature that the photocatalytic oxidation technology will not destroy 
methane, but that it can destroy vinyl chloride and other contaminants of concern effectively. If 
this understanding is incorrect, and the technology is applicable to methane as well, please bring 
it to my attention. Note that the gas will be an explosive mixture given the methane 
concentration (the Lower Explosive Limit for methane is 5%), so explosion-proof equipment will 
be required. 

30 Harvard Mill Square, Wakefield. MA 01880-5371 • Mailing Address PO Box 4071, Wakefield, MA 01880-5371 
TEL: 617-246-5200 FAX. 617-245-6293 

Recycled Rape' 



Page 2 of 2 

M&E requests recommended sizing, cut sheets, and budgetary capital and operating costs for a 
photocatalytic oxidation system that will treat the influent gas to attain at least 95% destruction 
of vinyl chloride. Please also define any ancillary equipment requirements. The enclosed 
process schematic is M&E's attempt to do this; your input would be greatly appreciated. 

Please call me at (617) 224-6608 if you have any questions. 

Very truly yours, 

METCALF & EDDY, INC. 

Barbara A. Weir 
Project Engineer 

Enclosures 

cc: S. Czarniecki 
D. Simone 
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î 

t«
 

°
 

 
*­

 
.t: 

•
= 

o
.
 =

=
 

c
 

«­
45 

§
 

<N
^

 
5

1  
•*  

<N 
fs

 
•* 

«^ 
-o 

o
 

c
 

s 
S


 *

 

o
 

c:
 

g
 
=

 

fS0 £ *
-C

 
X

I 

'i 
 

S
2

 I 
s 

E•o
 

i it 11 1 
*i-: 

I
 
c. .S

 
u 

II 
II 

f 
S

 

* 1
 

§
 

-fc ­
5

 2 
a 

o, E 
0
0

 

T
3
 

-o
 

|
l

Is

 

inology Screening 

Oxidation Technology 

uent Characteristics 

c
 

=§

 
«

a

 
"c

 

I
a


U
.

2
t

-
B

>
 

^
i
'
T

 
P

 

S
 

II
§

 
Eif 

8
 ,0 

•« 
'«

 
8
 

S
 
^

 
•*" 

1
,

=
T
^
 

^
-

^
w

u
 a

 
2

^
C

 N
 

•£
 

S
^

S
£

-
°

-
=

 

r
 f

_a 

3o^
^
 3


 
J 

B
 t 

a
 

*—
 

t—
 

3
 

"3
 

=

 

5
§

 ̂
^
 

^
^

.
^

on_
3
J
 

2
i

Q
 C

r
t

"
 

£
>

 
7^ 

O
 

9
 

b
 

<n 
n

C
J

 ' —
• 

-

oO

T
3
 

T
3
 

0
 

G
 

-S
 

2
 

r
 
1

"
i 

-5 
£

 
-n

.—jy
 

g
 g

 
g
 
|

'
 

C
o

"
^

.
^

*
-

^
 

*
*

?
N

 C
 

r* 

., 
c

 
Sd 

.3
 

ti 
C  

tn
 

5
 
a T 

 
.s |

p~•<!• 
B

. 
C

 
3
 

—
 

C
 

J
3

 
*

»
_

e
 a

s
 

<
-; 

°
 

'3*•_ 
<

 
u

c
-

^
j
-

j
a

 ̂
 

_g 
S

 
to

3
«

:
<

S
|

8
 «

 
1

 
B

 •§
t

 
§

c
=

-
§

«
 S
 

?
 
3
 
|

 
.
 .

S

1 

The volumetric flow rate 

[from calculation by S. C 

The volumetric flow rateo 

1
5
 

S 
-5

-1 

o
 

1

Therefore the volumetric  
!l 

Concentration of contami 

landfill gas x (landfill gas 

S
 

a
|
|

 
.h 

s
 •« 

2
 

C
 

g 
o

—
" 

•* 1
g
 
" "8 

B
 

^
S

^
 §

 
&

 5- •& 
"
S

 i 
I
l
l
l
!
 
i§

 1
 1
 III

 
II
 

i^
lll S

ill 
"11 11
 

•
g

iS
-

o
f

-
S

 
o

c
-

Q
S
 

^
y
 

^
°
 

H
H

II ^
^

 -Bii 
ji 
 
ii

 

2 1 1
1  1

 1
 g g s s 

| j §

"o

 
o

 
«=

 
cs 

r^
 

•*
 

w
> 

(2 
>, £

 
5 i 

8
 

» C i 
> s C

 
^ ­

r*
 

JC* 
—

 
CO 

T
3
 

Q
 

«3 
£

 
2

 
O

 
-

S
^

 S
 

c
 

™
 

"S
 

*> 
x

u
^

^
 s

 
&

 
§

 
"a

. 
=

 
S

 
•̂

 
ra

 
,_s 

-—
.

 
_

f 
.
 

c
- 

(M
 

_
^
i 

• • 
K

«
 

J
W
 

~
 

C
 

C
/l 

C
 

H
 

o
 

a
 

Q

w
 

2
 

E
 

3
l
l
l
l
l
l
 
t

 
|B

 ?
 

8
| 

_
O

 

2
 
°

—
O

 
^
^

 
^
5
 

o£ 
e- 

tu
 

u
S- 

§
 

8
 S

 '»
 

?. 
1

 
o

 "8 " E
 

2
 

= 
T

3
 

3
<

-
i

o
g

^
^
 

"
 

0
8

^
0
 

g
S

 
"a

 

E
§

U
 

E

 
m

tt 
c

 
.=

 
o

 
i -s

 
.2

 
«

 
u

 
1

 S
 g> 

I
 

.°-.
1
 

§
 

1
 <

2
 

§
 
f

 
S

 -2 
8
 

B
 

c
 

S
 

(S 
8 1 1

§  
S

 
3 

u 
5 



r*f i 

^
O

C
O

O
O

S
<

N
»

-
0

 0
 

—
 

(
M

m
 

—
 

O
O

O
O

r
n

O
 O

 
^
v

 
O

N
 
^

 
fs

j 
—
-

M

 
T

f  
t̂

»
 

0
0
 

O
 

<"*} 
—

 
v O

 
m

 
O

O
 

( N
 

m
 

w
^ 

^D
 
f
l
 

^̂
 

f*
l 

f^
i 

O
O

 O
O

f*
^
 

f ^
 

V
^
 

"̂
 

O
 

r̂
 

P ~  
O

 
—

 
O

 
O

 
ts
 

n
 

a o 

r~> 
c
 
~

 
o

 
* * 

<
0
 

S
 

.1
 
2
 
Ic
 

i
 
c

<N 
r̂ ~
	 

•§ 
5
 

3
 

'x
 

c
 

c
o

m
v

o
o

o
o

f
s

v
o

v
 o

 
—

 
T

T
O

"
n

^
-

O
O

O
O

<
O

(
N

O
O

O
 O

 
f*^ 

Q
 

Q
 

"̂
 

^̂
 

r̂
 

r*} 
™̂

 
*/^ 

t"^ 
5̂ 

^̂
 

D̂
 

-̂
 

.̂g
.-

w
 

.
2

;
l
o

 
—

"	  
o " 

c s 
t ~

 
a e  

—
 

•?. 
c 

H
 

c*->	 
- t 

jC
*
 

0 >
 

4 >
 

t**
	 

"̂
 

2
=

 0
co 

c : 
o
 

c
 

P
 

O
 

Q
> 

1
~
 
i 

« C2 D 
o

^
 

ft.3
af 

t
^

O
O

^
O

O
O

f
S

r
o

O
 O

 
(

x
j
m

O
(

N
C

S
v

O
m

r
'
i
o

'
*
 

—
 

O
 

~ ~
 

~
~

 
f*^	 

f
i
 

C_o 
*
 

»
 

»
 

2
 
­

o
o

o
o

o
o

c
o

o
 c
 

"
 

j D
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 

O
 
O

 
O

O
 

O
 

O
 

O
 

O
 

C
 

I~
­

(J
 

~JI 
O

 
—

 
* O

 
O

 
fj 

"̂  
"•" 

~
 

o—
 

. —
	 

CO 
••-W

^  
w

" 

9
 
^
	 

2i 
—

 
• 

C
 

Q
 

<=	 
1

1
 

^
J
 

3
 

O
 
-
.

.
 

£

 

JO
 

ja
"
 

8 
"3 

" S 

i
6
 

JXH
 

-
i
>

O
v

f
N

O
s

-
*

r
J

f
N

 
—

 
> n

t
s

s
^

g
^

s
s

s
s

s 
u,	 

—
 

2
 

—
 _

 
z
 

0
0

—
 

e n 
oo 

o
 

. 2
 

c
 

c
 

v -

o 
o

S
3 

*t-
£f-

< 
«

O
 

o
 

c
 

a
 

RoseHil lTechnolog y 

PhotocatalyticOxidat i 

EstimatedInfluen tCh 

^
 

o
 

s
 

u
 

u
 

C
 

3
 

o
 

u
 

, ­
«
 
I
	 

5 
S1

«  g g 
1

 
o

l
|
 

^
	 

1
o
 I

«
1

S
 §

 
i 

1
1
1
 
1
 
.
.
 

-
s

l|
|
°

f
j£

 
1

 
«
 
5

 
- g 

o
 

J =  
5
 

S
 
llllllf

1
1

 
^

 
! §

 
< 5  

§
 

«
 

S
^

 c
 

iS
!il!fli||f 

.E
o

a
 

—
 -

o
i
:
l
i
l
S

H
S

-
>

 
E

 
o

 

coU
 



io Tr ~
U

 
m

 
°o




S



_o 

a
c. 

m* 
^
i. 

uw 
s 

u
 

0
0
 

-
Q

 

a
C3 

x
 

C
 

j
C

 
Q

-
D

 
o

 
E 

O
 

-o 
•ac

u
 

§
a

 
4> 

"o 
^

c" 
,̂_ 

3
 

u
 

oo 
-a 

c
e 

•a 
2 

CO 
SL

rt 
O

O
 

00
 

<N
 

E 
„̂

CL 
—

 
^
 

^
*O

 
v
o

 
^™

 
•S 

O
O

 

•M 
u

 
ic

 
0
. 
^
 

a
 

'x
 

o
JO

 
T

3
 

'5
 

C
 

5
 

S
CQ

 

c
 

vB
• • 

_c 
. 

C! 
U

 
o

§
O

O
 

^=
 

i

 

3
 
1
3

 
U

 
„ 

O
 

Q
 

E
 

3
 

2̂
u

 

 Methani 

O
 

T
3

 
tT 

â
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Metcalf& Eddy, Inc. 

30 Harvard Mill Square 

Post Office Box 4071 
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INC. P.O. BOX 368 
AMHERST, MASSACHUSETTS 01004 U.S.A 
(413) 549-5506 
April 23, 1997 

Ms. Barbara A. Weir 
Metcalf& Eddy, Inc. 
P.O. Box 4071 
Wakefield, Massachusetts 01880-5371 

Dear Barbara: 

Thank you for your inquiry regarding KSE's AIR Process for the photocatalytic 
destruction of vinyl chloride at the Rose Hill Regional Landfill Superfund Site. As 
summarized in the enclosures, KSE has experience with a broad range of applications. 
These include low concentration applications, such as treating the offgas from a 
groundwater stripper containing chlorinated hydrocarbons. More concentrated streams 
have also been successfully treated, including soil vapor extraction applications, and 
industrial process and storage tank vents. During 1996, the technology was demonstrated 
in the U.S. EPA Superfund Innovative Technology Evaluation (SITE) ETP Program 

Based on your letter of April 15, 1997, you wish to treat about 890 SCFM of air, 
to achieve about 95% destruction of vinyl chloride. A budget estimate for an AIR unit 
would be $75,000 for this application. Operating costs for electricity, and bulb and 
catalyst replacement, would be about $900 per month, at $0.10/kWh. Of course, you can 
turn off part of the bulbs to save operating costs as the concentration of vinyl chloride 
declines during the project operation. Chlorine atoms are converted primarily to chlorine 
gas. The unit would be confined in a shell of a nominal size of 6 feet cubed, which is to 
be purged with clean air to provide a system meeting Class I, Division II requirements, 
for the explosion proofing which we discussed by telephone. An explosion proof blower 
is included. If these requirements prove unnecessary, the investment would be reduced. 

As we discussed, we are now constructing a prototype unit for NASA to oxidize 
methane, which may ultimately be of interest for your application. Please call me if you 
have any questions or require additional information. 

Sincerely, 
.^ . .» 

J.R. Kittrell 
President 

Enclosures 
JRK/gk 



KSE, INC.
 
Adsorption-Integrated-Reaction (AIR-II) Process
 

TECHNOLOGY DESCRIPTION: 

The Adsorption-Integrated-Reaction 
(AIR-II) Process combines two unit 
operations, adsorption and chemical 
reaction, to treat air streams containing 
volatile organic compounds (VOC's), 
including chlorinated and nonchlorinated 
compounds. Such air streams are often 
found at hazardous waste sites 
undergoing remediation. For example, 
groundwater stripping or soil vapor 
extraction produce large volumes of air 
containing VOC's that must be removed. 

The contaminated air stream containing 
VOC's flows into the photocatalytic 
reactor. The VOC's are trapped on the 
surface of a proprietary catalytic 
adsorbent. This catalytic adsorbent is 
continuously illuminated with ultraviolet 
(UV) light, destroying the concentrated 
VOC's trapped on the surface by 
enhanced photocatalytic oxidation. This 
system design thus simultaneously 
destroys VOC's and continuously 
regenerates the catalytic adsorbent. It 
operates at ambient temperature, as the 
catalyst is activated by UV light. Only 
oxygen in the air is needed as a reactant. 
The reactor design can be varied to 
include packed beds, annular reactors, or 
monolithic reactors. 

The cleansed effluent air contains carbon 
dioxide and water, which are carried out 
in the air stream exiting the reactor. For 
chlorinated VOC's, the chlorine atoms 
are converted to hydrogen chloride with 
some chlorine gas. If needed, these can 

be removed from the air stream using 
conventional scrubbers or adsorbents. 

The AIR-II Process offers advantages 
over other photocatalytic techniques, due 
to the high activity, stability, and 
selectivity of the photocatalyst. The 
control system is smaller, and offers 
lower capital investment and power cost. 
Because the catalytic adsorbent is 
continuously regenerated, it does not 
require disposal or regeneration as does 
traditional carbon adsorption. The AIR­
II process produces no residual wastes 
or by-products needing further treatment 
or disposal as hazardous waste. The 
process is self-contained and mobile, 
requires a small amount of space, and 
requires less energy than thermal 
incineration or catalytic oxidation. In 
addition, it has lower total system costs 
than these traditional technologies. 

WASTE APPLICABILITY: 

The AIR-II Process is designed to treat a 
wide range of VOC's in air, present at 
low concentrations from less than 1 ppm 
to thousands of ppm. VOC's include 
chlorinated hydrocarbons, aromatic and 
aliphatic hydrocarbons, alcohols, ethers, 
ketones, and aldehydes. The AIR-II 
Process is designed to completely 
destroy these VOC's. 

For soil and groundwater remediation, 
the AIR-II Process can be integrated 
with existing technologies such as 
thermal desorption, vapor extraction, or 

(continued on back) 



air stripping. Hence, the technology 
destroys VOC's and/or TAP's in the 
secondary air emissions arising from 
these remediation methods. The process 
can also be applied directly for 
emissions control in process exhausts at 
industrial facilities. 

STATUS: 

The AIR-II Process has been tested 
extensively at the laboratory scale and 
has been field demonstrated in prototype 
units at concentrations from 1 ppm to 
over 3000 ppm. Contaminants.destroyed 
include chlorinated hydrocarbons, 
aliphatic and aromatic hydrocarbons, 
oxygenates, and ammonia. The process 
was field demonstrated as part of a 
groundwater remediation demonstration 
project at Dover Air Force Base in 
Dover, DE in 1994. Test results on 
treating the effluent ah" from a 
groundwater stripper showed over 99 
percent removal of dichloroethane, from 
air initially containing about 1 ppm DCA 
and saturated with water vapor. 

The AIR-II Process has proven highly 
effective in control of industrial 
emissions. Over 99.9% destruction has 
been achieved for such difficult 
compounds as methyl chloride, vinyl 
chloride, and pentane. Of course, 
traditional carbon adsorption is 
ineffective for methyl chloride and vinyl 
chloride. Industrial plant emissions 
control demonstrations have been 
conducted for both chlorinated and 
nonchlorinated contaminants hi a 
pharmaceutical plant, and for pentane 
emissions control in the expandable 
polystyrene industry. Indoor ah" quality 
control has also been demonstrated. 

In 1996, a full scale AIR-II Process unit 
was field demonstrated on a soil vapor 
extraction (SVE) application at Loring 
Air Force Base under the Superfund 
Innovative Technology Evaluation 
(SITE) Emerging Technology Program. 
The SVE system operated at the base 
laundry where the soil was contaminated 
with tetrachloroethene (PCE). Inlet PCE 
concentrations started at 100 ppm, and 
declined as the soil was cleansed. 
Destruction efficiencies up to 99.8% 
removal of PCE from the SVE vent gas 
were demonstrated. A commercial unit 
is scheduled for use in TCE destruction 
arising from a SVE application at 
another Superfund site in 1997. 

_Studies on the economics of the AIR-II 
Process have shown cost advantages 
over carbon adsorption for many 
applications. Investment payout of 1 to 
3 months has been shown for TCE in air 
from a groundwater stripper. The 
technology is also economically superior 
to catalytic oxidation, due to operation 
of the photocatalytic reactor at ambient 
temperature. 

TECHNOLOGY CONTACT: 

Dr. J.R. Kittrell, President 
KSE, Inc. 
P.O. Box 368 
Amherst, MA01004 
413-549-5506 
413-549-5788 (Fax) 

KSE
 



Air Purification Products Based on Photocatalysis 

Features, Advantages and Benefits 

Feature Advantage} Benefit 

UV Light Ambient Simplicity & 
Initiated Temperature & Intermittent 

Instant ON/OFF Use 

High Catalyst Small Size & Low Cost & 
Performance Low Energy lAQUse 

No By-Products Safety Regulatory 
Acceptance 



KSE Photocatalytic Applications
 

Customer
 
Collins & Aikman/Ensafe
 

Superfund SVE (1997)
 
USAF/Battelle/Dover AFB
 

USAF/EPA SITE/Loring AFB
 
USAF/Misawa AFB (1997)
 

NASA SBIR
 
U.S. EPA SITE (ETP)
 

U.S. EPA SBIR
 
NSF SBIR
 

Sobering Plough Corp.
 
Sobering Plough Corp.
 

BASF Corporation
 
Tri Manufacturing Corp.
 

Ford Motor Co.
 
Trane Corporation
 

VOCs Destroyed
 
TCE, DCE, PCE, VC, MC, CB (SVE)
 

Dichloroethane (GWS)
 
Tetrachloroethylene (SVE)
 

Carbon Tetrachloride (GWS)
 
Spacecraft Air Revitalization
 

Remediation Site Demonstrations
 
High Selectivity Detection Monitor
 

Solar Destruction of TCE
 
Hexane
 

Methylene Chloride, Methyl Chloride,
 
Butane, Alcohols, Ethers, Ketones
 

Pentane
 
Pentane
 

n.d.
 
n.d.
 

KSE
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Cut Sheet for AIR Photocatalytic Reactor 

5ft.­

^™ 

(^
I, 
t 
(, 
C" 

^ 

Fixed Catalyst Bed with UV Light Sources 

^ 
^ 

3j 
5— 
"^j 

^ 

Exhau 

( 

4ft. 

Ballast Box 

Electrical 
Junction Box 

t 
Inlet 

1
Control Panel 
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Benefits of Innovative Superfund Technology 

Superfund Site SVE System 

CostMement ] AIR Process Disposable 
'• • %i?;«Xi-t "',<• t 

\^W~$*yr-* • • - < '. Gatbon(l)". ' wj_ , , *. " **.«*4Bf  ' 

Inlet TCE (Declines) 500 to 50 ppm 500 to 50 ppm 
Investment $50,000 $50,000 

Operating Cost $2,000/yr $355,000/project 

Basis: 8,000 Hours per year 
No Caustic Scrubber 
Power @$0.10/kWh 
Carbon @ $2/Pound 

(1) Source: Remediation Consulting Engineers 

KSE
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Metcalf& Eddy, Inc. 
30 Harvard Mill Square 

Post Office Box 4071 

Wakefield, Massachusetts 01880 - 5371 U.S.A. 

TEL (617) 246-5200 FAX (617 ) 224-5927 

TELECOPIER TRANSMITTAL SHEET - PLEASE DELIVER AT ONCE 

Date: April 15, 1997 

Please deliver the following page(s) to: 

Name: Mr. Barry Brooks 

Location: Process Technologies, Inc. 

From: Barbara Weir 
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Message: Please see attached information regarding Rose Hill that we discussed 

on the phone. 

I will be out of the office on Wed, and Fri. all day; in on Tues. and Thurs. 

in case you have any questions. 

TOTAL number of pages being transmitted (including this cover ) : 
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Metcalf&Eddy 
An Air & Water Technologies Company 

020617-0010 

April 15,1997 

Mr. Barry Brooks
 
Process Technologies, Inc.
 
P.O. Box 476 
Boise, ID 83701-0476 

Subject: Rose Hill Regional Landfill Superfund Site: Request for Budgetary Estimate 
and Process Configuration for Treatment of Landfill Gas 

Dear Mr. Brooks: 

Metcalf & Eddy (M&E) has been retained by the U.S. EPA to evaluate several promising, 
innovative treatment technologies for management of landfill gas generated at the Rose Hill 
Superfund Site in South Kingstown, RI. 

A technology developed by your firm, photolytic oxidation, has been identified as a technology 
to be included in M&E's evaluation. The evaluation is at the feasibility study level. 

Characteristics of the gas to be treated are provided in the enclosed spreadsheet and process 
schematic. If this alternative is implemented, gas will be withdrawn using two collection 
systems: a perimeter system and an internal system. The^perimeter system collects both landfill 
gas and air; the internal system collects predominantly landfill gas. The gas treatment 
technology will be implemented to treat the combined gas flows from both systems. 

Contaminants of primary concern in the gas are vinyl chloride (influent concentration 
approximately 149 ppmv) and methane (influent concentration approximately 6 percent by 
volume). The gas flow rate is estimated to be on the order of 890 standard cubic feet per minute. 
Relative humidity will approach 100 percent. Hydrogen sulfide and organic sulfide compounds 
are likely to be present in the gas, in addition to the contaminants identified in the enclosed 
spreadsheet. 

It is understood from the literature that the photocatalytic oxidation technology will not destroy 
methane, but that it can destroy vinyl chloride and other contaminants of concern effectively. If 
this understanding is incorrect, and the technology is applicable to methane as well, please bring 
it to my attention. Note that the gas will be an explosive mixture given the methane 
concentration (the Lower Explosive Limit ibr methane is 5%), so explosion-proof equipment will 
be required. 

30 Harvard Mm Square Wakefield MA 01880-5371 • Mailing Address PO Box 4071 Wakefieid MA 01880 5371 
TEL 617 246-5200 FAX 617-2456293 



Page 2 of 2 

M&E requests recommended sizing, cut sheets, and budgetary capital and operating costs for a 
photolytic oxidation system that will treat the influent gas to attain at least 95% destruction of 
vinyl chloride. Please also define any ancillary equipment requirements. The enclosed process 
schematic is M&E's attempt to do this; your input would be greatly appreciated. 

Please call me at (617) 224-6608 if you have any questions. 

Very truly yours, 

METCALF & EDDY, INC. 

/f 
Barbara A. Weir 
Project Engineer 

Enclosures 

cc: S. Czarniecki 
D. Simone 
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Rose Hill Technology Screening 0206I7-0( 
Photocatalytic Oxidation Technology Prepared by: B. We 
Estimated Influent Characteristics Checked by: 
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The percentages (by volume) of th< :se gases [from spreadsheet COMPOSIT.WK 1 

Percent by volume Methane (CH<): 

Percent by volume Carbon Dioxide (CO2): 
Percent by volume Nitrogen (N2): 

| Percent by volume Oxygen (O2): 
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Not detected in solid waste area SUMMA canister samples, but were chemicals of 
Rl report (M&E, 1994) 
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JIRE D DESTRUCTION AND REMOVAL EFFICIENCIES: 
The contaminant that drives the design of the gas treatment system is vinyl cl 

System designs are to be based on a minimu m DRE for vinyl chloride of 95°/i 

Relative Humidity and Temperature of Influent Gas to the Photocatalytic Oxidati 

Shows as 100 mg/m3

otes: 

f 
a

Z
 

«
*

 
^

http:COMPOSIT.WK


K
1

	
A

cct 
N

o
 
O

^
 

T
.  _

c
 O

 ' c" 
P

age. 
of 

P
roject 

 -_
	 

F
-̂S

 

A
 /	 

'^
>

^
t 

£
- 

D
ate .

S
ubject 

D
etail _

 
C

k'd. B
y 

D
ate . 

vu 
O

Q
 

I 
>J 

<
Y

 
0

 

5
|*

O
 

O
 

s 
J	 

«D 
0
0
 

fe	
>

 
ro 

£ U
 

V
I 

3
£
 

V
i 

5
 c. 

c/ 

H-'
 
U

l 
A 

<X
 
o

	 
t

U
	 

sJ 
<. 

^
 

1 ° 

5
 
5

|
 

o
 

U
J 

'.- 1 
J
 

fi­

o
	 

O
c 

J
 

v
f

 

C

 

J 
UJ 

<0 
c
 

o
­oc 

il	 
c o

o	 
0

f
	 

c 
0

 
c
 

o
 

V 
H

 

1 
<f 



TELECON MEMORANDUM 

METCALF &. EDDY. INC 
JO B NO. O9k t? & O —  O 0 / 0 DATE: 

i/) 
SUBJECT: 

M8iE ENGINEER: OUTSIDE PARTY: LJf^oa t^* 

MADE CALL 

RECTDCALL ( ) 

COMMENTS SUMMARY OF CONVERSATION: 

9 P j 

/ A-oT-o I*-i Tlf. 

I 

\ CC: 

M&E FORM NO 196 



V;?.
 

-h *> 3^0 /C 

1 Sb T) f K^^fC / 

£ 

^ 
<ck5l* 

') W 0 K^ 7 <f-o 

L-EL 

si 
<-AjI>

C^S,-/

 i2--t-c> rx^^rx-N Cf_y^Cj 

 -̂̂ ^ /̂ 



Technology Profile DEMONSTRATION PROGRAM 

PROCESS TECHNOLOGIES, INC. 
(Photolytic Destruction for SVE Off-Gases) 

TECHNOLOGY DESCRIPTION: 

Process Technologies, Inc.'s (PTI), halocarbon 
and volatile organic compound (VOC) destruc­
tion technology photolyzes vapor-phase halo­
gens. The resulting radicals react with cementi­
tious liners to produce a clean air stream. One 
of the key features and advantages of the tech­
nology is its simplicity - there are no moving 
parts, and its modular design allows for easy 
scale-up. 

During the demonstration, off-gas from an 
existing soil vapor extraction system (SVE) will 
be treated by the PTI photolytic process. PTI's 
equipment operates using low pressure mercury 
lamps. High intensity UV light at 185 and 254 

DILUTION MR PIPE 

VOOt FROM DEEP SVE WELLS 

AWWATER SEPARATOR 

nanometers generated by the mercury lamps 
destabilizes and facilitates the breakdown of 
VOC contamination in the SVE exhaust gas 
stream. A proprietary liner material present in 
the light zone captures and neutralizes the 
resulting process by-products. Extensive testing 
has proven that the use of the cementitious liner 
material prevents the formation of undesirable 
species, such as chlorine, phosgene, and hydro­
chloric acid. This design is unique to PTI's 
photolytic process. The gaseous products 
exiting the system include air, water vapor, and 
carbon dioxide. The liners are replaced as 
needed and PTI claims that the cementitious 
material can be recycled as an ingredient in 
cement or disposed of as nonhazardous waste, 
regulations permitting. 

UNEH PANEL 

nUHIONAMPIPE 

TO CATALYTIC
 
OXDOEflAND
 

SCRUBBER
 

Simplified Schematic Process Flow Diagram 
of Photolytic Destruction 

The SITE Program assesses but does not Page 194 approve or endorse technologies. 



r 

November 1994
 
Ongoing Project
 

WASTE APPLICABILITY: 

The PTI technology treats air and gases conta­
minated with VOCs, including chlorinated 
VOCs, and chlorofluorocarbons. 

STATUS: 

The PTI technology was accepted into the SITE 
Demonstration Program in summer 1994. The 
demonstration began in September 1994 at 
McClellan Air Force Base, in Sacramento, 
California. 

FOR FURTHER INFORMATION: 

EPA PROJECT MANAGER: 
Laurel Staley 
U.S. EPA 
Risk Reduction Engineering Laboratory 
26 West Martin Luther King Drive 
Cincinnati, OH 45268 
513-569-7863 
Fax: 513-569-7620 

TECHNOLOGY DEVELOPER CONTACT:
 
Mike Swan
 
Process Technologies, Inc.
 
P.O. Box 476 
Boise, ID 83701-0476 
208-385-0900 
Fax: 208-385-0994 

Steve Hodge 
SM-ALC/EMR 
5050 Dudley Boulevard 
Suite 3 
McClellan AFB, CA 95652-1389 
916-643-0830 
Fax: 916-643-0827 

The SITE Program assesses but does not Page 195 
approve or endorse technologies. 



Metcalf& Eddy, Inc. 

30 Harvard Mill Square 

Post Office Box 4071 

Wakefield, Massachusetts 01880 - 5371 U.S.A. 

TEL (617 ) 246-5200 FAX (617 ) 224-5927 

TELECOPIER TRANSMIT!AL SHEET - PLEASE DELIVER AT ONCE
 

Date: April 15, 1997
 

Please deliver the following page(s) to:
 

Name: Mr. Doug Garside 

Location: Matrix Photocatalytic Inc. 

From: Barbara Weir 

FAX TELEPHONE NUMBER IF NOT M&E: (509) 660-8525 

Message: Please see attached information regarding Rose Hill that we discussed 

on the phone. 

1 will be out of the office on Wed, and Fri. all day; in on Tues. and Thurs. 

in case you have any questions. 

TOTAL number of pages being transmitted (including this cover ) : 

PLEASE TELEPHONE THE M&E MAILROOM IF YOU DO NOT RECEIVE THE 
CORRECT NUMBER OF PAGES - 617 / 224 - 6296 

FOR WAKEF1ELD USE ONLY: 

DO YOU WANT ORIGINAL BACK ? YES | XXX | NO 

JOB* 020617-0010 DEPT# 2114 

Version. 10/93 



Metcalf & Eddu 
An Air & Water Technologies Company 

020617-0010 

April 15, 1997 

Mr. Doug Garside 
Matrix Photocatalytic, Inc. 
22 Pegler Street 
London, Ontario, Canada 
N5Z 2B5 

Subject: Rose Hill Regional Landfill Superfund Site: Request for Budgetary Estimate 
and Process Configuration for Treatment of Landfill Gas 

Dear Mr. Garside: 

Metcalf & Eddy (M&E) has been retained by the U.S. EPA to evaluate several promising, 
innovative treatment technologies for management of landfill gas generated at the Rose Hill 
Superfund Site in South Kingstown, RI. 

A technology developed by your firm, photocatalytic oxidation, has been identified as a 
technology to be included in M&E's evaluation. The evaluation is at the feasibility study level. 

Characteristics of the gas to be treated are provided in the enclosed spreadsheet and process 
schematic. If this alternative is implemented, gas will be withdrawn using two collection 
systems: a perimeter system and an internal system. The perimeter system collects both landfill 
gas and air; the internal system collects predominantly landfill gas. The gas treatment 
technology will be implemented to treat the combined gas flows from both systems. 

Contaminants of primary concern in the gas are vinyl chloride (influent concentration 
approximately 149 ppmv) and methane (influent concentration approximately 6 percent by 
volume). The gas flow rate is estimated to be on the order of 890 standard cubic feet per minute. 
Relative humidity will approach 100 percent. Hydrogen sulfide and organic sulfide compounds 
are likely to be present in the gas, in addition to the contaminants identified in the enclosed 
spreadsheet. 

It is understood from the literature that the photocatalytic oxidation technology will not destroy 
methane, but that it can destroy vinyl chloride and other contaminants of concern effectively. If 
this understanding is incorrect, and the technology is applicable to methane as well, please bring 
it to my attention. Note that the gas will be an explosive mixture given the methane 
concentration (the Lower Explosive Limit for methane is 5%), so explosion-proof equipment will 
be required. 

30 Harvard Mill Square, Wakefield, MA 01880-5371 • Mailing Address PO Box 4071 Wakefield, MA 01880-5371 
TEL 617-246-5200 FAX 617-245-6293 f 

flecycleo Paper 



Page 2 of 2 

M&E requests recommended sizing, cut sheets, and budgetary capital and operating costs for a 
photocatalytic oxidation system that will treat the influent gas to attain at least 95% destruction 
of vinyl chloride. Please also define any ancillary equipment requirements. The enclosed 
process schematic is M&E's attempt to do this; your input would be greatly appreciated. 

Please call me at (617) 224-6608 if you have any questions. 

Very truly yours, 

METCALF & EDDY, INC. 

Barbara A. Weir 
Project Engineer 

Enclosures 

cc: S. Czarniecki 
D. Simone 
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PHOTOCATALYTIC INC. 

April 24.1997 

Ms. Barbara Weir 
Metcalf and Eddy, Inc. 
30 Harvard Mill Square 
Post Office Box 4071 
Wakefield, MA 
01880-5371, USA Fax To: (617) 224-5927 

RE: Rose Hill Landfill Superfund Site 

Dear Ms. Weir, 

Thank you for the opportunity to provide a quote for your project. 

Technical Overview 

I. Summary 

Matrix Photocatalytk Inc. has successfully developed an innovative TtOz Photocatarytic 
Technology for the destruction of organic* in air. Landfill gas contaminated with vinyl 
chloride would provide an excellent application for this powerful, on-site remediation 
alternative. 

The TK)z photocatah/tic technology would cleave organic bonds using both reductive and 
oxidatrve mechanisms to destroy hazardous contaminants present in the gas by breaking 
them down into low molecular weight, building block constituents. The technology is 
effective with a wide variety of contaminants, over a broad range of concentrations, and 
operates at ambient temperatures. The Matrix TiOz Photocatarytic Technology performs 
exceedingly well on unsaturated aliphatic., aromatic, and chlorinated compounds. 
Contaminants are remediated on site, producing no secondary wastes or sludges, The 
equipment is quiet, intrinsically safe, and particularly robust in its design. 

22 Pegler Street. London, Ontario. Canada N5Z 2B5 • phone (519) 660-8669 fax (519) 660-8525 



PPR-24-1997 15=40 FROM MftTRIX/ENERZONE TO 161722459271399 P.03
 

-2­
Rose Hill Laudfili (cont'dl 

Existing oxidation technologies traditionally use large energy inputs to achieve the high 
thermal states required to oxidize gaseous contaminants, and will produce nitrous oxide 
by-producls from fossil fuels used. Chlorinated solvents are known to present difficulties 
for thermal oxidation technologies due to a relatively low combustion value. Also, 
numerous chlorinates rapidly breakthrough carbon adsorption beds reducing their 
feasibility. 

Matrix has overcome these traditional technology drawbacks through the utilization of a 
extremely "active" and robust TiOj photocatalyat in a fully optimized reactor. Sizable 
treatment savings are achievable over existing technologies. 

On-site demonstrations may be performed with a Matrix Photocatatytic TiO2 Mobile Unit, 
containing Ml scale equipment, inside a 16' x 8' trailer which is towed by a pickup truck 
or shipped to site. Once on site, the Matrix Mobile Unit may be plumbed inline, 
connected to 240VAC/single phase/100Amp electrical service, and operational in the same 
day. The Mobile equipment is designed for rapid optimization of the technology. 
Retention time, ilow rate and chemical input are all variable. The same equipment may be 
used to test a variety of different streams or scenarios when applicable. 

II. Objective;) 

1. Demonstrate the ability of the Matrix Photocatalytic TiOi Technology to remediate 
landfill gas contaminated with vinyl chloride. 

2.	 Distinguish the numerous advantages of the technology's use in remediation of air 
borne vinyl chloride. 

3. Establish cost savings over baseline technologies. 

III. Development History of the Matrix Photoeataly tic TiOt Technology 

The Matrix Photocatalytic TiOj Technology was invented in 1988, and was subsequently 
patented January, 1990 (US Patent #4.892.712) followed with associated enhancement 
patents (US Patents (4,966,759). (5,032,241), and (5,126,111). 

Matrix Photocatalytic Inc. (formerly Nutech. Environmental) is an organization with a 
proven track record of developing new "high technology" products and bringing them to 

market. Matrix has successfully finished, ahead of schedule, and within budget, Co­
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funded Research and Development projects in TiOj phoiocatalysis with the United States 
Environmental Protection Agency (US EPA), National Research Council of Canada 
(NRC), and the Ontario Ministry of the Environment and Energy (MOEE). This prior 
work has totalled over $3 million. 50% of which has been company funded. The company 
has also successfully organized the First International Conference on TiOj Photocatafytic 
Purification and Treatment of Water and Air. with over 250 attendees. Support for the 
conference was received from the US DOD. among others. 

Matrix has conducted or supplied equipment fat 15 en-she pilot demonstrations which 
include; McCteHan AFB, Wastewater Technology International (WTI. part of the 
Canadian Center for Inland Waters), Atomic Energy Canada Limited (AECL). K-2S Site 
(DOE), Tyndali AFB, Wurtsraith AFB, Savannah River (DOB), NASA Houston. Nuclear 
Fuel Services (NFS), State of Maine, and others over the past few years, all with great 
success. 

IV. Process Chem istry of the Matrix Paotocrffttytic TiO2 Technology 

The Matrix Photocatalytic TiO2 Technology is a state-of-the-art environmental technology 
designed to destroy organic contaminants in fluids (water and atf). The technology utilizes 
the semiconductor properties of TiOs to photo-generate a wide variety of oxidative and 
reductive specks which readily cleave the component bonds of organic contaminants. 
When incident light, of sufficient wavelength, irradiates the TiOj catalyst, an electron is 
emitted from the valence orbital into the conductive orbital where it may participate in 
oxidative reactions. The hole remaining in the valence orbital, from the electron elevation, 
may participate in reductive reactions. The elevated eiectroo is in an energized, unstable 
state and will return to the valence band if not immediately consumed. The employment 
of Irreversible Electron Acceptors (lEA's) is used to prevent electron - hole 
recombination and substantially increase photon utilization efficiency. lEA's, such as 
ozone consume the orbital electrons to generate additional oxidation species, and leave the 
powerful electron - holes which can act to tear apart organies. The Matrix system has 
shown dramatically increased reaction rates with the addition of small amounts of an IEA. 

Key Advantages of the Matrix Photocatalytic TiOj Technology are: 

•	 the use of a highly refined and extremely "active" sol-gel TiOj catalyst 
•	 utilization of its patented glass cloth substrate to provide enormous surface area for 

catalyst/contaminant reaction interface 
•	 the implementation of a fully optimized photocatalytic reactor design 
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• 10 years of "hands on" photocatalysis expertise, a pioneer in the field 
« destruction of pollutants at source (eliminates handling; 
•	 very tow life cycle costs because of high reliability, minimal maintenance, and no 

operator requirement. 
» utilizes standard electrical input (220VAC/single phase) 
•	 quiet, low profile aesthetic solution 
•	 proven capable of remediating a wide range of contaminants in varying concentrations 
•	 TiOi is an extremely stable compound with extremely tow toxicity 
•	 dechlorination is fester than any other technology 
•	 modular reactor design allows easy scaling for fijture concentratioa fluctuations 
•	 continuous research and enhancements. 

V. Equipment Specifications 

i)	 Raw Equipment Requirements: 

1.	 5 pieces - Matrix Air Phase TiOj PhotocataJytie Units - plumbed in 
parallel, explosion proo£ shipped ready for "flick of the switch" 
operation (see profile drawing) 

2. Irreversible Electron Acceptor System - Ozone Generators and Injection 
System 

3. Post Treatment: Caustic Scrubber - Spray Tower 
- sensing, valve, and pump to self adjust to varying acidic outputs 

4.	 Aux. Treatment: Matrix Aqueous Phase TiQz Photocatalytic Unit 
- small system to remediate liquid condensate from knock out 

on site. 

ii) Equipment Cost - Outright Purchase 

1.	 Matrix Air Phase Photocataiytic Units - $US 268.000.00 (5 pieces) 
2.	 Irreversible Electron Acceptor System - $US 18,000.00 (5 pieces) 
3.	 Caustic Scrubber - $US 22,000.00 (1 piece) 
4.	 Matrix Aqueous Phase Unit - $US 2,000.00 (1 piece) 

*	 Rental options may be negotiated 

http:2,000.00
http:22,000.00
http:18,000.00
http:268.000.00


HPR-24-1997 15:45 FROM MflTRIX/ENERZONE TO 161722459271399 P. 06
 

Rose Hill Landfill (confd) 

iii) Estimated Direct Remediation Cost 

Electrical Consumption - each Matrix Unit rated at 2kW - total = lOkW 
assume - +15% additional for auxiliary usage 

- electricity cost @ $0.08 per kWh 
$ US 0.92 per hour of operation at full capacity 

iv) Estimated Annual Maintenance Cost 

1.	 UV Lamp Change Out - manuOacittrer recommends lO.OOOhr life span 
240 lamps @ $ US 25,00ea. - $ US 6,000.00/10,000^8. use 
« estimated labor 4 hours for 1 technician 

2.	 TiO2 Catalyst Change Out - variable with stream conditions, average 
every 3 years 
245 TiO2 catalyst sections % $ US ISO.OOea. -= $ US 12,250.00/a. 
•	 estimated labor 12 hours for 1 technician 

•	 equipment provided with technical training for operation and servicing 
•	 equipment warranted for 1 year against defects in workmanship for all parts, except 

those covered by a separate manufacturers warranty, under Matrix authorized 
operation. 

VE. Recommendations: 

On-site demonstration with mil scale Matrix equipment, 
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This is an excellent opportunity for the Matrix TtO2 Photocatalytic Technology and we 
are eager to proceed with the project. The quote ideally gives a solid outline of the 
technology, should you require any further information or have an questions do not 
hesitate to contact me. 

Sincerely, 

Doug Garside 



Technology Profile EMERGING TECHNOLOGY PROGRAM 

MATRIX PHOTOCATALYTIC INC. 
(formerly NUTECH ENVIRONMENTAL) 

(TiO2 Photocatalytic Air Treatment) 

TECHNOLOGY DESCRIPTION: 

Matrix Photocatalytic Inc., formerly Nutech 
Environmental, is developing a titanium dioxide 
(TiO^ photocatalytic air treatment technology 
that removes and destroys volatile organic com­
pounds (VOC) and semivolatile organic com­
pounds from air streams. During treatment, 
contaminated air at ambient temperatures flows 
through a fixed TiO2 catalyst bed activated by 
light. Typically, organic contaminants are 
destroyed in fractions of a second. 

Major technology advantages include the fol­
lowing: 

Very robust equipment
 
No residual toxins
 
No ignition source
 
Unattended operation
 
Low direct treatment cost
 

The technology has been tested on benzene, 
toluene, ethylbenzene, and xylene; trichloro­
ethene (TCE); tetrachlorethene (PCE); isopropyl 
alcohol; acetone; chloroform; methanol; and 
methyl ethyl ketone. Some full-scale and field-
scale systems are shown in the figures below and 
on the next page, respectively. 

WASTE APPLICABILITY: 

The TiO2 photocatalytic air treatment technology 
can effectively treat dry or moist air. The 
technology has been demonstrated to purify 
steam directly, thus eliminating the need to 
condense. Systems of 100 cubic feet per minute 
have been successfully tested on vapor extraction 
operations, air stripper emissions, steam from 
desorption processes, and VOC emissions from 
manufacturing facilities. Other potential ap­
plications include odor removal, stack gas 

Full-Scale Photocatalytic Air Treatment System 

The SITE Program IMMMS but does not Page 356 approve or endorse technologies. 
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Ongoing Project
 

treatment, soil venting, and manufacturing ultra­
pure air for residential, automotive, instrument, 
and medical needs. Systems up to about 1000 
cubic foot per meter can be cost competitive 
with thermal destruction systems. 

STATUS: 

The TiO2 photocatalytic air technology was 
accepted into SITE Emerging Technology Pro­
gram in October 1992. Program advancements 
include the following: 

•	 Ability to destroy carbon tetrachloride 
and other saturated compounds 

•	 Sustained destruction of PCE and TCE 
of high concentration without generating 
phosgene 

•	 Effective destruction of oxygenates 
(ketones, alcohols) 

FOR FURTHER INFORMATION: 

EPA PROJECT MANAGER: 
John Ireland 
U.S. EPA 
Risk Reduction Engineering Laboratory 
26 West Martin Luther King Drive 
Cincinnati, OH 45268 
513-569-7413 
Fax: 513-569-7185 

TECHNOLOGY DEVELOPER CONTACT: 
Bob Henderson 
Matrix Photocatalytic Inc. 
22 Pegler Street 
London, Ontario, Canada 
N5Z 2B5 
519-660-8669
 
Fax: 519-660-8525
 

•» i. 4 «* ­

Field-Scale Photocatalytic Air Treatment System Treating TCE and PCE 
on a Soil Vapor Extraction Site at Savannah River 

The SITE Program assesses but does not Page 357 approve or endorse technologies. 
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î
 

î
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Town of Newtmry Solid Waste Management Facility 
Send Waste Disposal Options 

PROGRAM COST ESTIMATES 

OPTION 1 

Fall Program for Landfill Mining 
Lined Sanitary Landffl Construction * Operation 

COMPONENTS 

1. Continue Unlined Landfill Operation thro FY1997. 
2. UndfiB Mine Phase mFY 97. 
3. Landfill Mine Phaae IV FY 98. 
4. Landfill Mine Phase VFY 99. 
5. Lined Landfill cofwtmction Phase I FY 97 
6. UnedUndfiUc«*nictiocPta»EFY98. 
7. UncdUndfiDoonitnic<k)BPhaieinFY99. 
8. Create vegeUtivo buffer / baUtit eonidor 
9. Lined Landfill operatic* fy 98 THRU FY 2018 (Minimum). 
10. Continue Expanded Recycling Facility operation 
11. Environmental Monitoring Landfill Operation 
12. Engineering SupervWoo. 
13. Cap and cloiure FY 2019 (annual set aiide rewrve fiind) 
14. Pcwt Qoiure A«wal Moriioring awl Maintenawx (30 year* FY 2019 - FY 2048) 
5S. Port Closure Site Remediation Contingency Reserve Fund as per MGL c 44, s 28(c) 

Civil Ei.gii»€«r» * 
Laixl Sur*«y«r* 

Mite tUrrb SIMM 
p' burvport.MA 

01950 

04H1/96.PDT Page 4 

http:burvport.MA
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Tow* of Newbory Solid Wart* MuttfemeMt Facttkjr 
SolU Wtste Disposal OpUom 

OPTION 1 

Full Program for LaodfUl Mining
 
Lined SattlUiy LMdlU CoMtractioa A Operation
 

Cnp A OoM FadUty FY 2019
 

COST ESTIMATES 

CAPITAL COSTS 

Landfill Mining $ 2,975,750 

LandfiU Muung Operttiott • $ 2,515,750 
Tirervnovil S 300.000 
Misc. huil roods, fencing etc. S 35,000 
Supervujon/Moofcoriog $ 75,000 
Engineering Design S 50.000 

SUBTOTAL S 2,975,750 

Lined Landfill Construction S 1,452*500 

Liner Construction 3 Phases 1,062,500 
Engineering Design 130,000 
QA/QC Supervision 130,000 
Landscape Buffer Construction 125,000 
Misc. fencing/ sih control / roadways 5.000 

SUBTOTAL 1,452,500 

TOTAL CAPITAL COSTS S 4,421,250 PORT 
Civi l 1C n«<n««r« A 

One HarrU Slrml 
'wryitorl. M A 

OTOO 
l$0«)46S.»S94 

c XwiBWordVmwbwy^ptioAs.doc 04/11/96:PDT Page 2 
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Town ofNewbury Solid Watte Management Facility 
Solid Wa«« Dtapoaal Optical 

OPTION 1 

Full Program for Landfill Mining
 
Lined Sanitary Landffll Construction A Operation
 

Cap A date Facility FY 2019
 

CAPITAL COSTS 

Ln d	 $ 2,975,750 
1.	 Landfill Mining Operation $2,515,750 

Estimated 234.900 cy + 25% com.- 293.625 CY 
@PHm-$tVcy PHIV-$9/CY PHV-$IO/C Y 
PHASE m - 136,875 CY x $« / CY - $ 1,095,000 
PHASE IV- 146,750 CYx $9 /CY-$ 1,320,750 
PHASEV = 10,000 CYx $10 /CY» $ 100,000 

SUB TOTAL -$2,515,750 

Tire removal $ 300,000 
From landfill mining phase* D & niA 

Phase # QtyMmed Tirw(T) Co* Rate 
D 31,000 cy 115.43 T $ 14.42S.7S 0.004 T/cy 

IHA 2t.QQQey 21L3JT SJLL28&25. PJfi|T/cy 
Total 59,000 cy 333.90 T $ 41,725.00 0.006 T/cy 

Auume: 0.008 T/cy tires for 293,625 cy = 2,349 T 
@ $ 125/7-$293,625 

Mac. haul roads, fencing etc.	 35,000 
HiuLfifflb1l(3@24'x200() 

GtotaKtflefilMrflbric 1600 «y® $2.70 -$4,320 
Cnithed atone (12-th S33 py ̂  S 20 -J10660 

$14,980 
Chain Link Fencing (300 If movabU) 

61CLFft«dngreuaaWe300lf@$15 -$4,500 PORT 
Comerpoata3-DgalveMal 6^SU-S 52S 
Line PoitiPHlV/V 60(9 $70 -$4,200 
Gate (301 widt pair) -$JL5flQ 

Civil Engineer* * $12,728 L«fwt Surveywrt 

UIM Harrii Street 
' Suryjinrt. M A Sfltatioo Fencing/Hay Btlet 

OI9SU Sat fence 2,000 tf@ $ 0.80 -$1.600
 
Hay Bales backing 1,000 bald @ $ 3 -$1^2fifi
 

$4,600
 

e:\wiBnrort\BCwburyVjpUow.te: 04/tl/M^DT	 Page5 

http:e:\wiBnrort\BCwburyVjpUow.te
http:41,725.00
http:14.42S.7S
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Town of Newbmr Solid Wuto Mwufement Facility 
S«U4 Wait* Dtoponl Options 

PROGRAM COST ESTIMATES 

OPTION 1 
(cootinutd) 

LandflH Mining (continued) 

4.	 Supendsran/Monhoricg $ 75,000 
@ 1.200 cy/dty-250 days mining x $300/day 

5. Engineering Design	 $ 50,000 

Lintd Landfill Cimrtmerion S 1,452,500 
3 phase* 7.S 

1. Liner etc. @ $175,000 per acre	 $ 1,062,500 
tfipomtaUef.S4piteB.135

Standard Handbook of EnvirooinonUlEngjnoiring 
add eUy liner (4' thkk) ft blasting @ 20,000 ey / acre 
Phase I 1 .See $ $175,000-I 250,000 

(7nebuW In $ 7»,Mt Fy 9S BomQ 

Phase n 3.0 ae^$ 175,000-$ 525,000 
Phuem 3.0acg$ 175,000-$_22LQQfi 

$1,062,500 

2. Engineering @ 10H construction coat	 S 130,000 

3. QA/QC(@10%)	 $ 130,000 

4.	 Landscape bufler S 125,000 
(1,000 tf x 100; 2.5 AC ® $50,000) 

5.	 Kflse. fencing/ sih control $ 5.000 
$ 1,452,500 

Lami Surwjron 
TOTAL CAPITAL COSTS S 4,418̂ 50 Owt HirrUStrwt 

'' ImrtiMrt.M A 
Ol«0 

c:\winwonf\nerwbuiy\flptkoi.d9c; 04/ll/96:PITT	 Page 6 
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Town of Newbury Solid Waste Management Facility 
Solid Watte Disposal Options 

OPTION 1 

FuD Program for Landfill Mining
 
Lined Sanitary Landfill Constriction it Operation
 

Cap * Oooa Facility FY 2019
 

COST ESTIMATES 

ANNUAL COSTS 

Facility Operation S ISS,990 

Unlined Landfill Operation (Fy 97) S 97,390 
Recycling Ftcilrtyop*r»tioo(Fy 97 Thru FY 2011 Min) S 55,650 
EovinMuneaUlmonhoring(Fy97ThniFY2018Min) S 14,800 
BngmeeringSupervisio« (FY 97 Thru FY 2011 Mm) S 21.1SO 
TOTAL INITIAL ANNUAL COSTFYfT S 1W,WO 

S 50,400 
(CAPITAL COSTS REQUIRED FY 201*) 

(S€tukJeeqxoltimu*limounttoefUbU«hftindinFY2019) 
Comprehensive Site Assessment $ 150,000 
Qosuie Design S 95,000 
Closure Construction Cost $ 950,000 
She Remediation Contingency Reserve Fund S 1.000.000 
(CAPITAL COSTS REQUIRED FY 2019) TOTAL $ 2,195,000 

Iqurvsknt Annual Payment (20 years® 7 J%RR) $ 50,600 

27,000 
(ANNUAL CQgyS FY 2020 thm 
(Set aside equal annual amount 10 establish find in FY 2019 

for a 7.5 + acre capped and closed facility) 
LF inspection (Quarterly) 3,000 
Surface Maintenance (nww/repeir/regrade) 5.000 
Leachate coBecoJoo / tteatmant 20,000 
Environmental monhoring (water / gas / air, Serai-Annual) 25JK» 

53.000 
Civil £n|iiM«T*«
 
Land Surveyor*
 30 yr ANNUAL COSTS Fund Required FY 2019 S 1,141,429 

'0*tH«rm Street Eqatvaleat Annual Payment (20 yean $ 7.5% RR) S 27,000 
?' Suryiwl. MA
 

Of«0
 
(MM)) 465-ttSW
 

e:VfvittWDrtfaewbMiy\epUoai.4oe: 04/11/M'JDT Page 3 
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TELECON MEMORANDUM 

DATE: 

M&E ENGINEER: 

MADE CALL fN 
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COMMENTS SUMMARYT)Ft»NVERSATION: 
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- -77*?? 
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CC: 
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Project Rose Hil l Technical Memorandum Acct. No. 020617-0010 Page 1 of 1 
Subject Dewatering Comptd By S. Czarniecki Date 06/04/97 

Detail Treatment Cost Approximation Ck'd. Bv B. Weir Date 06/1-3/97 Q 

C \RH\SCHEMAT XLS 

For the purposes of this cost estimate, it is assumed that treatment costs wil l be similar to those presented in the 

Draft Final FS (M&E, 1996) for leachate treatment, but will only include treatment for metals based on reinjection 

ARARs. Although the flow rate used for leachate treatment in the Draft Final FS (5 gpm) may be low compared to 

any required dewatering flows (at this time unknown), for the purposes of this cost estimate, 5 gpm wil l be assumed 

and the length of operation wil l be assumed to be 1 year. 

Capital Costs 

From Alternative #4, 5 gpm water treatment plant capital costs = $425,000 

Capital costs for UV/chem oxidation items (including instrumentation) = $89,889 

Therefore, capital costs for metals precipitation system = $335,111 

To account for higher flows, use 

O&M costs 

Unit Unit Cost 1 -Year Quantity 

Feed Chemicals 1000 US gal $0.56 2628 

Residuals Disposal 1000 US gal $0.35 2628 

Labor hr $35.00 520 

Electricity 1000 US gal $0.05 2628 

(Assumed based on FS costs) 

Total $20,723 

To account for higher flows, use $25,000 



Project Rose Hill Technical Memorandum Acct No 020617-0010 Page 1 of ]_ 

Subject Groundwater Monitoring Comptd B> S. Czarniecki Date 06/1-2/97 
,c-

Detail Landfill Mining vs Cap Alternative _ Ck'd By B. Weir Date 06/12/97 

C (WSCHEMATXLS 

For the purposes of this comparison, it is assumed that monitoring wells MW-03-01/02/03 and MW-12-01/02 

will be used to monitor the effectiveness of any remedial action at the Bulky Waste Area. 

Groundwater Monitoring for the Cap Alternative 

Assume 5 wells sampled for 30 years plus required QA/QC samples 

Groundwater Monitoring for the Landfill Mining Alternative 

Assume the 5 wells noted above will be sampled as well as the 3 extraction (dewatering) wells and 2 injection wells. 

Assume the length of monitoring for these wells will be 5 years. 

Assume the required QA/QC samples are the same as for the cap alternative. 

This summarizes to 10 wells being sampled for 5 years plus required QA/QC samples. 

Comparison Between Alternatives 

For comparison purposes, the landfill mining alternative could be assumed to be 5 wells being sampled for 

10 years plus required QA/QC samples. 

This results in monitoring costs being approximately 3 times lower for the landfill mining alternative. 



flBMetcalf&Eddu Memorandum
 
,T1*̂ B An Air &Water TechnologieTechnologiessCompany 

FILE: Rose Hill DATE: Hay 28, 1997
 

TO: S. Czarniecki OFFICE: Wakefield
 

FROM: R. Renzi COMPANY: M&E
 
SUBJECT: Rose Hill Health and Safety Issues
 

If it is determined that there are no hazardous substances in the
 
soil and groundwater that could result in an employee exposure then
 
work would precede as a conventional construction operation. At a
 
minimum this would include:
 

1.) Several individuals trained in first aid/CPR (8 hours).
 
(2 individuals x $50 course each = $100)


2.) Personnel protective equipment would include at a minimum
 
hard hat, safety glasses, work gloves and steel toed shoes.
 

(10 individuals x $150/person = $1,500)

3.) Emergency response equipment would include a fire
 
extinguisher, first aid kit air horn and cell phone.
 

($425)

Total estimated cost for safety related items = $2025
 

However, if at any time during the process an accumulation of
 
hazardous substances in the soil or groundwater is identified and
 
results in employee exposure or 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 (HAZWOPER) would be required. At a minimun this
 
would include the following:
 

1.) Generation of a written safety and health program.
 
(Assume contractor has one developed.)


2.) Generation of a site specific safety and health plan.
 
(Cost to generate $4,500)


3.) Initial training for general site workers (40 hours off
 
site and 24 hours on site).
 

(10 individuals x $450/course = $4,500)

4.) Management training for supervisory personnel (8 hours
 
off site).


(2 individuals x $150/course = $300)

5.) Several individuals trained in first aid/CPR (8 hours).
 

(2 individuals x $50 course each = $100)

6.) Higher levels of personnel protective equipment. At a
 
minimum Level D, modidfied Level D and Level C. This would
 
require the purchase of full-length coveralls (eg. Tyvek),
 
iner and outer chemical resistant gloves, chemical resistant

steel-toed, steel shank boots, hard hat, safety glasses, and
 
air purifying respirators.
 



(10 individuals x $150/person = $1,500)
 
(10 individuals x $50/day x 40 days = §20,000)
 

7.) Continuous use of exposure monitoring equipment. At a
 
minimum to include a photoionization detector, combustible gas
 
indicator with oxygen and hydrogen sulfide sensors, an aerosol
 
meter and a radiation detector.
 

(PID $1200 + CGI $280 + Aerosol $1600 + RAD $550 = $3630)
 
8.) Decontamination facilities and supplies for both personel
 
and equipment.


($2000)
 
9.) Emergency response equipment. At a minimum to include
 
eye wash/shower station, fire extinguishers, first aid kit,
 
air horn and cell phone.
 

($425)
 
Total estimated cost for safety related items = $36,955
 



A-2 Responses to RIDEM Comments 



Metcalf & Eddy Responses to 

REDEM COMMENTS (September 2,1997) 
on 

ROSE HILL REGIONAL LANDFILL 
TECHNICAL SCREENING OPTIONS TECHNICAL MEMORANDUM 

prepared June 1997 

Comment 1: Section 5.3, Pilot Study/Feasibility Analysis, Page 25, Paragraph 1 - An 
economic evaluation is also performed to determine the feasibility of the technology. The 
cost of the project is most likely to be the major decision making criterion for the 
implementation of the process. A cost/benefit analysis would compare the projected cost 
for capping and closing a landfill without mining; with the costs associated with the landfill 
mining and re-disposing of non-recyclable wastes, the anticipated savings from reducing 
the size of or eliminating the need for a cap, and the anticipated revenue from recyclable 
materials. 

As stated in the cover letter to these comments, this report failed to evaluate the economic 
and ecological factors with regard to natural resource damages. This paragraph clearly 
indicates that NRD was not considered. 

Response: A statement has been added to the FS which addresses NRD considerations 
in the alternatives. 

Comment 2: Section 5.5, Effectiveness, Page 29, Paragraph 2 - "Potential short-term and 
long-term ecological risks of landfill mining must also be considered when evaluating its 
effectiveness. Emergent wetlands...." This paragraph discusses the short-term risks of 
landfill mining at length, however, it fails to mention any of the long-term benefits to the 
environment. In order to be unbiased, the report must mention the benefits as well as the 
risks. 

Response: M&E agrees that for the report to be unbiased it must mention the benefits 
as well as the risks of landfill mining. These benefits are indicated in the FS 
report. 

Comment 3: Section 5.7, Cost - This section fails to factor two major variables into the cost 
calculations, 1. the cost savings (i.e. decreased damages and resulting compensation 
resulting from continued release) resulting from the reduced long-term impacts to the 
environment if the bulky waste area was removed and 2. the potential costs associated with 
leachate collection and treatment if it is determined necessary. 

I o f  2 



RIDEM understands the difficulty of determining the potential costs associated with NRD, 
however, it should at a minimum be mentioned as a variable. The costs for leachate 
collection and treatment were estimated in ihe draft FS and should be included in the 
evaluation process. 

Response: The costs for leachate collection and treatment have 
alternatives utilizing landfill mining in the FS report
Comment 1 regarding NRD costs. 

been added to 
 Elease refer to 

Comment 4: Section 5.8, Summary - Advantages: Two major advantages that the report 
failed to mention are 1. Reduced NRD and 2. Eliminate the need for long-term leachate 
collection and treatment. 

Disadvantages: With regard to disadvantages, the statement regarding the lack of public 
support for landfill mining must be qualified and referenced. Was the local community 
surveyed? Were they given all of the information regarding the pros-and cons? 

"The most important advantage to implementing landfill mining is the potential to eliminate 
the need to cap the Bulky Waste Area." RIDEM strongly disagrees with this statement. 
From a Trustee perspective, the most significant advantage would be the elimination of 
long-term impacts to the environment. As previously stated in past correspondence and 
restated in this letter, RIDEM must also consider its position as Natural Resource trustee 
when evaluating remedial alternatives. 

Response: The statement regarding lack of public support for landfill mining has been 
better qualified and referenced The statement was originally made based 
on other landfill mining projects which have had community relations 
problems, such as Fairhaven, MA, and will not be included in the FS 
report 

M&E notes that the "most imponanLadvantage" is subjective A 
comprehensive list of advantages/disadvantages of landfill mining has not 
been included in the FS report as it is not part of standard FS detailed 
evaluation Therefore, a summary statement such as the one discussed is 
also not presented 

2 of 2 



B. DRAINAGE AND SLOPE STABILITY CALCULATIONS 

B-l Solid Waste Area - General Assumptions 
B-2 Solid Waste Area - Detention Basin Development and Sizing 

• Detention Basin #1: Pre-Development 
• Detention Basin #1: Post-Development 
• Detention Basin #1: Sizing 
• Detention Basin #2: Pre-Development 
• Detention Basin #2: Post-Development 
• Detention Basin #2: Sizing
 

B-3 Bulky Waste Area - Detention Basin Sizing
 
B-4 Slope Stability: Cover and Soil Slippage
 
B-5 Cover Stress Evaluation
 



B-l Solid Waste Area - General Assumptions 



Project Rose Hill FS Acct. No. 4609-18-10-11 Page 1 of L_ 
Subject Drainage/Slope Stability Comptd. By S. Czarniecki j)ate 08/19/96 

Solid Waste Area Ck'd. By N. Bergeron Date 08/23/96 
P:\NE\ROSEHILL\FS \AFPX-H\DRAINSW 

Detention basin requirements were reviewed for the Solid Waste Area using the TR-55 method. As 
discussed in the Rhode Island Sort Erosion and Sediment Control Handbook (R1DEM, 1989), basins 
should control 25-year frequency, 24—hour duration, Type III distribution storms. 

Control of the peak discharge from a 100-year, 24- hour storm event is also required if it is 
determined that downstream impacts would be significant. 

Estimates of rainfall: (From S.C.S. TR-55, revised 1986 ­ Attached) 

2-year, 24-hour: 3.5 in. 
25-year, 24-hour: Sin. 
100-year, 24-hour: 7 in. 

Sizing in the following sections are based on the 25-year, 24-hour storm. For the purposes 
of basin sizing, downstream impacts from a 100-year, 24-hour storm are currently assumed to be 
insignificant so that costs are not the most conservative. This should be reviewed further in pre-design 
stages. 

A simplifying assumption is also made during Time of Concentration calculations that only sheet flow 
occurs even though run lengths may exist greater than 300 ft. 

Detention basins are sized to reduce post-capping runoff flows to pre-capping flows. 

3
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B-2 Solid Waste Area - Detention Basin Development and Sizing 
• Detention Basin #1: Pre-Development 
• Detention Basin #1: Post-Development 
• Detention Basin #1: Sizing 
• Detention Basin #2: Pre-Development 
• Detention Basin #2: Post-Development 
• Detention Basin #2: Sizing 



Solid Waste Area 
Detention Basin #1: Pre-Development 



Worksheet 2: Runoff curve number and runoff 

fProject 

. f )fLP>Artf H&j6 J- Checked SO Date ' 

Circle one; (Presen$ Developed 

1. Runoff curve number (CN) 

Soil name Cover description Area Product
 
and CN-L/ of
 

hydrologlc (cover type, treatment, and <̂  CN x area
 
group hydrologlc condition; 0) 

CO1 T D acres
 
(M ĉ 
 percent Impervious; « OUi*
 

l-l »
unconnected/connected impervious A 00 ax
 
•H
4? 

•
 

(appendix A) area ratio)	 e- b. U.
 

"^ A	 t°l 0.61S £•-<?
 î /jr,, A Ô eo
 
j
 

•-,
 

-L' Use only one CM source per line.	 Totals •
 

 t0tal Productm f u ^ l u h r ^ l  l .  .	 II«A rti « \ 1 <J ICN iwemnteu j - „ . . . , , ' . - • •	 i 1 

2.	 Runoff 
Storm 11 Storm 12 Storm #3 

5L^ 

$Rainfall, P (24-hour)	 In 

O.I. 
(Use P and CN with table 2-1, fig. 2-1, 
or eqs. 2-3 and 2-4.) 

(210-VI-TR-55, Second Ed., June 1986) D-2 





Table 2-2a.-RunofT curve numbera for urban areas' 

Curve numbers for 
Cover description hydrologic soil group-

Average percent 
Cover type and hydrologk condition impervious area1 

Fully developed urban area* (vegetation eitabluhed) 

Open space (lawns, parks, golf courses, cemeteries,
 
etc.)»:
 

86 89 Poor condition (grass cover < 50%) 79 
79 84 Fair condition (grass cover 50% to 75%) 69 

Good condition (grass cover > 75%) 61 74 SO 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. 

(excluding right-of-way). 98 98 98 
Streets and roads: 

Paved; curbs and storm sewers (excluding 

4 
right-of-way) 98 98 98 

Paved; open ditches (including right-of-way) 83 89 92 93 
Gravel (including right-of-way) 76 85 89 91 
Dirt (including right-of-way) 72 82 87 89 

Western desert urban areas: 
Natural desert landscaping (pervious areas only)4 ... 63 77 85 88 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand V or gravel mulch and basin borders). 96 96 96 96 

Urban districts: 
Commercial and business 85 89 92 94 95 
Industrial 72 81 88 91 93 

Residential districts by average lot size: 
1/8 acre or less (town houses) 65 77 85 90 92 
1/4 acre 38 61 75 83 37 

30 57 72 81 t«) 1/3 acre 
1/2 acre 25 54 70 80 85 
1 acre 20 51 68 79 84 
2 acres 46 65 12 

Developing urban area* 

Newly graded areas (pervious areas only, 
no vegetation)1 77 86 91 

Idle lands (CN's are determined using cover types 
similar to those in table 2-2c). 

1Averace runoff condition, ami 14 > DiS. _ 
The average percent im|>wvi<Hin area shown wan umal to develop the com|x>sib> CN *. Other aKsumpliom. are as follows: nn)M'rviou.- iiiv.r 
are dirertlv conrx.i1.wl to the dniinaitc system, impwviuu* areas have a CN of HH. and pervious art-as are considered equivalent t» ippr n 
MHU* in cood hvdmloinc umilitiim. CN's for other combination.*_of conditions may he computed UMn u figure '1:»<>r 2-». 
X'N'> ^ho»n are <i|UiV!Uent to those of |su-tun-. Com|Ni>ile CN's may be computed for other cumhmulion* of O|HMI >p.Kt- CUMT I \ | M  ­
•ComixiMte CN"> fur luilural dest-rt land«.-.ip«iB >hould he computwl UMP K fibres 2-11 or i-J ba>ed on the im|wrMou> .iiva |K'ixi-nl.ii:<-1< N 
- »M) and the iwrviou.1 . area CN. TTu- |K-rviou» area CNV are awiumed equivalent to dewrt shrub in |x«>r hyilnikw c condition. 
Vom|)oMle CN V to UM- for the ik-sign of trm|>orary meaMires ilunnif (rrodiinr and construction >hould l>e computed IIMIIB fiKiuv ^ :! <n  ' - -1 
ha>ed on the di-urtt- of ileveliipment (im|M.'|-vinu> an-a |>ervenUuie) and the CN's for the m-wl y er.uM |>er\-|oti.- aivsis. 

(210-VI-TR-55, Second Ed., June 1986) 
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Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

Qxe (J,^ f£ iy^22 Date y3tfA3 
/ *~ r\ /\ -^ <L,/_(. in,

Locationu L.f. btSA Checked Date 

Circle 01 esent^ Developed
 

Circle on*: chrough subarea
 

NOTES: Space for as many as two segments per flow type can be used for each
 
worksheet.
 

Include a nap, schematic, or description of flow segments.
 

Sheet flow (Applicable to TC only) Segment ID 

1. Surface description (table 3-1) A 

2. Manning's roughness coeff., n (table 3-1) .. 

3. Flow length, L (total t <_ 300 ft ) ft S' OO 

4. Two-yr 24-hr rainfall, Pj in -3. 5 

5. Land slope, s f t / f  t 

<• ». • "ffyyr' «—-*. ­
Shallow concentrated flow Segment ID
 

7. Surface description (paved or unpaved)
 

8. Flow length, L ft
 
&
 

9. Watercourse slope, s ft/ft
 

10. Average velocity, V (figure 3-1) ft/s
 

lUTt'36w5T Compute Tt hr I*
 

Channel flow ; .. Segment ID
 /W
 
12. Cross sectional flow area, a ft
 

13. Wetted perimeter, pw ft
 

14. Hydraulic radius, r »— Compute r ft
 
*
 

15. Channel slope, s ft/ft
 

16. Manning's roughness coeff., n
 
' 2/3 1/2
 
r
17. V - l<** n S Compute V ft/s
 

18. Flow length, L ft
 

l9' Tt'3656~V Compute Tt hr '*
 

20. Watershed or subarea T or T (addT in steps 6, 11, and 19) hr
 

(210-VI-TR-55, Second Ed., June 1986)
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Sheet flow 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 
the friction value (Manning's n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. Table 3-1 gives Manning's n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

0.007 [Eq.3-3] 

Table 3-l.-Rou|fhn*s» coefficients (Mannings n) for 
sheet flow 

Surface description n1 

Smooth surfaces (concrete, asphalt, gravel, or 
bare soil) 0.011 

Fallow (no residue). 0.05 

Cultivated soils: 
Residue cover 0.06 
Residue cover >200t 0.17 

Grass: 
Short grass prairie .. 
Dense grasses1 

Bermudagrass 

Range (natural) °-13 

Woods:3 

Light underbrush. 0.40
 
Dense underbrush 0.80
 

'The n value> are j cim|KiMU.> of information nimpilol by Eiiimun 
(1986). 
'Includes speoe.- »ui-h a.- »ee|>im; liive»rra». bluWJ--~>. buffalo 
CTiss. blue jiruma irntvs, anil nulivv irra-v mi.Muiv*. 
'When !>ele<.-tini! n. iiin.-iiler nm-r lo u hoichl nf .ihiiut (1.1 ft. This 
IK the only |urt <>f ihv |>bnl mviT lh:U Kil l nhMnn.1 -hwt fl»». 

where 

Tt - travel time (hr). 
n * Manning's roughness coefficient (table 3-1). 
L * flow length (ft), 
P2 - 2-year, 24-hour rainfall (in), and 
s * slope of hydraulic grade line (land slope. 

ft/ft). 

This simplified form of the Manning's kinematic 
solution is based on the following: (I) shallow steady 
uniform flow, (2) constant intensity of rainfall excess 
(that part of a rain available for runoff). (3) rainfall 
duration of 24 hours, and (4) minor effect of 
infiltration on travel time. Rainfall depth can be 
obtained from appendix B. 

Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow can be determined from figure 
3-1, in which average velocity L« a function of 
watercourse slope and type of channel. For slop-
less than 0.005 ft/ft. use equations given in _ 
F for figure 3-1. Tillage can affect the direction of 
shallow concentrated flow. Flow may not always b* 
directly down the watershed slope if tilhi^e runs 
across the slope. 

After determining average velocity in figure 3-1. u.-t­
equation 3-1 to estimate travel time for the shal'uu 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where sui-veyed 
cross section infoiination has been obtained, where 
channels are visible on aerial photographs, or where 
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equation or water surface profile 
information can be used to estimate average flou 
velocity. Average flow velocity is usually determineri 
fur bank-full elevation. 

(210-VI-TR-55. Second Ed.. June 1986) 



Worksheet 4: Graphical Peak Discharge method 

Project Date 

Circle one: Xrreaenf c

(_F ' QtfruMf 

 Developed 

T Checked SO Date 

1. Data: 

Drainage area ..........^ 

Runoff curve number .... CN • 3*9 

Time of concentration .. TC » 

Rainfall distribution type ­

Pond and swamp areas spread 
throughout watershed ..... . • 

mi2 (acres/640) 

(From worksheet 2) 

hr (From worksheet 3) 

(t, U, II, III) 

percent of ( acres or mi2 covered) 

2. Frequency 

3. Rainfall, P (24-hour) in 

Storm

25 

f 

'1 Storm 92 Storm '3 

4. Initial abstraction, I(. 
(Use CN with table 4-1.) 

in 

5. Compute Ia/P 

6. Unit peak discharge, qu 
(Use Tc and Ia/P with exhibit 4­ ) 

csm/ln 

7, Runoff, Q 
(From worksheet 2). 

in 

*« 8. Pond and swamp adjustment factor, F
(Use percent pond and swamp area 
with table 4-2. Factor is 1.0 Cor 
zero percent pond and swamp area.) 

 ... 

9. Peak discharge, q 

(Where qp ­\^ 

cfs Q. 

Si 

(210-VI-TR-55, Second Ed., June 1986)
 D-4 i
 



Chapter 4: Graphical Peak Discharge method
 

This chapter presents the Graphical Peak Discharge 
method for computing peak discharge from rural and 
urban areas. The Graphical method was developed 
from hydrograph analyses using TR-20. "Computer 
Program for Project Formulation-Hydrology" (SCS 
1983). The peak discharge equation used is 

quAmQFp [Eq. 4-1] 

where 

' peak discharge (cfsfc
 
Qu • unit peak discharge (csm/in);
 

Am drainage area (nu'Z);
 
Q runoff (in); and
 

Fn pond and swamp adjustment factor.
 

The input requirements for the'Graphical method are 
as follows: (1) Tc (hr), (2) drainage area (nu°2), (3) 
appropriate rainfall distribution (I, IA, II, or III), (4) 
24-hour rainfall (in), and (5) CN. If pond and swamp 
areas are spread throughout the watershed and are 
not considered in the Te computation, an adjustment 
for pond and swamp areas is also needed. 

Peak discharge computation 

For a selected rainfall frequency, the 24-hour rainfall 
(P) is obtained from appendix B or more detailed 
local precipitation maps. CN and total runoff (Q) for 
the watershed are computed according to the 
methods outlined in chapter 2. The CN is used to 
determine the initial abstraction (IJ from table 4-1. 

is then computed. 

If the computed l.JP ratio is outside the range shown 
in exhibit 4 (4-1, 4-IA, 4-11. and 4-III) for the rainfall 
distribution of interest, then the limiting value 
should be used. If the ratio falls between the limiting 
values, use linear interpolation. Figure 4-1 illustrates 
the sensitivity of IJP to CN and P. 

Peak discharge per square mile per inch of runoff 
(qj is obtained from exhibit 4-1, 4-IA, 4-II, or 4-III 
by using T( (chapter 3), rainfall distribution type, and 
la/P ratio. The pond and swamp adjustment factor is 
obtained from table 4-2 (rounded to the nearest table 
value). Use worksheet 4 in appendix D to aid in 
computing the peak discharge using the Graphical 
method. 

Flcurt 4-1.-Variation of IJV for P and CM. 

Table 4-1.—I, values for runoff curve numbers 

Curve 
number 

40 
41 
42 
43 
44 
45 
4li 
47 
48 
49 
30 
51 
52 
5:) 
54 
55 
5G 
57 
58 
59 
60 
61 
62 
»5S 
<>4 
(55 
<W 
<>7 
<!8 
<>» 

I. 
Cm) 

f 3.0001 
2£78 
2.762 
2.651 
2.545 
2.444 
2.348 
2^55 
2.167 
2.082 
2.000 
1.922 
1.846 
1.774 
1.704 
1.636 
1.571 
1.509 
1.448 
1.390 
1.333 
1.27!) 
1.226 
1.175 
1.125 
1.077 
1.030 
0.5)85 
O.iMl 
O.KW 

Curve 
number 

70 
71 
72 
73 
74 
73 
7<> 
1 1 
78 
79 
80 
81 
82 
83 
84 
85 
8H 
87 
88 
80 
90 
91 
92 
93 
94 
95 
!*• 
!17 
HH 

I. 
(in ) 

QP— 
C 
o.>^ 
0.740 
0.703 
O.M7 
O.IJ32 
0.597 
0.5M 
0.53-J 
0.500 
0.4<!9 
0.43<l 
0.410 
0.3M 
0.353 
0.32ti 
o.;*)P
0.27:5 
0.247 
0.222 
0.1 it," 
0.174 
0.131 
0.1 2> 
0.105 
O.o.x;< 
0.01 i2 
0.041 

(210-VI-TR-55, Second Ed., June 198ti) 
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Solid Waste Area 
Detention Basin #1: Post-Development 



Worksheet 2: Runoff curve number and runoff
 

Project DaC* 

Location^ ef  t • *yr (JF J?AA -.- j / i  f AtifA t Checked 2>^^ Date 

Circle one: Present 

1. Runoff curve number (CM)
 

Soil nane 
and 

hydrologlc 
group 

(appendix A) 

/ *>W <j 

Cover description 

(cover type, treatment, and 
hydrologlc condition; 
percent Impervlout; 

unconnected/connected Impervious 
area ratio) 

CN^/ 
fM 

e* 

« 
•H 
JO z 

£/ 

<n 
CM 

• 
00 
<r4 
bu 

Tr«i 
• 

oo 
•H 
0. 

Area 

D acres 
(Z3»i-
DZ 

frfiff 

Product 
of 

CN x area 

• > 

< 

-i/ Use only one CN source per line. Totals ­

m ruatuKr^  n . toeal Product 11.• r-a _ /> .
•̂̂  *

 1 
1 

2. Runoff 
Storm »1 Storm 12 Storm 13 

2.5 
f 

(Use P and CN with table 2-1, fig. 2-1, 
or eqs. 2-3 and 2-4.) 

1.  3 

(210-VI-TR-55, Second Ed., June 1986) D-2 
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Table 2-2».-RunofT currc numbcn for urban anas> 

Curve numbers for 
Cover description hydrologic soil group-

Average percent 
Cover type and hydrotogic condition impervious area* 

Fully developed urban area* (vegetation tttablithed) 

Open space (lawns, parks, golf courses, cemeteries, 
etc.)»:

Poor condition (grass cover < 50%) 
Fair condition (grass cover 50% to 75%) 
Good condition (grass cover > 75%) 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. 

(excluding right-of-way). 
Streets and roads: 

Paved; curbs and storm sewers (excluding 
right-of-way) 

Paved; open ditches (including right-of-way) 
Gravel (including right-of-way) 
Dirt (including right-of-way) 

Western desert urban areas: 
Natural desert landscaping (pervious areas only)4 ... 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand 
or gravel mulch and basin borders). 

Urban districts: 
Commercial and business 
Industrial 

Residential districts by average lot size: 
1/8 acre or less (town houses) 
1/4 acre 
1/3 acre 
1/2 acre 
1 acre 
2 acres 

Developing urban area* 

Newly graded areas (pervious areas only, 
no vegetation)1 

Idle lands (CN's are determined using cover types 
similar to those in table 2-2c). 

85 
72 

65 
38 
30 
25 
20 
12 

68 
49 
39 

98 

98 
83 
76 
72 

63 

98 

81 

77 
61 
57 
54 
51 
46 

77 

79 

98 

98 
89 
85 
82 

77 

96 

92 
88 

85 
75 
72 
70 
68 
65 

86 

79 
74 

98 

98 
92 
89 
87 

85 

94 
91 

90 
83 
81 
80 
79 

91 

89 
84 

93 
91 
89 

95 
93 

fti 

!0 
!>4 
«•> 

e percent imiwrvHHW area whiwn wan use«l lu <levek)|i the compusiu. ON1*. Other awumpU.n* are as f.illows: im|MTVH>u.- aiv.i­
arv directly wlnnerteil lo ihe ilnunuife system. imiwrvwu* area* have a CN <>f MM. ami iwrvioux an-as are coro.nlere.1 n|iuv:ik-nl l«- •!••" 
Mini* in inxN l hv.ln.hw <.-.in.lili.in. CNV f«r -Aher wmbmaUins .if curelitioiw may he uiimiuled u>in»r Hirure i :\ »r i-4. 
VN'> -twi*n are wiuivident ti> Ihiise of |»a.-.lun'. O>m|mMte CN > may be iiim|nite<l lor .rtner iDmhiruilions uf <>(H.MI >|>.KV OIMT t \ l» -
MjiiniiKMli! CN' N f»r iiulur.il tleMfrt laiMlM.ii|>int! >h»ulil be cumiMiUil usinn furuivs 2^1 or 2-4 ba*e<l on ihv im|HTvmu> .ir\-:i IK-IWIII.ILV ' < N 
« HKljm l the'iiervmito areii CN. The |K-nri«>u.< area CN'.- are jwumeil n|Uivalent lit (lewrt .••hrub in \H»M- hyilniU-inc niiwlilmn . 

H.'«imi>.iMte CN"« t<> iw f«r Ihe .U-Mttn "f ti-minwary mea>ures dunn»f trr.ulinn ami cunKlructmn .shiiul.l lie mmputed H.-.IIIK l 
haleil im the ik-jsn-e t.f ik-vekiimvin dm|iei-x-Hni> an-a Ihe CNV fur the n«-»ly ttruiM |iervi.>iL-> .uvsw. 

(210-VI-TR-55, Second Ed., June 1986) 
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Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

Project By Oat*
 

location Ch.cked Date
 

Circle one: Present Developed
 

Circle one: T through subarea
 

NOTES: Space for ee many a* two segments per flow type can be uecd for each
 
worksheet.
 

Include a Bap, schematic, or description of flow segments.
 

Sheet flow (Applicable to TC only) Segment ID
 

'ĵsS
 

2. Manning's roughness coeff., n (table 3-1) .. 6,&
 

3. Plow length, L (total t < 300 ft) ft 6^0
 

In 3.S
 

ft/ft £>D?
 
& 34 1 1 + • $-3i
hr
 t 0.5 0.4 t
 

Shallow concentrated flow Segment ID
 

7. Surface description (paved or unpaved)
 

ft
 

ft/ft
 

fl/S
 

ll* T
1 •<
 •i
t " itnn v Compute T hr K
 

Channel flow Segment ID
 

ft2
 

ft
 

ft
 
r
 w
 

ft/ft
 

2/3 1/2
 
17. V - -V"r 2 Compute V ft/s
 

ft
 

1 -» ­19- T
 
t " 3600 V ComputeT hr
 

20. Watershed or subarea T or T (addT In step s 6, 11 , and 19) hi • &.*i
 

(210-VI-TR-55, Second Ed., June 1986)
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Sheet flow 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 
the friction value (Manning's n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. Table 3-1 gives Manning's n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

0.007 [Eq. 
sO.4 

Table 3-l.-RouKhness coefficient* (Mannings n) for 
sheet flow 

Surface description 

Smooth surfaces (concrete, asphalt, gravel, or 
bare soil) 0.011 

Fallow (no residue). 0.05 

Cultivated soils: 
Residue cover £ 20<* 0.06 
Residue cover > 20'* 0.17 

Grass: 
Short grass prairie 
Dense grasses* ~0.24 
Bermudagrass 0.41 

Range (natural) 0.13 

Woods:4 

Light underbrush 0.40 
Dense underbrush 0.80 

'The n value* are a c-.im|xi*iU' <>f informalion compiled by Emrrrun 
OSWIit. 
'Includes specie:. »ui-h :u» wet-pint; Invevnu*. bluiiTu-v. buffalo 
(trass, blue (jrama ifni.xs. aiul nalivt- i;ras> miMun-^. 
3When stlectmif n. t-imMder IIHI T In a hc'inht of .ihiiul o.l ft. Thi> 
w the onl y |>art uf iht plant mvi-r that will nhi-lnict ^htvl dim. 

where 

Tt » travel time (hr). 
n = Manning's roughness coefficient (table 3-1). 
L - flow length (ft), 

P2 * 2-year, 24-hour rainfall (in), and 
s = slope of hydraulic grade line (land slope. 

ft/ft). 

This simplified form of the Manning's kinematic 
solution is based on the following: (1) shallow steady 
uniform flow. (2) constant intensity of rainfall excess 
(that part of a rain available for runoff). (3) rainfall 
duration of 24 hours, and (4) minor effect of 
infiltration on travel time. Rainfall depth can be 
obtained from appendix B. 

Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow can be determined from figure 
3-1, in which average velocity is a function of 
watercourse slope and type of channel. For slope* 
less than 0.005 ft'ft. use equations given in appendix 
F for figure 3-1. Tillage ran affect the direction of 
shallow concentrated flow. Flow may not always be 
directly down the watershed slope if tillage runs 
across the slope. 

After determining average velocity in figure 3-1. u.-e 
equation 3-1 to estimate travel time for the shal'ou 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where surveyed 
cross section information has been obtained, where 
channels are visible on aerial photographs, or where 
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equation or water surface profile 
information can be used to estimate average flow 
velocity. Average flow velocity is usually determined 
for bank-full elevation. 

(210-VI-TR-55, Second Ed.. June 198G) 
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Worksheet 4: Graphical Peak Discharge method 

Date
 Project	 By
 
Location	 Checked Date
 

Circle one: Present Developed
 

1.	 Data:
 

Drainage area A^ • &>£>t£ »i2 (acres/640)
 

Runoff curve number .... CN - fit (From worksheet 2)
 

Time of concentration ..TC • fj .^ nr (From worksheet 3)
 

Rainfall distribution type - fZT (I, IA, II, III)
 

Pond and swamp areas spread 2
 
throughout watershed • percent of A^ ( acres or ml covered)
 

Storm fl ] Storm »2 [ Storm J3
 

2.	 Frequency yr
 

3.	 Rainfall, P (24-hour) In I D
 

4.	 Initial abstraction, Ift In 1 1 .  3 I
 
(Use CN with table 4-1.)
 

5.	 Compute Î /P
 

6.	 Unit peak discharge, q csm/ln
 
(Use Tc and Ia/P with exhibit 4- )
 

7.	 Runoff, Q In 1 / » 3
 
(From worksheet 2).
 

» 

8. Pond and swamp adjustment factor, F ....
 
(Use percent pond and swamp area
 
with table 4-2. Factor Is 1.0 for
 
zero percent pond and swamp area.)
 

9.	 Peak discharge, q cfs \B.1
 

(Where qp -V.Q̂ 
 

(210-VI-TR-55, Second Ed., June 1986)
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Chapter 4: Graphical Peak Discharge method
 

This chapter presents the Graphical Peak Discharge 
method for computing peak discharge from rural and 
urban areas. The Graphical method was developed 
from hydrograph analyses using TR-20, "Computer 
Program for Project Formulation-Hydrology" (SCS 
1983). The peak discharge equation used is 

quAmQFp [Eq. 4-1] 

where 

qp « peak discharge (cfsfc
 
qu * unit peak discharge (csm/inV,
 

Am - drainage area (mi2);
 
Q - runoff (in); and
 

Fp * pond and swamp adjustment factor.
 

The input requirements for the* Graphical method are 
as follows: (1) Te (hr). (2) drainage area (mi2), (3) 
appropriate rainfall distribution (I, IA, II, or III), (4) 
24-hour rainfall (in), and (5) CN. If pond and swamp 
areas are spread throughout the watershed and are 
not considered in the Te computation, an adjustment 
for pond and swamp areas is also needed. 

Peak discharge computation 

For a selected rainfall frequency, the 24-hour rainfall 
(P) is obtained from appendix B or more detailed 
local precipitation maps. CN and total runoff (Q) for 
the watershed are computed according to the 
methods outlined in chapter 2. The CN is used to 
determine the initial abstraction (I J from table 4-1. 
1.JP is then computed. 

If the computed IJP ratio is outside the range shown 
in exhibit 4 (4-1, 4-IA. 4-11. and 4-III) for the rainfall 
distribution of interest, then the limiting value 
should be used. If the ratio falls between the limiting 
values, use linear interpolation. Figure 4-1 illustrates 
the sensitivity of I^/P to CN and P. 

Peak discharge per square mile per inch of runoff 
(qu) is obtained from exhibit 4-1, 4-IA, 4-II, or 4-III 
by using T,.. (chapter 3), rainfall distribution type, and 
Ia/P ratio. The pond and swamp adjustment factor is 
obtained from table 4-2 (rounded to the nearest table 
value). Use worksheet 4 in appendix D to aid in 
computing the peak di.scharjje using the Graphical 
method. 

Figure 4-1.-Variation of \JV for P and CN. 

Table 4-1.—I, values for runoff curve numbers 

Curve 
number 

40
 
41
 
42
 
43
 
44
 
45
 
4<>
 
47
 
48
 
49
 
50
 
51
 
52
 
53
 
54
 
55
 
56
 
57
 
58
 
59
 
60
 
61
 
62
 
in 
CM
 
<io
 
M
 
67
 
<i8
 
Ii9
 

I. 
(in) 

3.000 
2.878 
2.762 
2.651 
2.545 
2.444 
2.348 
2.255 
2.167 
2.082 
2.000 
1.922 
1.84<> 
1.774 
1.704 
1.636 
1.571 
1.309 
1.448 
1.390 
1.333 

[1.2791 
1.226 
1.175 
1.125 
1.077 
1.U10 
0.1)85 
0.941 
O.WW 

Curve 
number 

70
 
71
 
72
 
73
 
74
 
73
 
7ii
 
77
 
78
 
79
 
80
 
81
 
82
 
X* 
H4
 
85
 
KK
 
87
 
8ft
 
89
 
90
 
91
 
92
 
93
 
94
 
95
 
%
 
i)7
 
98
 

I. 
(in) 

0.857 
0.817 
0.778 
0.740 
0.703 
O.H<;? 
0.632 
0.597 
0.5<i4 
0.532 
0.501) 
0.4<i9 
0.43!» 
0.4 in 
0.3*1 
0.353 
0.321! 
0.299 
0.27:5 
0.247 
0.222 
0.19> 
0.174 
O.lol 
0.12> 
O.KI.-, 
O.OM 

0.(Xi2 
0.041 
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Solid Waste Area 
Detention Basin #1: Sizing 



Worksheet 6a: Detention basin storage, 
peak outflow discharge (q^ known 

Project X/// FZ	 * Date 

Location	 j / J- Checked
 

Circle one: Present Developed
 

0
 

M
 
O
 

M
 

i: :j - r h
 

Detention basin storage
 

6.
 1. Data:	 _
 
Drainage area A» -6.OIS
 o
 

-̂ 

type (I. IA, II, III) - m
 
Rainfall distribution	 (Use  with figure 6-1)
 

7. Runoff, Q In I I.
 
1st 2nd (Prom worksheet 2) 

stage stage 
8. Runoff volume,
 

V ac-ft
 
(Vr - QA.53.33)
 2. Frequency y r
 

9. Storage volume,
 3. Peak inflow dis-

Vs ac-ft
 charge , q< ...
 

(Proa worksheet 4 or Sb)
 
\l (v . -vi»
 

4. Peak outflow dls- 1 ^  1
 
charge, q .... cfs I O > fc?I
 

10.	 Maximum stage,
 
(Prom plot)
 

A , -, I I
 
5. Compute — 1
*t>?\ I
 

I/ 2nd stage qo Includes 1st stage qo<
 

D-7
 (210-VI-TR-55, Second Ed., June 1986)
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Input requirements and procedures 

Use figure 6-1 to estimate storage volume i 
required or peak outflow discharge (q0). The most 
frequent application la to estimate V,, for which the 
required inputs are runoff volume (Vr). q0, and peak 
inflow discharge (qj). To estimate q0, the required 
inputs are V^ Va, and oj. 

|/ ., 
O.o 

<
 
Estimating V, 

Use worksheet 6a to estimate Vs, storage volume 
required, by the following procedure. 

1.	 Determine q0. Many factors may dictate the 
selection of peak outflow discharge. The most 
common is to limit downstream discharges to a 
desired level, such as predevelopment discharge. 
Another factor may be that the outflow device 
has already been selected. 
Estimate oj by procedures in chapters 4 or 5. Do 
not use peak discharges developed by any other 
procedure. When using the Tabular Hydrograph 
method to estimate qj for a subarea, onlv use 

Peak outflow discharge ,°.Q>
 
Peak inflow discharge q^
 

ti-l.— \ppni\imjile di-lcntion lutsin mulintf Tor rainfall (>pm I. I A, II. :UM) III. 

'J-2	 (210-VI-TR-55, Second Ed., June 19»i) 
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Solid Waste Area 
Detention Basin #2: Pre-Development 



Worksheet 2: Runoff curve number and runoff
 

Project 

Location*^ ; >.*:*>• 

Circle one: ("Presents Developed v _ f * 

1. Runoff curve number (CN) 

By TfTC

Checked SC

 Date 

 Date 

Soil tune 
and 

hydro Logic 
group 

(appendix A) 

Cover description 

(cover type, treataent, and 
hydrologlc condition; 
percent Impervious; 

unconnected/connected Impervious 
area ratio) 

a J/ 
Ni 
CM 

« 
F-lx> 
H 

Cl 

M 

• 

«0 
*4 
u. 

T 
CS 

• 

3
du 

Area 

O acres 
0«i­
ax 

Product 
of 

CN x area 

~~.fi.Ln r AXy;y9 3? d ̂4 

'•" 
•r­

-

I/

CM

2.

 Use only one CM source per line,

 fui lnULiJ I . t0tal Pro<luct *, 

 Runoff 

­' Totals « 

\\rnm Ol m 

. 
Storm 11 

1 
1 o a iX -7 1 

--T /' r' 

Storm 12 Storm 13 

(Use P and CN with table 2-1, fig. 2-1, 
or eqs. 2-3 and 2-4.) 

« 
2* 

0.3­

(210-VI-TR-55, Second Ed.. June 1986) D-2 





Table 2>2ft.-Runoff curve number* for urban areaii 

Curve numbers for 
Cover description hydrologic soil group-

Average percent 
Cover type and hydrologic condition impervious area* 

Fully developed urban area* (vegetation ettabltiked) 

Open space (lawns, parks, golf courses, cemeteries, 
etc.* 

Poor condition (grass cover < 50%) 
Fair condition (grass cover 50% to 75%) 
Good condition (grass cover > 75%) 

68 
4 

79 
69 
61 

86 
79 
74 

89 
84 
80 

Impervious areas: 
Paved parking lots, roofs, driveways,

(excluding right-of-way). 
 etc. 

98 98 98 98 

Streets and roads: 
Paved; curbs and storm sewers (excluding 

right-of-way) 
Paved; open ditches (including right-of-way) 
Gravel (including right-of-way) 
Dirt (including right-of-way) 

98 
83 
76 
72 

98 
89 
85 
82 

98 
92 
89 
87 

98 
93 
91 

Western desert urban areas: 
Natural desert landscaping (pervious areas only)*... 63 77 85 88 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand 
or gravel mulch and basin borders). 96 96 96 

Urban districts: 
Commercial and business 85 89 92 94 95 

Industrial 72 81 88 91 93 

Residential districts by average lot size: 
1/8 acre or less (town houses) 
1/4 acre 
1/3 acre 
1/2 acre 
1 acre 

65 
38 
30 
25 
20 

77 
61 
57 
54 
51 

85 
75 
72 
70 
68 

90 
83 
81 
80 
79 

85 
S4 

2 acres 12 46 65 

Developing urban ami* 

Newly graded areas (pervious areas only, 
no vegetation)1 77 86 91 94 

Idle lands (CN's are determined using cover types 
similar to those in table 2-2c). 

T h e e n u f  e iwrront imiiervHiu* area shiiwn wan u.-*il tit develop the composite CNV Other awumptior* are a> follows.: im|H'ii iou> .uv.i­
an- directlv connected lo the drainaifi1 sywU-m. im|>enrMiu.H area* have a CN iif VH. ami |HTV*IU» :uva> are iiinHtlerwl equivalent i» ..|»-n 
•.iww m tfoo.1 hvdroloiric condition. CNV for other c.>mbinati»n.s »f nHMlitHinit may he «Mn|mte<l UMntr fiiniiv .':(..r i-«.
 
XJN'!. ^hirn n arv diuivatent l« ihiB* uf |«u.turv. G»m|n>--ile CN .- may be nimputetl for ulher oimhunUins nf u\vn -p.uv oixt T I \ I M >  .
 
•CumiioMte CN's fur nulural ile»frt liimlM.-.i|Hne -hnulil he cumpuUil using Ticure-* 2-'J or i-» ba>eil on th v im|KTM.>ii> .in-:i |M-n.viu.it»- K '  N
 
• HKIaix l ihe'nervKiU!. area CN. The |HTVMIU> area CN V are ax-umed e<|Uivalent to ilewrl Mhru b in |nmr hyilniloicu- nimliiiuii.
 
H.'iimi)ir.ilv CNV to u«' f"i' thf ik-Misn of trmimrarv mea-sureH ilunntt )n-.uliiiK and construction tJhuuM lie vumputeil IIMHK Iliniir - :t or .' -)
 
ha.>e<l on the ik-Kn* "f «k-volo|»nH'iU dni|N.-r\-Miii> ar»'a |>envnUu:el ami the CNV for tht- nt-wl y t,Tade<l pen-loll.-, .uvin. 

(210-VI-TR-55, Second Ed., June 1986) 
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Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

Project "y Date
 

Location Checked Date
 

Circle one: Present Developed
 

Circle one: TC Tft through subarea
 

NOTES: Space for as many as two segments per flow type can be used for each
 
worksheet.
 

Include a map, schematic, or description of flow segments.
 

Sheet flow (Applicable to T only) Segment ID 

S&&5 

2. Manning's roughness coeff., n (table 3-1) .. ^.l  £ 

3.	 Plow length, L (total L < 300 ft) ft 500
 

z l.s
 
&.£>3 

f6. T - °-°S7/n);)°'8 Compute!, hr 6 -3> 1 ' t _ O.T 0.4 t	 - £ ̂  
2 * 

fllUif %\^Shallow concentrated flow	 Segment ID 

7. Surface description (paved or unpaved)	 "fa*lew
00""* ^\ 
fllJ^ 

(iL**1^ 
^ VfV L *̂*"1 

l l  < T .h 1	 ­t "5*5517	 Compute T hr 

Channel flow Segment ID	 /*&*.»<€ 

^Hce* * 
"IT^Mrf-H 

Ci^M 
wr	 CxrfT 

2/3 1/2 
17. V - l  > * r = Compute V f t /  s 

19< T •(t-	 m 
t " 3600 V	 Compute! hr 

20. Watershed or subarea T	 or T (add T in steps 6, 11 , and 19) hi r & 34 

(210-VI-TR-55, Second Ed., June 1986)
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Sheet flow 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 
the friction value (Manning's n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. Table 3-1 gives Manning's n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

0.007 (npQ-8 [Eq. 3-3] 

Table 3-1.—Roughness coefficient* (Manning's n> for 
sheet flow 

Surface description n1 

Smooth surfaces (concrete, asphalt, gravel, or 
bare soil) 0.011 

Fallow (no residue). 0.05 

Cultivated soils: 
Residue cover 
Residue cover >20a 

Grass: 
Short grass prairie
 
Dense grasses* 7)24
 
Bermudagrass 0.41
 

Range (natural) 0.13 

Woods:1 

Light underbrush 0.40 
Dense underbrush 0.80 

'The n values are .1 i-irniMihiU.' of information compiled by
 
(1986).
 
Mncluil«-s speue:, ^ui h a.- wetpinir luvtrtoa-v-. bluivru.-*. buffalo
 
grass. blu« jrranui tfr.i». ajul nulivv lira.-*. miMurvy.
 
'When M;lertinif n. mn.-iik'r i-»vc-r in a ht'ichl nf .iboul ll.l ft. Thi>
 
is the only |un of ihv plant owr thai wil  l nh.-inn.-t -hivl ftm.
 

where 

Tt » travel time (hr), 
n = Manning's roughness coefficient (table 3-1). 
L * flow length (ft), 

PZ * 2-year, 24-hour rainfall (in), and 
s » slope of hydraulic grade line (land slope, 

ft/ft). 

This simplified form of the Manning's kinematic 
solution is based on the following: (1) shallow steady 
uniform flow, (2) constant intensity of rainfall excess 
(that part of a rain available for runoff), (3) rainfall 
duration of 24 hours, and (4) minor effect of 
infiltration on travel time. Rainfall depth can be 
obtained from appendix B. 

Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow can be determined from figure 
3-1, in which average velocity L« a function of 
watercourse slope and type of channel. For slot 
less than 0.005 ft/ft, use equations given in app 
F for figure 3-1. Tillage can affect the direction " 
shallow concentrated flow. Flow may not al\\ay> be 
directly clown the watershed slope if tilhige runs 
across the slope. 

After determining average velocity in figui-e 3-1. u.-e 
equation 3-1 to estimate travel time for the shal'ou 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where surveyed 
cross section infoi-mation has been obtained. \\ hen-
channels are visible on aerial photographs, or \\ hen-
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle .sheets. 
Manning's equation or water surface profile 
information can be used to estimate average flow 
velocity. Average flow velocity is usually determined 
for bank-full elevation. 

(210-VI-TR-55, Second Ed., June 198(j) 



Worksheet 4: Graphical Peak Discharge method 

Project 

Location 

By ____

Checked SC

 Date 

 Date 

Circle one: Present Developed 

1. Data: 

Drainage area A^ • 

Runoff curve number .... CN • 

Time of concentration ..TC • 

Rainfall distribution type ­

Pond and swamp areas spread 
throughout watershed • 

31
&.\4

17T

ml2 (acres/640) 

 (Froa worksheet 2) 
 hr (From worksheet 3) 

 (I. IA, II. Ill) 

percent of A ( acres or mi^ covered) 

Storm tl Storm »2 Storm 13 

2. Frequency 

3. Rainfall, P (24-hour) 

y* 

In 

3-S 

$ 

' 
, > 4. 

(Use CN with table 4-1.) 
J> 

5. 0.6 

6. ^ ,100 
(Use T and I /P with exhibit 4­ )c a —̂••—• 

7. 0.X 
(From worksheet 2). 

8. Pond and swamp adjustment factor, F .... 
(Use percent pond and swamp are* 
with table 4-2. Factor Is 1.0 for 
zero percent pond and swamp area.) 

9. Peak discharge, q cfs 

(Where q ­ q A  Q 

(210-VI-TR-55, Second Ed., June 1986)
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Chapter 4: Graphical Peak Discharge method
 

This chapter presents the Graphical Peak Discharge 
method for computing peak discharge from rural and 
urban areas. The Graphical method was developed 
from hydrograph analyses using TR-20, "Computer 
Program for Project Formulation-Hydrology" (SCS 
1983). The peak discharge equation used is 

QuAmQFp [Eq. 4-1J 

where 

qp - peak discharge (cfsfc
 
qu - unit peak discharge (csm/inV,
 

Am - drainage area (mi2);
 
Q - runoff (in); and
 

Fp - pond and swamp adjustment factor.
 

The input requirements for the'Graphical method are 
as follows: (1) Te (hr), (2) drainage area (mi2), (3) 
appropriate rainfall distribution (I, IA, II, or III), (4) 
24-hour rainfall (in), and (5) CN. If pond and swamp 
areas are spread throughout the watershed and are 
not considered in the Tc computation, an adjustment 
for pond and swamp areas is also needed. 

Peak discharge computation 

For a selected rainfall frequency, the 24-hour rainfall 
(P) is obtained from appendix B or more detailed 
local precipitation maps. CN and total runoff (Q) for 
the watershed are computed according to the 
methods outlined in chapter 2. The CN is used to 
determine the initial abstraction (I J from table 4-1. 

is then computed. 

If the computed IJP ratio is outside the range shown 
in exhibit 4 (4-1. 4-IA. 4-II. and 4-III) for the rainfall 
distribution of interest, then the limiting value 
should be used. If the ratio falls between the limiting 
values, use linear interpolation. Figure 4-1 illustrates 
the sensitivity of I*/P to CN and P. 

Peak discharge per square mile per inch of runoff
 
(qu) is obtained from exhibit 4-1, 4-IA. 4-II, or 4-II I
 
by using Tc (chapter 3), rainfall distribution type, and
 
IX 'P ratio. The pond and swamp adjustment factor is 
obtained from table 4-2 (rounded to the nearest table 
value). Use worksheet 4 in appendix D to aid in 
computing the peak diMrharge using the Graphical 
method. 

Figure 4-1.-Variation of Ijf for t» and Oi.
 

Table 4-1.—I, values for runoff curve numbers
 

Curve 
number 

40
 
41
 
42
 
43
 
44
 
45
 
4<i
 
47
 
4.S
 
49
 
50
 
51
 
52
 
53
 
54
 
55
 
56
 
57
 
58
 
59
 
60
 
61
 
62
 
63
 
64
 
(»5
 
<>•!
 
«i7
 
158
 
«i» 

I. 
(in) 

<^_S$& 
£878 
2.762 
2.651 
2.545 
2.444
 
2348
 
2355
 
2.167 
2.082 
2.000 
1.922 
1.846 
1.774 
1.704 
1.636 
1.571 
1.309 
1.448 
1.390 
1.333
 
1379
 
1326
 
1.175 
1.125 
1.077 
1.030 
O.ittS 
O.iMl 
O.H99 

Curve 
number 

70
 
71
 
72
 
73
 
74
 
73
 
7li
 
77
 
78
 
79
 
80
 
81
 
82
 
83
 
84
 
85
 
86
 
87
 
88
 
89
 
90
 
91
 
92
 
93
 
94
 
%
 
mi
 
;>7
 
98
 

1. 
(in) 

Of" 
0. 
O.T-W^ 
0.740 
0.703
 
O.rt«7
 
0.632 
0.597
 
0.5M
 
0.532 
0.500 
0.4(i9 
0.439 
0.410 
0.381 
0.353 
0.32H 
0.299 
0.273 
0347 
0.222 
O.i«if< 
0.174 
0.131 
0.12.x 
o.m:> 
O.UN3 
U.OH2 
O.IM1 
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Solid Waste Area 
Detention Basin #2: Post-Development 



Worksheet 2: Runoff curve number and runoff
 

Project ,?g /-///oc
 

location - Ufl-SA
 

Circle one: Present /Developed
 

V. Runoff curve number (CM)
 

Soil name Cover description
 
and
 

hydro logic (cover type, treatment, and
 
group hydrologic condition;
 

percent Impervious;
 
unconnected/connected Impervious
 

(appendix A) area ratio)
 

L̂ t, ft
 

• :•
 

Checked
 

CN-U
 
r><
 «

<M
 

<M
 
«
 
c-l •
 
A 4f
 u.
 
t-


SI
 

Date
 

Date
 

Area
 

T Bac5e>
 Cl 0»i2
 

eo 
• QX
 

•H
 
(b
 

.̂̂ >'3
 

Product
 
of
 

CN x area
 

< 

A/ Use only one CN source per line.

. .. ., total product 
v ""*"«»' tot.iar«a . 

 Totals ­

Use CM » 1 /̂  /k? /
1̂ 
11 

2. Runoff 
Storm 11 Storm 12 Storm f3 

JL^ 

Rainfall, P (24-hour)

(Use P and CN with cable 2-1, fig. 2-1, 
or eqs. 2-3 and 2-4.) 

 In £ 

1.3 

(210-VI-TR-55. Second Ed.. June 1986) D-2 



Table 2-2».-Runoff curve numbers for urban areas' 

Curve numbers for 
Cover description 

Cover type and hydrologic condition
Average percent 

 impervious area* A 

hydrologic soil group— 

(•} C D 

Fully developed urban area* (vegetation ettablitked) 

Open space (lawns, parks, golf courses, cemeteries, 
etc.* 

68 
49 
39 

79 

M5p 

86 
79 
74 

89 
84 
SO 

impervious areas: 
Paved parking lots, roofs, driveways, etc. 

98 98 98 98 

Streets and roads: 
Paved; curbs and storm sewers (excluding 

98 
83 
76 
72 

98 
89 
85 
82 

98 
92 
89 
87 

98 
93 
91 
89 

Western desert urban areas: 
Natural desert landscaping (pervious areas only)4 ... 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand 

63 

96 

77 

% 

85 

96 

88 

-3* 

Urban districts: 
89 
81 

92 
88 

94 
91 

95 
93 

Residential districts by average lot size: 

1/4 acre
1/3 acre
1/2 acre
1 acre . . .
2 acres

 38 
 30 
 25 

 20 
 12 

77 
61 
57 
54 
51 
46 

85 
75 
72 
70 
68 
65 

90 
83 
81 
80 
79 
77 

9r> 
87 
f«i 
80 
!M 
if> 

DevttopiHg urban omur 

Newly graded areas (pervious areas only, 
no vegetation)1 77 86 91 

Idle lands (CN's are determined using cover types 
similar to those in table 2-2c). 

The a^eVaite iwrwnt imiiervuHW area shown was u.swl to ileielop ihe cwm|wsiU- CNV Other ax«umt»tmnj. are as follows: im|HT\ iou> .nv..~ 
are dirertlv u!niN.*le<l to the ilrainaife -ysti-m, im|iervKiUj< area* have a CN of HH. ami IKTVKMIX areas are ninsMkriil .-. |uiv.ik-nt to O|N-I I 
•4WIX in L-o-Hl hv.lroloinc condition. CNV for crther combination* of coixlitioiw may he i-,wn|mu-.l usmc fijrure 2:» or J-».
 
VN V >ho»n ire iimivalent Hi inns*- »f |>aslure. C..m|>nsil«f CNV may he mmuuled for other combinations ofo|HMi SJMIV oni-r l\|«-.
 
•ComiiiMtc CNV for natural <k-eit lanilx;a|iini.' -h<iulil be «>ni|iutiil usinif fitfure* 2-=» nr t-t ba>eil on th u im|KTM.m> .HIM |H-IWIU.II»- K N 
* H8I ami the iwrs-ious area CN. Tht- |N.>rvMiu> area CNV are awumwl muivalenl to de*rt ."hruh in \*»>r hyilnitoint- wmlition. 
VomiHMle CN V to ust- for the tli-sitn of lfm|>orary meaMin* dunnis k'r.'clinn ami vunsirurlMin shonlil lie ii>ni|>ul«l UJ-IIIK litnin - J:! »i .' -i 
haseil nn the I'k-un* »f ik-vi-lopnx-iU dm|ien-iiiii> area |nrntrnU«e) ami the CNV for the newl y kTa«M iwrvioui. are*-.. 

(210-VI-TR-55, Second Ed.. June 1986) 
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Worksheet 3: Time of concentration CTC) or travel time (Tt) 

Project By Dete
 

Location Checked SC- Date
 

Circle ont: Present Developed
 

Circle OM: T£ T( through eubarea
 

MOTESi Space for ** many •• two segments per flow type can be u*«d for «ach
 
worksheet.
 

Include a map, schematic, or description of flow segments.
 

Sheet flow (Applicable to TC only) Segment 10
 

1. Surface description (table 3-1)
 

2. Manning'• roughness coeff., n (table 3-1) .. £>• / &
 

3. Plow length, L (total L £ 300 ft) ft
 

4. Two-yr 24-hr rainfall, Pj	 In 3.Z
 

5. Land alope, a	 ft/ft
 

0 ( l <
6. Tt - -°i;i ' '̂  Co«P«t. Tt hr
 
F2 '' *
 

Shallow concentrated flow Segment ID
 

7. Surface description (paved or unpaved)
 

8. Plow length, L	 ft
 

9. Watercourse slope, a	 ft/ft
 

10. Average velocity, V (figure 3-1) ft/*
 

U T ­- t 365b-V	 Compute Tt hr
 

Channel flow	 Segment 10
 

12. Grose sectional flow area, a	 ft
 

13. Wetted perimeter, pw , ft
 

14. Hydraulic	 radlua, r • r- Compute r ft
 
p
w
 

15. Channel slope, •	 ft/ft
 

16.	 Manning's roughness coeff., n
 
2/3 1/2
 

17. V - • * n
 a Compute V ft/s
 

18. Plow length, L ft
 

l9' Tt'3600~V Compute Tt hr '*
 

20. Watershed or subarea T£ or T£ (add T( In steps 6, 11, and 19) hr
 

(210-VI-TR-55, Second Ed.. June 1986)
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Sheet flow 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 
the friction value (Manning's n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. Table 3-1 gives Manning's n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

0.007	 (nLfi* [Eq. 3-3] 
0*2)0 S sO-4 

Table 3-1.—Roughness coefficient* (Manning's n) for 
sheet flow ­

Surface description	 n1 

Smooth surfaces (concrete, asphalt, gravel, or 
bare soil) 0.011 

Fallow (no residue).	 0.05 

Cultivated soils: 
Residue cover (20% 0.06 
Residue cover >20**> 0.17 

Grass: 
Short grass prairie .. 
Dense grasses1 0.24 
Bermudagrass 0.41 

Range (natural)	 0.13 

Woods:3 

Light underbrush. 0.40 
Dense underbrush 0.80 

"The n value.-. are u i->m|x>siu- of information iiimpileil by Eitumun 
. 

J Include* specie;, such ;i> weepinit lnvtvms>. bluiirra.-?.. buffalo 
gnus, blue urumj KT.IXS, and nalivv uru.v> miMurw. 
'When selectmt; n. cim.-ider IIIVI T to :i hoiehl of about il.l fl. This 
is the only |MUI of iht plant mvi-r that will obstruct »hfel flow. 

where 

Tt - travel time (hr), 
n = Manning's roughness coefficient (table 3-1). 
L - flow length (ft), 

?2 = 2-year, 24-hour rainfall (in), and 
s = slope of hydraulic grade line (land slope, 

ft/ft). 

This simplified form of the Manning's kinematic 
solution is based on the following: (1) shallow steady 
uniform flow, (2) constant intensity of rainfall excess 
(that part of a rain available for runoff), (3) rainfall 
duration of 24 hours, and (4) minor effect of 
infiltration on travel time. Rainfall depth can be 
obtained from appendix B. 

Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow can be determined from figure 
3-1, in which average velocity is a function of 
watercourse slope and type of channel. For slope* 
less than 0.005 ft/ft, use equations given in appendix 
F for figure 3-1. Tillage ran affect the direction of 
shallow concentrated flow. Flow may not always be 
directly down the watershed slope if tillage nins 
across the slope. 

After determining average velocity in figure 3-1. u.-e 
equation 3-1 to estimate travel time for tht- shal'ow 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where sun-eyed 
cross section infoimation has been obtained, vvht'ix* 
channels are visible on aerial photo»raphs. or where 
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equation or water surface profile 
information can be used to estimate average flow 
velocity. Average flow velocity is usually determined 
for bank-full elevation. 

(210-VI-TR-55, Second Ed.. June 1986) 3-3 
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Worksheet 4: Graphical Peak Discharge method 

Datt
 Projtce By
 
Location Checked Date
 

Circle one: Present Developed
 

1.	 Data:
 

Drainage area A^ • .0. b \\ "i2 (acres/640)
 

Runoff curve number .... CH • £ I (From worksheet 2)
 

Time of concentration ..TC • C>Ab hr (From worksheet 3)
 

Rainfall distribution type - HI . (I, IA, II, III)
 

Pond and swamp areas spread 2
 
throughout watershed • — percent of A^ ( acres or ml covered)
 

""Storm H j Storm 12 | Storm *3
 

2.	 Frequency yr |_̂ r
 

3.	 Rainfall, P (24-hour) In | £
 

4.	 Initial abstraction, 1̂  In I / • 3
 
(Use CN with table 4-1.)
 

5.	 Compute Î /P I Q- 2J»
 

6.	 Unit peak discharge, q csm/ln
 
(Use Tc and Ia/P with exhibit 4- )
 

7.	 Runoff, Q In I I. 3 I
 
(From worksheet 2).
 

8.	 Pond and swamp adjustment factor, F ....
 
(Use percent pond and swamp area
 
with table 4-2. Factor Is 1.0 for
 
zero percent pond and swamp area.)
 

9.	 Peak discharge, q cfs
 

(Where q_P » <1U A_Q?B P)
 

D4	 (210-VI-TR-55, Second Ed., June 1986)
 



Chapter 4: Graphical Peak Discharge method
 

This chapter presents the Graphical Peak Discharge
 
method for computing peak discharge from rural and
 
urban areas. The Graphical method was developed
 
from hydrograph analyses using TR-20, "Computer
 
Program for Project Formulation-Hydrology" (SCS
 
1983). The peak discharge equation used is
 

Op - quAmQFp [Eq. 4-1) 

where 

• peak discharge (cfs); 
qu ' unit peak discharge (csm/in);
 

•• drainage area (mi2);
 
' runoff (in); and
 
• pond and swamp adjustment factor. 

Flfurt 4-l.-Variation of I./H for P and CN. 
The input requirements for the' Graphical method are
 
as follows: (1) Te (hr), (2) drainage area (nu'2), (3)
 

I appropriate rainfall distribution (I. IA, II, or III), (4) 
Table 4-1.—I. values for runoff curve numbers 24-hour rainfall (in), and (5) CN. If pond and swamp
 

areas are spread throughout the watershed and are
 
Curve I. Curve not considered in the Te computation, an adjustment 1. 

number (in) number (in ) for pond and swamp areas is also needed. 
40 3.000 70 0.857 
41 2J78 71 0.817 
42 2.762 ?2 0.77S Peak discharge computation 43 2.651 ?3 0.740 
44 2.545 74 0.703 
45 2.444 75 O.M7 

For a selected rainfall frequency, the 24-hour rainfall 4li 2.348 7<> 0.632 
(P) is obtained from appendix B or more detailed 47 2-255 ( J 0.597 
local precipitation maps. CN and total runoff (Q) for 48 2.167 78 0.5M 
the watershed are computed according to the 49 2.082 79 0.532 
methods outlined in chapter 2. The CN is used to 50 2.000 80 0.500 
determine the initial abstraction (IJ from table 4-1. 51 1.922 81 0.4C9 

1.846 1-JP is then computed. 52 82 0.43!» 
53 1.774 8* 0.410 
54 1.704 84 0.3M If the computed IJP ratio is outside the range shown 
55 1.636 85 0.353 in exhibit 4 (4-1, 4-IA. 4-II. and 4-111) for the rainfall 56 1.571 86 0.321! distribution of interest, then the limiting value 57 1.509 87 oj;w 

should be used. If the ratio falls between the limiting 58 1.448 88 0.273 
values, use linear interpolation. Figure 4-1 illustrates 59 1.390 89 0.247 
the sensitivity of \.JP to CN and P. 60 1.333 90 0.222 

HI 1.279 91 im* 
Peak discharge per square mile per inch of runoff 62 1.226 92 0.174 
(qj is obtained from exhibit 4-1. 4-IA, 4-11, or 4-III 63 1.175 93 0.151 

by using Tc (chapter 3), rainfall distribution type, and 64 1.125 94 0.1 ±» 
(55 1.077 95 i>.lti: > I.JP ratio. The pond and swamp adjustment factor is 
(16 1.030 sx> HU M obtained from table 4-2 (rounded to the nearest table 
li" 0.985 i)7 o.my value). Use worksheet 4 in appendix D to aid in (18 0.941 98 O.U4I computing the peak discharge using the Graphical <>9 o.wm 

method. 

(210-VI-TR-55. Second Ed., June 198ti) 
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Solid Waste Area 
Detention Basin #2: Sizing 



• • 

Worksheet 6a: Detention basin storage, 
peak outflow discharge (q^ known 

Prolect Kxj?? ^c. ff^	 *i~L>fC "•" 7/̂ 4^^ 
Location TVr^-r,/,,.-. . A£K»I "&?* Checked SC Date ^^^fa 

^—i^is,
Circle one: Present ̂  Developed J> 

1 ^ 

. .	 . -4­Lu­
— .... . . . . . _ - _ _ . _ - - - » - ­

'-ft 

& 
#= 

ttt^^ t ! \ u 
o  ' " J^T^ 

- — .  _ _ — - _ _ _ _ — _ . . .  _ . |-t-* 

I i 
1 i >ittji	 B^ 

-- - - - I '-H-^ 
- I l  l 

ft! V r  i fFFFrn FH FHfflitmttl 1 1 1 1 1 1 1 1 1 1 1 1 1 u 1 1 1 i nu : .—i 

Detention basin storage 

..	 ^ K».?| 1 
Drainage area A.
 

(Use — with figure 6-1)
Rainfall distribution
 
type (I, IA, II, III)
 rr^
7. Runoff, Q in I '> 5 I 

2nd (Prom worksheet 2)I.. 
stage stage I 

8.	 Runoff volume,
 
V ac-ft
 
(Vr - QA.53.33)
2.	 Frequency
 

charge, q^ •••
 
(From worksheet * or 5b)
 

I/ (V. - Vr(̂ »
 

4.	 PeaPeakk outflooutflo ww dlsdls-- [~T TT I 
charge, qft .... cf• I &•! (o I i 

10. Maximum stage, EM
 
(Prom plot)
 

5.	 Compute —­

*	 I/ 2nd stage qo includes 1st stage qfl.
 

(210-VI-TR-55, Second Ed.,June 1986)
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Input requirements and procedures Estimating V, 

Use worksheet 6a to estimate V*s, storage volume 
Use figure 6-1 to estimate storage volume (V,) required, by the following procedure. 
required or peak outflow discharge (qa). The most 
frequent application is to estimate Va, for which the 1. Determine q,,. Many factors may dictate the 
required inputs arc runoff volume (Vr). q0, and peak selection of peak outflow discharge. The most 
inflow discharge (oj). To estimate q0, the required common is to limit downstream discharges to a 
inputs are Vn Vs, and QJ. desired level, such as predevelopment discharge. 

Another factor may be that the outflow device 
j has already been selected. 

i >fr ^* 2. Estimate qj by procedures in chapters 4 or 5. Do 
1' '- vi- ^ fl' not use peak discharges developed by any other 

\l <n procedure. When using the Tabular Hydrograph 
s > ' method to estimate qj for a subarea. only use 

Peak outflow discharge 
Peak Inflow discharge 

M.—.\ppni\im»lc detention liiLsin niutinv for rainfall (yprn I. I.V. II. and III. 

(J-2 (210-VI-TR-55, Second Ed., June 19W5) 



B-3 Bulky Waste Area - Detention Basin Sizing 



Project Rose Hill FS Acct.No. 4609-18-10-11 Page _Lo f _ 1 

Subject 
Detail 

Drainage/Slope Stability 
Bulky Waste Area 

S. Czaraiecki Comptd. By 
Ck'd. By N. Bergeron 

Date 
Date 

08/19/96 
08/23/96 

P:\NBSOSEHILL\FS\APPX-H\DRAIN 

Detention basin requirements for the Bulky Waste Area are calculated below based on the same 
assumptions presented previously for the Solid Waste Area. 

Pre­ development 
TR-55 Wrkahl # 

Area approximately 750' x 150' 112,500 ft2 Estimate for half of the landfill 

A. 0.004 mi2 

2 Runoff Curve Number, CN 39 see Table 2-2 in Solid Waste Area calcs. 
2 Rainfall,? (25 -yr, 24- hr) 5 charts ­ see Solid Waste Area calculations 
2 Runoff, Q 0.2 in. see Fig. 2— 1 in Solid Waste Area calculations 
3 Manning's coeff ., n 0.15 see Table 3-1 in Solid Waste Area calcs. 
3 Flow Length, L 250f t Approximate length to assumed basin area 
3 Two-yr 24- hr rainfall, P2 3.5 in. see attached chart 
3 Land slope, s 0.1 Estimate from topographic figure ­ 25Y250' 
3 T, = O.OOTCnL /̂P^s0-4 0.17 hr 
4 Initial Abstraction, Ia 3 in. see Table 4-1 in Solid Waste Area calcs. 
4 0.6 
4 Unit peak discharge, qu 150 cms/in see exhibit 4-III in Solid Waste Area calcs. 
4 Pond & Swamp Factor, Fp 1 Assume zero % pond and swamp area 
4 Peak Discharge, qp 0.12 cfs qp = 

Post — development 
TR-55 Wrkihl * 

Area approximately 750' x 150* 112,500 ft2 Estimate for hah7 of the landfill 
A* 0.004 mi2 

2 Runoff Curve Number, CN 61 see Table 2-2 in Solid Waste Area calcs. 
2 Rainfall, P (25 -yr, 24- hr) 5 charts ­ see Solid Waste Area calculations 
2 Runoff, Q 1.4 in. see Fig. 2— 1 in Solid Waste Area calculations 
3 Manning's coeff., n 0.15 see Table 3-1 in Solid Waste Area calcs. 
3 Flow Length,L 250f t Approximate length to assumed basin area 
3 Two-yr 24- hr rainfall, P2 3.5 in. see attached chart 
3 Land slope, s 0.1 Estimate from topographic figure — 25'/250' 
3 T, = 0.007(nL)M/P2 

a5s°-4 0.17 hr 
4 Initial Abstraction, Ia 1.279 in. see Table 4— 1 in Solid Waste Area calcs. 
4 0.26 
4 .Unit peak discharge, qu 525 cms/in see exhibit 4-III in Solid Waste Area calcs. 
4 Pond & Swamp Factor, Fp 1 Assume zero % pond and swamp area 
4 Peak Discharge, q 2.97 cfs qp = 

TR-55 Wrkihl* 

6a qA = qp(pre)/qp(post) 0.04081 
v/v 0.38 see Fig. 6-1 in Solid Waste Area calcs. 
Runoff Volume, Vr 0.30 ac-ft Vr = QAJ3.33 
Storage Volume,Va 0.11 ac-ft 'V =V(V/Vr ) 

For cost purposes, use estimate of 0.2 ac-ft for basin to account for other half of landfill. 



B-4 Slope Stability: Cover and Soil Slippage 



Acct "~ 'rJ?A2i'/^/£~ei/£.-e>6L&^. 

Comptd 

Ck d By 

U 

o 
o
K 
0.
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It 
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U.
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o 



Pro,ect 

Subject 

c 
o 
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II 
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Project j >, Acct No. JiZa-Jrjd- '6 - _*3 Rage .of . 

Subiect Comptd. By &Tf_ Date 
\ ^ 

Detail Ck d. By ^%^ Date 

u 
3 
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o 
a.
ui 
e 
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B-5 Cover Stress Evaluation 



Project /-// / ( ^A, p* ^ cct Page. .of 

Subject Comptd. By , Date 

Detail Ck d. By Date 
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C. GROUNDWATER AND LEACHATE CALCULATIONS 

C-l HELP Model Simulations
 
C-2 MODFLOW Model Simulations
 



C-l HELP Model Simulations 



Project Rose Hil l Regional Landfil l Acct No 020617-0011 Page 1 

Subject HELP Model -UPDATE Comptd By S. Czarniecki Date 25-Nov-97 

Detail Soil Classification - PROTECTIVE CAPS Ck'd By Date 

P \NE\ROSEHILL\FS\APPX-C\HELPSOIL XLS 

The following soil classifications wil l be used for input to the HELP3 model for the protective caps: 

USCS HELPS 

Existing Materials Further Information Class. Default # Reason for Selection 

Solid Waste Cover Described in RI as silty sand. SM 7 Closest to perm, x 5 

Bulky Waste Cover Described in RI as silty sand. SM 7 Closest to perm, x 5 

Solid Waste Assume compacted 18 Attach. C description 

Bulky Waste Assume compacted 18 Attach. C description 

Capping Materials
 

Loam & Native Soil Use sand-silt mixture SM 4 Assume good drainage
 

Drainage Composite Drainage Net 20 Capping assumption
 

Native Soil Silty sand SM 7 Similar to existing cover
 

Silt/Sand (Low Perm) Silty sand SM 7 Attach. C description
 

Geomembrane Use LLDPE 36 Capping assumption
 

Liner Thickness Assume 60 mil (Good Engineering) -> 0.06 inches
 

Pinhole Density Assume 0.75 per acre (Attachment C)
 

Installation Defect Density Assume 4 per acre (Attachment C)
 

Placement Quality Assume Good
 

Use thicknesses as shown on attached figures and other input as for previous runs.
 



Vegetative Support Layer 
Loam & Native Soil 
Thickness = 24 in. 

Drainage Layer 
Drainage Composite 
Thickness = 0.5 in. 

Geomembrane Layer 
LLDPE 
Thickness = 0.06 in. 

Low Permeability Layer 
Silt/Sand 
Hydr. Conductivity = IxlO"4 cm/s 
Thickness = 12 in. 

Gas Vent Layer 
Drainage Composite 
Thickness = 0.5 in. 

Existing Cover Layer 
Hydr. Conductivity = 9.2x10"4 cm/s 
Thickness = 34 in. 

Waste Layer 
Hydr. Conductivity = 1.4x10"* cm/s 
Thickness = 120 in. 

Further HELP3 Descriptions 

Texture # 

Vertical Percolation Layer 

Lateral Drainage Layer 
Slope = 7.5% 

Flexible Membrane Liner 

20 

36 

Barrier Soil Liner 

Vertical Percolation Layer 20 

Vertical Percolation Layer 

Vertical Percolation Layer 18 

BULKY WASTE AREA
 
PROTECTIVE CAP
 



Vegetative Support Layer 
Loam & Native Soil 
Thickness = 24 in. 

Drainage Layer 
Drainage Composite 
Thickness = 0.5 in. 

Geomembrane Layer 
LLDPE 
Thickness = 0.06 in. 

Low Permeability Layer 
Silt/Sand 
Hydr. Conductivity = IxlO"4 cm/s 
Thickness = 12 in. 

Protective Layer 
Native Soil 
Thickness = 6 in. 

Existing Cover Layer 
Hydr. Conductivity = 5.8x10"4 cm/s 
Thickness = 18 in. 

Waste Layer 
Hydr. Conductivity = 1x10"3 cm/s 
Thickness = 360 in. 

Further HELP3 Descriptions 

Texture # 

Vertical Percolation Layer 

Lateral Drainage Layer 
Slope = 7.5% 

Flexible Membrane Liner 

20 

36 

Barrier Soil Liner 

Vertical Percolation Layer 

Vertical Percolation Layer 

Vertical Percolation Layer 18 

SOLID WASTE AREA
 
PROTECTIVE CAP
 



Project Rose Hill Regional Landfil l Acct No 020617-0011 

Subject HELP Model - UPDATE Comptd By S. Czarniecki 

Detail Results for 11/24/97 Runs Ck'd By 

P \NE\ROSEH1LL\FS\APPX-C\OUT2 XLS 

Results of HELP3 runs on Protective Caps for both Bulky Waste and Solid Waste Areas. 

SUMMARY 

Percolation Through Barrier Layers 

Sol id Waste Area ftVyr gal/yr gpm 

Existing Conditions 1,074,573 8,037,806 153 

Protective Cap Avg Liner-> 120 900 1 71E-03 

Bulky Waste Area 

Existing Conditions 313,014 2,341,345 4  5 

Protective Cap Avg Liner-> 21 156 2 97E-04 

Solid Waste Area 

Protective Cap Flow Reduction 1000% 

Bulky Waste Area 

Protective Cap Flow Reduction 1000% 



ProjeU Rose H i l  l Regiona l Landfi l  l Acct No 020617-0010 Page 1 Of 1 

Subject HELP Model Comptd By S. Czarniecki "oate 09/22/97 

Detail Soil Classification Ck'd By HK.V & FXD Date 08/29/96 

P \NE\ROSEH1LL\FS\APPX-C\HELPSOIL XLS 

The following soil classifications will be used for input to the HELP3 model: 

Table 3-6 of the RI report (M&E, 1994) contains permeability results for the waste areas. (Attachment A) 

Assume No Action on the Sewage Sludge Area, so the HELPS model will not be run for it. 

Conversion from ft/day to cm/sec: ft/day x 30.48 cm/ft x day/24 hrs x hr/60 min x min/60 sec 

Permeability (ft/day) Perm .(cm/sec) Perm.(cm/sec) x 5 

Solid Waste Cover 0.165 (Average of 4 samples) 5.8E-05 2.9E-04 

Bulky Waste Cover 0.26 9.2E-05 4.6E-04 

Solid Waste 0.29 l.OE-04 5.1E-04 

Bulky Waste 0.04 1.4E-05 7.1E-05 

Using these numbers and capping assumptions, layers will be assigned USCS classifications (Attachment B)
 

and/or Default Soil Option numbers from HELP3 (Attachment C) for model input. As a
 

general rule, laboratory permeabilities may be 2 to 10 times lower than the horizontal hydraulic
 

conductivity. Therefore, default model values will initially be used, but a range of values wil l also be run.
 

USCS HELP3 

Existing Materials Further Information Class. Default # Reason for Selection 

Solid Waste Cover Described in RI as silty sand. SM 7 Closest to perm, x 5 

Bulky Waste Cover Described in RI as silty sand. SM 7 Closest to perm, x 5 

Solid Waste Assume compacted 18 Attach. C description 

Bulky Waste Assume compacted 18 Attach. C description 

Capping Materials 

Loam & Native Soil Use sand-silt mixture SM 4 Assume good drainage 

Sand Use well graded sand SP 1 Assume good drainage 

Native Soil Silty sand SM 7 Similar to existing cover 

Clay Barrier Soil 16 Attach. C description 

Geomembrane Use HOPE 35 Capping assumption 

The HELPS model requires the user to input the geomembrane liner thickness, pinhole density, 

installation defect density, placement quality and transmissivity of any geotextiles. Assumptions are shown 

below. 

Liner Thickness Assume 40 mil (Good Engineering) -> 0.04 inches 

(Regs require 60 mil HOPE - 40 mil is conservative for infiltration purposes) 

Pinhole Density Assume 0.75 per acre (Attachment C), but run range from 0.5 to 1.0 

Installation Defect Density Assume 4 per acre (Attachment C), but run range from 1 to 10 

Placement Quality Assume Good, but run Excellent and Worst Case for sensitivity 

Existing Cover Thicknesses: 

Solid Waste Area - Average from settlement platform logbook (Attachment D) -> 1.5 ft 

Use 18 inches 

Bulky Waste Area - Average from settlement platform logbook (Attachment D) -> 2.8 ft 

Use 34 inches 
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where 
A, = effective saturated hydraulic conductivity of combined liner 
7C = effective thickness of combined liner 
T, = thickness of liner soil i 
Kt — saturated hydraulic conductivity of liner soil i 
n = number of liner soils in the combined liner 

For computational purposes, the soil profile is partitioned into subpro files. 
Subprofiles are defined in relation to the location of the liners. The first (top) subprofile 
shown on Figure 1 extends from the landfill surface to the bottom of the highest liner 
system (bottom of the composite liner, Layer 4) upper barrier soil layer. The second 
subprofile extends from the top of the layer (Layer 5) below the bottom of the first liner 
system to the base of the second liner system (Layer 8). The third (bottom) subprofile 
extends from the top of the layer below the second liner system (the leakage detection 
drainage layer, Layer 9) to the base of the lowest liner (Layer 1 1). The program allows 
up to five liner systems and, therefore, five subprofiles plus an additional subprofile of 
vertical percolation layers below the bottom liner system. The program models the flow 
of water through one subprofile at a time from top to bottom, with the percolation or 
leakage from one subprofile serving as the inflow to the underlying subprofile. 

3.5 SOIL CHARACTERISTICS 

The user can assign soil characteristics to a layer using the default option, the user 
defined soil option, or the manual option. Table 4 shows the default characteristics for 
42 soil/material types. The soil texture types are classified according to two standard 
systems, the U.S. Department of Agriculture textural classification system and the 
Unified Soil Classification System. The default characteristics of types 1 through IS are 
typical of surficial and disturbed agricultural soils, which may be less consolidated and 
more aerated than soils typically placed in landfills (Breazeale and McGeorge, 1949; 
England, 1970; Lutton et al., 1979; Rawls et al., 1982). Clays and silts in landfills 
would generally be compacted except within the vegetative layer, which might be tilled 
to promote vegetative growth. Untilled vegetative layers may be more compacted than 
the loams listed in Table 4. Soil texture types 22 through 29 are compacted soils. Type 
18 is representative of typical municipal solid waste that has been compacted; type 19 is 
the same waste but it accounts for 65 percent of the waste being in dead zones not 
contributing to drainage and storage. Soil types 16 and 17 denote very well compacted 
clay soils that might be used for barrier soil liners. The user assigns default soil 
characteristics to a layer by specifying the appropriate number for the material type. The 
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TABLE 4. DEFAULT SOIL, WASTE, AND GEOSYNTHETIC CHARACTERISTICS
 

HELP
 

1
 

2
 
3
 

4
 
3
 
6
 
7
 

8
 

9
 
10
 
11
 

12
 
13
 
14
 

15
 
16
 
17
 
18
 

19 

20 
21 
22 
23 
24 

25 
26 

27 
28 

29 
30 

31 

32 

33 
34 

Classification 

USDA uses 
CoS SP 

S SW 

FS SW 

LS SM 
LFS SM 
SL SM 

FSL SM 
L ML
 

SiL ML
 
SCL SC
 
CL CL
 

SiCL CL 
SC SC 
SiC CH 
C CH 

Barrier Soil
 

Bentonite Mat (0.6 cm)
 

Municipal Waste
 
(900 Ityyd' or 312 kg/m') 

Municipal Waste 
(channeling and dead zones) 

Drainage Net (0.5 cm) 

Gravel 

L' ML 
SiL' ML 
SO/ SC 
CL' CL 

SiCL* CL 
SC' SC 
SiC* CH 

C' CH 

Coal-Burning Electric Plant
 
Fry Ash'
 

Coal-Burning Electric PUn
 
Bottom Ash*
 

Municipal Incinerator
 
Fly Ash'
 

Fine Copper Slag*
 

Drainage Net (0.6 cm)
 

Total 
Porosity 
vol/vol 
0.417 
0.437 
0.457 

0.437 
0.457 
0.453 
0.473 

0.463 

0.501 
0398 
0.464 
0.471 
0.430 
0479 
0.475 
0.427 

0.750 

0.671 

0.168 
0.850 
0397 

0419 
0.461 
0365 
0437 

0445 
0.400 
0.452 

0451 

0341 

0378 

0450 
0375 
0.850 

Field 
Capacity 
vol/vol 
0.045 
0.062 

0.083 

0.105 
0.131 
0.190 
0.222 

0232 
0284 
0.244 
0310 

0342 
0321 
0371 

0378 

0418 
0.747 

0292 

0.073 
0.010 
0.032 
0307 
0360 
0305 
0373 

0393 
0366 
0.411 

0.419 

0.187 

0.076 

0.116 
0.055 
0.010 

Wilting
 
Point
 

vol/vol
 
0.018 
0.024 

0.033 
0.047 
0.058 
0.085 
0.104 

0.116 

0.135 
0.136 
0.187 

0210 
0221 
0251 

0265 
0367 

0.400 

0.077 

0.019 
0.005 
0.013 
0.180 
0203 
0202 
0266 
0277 

0288 
0311 

0332 

0.047 

0.025 

0.049 
0.020 

0.005 

Saturated 
Hydraulic 

Conductivity 

cm/sec 
l.Oxia2 

5.8xia3 

3.1xia3 

i.7xio-J 

l.Oxlff3 

72x10" 

52X104 

3.7x10^ 

1.9X10-1 

LlxlO" 

6.4xia5 

42x10"' 

33xltt' 
2.5x10-' 
i.7xia' 
1.0x10-' 

s-Oxia9 

i.0xia3 

i.0xicrj 

1.0x10" 

3.0x10-' 

1.9x10-' 

9.0x10* 

2.7x10* 

3.6x10* 

1.9x10* 

7.8xia7 

12x10* 

6.8xia7 

5.0xia5 

4.1X10"3 

LOxia1 

4.ixia2 

33x10*' 

Moderately Compacted (Continued) 
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TABLE 4 (continued). DEFAULT SOIL, WASTE, AND GEOSYNTHETIC
 
CHARACTERISTICS
 

Saturated 
Classification Total Field Wilting Hydraulic 

Porosity Capacity Point Conductivity 

HEL P Geomembrane Material vol/vol vol/vol vol/vol cm/«ec 

35 High Density Polyethylene 
(HOPE) 2.0xlOu 

36 Low Density Polyethylene 
(LDPE) 4.0x10-" 

37 Polyvinyl Chloride (PVC) 2.0xlO" 

38 Butyl Rubber l.OxlO1 2 

39 Chlorinated Polyethylene 
(CPE) 4.0xlO-'J 

40 Hypalon or Chlorosulfonated 
Polyethylene (CSPE) 3.0xlO'12 

41 Ethylene-Propylene Diene 
Monomer (EPDM) 2.0xlO-'2 

42 Neoprene S.OxlO-12 

(concluded) 

user-defined soil option accepts non-default soil characteristics for layers assigned soil 
type numbers greater than 42. This is especially convenient for specifying characteristics 
of waste layers. User-specified soil characteristics can be assigned any soil type number 
greater than 42. 

When a default soil type is used to describe the top soil layer, the program adjusts 
the saturated hydraulic conductivities of the soils in the top half of the evaporative zone 
for the effects of root channels. The saturated hydraulic conductivity value is multiplied 
by an empirical factor that is computed as a function of the user-specified maximum leaf 
area index. Example values of this factor are 1.0 for a maximum LAI of 0 (bare 
ground), 1.8 for a maximum LAI of 1 (poor stand of grass), 3.0 for a maximum LAI of 
2 (fair stand of grass), 4.2 for a maximum LAI of 3.3 (good stand of grass) and 5.0 for 
a maximum LAI of 5 (excellent stand of grass). 

The manual option requires values for porosity, field capacity, wilting point, and 
saturated hydraulic conductivity. These and related soil properties are defined below. 

Soil Water Storage (Volumetric Content): the ratio of the volume of water in a soil 
to the total volume occupied by the soil, water and voids. 

Total Porosity: the soil water storage/volumetric content at saturation (fraction of 
total volume). 
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Field Capacity: the soil water storage/volumetric content after a prolonged period 
of gravity drainage from saturation corresponding to the soil water storage when 
a soil exerts a soil suction of 1/3 bar. 

Wilting Point: the lowest soil water storage/volumetric content that can be achieved 
by plant transpiration or air-drying, that is the moisture content where a plant will 
be permanently wilted corresponding to the soil water storage when a soil exerts 
a soil suction of 15 bars. 

Saturated Hydraulic Conductivity: the rate at which water drains through a saturated 
soil under a unit pressure gradient. 

Porosity, field capacity and wilting point are all dimensionless numbers between 0 
and 1. Porosity must be greater than field capacity, which in turn must be greater than 
the wilting point. The wilting point must be greater than zero. The values for porosity, 
field capacity and wilting point are not used for liners, except for initializing the soil 
water storage of liners to the porosity value. 

The soil moisture retention properties of a layer should be adjusted downward if 
some volume of the layer does not participate in the drainage and storage of infiltrated 
water. This condition commonly exists in shallow layers of municipal solid waste 
because municipal solid waste is very heterogeneous and poorly compacted. The plastics 
in the waste also channels the drainage, limits the spreading of infiltration, and restricts 
the wetting of the waste and, therefore, the storage. Default soil texture number 19 
provides adjusted retention values for a municipal solid waste with significant channeling; 
it assumes that only 25 percent of the volume is actively involved in drainage and storage 
of infiltration. As the values were computed by multiplying the values for municipal 
solid waste (default texture number 18) by 0.25; the initial soil water content would also 
be multiply by 0.25. 

The HELP user has the option of specifying the initial volumetric water storage 
(content) of all layers except liners. Liners are assumed to remain saturated at all times. 
If the user chooses not to specify initial water contents, the program estimates values 
near steady-state and then runs one year of initialization to refine the estimates before 
starting the simulation. The soil water contents at the end of this year of initialization 
are taken as the initial values for the simulation period. The program then runs the 
complete simulation, starting again from the beginning of the first year of data. The 
results for the initialization period are not reported. To improve initialization to steady-
state moisture storage, the user should replace thick vertical percolation and lateral 
drainage layers, that are below the evaporative zone and above the saturated zone above 
liners, with tn m layers. Then, run the simulation for a number of years until steady-state 
is approximated. The final dimensionless water storage values after nearing steady-state 
should then be specified as the initial water contents in your actual simulation using the 
true dimensions of the layers. 
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The initial moisture content of municipal solid waste is a function of the composition 
of the waste; reported values for fresh wastes range from about 0.08 to 0.20 vol/vol. 
The average value is about 0.12 vol/vol for compacted municipal solid waste. If using 
default waste texture 19, where 75% of the volume is inactive, the initial moisture 
content should be that of only the active portion, 25% of the values reported above. 

The soil water storage or content used in the HELP model is on a per volume basis 
(6), volume of water (Vw) per total (bulk-soil, water and air) soil volume (Vt = V, + Vw 

+ VJ, which is characteristic of practice in agronomy and soil physics. Engineers more 
commonly express moisture content on a per mass basis (H>), mass of water (A/w) per 
mass of soil (Ms). The two can be related to each other by knowing the dry bulk density 
(P*)» dry bulk specific gravity (TA) of the soil (ratio of dry bulk density to water density 
(P J)» wet bulk density (p^), wet bulk specific gravity (T^) of the soil (ratio of wet bulk 
density to water density. 

(2) 

6 - -J5L_ f- . _»_ r (3) 
1 + w p 1 + w 

3.6 GEOMEMBRANE CHARACTERISTICS 

The user can assign geomembrane liner characteristics (vapor diffusivity/saturated 
hydraulic conductivity) to a layer using the default option, the user-defined soil option, 
or the manual option. Saturated hydraulic conductivity for geomembranes is defined in 
terms of its equivalence to the vapor diffusivity. The porosity, field capacity, wilting 
point and intial moisture content are not needed for geomembranes. Table 4 shows the 
default characteristics for 12 geomembrane liners. The user assigns default soil 
characteristics to a layer simply by specifying the appropriate geomembrane liner texture 
number. The user-defined option accepts user specified geomembrane liner 
characteristics for layers assigned textures greater than 42. Manual geomembrane liner 
characteristics can be assigned any texture greater than 42. 

Regardless of the method of specifying the geomembrane "soil" characteristics, the 
program also requires values for geomembrane liner thickness, pinhole density, 
installation defect density, geomembrane placement quality, and the transmissivity of 
geotextiles separating geomembranes and drainage limiting soils. These parameters are 
defined below. 
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Pinhole Density: the number of defects (diameter of hole equal to or smaller than 
the geomembrane thickness; hole estimated as 1 mm in diameter) in a given area 
generally resulting from manufacturing flaws such as polymerization deficiencies. 

Installation Defect Density: the number of defects (diameter of hole larger than the 
geomembrane thickness; hole estimated as 1 cm2 in area) per acre resulting 
primarily from seaming faults and punctures during installation. 

Geotextile Transmissivity: the product of the in-plane saturated hydraulic conductivity 
and thickness of the geotextile. 

The density of pinholes and installation defects is a subject of speculation. Ideally, 
geomembranes would not have any defects. If any were known to exist during 
construction, the defects would be repaired. However, geomembranes are known to leak 
and therefore reasonably conservative estimates of the defect densities should be specified 
to determine the maximum probable leakage quantities. 

The density of defects has been measured at a number of landfills and other facilities 
and reported in the literature. These findings provide guidance for estimating the defect 
densities. Typical geomembranes may have about 0.5 to 1 pinholes per acre (1 to 2 
pinholes per hectare) from manufacturing defects. The density of installation defects is 
a function of the quality of installation, testing, materials, surface preparation, 
equipment, and QA/QC program. Representative installation defect densities as a 
function of the quality of installation are given below for landfills being built today with 
the state-of-the-art in materials, equipment and QA/QC. In the last column the frequency 
of achieving a particular installation quality is given. The estimates are based on limited 
data but are characteristic of the recommendations provided in the literature. 

Installation Defect Density Frequency 
Quality (number per acre) (percent) 

Excellent Up to 1 10 
Good 1 to 4 40 
Fair 4 to 10 40 
Poor 10 to 20* 10 

Higher defect densities have been reported for older landfills with 
poor installation operations and materials; however, these high 
densities are not characteristic of modem practice. 

The user must also enter the placement quality of the geomembrane liner if pinholes 
or installation defects are reported. There are six different possible entries for the 
geomembrane liner placement quality. The program selects which equation will be used 
to compute the geomembrane based on the placement quality specified and the saturated 
hydraulic conductivity of the lower permeability soil (drainage limiting soil) adjacent to 
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the geomembrane. The program has different equations for three ranges of saturated 
hydraulic conductivity: greater than or equal to 0.1 cm/sec; less than 0.1 and greater 
than or equal to 0.0001 cm/sec; and less than 0.0001 cm/sec. 

1.	 Perfect: Assumes perfect contact between geomembrane and adjacent soil that 
limits drainage rate (no gap, "sprayed-on" seal between membrane and soil 
formed in place). 

2.	 Excellent: Assumes exceptional contact between geomembrane and adjacent soil 
that limits drainage rate (typically achievable only in the lab or small field 
lysimeters). 

3.	 Good: Assumes good field installation with well-prepared, smooth soil surface 
and geomembrane wrinkle control to insure good contact between 
geomembrane and adjacent soil that limits drainage rate. 

4.	 Poor. Assumes poor field installation with a less well-prepared soil surface 
and/or geomembrane wrinkling providing poor contact between geomembrane 
and adjacent soil that limits drainage rate, resulting in a larger gap for 
spreading and greater leakage. 

5.	 Worst Case: Assumes that contact between geomembrane and adjacent soil does 
not limit drainage rate, resulting in a leakage rate controlled only by the hole. 

6.	 Geotextile separating geomembrane liner and drainage limiting soil: Assumes 
leakage spreading and rate is controlled by the in-plane transmissivity of the 
geotextile separating the geomembrane and the adjacent soil layer that would 
have otherwise limited the drainage. This quality would not normally be used 
with a geosynthetic clay liner (GCL) as the controlling soil layer. Upon 
wetting, the bentonite swells and extrudes into the geotextile, filling its voids 

I and reducing its transmissivity below the point where it can contribute 
; significantly to spreading of leakage. GCL's, when properly placed, tend to 
' have intimate contact with the geomembrane (Harpur et al., 1993). 

3.7 SITE CHARACTERISTICS 

The user must also supply a value of the Soil Conservation Service (SCS) runoff 
curve number for Antecedent Moisture Condition II (AMC-II) or provide information so 
that a curve number can be computed. Unlike Version 2 of the HELP model, Version 
3 accounts for surface slope effects on curve number and runoff. In Version 3 of the 
HELP model, there are three different options by which a curve number can be obtained. 

1. A curve number defined by the user 
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Project Rose Hill FS Acct. No. 4609-18-10-11 Page lo  f 1
 
Subject HELP Model Comptd. Bv S. Czarniecki Date 08/15/96
 
Detail Input Assumptions Ck'd. Bv HKV & FXD Date 08/29/96
 

C \RH\HELP\HELPINPT WK1 

Weather Data 
Precipitation Default Providence values used. 
Temperature Use Synthetic Providence values generated by HELP3 
Solar Radiation Use Synthetic Providence values generated by HELP3 
Evapotranspiration Default Providence values initially used. 

Evaporative Zone Depth 20 in. Bare-8, Fair-20, Excellent-36 
Even though this is the input depth, HELP3 only uses a depth up to the first 
barrier layer. The depth the model uses is presented in model output. 

Maximum Leaf Area Index 3.3 
Start of Growing Season 121 Around May 1 
End of Growing Season 290 Around October 18 
Average Wind Speed 10.6 
Relative Humidity 64-72% 

Soil Data (Excluding classification) 
Assuming Waste Areas can be defined with one drainage slope 
Solid Waste Landfill Area 22.9 acres Based on topo map 
Bulky Waste Landfill Area 7.4 acres Based on topo map 
% of area where runoff is possible 100 % Assumption 
Allow HELP3 to initialize moisture contents to approximately steady-state 
Solid Waste Drain Length 500 ft Based on topo map 
Bulky Waste Drain Length 250 ft Based on topo map 
Solid Waste Existing Drainage Slope 7 % Existing top slopes - 3-5% (use 4%) 

Side slopes ~ 10% (from topo map) 
Use average 

Solid Waste Capped Drainage Slope 7.5 % Min. top slope based on regs - 5% 
Keep side as 10% - Use average 

Bulky Waste Existing Drainage Slope 6.5 % Existing top slopes - 2.5-5% (use 3%) 
Side slopes ~ 10% (from topo map) 
Use average 

Bulky Waste Capped Drainage Slope 7.5 % Min. top slope based on regs - 5% 
Keep side as 10% — Use average 

Assuming Solid Waste Area needs to be defined as two drainage areas 
Solid Waste Top-of-Landfill Area 5.7 acres Estimate from topo map 
Solid Waste Side Slope Area 17.2 acres 22.9 minus top-of-landfill area 
Top-of-Landfill i 'rain Length 150 ft Estimate from topo map 
Side Slope Drain Length 200 ft Estimate from topo map 
Top-of—Landfill Drainage Slope 4 % See above 
Side Slope Drainage Slope 10 % See above 

SCS Runoff Curve Number 
HELP3 now allows for 3 options - User Specified, User Specified but altered by slope % and length, 
and a Calculated Value based on slope, soil texture and vegetation. At this time, we will select User 
Specified values. Attachment A presents curve number descriptions. 

Curve Number 
Existing Conditions 39 Assumes soil group A (loose), Open Space 

with grass cover > 75% 
Capped Conditions 61 Assumes soil group B (tighter), Open Space 

with grass cover > 75% 



Appendix A: RUNOFF CURVE NUMBERS 

Runof f curve number s for urban areas' 

Curv e numbers for 
Cover description hyrlrolojric soil group— 

Average percent 
Cover type and hydrologic condition impervious area2 D 

Fully developed urban circns (vegetation established) 

Open space (lawns, parks, golf courses, cemeteries, 
etc.)3: 

Poor condition (grass cover < 50%) 6S 79 86 89 
Fair condition (grass cover 50% to 757o) 49 •39 79 S-l 
Good condition (grass cover > 75%) 39 61 74 S O 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. 

(excluding right-of-way) 9S 93 98 9S 
Streets and roads: 

Paved; curbs and storm sewers (excluding 
right-of-way) 98 98 9S US 

Paved; open ditches (including right-of-way) S3 89 92 93 
Gravel (including right-of-way) 76 85 89 91 
Dirt (including right-of-way) 72 82 87 89 

Western desert urban areas: 
Natural desert landscaping (pervious areas only/1 ... 63 85 SS 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand 
or gravel mulch and basin borders) 96 96 96 96 

Urban districts: 
Commercial and business 85 89 92 94 95 
Industrial 72 81 88 91 93 

Residential districts by average lot size: 
1/8 acre or less (town houses) 65 77 85 90 92 
1/4 acre 38 61 75 83 87 
1/3 acre 30 57 72 81 86 
1/2 acre 25 54 70 80 85 
1 acre 20 51 68 79 S4 
2 acres 12 46 65 77 82 

Developing urban areas 

Newly graded areas (pervious areas only, 
no vegetation)5 11 86 91 94 

Idle lands (CN's are determined using cover types 
similar to those in table 2-2c). 

•Average runoff condition, and Ia = 0.2S. 
The average percent impervious area shown was used to develop the composite CN's. Other assumptions arc as follows: impci-vioii s areas 
are directly cunnccled to the drainagu system, impervious areas have a CN of 5)8, and ]>crvious areas are considered equivalent to o|x.-n 
space in goo.! hydrulugic condition. CN"* for other ci.niuinalion s of vionditions may be (.•uinpuU-d using figure 2-3 or '2-4. 
"CN's shown are equivalent to those of pasture. Composite CN's may be computed for other combinations of open space cover ty)>c. 
'Composite CN's for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious urea jicix-eiiLige (CN 
« 98) and the pervious area CN. The pervious area CN's arc assumed equivalent to desert shi-ub in jxxjr hydrologic condition. 
•Composite CN's to use for the design of temporary measures during grading and construction should be computed using fipire 2-3 or 2-4, 
based on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas. 

This appendix reprinted from S.CS. TR-55, revised 1986. 
A-l 



Project Rose Hi l  l Regiona l Landfil l Acct No 020617-0010 Page 1 of 2 

Subject HEL P Model Results Comptd By S Czarniecki Date 10/06/97 

Detail 08/21/96, 09/22/97 and 10/06/97 Runs Ck'd By HKV Date 08/29/96 

P \NE\ROSEH1LL\FS\APPX-C\OUT2 XLS 

Attachment A shows layers utilized for each run Use percolation through barrier layers for comparisons 

Amount of water percolating through the waste layers are used for 

MODFLOW input, but wil l reduce each year following cap installation

as entrained water drams from waste & soils below cap 

Runs to determine difference between calling the existing top 

layer a vertical percolation layer or a lateral drainage layer 

RUN 1 - SW Existing, Default HCs(", lateral drainage 

RUN 2 - SW Existing, Default HCs, vertical perc 

RUN 7 - BW Existing, Default HCs, lateral drainage 

RUN 8 - BW Existing, Default HCs, vertical perc 

Vertical percolation will be used since the difference is minor, 

and this is a common top layer definition 

Runs to determine the best assumption for hydraulic 

conductivity in the existing soils 

RUN 5 - SW Existing, HC = 2 x lab perm
 

RUN 6 - SW Existing, HC = 10 x lab perm
 

RUN 9 - BW Existing, HC = 2 x lab perm
 

RUN 10 - BW Existing, HC = 10 x lab perm
 

Default values are slightly above the 10X values, but the IOX 

values will be used since they are the most conservative of the 

site-specific numbers 

Runs to determine if modeling the SW Area would be more 

accurate if it were split into 2 areas 

RUN 1 1 - SW Existing, Top of Landfill
 

RUN 12 - SW Existing, Side Slopes of Landfill
 

RUN 1 la - SW Existing, Top of LF, Lateral Layer 1
 

RUN 12a - SW Existing, Side Slopes, Lateral Layer 1
 

When comparing the totals to RUN 6, their differences are insignificant 

Therefore, modeling the SW Area as one area will be assumed adequate 

Sensitivity Runs for Drainage Layer Hydraulic Conductivity 

SW SINGLE BARRIER CAP 

RUN 13 -Sand, 12 in , 1 x l0  3 cm/  s 

RUN 13a-Sand, 1 2 m  , 1 x 102cm/s 

This shows that the higher HC provides better protection and 

will be used for these modeling efforts 

Runs to determine the effect of placement quality changes in 

the model SW SINGLE BARRIER CAP 

RUN 13a - Pmholes(0 75/acre), Defects(4/acre), Good Quality 

RUN 14 - Pmholes(0 75/acre), Defects(4/acre), Excellent Quality 

RUN 15 - Pmholes(0 75/acre), Defects(4/acre), Worst Case Quality 

RUN 16 - Pmholes(0 75/acre), Defects(4/acre), Poor Quality 

Worst case installation and anything above excellent (perfect) 

are not expected, so the choice of Good is adequate 
(1) HC - Hydraulic Conductivity 

1 

m/y r

139 7

1397

1194

1194

1 1 85

1293

1 1 30

116 5

1293

1293

Total ->

1293

1293

Total ->

29 9

13 4

134

134

1289

134

Percolation Through Barrier Layers 

 ft-/yr gal/yr gpm 

 1,161,315 8,686636 16 5 

 1,161,361 8,686,980 165 

 320,881 2,400,190 4  6 

 320,891 2,400,265 4 6 

 984,878 7,366,887 14 0 

 1,074,573 8,037,806 153 

 303,589 2 270,846 4 3 

 313,014 2,341,345 4  5 

 267,470 2,000,676 3 8 

 807,103 6,037,130 11 5 

 1,074,573 

 267,464 2,000,631 3 8 

 807,056 6,036,779 1 1 5 

 1,074,520 

 248,519 1,858,922 3 5 

 111,115 831,139 1 6 

 111,11 5 831,139 16 

 111,115 831,139 1 6 

 1,071,231 8,012,808 152 

 111,115 831,139 16 



Project Rose Hil l Regional Landfill Acct No 020617-0010 Page Of 

Subject HELP Model Comptd B> S. Czamiecki Date 10/06/97 

Detail Results for 08/21 /96 and 09/22/97 Runs Ck'd By HKV Date 08/29/96 

P \NE\ROSEHILL\FS\APPX-C\OUT2 XLS 

Percolation Through Bamer Layers 

Further SW SINGLE BARRIER CAP sensitivit y runs 

RUN 17 - Pmholes(l/acre), Defects( 10/acre), (Semi-Poor Liner) 

RUN 18 - Pmholes(0 5/acre), Defects( 1/acre), (Decent Liner) 

SW COMPOSITE CAP sensitivity runs 

RUN 19 - Pmho!es(0 75/acre), Defects(4/acre), (Average Liner) 

RUN 20 - Pmholes(l/acre), Defects* 10/acre), (Semi-Poor Liner) 

RUN 21 - Pmholes(0 5/acre), Defects(l/acre), (Decent Liner) 

BW SINGLE BARRIER CAP runs 

RUN 22 - Pmholes(0 75/acre), Defects(4/acre), (Average Liner) 

RUN 23 - Pmholes(l/acre), Defects! 10/acre), (Semi-Poor Liner) 

RUN 24 - Pmnoles(0 5/acre), Defects(l/acre), (Decent Liner) 

BW COMPOSITE CAP runs 

RUN 25 - Pmholes(0 75/acre), Defects(4/acre), (Average Liner) 

RUN 26 - Pmholesd/acre), Defects* 10/acre), (Semi-Poor Liner) 

RUN 27 - Pmholes(0 5/acre), Defects( 1/acre), (Decent Liner) 

SUMMARY 

Solid Waste Area 

Existing Conditions 

Single Barrier Cap Range - 30,050 to 244,550 ft'/yr 

Composite Cap Range-21 5 to 1,627 ft'/yr 

Bulky Waste Area 

Existing Conditions 

Single Bamer Cap Range - 27,720 to 161,666 ft'/yr 

Composite Cap Range - 37 to 278 ft'/yr 

These runs are presented in AttachmentA 

Solid Waste Area 

Single Barrier Cap Flow Reduction 

Composite Cap Flow Reduction 

Bulky Waste Area 

Single Barrier Cap Flow Reduction 

Composite Cap Flow Reduction 

m/y r gal/y r gpm 

2 94 244,550 1,829,234 3 5 

0 36 30,050 224,774 0 4 

0 008 693 5,184 001 

0020 1,627 12,170 002 

0003 215 1,608 000 

3 31 88,838 664,508 1 3 

602 161,666 1,209,262 2 3 

1 03 27,720 207,346 0 4 

0004 119 890 0002 

0010 278 2,079 0004 

0001 37 277 0001 

I Percolation Through Bamer Layers 

ft'/yj eal/yr gpm 

1,074,573 8,037,806 15 3 

Avg Liner-> 111,11 5 831,139 1 6 

Avg Liner-> 693 5,184 001 

313,014 2,341,345 4  5 

Avg Liner-> 88,838 664,508 1 3 

Avg Liner-> 119 890 0002 

89 7% 

999% 

71 6% 

1000% 



Further HELP3 Descriptions 

Texture # 

Existing Cover Layer 9 in Vertical Percolation Layer 7
 
Hydr Conductivity = 5 8x10"4 cm/s — —
 
Thickness = 18 in 9 in Barrier Soil Liner 7
 

Waste Layer
 
Hydr Conductivity = 1x10~3 cm/s Vertical Percolation Layer 18
 
Thickness = 360 in
 

SOLID WASTE AREA
 
EXISTING CONDITIONS
 



Run6.out
 

** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
 
** HELP MODEL VERSION 3.01 (14 OCTOBER 1994)
 
** DEVELOPED BY ENVIRONMENTAL LABORATORY
 
** USAE WATERWAYS EXPERIMENT STATION
 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
 
* *
 
* *
 

PRECIPITATION DATA FILE: C:\HELP3\RHPRECIP.D4
 
TEMPERATURE DATA FILE: C:\HELP3\RHTEMP.D7
 
SOLAR RADIATION DATA FILE: C:\HELP3\RHSOLAR.D13
 
EVAPOTRANSPIRATION DATA: C:\HELP3\RHEVAP.D11
 
SOIL AND DESIGN DATA FILE: C:\HELP3\RHSOIL1.D10
 
OUTPUT DATA FILE: C:\HELP3\RUN6.0UT
 

TIME: 10:15 DATE: 8/21/1996
 

TITLE: Rose Hill - Solid Waste Existing Conditions - 10X lab perm
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS = 9.00 INCHES
 
POROSITY = 0.4730 VOL/VOL
 
FIELD CAPACITY = 0.2220 VOL/VOL
 
WILTING POINT = 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2317 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-03 CM/SEC
 

LAYER 2
 

TYPE 3 - BARRIER SOIL LINER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS 9.00 INCHES
 
POROSITY 0.4730 VOL/VOL
 
FIELD CAPACITY 0.2220 VOL/VOL
 
WILTING POINT 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.4730 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-03 CM/SEC
 

LAYER 3
 
Page 1
 

http:C:\HELP3\RHTEMP.D7
http:C:\HELP3\RHPRECIP.D4


Run6.out
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS = 360.00 INCHES
 
POROSITY 0.6710 VOL/VOL
 
FIELD CAPACITY 0.2920 VOL/VOL
 
WILTING POINT 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2884 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.100000005000E-02 CM/SEC
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.
 

SCS RUNOFF CURVE NUMBER 39. 00
 
FRACTION OF AREA ALLOWING RUNOFF 100. 0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE 22. 900 ACRES
 
EVAPORATIVE ZONE DEPTH 9. 0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE 2. 085 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE 4. 257 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE 0. 936 INCHES
 
INITIAL SNOW WATER 0. 000 INCHES
 
INITIAL WATER IN LAYER MATERIALS 110. 177 INCHES
 
TOTAL INITIAL WATER 110. 177 INCHES
 
TOTAL SUBSURFACE INFLOW 0. 00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
PROVIDENCE RHODE ISLAND
 

MAXIMUM LEAF AREA INDEX = 3.30
 
START OF GROWING SEASON (JULIAN DATE) = 121
 
END OF GROWING SEASON (JULIAN DATE) = 290
 
AVERAGE ANNUAL WIND SPEED = 10.60 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
 

NOTE: PRECIPITATION DATA FOR PROVIDENCE RHODE ISLAND
 
WAS ENTERED FROM THE DEFAULT DATA FILE.
 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
 

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

28.20 29.30 37.40 47.90 57.60 66.80 
72.50 71.10 63.50 53.20 4 3 . 4  0 32.20 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

STATION LATITUDE 41.73 DEGREES
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Run6.out
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

PERC. /LEAKAGE THROUGH LAYER 2
 

AVG. HEAD ON TOP OF LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

PERC. /LEAKAGE THROUGH LAYER 2
 

AVG. HEAD ON TOP OF LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

FOR YEAR 1974
 

INCHES
 

40.66
 

4.327
 

23.952
 

12.381224
 

0.0168
 

12.749429
 

-0.368
 

110.177
 

109.809
 

0.000
 

0.000
 

0.0000
 

FOR YEAR 1975
 

INCHES
 

50.83
 

8.926
 

24.858
 

15.877962
 

0.0223
 

12.830191
 

4.216
 

109.809
 

114.024
 

0.000
 

0.000
 

0.0000
 

CU. FEET
 

3379944.000
 

359654.469
 

1991040.620
 

1029213.940
 

1059821.750
 

-30572.029
 

9158652.000
 

9128080.000
 

0.000
 

0.000
 

-0.713
 

CU. FEET
 

4225347.000
 

741997.437
 

2066379.870
 

1319887.370
 

1066535.250
 

350432.625
 

9128080.000
 

9478512.000
 

0.000
 

0.000
 

1.665
 

PERCENT
 

100.00
 

10.64
 

58.91
 

30.45
 

31.36
 

-0.90
 

0.00
 

0.00
 

0.00
 

PERCENT
 

100.00
 

17.56
 

48.90
 

31.24
 

25.24
 

8.29
 

0.00
 

0.00
 

0.00
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ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

PERC./ LEAKAGE THROUGH LAYER 2
 

AVG. HEAD ON TOP OF LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

PERC. /LEAKAGE THROUGH LAYER 2
 

AVG. HEAD ON TOP OF LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

FOR YEAR 1976
 

INCHES
 

46.31
 

9.742
 

24.467
 

11.847011
 

0.0203
 

14.870744
 

-2.770
 

114.024
 

110.484
 

0.000
 

0.770
 

0.0000
 

FOR YEAR 1977
 

INCHES
 

48.81
 

10.967
 

24.497
 

13.793162
 

0.0167
 

12.176536
 

1.169
 

110.484
 

112.423
 

0.770
 

0.000
 

0.0000
 

CU. FEET
 

3849611.500
 

809845.812
 

2033894.870
 

984806.437
 

1236160.250
 

-230288.937
 

9478512.000
 

9184189.000
 

0.000
 

64033.992
 

-0.555
 

CU. FEET
 

4057428.250
 

911683.000
 

2036402.370
 

1146584.120
 

1012198.870
 

97145.070
 

9184189.000
 

9345369.000
 

64033.988
 

0.000
 

-0.951
 

PERCENT
 

100.00
 

21.04
 

52.83
 

25.58
 

32.11
 

-5.98
 

0.00
 

1.66
 

0.00
 

PERCENT
 

100.00
 

22.47
 

50.19
 

28.26
 

24 .95
 

2.39
 

1.58
 

0.00
 

0.00
 

ANNUAL TOTALS FOR YEAR 1978
 

INCHES CU. FEET PERCENT
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Run 6, .out
 

PRECIPITATION 47 .00 3906969. 000 100.00
 

RUNOFF 10 .534 875628. 250 22.41
 

EVAPOTRANSPIRATION 26 .576 2209224. 750 56.55
 

PERC. /LEAKAGE THROUGH LAYER 2 10 .735036 892371. 312 22.84
 

AVG. HEAD ON TOP OF LAYER 2 0.0135
 

PERC. /LEAKAGE THROUGH LAYER 3 12 .816323 1065382. 500 27.27
 

CHANGE IN WATER STORAGE -2 .926 -243266. 594 -6.23
 

SOIL WATER AT START OF YEAR 112 .423 9345369. 000
 

SOIL WATER AT END OF YEAR 109 .496 9102102. 000
 

SNOW WATER AT START OF YEAR 0.000 0. 000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0. 000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0. 159 0.00
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978
 

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

PRECIPITATION
 

TOTALS 6. 19 2.98 3.95 2.75 3.21 3.10
 
3. 56 4.08 4.37 4.82 2.78 4.93
 

STD. DEVIATIONS 2. 07 0.30 1.11 0.52 1. .25 1.31
 
2. 62 2.27 2.21 1.87 2, .13 0.98
 

RUNOFF
 

TOTALS 3. 599 2.073 1.952 0.453 0. .000 0.000
 
0. 000 0.084 0.000 0.010 0, .000 0.729
 

STD. DEVIATIONS 3. 017 1.662 1.090 0.723 0. .000 0.000
 
0. 000 0.188 0.000 0.021 0. .000 0.947
 

EVAPOTRANSPIRATION
 

TOTALS 1. 019 1.278 2.202 2.546 2. .706 2.739
 
2. 733 2.462 2.544 2.230 1, .529 0.883
 

STD. DEVIATIONS 0. 154 0.156 0.394 0.262 0, .723 1.067
 
1. 034 1.511 0.528 0.333 0, .161 0.196
 

PERCOLATION/LEAKAGE THROUGH LAYER 2
 

TOTALS 0. 1846 0.6441 0.5412 1.1338 0.4569 0.5265
 
0. 7086 1.2389 1.5836 2.2193 1, .3445 2.3448
 

STD. DEVIATIONS 0. 2828 0.9296 0.5687 0.1919 0, .5289 0.5373
 
1. 3707 1.3807 1.5002 1.7416 2, .0250 1.5811
 

PERCOLATION/LEAKAGE	 THROUGH LAYER 3
 

TOTALS 1.4008 1.1516 1.1315 0.9933 1.1162 1.0396
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1.0663 0.9566 1.0272 0.9334 1.0694 1.2027 

STD. DEVIATIONS 0.4661 0.0617 0.1086 0.1172 0.1204 0.0775 
0.0379 0.0807 0.2119 0.2514 0.1665 0.3600 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ACROSS LAYER 2
 

AVERAGES 0.0037 0.0108 0.0083 0.0189 0.0067 0.0088
 
0.0167 0.0254 0.0256 0.0285 0.0255 0.0358
 

STD. DEVIATIONS 0.0054 0.0153 0.0086 0.0050 0.0076 0.0091
 
0.0344 0.0337 0.0246 0.0235 0.0426 0.0251
 

AVERAGE ANNUAL TOTALS 4 (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978 

INCHES CU. FEET PERCENT 

PRECIPITATION 46. .72 ( 3 .815) 3883860 .0 100.00 

RUNOFF 8. .899 ( 2. 6725) 739761 .75 19.047 

EVAPOTRANSPI RATION 24, .870 ( 1. 0070) 2067388 .50 53.230 

PERCOLATION/LEAKAGE THROUGH 12. .92688 ( 1. 98288) 1074572 .750 27.66765 

AVERAGE HEAD ACROSS TOP 0.018 ( 0.003)
 
OF LAYER 2
 

PERCOLATION/LEAKAGE THROUGH 13.08864 ( 1.03245) 1088019.750 28.01388
 
FROM LAYER 3
 

CHANGE IN WATER STORAGE -0.136 ( 2.9757) -11309.97 -0.291
 

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978
 

(INCHES) (CU. FT.)
 

PRECIPITATION 4.78 397347.062
 

RUNOFF 3.353 278757.5310
 

PERCOLATION/LEAKAGE THROUGH LAYER 2 1.854850 154188.15600
 

AVERAGE HEAD ACROSS LAYER 2 2.405
 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.143786 11952.47660
 

SNOW WATER 6.35 528163.8120
 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4323
 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0595
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FINAL WATER STORAGE AT END OF YEAR 1978
 

LAYER (INCHES) (VOL/VOL) 

1 2.2134 0.2459 

2 4.2570 0.4730 

3 103.0260 0.2862 

SNOW WATER 0.000 
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Vegetative Support Layer 
Loam & Native Soil 
Thickness = 12 in. 

Drainage Layer 
Sand 
Thickness = 12 in. 

Geomembrane Layer 
HOPE 
Thickness = 0.04 in. 

Protective Layer 
Native Soil 
Thickness = 12 in. 

Existing Cover Layer 
Hydr. Conductivity = 5.8x10"4 cm/s 
Thickness = 18 in. 

Waste Layer 
Hydr. Conductivity = 1x10~3 cm/s 
Thickness = 360 in. 

Further HELP3 Descriptions 

Texture # 

Vertical Percolation Layer 

Lateral Drainage Layer 
Slope = 7.5% 

Flexible Membrane Liner 35 

Vertical Percolation Layer 

Vertical Percolation Layer 

Vertical Percolation Layer 18 

SOLID WASTE AREA
 
SINGLE BARRIER CAP
 



RunlSa.out
 

* *
 
* * HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
 

HELP MODEL VERSION 3.01 (14 OCTOBER 1994)
 
DEVELOPED BY ENVIRONMENTAL LABORATORY * *
 

* * * *
USAE WATERWAYS EXPERIMENT STATION
 
* * FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
 

PRECIPITATION DATA FILE: C:\RH\HELP\HELP3\RHPRECIP.D4
 
TEMPERATURE DATA FILE: C:\RH\HELP\HELP3\RHTEMP.D7
 
SOLAR RADIATION DATA FILE: C:\RH\HELP\HELP3\RHSOLAR.D13
 
EVAPOTRANSPIRATION DATA: C:\RH\HELP\HELP3\RHEVAP.Dll
 
SOIL AND DESIGN DATA FILE: C:\RH\HELP\HELP3\RHSOIL2A.D10
 
OUTPUT DATA FILE: C:\RH\HELP\HELP3\RUN13a.OUT
 

TIME: 13:26 DATE: 10/ 6/1997
 

TITLE: Rose Hill - SW Area Good Single Barrier Cap -Good liner
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
 

LAYER
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 4
 

THICKNESS = 12.00 INCHES
 
POROSITY = 0.4370 VOL/VOL
 
FIELD CAPACITY = 0.1050 VOL/VOL
 
WILTING POINT - 0.0470 VOL/VOL
 
INITIAL SOIL WATER CONTENT - 0.1497 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.48
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

LAYER 2
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 1
 

THICKNESS 12.00 INCHES
 
POROSITY 0.4170 VOL/VOL
 
FIELD CAPACITY 0.0450 VOL/VOL
 
WILTING POINT 0.0180 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2752 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.999999978000E-02 CM/SEC
 
SLOPE 7.50 PERCENT
 
DRAINAGE LENGTH 500.0 FEET
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LAYER 3
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS 0.04 INCHES
 
POROSITY 0.0000 VOL/VOL
 
FIELD CAPACITY 0.0000 VOL/VOL
 
WILTING POINT 0.0000 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY 0.75 HOLES/ACRE
 
FML INSTALLATION DEFECTS 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

LAYER 4
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 1
 

THICKNESS = 12.00 INCHES
 
POROSITY = 0 4730 VOL/VOL
 
FIELD CAPACITY 0.2220 VOL/VOL
 
WILTING POINT 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2299 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.520000001000E-03 CM/SEC
 

LAYER
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS - 18.00 INCHES
 
POROSITY = 0.4730 VOL/VOL
 
FIELD CAPACITY = 0.2220 VOL/VOL
 
WILTING POINT = 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2197 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-03 CM/SEC
 

LAYER
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 360.00 INCHES
 
POROSITY 0.6710 VOL/VOL
 
FIELD CAPACITY 0.2920 VOL/VOL
 
WILTING POINT 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2632 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.100000005000E-02 CM/SEC
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.
 

SCS RUNOFF CURVE NUMBER = 61.00
 
Page 2
 



RunlBa.out
 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE = 22.900 ACRES
 
EVAPORATIVE ZONE DEPTH = 20.0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE = 3.431 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE = 8.580 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE = 0.708 INCHES
 
INITIAL SNOW WATER = 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS -= 106.580 INCHES
 
TOTAL INITIAL WATER = 106.580 INCHES
 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
PROVIDENCE RHODE ISLAND
 

MAXIMUM LEAF AREA INDEX = 3.30
 
START OF GROWING SEASON (JULIAN DATE) = 121
 
END OF GROWING SEASON (JULIAN DATE) = 290
 
AVERAGE ANNUAL WIND SPEED = 10.60 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
 

NOTE: PRECIPITATION DATA FOR PROVIDENCE RHODE ISLAND
 
WAS ENTERED FROM THE DEFAULT DATA FILE.
 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
 

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

28.20 29 .30 37.40 4 7 . 9 0 57 .60 66.80 
72.50 71.10 63.50 53.20 43.40 32.20 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

STATION LATITUDE = 41.73 DEGREES
 

ANNUAL TOTALS FOR YEAR 1974
 

INCHES CU. FEET PERCENT 

PRECIPITATION 40.66 3379944.000 100.00 

RUNOFF 3.765 312972.500 9.26 

EVAPOTRANSPIRATION 25.270 2100599.750 62.15 

DRAINAGE COLLECTED FROM LAYER 2 10.4808 871239.000 25.78 

PERC./LEAKAGE THROUGH LAYER 3 1.182892 98330.258 2.91 

AVG. HEAD ON TOP OF LAYER 3 3.4047 
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PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

5.989988
 

-4.846
 

109.244
 

104.398
 

0.000
 

0.000
 

0.0000
 

FOR YEAR 1975
 

INCHES
 

50.83
 

7.890
 

25.565
 

12.6666
 

1.471367
 

4.5295
 

4.178403
 

0.530
 

104.398
 

104.928
 

0.000
 

0.000
 

0.0000
 

FOR YEAR 1976
 

INCHES
 

46.31
 

9.164
 

24.754
 

13.7131
 

1.575338
 

4.8914
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497929.719
 

-402796.719
 

9081091.000
 

8678294.000
 

0.000
 

0.000
 

-0.238
 

CU. FEET
 

4225347.000
 

655906.250
 

2125104.250
 

1052938.000
 

122310.359
 

347338.125
 

44059.109
 

8678294.000
 

8722353.000
 

0.000
 

0.000
 

1.110
 

CU. FEET
 

3849611.500
 

761783.062
 

2057700.250
 

1139925.370
 

130953.156
 

14.73
 

-11.92
 

0.00
 

0.00
 

0.00
 

PERCENT
 

100.00
 

15.52
 

50.29
 

24.92
 

2.89
 

8.22
 

1.04
 

0.00
 

0.00
 

0.00
 

PERCENT
 

100.00
 

19.79
 

53.45
 

29.61
 

3.40
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PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

3.324411
 

-4.645
 

104.928
 

99.512
 

0.000
 

0.770
 

0.0000
 

FOR YEAR 1977
 

INCHES
 

48.81
 

9.177
 

25.034
 

12.1185
 

1.312330
 

3.9404
 

2.862932
 

-0.382
 

99.512
 

99.901
 

0.770
 

0.000
 

0.0000
 

FOR YEAR 1978
 

INCHES
 

47.00
 

10.121
 

25.736
 

10.1923
 

1.141509
 

3.2889
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276348.312
 

-386146.344
 

8722353.000
 

8272172.500
 

0.000
 

64033.992
 

0.832
 

CU. FEET
 

4057428.250
 

762849.000
 

2080987.120
 

1007376.440
 

109090.023
 

237986.922
 

-31769.256
 

8272172.500
 

8304437.500
 

64033.988
 

0.000
 

-1.863
 

CU. FEET
 

3906969.000
 

841313.187
 

2139382.250
 

847257.687
 

94890.219
 

7.18
 

-10.03
 

0.00
 

1.66
 

0.00
 

PERCENT
 

100.00
 

18.80
 

51.29
 

24.83
 

2.69
 

5.87
 

-0.78
 

1.58
 

0.00
 

0.00
 

PERCENT
 

100.00
 

21.53
 

54.76
 

21.69
 

2.43
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PERC. /LEAKAGE THROUGH LAYER 6 2.485915 206646.672 5.29
 

CHANGE IN WATER STORAGE	 -1.535 -127631.328 -3.27
 

SOIL WATER AT START OF YEAR 99.901 8304437.500
 

SOIL WATER AT END OF YEAR	 98.365 8176806.000
 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0.0000 0.476 0.00
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978
 

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

PRECIPITATION
 

TOTALS	 6. 19 2.98 3. 95 2. 75 3.21 3.10
 
3. 56 4.08 4. 37 4. 82 2.78 4.93
 

STD. DEVIATIONS 2. 07 0.30 1. 11 0. 52 1.25 1.31
 
2. 62 2.27 2. 21 1. 87 2.13 0.98
 

RUNOFF
 

TOTALS	 3. 145 1.922 1. 813 0. 432 0.000 0.000
 
0. 018 0.000 0. 000 0. 000 0.000 0.692
 

STD. DEVIATIONS 2. 796 1.543 0. 762 0. 646 0.000 0.000
 
0. 041 0.001 0. 000 0. 000 0.000 0.908
 

EVAPOT RANSPI RATI ON
 

TOTALS 1. Oil 1.264 1. 903 2. 070 2.788 3.506
 
2. 686 2.541 2. 946 2. 306 1.388 0.862
 

STD. DEVIATIONS 0. 151 0.161 0. 311 0. 403 0.588 1.079
 
1. 066 1.375 0. 536 0. 388 0.133 0.190
 

LATERAL DRAINAGE COLLECTED FROM LAYER 2
 

TOTALS 0. 7202 0.4220 0. 7947 1. 7867 1.3309 0.8381
 
0. 4676 0.6982 0. 8249 1. 2223 1.2867 1.4420
 

STD. DEVIATIONS 0. 2818 0.3207 0. 4739 0. 3356 0.2746 0.2205
 
0. 1037 0.8428 0. 6739 0. 6621 0.9475 0.5276
 

PERCOLATION/LEAKAGE	 THROUGH LAYER 3
 

TOTALS 0. 0862 0.0536 0. 0881 0. 1857 0.1420 0.0972
 
0. 0619 0.0952 0. 0912 0. 1318 0.1419 0.1618
 

STD. DEVIATIONS 0. 0266 0.0308 0. 0459 0. 0389 0.0239 0.0201
 
0. 0108 0.1117 0. 0631 0. 0608 0.0966 0.0686
 

PERCOLATION/LEAKAGE THROUGH LAYER 6
 

TOTALS 0. 3642 0.3185 0. 3461 0. 3255 0.3306 0.3092
 
0. 3136 0.3075 0. 2921 0. 2960 0.2801 0.2848
 

STD. DEVIATIONS 0.1604 0.1367 0.1426 0.1256 0.1246 0.1144
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0.1126 0.1082 0.0974 0.0966 0.0897 0.0848
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ACROSS LAYER 3
 

AVERAGES 2.7321 1.7822 3. .0315 7. ,3915 5.0769 3.3038 
1.7836 3.4283 3. .2517 4. ,7350 5.5243 6.0910 

STD. DEVIATIONS 1, .0813 1.3544 1. .8077 1. 8929 1. .0475 0.8691 
0, .3956 4.8913 2. ,6563 2. 6528 4. .3083 3.1461 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 46. ,72 ( 3.815) 3883860. 0 100 .00
 

RUNOFF 8. 023 ( 2.5091) 666964. 75 17 .173
 

EVAPOTRANSPIRATION 25. ,272 ( 0.3957) 2100754. 75 54 .089
 

LATERAL DRAINAGE COLLECTED 11. ,83427 ( 1.48586) 983747. 312 25. 32911
 

PERCOLATION/LEAKAGE THROUGH 1.33669 ( 0.18536) 111114.805 2.86094
 
FROM LAYER 3
 

AVERAGE HEAD ACROSS TOP 4.011 ( 0.696)
 
OF LAYER 3
 

PERCOLATION/LEAKAGE THROUGH 3.76833 ( 1.39332) 313249.937 8.06543
 
FROM LAYER 6
 

CHANGE IN WATER STORAGE -2.176 ( 2.4584) -180856.91 -4.657
 

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978
 

(INCHES) (CU. FT.) 

PRECIPITATION 4. .78 397347.062 

RUNOFF 3, .189 265054.4690 

DRAINAGE COLLECTED FROM LAYER 2 0, .10179 8461.86426 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0, .012658 1052.23718 

AVERAGE HEAD ACROSS LAYER 3 16, .935 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.022134 1839.95520 

SNOW WATER 6, .35 528163.8120 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3985
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MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0269
 

FINAL WATER STORAGE AT END OF YEAR 1978
 

LAYER (INCHES) (VOL/VOL) 

1 2.0101 0.1675 

2 4.3682 0.3640 

3 0.0000 0.0000 

4 2.7572 0.2298 

5 3.8849 0.2158 

6 82.6808 0.2297 

SNOW WATER 0.000 
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Vegetative Support Layer 
Loam & Native Soil 
Thickness = 12 in. 

Drainage Layer 
Sand 
Thickness =12 in. 

Geomembrane Layer 
HOPE 
Thickness = 0.04 in. 

Geosynthetic Liner 
Clay 
Thickness = 0.5 in. 

Protective Layer 
Native Soil 
Thickness = 12 in. 

Existing Cover Layer 
Hydr. Conductivity = 5.8X10"4 cm/s 
Thickness = 18 in. 

Waste Layer 
Hydr. Conductivity = 1x10~3 cm/s 
Thickness = 360 in. 

Further HELP3 Descriptions 

Texture # 

Vertical Percolation Layer 

Lateral Drainage Layer 
Slope = 7.5% 

Flexible Membrane Liner 35 

Barrier Soil Liner 16 

Vertical Percolation Layer 

Vertical Percolation Layer 

Vertical Percolation Layer 18 

SOLID WASTE AREA
 
COMPOSITE CAP
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
 
HELP MODEL VERSION 3.01 (14 OCTOBER 1994)
 

DEVELOPED BY ENVIRONMENTAL LABORATORY
 
USAE WATERWAYS EXPERIMENT STATION
 

* *
 FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
 
* *
 
* *
 

PRECIPITATION DATA FILE: C:\RH\HELP\HELP3\RHPRECIP.D4
 
TEMPERATURE DATA FILE: C:\RH\HELP\HELP3\RHTEMP.D7
 
SOLAR RADIATION DATA FILE: C:\RH\HELP\HELP3\RHSOLAR.D13
 
EVAPOTRANSPIRATION DATA: C:\RH\HELP\HELP3\RHEVAP.D11
 
SOIL AND DESIGN DATA FILE: C:\RH\HELP\HELP3\RHSOIL7.D10
 
OUTPUT DATA FILE: C:\RH\HELP\HELP3\RUN19.0UT
 

TIME: 13:34 DATE: 107 6/1997
 

TITLE: Rose Hill - SW Area Good Composite Cap - Good liner
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 4
 

THICKNESS 12.00 INCHES
 
POROSITY 0.4370 VOL/VOL
 
FIELD CAPACITY 0.1050 VOL/VOL
 
WILTING POINT 0.0470 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.1497 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.170000002000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.48
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

LAYER 2
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 1
 

THICKNESS 12.00 INCHES
 
POROSITY 0.4170 VOL/VOL
 
FIELD CAPACITY 0.0450 VOL/VOL
 
WILTING POINT 0.0180 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2874 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. .999999978000E-02 CM/SEC
 
SLOPE 7.50 PERCENT
 
DRAINAGE LENGTH 500.0 FEET
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LAYER
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS 0.04 INCHES
 
POROSITY 0.0000 VOL/VOL
 
FIELD CAPACITY 0.0000 VOL/VOL
 
WILTING POINT 0.0000 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0 199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY 0.75 HOLES/ACRE
 
FML INSTALLATION DEFECTS 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

LAYER
 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 16 

THICKNESS 0.50 INCHES 
POROSITY 0.4270 VOL/VOL 
FIELD CAPACITY 0.4180 VOL/VOL
 
WILTING POINT 0.3670 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.4270 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.100000001000E-06 CM/SEC
 

LAYER 5
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 7
 

THICKNESS 12.00 INCHES
 
POROSITY 0.4730 VOL/VOL
 
FIELD CAPACITY 0.2220 VOL/VOL
 
WILTING POINT 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2094 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.520000001000E-03 CM/SEC
 

LAYER
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS = 18.00 INCHES
 
POROSITY = 0.4730 VOL/VOL
 
FIELD CAPACITY = 0.2220 VOL/VOL
 
WILTING POINT = 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2094 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-03 CM/SEC
 

LAYER 7
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 18
 

THICKNESS = 360.00 INCHES 
POROSITY « 0.6710 VOL/VOL 
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FIELD CAPACITY 0.2920 VOL/VOL
 
WILTING POINT 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2623 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.100000005000E-02 CM/SEC
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.
 

SCS RUNOFF CURVE NUMBER 61.00 
FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE 22.900 ACRES 
EVAPORATIVE ZONE DEPTH 20.0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE 3.577 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE 8.580 INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE 0.708 INCHES 
INITIAL SNOW WATER 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS 106.151 INCHES 
TOTAL INITIAL WATER 106.151 INCHES 
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
PROVIDENCE RHODE ISLAND
 

MAXIMUM LEAF AREA INDEX = 3.30
 
START OF GROWING SEASON (JULIAN DATE) = 121
 
END OF GROWING SEASON (JULIAN DATE) = 290
 
AVERAGE ANNUAL WIND SPEED = 10.60 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
 

NOTE: PRECIPITATION DATA FOR PROVIDENCE RHODE ISLAND
 
WAS ENTERED FROM THE DEFAULT DATA FILE.
 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
 

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

28.20 29.30 37.40 47.90 57.60 66.80 
72.50 71.10 63.50 53.20 4 3 . 4  0 32.20 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

STATION LATITUDE 41.73 DEGREES
 

ANNUAL TOTALS FOR YEAR 1974
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PRECIPITATION
 

RUNOFF
 

EVAPOTRANSP I RATI ON
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 4
 

AVG. HEAD ON TOP OF LAYER 4
 

PERC. /LEAKAGE THROUGH LAYER 7
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

INCHES
 

40 .66
 

3.781
 

25 .250
 

11 .6655
 

0.006086
 

3.7902
 

5.637188
 

-5 .674
 

106 .151
 

100 .478
 

0.000
 

0.000
 

0.0000
 

CU. FEET
 

3379944
 

314274
 

2098980
 

969715
 

505
 

468602
 

-471629
 

8824053
 

8352423
 

0
 

0
 

0
 

.000
 

.844
 

.750
 

.187
 

.927
 

.500
 

.906
 

.000
 

.000
 

.000
 

.000
 

.793
 

PERCENT
 

100.00
 

9.30
 

62. 10
 

28.69
 

0.01
 

13.86
 

-13.95
 

0.00
 

0.00
 

0.00
 

ANNUAL TOTALS FOR YEAR 1975
 

INCHES 

PRECIPITATION 50 .83 

RUNOFF 8.129 

EVAPOTRANSPIRATION 25 .681 

DRAINAGE COLLECTED FROM LAYER 2 12 .9120 

PERC. /LEAKAGE THROUGH LAYER 4 0.010381 

AVG. HEAD ON TOP OF LAYER 4 5.1084 

PERC. /LEAKAGE THROUGH LAYER 1 3.719516 

CHANGE IN WATER STORAGE 0.389 

SOIL WATER AT START OF YEAR 100 .478 

SOIL WATER AT END OF YEAR 100 .867 

SNOW WATER AT START OF YEAR 0.000 

SNOW WATER AT END OF YEAR 0.000 

ANNUAL WATER BUDGET BALANCE 0.0000 

PERCENT
 

100.00
 

15.99
 

50.52
 

25.40
 

0.02
 

7.32
 

0.76
 

0.00
 

0.00
 

0.00
 

CU. FEET
 

4225347
 

675698
 

2134813
 

1073332
 

862
 

309192
 

32307
 

8352423
 

8384730
 

0
 

0
 

2
 

.000
 

.687
 

.250
 

.870
 

.967
 

.156
 

.225
 

.000
 

.000
 

.000
 

.000
 

.557
 

ANNUAL TOTALS FOR YEAR 1976
 
Page 4
 



Runl9 . out
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 46 .31 

RUNOFF 10 .118 

EVAPOTRANSPIRATION 24 .927 

DRAINAGE COLLECTED FROM LAYER 2 15 .0202 

PERC. /LEAKAGE THROUGH LAYER 4 0.011199 

AVG. HEAD ON TOP OF LAYER 4 5.5755 

PERC. /LEAKAGE THROUGH LAYER 7 2.753399 

CHANGE IN WATER STORAGE -6 .509 

SOIL WATER AT START OF YEAR 100 .867 

SOIL WATER AT END OF YEAR 93 .587 

SNOW WATER AT START OF YEAR 0.000 

SNOW WATER AT END OF YEAR 0.770 

ANNUAL WATER BUDGET BALANCE 0.0000 

ANNUAL TOTALS FOR YEAR 1977
 

INCHES 

PRECIPITATION 48 .81 

RUNOFF 9.204 

EVAPOTRANSPIRATION 25 .107 

DRAINAGE COLLECTED FROM LAYER 2 13 .1637 

PERC . /LEAKAGE THROUGH LAYER 4 0.007836 

AVG. HEAD ON TOP OF LAYER 4 4.2949 

PERC . /LEAKAGE THROUGH LAYER 7 2.160227 

CHANGE IN WATER STORAGE -0.825 

SOIL WATER AT START OF YEAR 93 .587 

SOIL WATER AT END OF YEAR 93 .532 

SNOW WATER AT START OF YEAR 0.770 

SNOW WATER AT END OF YEAR 0.000 

ANNUAL WATER BUDGET BALANCE 0.0000 

100. .00
 

21. .85
 

53. .83
 

32. ,43
 

0, .02
 

5. .95
 

-14. ,05
 

0, ,00
 

1, .66
 

0, ,00
 

PERCENT
 

100, .00
 

18, .86
 

51, .44
 

26. .97
 

0, .02
 

4, .43
 

-1 .69
 

1, .58
 

0, .00
 

0, .00
 

3849611.
 

841085.
 

2072120.
 

1248582.
 

930.
 

228881.
 

-541058.
 

8384730.
 

7779637.
 

0.
 

64033.
 

-0.
 

CU. FEET
 

500
 

562
 

620
 

250
 

948
 

812
 

812
 

000
 

500
 

000
 

992
 

020
 

4057428.
 

765127.
 

2087087.
 

1094258.
 

651.
 

179573.
 

-68616.
 

7779637.
 

7775054.
 

64033.
 

0.
 

-1.
 

250
 

750
 

250
 

370
 

362
 

187
 

781
 

500
 

500
 

988
 

000
 

368
 

ANNUAL TOTALS FOR YEAR 1978
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Runli 5. out
 

CU. FEET
 

3906969.000
 

845379.500
 

2151014.250
 

939604.000
 

512.699
 

147176.187
 

-176204.734
 

7775054.500
 

7598850.000
 

0.000
 

0.000
 

-0.139
 

PERCENT
 

100.00
 

21.64
 

55.06
 

24.05
 

0.01
 

3.77
 

-4.51
 

0.00
 

0.00
 

0.00
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS
 

JAN/JUL FEB/AUG MAR/SEP
 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0.7698 0.4827 0.8594 
0.5351 0.7406 0.9096 

STD. DEVIATIONS 0.2741 0.3570 0.4951 
0.0876 0.8069 0.7279 

Pag 

JUN/DEC
 

3.10
 
4.93
 

1.31
 
0.98
 

0.000
 
0.738
 

0.000
 
0.969
 

3.650
 
0.867
 

0.986
 
0.183
 

0.9451
 
1.4588
 

0.2211
 
0.4082
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPI RATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 4
 

AVG. HEAD ON TOP OF LAYER 4
 

PERC. /LEAKAGE THROUGH LAYER 7
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

PRECIPITATION
 

TOTALS


STD. DEVIATIONS


RUNOFF
 

TOTALS


STD. DEVIATIONS


EVAPOTRANSPIRATION
 

TOTALS


STD. DEVIATIONS


INCHES
 

47.00
 

10.170
 

25.876
 

11.3032
 

0.006168
 

3.6486
 

1.770498
 

-2.120
 

93.532
 

91.413
 

0.000
 

0.000
 

0.0000
 

1974 THROUGH 1978
 

 6.19 2.98 3.95 
3.56 4.08 4.37 

 2.07 0.30 1.11 
2.62 2.27 2.21 

 3.278 1.943 1.861 
0.018 0.000 0.000 

 2.899 1.543 0.776 
0.041 0.001 0.000 

 1.010 1.260 1.849 
2.683 2.547 2.929 

 0.152 0.158 0.398 
1.055 1.401 0.558 

APR/OCT


2.75

4.82


0.52

1.87


0.442

0.000


0.653

0.000


2.047

2.363


0.448

0.351


1.9162

1.3204


0.3168

0.6687


e 6
 

 MAY/NOV
 

 3.21
 
 2.78
 

 1.25
 
 2.13
 

 0.000
 
 0.000
 

 0.000
 
 0.000
 

 2.787
 
 1.378
 

 0.587
 
 0.141
 

 1.5509
 
 1.3245
 

 0.3898
 
 0.9249
 



Run19.out 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

TOTALS 0. 0004 0.0002 0.0005 0.0014 0. .0009 0.0005 
0. 0002 0.0007 0.0005 0.0008 0. .0010 0.0012 

STD. DEVIATIONS 0. 0002 0.0002 0.0003 0.0007 0. .0003 0.0001 
0. 0000 0.0011 0.0005 0.0006 0. .0010 0.0011 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

TOTALS 0. 3222 0.2799 0.3001 0.2816 0, .2821 0.2648 
0. 2660 0.2584 0.2435 0.2454 0. .2311 0.2332 

STD. DEVIATIONS 0. 1753 0.1496 0.1561 0.1423 0, .1388 0.1273 
0. 1246 0.1182 0.1088 0.1067 0, .0989 0.0974 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 4 

AVERAGES 2.9205 2.0385 3.2782 8.3725 5.9161 3.7253 
2.0411 3.7497 3.5873 5.1317 6.1239 6.9177 

STD. DEVIATIONS 1.0536 1.5076 1.8886 2.4813 1.4870 0.8716 
0.3341 5.1043 2.8726 2.7137 4.6690 4.0910 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978
 

INCHES CU. FEET PERCENT 

PRECIPITATION 46. 72 ( 3.815) 3883860. 0 100 .00 

RUNOFF 8. 280 ( 2.6491) 688313. 25 17 .722 

EVAPOTRANSPIRATION 25. 368 ( 0.3977) 2108803. 00 54 .297 

LATERAL DRAINAGE COLLECTED 12. 81291 ( 1.46634) 1065098. 500 27. 42371 

PERCOLATION/LEAKAGE THROUGH 0.00833 ( 0.00237) 692.781 0.01784
 
FROM LAYER 4
 

AVERAGE HEAD ACROSS TOP 4.484 ( 0.836)
 
OF LAYER 4
 

PERCOLATION/LEAKAGE THROUGH 3.20817 ( 1.54382) 266685.156 6.86650
 
FROM LAYER 7
 

CHANGE IN WATER STORAGE -2.948 ( 3.0180) -245040.59 -6.309
 

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978
 

(INCHES) (CU. FT.) 

PRECIPITATION 4.78 397347.062 
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Runl9.out
 
RUNOFF 

DRAINAGE COLLECTED FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH LAYER

AVERAGE HEAD ACROSS LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER

SNOW WATER 

4 

7 

3.193

0.10186

0.000155

19.009 

0.019930

6.35

 265431.7610 

 8467.23926 

 12.91451 

 1656.71350 

 528163.8120 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

0.4187 

0.0271 

FINAL WATER STORAGE AT END OF YEAR 1978
 

LAYER (INCHES) (VOL/VOL) 

1 2.0106 0.1675 

2 4.4942 0.3745 

3 0.0000 0.0000 

4 0.2135 0.4270 

5 2.2798 0.1900 

6 3.4198 0.1900 

7 78 .9947 0.2194 

SNOW WATER 0.000 
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Further HELPS Descriptions 

Texture # 

Existing Cover Layer 17 in Vertical Percolation Layer 7
 
Hydr Conductivity = 92x10"4 cm/s — —
 
Thickness = 34 in 17 in Barrier Soil Liner 7
 

Waste Layer
 
Hydr Conductivity = 1 4x10"* cm/s Vertical Percolation Layer 18
 
Thickness = 120 in
 

BULKY WASTE AREA
 
EXISTING CONDITIONS
 



RunlO.out
 

* * 
* * 
* * HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

* •* 
* * 

HELP MODEL VERSION 3.01 (14 OCTOBER 1994) 
DEVELOPED BY ENVIRONMENTAL LABORATORY 

USAE WATERWAYS EXPERIMENT STATION 
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * * 

* * 

PRECIPITATION DATA FILE: C:\HELP3\RHPRECIP.D4
 
TEMPERATURE DATA FILE: C:\HELP3\RHTEMP.D7
 
SOLAR RADIATION DATA FILE: C:\HELP3\RHSOLAR.D13
 
EVAPOTRANSPIRATION DATA: C:\HELP3\RHEVAP.Dl1
 
SOIL AND DESIGN DATA FILE: C:\HELP3\RHSOIL3.D10
 
OUTPUT DATA FILE: C:\HELP3\RUN10.0UT
 

TIME: 11:22 DATE: 8/21/1996
 

TITLE: Rose Hill - Bulky Waste Existing Conditions - 10X lab perm
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS 17.00 INCHES
 
POROSITY 0.4730 VOL/VOL
 
FIELD CAPACITY 0.2220 VOL/VOL
 
WILTING POINT 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2384 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.920000020000E-03 CM/SEC
 

LAYER 2
 

TYPE 3 - BARRIER SOIL LINER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS 17.00 INCHES
 
POROSITY 0.4730 VOL/VOL
 
FIELD CAPACITY 0.2220 VOL/VOL
 
WILTING POINT 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.4730 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.920000020000E-03 CM/SEC
 

LAYER 3
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RunlO.out
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS 120.00 INCHES
 
POROSITY 0.6710 VOL/VOL
 
FIELD CAPACITY 0.2920 VOL/VOL
 
WILTING POINT 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.3366 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.140000004000E-03 CM/SEC
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.
 

SCS RUNOFF CURVE NUMBER 39 .00
 
FRACTION OF AREA ALLOWING RUNOFF 100 .0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE 7.400 ACRES
 
EVAPORATIVE ZONE DEPTH 17 .0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE 4.053 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE 8.041 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE 1.768 INCHES
 
INITIAL SNOW WATER 0.000 INCHES
 
INITIAL WATER IN LAYER MATERIALS 52 .482 INCHES
 
TOTAL INITIAL WATER 52 .482 INCHES
 
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
PROVIDENCE RHODE ISLAND
 

MAXIMUM LEAF AREA INDEX = 3.30
 
START OF GROWING SEASON (JULIAN DATE) = 121
 
END OF GROWING SEASON (JULIAN DATE) = 290
 
AVERAGE ANNUAL WIND SPEED = 10.60 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
 

NOTE: PRECIPITATION DATA FOR PROVIDENCE RHODE ISLAND
 
WAS ENTERED FROM THE DEFAULT DATA FILE.
 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
 

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

28.20 29.30 37.40 47.90 57.60 66.80
 
72.50 71.10 63.50 53.20 43.40 32.20
 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

STATION LATITUDE 41.73 DEGREES
 

Page 2
 



RunlO.ou t 

ANNUAL TOTALS FOR YEAR 1974
 

INCHES
 

PRECIPITATION 40 .66
 

RUNOFF 3.990
 

EVAPOTRANSPI RATION 26 .165
 

PERC. /LEAKAGE THROUGH LAYER 2 10 .508725
 

AVG. HEAD ON TOP OF LAYER 2 0.0151
 

PERC. /LEAKAGE THROUGH LAYER 3 10 .120623
 

CHANGE IN WATER STORAGE 0.384
 

SOIL WATER AT START OF YEAR 52 .482
 

SOIL WATER AT END OF YEAR 52 .866
 

SNOW WATER AT START OF YEAR 0.000
 

SNOW WATER AT END OF YEAR 0.000
 

ANNUAL WATER BUDGET BALANCE 0.0000
 

CU. FEET
 

1092209 .000
 

107176 .828
 

702851 .812
 

282285 .375
 

271860 .156
 

10319 .999
 

1409767 .000
 

1420087 .000
 

0.000
 

0.000
 

0.231
 

PERCENT
 

100.00
 

9.81
 

64.35
 

25.85
 

24.89
 

0.94
 

0.00
 

0.00
 

0.00
 

ANNUAL TOTALS FOR YEAR 1975
 

INCHES
 

PRECIPITATION 50 .83
 

RUNOFF 8.243
 

EVAPOTRANSPIRATION 26 .404
 

PERC. /LEAKAGE THROUGH LAYER 2 14 .703395
 

AVG. HEAD ON TOP OF LAYER 2 0.0189
 

PERC. /LEAKAGE THROUGH LAYER 3 9.638134
 

CHANGE IN WATER STORAGE 6.544
 

SOIL WATER AT START OF YEAR 52 .866
 

SOIL WATER AT END OF YEAR 59 .411
 

SNOW WATER AT START OF YEAR 0.000
 

SNOW WATER AT END OF YEAR 0.000
 

ANNUAL WATER BUDGET BALANCE 0.0000
 

CU. FEET
 

1365395 .870
 

221427 .906
 

709270 .000
 

394962 .594
 

258899 .562
 

175798 .016
 

1420087 .000
 

1595885 .120
 

0.000
 

0.000
 

0.435
 

PERCENT
 

100.00
 

16.22
 

51.95
 

28.93
 

18.96
 

12.88
 

0.00
 

0.00
 

0.00
 

Page 3
 



ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

PERC. /LEAKAGE THROUGH LAYER 2
 

AVG. HEAD ON TOP OF LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

PERC . /LEAKAGE THROUGH LAYER 2
 

AVG. HEAD ON TOP OF LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

RunlO.o
 

FOR YEAR 1976
 

INCHES
 

46.31
 

8.825
 

26.067
 

11.360231
 

0.0141
 

15.582978
 

-4.166
 

59.411
 

54.474
 

0.000
 

0.770
 

0.0000
 

FOR YEAR 1977
 

INCHES
 

48.81
 

9.922
 

26.426
 

12.900718
 

0.0193
 

9.937411
 

2.524
 

54.474
 

57.769
 

0.770
 

0.000
 

0.0000
 

ut
 

CU. FEET
 

1243979.250
 

237067.750
 

700220.312
 

305158.531
 

418589.969
 

-111899.164
 

1595885.120
 

1463293.750
 

0.000
 

20692.207
 

0.410
 

CU. FEET
 

1311134.120
 

266526.344
 

709866.000
 

346539.094
 

266938.750
 

67802.969
 

1463293.750
 

1551788.870
 

20692.207
 

0.000
 

0.000
 

PERCENT
 

100.00
 

19.06
 

56.29
 

24.53
 

33.65
 

-9.00
 

0.00
 

1.66
 

0.00
 

PERCENT
 

100.00
 

20.33
 

54.14
 

26.43
 

20.36
 

5.17
 

1.58
 

0.00
 

0.00
 

ANNUAL TOTALS FOR YEAR 1978
 

INCHES CU. FEET PERCENT
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RunlO.out
 

PRECIPITATION 47. 00 1262514 .000 100. 00 

RUNOFF 10. 217 274454 .187 21. 74 

EVAPOTRANSPIRATION 28. 827 774342 .937 61. 33 

PERC. /LEAKAGE THROUGH LAYER 2 8. 790268 236124 .187 18. 70 

AVG. HEAD ON TOP OF LAYER 2 0. 0117 

PERC . /LEAKAGE THROUGH LAYER 3 12. 202807 327791 .812 25. 96 

CHANGE IN WATER STORAGE -4. 247 -114074 .555 -9. 04 

SOIL WATER AT START OF YEAR 57. 769 1551788 .870 

SOIL WATER AT END OF YEAR 53. 522 1437714 .370 

SNOW WATER AT START OF YEAR 0. 000 0.000 0. 00 

SNOW WATER AT END OF YEAR 0. 000 0.000 0. 00 

ANNUAL WATER BUDGET BALANCE 0. 0000 -0 .359 0. 00 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978
 

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

PRECIPITATION
 

TOTALS 6.19 2.98 3.95 2.75 3.21 3. 10
 
3.56 4.08 4.37 4.82 2.78 4. 93
 

STD. DEVIATIONS 2.07 0.30 1.11 0.52 1.25 1. 31
 
2.62 2.27 2.21 1.87 2.13 0. 98
 

RUNOFF
 

TOTALS 3.271 1.991 1.856 0.438 0.000 0. 000
 
0.000 0.000 0.000 0.000 0.000 0. 685
 

STD. DEVIATIONS 2.831 1.566 0.903 0.675 0.000 0. 000
 
0.000 0.000 0.000 0.000 0.000 0. 894
 

EVAPOTRANSPIRATION
 

TOTALS 1.011 1.268 2.170 2.904 3.097 3. 509
 
2.693 2.744 2.819 2.286 1.422 0. 854
 

STD. DEVIATIONS 0.147 0.162 0.362 0.573 1.058 1. 181
 
1.030 1.807 0.751 0.439 0.114 0. 173
 

PERCOLATION/LEAKAGE THROUGH LAYER 2
 

TOTALS 0.1441 0.7722 0.8609 1.5586 0.2235 0. 1772
 
0.3639 1.0558 1.1613 1.7366 1.3169 2. 2817
 

STD. DEVIATIONS 0.2404 1.0731 0.8260 0.5521 0.2011 0. 2534
 
0.8138 1.7329 1.2322 1.9034 2.0417 1. 5109
 

PERCOLATI ON/ LEAKAGE THROUGH LAYER 3
 

TOTALS 1.2383 1.3509 1.0889 0.7547 0.6462 1.1781
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1.1533 0.9603 0.8084 0.7763 0.5874 0.9535 

STD. DEVIATIONS 1.0038 0.5983 0.5499 0.2218 0.1725 0.3044 
0.2091 0.1409 0.3778 0.6498 0.3626 0.2920 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 2 

AVERAGES 0.0014 0.0158 0.0153 0.0244 0.0034 0.0025 
0.0017 0.0176 0.0193 0.0299 0.0212 0.0372 

STD. DEVIATIONS 0.0021 0.0222 0.0158 0.0090 0.0031 0.0037 
0.0039 0.0297 0.0205 0.0312 0.0308 0.0238 

AVERAGE ANNUAL TOTALS S,


PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

PERCOLATION/LEAKAGE THROUGH
 

AVERAGE HEAD ACROSS TOP
 
OF LAYER 2
 

PERCOLATION/LEAKAGE THROUGH
 
FROM LAYER 3
 

CHANGE IN WATER STORAGE
 

 (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978
 

INCHES CU. FEET PERCENT 

46. ,72 ( 3.815) 1255046. ,5 100 .00 

8. ,240 ( 2.5072) 221330. ,58 17 .635 

26. ,778 ( 1.1556) 719310. .12 57 .313 

11. ,65267 ( 2.26120) 313013. 937 24 .94043 

0.016 ( 0.003)
 

11.49639 ( 2.49677) 308816.062 24.60595
 

0.208 ( 4.5967) 5589.45 0.445
 

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978
 

(INCHES) (CU. FT.) 

PRECIPITATION 4.78 128400.367 

RUNOFF 3.215 86358.8906 

PERCOLATION/LEAKAGE THROUGH LAYER 2 2.096555 56317.66020 

AVERAGE HEAD ACROSS LAYER 2 0.942 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.153927 4134.80029 

SNOW WATER 6.35 170673.0310 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3919
 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0870
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FINAL WATER STORAGE AT END OF YEAR 1978
 

LAYER (INCHES) (VOL/VOL) 

1 4.3125 0.2537 

2 8.0410 0.4730 

3 41.1688 0.3431 

SNOW WATER 0.000 
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Vegetative Support Layer 
Loam & Native Soil 
Thickness = 12 in. 

Drainage Layer 
Sand 
Thickness = 12 in. 

Geomembrane Layer 
HOPE 
Thickness = 0.04 in. 

Gas Vent Layer 
Sand 
Thickness = 12 in. 

Existing Cover Layer 
Hydr. Conductivity = 9.2x10"* cm/s 
Thickness = 34 in. 

Waste Layer 
Hydr. Conductivity = 1.4X10"4 cm/s 
Thickness = 120 in. 

Further HELP3 Descriptions 

Texture # 

Vertical Percolation Layer 

Lateral Drainage Layer 
Slope =7.5% 

Flexible Membrane Liner 35 

Vertical Percolation Layer 

Vertical Percolation Layer 

Vertical Percolation Layer 18 

BULKY WASTE AREA
 
SINGLE BARRIER CAP
 



Run22.out
 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
 
HELP MODEL VERSION 3.01 (14 OCTOBER 1994)
 

DEVELOPED BY ENVIRONMENTAL LABORATORY
 
USAE WATERWAYS EXPERIMENT STATION
 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
 

PRECIPITATION DATA FILE: C:\RH\HELP\HELP3\RHPRECIP.D4
 
TEMPERATURE DATA FILE: C:\RH\HELP\HELP3\RHTEMP.D7
 
SOLAR RADIATION DATA FILE: C:\RH\HELP\HELP3\RHSOLAR.D13
 
EVAPOTRANSPIRATION DATA: C:\RH\HELP\HELP3\RHEVAP.D11
 
SOIL AND DESIGN DATA FILE: C:\RH\HELP\HELP3\RHSOIL4.DID
 
OUTPUT DATA FILE: C:\RH\HELP\HELP3\RUN22.OUT
 

TIME: 13:37 DATE: 107 6/1997
 

TITLE: Rose Hill - BW Area Good Single Barrier Cap
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
 

LAYER
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 4
 

THICKNESS = 12.00 INCHES
 
POROSITY = 0.4370 VOL/VOL
 
FIELD CAPACITY = 0.1050 VOL/VOL
 
WILTING POINT = 0.0470 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.1497 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.48
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

LAYER 2
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 1
 

THICKNESS 12. 00 INCHES
 
POROSITY 0. 4170 VOL/VOL
 
FIELD CAPACITY 0. 0450 VOL/VOL
 
WILTING POINT 0.0180 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2063 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.999999978000E-02 CM/SEC
 
SLOPE 7.50 PERCENT
 
DRAINAGE LENGTH 250.0 FEET
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Run22.out
 

LAYER 3
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS 0.04 INCHES
 
POROSITY 0.0000 VOL/VOL
 
FIELD CAPACITY 0.0000 VOL/VOL
 
WILTING POINT 0.0000 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY 0.75 HOLES/ACRE
 
FML INSTALLATION DEFECTS 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

LAYER
 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 1 

THICKNESS 12.00 INCHES 
POROSITY 0.4170 VOL/VOL 
FIELD CAPACITY 0.0450 VOL/VOL
 
WILTING POINT 0.0180 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.1085 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.999999978000E-02 CM/SEC
 

LAYER 5
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS 34.00 INCHES
 
POROSITY 0.4730 VOL/VOL
 
FIELD CAPACITY 0.2220 VOL/VOL
 
WILTING POINT 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2264 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.920000020000E-03 CM/SEC
 

LAYER 6
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS - 120.00 INCHES
 
POROSITY 0.6710 VOL/VOL
 
FIELD CAPACITY 0.2920 VOL/VOL
 
WILTING POINT 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.2861 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.140000004000E-03 CM/SEC
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.
 

SCS RUNOFF CURVE NUMBER = 61.00
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Run22. , out
 
FRACTION OF AREA ALLOWING RUNOFF 100. ,0 PERCENT
 
AREA PROJECTED ON HORIZONTAL PLANE 7, .400 ACRES
 
EVAPORATIVE ZONE DEPTH 20, .0 INCHES
 
INITIAL WATER IN EVAPORATIVE ZONE 2. .804 INCHES
 
UPPER LIMIT OF EVAPORATIVE STORAGE 8. .580 INCHES
 
LOWER LIMIT OF EVAPORATIVE STORAGE 0. .708 INCHES
 
INITIAL SNOW WATER 0. .000 INCHES
 
INITIAL WATER IN LAYER MATERIALS 47. .607 INCHES
 
TOTAL INITIAL WATER 47. .607 INCHES
 
TOTAL SUBSURFACE INFLOW 0. .00 INCHES/YEAR
 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
PROVIDENCE RHODE ISLAND
 

MAXIMUM LEAF AREA INDEX = 3.30
 
START OF GROWING SEASON (JULIAN DATE) = 121
 
END OF GROWING SEASON (JULIAN DATE) = 290
 
AVERAGE ANNUAL WIND SPEED = 10.60 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 *
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
 

NOTE: PRECIPITATION DATA FOR PROVIDENCE RHODE ISLAND
 
WAS ENTERED FROM THE DEFAULT DATA FILE.
 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
 

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

28.20 29.30 37 .40 47 .90 57.60 66.80 
72 .50 71.10 63.50 53.20 43 .40 32.20 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

STATION LATITUDE 41.73 DEGREES
 

ANNUAL TOTALS FOR YEAR 1974
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 40 .66 1092209 .000 100. 00
 

RUNOFF 3.715 99803 .672 9. 14
 

EVAPOTRANSPIRATION 25 .023 672156 .500 61. 54
 

DRAINAGE COLLECTED FROM LAYER 2 9.1558 245943 .234 22. 52
 

PERC. /LEAKAGE THROUGH LAYER 3 2.786125 74840 .883 6. 85
 

AVG. HEAD ON TOP OF LAYER 3 1.4871
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PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

1.908683
 

0.858
 

47.787
 

48.644
 

0.000
 

0.000
 

0.0000
 

FOR YEAR 1975
 

INCHES
 

50.83
 

7.705
 

25.555
 

11.7928
 

3.908576
 

2.2253
 

2.541662
 

3.236
 

48.644
 

51.880
 

0.000
 

0.000
 

0.0000
 

FOR YEAR 1976
 

INCHES
 

46.31
 

8.413
 

24.486
 

11.0282
 

3.779781
 

2.1185
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51271.051
 

23034.424
 

1283653.870
 

1306688.250
 

0.000
 

0.000
 

0.179
 

CU. FEET
 

1365395.870
 

206976.469
 

686453.375
 

316778.156
 

104992.180
 

68274.125
 

86913.242
 

1306688.250
 

1393601.500
 

0.000
 

0.000
 

0.519
 

CU. FEET
 

1243979.250
 

226003.328
 

657755.312
 

296239.531
 

101532.477
 

4.69
 

2.11
 

0.00
 

0.00
 

0.00
 

PERCENT
 

100.00
 

15.16
 

50.28
 

23.20
 

7.69
 

5.00
 

6.37
 

0.00
 

0.00
 

0.00
 

PERCENT
 

100.00
 

18.17
 

52.88
 

23.81
 

8.16
 



Run22.out
 
PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

PERC. /LEAKAGE THROUGH LAYER 6
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

ANNUAL TOTALS
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 3
 

AVG. HEAD ON TOP OF LAYER 3
 

2.758798
 

-0.377
 

51.880
 

50.733
 

0.000
 

0.770
 

0.0000
 

FOR YEAR 1977
 

INCHES
 

48.81
 

9.082
 

24.886
 

11.1955
 

3.498041
 

1.9789
 

4.460102
 

-0.814
 

50.733
 

50.689
 

0.770
 

0.000
 

0.0000
 

FOR YEAR 1978
 

INCHES
 

47.00
 

9.945
 

25.589
 

8.4338
 

2.563386
 

1.3577
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74106.828
 

-10125.868
 

1393601.500
 

1362783.500
 

0.000
 

20692.207
 

0.173
 

CU. FEET
 

1311134.120
 

243972.047
 

668491.875
 

300733.781
 

93964.367
 

119807.250
 

-21870.514
 

1362783.500
 

1361605.120
 

20692.207
 

0.000
 

-0.397
 

CU. FEET
 

1262514.000
 

267142.625
 

687372.937
 

226548.328
 

68857.687
 

5.96
 

-0.81
 

0.00
 

1.66
 

0.00
 

PERCENT
 

100.00
 

18.61
 

50.99
 

22.94
 

7.17
 

9.14
 

-1.67
 

1.58
 

0.00
 

0.00
 

PERCENT
 

100.00
 

21.16
 

54.44
 

17.94
 

5.45
 



Run22.out
 
PERC . /LEAKAGE THROUGH LAYER 6 3. 043446 81753 .039 6.48
 

CHANGE IN WATER STORAGE -0. Oil -303 .107 -0 .02
 

SOIL WATER AT START OF YEAR 50. 689 1361605 . 120
 

SOIL WATER AT END OF YEAR	 50. 678 1361302 .000
 

SNOW WATER AT START OF YEAR 0. 000 0.000 0.00
 

SNOW WATER AT END OF YEAR 0. 000 0.000 0.00
 

ANNUAL WATER BUDGET BALANCE 0. 0000 0.147 0.00
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978
 

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

PRECIPITATION
 

TOTALS 6. 19 2.98 3.95 2.75 3.21 3.10
 
3. 56 4.08 4.37 4.82 2.78 4.93
 

STD. DEVIATIONS 2. 07 0.30 1.11 0.52 1.25 1.31
 
2. 62 2.27 2.21 1.87 2.13 0.98
 

RUNOFF
 

TOTALS 3. 030 1.887 1.759 0.419 0.000 0.000
 
0. 018 0.000 0.000 0.000 0.000 0.659
 

STD. DEVIATIONS 2. 706 1.534 0.755 0.635 0.000 0.000
 
0. 041 0.000 0.000 0.000 0.000 0.866
 

EVAPOTRANSPIRATION
 

TOTALS 1. 012 1.265 1.941 2 .079 2.785 3.395
 
2. 682 2.597 2.809 2 .271 1.399 0.873
 

STD. DEVIATIONS 0. 151 0.161 0.267 0.385 0.590 1.080
 
1. 060 1.396 0.582 0.394 0.134 0.199
 

LATERAL DRAINAGE COLLECTED FROM LAYER 2
 

TOTALS 0. 6645 0.2766 0.8349 1.5707 0.8685 0.5698
 
0. 1924 0.6979 0.8017 1.1663 1.1597 1.5183
 

STD. DEVIATIONS 0. 4073 0.3362 0.5797 0.3685 0.2516 0.2787
 
0. 0935 1.1532 0.6523 0.8274 1.0568 0.7212
 

PERCOLATION/LEAKAGE	 THROUGH LAYER 3
 

TOTALS 0. 2110 0.0922 0.2390 0.4633 0.2703 0.1885
 
0. 0782 0.2837 0.2349 0.3869 0.3944 0.4648
 

STD. DEVIATIONS 0. 1137 0.0939 0.1650 0.1216 0.0659 0.0750
 
0. 0308 0.4886 0.1776 0.3040 0.3701 0.2456
 

PERCOLATI ON/ LEAKAGE THROUGH LAYER 6
 

TOTALS 0. 2336 0.1728 0.1663 0.1763 0.2284 0.3357
 
0. 3218 0.2306 0.1810 0.2492 0.3245 0.3223
 

STD. DEVIATIONS 0.0750 0.0653 0.1396 0.1858 0.1744 0.1473
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0.1270 0.1439 0.0860 0.1332 0.1142 0.1584
 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ACROSS LAYER 3
 

AVERAGES 1 ,.2593 0.5842 1.5925 3.2715 1.6564 1.1230 
0. .3670 1.9754 1 .5801 2.5976 2.8113 3.1836 

STD. DEVIATIONS 0, .7767 0.7099 I .1057 0.9850 0.4798 0.5494 
0, .1783 3.6107 1 .2856 2.2892 2.8313 1.8777 

AVERAGE ANNUAL TOTALS 4 (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 46.72 ( 3 .815) 1255046.5 100.00
 

RUNOFF 7.772 ( 2. 4141) 208779.62 16.635
 

EVAPOTRANSPIRATION 25.108 ( 0. 4675) 674446.00 53.739
 

LATERAL DRAINAGE COLLECTED 10.32122 ( 1. 44485) 277248.594 22.09070
 

PERCOLATION/LEAKAGE THROUGH 3.30718 ( 0.60129) 88837.523 7.07842
 
FROM LAYER 3
 

AVERAGE HEAD ACROSS TOP 1.834 ( 0.388)
 
OF LAYER 3
 

PERCOLATION/LEAKAGE THROUGH 2.94254 ( 0.94558) 79042.461 6.29797
 
FROM LAYER 6
 

CHANGE IN WATER STORAGE 0.578 ( 1.6076) 15529.64 1.237
 

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978
 

(INCHES) (CU. FT. ) 

PRECIPITATION 4.78 128400 .367 

RUNOFF 3.173 85236 .1484 

DRAINAGE COLLECTED FROM LAYER 2 0.11073 2974 .56104 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.059357 1594 .44983 

AVERAGE HEAD ACROSS LAYER 3 13 .496 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.022726 610 .46289 

SNOW WATER 6.35 170673 .0310 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3258
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Run22.out
 
MINIMUM VEG. SOIL WATER (VOL/VOL)
 0.0255
 

FINAL WATER STORAGE AT END OF YEAR 1978
 

LAYER (INCHES) (VOL/VOL) 

1 2.0063 0.1672 

2 3.3332 0.2778 

3 0.0000 0.0000 

4 1.3208 0.1101 

5 7.6343 0.2245 

6 36.2030 0.3017 

SNOW WATER 0.000 
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Vegetative Support Layer 
Loam & Native Soil 
Thickness = 12 in 

Drainage Layer 
Sand 
Thickness = 12 in 

Geomembrane Layer 
HOPE 
Thickness = 0 04 in 

Geosynthetic Liner 
Clay 
Thickness = 0 5 in 

Gas Vent Layer 
Sand 
Thickness = 12 in 

Existing Cover Layer 
Hydr Conductivity = 9 2x10"* cm/s 
Thickness = 34 in 

Waste Layer 
Hydr Conductivity = 1 4x10"4 cm/s 
Thickness = 120 in 

Further HELP3 Descriptions 

Texture # 

Vertical Percolation Layer 

Lateral Drainage Layer 
Slope = 7 5% 

Flexible Membrane Liner 35 

Barrier Soil Liner 16 

Vertical Percolation Layer 

Vertical Percolation Layer 

Vertical Percolation Layer 18 

BULKY WASTE AREA
 
COMPOSITE CAP
 



Run25.out
 

* *
 
* *
 
* * HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
 

HELP MODEL VERSION 3.01 (14 OCTOBER 1994)
 
DEVELOPED BY ENVIRONMENTAL LABORATORY
 
USAE WATERWAYS EXPERIMENT STATION
 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
 

PRECIPITATION DATA FILE: C:\RH\HELP\HELP3\RHPRECIP.D4
 
TEMPERATURE DATA FILE: C:\RH\HELP\HELP3\RHTEMP.D7
 
SOLAR RADIATION DATA FILE: C:\RH\HELP\HELP3\RHSOLAR.D13
 
EVAPOTRANSPIRATION DATA: C:\RH\HELP\HELP3\RHEVAP.D11
 
SOIL AND DESIGN DATA FILE: C:\RH\HELP\HELP3\RHSOIL8.DID
 
OUTPUT DATA FILE: C:\RH\HELP\HELP3\RUN25.OUT
 

TIME: 13:40 DATE: 10/ 6/1997
 

TITLE: Rose Hill - BW Area Good Composite Cap -Good liner
 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.
 

LAYER 1
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 4
 

THICKNESS = 12.00 INCHES
 
POROSITY - 0.4370 VOL/VOL
 
FIELD CAPACITY = 0.1050 VOL/VOL
 
WILTING POINT = 0.0470 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.1497 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. - 0.170000002000E-02 CM/SEC
 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.48
 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.
 

LAYER 2
 

TYPE 2 - LATERAL DRAINAGE LAYER
 
MATERIAL TEXTURE NUMBER 1
 

THICKNESS 12.00 INCHES
 
POROSITY 0.4170 VOL/VOL
 
FIELD CAPACITY 0.0450 VOL/VOL
 
WILTING POINT 0.0180 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2222 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.999999978000E-02 CM/SEC
 
SLOPE 7.50 PERCENT
 
DRAINAGE LENGTH 250.0 FEET
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Run25.out
 

LAYER
 

TYPE 4 - FLEXIBLE MEMBRANE LINER
 
MATERIAL TEXTURE NUMBER 35
 

THICKNESS = 0.04 INCHES
 
POROSITY = 0.0000 VOL/VOL
 
FIELD CAPACITY = 0.0000 VOL/VOL
 
WILTING POINT = 0.0000 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC
 
FML PINHOLE DENSITY = 0.75 HOLES/ACRE
 
FML INSTALLATION DEFECTS = 4.00 HOLES/ACRE
 
FML PLACEMENT QUALITY = 3 - GOOD
 

LAYER
 

TYPE 3 - BARRIER SOIL LINER
 
MATERIAL TEXTURE NUMBER 16
 

THICKNESS 0.50 INCHES
 
POROSITY 0.4270 VOL/VOL
 
FIELD CAPACITY 0.4180 VOL/VOL
 
WILTING POINT 0.3670 VOL/VOL
 
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.100000001000E-06 CM/SEC
 

LAYER
 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 1 

THICKNESS 12.00 INCHES 
POROSITY 0.4170 VOL/VOL 
FIELD CAPACITY 0.0450 VOL/VOL
 
WILTING POINT 0.0180 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.0449 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.999999978000E-02 CM/SEC
 

LAYER 6
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS = 34.00 INCHES
 
POROSITY 0.4730 VOL/VOL
 
FIELD CAPACITY 0.2220 VOL/VOL
 
WILTING POINT 0.1040 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2156 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.920000020000E-03 CM/SEC
 

LAYER 7
 

TYPE 1 - VERTICAL PERCOLATION LAYER
 
MATERIAL TEXTURE NUMBER 0
 

THICKNESS = 120.00 INCHES
 
POROSITY = 0.6710 VOL/VOL
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FIELD CAPACITY 0.2920 VOL/VOL
 
WILTING POINT 0.0770 VOL/VOL
 
INITIAL SOIL WATER CONTENT 0.2768 VOL/VOL
 
EFFECTIVE SAT. HYD. COND. 0.140000004000E-03 CM/SEC
 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA
 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED.
 

SCS RUNOFF CURVE NUMBER 61 .00 
FRACTION OF AREA ALLOWING RUNOFF 100 .0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE 7.400 ACRES 
EVAPORATIVE ZONE DEPTH 20 .0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE 2.805 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE 8.560 INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE 0.708 INCHES 
INITIAL SNOW WATER 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS 45 .762 INCHES 
TOTAL INITIAL WATER 45 .762 INCHES 
TOTAL SUBSURFACE INFLOW 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA
 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM
 
PROVIDENCE RHODE ISLAND
 

MAXIMUM LEAF AREA INDEX = 3.30
 
START OF GROWING SEASON (JULIAN DATE) - 121
 
END OF GROWING SEASON (JULIAN DATE) - 290
 
AVERAGE ANNUAL WIND SPEED = 10.60 MPH
 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 64.00 %
 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 65.00 %
 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 72.00 %
 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 70.00 %
 

NOTE: PRECIPITATION DATA FOR PROVIDENCE RHODE ISLAND
 
WAS ENTERED FROM THE DEFAULT DATA FILE.
 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)
 

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

28 .20 29.30 37 .40 47 .90 57.60 66.80 
72 .50 71.10 63.50 53.20 4 3 . 4 0 32.20 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
 
COEFFICIENTS FOR PROVIDENCE RHODE ISLAND
 

STATION LATITUDE 41.73 DEGREES
 

ANNUAL TOTALS FOR YEAR 1974
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INCHES
 CU. FEET
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANS P I RATI ON
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 4
 

AVG. HEAD ON TOP OF LAYER 4
 

PERC . /LEAKAGE THROUGH LAYER 7
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

PERCENT
 

100.00
 

9.14
 

61.55
 

29.33
 

0.01
 

3.45
 

-3.47
 

0.00
 

0.00
 

0.00
 

40
 

3
 

25
 

11
 

0
 

1
 

1
 

-1
 

45
 

44
 

.66
 

.715
 

.024
 

.9270
 

.002719
 

.9368
 

.402669
 

.410
 

.762
 

.353
 

0.000
 

0.000
 

0.0000
 

ANNUAL TOTALS FOR YEAR 1975
 

INCHES
 

PRECIPITATION 50 .83
 

RUNOFF 7.761
 

EVAPOTRANSPIRATION 25 .556
 

DRAINAGE COLLECTED FROM LAYER 2 14 .4865
 

PERC. /LEAKAGE THROUGH LAYER 4 0.005180
 

AVG. HEAD ON TOP OF LAYER 4 2.9509
 

PERC. /LEAKAGE THROUGH LAYER 1 1.058035
 

CHANGE IN WATER STORAGE 1.969
 

SOIL WATER AT START OF YEAR 44 .353
 

SOIL WATER AT END OF YEAR 46 .321
 

SNOW WATER AT START OF YEAR 0.000
 

SNOW WATER AT END OF YEAR 0.000
 

ANNUAL WATER BUDGET BALANCE 0.0000
 

1092209.
 

99803.
 

672207.
 

320381.
 

73.
 

37678.
 

-37863.
 

1229261.
 

1191398.
 

0.
 

0.
 

0.
 

000
 

766
 

937
 

812
 

028
 

504
 

016
 

370
 

370
 

000
 

000
 

061
 

CU. FEET
 

1365395. 870
 

208468. 781
 

686491. 062
 

389135. 812
 

139. 134
 

28420. 934
 

52879. 336
 

1191398. 370
 

1244277. 620
 

0. 000
 

0. 000
 

0. 000
 

PERCENT
 

100.00
 

15.27
 

50.28
 

28.50
 

0.01
 

2.08
 

3.87
 

0.00
 

0.00
 

0.00
 

ANNUAL TOTALS FOR YEAR 1976
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Run25 .out
 

PERCENT
 

100. 00
 

19. 07
 

52. 85
 

33. 73
 

0. 01
 

1. 83
 

-7. 47
 

0. 00
 

1. 66
 

0. 00
 

PERCENT
 

100. 00
 

18. 70
 

50. 82
 

27. 87
 

0. 01
 

1. 43
 

1. 17
 

1. 58
 

0. 00
 

0. 00
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPIRATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC. /LEAKAGE THROUGH LAYER 4
 

AVG. HEAD ON TOP OF LAYER 4
 

PERC. /LEAKAGE THROUGH LAYER 1
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

INCHES
 

46 .31
 

8.829
 

24 .475
 

15 .6190
 

0.005884
 

3.2695
 

0.846186
 

-3 .459
 

46 .321
 

42 .092
 

0.000
 

0.770
 

0.0000
 

CU. FEET
 

1243979. 250
 

237166.
 

657442.
 

419558.
 

158.
 

22730.
 

-92918.
 

1244277.
 

1130666.
 

0.
 

20692.
 

0.
 

1311134.
 

245242.
 

666301.
 

365455.
 

131.
 

18774.
 

15358.
 

1130666.
 

1166717.
 

20692.
 

0.
 

0.
 

812
 

687
 

187
 

052
 

238
 

773
 

620
 

620
 

000
 

207
 

104
 

ANNUAL TOTALS FOR YEAR 1977
 

INCHES
 

PRECIPITATION 48 .81
 

RUNOFF 9.130
 

EVAPOTRANSPIRATION 24 .805
 

DRAINAGE COLLECTED FROM LAYER 2 13 .6049
 

PERC. /LEAKAGE THROUGH LAYER 4 0.004907
 

AVG. HEAD ON TOP OF LAYER 4 2.8280
 

PERC. /LEAKAGE THROUGH LAYER 7 0.698925
 

CHANGE IN WATER STORAGE 0.572
 

SOIL WATER AT START OF YEAR 42 .092
 

SOIL WATER AT END OF YEAR 43 .434
 

SNOW WATER AT START OF YEAR 0.770
 

SNOW WATER AT END OF YEAR 0.000
 

ANNUAL WATER BUDGET BALANCE 0.0000
 

CU. FEET
 

120
 

922
 

937
 

625
 

810
 

531
 

930
 

620
 

870
 

207
 

000
 

120
 

ANNUAL TOTALS FOR YEAR 1978
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Run 2: 3 . OUt
 

PRECIPITATION
 

RUNOFF
 

EVAPOTRANSPI RATION
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERC . /LEAKAGE THROUGH LAYER 4
 

AVG. HEAD ON TOP OF LAYER 4
 

PERC. /LEAKAGE THROUGH LAYER 7
 

CHANGE IN WATER STORAGE
 

SOIL WATER AT START OF YEAR
 

SOIL WATER AT END OF YEAR
 

SNOW WATER AT START OF YEAR
 

SNOW WATER AT END OF YEAR
 

ANNUAL WATER BUDGET BALANCE
 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS
 

JAN/JUL FEB/AUG MAR/SEP
 

INCHES
 

47.00
 

10.079
 

25.493
 

11.8354
 

0.003388
 

2.1575
 

0.594435
 

-1.001
 

43.434
 

42.433
 

0.000
 

0.000
 

0.0000
 

PRECIPITATION
 

TOTALS


STD. DEVIATIONS


RUNOFF
 

TOTALS


STD. DEVIATIONS


EVAPOTRANSPIRATION
 

TOTALS


STD. DEVIATIONS


 6.19 
3.56 

2.98
4.08

 3.95 
 4.37 

 2.07 
2.62 

0.30
2.27

 1.11 
 2.21 

 3.089 
0.018 

1.905
0.000

 1.785 
 0.000 

 2.760 
0.041 

1.534
0.000

 0.753 
 0.000 

 1.012 
2.684 

1.265
2.575

 1.907 
 2.849 

 0.150 
1.061 

0.161
1.404

 0.307 
 0.533 

CO. FEET
 

1262514.000
 

270729.594
 

684786.187
 

317922.875
 

91.020
 

15967.711
 

-26892.332
 

1166717.870
 

1139825.500
 

0.000
 

0.000
 

-0.056
 

1974 THROUGH 1978
 

APR/OCT MAY/NOV
 

2.75 3.21 
4.82 2.78 

0.52 1.25 
1.87 2.13 

0.428 0.000
 
0.000 0.000
 

0.641 0.000
 
0.000 0.000
 

2.077 2.785
 
2.264 1.390
 

0.390 0.590
 
0.407 0.130
 

2.0925 1.4007
 
1.4921 1.3676
 

0.4851 0.5053
 
0.8734 1.1195
 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

TOTALS 0.8909 0.4166 0.9806 
0.3544 0.8298 1.0474 

STD. DEVIATIONS 0.4906 0.4141 0.6756 
0.1258 1.2232 0.8566 

PERCENT
 

100.00
 

21.44
 

54.24
 

25.18
 

0.01
 

1.26
 

-2.13
 

0.00
 

0.00
 

0.00
 

JUN/DEC
 

3.10
 
4.93
 

1.31
 
0.98
 

0.000
 
0.677
 

0.000
 
0.889
 

3.396
 
0.867
 

1.082
 
0.193
 

0.8485
 
1.7735
 

0.3466
 
0.7147
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Run25.out
 

PERCOLATION/LEAKAGE THROUGH LAYER 4
 

TOTALS 0 
0 
.0002 
.0001 

0.0001 
0.0004 

0 
0 
.0003 
.0003 

0 
0 
.0008 
.0005 

0. 
0. 
0003 
0006 

0 
0 
.0002 
.0007 

STD. DEVIATIONS 0 
0 
.0001 
.0000 

0.0001 
0.0008 

0 
0 
.0002 
.0003 

0 
0 
.0004 
.0005 

0. 
0. 
0001 
0007 

0 
0 
.0001 
.0006 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

TOTALS 0 
0 
.0877 
.0770 

0.0771 
0.0756 

0 
0 
.0836 
.0717 

0 
0 
.0792 
.0727 

0. 
0. 
0802 
0692 

0 
0 
.0760 
.0701 

STD. DEVIATIONS 0 
0 
.0332 
.0265 

0.0291 
0.0255 

0 
0 
.0308 
.0239 

0 
0 
.0287 
.0238 

0. 
0. 
0286 
0221 

0 
0 
.0265 
.0223 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)
 

DAILY AVERAGE HEAD ACROSS LAYER 4
 

AVERAGES	 1.6889 0.8798 2.1860 5.1784 2. 6716 1.6723
 
0.6759 2.4746 2.2383 3.3167 4. 0022 4.5577
 

STD. DEVIATIONS	 0.9367 0.8744 1.5134 2.2395 0. 9638 0.6831
 
0.2400 4.2869 1.9868 2.5061 3. 8874 2.9351
 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978
 

INCHES CU. FEET PERCENT
 

PRECIPITATION 46. 72 ( 3.815) 1255046 .5 100. 00
 

RUNOFF 7. 903 ( 2. 4825) 212282 .39 16. 914
 

EVAPOTRANSP I RATI ON 25. 071 ( 0. 4587) 673445 .94 53. 659
 

LATERAL DRAINAGE COLLECTED 13. 49456 ( 1. 63703) 362490 .875 28.88267
 

PERCOLATION/LEAKAGE THROUGH 0.00442 ( 0.00131) 118.609 0.00945
 
FROM LAYER 4
 

AVERAGE HEAD ACROSS TOP 2.629 ( 0.560)
 
OF LAYER 4
 

PERCOLATION/LEAKAGE THROUGH 0.92005 ( 0.32107) 24714.385 1.96920
 
FROM LAYER 7
 

CHANGE IN WATER STORAGE -0.666 ( 2.0579) -17887.17 -1.425
 

PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978
 

, ..JJCHES) (CU. FT.) 

PRECIPITATION 4.78 128400.367 

Page 7 
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RUNOFF
 

DRAINAGE COLLECTED FROM LAYER 2
 

PERCOLATION/LEAKAGE THROUGH LAYER 4
 

AVERAGE HEAD ACROSS LAYER 4
 

PERCOLATION/LEAKAGE THROUGH LAYER 7
 

SNOW WATER
 

MAXIMUM VEG. SOIL WATER (VOL/VOL)
 

MINIMUM VEG. SOIL WATER (VOL/VOL)
 

—1
 

FINAL WATER STORAGE AT END
 

LAYER (INCHES)
 

1 2.0089
 

2 3.7020
 

3 0.0000
 

4 0.2135
 

5 0.5457
 

6 6.8266
 

7 29.1360
 

SNOW WATER 0.000
 

Run25.out
 
3.173
 

0.11264
 

0.000109
 

15.133
 

0.004600
 

6.35
 

85236.1406
 

3025.65942
 

2.91543
 

123.56113
 

170673.0310
 

0. ,3775
 

0. ,0266
 

OF YEAR 1978
 

(VOL/VOL)
 

0.1674
 

0.3085
 

0.0000
 

0.4270
 

0.0455
 

0.2008
 

0.2428
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C-2 MODFLOW Model Simulations 



GROUNDWATER FLOW MODELING
 

1.0 INTRODUCTION
 

A three-dimensional groundwater flow model was used to simulate groundwater conditions at 

the Site and to evaluate potential groundwater control remedial actions considered under the 

feasibility study (FS). The groundwater flow model used in this study is the USGS modular 

three-dimensional groundwater flow model, MODFLOW (McDonald and Harbaugh, 1988). 

The MODFLOW code is a finite difference formulation which computes vertical and 

horizontal groundwater flow between grid cells. This formulation requires that the area to be 

modeled be discretized using rows, columns and layers which creates the three-dimensional 

model domain. The discretization creates individual cells with each being assigned 

representative hydraulic properties such as hydraulic conductivity, and the top and bottom 

elevations of saturated layers. Each cell of the model is indexed by its associated row, column 

and layer. The center of each cell is a point called a "node" at which the groundwater 

elevation (head) for the cell is calculated, based on input to the model. 

2.0 MODELGRTO AND DATA INPUT 

The model domain developed for the Site consists of 24 rows and 24 columns. The minimum 

grid spacing was 50 feet by 50 feet within the landfilled areas. The grid cell size was 

increased gradually up to a maximum spacing of 200 feet by 200 feet outwards towards the 

edges of the model. Figure 1 illustrates the model grid. 

Three model layers were used to simulate the groundwater flow regime characterized in the RI 

investigation. Layer 1 represents the upper overburden groundwater system. Layer 1 is 

unconfined and consists of the glacial outwash deposits as well as the lower limits of the 

landfill refuse. The bottom of Layer 1 is generally less than 30 feet deep and was assigned 

1
 



hydraulic conductivities representative of the outwash and refuse (16 ft/day and 0.5 ft/day 

repectively) as determined during the RI. Figure 2 shows the bottom elevations for layer 1 

used as model input. 

Layer 2 represents the lower overburden groundwater flow system which consists of glacial till 

and lacustrine deposits. Average hydraulic properties of these deposits were assigned to this 

layer (19 ft/day for the glacial till and 5 ft/day for the lacustrine deposits). Elevations of the 

top of the bedrock surface represent the bottom of layer 2 and are shown in Figure 2. 

Layer 3 of the model represented the upper bedrock flow system (upper 100 feet) and was 

assigned a transmissivity of 50 ft2/day. The bottom of Layer 3 is the vertical extent of the 

modeled area and represents competent bedrock. The model assumes this is an impermeable 

boundary. 

The Saugatucket River, which runs approximately north-south through the eastern portion of 

the model domain, was simulated and incorporated into the model using MODFLOW's river 

package. 

Initial groundwater elevations (or starting heads) input into the model are shown in Figures 3, 

4 and 5. 

Areal recharge of 16 inches/year was applied to the model assuming the existence of glacial 

outwash deposits comprising Layer 1 outside of the landfilled areas. The Hydrologic 

Evaluation of Landfill Performance (HELP) model was used to calculate the amount of areal 

recharge to be applied to each of the three landfilled areas assuming existing conditions. 

Results of the HELP model simulations are presented earlier in this appendix. Areal recharge 

applied to the landfilled areas was 12.9 inches/year in the solid waste landfill and 11.7 inches 

per year to both the bulky waste area and the sewage sludge landfill. Areal recharge was 

uniformly applied to the top of cells in Layer 1. 



3.0 PRELIMINARY MODEL CALIBRATION 

Model simulated steady-state groundwater elevation contours are shown in Figures 7, 8 and 9. 

These contours were compared to the contours generated from the May 1992 water level data 

collected during the RI. The steady-state heads calculated in cells corresponding to the 

locations of monitoring wells were compared with groundwater elevations measured in the 

wells in January 1992. The results of this comparison are shown in Table 1. The difference 

between the model output data and the field data ranged between -2.77 and +5.87 feet. This 

match is believed to represent a reasonable steady-state calibration and will allow the model to 

reasonably predict site groundwater conditions for the feasibility study such as groundwater 

control options and associated required groundwater withdrawal volumes ranges. Table 2 is 

the net water balance for the steady-state model simulation. 

4.0 POTENTIAL GROUNDWATER CONTROL SIMULATIONS 

Several groundwater control options were simulated using the model. These included: 

• capping the landfills using single barrier and/or composite caps 

• seepage control along the eastern edge of the Bulky Waste Area, and 

• dewatering of the Solid Waste Area 

4.1 Landfill Capping (Alternative 3) 

The effects of several landfill capping options on the groundwater system were assessed by 

varying the amount of recharge over the landfilled areas with rates calculated using the HELP 

model. For FS alternative #3, three possible combinations of landfill capping options were 

considered: 1) capping both the Solid Waste Area and the Bulky Waste Area with composite 

caps; 2) capping the Solid Waste Area with a composite cap and the Bulky Waste Area with a 



single barrier cap; and 3) capping both landfills with single barrier caps. These simulations 

provided a comparison of the effects of the two types of capping options and evaluated the 

potential impacts of the caps such as the ability to dewater the Solid Waste Area below the 

depth of the refuse. The contoured model output in Layer 1 for each of the three capping 

options are shown in Figures 10, 11, and 12. A comparison of Figures 10, 11 and 12 with 

Figure 7 suggests that the greatest decreases in water levels (0.5 to 1.0 foot) in the shallow 

overburden would occur in the Solid Waste Area with a composite cap. With a composite cap, 

water levels in the Bulky Waste Area appear to decrease less than 0.5 feet. Groundwater 

contours for the deep overburden and bedrock (Layers 2 and 3) indicate water level decreases 

similar to Layer 1 for the three capping simulations. 

As a result of these simulations, few regional groundwater effects would be expected to occur 

as a result of landfill capping due to the interconnection of groundwater flow systems and the 

regional effects of surface water flow on groundwater flow. 

Table 3 is a comparison between model-computed heads in cells with monitoring wells for 

both pre-capping (existing) and after capping conditions. The greatest decrease in overburden 

groundwater levels is noted in monitoring wells within the landfilled areas with composite caps 

simulated. This decrease is considered sufficient to lower the water table in the Solid Waste 

Area approximately 0.5 feet. A comparison of groundwater contours with Solid Waste Area 

bottom of refuse contours indicates that groundwater levels would still exceed bottom of refuse 

levels. As such, additional dewatering actions for the Solid Waste Area were also considered 

as a contingency to assure that groundwater levels can be lowered further below the waste to 

allow for seasonal fluctuations. The simulations performed with these dewatering actions are 

discussed below in Section 4.3. 

Refuse in the Bulky Waste and Sewage Sludge Areas were above the water table prior to 

capping and therefore dewatering impacts in these areas were not as significant in 

considerations for this model simulation. 



4.2 Capping Combined with Bulky Waste Area Leachate Control (Alternative 4) 

Evaluation of a combination of landfill capping and leachate/groundwater outbreak control 

along the eastern edge of the Bulky Waste Area was performed with MODFLOW using the 

drain package option. Drams were placed along the eastern edge of the Bulky Waste Area, as 

shown hi Figure 13, to intercept the upper water table surface. Drains were placed 

approximately 1.0 foot below the water table (as determined from existing simulations) to 

provide a simulated low-yield removal system. The model was then run using the three 

capping combinations introduced hi Section 4.1. The resulting groundwater elevation contours 

in the shallow overburden are shown in Figures 13, 14 and 15. The estimated rates of 

groundwater that would be removed removed via the drams for each capping option is 

presented in Table 4. 

Groundwater contours at the eastern edge of the Bulky Waste Area in Figures 13, 14 and 15 

indicate that the drams locally influence shallow groundwater flow. A comparison of Figures 

13, 14 and 15 with Figures 10, 11 and 12 suggests that the drains do not further lower 

groundwater levels hi the Bulky Waste Area. 

Simulations were also run to estimate the rate of groundwater flow to the drains during 

seasonal water table highs by lowering the dram elevations to 2 feet below the water table. 

Model output from the three simulations suggested that the rate would increase 1.5 tunes under 

this condition. 

4.3 Landfill Capping Combined with Solid Waste Area Dewatering and Bulky Waste 

Area Leachate Control (Alternative 5) 

A Solid Waste Area dewatering contingency to supplement the capping of the disposal areas 

and Bulky Waste Area leachate control was also simulated using the flow model. The 



dewatering option was considered to assure that groundwater levels could be lowered below 

the depth of the refuse in the Solid Waste Area in combination with the previously considered 

options. For these simulations, drains were placed along the northern edge of the Solid Waste 

Area, as shown in Figure 16. Three simulations were run using the three capping 

combinations described above. The resulting groundwater elevation contours and locations of 

drains are shown in Figures 16, 17 and 18. The rates of groundwater removal with the two 

drain systems in operation for the three capping options are provided in Table 4. 

A comparison of groundwater contours in Figures 16, 17 and 18 with bottom of refuse 

contours in the Solid Waste Area indicate that groundwater levels would be lowered a 

maximum of approximately 5 feet below the bottom of the waste. Groundwater contours in 

the three figures suggest that groundwater would not be in contact with the waste in the Solid 

Waste Area. 
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SCALE IN FEET 
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Table 1. Comparison of Measured Vs. Modeled Heads, Existing Conditions 

Monitoring Measured Modeled 
Well No. Location Layer Row Column Head (5/92) Head(l) Error 

MW-01-1 Upgradient 1 3 3 50.44 53.09 -2.65 
MW-01-2 Upgradient 3 3 3 50.41 53.10 -2.69 

MW-02-1 InSSA 1 3 18 46.81 46.18 0.63 
MW-02-2 InSSA 2 3 18 46.97 46.18 0.79 

MW-03-1 150'SEofBWA 1 16 20 36.75 35.16 1.59 
MW-03-2 150'SEofBWA 2 16 20 3754 35.16 238 
MW-03-3 150'SEofBWA 3 16 20 41.03 35.16 5.87 

MW-04-1 250' E of SWA 1 14 12 42.94 42.01 0.93 
MW-04-2 250' E of SWA 2 14 12 42.84 42.01 0.83 
MW-04-3 250' E of SWA 3 14 12 39.38 42.01 -2.63 

MW-05-1 Downgradient 1 21 22 33.76 31.00 2.76 
MW-05-2 Downgradient 2 21 22 34.04 31.00 3.04 

MW-06-1 250' SE of SWA 1 19 14 38.81 36.62 2.19 
MW-06-2 250' SE of SWA 2 19 14 3938 36.65 2.73 

MW-07-1 In SWA 2 17 2 53.82 5355 027 
MW-07-2 In SWA 3 17 2 53.22 5355 -033 

MW-08-1 200' W of SWA 2 22 5 41.25 44.02 -2.77 
MW-08-2 200' W of SWA 3 22 5 41.75 44.02 -2.27 

MW-11-1 250' SE of SWA 1 21 14 36.07 33.64 2.43 
MW-11-2 250' SE of SWA 2 21 14 36.60 33.68 2.92 
MW-11-3 250' SE of SWA 2 21 14 36.72 33.68 3.04 

MW-12-1 100'EofBWA 1 11 21 39.01 39.89 -0.88 
MW-12-2 100'EofBWA 2 11 21 41.14 39.80 134 

MW-13-1 200' N of SWA 1 7 3 53.89 53.39 050 

MW-14-1 In SWA 2 22 9 39.96 40.38 -0.42 
1. Model output generated using existing conditions 
SWA = Solid Waste Area 
BWA = Bulky Waste Area 
SSA = Sewage Sludge Area 



Table 2. MODFLOW Water Balance using Existing Conditions
 

ALTERNATIVE 1
 

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME
 

CUMULATIVE VOLUMES


IN:
 

STORAGE
 
CONSTANT HEAD
 

RECHARGE
 
RIVER LEAKAGE
 

TOTAL IN
 
OUT:
 

STORAGE
 
CONSTANT HEAD
 

RECHARGE
 
RIVER LEAKAGE
 

TOTAL OUT
 
IN - OUT
 

PERCENT DISCREPANCY
 

 L**3
 

0.00000
 
57739.
 
42478.
 
32153.
 
0.13237E+06
 

0.00000
 
61148.
 
0.00000
 
72464.
 
0.13361E+06
 
-1241.1
 

-0.93
 

TIME SUMMARY AT END OF TIME STEP 1 IN STRESS PERIOD 1 
SECONDS MINUTES HOURS DAY 

TIME STEP LENGTH 86400.0 1440.00 24.0000 1.00 
STRESS PERIOD TIME 86400.0 1440.00 24.0000 1.00 

TOTAL SIMULATION TIME 86400.0 1440.00 24.0000 1.00 
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Table 4. Estimated Rates of Groundwater Flow to Drains Using MODFLOW 

Bulky Waste Bulky Waste Seepage Control 
Capping Option Seepage Control & Solid Waste Dewatering 

SWA ­ composite cap 
BWA ­ composite cap 

4.25 gpm 41.4 gpm 

SWA ­ composite cap 
BWA ­ single barrier cap 

4.58 gpm 41.7 gpm 

SWA ­ single barrier cap 
BWA — single barrier cap 

4.58 gpm 43.7 gpm 

SWA = Solid Waste Area 
BWA = Bulky Waste Area 
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D. GROUNDWATER TREATMENT 

D-l Precipitation Holding/Equalization Tank Sizing 
D-2 Evaluation of Scaling Factor 
D-3 Groundwater Treatment Systems - Summary Tables for Groundwater 

Conditions 
D-4 Capital and Operating Cost Quotes 

• Metals Treatment Quotation: Lancy/US Filter 
• Metals Treatment Quotation: Koch Membrane Systems 
• Metals Treatment Quotation: Osmonics 
• UV/Chemical Oxidation Quotation: Solarchem 
• UV/Chemical Oxidation Quotation: Peroxidation Systems 
• UV/Chemical Oxidation Quotation: Ultrox 

D-5 Sludge Volume Evaluation 
D-6 Development of Disposal Costs 
D-7 Development of Chemical Requirements for Precipitation 



D-l Precipitation Holding/Equalization Tank Sizing 



I 

Project Rose Hill FS Acct. No. 4609-18-10-11 Page 1 of L 
Subject Rationale for Alternative #4 ­ Comptd. By S. Czarniecki Date 09/13/96 
Detail On—sit e Leachate Treatment System Ck'd. By D. Peters Date 09/13/96 

P:\NHROS EHILL\FS'APPX-G\SCALEDWN.WK1 

Leachate/groundwater treatment systems were originally sized based on 50 and 200 gpm flow rates in the 
Draft FS. Sizing for the current Alternative #4 treatment system (5 gpm) will be revised as follows. 

Assumed scaling factor for 5 gpm system from the 50 gpm system - 0.4 

As knowledge of system retention time is usually desired, the initial holding tank size will be calculated. 

50 gpm 5 gpm 

Precipitation Holding/Equalization Tank 12,000 gal 4,800 gal 

Selected tank size: 5,000 gal 

This results in a holding time of 17 hrs 

All other pieces of equipment will be scaled from respective vendor quotations. 



D-2 Evaluation of Scaling Factor 
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D-3 Groundwater Treatment Systems - Summary Tables for 
Groundwater Conditions 



TABLE D-l: GROUNDWATER CONDITIONS FOR THE 5 GPM SYSTEM 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in (ug/L) except where noted at left 

Ammonia (mg/L) 13 22 
Sulflde (mg/L) 
Aluminu m 

0 
2,100 

0 
9,220 * 

Antimony 
Arsenic 

0 
0 

0 
0 

*
* 

6 

Barium 510 2,120 * 

Beryllium 2 9 * 4 

Cadmium 2 5 * 5 
Chromium 0 0 * 100 
Cobalt 63 295 * 

Copper 
Iron 

0
286,675

 0 
 1,370,000 

* 
* 

Lead 37 174 * 15 
Manganese 
Mercury 

8,200 
0.11 

14,700 
0.20 

*
* 
 840 

Nickel 5 14 * 100 
Vanadium 15 65 * 

Zinc 210 133 * 

Dieldrin 0.000 0.000 
2-Methy Inaphthalene 0 0 
4-Chloro-3-methylphenol 0 0 
4-Methylphenol 0 0 
Pentachlorophenol 0 0 1 
bis(2-Ethylhexyl)phthalate 50 230 6 
1 ,1 -Dichloroethane 3 2 
1,1 -Dichloroethene 0 0 
1 ,2-Dichloroethene(total) 3 1 70 
4-Methyl-2-pentanone 0 0 
Acetone 0 0 
Benzene 0 0 5 
Carbon Disulfide 3 3 
Chloroethane 6 8 
Ethylbenzene 2 2 
Toluene 19 50 
Trichloroethene 0 0 
Vinyl Chloride 0 0 2 
Acrylamide 0 0 0.02 (c) 
N,N-DMF 0 0 
Hardness (mg/L) 79 214 
PH 6.5 7.1 
Total Organic Carbon (mg/L) 26 50 
Biochemical Oxygen Demand (mg/L) 9 51 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 ug/L standard assuming that this is the detection limit. 



TABLE D-2: GROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in (ug/L) except where noted at left 

Ammonia (mg/L) 9 48 
Sulfide (mg/L) 1 4 
Aluminum 12,616 98,281 * 

Antimony 0 0 * 6 
Arsenic 2 9 * 

Barium 210 695 * 

Beryllium 2 13 * 4 

Cadmium 4 36 * 5 
Chromium 21 136 * 100 
Cobalt 21 82 * 

Copper 37 324 * 

Iron 91,571 396,140 * 

Lead 40 180 * 15 
Manganese 2,633 10,361 * 840 
Mercury 0.11 0.29 * 

Nickel 24 112 * 100 
Vanadium 20 133 * 

Zinc 625 6,520 * 

Dieldrin 0.043 0.003 
2-Methylnaphthalene 4 4 
4-Chloro-3-methylphenol 4 4 
4-Methylphenol 8 64 
Pentachlorophenol 12 3 1 
bis(2-Ethy Ihexy l)phthalate 11 59 6 
1 ,1 -Dichloroethane 13 195 
1,1 -Dichloroethene 4 2 
1 ,2-Dichloroethene(total) 30 645 70 
4-Methyl-2-pentanone 5 27 
Acetone 20 415 
Benzene 10 27 5 
Carbon Disulfide 13 77 
Chloroethane 16 77 
Ethylbenzene 14 64 
Toluene 31 156 
Trichloroethene 4 4 
Vinyl Chloride 30 610 2 
Acrylamide 141 202 0.02 (c) 
KN-DMF 177 1,273 
Hardness (mg/L) 151 621 

pH 7.1 11.9 
Total Organic Carbon (mg/L) 44 200 
Biochemical Oxygen Demand (mg/L) 12 112 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 ug/L standard assuming that this is the detection limit. 



Project ROSEHILL FS Acct. No. 004609-36-18-11 Page J of L 
Subject GW TREATMENT SYSTEM Comptd. By N. Bergeron Date Aug. 26,1996 

Detail VENDOR QUOTE SUMMARY Ck'd. By _ Date 
C:\LOTUS2\ARCS\ROSEHILDFS\GWCOST.WKI 

TABLE D-3
 
SUMMARY OF CAPITAL AND OPERATING COSTS
 

BASED ON QUOTES PROVIDED BY VENDORS
 

Treatment/Vendor

Inorganic Precipitation/ 
US Filter 

Inorganic Removal via 
UF and RO/ 

Koch Membrane 
Inorganic Removal via RO/ 

Osmonics 
Organics Removal via 
UV- Oxidation/ 

Solarchem 
Organics Removal via 
UV- Oxidation/ 

Peroxidation Systems 
Organics Removal via 
UV- Oxidation/ 

Ultrox 

Notes: 

Flow Rate 
 (gpm) 

50 
200 

5 
50 

200 
50 

200 
50 

200 

50 
200 

50 
200 

Capital

Cost


$500,000 
$800,000 
$254,000 
$643,000 

$1,681,000 
$175,000 
$470,000 
$80,000

$175,000

$250,000
$675,000

$218,000
$333,000

 Operating
 
Cost($/lKgal)A
 

 $0.90 
 $0.90 

 $101,200 B 

 $366,000 B 

 $0.75 
 $0.34 

A - Operating cost data not included in US Filter, Koch, or Osmonics quotes. 

B - Value given is annual operating cost ($ / yr). 



D-4 Capital and Operating Cost Quotes 
• Metals Treatment Quotation: Lancy/US Filter 
• Metals Treatment Quotation: Koch Membrane Systems 
• Metals Treatment Quotation: Osmonics 
• UV/Chemical Oxidation Quotation: Solarchem 
• UV/Chemical Oxidation Quotation: Peroxidation Systems 
• UV/Chemical Oxidation Quotation: Ultrox 



Metals Treatment Quotation: Lancy/US Filter 
Design Basis: 50 gpm System 
Process Description 
Equipment List: 50 gpm System 
Design Basis: 200 gpm System 
Equipment List: 200 gpm System 
Operating Requirements 
Budgetary Prices and Delivery Schedule 
Terms and Conditions 
System Drawings 
Sludge Calculations 
Price Breakout by Equipment 
M&E Quotation Request 



U• 
UN TED STATES HuTES CO«POSATIDN 

JuneS, 1993 [ i j L I ^ 

LANCY Metcalf and Eddy
 
30 Harvard Mill Square - ,:;
 '8 ~rOR\ H LLRCAD 

Wakefield, Massachusetts 01880 '„-_ '-—-^ VvARRENDA.E 

(617) 246-5200 

Attention: Mr. Sean Czarniecki 

Reference: Rose Hill, Rhode Island Groundwater/Leachate Project 

Subject: Budgetary Proposal to Provide Groundwater Treatment Equipment 

Dear Mr. Czarniecki: 

United States Filter Corporation is pleased to supply this budgetary proposal 
regarding the above-referenced project. 

We are providing unit process descriptions for a groundwater treatment system to 
address metals treatment. We have also included an overall conceptual flow 
diagram which depicts our treatment concept. We feel very confident that the 
treatment levels required for metals can be achieved with the proposed unit 
operations. Ultraviolet/oxidation equipment shall also be incorporated into the 
system and shall be supplied by others. The following design information is being 
provided for two system alternatives. 

With the equalization tank with level controls provided in this system, we feel 
confident that the system can perform effectively with incoming flow rates as low 
as 5 gpm. 

ALTERNATE NO. 1 • 50 GPM SYSTEM 

• Design Basis 

Effluent 
Parameter Average Influent Requirements 
Ammonia, mg/1 9 
Sulfide, mg/1 1 
Aluminum, ug/1 12,616 
Antimony, ug/1 0 
Arsenic, ug/1 2 
Barium, ug/1 210 
Beryllium, ug/1 2 I 
Cadmium, ug/1 4 5 
Chromium, ug/1 21 100 

SOLUTIONS THROUGH TEAMED TECHNOLOGY LANCV LYCO" MEWBRALOX 



Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

ALTERNATE NO. 1 - 50 GPM SYSTEM 

Design Basis (Continued) 

Parameter 
Cobalt, ug/1 
Copper, ug/1 
Iron, ug/1 
Lead, ug/1 
Manganese, ug/1 
Mercury, ug/1 
Nickel, ug/1 
Vanadium, ug/1 
Zinc, ug/1 
Dieldrin, ug/1 
2-Methylnaphthalene, ug/1 
4-Chloro-3-methylphenol, ug/1 
4-Methylphenol, ug/1 
Pentachlorophenol, ug/1 
bis(2-Ethylhexyl)phthalate,jig/l 
1,1-Dichloroethane, ug/1 
1,1-Dichloroethene, ug/1 
1,2-Dichloroethene (total), ug/1 
4-Methyl-2-pentanone, ug/1 
Acetone, ug/1 
Benzene, ug/1 
Carbon Bisulfide, ug/1 
Chloroethane, ug/1 
Ethylbenzene^ ug/1 
Toluene, ug/1 
Trichloroethene, ug/1 
Vinyl Chloride, ug/1 
Acrylamide, ug/1 
N,N-DMP, ug/1 
Hardness, mg/1 

j)H, standard units
 
Total Organic Carbon, mg/1
 
BOD, mg/1
 

Average Influent 
21
 
37
 

91,571
 
40
 

2,633
 
0.11
 
24
 
20
 
625
 

0.043
 
4
 
4
 
8
 
12
 
11
 
13
 
4
 
30
 
5
 

20
 
10
 
13
 
16
 
14
 
31
 
4
 
30
 
141
 
177
 
151
 
7.1
 
44
 
12
 

Effluent
 
Requirements
 

15 
3,650 

100 



Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

Process Description 

Equalization 

The 50 gpm groundwater shall be transferred (by others) to a 12,000-gallon 
holding/equalization tank. The holding tank shall have a cover and shall be 
exhausted to a vapor phase carbon adsorber. This tank shall provide 
approximately 4 hours retention time. This tank shall serve as a reservoir 
to provide a continuous feed to the groundwater treatment system. 
Additionally, this tank shall help to minimize variations of influent 
groundwater characteristics. Design flow of the system shall be 50 gpm. 
Should the influent flow rate be less (down to 5 gpm expected), the 
equalization tank and transfer pumping shall serve to cycle flow through 
the system on a high level tank demand. The unit operations employed in 
this system can be idle or automatic recirculation when no flow conditions 
exist. 

Metals Precipitation 

The proposed groundwater treatment system maximizes the use of gravity 
to transfer the wastewater from one reactor to the next. Due to the logistics 
of the system, lift stations will be necessary to transfer the groundwater to 
the system. Pumping is also utilized to facilitate the transfer of sludge 
within the sludge handling system. 

The groundwater flows into each reactor where the agitator used produces 
a mixing pattern that ensures rapid blending of the treatment chemicals 
and wastewater. The wastewater exits each reactor through a specially 
designed outlet box which directs the flow from the tank bottom up to the 
outlet and prevents short-circuiting of untreated wastewater through the 
reactor. 

The proposed system utilizes solid-state instrumentation which is capable 
of reliably automating the addition of treatment chemicals. The models 
used have a meter display, proportional chemical feed capabilities, and are 
housed in a NEMA-12 enclosure. 



Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

Metals Precipitation (Continued) 

The groundwater shall be transferred from the equalization tank to the first 
reaction compartment of the Lancy™ Econo-Treat. This compartment 
shall be lined with 3/16-inch PVC to protect the steel from the acidic 
groundwater. Transfers shall be accomplished by duplex centrifugal 
pumps operated by level controls mounted in the equalization tank. (Pumps 
and level controls supplied by U.S. Filter.) After entering the treatment 
system, the groundwater will be pH adjusted to acidic conditions (~4) in the 
first-stage reactor. Sulfuric acid will be used to maintain the pH at 
approximately 3 to 4 and a coagulant of ferrous sulfate shall be added. 
Chemical additions will be controlled by solid-state instrumentation to 
optimize chemical additions/consumption. 

The sulfuric acid feed system shall be a metering pump which feeds acid 
directly from the day tank. The coagulant feed system shall consist of a 
FRP tank, mixing agitator and metering pump. 

The groundwater in the first reaction compartment shall flow by gravity to 
the second reaction compartment where it will be neutralized to a pH of 9.5 
to 10 with caustic in the second-stage reaction compartment. Caustic 
additions will be controlled by solid-state instrumentation. 

The neutralized groundwaters shall continue to flow by gravity into the 
flocculation compartment and then into the solids separator compartment. 
A liquid polymer will be added in the floe compartment to aid the settling of 
the precipitated solids in the solids separator. Both the caustic and polymer 
feed systems shall be a metering pump which feeds chemicals directly from 
dedicated day tanks. 

After the solid/liquid phases have been separated in the solids separator 
compartment, the clarified supernatant shall flow by gravity to a lift station 
for transfer to the sand filter. 

Note: The metals precipitation unit shall be covered and exhausted to 
the vapor phase carbon adsorber. 
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The accumulated sludge in the solids separator will be periodically 
transferred to a sludge thickener for further dewatering. 

The thickened sludge will undergo a final dewatering in a plate and frame 
type of filter press where the solids content is expected to reach 
approximately 25 to 30 percent by weight. The pressed sludge will then be 
discharged for proper disposal. 

Sand Filtration 

The liquid phase of the groundwater shall then be directed to a continuous 
backwash, upflow sand filter for further removal of suspended matter. It is 
anticipated that particles greater than 11 |im shall be removed to <10 mg/1. 

UV/ Oxidation I Carbon Adsorption 

We believe reduction of the organic compounds would be addressed in this 
scope of work. If Metcalf and Eddy feels carbon adsorption polishing is 
required to meet the organic limits after UV oxidation, then we suggest 
placement of carbon adsorption units after UV/oxidation. pH adjustments 
for both UV/oxidation and carbon adsorption should also be addressed. 
These unit operations are not included in our quotation. 

Sorption Filter System 

To address the polishing of metals to discharge limits, U.S. Filter proposes 
placement of a Lancy™ Sorption Filter after organics treatment. 

Groundwater to be processed by the sorption filter is first collected in the 
integral reaction module where the pH is elevated and a sulfide reagent is 
added. This addition ensures that a small amount of free soluble sulfide 
will be maintained. 

The waste will then gravity flow to the sorption filter retention tank. This 
tank permits continuous operation of the system while obtaining the 
maximum use of media, as described below. 

From the retention tank, the wastewater is pumped to the filter bodies 
where it is filtered through a proprietary reactive media which performs 
two functions. First, it filters out the fine, colloidal metal sulfide 
precipitates formed in the reaction module and secondly, it adsorbs any 
residual soluble metals and unreacted sulfides remaining in solution. 
These two features conspire to produce an extremely high effluent quality. 
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This unit maximizes media use in a unique way. As the soluble particulate 
metal sulfides are filtered out, the pressure drop increases across the filter. 
When this pressure differential reaches a predetermined level, the media is 
automatically bumped off the filter fingers and recoated thereby exposing 
new open filtration sites. This bump/recoat cycle is not started until the 
retention tank reaches a low level at which time automatic valves are 
activated which shut off the feed of waste to the filter. At this time, the 
solution in the filter system is recycled back through a separate precoat 
tank until the media is recoated on the filter fingers. 

While the filter precoats, the incoming waste is accumulated in the 
retention tank. After the precoat cycle is completed, the automatic valves 
are actuated again to permit the processing of the accumulated 
wastewater. 

After exiting the filter, the wastewater is directed to a final pH adjustment 
module prior to discharging due to the elevated operating pH of the sorption 
filtration process. 

The treated groundwater shall then be routed, via a lift station, to an 
effluent hold tank. The effluent hold tank may be used as a chemical make­
up water supply, and, if necessary, the effluent may be reprocessed back 
through the system should effluent quality not be met. (This event may 
occur during start-up and shut-down operations.) 

Effluent Monitoring System 

The treated groundwater shall pass through a flow monitor/totalizer prior 
to discharge. 
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•	 Equipment List - 50 GPM System 

Item No. Description 

1-1 EQUALIZATION TANK
 
Lancy Model No. 50-49120-1
 

*	 12,000-gallon capacity, vertical, cylindrical FRP tank 
*	 Flanged drain connection 
*	 Dip tube 
*	 Tie-down lugs 

TRANSFER PUMP
 
Lancy Model No. 50-2224-050/50-11
 

*	 Duplex, FRP constructed horizontal, centrifugal pumps 
*	 50 gpm capacity 
*	 210-gallon capacity, vertical, cylindrical FRP tank 
*	 Pump level controls 
*	 High level alarm 
*	 230/460-VAC, 3-Phase, TEFC motors 

FLOW METER AND RECORDER 

VAPOR PHASE CARBON ADSORBER 

1-2 LANCY™ ECONO-TREAT UNIT
 
Lancy Model No. ET120-B-L
 

*	 Carbon steel fabricated unit 
*	 First-stage PVC sheet lined pH adjustment compartment 
*	 Second-stage neutralization compartment 
*	 Third-stage flocculation compartment 
*	 Solids separator compartment with integral corrugated plate 

interceptor pack(s) and solids collection hopper 
*	 Access ladder and platform 
*	 Exterior coat of chemically-resistant paint 
*	 Reaction compartment agitators 
*	 Automatically controlled sludge withdrawal pump 
*	 Flanged sludge withdrawal connection 
*	 Adjustable effluent trough and flanged effluent nozzles 
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• Equipment List - 50 GPM System (Continued) 

Item No. Description 

1-2 LANCY™ ECONO-TREAT UNIT (Continued) 

*
*
*
*

 Chemical supply tanks 
 Chemical supply tank agitators 
 Chemical feed pumps 
 Electrical control system--to control electrically-operated 

components that are included with the Econo-Treat such as 
metering pumps, process controllers, agitators and the sludge 
withdrawal timers and pump 

*	 The unit and the chemical support equipment will be prewired 
and prepiped at our plant. However, due to shipping 
limitations, some re-assembly will be required. 

ADDITIONAL ACID FEED PUMP 
Lancy Model No. 50-5111-000 

*	 One positive displacement metering pump 
*	 0-18 gph output capacity 
*	 Polypropylene head, check valves and diaphragm 
*	 Suction hose and strainer 
*	 Totally enclosed drive 
*	 Anti-syphon valve 
*	 Dial-knob capacity adjustment 

1-3 LIFT STATION 
Lancy Model No. 50-2224-050/50-11 

*	 Duplex, FRP constructed horizontal, centrifugal pumps 
*	 50 gpm capacity 
*	 210-gallon capacity, vertical, cylindrical FRP tank 
*	 Pump level controls 
*	 High level alarm 
*	 230/460-VAC, 3-Phase, TEFC motors 

8
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•	 Equipment List - 50 GPM System (Continued) 

Item No. Description 

1-4 SAND FILTER 

*	 42-gallon per minute capacity wastewater filter at less than 50 
ppm solids 

*	 FRP constructed vertical cylindrical unit 
*	 Inlet connection and riser tubes 
*	 Distribution hood 
*	 Self-cleansing sand bed 
*	 Overflow weir 
*	 Airlift pipe 
*	 Central reject compartment 
*	 Gravity washer/separator 
*	 Reject effluent/filtrate weir 
*	 Continuous upflow/backwash design 

1-5 LANCY™ SORPTION FILTER SYSTEM 

*	 80 gpm maximum capacity 
* Skidded modular unit 
* -10 ft-6 in. long by 7 ft wide by 12 ft-6 in. high 
*	 1,100-gallon reactor tank with agitator 
*	 Sulfide and pH controller 
*	 Sample center 
*	 1,200-gallon retention tank 
*	 350-gallon precoat tank with agitator 
*	 Duplex filter feed pumps 
*	 One stainless steel filter body 
*	 Stainless steel filter fingers 
*	 Valves and level controls 
*	 Electrical control panel 
*	 200-gallon caustic tank with agitator and feed pump 
*	 150-gallon sulfide tank with agitator and feed pump 
*	 Prewired and prepiped unit 
*	 Operator platform and ladder 
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• Equipment List - 50 GPM System (Continued) 

Item No. Description 

1-6 pH ADJUSTMENT MODULE 
Lancy Model No. 50-4406-1 

*
*
*
*
*
*

 600-gallon capacity, vertical, cylindrical FRP tank 
 Outlet box 
 Flanged nozzles 
 Agitator 
 Agitator mounting bracket 
 pH controller, cables, electrode, electrode holder and holder 

mounting bracket 

1-7 LIFT STATION 
Lancy Model No. 50-2221-050/50-11 

*
*
*
*
*
*

 Duplex, cast iron constructed horizontal, centrifugal pumps 
 50 gpm capacity 
 210-gallon capacity, vertical, cylindrical FRP tank 
 Pump level controls 
 High level alarm 
 230/460-VAC, 3-Phase, TEFC motors 

1-8 EFFLUENT HOLD TANK 
Lancy Model No. 50-49120-1 

*
*
*
*

 12,000-gallon capacity, vertical, cylindrical FRP tank 
 Flanged drain connection 
 Dip tube 
 Tie-down lugs 

TRANSFER PUMPS 
Lancy Model No. 50-2221-050/50-10 

*
*
*
*
*

 Duplex, cast iron constructed horizontal centrifugal pumps 
 50 gpm capacity 
 Pump level controls 
 High level alarm 
 230/460-VAC, 3-Phase, TEFC motors 

10
 



Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

• Equipment List - 50 GPM System (Continued) 

Item No. Description 

1-9 LANCY™ EFFLUENT MONITOR
 
Lancy Model No. 75-9712-01120
 

The unit includes: 

Open channel flow measuring device with analog flow 
percentage meter, digital display totalizer and strip chart 
recorder. 

pH control with analog display meter, recorder, electrode and 
electrode holder, pH control selector switches for acid/alkaline 
adjustment complete with dry contacts to operate chemical 
feed pumps and agitators. (Pumps and agitators not provided.) 

Pneumatically operated composite sampler and a digital 
display sample counter. The sampler can be activated 
manually, on a timed basis or flow proportionally. 

An indoor/outdoor 12-gauge steel epoxy coated insulated 
enclosure with lifting lugs. 

Thermostatically controlled heating and ventilation. 

Instrument panel lighting. 

117-VAC duplex convenience outlets mounted above the front 
and rear panels. 

Full sized front and rear lockable access doors. 

Refrigerator with a 5-gallon composite sample bottle which 
will contain up to 378 50-ml samples. 

11
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• Equipment List - 50 GPM System (Continued) 

Item No. Description 

EFFLUENT MONITORING TANK 
Lancy Model No. EMT-50 

* 50 gpm capacity tank 
* V-notch weir box 
* Polypropylene construction 
* Stilling well/transducer mounting bracket 
* Influent baffle 
* Flanged effluent nozzle 

1-10 SLUDGE THICKENER
 
Lancy Model No. 50-7135-30
 

* 3,500-gallon capacity, vertical, cylindrical FRP tank 
* Conical bottom 
* Internal baffles 
* Overflow nozzle 
* Flanged bottom nozzle 

SLUDGE WITHDRAWAL PUMP 
Lancy Model No. 50-6211-08-10 

* One air-operated diaphragm pump 
* Cast iron construction 
* Neoprene elastomers 
* 110 gpm capacity at 100 psi 
* 2-inch NPT suction connection 
* 2-inch NPT discharge connection 

12
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• Equipment List - 50 GPM System (Continued) 

Item No. Description 

1-11 FILTER PRESS 

* 5 cu ft filter cake capacity 
* 1.26-inch cake thickness 
* 100 psi filtration capacity 
* Center feed 
* Four corner filtrate discharge connection 
* Painted steel skeleton 
* Woven polypropylene filter cloth 
* Automatically operated closure 
* Plate shifter 

TWO DUMP CARTS 

1-12 FILTRATE LIFT STATION
 
Lancy Model No. 50-2221-110/50-11
 

* Duplex, cast iron constructed horizontal, centrifugal pumps 
* 110 gpm capacity 
* 550-gallon capacity, vertical, cylindrical FRP tank 
* Pump level controls 
* High level alarm 
* 230/460-VAC, 3-Phase, TEFC motors 

13
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•	 Equipment List - 50 GPM System (Continued) 

Item No. Description 

1-13 ELECTRICAL CONTROL PANEL 
An electrical control panel (ECP) shall be provided to house the 
circuitry for the equipment items described in this proposal 
necessary for a complete and operable system and shall consist of the 
following: 

*	 NEMA-12 enclosure 
*	 Motors less than 1/2 HP-designed for 115-VAC, 60-Hertz 

service 
*	 Motors 1/2 HP or greater-designed for 230/460, 3-Phase, 60­

Hertz service 
*	 Single-phase transformer 
*	 Main panel disconnect switch
 

(for complete system shutdown)
 
*	 Numbered terminal strips 
*	 Fuse protection (all circuits) 
*	 Motor starters with overload heaters (all 3-Phase) 

Note: Motor disconnects for each piece of equipment or motor 
to be provided by the installer. 

14
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ALTERNATE NO. 2 - 200 GPM SYSTEM 

• Design Basis 

Parameter 
Ammonia, mg/1 
Sulfide, mg/1 
Aluminum, ug/1 
Antimony, ug/1 
Arsenic, ug/1 
Barium, ug/1 
Beryllium, ug/1 
Cadmium, ug/1 
Chromium, ug/1 
Cobalt, ug/1 
Copper, ug/1 
Iron, ug/1 
Lead, ug/1 
Manganese, ug/1 
Mercury, ug/1 
Nickel, ug/1 
Vanadium, ug/1 
Zinc, ug/1 
Dieldrin, ug/1 
2-Methylnaphthalene, ug/1 
4-Chloro-3-methylphenol,_ug/l 
4-Methylphenol, ug/1 
Pentachlorophenol, ug/1 
bis(2-Ethylhexyl)phthalate, ug/1 
1,1-Dichloroethane, ug/1 
1,1-Dichloroethene, y.g/1 
1,2-Dichloroethene (total), ug/1 
4-Methyl-2-pentanone, ug/1 
Acetone, Ujj/1 
Benzene, ug/1 
Carbon Bisulfide, ug/1 
Chloroethane, ug/1 
Ethylbenzene, ug/1 

Average Influent 
11 
1 

14,277 
10 
2 

136 
2 
3 
17 
18 
47 

60,644 
32 

2,305 
0.10 
27 
20 
348 

0.020 
3 
2 
8 
6 
4 
7 
3 
14 
2 
21 
5 
11 
8 
7 

Effluent
 
Requirements
 

1 . 
5 

100 

15 
3,650 

100 

15
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'GPM SYSTEM 

Design Basis (Continued) 

Effluent 
Parameter Average Influent Requirements 
Toluene, |ig/l 21 
Trichloroethene, \ig/l 2 
Vinyl Chloride, (ig/1 14 
Acrylamide, |ig/l 64 
N,N-DMP, ug/1 84 
Hardness, mg/1 86 
pH, standard units 6.9 
Total Organic Carbon, mg/1 28 
BOD, mg/1 7 

Process Description 

The unit operations for the 200 gpm alternative are similar to those 
described in Alternate No. 1 with the exception of modular pH adjustment 
and flocculation units to accommodate the higher flow rates instead of a 
Lancy™ Econo-Treat Unit. 

16
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•	 Equipment List -200 GPM System 

Item No. Description 

2-1 EQUALIZATION TANK 

*	 SuperBlue® glass-fused-to-steel tank 
*	 50,000-gallon capacity 

TRANSFER PUMP
 
Lancy Model No. 50-2224-200/50-10
 

*	 Duplex, FRP constructed horizontal centrifugal pumps 
*	 200 gpm capacity 
*	 Pump level controls 
*	 High level alarm 
*	 230/460-VAC, 3-Phase, TEFC motors 

FLOW METER AND RECORDER 

2-2 pH ADJUSTMENT MODULES (2 Required)
 
Lancy Model No. 50-4424-1
 

*	 2,400-gallon capacity, vertical, cylindrical FRP tank 
*	 Outlet box 
*	 Flanged nozzles 
*	 Agitator 
*	 Agitator mounting bracket 
*	 pH controller, cables, electrode, electrode holder and holder 

mounting bracket 

2-3 FLOCCULATION MODULE
 
Lancy Model No. 50-4506-3
 

*	 600-gallon capacity, vertical, cylindrical FRP tank 
*	 Outlet box 
*	 Flanged nozzles 
*	 Agitator 
*	 Agitator mounting bracket 

17
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• Equipment List -200 GPM System (Continued) 

Item No. Description 

2-4 CHEMICAL DAY TANKS (4 Required) 
Lancy Model No. 50-5463-100 

* 960-gallon capacity, vertical, cylindrical, FRP tank 
* Agitator 
* Agitator mounting bracket 
* Partial cover and exhaust collar 
* Dip tube for metering pump 

CHEMICAL FEED PUMPS
 
Lancy Model No. 50-5151-000
 

* Five positive displacement metering pumps 
* 0-18 gph output capacity 
* Polypropylene head, check valves and diaphragm 
* Suction hose and strainer 
* Totally enclosed drive 
* Anti-syphon valve 
* Dial-knob capacity adjustment 

2-5 SOLIDS SEPARATOR
 
Lancy Model No. 6112-240-2
 

* 240 gpm flow rate 
* Twelve CPI packs (proprietary design-FRP construction) 
* 1/4-inch carbon steel fabrication 
* Chemical-resistant paint (exterior) 
* 103 sq ft of settling surface area (Per 60-degree pack) 
* Flanged sludge withdrawal connection 
* Flanged effluent connection 
* Adjustable weir trough 

18
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• Equipment List -200 GPM System (Continued) 

Item No. Description 

SLUDGE WITHDRAWAL PUMPS
Lancy Model No. 50-6211-04-10 

 (2 Required) 

* Air-operated diaphragm pumps 
* Cast iron construction 
* Neoprene elastomers 
*
*
 55 gpm capacity at 100 psi 
 1-1/2-inch NPT suction connection 

* 1-1/4-inch NPT discharge connection 

2-6 LIFT STATION 
Lancy Model No. 50-2224-200/50-11 

* Duplex, FRP constructed horizontal, centrifugal pumps 
* 200 gpm capacity 
* 1,000-gallon capacity, vertical, cylindrical FRP tank 
*
*

 Pump level controls 
 High level alarm 

* 230/460-VAC, 3-Phase, TEFC motors 

2-7 SAND FILTER 

*	 228-gallon per minute capacity wastewater filter at less than 50 
ppm solids 

*	 Steel constructed vertical cylindrical unit 
*	 Inlet connection and riser tubes 
*	 Distribution hood 
*	 Self-cleansing sand bed 
*	 Overflow weir 
*	 Airlift pipe 
*	 Central reject compartment 
*	 Gravity washer/separator 
*	 Reject effluent/filtrate weir 
*	 Continuous upflow/backwash design 
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•	 Equipment List -200 GPM System (Continued) 

Item No. Description 

2-8 SORPTION FILTER SYSTEM 

*	 240 gpm capacity 
*	 Skidded modular units 
*	 31.5 ft long by 21 ft wide by 12.5 ft high 
*	 3,300-gallon reactor tank with agitator 
*	 Sulfide and pH controller 
*	 Sample center 
*	 3,600-gallon retention tank 
*	 1,050-gallon precoat tank with agitator 
*	 Duplex filter feed pumps 
*	 One stainless steel filter body 
*	 Stainless steel filter fingers 
*	 Valves and level controls 
*	 Electrical control panel 
*	 600-gallon caustic tank with agitator and feed pump 
*	 450-gallon sulfide tank with agitator and feed pump 
*	 Prewired and prepiped unit 
*	 Operator platform and ladder 

2-9 pH ADJUSTMENT MODULE
 
Lancy Model No. 50-4424-1
 

*	 2,400-gallon capacity, vertical, cylindrical FRP tank 
*	 Outlet box 
*	 Flanged nozzles 
*	 Agitator 
*	 Agitator mounting bracket 
*	 pH controller, cables, electrode, electrode holder and holder 

mounting bracket 
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• Equipment List • 200 GPM System (Continued) 

Item No. Description 

2-10 LIFT STATION 
Lancy Model No. 50-2224-200/50-11 

* Duplex, FRP constructed horizontal, centrifugal pumps 
* 200 gpm capacity 
* 1,000-gallon capacity, vertical, cylindrical FRP tank 
* Pump level controls 
* High level alarm 
* 230/460-VAC, 3-Phase, TEFC motors 

2-11 EFFLUENT HOLD TANK 

* SuperBlue® glass-fused-to-steel tank 
* 50,000-gallon capacity 

TRANSFER PUMPS
 
Lancy Model No. 50-2221-200/50-10
 

* Duplex, cast iron constructed horizontal centrifugal pumps 
* 200 gpm capacity 
* Pump level controls 
* High level alarm 
* 230/460-VAC, 3-Phase, TEFC motors 

21
 



Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

• Equipment List-200 GPM System (Continued) 

Item No. Description 

2-12 LANCY EFFLUENT MONITOR
 
Lancy Model No. 75-9712-01120
 

The unit includes: 

Open channel flow measuring device with analog flow 
percentage meter, digital display totalizer and strip chart 
recorder. 

pH control with analog display meter, recorder, electrode and 
electrode holder, pH control selector switches for acid/alkaline 
adjustment complete with dry contacts to operate chemical 
feed pumps and agitators. (Pumps and agitators not provided.) 

Pneumatically operated composite sampler and a digital 
display sample counter. The sampler can be activated 
manually, on a timed basis or flow proportionally. 

An indoor/outdoor 12-gauge steel epoxy coated insulated 
enclosure with lifting lugs. 

Thermostatically controlled heating and ventilation. 

Instrument panel lighting. 

117-VAC duplex convenience outlets mounted above the front 
and rear panels. 

Full sized front and rear lockable access doors. 

Refrigerator with a 5-gallon composite sample bottle which 
will contain up to 378 50-ml samples. 
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• Equipment List- 200 GPMSystem (Continued) 

Item No. Description 

EFFLUENT MONITOR TANK 
Lancy Model No. EMT-200 

* 200 gpm capacity tank 
* V-notch weir box 
* Polypropylene construction 
* Stilling well/transducer mounting bracket 
* Influent baffle 
* Flanged effluent nozzle 

2-13 SLUDGE THICKENERS (2 Required) 
Lancy Model No. 50-7150-30 

* 5,000-gallon capacity, vertical, cylindrical FRP tank 
* Conical bottom 
* Internal baffles 
* Overflow nozzle 
* Flanged bottom nozzle 

SLUDGE WITHDRAWAL PUMPS (2 Required) 
Lancy Model No. 50-6211-15-10 

* Air-operated diaphragm pumps 
* Cast iron construction 
* Neoprene elastomers 
* 200 gpm capacity at 100 psi 
* 3-inch NPT suction connection 
* 3-inch NPT discharge connection 

23
 



Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

• Equipment List-200 GPM System (Continued) 

Item No. Description 

2-14 FILTER PRESS 

* 20 cu ft filter cake capacity 
* 1.26-inch cake thickness 
* 100 psi filtration capacity 
* Center feed 
* Four corner filtrate discharge connection 
* Painted steel skeleton 
* Woven polypropylene filter cloth 
* Automatically operated closure 
* Plate shifter 

2-15 FILTRATE LIFT STATION 
Lancy Model No. 50-2221-230/50-11 

* Duplex, cast iron constructed horizontal, centrifugal pumps 
* 230 gpm capacity 
* 1,000-gallon capacity, vertical, cylindrical FRP tank 
* Pump level controls 
* High level alarm 
* 230/460-VAC, 3-Phase, TEFC motors 
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•	 Equipment List -200 GPM System (Continued) 

Item No. Description 

2-16 ELECTRICAL CONTROL PANEL 
An electrical control panel (ECP) shall be provided to house the 
circuitry for the equipment items described in this proposal 
necessary for a complete and operable system and shall consist of the 
following: 

*	 NEMA-12 enclosure 
*	 Motors less than 1/2 HP-designed for 115-VAC, 60-Hertz 

service 
*	 Motors 1/2 HP or greater-designed for 230/460, 3-Phase, 60­

Hertz service 
*	 Single-phase transformer 
*	 Main panel disconnect switch
 

(for complete system shutdown)
 
*	 Numbered terminal strips 
*	 Fuse protection (all circuits) 
*	 Motor starters with overload heaters (all 3-Phase) 

Note: Motor disconnects for each piece of equipment or motor 
to be provided by the installer. 

Note: Unless otherwise specified herein, ventilation, interconnecting 
piping, wiring, conduit, supports, fittings, valves, etc. between 
U.S. Filter equipment items and/or customer equipment is to be 
provided by others. 

If you require installation prices for the above listed equipment, we 
would be happy to submit a proposal for the complete installation of 
this equipment. 
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ESTIMATED OPERATING REQUIREMENTS 

The following are rough estimates of chemical usage and must be confirmed by conducting a 
treatability study. These estimates are for equipment quoted only and does not include options or 
equipment supplied by others. 

• Chemical Usage 
50 gpm System 200 gpm System Unit Cost 

Caustic -300 Ibs/day -1,200 Ibs/day -$300/2,000 Ibs 

Sulfuric Acid -480 Ibs/day -1,900 Ibs/day -$75/2,000 Ibs 

Ferrous Sulfate -315 Ibs/day -1,260 Ibs/day -$160/2,000 Ibs 

Polymer -.6 Ibs/day -2.5 Ibs/day ~$5.75/lb 

Sodium Sulfide -7.5 Ibs/day -30 Ibs/day $29/100 Ibs 

Sorption Filter Media -6 Ibs/day -25 Ibs/day $3.50/lb 

• Make-Up Water	 1,000 gals/day 4,000 gals/day -$.002/gal 

•	 Sludge 14 cu ft/day at -50 cu ft/day at -$200/ton 
25% dry solids 25% dry solids 

Electrical Requirements - 480-VAC, 3-Phase power. 

Electrical usage estimate: Alternate No. 1 - 4  0 Kw-Hr 
Alternate No. 2 - 100 Kw-Hr 

Note: These are theoretical estimates which do not account for mechanical efficiencies. 

Manpower - Assume 2 operators, 8 hours/day (including UV/oxidation) 

Maintenance - Assume 1% of facility price/yr
 

Space Requirements
 

Alternate No. 1 - 50 gpm System 50 ft long by 50 ft wide by 20 ft high 
Alternate No. 2 - 200 gpm System 60 ft long by 50 ft wide by 20 ft high 

Note: Sludge estimate is based upon assumption of 100 ppm TSS (assumes all metals are soluble) 
and iron additions of 60 ppm FeSC*4 as Fe. 
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JTY	 STUDIES 

As you know, we have not had the opportunity to analyze and process 
representative samples of your waste in our treatability laboratory. While we have 
ample reason to believe that the proposed system will provide satisfactory 
treatment, U.S. Filter reserves the right to perform such tests prior to formal 
acceptance of your order. If you wish, we can perform the treatability work 
immediately for a fee of $7,500, which would be credited against your purchase 
order for the proposed system. 

ENGINEERING SERVICES 

U.S. Filter would provide the following engineering services for the proposed 
groundwater treatment system: 

•	 Piping and instrumentation diagram(s) 
•	 Electrical drawing(s) 
•	 Equipment layout drawing(s) 
•	 Operating manual consisting of operating instructions, equipment 

specifications and process descriptions for the major subsystems 
•	 Equipment maintenance manual which includes itemized data 

sheets for all equipment components 
•	 Visit by a U.S. Filter engineer to client's facility during engineering 

phase 

Note: All copies described above are in triplicate. 
Additional copies may be obtained at cost. 
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Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

START-UP SERVICES 

U.S. Filter would provide 5 man-days of start-up services on a portal-to-portal 
basis. These services normally include the following: 

•	 Pre-start-up checkout/troubleshooting for all equipment 
•	 Supervision of system start-up 
•	 Instruction of operating personnel in system maintenance and 

operation 

Additional days of start-up requested by the client would be charged at our 
standard per diem rate of $550 per 8-hour working day, on a portal-to-portal basis, 
plus all out-of-pocket travel and living expenses which would be invoiced as a 
separate item at net cost. 

BUDGETARY PRICES 

•	 Alternate No. 1-50gpm System 

U.S. Filter would supply equipment item Nos. 1-1 through 1-13, engineering 
and start-up services as described herein for approximately 
FIVE HUNDRED THOUSAND DOLLARS $500,000.00. 

•	 Alternate No. 2- 200 gpm System 

U.S. Filter would supply equipment item Nos. 2-1 through 2-16, engineering 
and start-up services as described herein for approximately 
EIGHT HUNDRED THOUSAND DOLLARS $800,000.00. 

EQUIPMENT WARRANTY 

U.S. Filter would warrant all equipment for a maximum period of 12 months 
from date of shipment. This warranty would cover all defects in materials or 
workmanship. 

The pH/ORP electrodes are warranted for 30 days from the start-up date, or 6 
months from the shipping date, whichever occurs first. 
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Metcalf and Eddy 
Attention: Mr. Sean Czarniecki 
United States Filter Corporation Budgetary Proposal 
June 3,1993 

SHIPPING 

Shipment of equipment is quoted F.O.B. shipping point and is anticipated to be 
ready for shipment 12 to 14 weeks following return of approval drawings. 
Approval drawings would be issued approximately 4 weeks after acceptance of a 
purchase order. 

Freight would be prepaid and invoiced at time of equipment shipment. 

APPENDIX 

Drawing No. A-l
 
Literature
 

AGREEMENT 

This information is confidential and contains proprietary information. It is not to 
be disclosed to a third party without the consent of United States Filter 
Corporation. 

U.S. Filter shall be most interested in providing further information to you as 
needed, and ultimately, we hope that we can work with you on this project. Please 
do not hesitate to call if we can be of further service to you. 

Sincerely, 

UNITED STATES FILTER CORPORATION 

Deborah M. Buckley
Groundwater Market Manager 

cc: 

Authorized Representative
Global Technologies, Inc. 
2 Gordon Street 
Simsbury, Connecticut 06070 
(203)651-0255 



17.S. FILTER, INC. WARRENDALE, PENNSYLVANIA 

TERMS AND CONDITIONS OF SALE 
(Systems) 

ACCEPTANCE BY U.S. FILTER, INC. WARRENDALE, PENNSYLVANIA (HEREINAFTER 
"SELLER") OF THE PURCHASER'S PURCHASE ORDER OR OTHER OFFER TO PURCHASE 
IS EXPRESSLY MADE CONDITIONAL UPON THE PURCHASER'S ASSENT TO ANY TERMS 
AND CONDITIONS HEREIN WHICH DIFFER FROM, OR ARE ADDITIONAL TO, THOSE IN 
PURCHASER'S OFFER. THE TERMS AND CONDITIONS HEREIN ARE AN INTEGRAL 
PART OF ANY OFFER TO SELL BY SELLER, AND THE PURCHASER'S ACCEPTANCE OF 
SUCH OFFER IS EXPRESSLY LIMITED TO AND CONDITIONED UPON THE EXCLUSIVE 
APPLICABILITY THERETO OF THESE TERMS AND CONDITIONS. 

Terms. Unless otherwise stated herein, prices are F.O.B. point of shipment and payment terms 
are net thirty (30) days from date of Seller's invoice. Each incremental shipment of equipment 
and/or materials shall be invoiced at time of shipment in an amount proportional to that of the total 
contract price. Purchaser shall incur interest at the rate of one and one-half percent (1.5%) per 
month or the highest rate permitted by applicable law, whichever is less, on amounts not paid in 
accordance with terms of sale. The price offered is based on shipment of the equipment as 
stipulated in the proposal. If the shipment schedule is delayed as a result of Purchaser's activities, 
such as delay in return of approval drawings, inspection, etc., a price adjustment of 2% of the 
purchase price for each month of delay will be added to the purchase price. 

Extra Charges. Unless specified otherwise on the face of Seller's Sales Order Acknowledgement 
Form, the price to Purchaser does not include installation, erection or service, or any accessory, 
supportive or associated materials. Seller shall make such reasonable additional charges as it 
determines in the event it agrees to changes or modifications in said specifications. 

Credit. All contracts and orders are subject to credit approval by Seller. If Seller, in its sole 
judgment, has reasonable grounds for insecurity with respect to due performance by Purchaser, 
Seller may demand different terms of payment from those specified herein and may demand 
assurance of Purchaser's due performance. Any such demand may be oral or in writing and 
Seller may, upon the making of such demand, stop production and suspend shipments hereunder. 
If within the period stated in such demand Purchaser fails or refuses to agree to such different 
terms of payment or fails or refuses to give adequate assurance of due performance, Seller may, at 
its option, treat such failure or refusal as a repudiation of the portion of this order which has not 
been fully performed or may resume production and may make shipment under reservation of 
possession or of a security interest and may demand payment against tender of documents of title. 

Delivery Delays. Unless a firm delivery date is stated on the face of Seller's Sales Order 
Acknowledgement Form, shipment dates are approximate, and delivery made within a 
reasonable time thereof shall be deemed full performance of this aspect of Seller's obligations 
hereunder. Seller shall not be liable for any delays in performance due to causes beyond Seller's 
reasonable control or beyond the control of its suppliers which prevents or impedes manufacture, 
supply or delivery by Seller or such suppliers, including without limitation acts of God, accidents 
to machinery, differences with workmen, strikes, labor shortages, fires, floods, inadequate or 
reduced supply or excessive cost of suitable raw materials, delays in transportation or lack of 
transportation facilities, priorities required or requested by the Federal or any State government 
or any subdivision or agency thereof or granted for the benefit, directly or indirectly, of any of 
them, delays in transportation or lack of transportation facilities, restrictions imposed by Federal 
or State laws or rules or regulations thereunder. 



TERMS AND CONDITIONS OF SALE (Systems) Page 2 of 3 

Warranty. Seller warrants that the goods to be supplied hereunder will conform to the description 
on the face of the Sale Order Acknowledgement Form or applicable document there referenced; 
that it will convey good title thereto; that such goods will be delivered free from any lawful security 
interest or other lien or encumbrance unknown to Purchaser; and that such goods will be free from 
defects in material and workmanship provided that such warranty of freedom from defects in 
material and workmanship shall extend only for a period of twelve months from the date of 
installation or for a period of eighteen months from the date of shipment, whichever is shorter, and 
that Purchaser gives Seller notice of any such defect within thirty (30) days after Purchaser 
discovers or should have discovered such defect. Seller makes no warranty that the goods shall be 
merchantable or fit for any particular purpose. Seller makes no warranty, express or implied, 
except such as is expressly set forth herein. Seller shall not be liable for any incidental or 
consequential damages for any breach of warranty, Seller's liability and Purchaser's exclusive 
remedy being expressly limited to Seller's choice of (a) the repair of defective goods; (b) the 
replacement thereof with conforming goods at F.O.B. Purchaser's plant; or (c) the repayment of 
the purchase price. Replacement of defective goods or repayment of the purchase price therefor will 
be made only upon return of the defective goods which may be returned at the cost of Seller only 
after inspection by Seller and receipt by Purchaser of definite shipping instructions from Seller. 

Seller makes no warranty whatsoever with respect to goods manufactured by third parties. 
Warranties with respect to such goods are limited to those offered by such suppliers which are 
transferable. 

A warranty of performance when given by Seller shall be in addition to the warranties provided in 
the preceding paragraphs hereof. Purchaser's exclusive remedies with respect to any failure of the 
goods to meet any performance guarantees shall be limited, at Seller's option, to (i) acquiring full 
ownership of the goods upon payment of ninety percent (90%) of the purchase price, if agreed to by 
Seller, or (ii) relinquishing ownership and possession of the goods and having Seller refund any 
payment already made by Purchaser toward the purchase price. In the latter case, the expense for 
removing the goods from the premises of the Purchaser shall be negotiated by the parties. 

Patents. Seller agrees to indemnify Purchaser, its successors and assigns, against all 
judgments, decrees and reasonable costs (except where the goods sold hereunder are machines, in 
which event, against court assessed damages and costs) resulting from infringement of any 
United States Letters Patent covering (a) standard commercial compositions offered for sale 
generally by Seller at the time of acceptance by it of this order; or (b) standard commercial forms, 
shapes or constructions offered for sale generally by Seller at the time of acceptance by it of this 
order, to the extent that such compositions, forms, shapes or constructions are supplied hereunder. 
Purchaser agrees, for goods delivered under this order, to indemnify Seller, its successors and 
assigns, against all judgments, decrees and costs resulting from infringement of any United 
States Letters Patent to the extent that such infringement arises from designs, specifications or 
instructions furnished or expressly or implicitly required by Purchaser and different from the 
matters embraced by (a) and (b) of the preceding sentence. Neither party shall be entitled to 
indemnification under this clause as to any claim of infringement concerning which it does not 
give to the other party prompt notice in writing upon learning thereof and full opportunity, at the 
expense of such other party, to defend and dispose of such claim of infringement. The sale of the 
goods covered by this order shall not grant to Purchaser any right or license of any kind under any 
patent owned or controlled by Seller or under which Seller is licensed, but the foregoing shall not be 
understood to limit in any way the right of Purchaser to use and sell such goods, in the event that 
such goods as sold hereunder are covered by any such patent. 

Subsidiaries and Affiliates. This order may be performed and all rights hereunder against 
Purchaser may be enforced, in whole or in part, by Seller or by its parent corporation or any one or 
more of the corporations subsidiary to or affiliated with Seller. 

Waiver. No provision hereof and no breach of any provision shall be deemed waived by reason of 
any previous waiver of such provision or of any breach thereof. 



TERMS AND CONDITIONS OF SALE (Systems) Page 3 of 3 

Cancellation by Purchaser. If an order is cancelled before engineering and/or production has 
begun, and before Seller has incurred obligations for items such as materials or components, 
Purchaser shall pay a cancellation charge equal to 15% of the total purchase price as liquidated 
damages and not as a penalty; for any order that is cancelled subsequent to that time, Purchaser 
shall pay a cancellation charge equal to Seller's costs for materials, labor, engineering, shop 
overhead, and charges made by its suppliers, plus 25% of the total purchase price as liquidated 
damages and not as a penalty. 

Indemnity. Purchaser shall release, hold harmless, indemnify and defend Seller from and 
against any loss, liability, claims, suits and costs caused by, arising out of, or relating to the 
design of goods supplied hereunder or the design of the packages or containers in which they are 
shipped, if such goods, packages or containers are made in compliance with Purchaser's design or 
specifications. 

Taxes. Purchaser shall pay to Seller, in addition to the purchase price of the goods, any other tax, 
however denominated or measured, imposed on property, or upon its construction, inventory, or 
upon the manufacture, storage, sale, transportation, importation, delivery, use, or consumption of 
goods sold to Purchaser. 

Insurance. Risk of loss for all goods sold pursuant hereto passes to Purchaser upon shipment. 
Claims for loss or damage in transit shall be made by Purchaser directly with the carrier. 
Purchaser shall make all claims for factory shortage within five (5) days of receipt of goods, and 
failure to do so shall constitute a waiver of Purchaser's right to make any such claims. Purchaser 
shall furnish at its own expense adequate insurance protecting goods sold pursuant hereto against 
loss or damage by fire or other causes from time of shipment until full and complete payment has 
been made. 

Security Interest. Until such time as Seller has received payment in full for equipment sold 
pursuant hereto, Seller shall have a security interest herein. Purchaser agrees to extend such 
reasonable cooperation as Seller may require, including the execution of financing statements or 
other documents, in order for said security interest to be perfected as against third parties. In the 
event of default by Purchaser, Seller shall have available all rights at law or equity to a secured 
seller, including the right to enter upon the premises where such equipment shall be located for 
purposes of removing same, or rendering it inoperative, and all such rights shall be cumulative. 

Miscellaneous. When ASME code vessels are supplied, certification by an inspector 
commissioned by the National Board of Boiler and Pressure Vessel Inspectors shall irrefutably 
establish conformance of the vessel to the applicable section of the ASME Boiler and Pressure 
Vessel Code, Latest Edition. Seller will not be responsible for meeting state and local codes or 
ordinances or other special codes unless the details of these codes are specified in the specifications 
and are specifically accepted by Seller. All illustrations, drawings, etc., accompanying Seller's 
proposal show approximate dimensions only and are not binding in detail unless stated to be by 
Seller. All drawings pertaining to the goods are supplied to Purchaser solely for the limited 
purpose of permitting Purchaser to install, operate and maintain the goods. They are confidential 
and except for the purpose above specified, shall not be copied, exhibited or furnished to others 
without the prior written consent of Seller. 

Entirety of Agreement. The terms and conditions contained herein constitute the entire 
agreement of the parties, and neither party shall be bound by any oral or written understanding 
not expressly included herein. No valid and binding contract shall exist until such time as the 
Sale Order Acknowledgement Form is accepted by the Purchaser. No modification or alteration 
in these terms and conditions shall be effective except by means of a writing duly executed on 
behalf of both parties, and expressly purporting to amend the terms and conditions. 

Governing Law. These terms and conditions shall be governed by and construed in accordance 
with the laws of the Commonwealth of Pennsylvania, excluding rules relating to choice or 
conflicts of law. 

(6/92) 
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^Metcalf&Eddy 
An Air & Water Technolcc.es Company 

004609-0018-010-001
 

May 24, 1993
 

Ms. Deborah M. Buckley
 
Groundwater Market Manager
 
U.S. Filter, Inc.
 
181 Thorn Hill Road
 
Warrendale, PA 15086-7527
 

Subject: Contract No. 68-W9-0036
 
Work Assignment No. 18-1LA5
 
Rose Hill Regional Landfill Superfund Site,
 
South Kingstown, Rhode Island
 
Request for Quotation on Equipment/ Services and
 
Budgetary Costs - Treatment of Contaminated
 
Groundwater
 

Dear Ms. Buckley:
 

Metcalf & Eddy (M&E) is currently finalizing the Feasibility Study
 
(FS) for treatment of contaminated groundwater at the Rose Hill
 
Landfill site. As previously discussed, this groundwater is
 
contaminated with weak, municipal landfill leachate. M&E has
 
identified precipitation as an appropriate method for removing the
 
inorganic compounds-of-concern (COCs).
 

As you have already supplied me with a conceptual process design,
 
an updated quotation describing suggested equipment, services and
 
budgetary costs should be based on the following assumptions:
 

1) quotations are needed for two different systems;
 
groundwater concentrations are shown in Attachment A for
 
the 50 gpm system (Alternative 4) and Attachment B for
 
the 200 gpm system (Alternative 5).
 

2) treatment goals are listed in each attachment by
 
compound; for the inorganic compounds, please identify
 
any compounds that may not meet goals.
 

3) organics will be treated by a UV/Chemical oxidation
 
system after inorganics removal.
 

4) assume a water temperature of 55 degrees F.
 
5) 50 gpm flowrate may be as low as 5 gpm (conditions shown
 

in Attachment C); will your system still operate
 
effectively ?
 

6) treated water discharges to recharge wells or to river.
 
7) identify operations and maintenance services necessary
 

for your proposed system.
 
8) identify the make & model of your proposed system; please
 

include copies of brochures, drawings and specifications
 
that you may not have already provided to me.
 

9) assume budgetary costs accuracy for equipment, f.o.b.
 

30 Harvard Mill Sqi^a-e Wakedeld MA 01880 
Mailing Address PO 3c x 4043 Woburn MA 0186e-4043 , , ,  , 
6' 7 2-IC r,?00 =•'- • ; . ' " 245 6^3 f. j  j 
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Mr. Harold S. Gooding
 
May 24, 1993
 
Page 2
 

10) identify any other potential pretreatment or special
 
conditions that you feel may be necessary for proper
 
operation.
 

Your quotations are needed by the end-of-day Friday. June 4. 1993.
 
Thank you for your assistance with this project. If you have any
 
questions, please do not hesitate to contact me at TEL (617) 246­
5200, extension 4811 or by FAX at (617) 245-6293.
 

Very truly yours,
 

METCALF & EDDY, INC.
 

Sean Czarniecki
 
Engineer II,
 
Industrial & Hazardous Waste Division
 

Attachments
 
cc:	 D. Peters
 

WA#18-1LA5
 
Contract File
 



ATTACHMENT A: OROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM
 

OROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in (>tg/L) except where noted at left 

Ammonia (mg/L) 9 48 
Sulfidc (mg/L) 1 4 
Aluminum 12,616 98,281 * 

Antimony 0 0 * 6 
Arsenic 2 9 * 

Barium 210 695 * 

Beryllium 2 13 * 1 

Cadmium 4 36 * 5 
Chromium 21 136 * 100 
Cobalt 21 82 * 

Copper 37 324 * 

Iron 91,571 396,140 * 

Lead 40 180 * 15 
Manganese 2,633 10,361 * 3,650 
Mercury 0.11 0.29 * 

Nickel 24 112 * 100 
Vanadium 20 133 * 

Zinc 625 6,520 * 7,300 
Dieldrin 0.043 0.003 
2-Methylnaphthalene 4 4 
4-Chloro-3-methylphenol 4 4 
4-Methylphenol 8 64 
Pentachlorophenol 12 3 1 
bis(2-Ethylhexyl)phthalate 11 59 4 
1 ,1 -Dichloroethane 13 195 
1,1 -Dichloroethene 4 2 
1 ,2-Dichloroethene(total) 30 645 70 
4-Methyl-2-pentanone 5 27 
Acetone 20 415 
Benzene 10 27 5 
Carbon Bisulfide 13 77 
Chloroethane 16 77 
Ethylbenzene 14 64 
Toluene 31 156 
Trichloroethene 4 4 
Vinyl Chloride 30 610 2 
Acrylamide 141 202 0.02 (c) 
N.N-DMF 177 1,273 
Hardness (mg/L) 151 621 
PH 7.1 11.9 
Total Organic Carbon (mg/L) 44 200 
Biochemical Oxygen Demand (mg/L) 12 112 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 pg/L standard assuming that this is the detection limit. 



ATTACHMENT B: OROUNDWATER CONDITIONS FOR THE 200 GPM SYSTEM
 

ANALYTE (t) 

Ammonia (mg/L) 
Sulfide (mg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
Dieldrin 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
4-Methylphenol 
Pentachlorophenol 
bis(2-Ethylhexyl)phthalate 
1 ,1 -Dichloroe thane 
1 , 1 -Dichloroethene 
1 ,2-Dichloroethene(toUl) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon Bisulfide 
Chloroe thane 
Ethylbenzene 
Toluene 
Trichloroethene 
Vinyl Chloride 
Acrylamide 
N.N-DMF 
Hardness (mg/L) 
PH 
Total Organic Carbon (mg/L) 
Biochemical Oxygen Demand (mg/L) 
Notes: 

OROUNDWATER PRELIMINARY 
CONCENTRATIONS (b) REMEDIATION 
Average Maximum GOAL 

all in Gxg/L) except where noted at left
 
11 30
 
1 7
 

*
14,277 76,745
 
10 46 * 6
 
2 7 *
 

136 445 *
 

2 9 * 1
 

3 25 * 5
 
17 94 * 100
 
18 53 *
 

47 215 *
 
*60,644 218,437
 

32 154 * 15
 
2,305 8,391 * 3,650
 
0.10	 0.22 *
 

27 93 * 100
 
20 115 *
 

348 3,135 * 7,300 
0.020	 0.001
 

3 2
 
2 2
 
8 56
 
6 1 1
 
4 21 4
 
7 89
 
3 1
 

14 293 70
 
2 12
 

21 329
 
5 13 5
 

11 57
 
8 37
 
7 29
 

21 121
 
2 2
 

14 276 2
 
64 92 0.02 (c)
 
84 600
 
86 330
 

6.9 9.8 
28	 125
 

7 58
 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved value*, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 pg/L standard assuming that this is the detection limit. 



ATTACHMENT C: GROUNDWATER CONDITIONS FOR 5 GPM FLOW RATES
 

GROUNDWATER PRELIMINARY 
CONCENTRATIONS (b) REMEDIATION 
Average Maximum GOAL 

ANALYTE (a) 

Ammonia (mg/L) 
Sulfide (mg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 

Zinc 
Dieldrin 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
4-Methylphenol 
Pentachlorophenol 
bis(2-Etfaylhexyl)phthalate 
1 , 1-Dichloroethane 
1 ,1 -Dichloroethene 
1 ,2-Dichloroethene( total) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon Disulfide 
Chloroethane 
Ethylbenzene 
Toluene 
Trichloroethene 
Vinyl Chloride 
Acrylamide 
N.N-DMF 
Hardness (mg/L) 
PH 
Total Organic Carbon (mg/L) 
Biochemical Oxygen Demand (mg/L) 
Notes: 

aU in Qig/L)
 
13
 
0
 

2,100 
0 
0 

510 
2 

2 
0 

63 
0 

286,675 
37 

8,200 
0.11 

5 
15 

210 
0.000
 

0
 
0
 
0
 
0
 

50 
3 
0 
3 
0 
0 
0 
3 
6 
2 

19 
0 
0 
0 
0 

79 
6.5 
26 
9 

except where noted at left 
22 
0 

9,220 
0 
0 

2,120 
9 
5 
0 

295 
0 

1,370,000 
174 

14,700 
0.20 

14 
65 

133 
0.000 

0 
0 
0 
0 

230 
2 
0 
1 
0 
0 
0 
3 
8 
2 

50 
0 
0 
0 
0 

214 
7.1 
50 
51 

* 

*
* 
* 

*

*
*
* 
* 
* 

*
*
* 

*
* 

*

 6 

1 

5 
 100 

 15 
 3,650 

 100 

 7,300 

1 
4 

70 

5 

2 
0.02 (c) 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total* and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 pg/L standard assuming that this is the detection limit. 



Metals Treatment Quotation: Koch Membrane Systems 
System Drawings and Specifications 
M&E Quotation Request 



METCALF ft EDDY 

J'W 2 v \. o 
HKOCH 
KOCH MEMBRANE SYSTEMS INC 

SSAbcof 

25 June 1993 

Sean Czarniecki, 
Engineer 
METCALF & EDDY
 
30 Harvard Mill Square
 
Wakefield, MA 01880
 

Subject: South Kingston, Rhode Island
 

Dear Mr. Czarniecki:
 

To confirm our telephone conversation yesterday, we are pleased to
 
submit budgetary estimates for the three applications you are
 
considering for feasibility studies. All systems are based on
 
standard KSM design and include:
 

UF Systems (Except UF 158 which is standard except for piping). 304
 
SS retentate piping, PVC permeate piping. Feed pump, rack with circ.
 
pump piping and controls. CIP station with dual tanks. NEMA 12 steel
 
control panel with manual controls.
 

RO Systems (Except once-through which has manual controls). 316 SS
 
retentate piping, PVC permeate piping. Feed and booster pumps, rack
 
with circ. pump piping and controls. Feed/CIP station with single
 
tank. NEMA 12 steel control panel with semi-auto controls.
 

5 GPM Capacity 

UF 1622 S/S once-through, mod-batch w/72 1" FEG tubes $ 72,000.00 
RO 1/6 8" SW once-through, mod-batch w/6 BW modules $182,000.00 

Total: $254,000.00 

50 GPM Capacity 

UF 1622RM S/S F&B mod-batch w/736 1" FEG tubes $260,000.00 
RO 2x4/6 SIS 8" SW continuous w/48 BW modules $383,000.00 

Total: $643,000.00 

200 GPM Capacity 

4 - UF 1622RM S/S F&B mod-batch w/2640 1" FEG tubes $827,000.00 
RO 4x8/6 SIS 8" SW continuous w/192 BW modules $854,000.00 

Total: $1,681,000.00
 

850 Main Street O Wilmington, MA 01887-3388 U.S.A d TEL (508) 657-4250 D FAX (508) 657-5208 D TWX 710 347 6537
 

ABCOR Division ol KOCH International |UK) Lid, Stafford England D ABCOR Division of KOCH International GmbH, Dusseldorf, West Germany
 
D ABCOR Division of KOCH International S A R L , Pans, France
 

Agents and Associates in more than 20 Countries
 

http:1,681,000.00


Sean, I have included some info on our standard UF systems. The R/O
 
information is unavailable at this time. Please refer to the attached
 
Process and Operating Summary for a description of a modified batch
 
cycle. Thank you for your interest in KOCH MEMBRANE SYSTEMS. If you
 
have any questions, or require any additional information, please do
 
not hesitate to call me.
 

Very Truly Yours,
 

Anthony J. MacDonald
 
KOCH MEMBRANE SYSTEMS, INC.
 
Northeast Regional Sales Engineer
 

AJMdrbal
 
Enclosures
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1. TIME LIMIT. All quotations are valid lor a period of sixty (60) calendar 
days 

2. FOB POINT. Prices included herein are FOB point of manufacture 
Transportation and insurance charges if required, to be prepaid by Koch 
Membrane Systems Inc , (hereinafter referred to as "KMS"), will be invoiced 
at actual cost to the Purchaser Claims for shortages in shipment shall be 
deemed waived unless made in writing to KMS within ten (10) days after 
delivery 

3. PAYMENT TERMS. Payments will be made in accordance with the 
specified payment schedule All payments are due net thirty (30) days from 
date of invoice If in the judgement of KMS, the financial position of the pur­
chaser does not justify the terms of payment specified, KMS may require full or 
partial payment prior to shipment of the goods Purchaser agrees to furnish 
KMS with the required credit information Payments for all export shipments 
will be in accordance with the specified payment schedule included herein by 
way of a confirmed, irrevocable letter of credit established in favor of KMS on 
a USA bank to be designated by KMS This letter of credit is to be established 
at the time of award of an order All costs associated with the letter of credit will 
be for the Purchaser s account 

4. TAXES. Federal, state or local sales and/or use taxes are not includ­
ed in the price set forth herein 

5. WARRANTY. KMS warrants that all goods manufactured by KMS. 
except membranes shall be free from defects in material and workmanship, 
provided however that this warran'y shall be limited to goods found to be 
defective within a period of one (1) year from initial use or fifteen (15) months 
from the date of shipment, whichever expires first Except as may 
otherwise be provided. MEMBRANES ARE SOLD AS IS This warranty 
does not cover Purchaser furnished-specified equipment and/or Purchaser 
furnished materials Resale products shall carry only the warranty offered 
by the original manufacturer 

The sole and exclusive remedy of the Purchaser for any liability of KMS 
of any kind, including (a) warranty, express or implied whether container! in the 
terms and conditions hereof or in any terms additional or supplemental hereto, 
(b) contract, (c) negligence (d) tort, or (e) otherwise, is limited to the repair or 
replacement, FOB point of manufacture, by KMS of those goods which an 
examination reveals to be defective during the warranty period, or at KMS' op­
tion to refund to purchaser the money paid to KMS for such goods Purchaser 
and KMS may mutually agree to acceptance of the goods "as is" with an 
agreed upon reduction in price Before KMS undertakes any obligation to 
remedy defects, the Purchaser must give KMS written notice of its daim and 
return the defective goods after receipt of shipping instructions from KMS to 
return such goods Purchaser will ship the goods to KMS, freight prepaid, and 
KMS will return the goods to Purchaser, freight collect All goods returned for 
repair or replacement pursuant to this section are to be packaged in accord­
ance with the instructions received 

In no event, shall KMS incur any obligation to repair or replace goods 
which are determined by KMS to be defective due to customer misuse, or due 
to use not in accordance with specified operating conditions, and operating 
and maintenance instructions KMS retains the option to witness the operation 
of the goods to verify operating conditions KMS shall not incur any obligation 
hereunder with respect to goods, which are repaired or modified in any way by 
the Purchaser without KMS prior written approval Installation by the Pur­
chaser during regular intervals of normal maintenance of parts supplied by 
KMS shall not constitute such modification 

EXCEPT FOR THE EXPRESS WARRANTY STATED HEREIN. KMS 
DISCLAIMS ALL WARRANTIES WITH RESPECT TO THE GOODS. IN­
CLUDING ANY AND ALL IMPLIED WARRANTIES OF MERCHANTABILITY 
OR FITNESS FOR PARTICULAR PURPOSE 

6. CONFIDENTIAL INFORMATION. The information, drawings, plans 
and specifications being furnished by KMS have been developed at KMS' 
expense and shall not be used or disclosed by Purchaser for any purpose 
other than to install operate, and maintain the goods supplied hereunder 

7. DELIVERIES. The delivery date(s) quoted are based on KMS' best 
estimate of a realistic time when delivery to the carrier will be made, and are 
sub|ect to confirmation at time of acceptance of any resulting order KMS 
reserves the right to make either early shipment or partial shipments and 
invoice Purchaser accordingly 

8. EXCUSABLE DELAYS. KMS shall not be liable for loss, damages, 
detention or delays resulting from causes beyond its reasonable control or 

Terms and Conditions 

iAbcor 
caused by but not limited to strikes, restrictions of the United States Govern­
ment or other governments having jurisdiction, delays in transportation inabili 
ty to obtain necessary labor, materials, or manufacturing facilities 

9. PATENTS The Purchaser shall indemnify and hold KMS harmless 
against any expense or loss or other damage resulting from infringement of 
patents or trademarks arising from KMS1 compliance with any designs 
specifications or instructions of the Purchaser 

10. TITLE AND RISK OF LOSS OR DAMAGE. Risk of loss and/or 
damage shall pass to the Purchaser upon delivery of the goods to the F O B 
point Title shall pass to the Purchaser upon receipt of final payment by KMS 

11. INSTALLATION/FIELD SERVICE. Installation of goods furnished 
hereundei shall be by the Purchaser, unless otherwise agreed to in writing 

Field service will be provided on a per diem basis upon written authoriza 
tion by the Purchaser and will be at the rates in effect at the time such services 
are provided unless otherwise agreed to in writing Field service at the pbsite 
to diagnose equipment problems will be provided on a per diem basis at the 
then current rates 

12. CANCELLATION. Cancellation of any order must be by written 
notice to KMS and will be subject to cancellation charges 

13. LAWS, CODES, AND STANDARDS. Except as expressly stated 
herein, the price and schedule included herein are based on United States 
laws, codes and standards in effect as of the date of this order Should such 
laws, codes, and standards change and increase or decrease the cost of per 
forming the work or impact the schedule KMS will advise Purchaser of such 
Purchaser and KMS shall mutually agree to any modification to the order 
resulting from such change 

14. CONSEQUENTIAL DAMAGES/LIMIT OF LIABILITY. KMS shall 
not in any case whatsoever be liable for special, incidental, indirect or conse­
quential damages of any kind In no case shall KMS liability exceed the 
amount paid to KMS by the Purchaser for the specific goods giving rise to such 
liability Purchaser agrees to indemnify and hold KMS harmless from and 
against all liabilities, claims and demands of third parties of any kind relating to 
the goods and their use arising after shipment of the goods 

15. MODIFICATION. No modification or waiver of any part of this 
agreement shall be valid unless it is in writing and signed by an authorized 
representative of the Purchaser and KMS 

16. ASSIGNMENT. This agreement may not be transferred or assign­
ed by operation of law or otherwise, without the prior express written consent 
of KMS Any transfer or assignment of any rights duties or obligations 
hereunder without such consent shall be void 

17. EXPORT SALES. No provision of this agreement shall be con­
strued to require KMS to export or deliver any technical information, data 
and/or equipment if such export or delivery is then prohibited or restricted by 
any law or regulation of the U S Government 

18. INSURANCE. Upon the request by Purchaser, KMS will provide a 
Certificate of Insurance evidencing the following types of insurance 
Workers' Compensation Statutory 
Employer Liability $100,000 00 
Comprehensive General Liability $1,000,000 00 $1,000,000 00 

Combined Single Aggregate 
Limit for Bl & PD 

Comprehensive Auto Liability & $1,000.00000 $100000000 
Physical Damage Combined Single Aggregate 

Limit for BI&PD 
19. GOVERNING LAW. All matters involving the validity, interpretation 

and application to this agreement shall be controlled by the laws of the Com­
monwealth of Massachusetts, United States of America 

20. HEADINGS. The headings used throughout are for administrative 
convenience only and shall be disregarded for the purpose of construing and 
enforcing this agreement 

21. ENTIRE AGREEMENT. Purchaser by acceptance of KMS' offer 
does acknowledge and agree to the terms and conditions contained herein 
Only representations, promises, conditions or understandings subsequently 
reduced to writing and signed by an authorized representative of each party 
shall be binding upon either party 

KMS Form M-0-90 
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SECTION II. PROCESS AND OPERATING SUMMARY
 

The soluble oil or water waste treatment process begins with waste
 
collection in an equalization tank (figure II. 1). The equalization
 
tank should have a minimum capacity of one working day unless the
 
waste flow is highly variable, in which case a larger tank will be
 
required. The equalization tank is to be equipped to remove,
 
essentially completely, free oil and settleable solids. A skimming
 
device for surface oil and sophisticated separator (e.g. API,
 
coalescing, etc.), may be employed to remove free oil and/or suspended
 
solids.
 

The waste is then transferred to a process tank (volume usually equal
 
to 1/2 to 1 day's capacity) . The withdrawal line from the
 
equalization tank should be at least two feet off the bottom so that
 
the settled solids will not be transferred into the process tank. The
 
transfer pump will depend on the type of operation employed, i.e.
 
"batch" concentration or "modified batch" concentration.
 

BATCH CONCENTRATION
 
For this operation the process tank is. filled and the wastewater ii
 
circulated between the process tank and the KOCH ultrafilter. The"
 
soluble oil or water will slowly be concentrated as the clear water
 
discharges to the sewer during the ultraf iltration cycle. Cleaning is
 
performed between cycles or at the end of several cycles, depending on
 
need. Two process tanks can be used to facilitate the continual
 
processing of batches and waste collection.
 

MODIFIED-BATCH CONCENTRATION CYCLE
 
The modified-batch cycle is similar to a batch cycle except during the
 
initial phase of the cycle (4-5 days) the process tank is kept full
 
with fresh feed to minimize the oil concentrate of its contents. This
 
is accomplished by using level controls to activate the transfer pump.
 

Following this phase, flow to the process tank is stopped by
 
overriding the level controls. The wastewater remaining in the
 
process tank is "batch" concentrated to the maximum oil content
 
achievable. The final concentrate is then discharged to a holding
 
tank for ultimate disposal and the system is cleaned for the
 
subsequent week's operation. This phase of the cycle, i.e. batch
 
concentration and cleaning, is normally performed in a single day.
 

PROCESS TANK HEATING;
 
The normal operating temperature range for ultraf iltration is 80°F­
120°. If the influent waste temperature is significantly below 80°F,
 
heating may be required.
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UF-1200 RM SYSTEM FOR TREATING INDUSTRIAL WASTEWATER
 

Koch Membrane Systems' UF-1200 RM (rack mount) ultrafiltration wastewater treatment system is designed 
for treating a variety of liquid wastes. 

The system is capable of treating volumes from 34,000 gallons per day (128,700 liters per day) to 176,800 
gallons per day (669,260 liters), depending on the stream: 

Daily Capacity 

Typical coolant Chemical and Fine particle 
oily waste, low parts per separation (metal 
high parts per million waste hydroxides, pigments) 
million (i.e. less than 
(i.e. 5,000-50,000 5,000 PPM solids
 
PPM initial oil concentration
 
and grease
 
concentration)
 

34,000 gallons per day 81,600 gallons per day 176,800 gallons per day 
(128,700 liters per day) (308,890 liters per day) (669,260 liters per day) 

BENEFITS	 SPECIAL FEATURES 

•	 Simple, one-step operation saves labor costs System operation is semi-automatic requiring 
virtually no operator attention 

•	 Eliminates cost of pretreatment No pretreatment necessary. No chemicals to store 
or mix 

•	 Lowers hauling costs System reduces spent coolant and other waste 
volume by as much as 98%, minimizing amount 
to be disposed of. Plus, system generates no 
additional sludge 

• Saves Energy	 System operates at low pressure 
• Rugged, versatile, easily serviced and replaced	 Standard NEMA frame and TEFC motors 

•€KOCH 
KOCH MEMBRANE SYSTEMS tMC 

850 Main Street D Wilmington, MA 01887-3388 U.S.A. D TEL (508)657-4250 D FAX(508) 657-5208 

ABCOR Division ot KOCH International (UK) Ltd . Stafford, England D ABCOR Division of KOCH International GmbH, Dusseldorf, West Germany 
D ABCOR Division of KOCH International S A R L , Pans, France 

Agents and Associates in more lhan 20 Countries 4/90 



Standard Equipmen t	 MEMBRANES 

•	 544 Abcor® tubular membranes, with 1200 square feet (111.5M2) 
of membrane area 

•	 One ultrafiltration stage with: 
- One circulation pump and motor - 100 HP, 1020 gpm (3860 1pm) 
- Pressure gauges for manifold inlet/outlet 
- Pressure switches with audible-visual alarm and automatic shut­

down for low pressure at circulation pump suction and 
high pressure at membrane module inlet 

- High temperature switch with audible-visual alarm and automatic 
shutdown of circulation pump 

- Temperature indicator 
- Permeate glass-tube rotameter 
- Entrance piping Y-connection and screens for convenient manual 

insertion and removal of spongeballs for mechanical cleaning 
during chemical cleaning 

- Air vent and vacuum breaker assembly 
•	 One Cleaning Tankage Sub-assembly, including: 

- 600 gallon (2270 liter) tank 
- Temperature indicator in tank 
- Steam sparger system with a temperature control valve 

•	 One Cleaning Pump Package Sub-assembly, including: 
- One cleaning pump and motor - 15 HP, 300 gpm (1135 1pm) 
- Pressure gauge for cleaning pump discharge 
- Pressure switch with audible-visual alarm and automatic shut­

down for low pressure at cleaning pump discharge 
- High temperature switch with audible-visual alarm and automatic 

shutdown on cleaning pump suction 
•	 All valves, piping, and wiring 
•	 One free standing local control panel 

DIMENSIONS
 

Length: 
Width: 
Height: 
Oper. Wt. 
ShipWt.: 

21 feet (6.4M) 
10 feet (3M) 
9 feet (2.7M) 

13,250 Ibs. (6,010Kg) 
10,525 Ibs. (4,775Kg) 

ULTRAFILTRATION 

Ultrafiltration (UF) is a low 
pressure (10-150 PSI [1.4 -21.7 
KPA]) membrane process for 
separating suspended solids and 
high molecular weight dissolved 
materials from liquids. 

Fluid flows across the mem­
brane surface at high velocity. 
This cross-flow characteristic dif­
fers from the perpendicular flow 
of ordinary filtration, where a 
"cake" builds up on the filter 
surface requiring frequent filter 
replacement or cleaning. Cross-
flow prevents filter-cake buildup, 
resulting in high filtration rates 
that can be maintained con­
tinuously. 

Ultrafiltration is a proven, 
reliable, simple (one-step), treat­
ment process that requires 
minimum energy and minimum 
operator attention. 

Koch manufactures Abcor® 
membranes, the most rugged 
reliable available for industrial"— 
wastewater treatment. Membranes 
are available in a broad range of 
molecular weight cutoffs. Koch 
engineers will study your stream 
then recommend the best mem­
brane for treating your system. 

The UF-1200 RM comes equip­
ped with membranes in tubular 
form. The benefits are as follows: 
•	 They are easy to clean and re­

quire no flow reversal, which 
weakens membranes. 

•	 Superior, more chemically re­
sistant polymer selection and 
rugged design means these 
membranes will last two to 
three times longer than others. 

START-UP, TRAINING
 
AND SERVICE
 

Koch's Technical Service 
Department will start up your 
system and train operators in how 
to run the system. You will 
receive an in-depth operating -_.-­
manual, in addition to training. 
Service engineers are available to 
help you with system operation at 
any time during the life of the 
equipment. 

Koch's Technical Service 
Department is committed to mak­
ing sure your system operates effi­
ciently day after day. Simply call, 
and one of our Tech Service 
engineers will help you optimize 
performance of your system. 

THE KOCH DIFFERENCE 
Koch doesn't just sell you mem­

branes and systems. Our technical 
staff studies your specific 
wastewater problem, conducts 
feasibility tests if necessary, 
specifies and designs the right 
membrane and system for your 
needs, then works with you to 
ensure that our products perform 
as promised. 

Find out more by calling o. , 
writing today. Let Koch show you 
how you too can take advantage 
of the simplest, most economical 
approach to treatin g wastewater 
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UF-158 SYSTEM
 
FOR TREATING
 
INDUSTRIAL
 
WASTEWATER
 

Koch Membrane Systems' 
UF-158 ultrafiltration wastewater 
treatment system is designed for 
both pilot and demonstration ap­
plications and for use as a fully 
operational system for treating a 
variety of liquid wastes. 

The system is capable of 
treating volumes from 4,500 
gallons per day (17,035 liters per 
day) to 23,400 gallons per day 
(88,580 liters), depending on the 
stream: 

Daily Capacity 

Typical coolant Chemical and Fine particle 
oily waste, low parts per separation (metal 
high parts per million waste hydroxides, pigments) 
million (i.e. less than 
(i.e. 5,000-50,000 5,000 PPM solids
 
PPM initial oil concentration
 
and grease
 
concentration)
 

4,500 gallons per day 10,800 gallons 23,400 gallons per day 
(17,035 liters per day) (40,880 liters per day) (88,580 liters per day) 

BENEFITS	 SPECIAL FEATURES 

•	 Simple, one-step operation saves labor costs System operation is semi-automatic requiring 
virtually no operator attention 

•	 Eliminates cost of pretreatment No pretreatment necessary. No chemicals to store 
or mix 

•	 Lowers hauling costs System reduces spent coolant and other waste 
volume by as much as 98%, minimizing amount 
to be disposed of. Plus, system generates no 
additional sludge 

• Saves Energy	 System operates at low pressure 
• Rugged, versatile, easily serviced and replaced	 Standard NEMA frame and TEFC motors 

If KOCH 
KOCH MEMBRANE SYSTEMS «MC 

850 Main Street D Wilmington, MA 01887-3388 U.S.A. D TEL. (508) 657-4250 D FAX (508) 657-5208 

ABCOR Division ol KOCH International (UK) Ltd., Statlord, England D ABCOR Division ol KOCH International GmbH. Dusseldorl. West Germany
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Standard Equipmen t 

•	 72 Abcor® tubular membranes with 158 square feet (14.6M2) of 
membrane area 

•	 Centrifugal circulation pumping system, 15 HP, 270 gpm (1025 
1pm) 

•	 Feed temperature gauge 
• Two pressure gauges 
•	 High temperature switch interlocked to circulation pump 
• Low pressure switch interlocked to circulation pump 
•	 Audible-visual alarms for high temperature and low pressure 

switches 
•	 Permeate line direct reading flowmeter 
• All valves, piping and internal wiring 
•	 Cleaning tank and associated piping 
•	 Control panel 
•	 Spongeballs (1 dozen) for mechanical cleaning. Semi-automatic 

operation 
•	 Koch liquid detergent (5 gallons [19 liters]) 

DIMENSIONS 
Length: 14 feet (4.2M) 
Width: 4 feet (1.2M) 
Height: 7 feet (2.1M) 
Oper.Wt.: 5,125 Ibs. (2,325Kg) 
Ship. Wt.: 4,825 Ibs. (2,190Kg) 
Voltage: 230/460 VAC, 

3 phase, 60 Hz 

ULTRAFILTRATION 
Ultrafiltration (UF) is a low 

pressure (10-150 PSI [1.4 -21.7 
KPA]) membrane process for 
separating suspended solids and 
high molecular weight dissolved 
materials from liquids. 

Fluid flows across the mem­
brane surface at high velocity. 
This cross-flow characteristic dif­
fers from the perpendicular flow 
of ordinary filtration, where a 
"cake" builds up on the filter 
surface requiring frequent filter 
replacement or cleaning. Cross-
flow prevents filter-cake buildup, 
resulting in high filtration rates 
that can be maintained con­
tinuously. 

Ultrafiltration is a proven, 
reliable, simple (one-step), treat­
ment process that requires 
minimum energy and minimum 
operator attention. 

MEMBRANES 
Koch manufactures Abcor® 

membranes, the most rugged and 
reliable available for industrial 
wastewater treatment. Membranes 
are available in a broad range of 
molecular weight cutoffs. Koch 
engineers will study your stream 
then recommend the best mem­
brane for treating your system. 

The UF-158 comes equipped 
with membranes in tubular form. 
The benefits are as follows: 
•	 They are easy to clean and re­

quire no flow reversal, which 
weakens membranes. 

•	 Superior, more chemically re­
sistant polymer selection and 
rugged design means these 
membranes will last two to 
three times longer than others. 

START-UP, TRAINING
 
AND SERVICE
 

Koch's Technical Service 
Department will start up your 
system and train operators in how" 
to run the system. You will 
receive an in-depth operating 
manual, in addition to training. 
Service engineers are available to 
help you with system operation at 
any time during the life of the 
equipment. 

Koch's Technical Service 
Department is committed to mak­
ing sure your system operates effi­
ciently day after day. Simply call, 
and one of our Tech Service 
engineers will help you optimize 
performance of your system. 

THE KOCH DIFFERENCE 
Koch doesn't just sell you mem­

branes and systems. Our technical 
staff studies your specific 
wastewater problem, conducts 
feasibility tests if necessary, 
specifies and designs the right 
membrane and system for your 
needs, then works with you to 
ensure that our products perform ~~ 
as promised. 

Find out more by calling or 
writing today. Let Koch show you 
how you too can take advantage 
of the simplest, most economical 
approach to treating wastewater. 
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^SMetcalf&Eddy 
An Air & Water Technologies Company 

004609-0018- ' 

June 17, 1993 

Mr. Anthony J. MacDonald 
Sales Engineer 
Northeast Region 
Koch Membrane Systems, Inc. 
850 Main Street 
Wilmington, Massachusetts 01887-3388 

Subject: Contract No. 68-W9-0036 
Work Assignment No. 18-1LA5 
Rose Hill Regional Landfill Superfund Site, 
South Kingstown, Rhode Island 
Request for Quotation on Equipment, Services and Budgetary Costs - Treatment 
of Contaminated Groundwater using Membrane Filtration 

Dear Mr. MacDonald: 

Metcalf & Eddy (M&E) is currently finalizing the Feasibility Study (FS) for treatment of contaminated 
groundwater at the Rose Hill Landfill site. This groundwater is contaminated with weak, municipal 
landfill leachate. M&E has identified reverse osmosis as an appropriate method for removing tf 
inorganic compounds-of-concem (COCs). I attended your seminar in Newton this morning and feel" 
that your company has the perfect background to assist us on this project. 

I am requesting a quotation describing suggested equipment, services and budgetary costs should be 
based on the following assumptions: 

1) quotations are needed for two different systems; groundwater concentrations are shown 
in Attachment A for the 50 gpm system (Alternative 4) and Attachment B for the 200 
gpm system (Alternative 5). 

2) treatment goals are listed in each attachment by compound; for the inorganic 
compounds, please identify any compounds that may not meet goals. 

3) organics will be treated by a UV/Chemical oxidation system after inorganics removal; 
if you feel this should be placed prior to reverse osmosis due to organics affecting the 
membrane, please state this. 

4) assume a water temperature of 55 degrees F. 
5) 50 gpm flowrate may be as low as 5 gpm; will your system still operate effectively? 

This will probably require semi-batch processing. 
6) treated water discharges to recharge wells or to river. 
7) identify operations and maintenance services necessary for your proposed system. 
8) identify the make & model of your proposed system; please include copies of 

brochures, drawings and specifications.
 
9) assume budgetary costs accuracy for equipment, f.o.b.
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 2 Mr. Anthony J. MacDonald
Koch Membrane Systems, Inc. 
June 17, 1993 

10) identify any other potential pretreatment or special conditions that you feel may be 
necessary for proper operation. 

Based on my understanding of today's seminar, I am assuming that you would perform a precipitation 
followed by ultrafiltration, and then polish the stream using reverse osmosis. It would be appreciated 
if costs for the system were broken down into those three steps. I would also assume that you would 
employ modified batch processing to reduce the volume of waste to be disposed of. An approximate 
volume of this waste generated would be helpful. As this is a closed landfill, there is currently no 
equipment (i.e. tanks) available for use. These would need to be included in the system. I understand 
that without a pilot test, the membrane costs will be very rough, but since this is a feasibility study, 
we cannot perform such a test. 

Your quotations are needed by the end-of-day Thursday, June 24. 1993. Thank you for your 
assistance with this project. If you have any questions, please do not hesitate to contact me at TEL 
(617) 246-5200, extension 4811 or by FAX at (617) 245-6293. 

Very truly yours, 

METCALF & EDDY, INC. 

2***— 
Sean Czarniecki 
Engineer n, 
Industrial & Hazardous Waste Division 

Attachments 
cc:	 D. Peters 

WA#18-1LA5 



ATTACHMENT A: GROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in (/tg/L) except where noted at left 

Ammonia (mg/L) 9 48 
Sulfide (mg/L) 1 4 
Aluminu m 12,616 98,281 * 87 
Antimony 0 0 * 6 
Arsenic 2 9 * 

Barium 210 695 * 

Beryllium 2 13 * 1 

Cadmium 4 36 * 5 
Chromium 21 136 * 100 
Cobalt 21 82 * 

Copper 37 324 * 

Iron 91,571 396,140 * 1,000 
Lead 40 180 * 15 
Manganese 2,633 10,361 * 45 
Mercury 0.11 0.29 * 

Nickel 24 112 * 100 
Vanadium 20 133 * 

Zinc 625 6,520 * 7,300 
Dieldrin 0.043 0.003 
2-Methylnaphthalene 4 4 
4-Chloro-3-methylphenol 4 4 
4-Methylphenol 8 64 
Pentachlorophenol 12 3 1 
bis(2-Ethylhexyl)phthalate 11 59 4 
1 , 1-Dichloroethane 13 195 
1 , 1-Dichloroethene 4 2 
1 ,2-Dichloroethene(total) 30 645 70 
4-Methyl-2-pentanone 5 27 
Acetone 20 415 
Benzene 10 27 5 
Carbon Bisulfide 13 77 
Chloroc thane 16 77 
Ethylbenzene 14 64 
Toluene 31 156 
Trichloroethene 4 4 
Vinyl Chloride 30 610 2 
Acrylamide 141 202 0.02 (c) 
N.N-DMF 177 1,273 
Hardness (mg/L) 151 621 

PH 7.1 11.9 
Total Organic Carbon (mg/L) 44 200 
Biochemical Oxygen Demand (mg/L) 12 112 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total* and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 /ig/L standard assuming that this is the detection limit. 



ATTACHMENT B: OROUNDWATER CONDITIONS FOR THE 200 OPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in (/xg/L) except where noted at left 

Ammonia (mg/L) 11 30 
Sulfide (mg/L) 1 7 
Aluminum 14,277 76,745 * 87 
Antimony 10 46 * 6 
Arsenic 2 7 * 

Barium 136 445 * 

Beryllium 2 9 * 1 
Cadmium 3 25 * 5 
Chromium 17 94 * 100 
Cobalt 18 53 * 

Copper 47 215 * 

Iron 60,644 218,437 * 1,000 
Lead 32 154 * 15 
Manganese 2,305 8,391 * 45 
Mercury 0.10 0.22 * 

Nickel 27 93 * 100 
Vanadium 20 115 * 

Zinc 348 3,135 * 7,300 
Dieldrin 0.020 0.001 
2-Methylnaphthalene 3 2 
4-Chloro-3-methylphenol 2 2 
4-Methylphenol 8 56 
Pentachlorophenol 6 1 1 
bis(2-Ethylhexyl)phthalate 4 21 4 
1 , 1-Dichloroe thane 7 89 
1 , 1-Dichloroethene 3 1 
1 ,2-Dichloroethene(total) 14 293 70 
4-Methyl-2-pentanone 2 12 
Acetone 21 329 
Benzene 5 13 5 
Carbon Bisulfide 11 57 
Chloroe thane 8 37 
Ethylbenzene 7 29 
Toluene 21 121 
Trichloroethene 2 2 
Vinyl Chloride 14 276 2 
Acrylamide 64 92 0.02 (c) 
N.N-DMF 84 600 
Hardness (mg/L) 86 330 

PH 6.9 9.8 
Total Organic Carbon (mg/L) 28 125 
Biochemical Oxygen Demand (mg/L) 7 58 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 /xg/L standard assuming that this is the detection limit. 



ATTACHMENT C: GROUNDWATER CONDITIONS FOR 5 GPM FLOW RATES
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in 0*g/L) except where noted at left 

Ammonia (mg/L) 
Sulfide (mg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
Dieldrin 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
4-Methylphenol 
Pentachlorophenol 
bis(2-Ethylhexyl)phthalate 
1 , 1-Dichloroe thane 
1 , 1-Dichloroe thene 
1 ,2-Dichloroethene(total) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon Disulfide 
Chloroe thane 
Ethylbenzene 
Toluene 
Trichloroe thene 
Vinyl Chloride 
Acrylamide 
N.N-DMF 
Hardness (mg/L) 
PH 
Total Organic Carbon (mg/L) 
Biochemical Oxygen Demand (mg/L) 
Notes: 

13
 
0
 

2,100
 
0
 
0
 

510
 
2
 

2
 
0
 

63
 
0
 

286,675
 
37
 

8,200
 
0.11
 

5
 
15
 

210
 
0.000
 

0
 
0
 
0
 
0
 

50
 
3
 
0
 
3
 
0
 
0
 
0
 
3
 
6
 
2
 

19
 
0
 
0
 
0
 
0
 

79
 
6.5 
26
 
9
 

22
 
0
 

9,220 * 87
 
0 * 6
 
0 *
 

*2,120
 
9 * 1
 

5 * 5
 
0 * 100
 

295 *
 

0 *
 

1,370,000 * 1,000
 
174 * 15
 

14,700 * 45
 
0.20	 *
 

14 * 100
 
65 *
 

133 * 7,300 
0.000
 

0
 
0
 
0
 
0 1
 

230 4
 
2
 
0
 
1 70
 
0
 
0
 
0 5
 
3
 
8
 
2
 

50
 
0
 
0 2
 
0 0.02 (c) 
0
 

214
 
7.1
 
50
 
51
 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 figfL standard assuming that this is the detection limit. 



Metals Treatment Quotation: Osmonics 
M&E Quotation Request 



5951 Clearwater Drive 
Minnetonka, Minnesota 55343-8990 USA 

(15 miles west of Minneapolis airport) 
Phone: 612/933-2277 

Fax: 612/933-0141 • Telex: 29-0847 

WATER PURIFICATION; ^LUID HANDLING. FILTRATION AI^C - SEPA--T o\ SF5CiA_>ST S 

June 16, 1993 

Mr. Sean Czarniecki
 
METCALF & EDDY
 
30 Harvard Mill Square
 
Wakefield, MA 01880
 

Re: Budgetary Information on MPE Contract Number 68-W9-0036
 

Dear Sean:
 

Thank you for your interest in Osmonics and our products. We are
 
pleased to provide information on reverse osmosis (RO).
 

Based on the water analyses provided, it appears that reverse osmosis
 
could be viable in conjunction with other technologies. To make
 
membrane technology feasible, extensive pretreatment would be required
 
to precipitate many of the constituents prior to further concentration
 
by the RO. Liquids with low osmotic pressure and Langelier Saturation
 
Index (LSI) less than zero may allow an RO to operate with recoveries as
 
high as 75%. For your applications, this could provide concentrate
 
flows as low as 12.5 gpm and 50 gpm. This reduced volume could then be
 
sent to an evaporator for further treatment.
 

A budget number for RO's for these systems would be 145,000-175,000 for
 
a 50-gpm feed and 350,000-470,000 for the 200-gpm feed. Osmonics is
 
also involved with media filters and ozone among other equipment. Ozone
 
could be used as an oxidant to assist precipitation as well as
 
destruction of bacteria.
 

Typical equipment for an RO includes:
 

CHF DELUXE RO MACHINE
 

SEPA® Membrane
 
OSMO® Sepralators
 
PVC or 304SS Sepralator Housings
 
Variable Recovery
 
Thermal Cut-Out Switch (set at 105°F)
 
Concentrate Flow Meter
 
Permeate Flow Meter
 
Primary/Final Pressure Gauges
 
5-Micron HYTREX® Prefilter Cartridge and Housing
 
TONKAFLO® Multi-Stage Centrifugal Pump
 
UNI pH Monitor
 
Conductivity Meter
 
PVC, 304SS or 316SS Piping. "L" grades would also be available.
 

cont...
 



Mr. Sean Czarniecki
 
16 Jun 93
 
Page 2
 

Enclosed are pages detailing RO as well as an Osmonics Family Product
 
Binder which contains information on the various product lines we offer.
 
Please call us at 612/933-2277 if there are any questions.
 

Sincerely,
 

OSMONICS, INC.
 

Alan T. Rivers
 
Application Engineer
 
Engineered Products & Systems
 

ATR/pc
 

Encl: Family Product Binder
 
A Historical Perspective of UF and RO Membrane Development
 
Engineering Memo #13
 

cc:	 Mr. Harold S. Gooding, Sales Engineer, Engineered Products & Systems,
 
OSMONICS, INC.
 



Metcalf&Eddy 
An Air & Water Technologies Company 

004609-0018-010-001
 

May 24, 1993
 

Mr. Harold S. Gooding
 
Sales Engineer
 
Engineered Products & Systems
 
Osmonics
 
5951 Clearwater Drive
 
Minnetonka, Minnesota 55343
 

Subject: Contract No. 68-W9-0036
 
Work Assignment No. 18-1LA5
 
Rose Hill Regional Landfill Superfund site
 
South Kingston, Rhode Island
 
Request for Quotation on Equipment/ Services and
 
Budgetary Costs - Treatment of Contaminated
 
Oroundwater using Reverse Osmosis
 

Dear Mr Gooding:
 

Metcalf & Eddy (M&E) is currently finalizing the Feasibility Study
 
(FS) for treatment of contaminated groundwater at the Rose Hill
 
Landfill site. As previously discussed, this groundwater is
 
contaminated with weak, municipal landfill leachate. M&E has
 
identified reverse osmosis as an appropriate method for removing
 
the inorganic compounds-of-concern (COCs).
 

A quotation describing suggested equipment, services and budgetary
 
costs should be based on the following assumptions:
 

1) quotations are needed for two different systems;
 
groundwater concentrations are shown in Attachment A for
 
the 50 gpm system (Alternative 4) and Attachment B for
 
the 200 gpm system (Alternative 5).
 

2) treatment goals are listed in each attachment by
 
compound; for the inorganic compounds, please identify
 
any compounds that may not meet goals.
 

3) organics will be treated by a UV/Chemical oxidation
 
system after inorganics removal.
 

4) assume a water temperature of 55 degrees F.
 
5) 50 gpm flowrate may be as low as 5 gpm (conditions shown
 

in Attachment C); will your system still operate
 
effectively ?
 

6) treated water discharges to recharge wells or to river.
 
7) identify operations and maintenance services necessary
 

for your proposed system.
 
8) identify the make & model of your proposed system; please
 

include copies of brochures, drawings and specifications
 
that you may not have already provided to me.
 

9) assume budgetary costs accuracy for equipment, f.o.b.
 

30 Harvard Mil Square Wakefield MA 01880 
Ma raAci-1'^ PO Bo/ 4043 Wc^-n MAO188 8 4043 



Ms. Deborah M. Buckley
 
May 24, 1993
 
Page	 2
 

10) identify any other potential pretreatment or special
 
conditions that you feel may be necessary for proper
 
operation.
 

Your quotations are needed by the end-of-day Friday. June 4. 1993.
 
While looking at your sizing calculations, I noticed that the
 
aluminum concentration you used was an order of magnitude too high.
 
I was also wondering if the ratio of Mn(OH)2 to Mn is actually
 
2.32. These items may affect the size of equipment you have
 
selected for us and I would appreciate it if you could take a quick
 
look	 at them again.
 

Thank you for your assistance with this project. If you have any
 
questions, please do not hesitate to contact me at TEL (617) 246­
5200, extension 4811 or by FAX at (617) 245-6293.
 

Very	 truly yours,
 

METCALF & EDDY, INC.
 

Sean Czarniecki
 
Engineer II,
 
Industrial & Hazardous Waste Division
 

Attachments
 
cc:	 D. Peters
 

WA#18-1LA5
 

Mr. Frank Estill
 
Global Technologies, Inc.
 
2 Gordon Street
 
Simsbury, CT 06070
 



ATTACHMENT A: GROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
CONCENTRATIONS (b) REMEDIATION 
Average Maximum GOAL 

ANALYTE (a) 

Ammonia (mg/L) 
Sulfide (mg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
Dieldrin 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
4-Methylphenol 
Pentachlorophenol 
bis(2-Ethylhexyl)phthalate 
1 ,1 -Dichloroethane 
1 ,1 -Dichloroethene 
1 ,2-Dichloroethene(total) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon Disulfide 
Chloroe thane 
Ethylbenzene 
Toluene 
Trichloroethene 
Vinyl Chloride 
Acrylamide 
N.N-DMF 
Hardness (mg/L) 
pH 
Total Organic Carbon (mg/L) 
Biochemical Oxygen Demand (mg/L) 
Notes: 

all in Gxg/L) 
9 
1 

12,616 
0 
2 

210 
2 

4 
21 
21 
37 

91,571 
40 

2,633 
0.11 

24 
20 

625 
0.043
 

4
 
4
 
8
 

12
 
11
 
13
 
4
 

30
 
5
 

20
 
10
 
13
 
16
 
14
 
31
 
4 

30 
141 
177 
151 
7.1 
44 
12 

except where noted at left 
48 
4 

98,281 
<_ 

0 * 6 
9 * 

695 * 

13 * 1 
36 * 5 

136 * 100 
82 * 

324 * 

396,140 * 1,000 

180 * 15 
10,361 * -2&Q­

0.29 * 

112 * 100 
133 * 

6,520 * 7,300 
0.003 

4 
4 

64 
3 1 

59 4 
195 

2 
645 70 
27 

415 
27 5 
77 
77 
64 

156 
4 

610 2 
202 0.02 (c) 

1,273 
621 

11.9 
200 
112 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 ng/L standard assuming that this is the detection limit. 



ATTACHMENT B: GROUNDWATER CONDITIONS FOR THE 200 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in 0*g/L) except where noted at left 

Ammonia (mg/L) 11 30 
Sulfide (mg/L) 1 7 
Aluminum 14,277 76,745 * <$1 
Antimony 10 46 * 6 
Arsenic 2 7 * 

Barium 136 445 * 

Beryllium 2 9 * 1 

Cadmium 3 25 * 5 
Chromium 17 94 * 100 
Cobalt 18 53 * 

Copper 
Iron 

47 
60,644 

215 
218,437 

* 

* t.ooo 
Lead 32 154 * 15 
Manganese 2,305 8,391 * ar6SO­
Mercury 0.10 0.22 * 

Nickel 27 93 * 100 
Vanadium 20 115 * 

Zinc 348 3,135 * 7,300 
Dieldrin 0.020 0.001 
2-Methylnaphthalene 3 2 
4-Chloro-3-methylphenol 2 2 
4-Methylphenol 8 56 
Pentachlorophenol 6 1 1 
bis(2-Ethylhexyl)phthalate 4 21 4 
1 ,1 -Dichloroe thane 7 89 
1 , 1-Dichloroethene 3 1 
1 ,2-Dichloroethene(total) 14 293 70 
4-Methyl-2-pentanone 2 12 
Acetone 21 329 
Benzene 5 13 5 
Carbon Disulfide 11 57 
Chloroe thane 8 37 
Ethylbenzene 7 29 
Toluene 21 121 
Trichloroethene 2 2 
Vinyl Chloride 14 276 2 
Acrylamide 64 92 0.02 (c) 
N.N-DMF 84 600 
Hardness (mg/L) 86 330 

PH 6.9 9.8 
Total Organic Carbon (mg/L) 28 125 
Biochemical Oxygen Demand (mg/L) 7 58 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 ngfL standard assuming that this is the detection limit. 



ATTACHMENT C: GROUNDWATER CONDITIONS FOR 5 GPM FLOW RATES
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in (/ig/L) except where noted at left 

Ammonia (mg/L) 13 22 
Sulfide (mg/L) 0 0 
Aluminum 2,100 9,220 *7 
Antimony 0 0 * 6 
Arsenic 0 0 * 

Barium 510 2,120 * 

Beryllium 2 9 * 1 

Cadmium 2 5 * 5 
Chromium 0 0 * 100 
Cobalt 63 295 * 

Copper 0 0 * 

Iron 286,675 1,370,000 * 1,000 

Lead 37 174 * 15 
Manganese 8,200 14,700 * 3-.650 • 
Mercury 0.11 0.20 * 

Nickel 5 14 * 100 
Vanadium 15 65 * 

Zinc 210 133 * 7,300 
Dieldrin 0.000 0.000 
2-Methylnaphthalene 0 0 
4-Chloro-3-methylphenol 0 0 
4-Methylphenol 0 0 
Pentachlorophenol 0 0 1 
bis(2-Ethylhexyl)phthalate 50 230 4 
1 , 1-Dichloroethane 3 2 
1 , 1 -Dichloroethene 0 0 
1 ,2-Dichloroethene(total) 3 1 70 
4-Methyl-2-pentanone 0 0 
Acetone 0 0 
Benzene 0 0 5 
Carbon Disulfide 3 3 
Chloroethane 6 8 
Ethylbenzene 2 2 
Toluene 19 50 
Trichloroethene 0 0 
Vinyl Chloride 0 0 2 
Acrylamide 0 0 0.02 (c) 
N.N-DMF 0 0 
Hardness (mg/L) 79 214 
PH 6.5 7.1 
Total Organic Carbon (mg/L) 26 50 
Biochemical Oxygen Demand (mg/L) 9 51 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system. 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 pg/L standard assuming that this is the detection limit. 



UV/Chemical Oxidation Quotation: Solarchem 
Cost Estimates 
Performance Specification 
System Drawings 
M&E Quotation Request 



1METCALF & EDDY, INC. 
Solarchem 

May 25, 1993 

JUN i ':?;: 
Mr. Dan Peters 
Metcalf and Eddy, Inc. 

RECEIVED P O Box 4043 
Woburn, MA 
01888-4043 

As a follow up to our recent telephone conversation, I am writing to provide a cost 
estimate to treat your groundwater with our Rayox* UV/Oxidation system. 

Solarchem has a strong experience base in the treatment of contaminated wastewater and 
groundwater, with commercial Rayox* installations treating between 2 gpm and 600 gpm 
of water with the following contaminants: 

•	 BTEX, MTBE for the oil and gas industry 
•	 PCP, Phenols, PAH's for the wood treating industry 
•	 Chlorinated Solvents (TCE, PCE) for the chemical industry 
•	 NG, TNT, DNT for the explosives industry 

Details on the treatment of these and other contaminants are given in the enclosed 
brochure and technical papers. Of particular interest to you may be the technical papers, 
where our experience treating various VOCs is outlined. 

Features and advantages of the Rayox* Second Generation UV/Oxidation process 
include: 

•	 Destruction of up to 99.999+% of contaminants - no transfer of toxic material 
from one medium to another. 

•	 Proprietary Solarchem Ul' lamps - significantly enhanced output in the region of 
the UV spectrum where virtually all organic contaminants are most 
photochemically active gives inherently lower operating costs from simultaneous 
oxidation/photolysis of organics. 
Transmittance Controller - a proven and effective wiper mechanism prevents 
fouling of the UV lamp, which increases system efficiency and eliminates the need 
for a metals pretreatment system or shutdown for cleaning. 

•	 ENOX catalysts - proprietary reagents and processes can reduce capital costs and 
enhance performance. 

•	 Programmable Logic Controller (PLC) - maintains automatic, failsafe, unattended 
operation, reduces operator time and costs, and adds flexibility for variable flow 
rates or future additions. A PLC also allows use of a message window for easy 
diagnostics, and a modem and telephone dialer for easy servicing and remote 
monitoring. 

130 Royal Crest Court 
Markham, Ontario 
Canada. L3ROA 1 
Telephone: (416) 477 -9242 
Facsimile: (416) 4 7 7 - 4 5 1  1 

7320 Smoke Ranc h Road 
Las Vegas, Nevad a 89128 

US A 
Telephone: (702) 255 - 7055 
Facsimile: (702) 255 - 7280 
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Solarchem 

Cost Estimate: 

Based on our extensive experience treating organics in groundwater we estimate 
that to treat to the performance specifications attached as Table 1, the following 
system will be required 

Alternative 4 (50 gpm) 

1 x 30 kW Ray ox* UV/Oxidation System
 

Capital Investment $ 80,000
 

Alternative 5 (200 gpm) 

4 x 30 kW Rayox* UV/Oxidation System
 

Capital Investment $175,00
 

Including 

Rayox* reactors and power supplies 
• Peroxide Delivery System 
• Catalyst Delivery System 
• System Controller (PLC) 
• Operation Manual 
• Heat Exchanger 

For your reference, I have attached drawings showing dimensions of a 1 x 30 kW 
and a 4 x 30 kW Rayox* skid and the peroxide delivery system 

Based on $0 05 per kWh for electrical power in your area, and market rates for 
H2O2, the following are typical operating costs 

S/1000USG 

Electrical Power $ 0 50
 
Replacement UV Lamps 0 25
 
Hydrogen Peroxide 0 15
 

Total Operating Costs $ 0 90 



1
 
Solarchem
 

Other information pertinent 10 this estimate is as follows 

•	 Normal delivery is 12-16 weeks 

•	 Leasing terms can be arranged 
Solarchem warrants the performance of the system indefinitely, as well as the 
materials and workmanship of its equipment for a period of one year after 
installation date 

•	 Periodic maintenance contracts are available Normal maintenance includes daily 

logging of system parameters and approximately 4 hours/month of maintenance 

•	 Solarchem offers 48 hour emergency service to any point in North America 

•	 Delivery, site preparation and installation are not included 

•	 If the flow is decreased to 5 gpm, a temperature rise of 40F would occur through a 

30 kw reactor This will not effect the treatment by our system but may require a 

heat exchanger to cool the water prior to open water discharge 

Design Test - The Next Practical Step 

Due to the potential variability of groundwater streams, your stream should be tested by 
Solarchem engineers in order to design the optimum utilization of UV reactors, H2O2, 
catalysts and pH, and in order to confirm our budget estimate 

To perform a Design Test, we require 1 x 55 gallon drum of representative water along 
with recent analysis of the water and your discharge requirements This large volume of 
water means we can do tests on batches of 7 gallons each, allowing a more reliable scale­
up to a commercial system 

You will receive a Design Test report which summarizes 

our assessment of the Rayox* treatment alternatives evaluated 

•	 a confirmation of the capital investment and operating costs to meet the
 
treatment specification
 

•	 a process flow schematic of the proposed least cost system 

•	 a firm delivery schedule for a commercial system, subject to confirmation
 
at time of order
 

•	 a warranty statement of system performance to the agreed specifications 
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Solarchem
 

The cost for a design test is $5,000 not including outside analyses, if necessary. Please 
note that the $5,000 fee will be applied as a credit towards the purchase of a full-scale 
system Solarchem offers assistance for the transportation of water from the client's 
facilities to our Markham laboratories. 

I trust that this letter has provided the information you were looking for. Please call me if 
you have any questions or wish to arrange for a design test. 

Yours sincerely, 

SOLARCHEM ENVIRONMENTAL SYSTEMS 
per: 

Rob Abernethy, P.En 
Technical Sales Representative 

RA/ps 
60.M 



Solarchem
 

TABLE 1 

Rose Hill Groundwater
 
Treatment Performance Specification
 

Influent Effluent Flow Rate 
Contaminant (Ppb) (Ppb) (gpm) 

Alternative 4 Acrylamide 202 2 50 

Alternative 5 Acrylamide 92 2 200 

* Acrylamide is the rate limiting contaminant. All of the other organic contaminants will 
be well below their remediation goals when acrylamide reaches it's remediation good. 
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Metatt&Eddy 
An Air 8. Wa'or Technologies Company 

May 19, 1993 

Mr. Robert Abernethy 
Sales Engineer 
Solarchem Environmental Systems 
130 Royal Crest Court 
Markham, Ontario, Canada L3R OA1 

Subject: Request for Quotation on Equipment, Services and Budgetary Costs - Treatment 
of Contaminated Groundwater using UV/Chemical Oxidation, 
Rose Hill Regional Landfill Superfund Site, 
South Kingstown, Rhode Island 

Dear Mr. Abernethy: 

Metcalf & Eddy (M&E) is currently finalizing the Feasibility Study (FS) for treatment of contaminated 
groundwater at the Rose Hill Landfill site. This groundwater is contaminated with weak, municip 
landfill leachate. M&E has identified treatment using ultra-violet/chemical oxidation technology a 
the most appropriate method for removing the organic compounds-of-concern (COCs). 

A quotation describing suggested equipment, services and budgetary costs should be based on the 
following assumptions: 

1) quotations are needed for two different systems; groundwater concentrations are shown 
in Attachment A for the 50 gpm system (Alternative 4) and Attachment B for the 200 
gpm system (Alternative 5). 

2) treatment goals are listed in each attachment by compound; for the organic compounds, 
please identify any compounds that may not meet goals. 

3) suspended solids and metals pretreatment system will have removed the compounds 
noted by asterisk prior to entering the UV/Chemical oxidation system. 

4) assume a water temperature of 55 degrees F. 
5) 50 gpm flowrate may be as low as 5 gpm; will your system still operate effectively ? 
6) treated water discharges to recharge wells or to river. 
7) identify operations and maintenance services necessary for your proposed system. 
8) identify the make & model of your proposed system; please include copies of 

brochures, drawings and specifications. 
9) assume budgetary costs accuracy for equipment, f.o.b. 
10) identify any other potential pretreatment or special conditions that you feel may be 

necessary for proper operation. 

5-j.a't Wa'e'ela f/ A 01880 
°O So< 40^3 Wcfj.r n Mt 0"88 8 4043 



 2 Mr. Robert Abernethy
Solarchem Environmental Systems 
May 19, 1993 

Your quotations are needed by the end-of-day Wednesday. May 26. 1993. Thank you for your 
assistance with this project. If you have any questions, please do not hesitate to contact me at TEL 
(617) 246-5200, extension 4272 or by FAX at (617) 245-6293. 

Very truly yours, 

METCALF & EDDY, INC. 

Daniel P. Peters, P.E., ChE 
Project Engineer, 
Industrial & Hazardous Waste Division 

Attachments 
cc:	 S. Czarniecki 

WA018-1LA5 



ATTACHMENT A: GROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in 0*g/L) except where noted at left 

Ammonia (mg/L) 9 48 
Sulfide (mg/L) 1 4 
Aluminum 12,616 98,281 * 

Antimony 0 0 * 6 
Arsenic 2 9 * 

Barium 210 695 * 

Beryllium 2 13 * 1 

Cadmium 4 36 * 5 
Chromium 21 136 * 100 
Cobalt 21 82 * 

Copper 37 324 * 

Iron 91,571 396,140 * 

Lead 40 180 * 15 
Manganese 2,633 10,361 * 3,650 
Mercury 0.11 0.29 * 

Nickel 24 112 * 100 
Vanadium 20 133 * 

Zinc 625 6,520 * 7,300 
Dieldrin 0.043 0.003 
2-Methylnaphthalene 4 4 
4-Chloro-3-methylphenol 4 4 
4-Methylphenol 8 64 
Pentachlorophenol 12 3 1 
bis(2-Etbylhexyl)phthaIate 11 59 4 
1 , 1 -Dichloroethane 13 195 
1 ,1 -DichJoroethene 4 2 
1 ,2-Dichloroethene( total) 30 645 70 
4-Methyl-2-pentanone 5 27 
Acetone 20 415 
Benzene 10 27 5 
Carbon Bisulfide 13 77 
Chloroe thane 16 77 
Ethylbenzene 14 64 
Toluene 31 156 
Trichloroethene 4 4 
Vinyl Chloride 30 610 2 
Acrylamide 141 202 0.02 (c) 
N.N-DMF 177 1,273 
Hardness (mg/L) 151 621 

PH 7.1 11.9 
Total Organic Carbon (mg/L) 44 200 
Biochemical Oxygen Demand (mg/L) 12 112 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 |tg/L standard assuming that this is the detection limit. 



ATTACHMENT B: GROUNDWATER CONDITIONS FOR THE 200 GPM SYSTEM
 

ANALYTE (•) 

Ammonia (mg/L) 
Sulfide (mg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
Dieldrin 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
4-Methylphenol 
Pentachlorophenol 
bis(2-Ethylhexyl)phthalate 
1 , 1 -Dichloroe thane 
1,1 -Dichloroethene 
1 ,2-Dichloroethene(toUl) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon Bisulfide 
Chloroe thane 
Ethylbenzene 
Toluene 
Trichloroethene 
Vinyl Chloride 
Acrylamide 
N.N-DMF 
Hardness (mg/L) 
PH 
Total Organic Carbon (mg/L) 
Biochemical Oxygen Demand (mg/L) 
Notes: 

GROUNDWATER PRELIMINARY 
CONCENTRATIONS (b) REMEDIATION 
Average Maximum GOAL 

all in (/ig/L) except where noted at left
 
11 30
 
1 7
 

•
14,277 76,745
 
10 46 * 6
 
2 7 *
 

136 445 *
 

2 9 • 1
 

3 25 * 5
 
17 94 * 100
 
18 53 *
 

47 215 *
 
*60,644 218,437
 

32 154 * 15
 
2,305 8,391 * 3,650
 
0.10	 0.22 *
 

27 93 * 100
 
20 115 *
 

348 3,135 * 7,300 
0.020	 0.001
 

3 2
 
2 2
 
8 56
 
6 1 1
 
4 21 4
 
7 89
 
3 1
 

14 293 70
 
2 12
 

21 329
 
5 13 5
 

11 57
 
8 37
 
7 29
 

21 121
 
2 2
 

14 276 2
 
64 92 0.02 (c)
 
84 600
 
86 330
 

6.9 9.8 
28	 125
 

7 58
 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 ngfL standard assuming that this is the detection limit. 



UV/Chemical Oxidation Quotation: Peroxidation Systems 
50 gpm System 
200 gpm System 
M&E Quotation Request 



May 26, 1993 

Mr. Daniel P. Peters, P.E., ChE JU N
 
Metcalf & Eddy
 
30 Harvard Mill Square, Box 4043
 
Woburn, MA 01888-4043
 

RE: perox-pure™ Treatment Estimate for Contaminated Groundwater from the
 
Rose Hill Regional Landfill Superfund Site in South Kingston, Rhode Island
 
Proposal #NAO-93071-16484-PN01
 

Dear Mr. Peters: 

Thank you for your interest in the perox-pure™ Process. As requested, we have prepared 
this preliminary estimate for perox-pure™ Process treatment of the water described in 
Attachments A & B. The figures quoted are preliminary only and are subject to change. 

perox-pure™ SYSTEM 

Peroxidation System Inc's perox-pure™ system is a complete skid mounted ultraviolet (UV), 
hydrogen peroxide (H2O2) system with all required controls. Only a minimal foundation 
with containment dike, electrical and plumbing connections are necessary. Over 80 systems 
are in use in North America and Europe. Many of our customers use the perox-pure™ 
Process at multiple plant locations. 

The unique difference between the perox-pure™ organic destruction process and other 
systems is its ability to actually destroy organics to non-detectable levels, thus eliminating 
the generation of by-product wastes or air discharges to handle or treat. 

In contrast to treatment by liquid phase activated carbon, perox-pure™ doesn't require solids 
handling, transport and potential liability. Compared to the complexities of air stripping 
with vapor phase treatment perox-pure™ is simple, straight forward and doesn't require an 
air permit or vapor monitoring. 

If circumstances dictate the desirability of using the perox-pure™ Process along with other 
technologies, we are prepared to offer the total system. 

INVESTMENT AND OPERATING COSTS 

The perox-pure™ treatment system estimated to treat the anticipated flow and organic 
loading is presented below. 

Case A 
Equipment Capital Investment $200-250,000 $600-675,000 
Installation/Start-up $8,500 $12,500 
Maintenance Parts (est. @ 8% of Capital) $18,000/yr. $51,000/yr. 
Hydrogen Peroxide (est.@ $0.65/lb. 50%) $12,300/yr. $31,300/yr. 
Power (est. <g> $0.06/kWh) $70,900/yr. $283,600/yr. 

Peraxidatian Systems Inc 
5151 £. Broadway. Suite BOO Tucson. Arizona BS71I BO^-7BQ-B3B3 FAA EOg-73O-BOOB 



Mr. Daniel P. Peters, P.E., ChE 
May 26, 1993 
Page 2 

Please note this preliminary estimate does not include site preparation, pretreatment or post­
treatment equipment, if any, freight, taxes, special permits or on-site equipment handling. 
Normal delivery is 12-16 weeks after receipt of order. 

PROCESS ASSESSMENT 

Due to the variability of treatment costs depending on the physical and chemical 
characteristics of the water, a more definitive estimate will require a process feasibility 
evaluation in our Tucson facility. For this evaluation we would need 15 gallons of water, 
depending on pretreatment requirements, if any. These test results would enable us to more 
accurately select the appropriate unit size and "firm up" our estimate. The cost for this 
testing is $3,500, plus analytical. 

SUMMARY 

The perox-pure™ Process offers the advantages of a proven, cost-effective treatment system 
that creates no air emissions or generation of secondary waste products. 

Your Area Sales Manager, Mr. Mike Donaway of PSI's Cranford, New Jersey office, 
would be happy to discuss any questions you have, as well as how to take the next step in 
your evaluation of perox-pure™ technology, and can be reached at (908) 276-0044. 

Thank you very much for your continued interest in our products and services! 

Sincerely yours, 

Norman A. Olson 
Applications Specialist 

NAO:cw 
Enclosures 

cc: Mike Donaway, PSI 

Peroxitiatian 5^5tsr ~.-E ,
 



ATTACHMENT A: GROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in (uglL) except where noted at left 

Ammonia (mg/L) 9 48 
Sulfide (mg/L) 1 4 
Aluminum 12,616 98,281 * 

Antimony 0 0 * 6 
Arsenic 2 9 
Barium 210 695 
Beryllium 2 13 * 1 

Cadmium 4 36 * 5 
Chromium 21 136 * 100 
Cobalt 21 82 * 

Copper 37 324 
Iron 91,571 396,140 
Lead 40 180 * 15 
Manganese 2,633 10,361 * 3,650 
Mercury 0.11 0.29 * 

Nickel 24 112 * 100 
Vanadium 20 133 * 

Zinc 625 6,520 * 7,300 
Dieldrin 0.043 0.003 
2-Methylnaphthalene 4 4 
4-Chloro-3-methylphenol 4 4 
4-Methylphenol 8 64 
Pentachlorophenol 12 3 1 
bis(2-Ethylhexyl)phthalate 11 59 4 
1 ,1 -Dichloroethane 13 195 
1 , 1-Dichloroethene 4 2 
1 ,2-Dichloroethene(total) 30 645 70 
4-Methyl-2-pentanone 5 27 
Acetone 20 415 
Benzene 10 27 5 
Carbon Disulfide 13 77 
Chloroethane 16 77 
Ethylbenzene 14 64 
Toluene 31 156 
Trichloroethene 4 4 
Vinyl Chloride 30 610 2 
Acrylamide 141 202 0.02 (c) 
N.N-DMF 177 1,273 
Hardness (mg/L) 151 621 

PH 7.1 11.9 
Total Organic Carbon (mg/L) 44 200 
Biochemical Oxygen Demand (mg/L) 12 112 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 pgfL standard assuming that this is the detection limit. 



MODULAR TREATMENT SYSTEM 
^^•MH^MHBH^^MMHMBBMMHai^HHMMMBi^M^HnHBMMHHMVMHM^HMBHMBHaiMMMMMMH • 

MODEL 5-135 
LAMP DRIVE ENCLOSURE 

CONTROL PANEL 

OKCATION CHAMBER 

TREATED WATER OUT 

CONTAMMATED WATER M 

350 gpm 

3- 4­

3 pH/60Hz/480V, 135KW 

NEMA 3R 

Material ­
Wetted Part*: Quartz, Fhiorpolymer* 
External Part*: Enameled Steel 

Weight ­
Shipping: 54OOIb». 
Operating: 6300 KM. 

The p«rox-pure" chemical oxidation system consists of modular, skid-mounted equipment 
designed to treat water contaminated by dissolved organic compounds. Bench-scale process 
evaluations will determine pretreatment requirements (if any) and the oxidation time necessary 
for the desired treatment level. Full-scale oxidation chamber volume, UV requirements and 
oxidant dosage are then selected. 

The perox-pure" system incorporates corrosion resistant fluorocarbon-lined oxidation chambers 
and horizontally mounted medium pressure UV lamps. Indicators are provided to monitor 
performance of each lamp. A sequential hydrogen peroxide addition feature provides easy 
process optimization for maximum economy. In addition, a patented tube cleaning device 
maximizes performance and minimizes maintenance time. The cleaning device is automatic and 
self propelled, requiring no external actuating mechanism or sliding shaft seals. Other design 
features include shop-wired and tested control panels interlocked with personnel and process 
safety features to shut-off power and display the cause at preset conditions. Installation is quick 
and easy. 

The perox-pure" system and its components are covered by numerous issued and pending 
patents. 

Peraxidatian Systems Inc. 
5151 E. Broadway. 5u/tt_- GOO TUL^OU. -A,';/u.i.i <;_, 'II t.I 
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ATTACHMENT B: GROUNDWATER CONDITIONS FOR THE 200 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
CONCENTRATIONS (b) REMEDIATION 
Average Maximum GOAL 

ANALYTE (a) 

Ammonia (mg/L) 
Sulfide (mg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 

Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
Dieldrin 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
4-Methylphenol 
Pentachlorophenol 
bis(2-Ethylhexyl)phthalate 
1 ,1 -Dichloroethane 
1 , 1-Dichloroethene 
1 ,2-Dichloroethene(total) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon Bisulfide 
Chloroe thane 
Ethylbenzene 
Toluene 
Trichloroethene 
Vinyl Chloride 
Acrylamide 
N.N-DMF 
Hardness (mg/L) 

PH 
Total Organic Carbon (mg/L) 
Biochemical Oxygen Demand (mg/L) 
Notes: 

all in (/ig/L) 
11 
1
 

14,277
 
10
 
2
 

136
 
2
 

3 
17 
18 
47 

60,644 
32 

2,305 
0.10 

27 
20 

348 
0.020
 

3
 
2
 
8
 
6
 
4
 
7
 
3
 

14 
2 

21 
5 

11 
8 
7 

21 
2 

14 
64 
84 
86 

6.9 
28 
7 

except where noted at left 
30 

7 
76,745 * 

46 * 6 
7 * 

445 * 

9 * 1 

25 * 5 
94 * 100 
53 * 

215 * 

218,437 * 

154 * 15 
8,391 * 3,650 
0.22 * 

93 * 100 
115 * 

3,135 * 7,300 
0.001 

2 
2 

56 
1 1 

21 4 
89 
1 

293 70 
12 

329 
13 5 
57 
37 
29 

121 
2 

276 2 
92 0.02 (c) 

600 
330 
9.8 
125 
58 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 /xg/L standard assuming that this is the detection limit. 



MODULAR TREATMENT SYSTEM
 

MODEL E-540 
LAMP DRIVE ENCLOSURES 

a, 
TREATED WATER OUT 

CONTAMMATED WATER M 

OXDATON CHAMBERS 

1500 gpm 

Connections: 150' Rang 

Inlet: 8 

Outlet: 8­

Power Supply: 3 pH/60Hz/480V, 54OKW (2 @ 270 KV 

Electrical Encl. NEMA 3R 

Material ­
Wetted Parts: Quartz, Ruoropolymera 
External Parts: Enameled Steel 

Weight ­
Shipping: 21000 Ibt. 
Operating: 23800 Ibs. 

The perox-pure" chemical oxidation system consists of modular, skid-mounted equipment 
designed to treat water contaminated by dissolved organic compounds. Bench-scale process 
evaluations will determine pretreatment requirements (if any) and the oxidation time necessary 
for the desired treatment level. Full-scale oxidation chamber volume, UV requirements and 
oxidant dosage are then selected. 

The perox-pure" system incorporates corrosion resistant fluorocarbon-lined oxidation chambers 
and horizontally mounted medium pressure UV lamps. Indicators are provided to monitor 
performance of each lamp. A sequential hydrogen peroxide addition feature provides easy 
process optimization for maximum economy. In addition, a patented tube cleaning device 
maximizes performance and minimizes maintenance time. The cleaning device is automatic and 
self propelled, requiring no external actuating mechanism or sliding shaft seals. Other design 
features include shop-wired and tested control panels interlocked with personnel and process 
safety features to shut-off power and display the cause at preset conditions. Installation is quick 
and easy. 

The perox-pure1 
system and its components are covered by numerous issued and pending 

patents. 

Peraxidat ion Inc. 
• ;• • r r '. 
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n. 

^Metcalf&Eddy
 
An Air & Water Technologies Company 

May 19, 1993 

Mr. Norman A. Olson 
Application Specialist 
Peroxidation Systems, Inc. 
5151 East Broadway, Suite 600 
Tucson, AZ 85711 

Subject: Request for Quotation on Equipment, Services and Budgetary Costs - Treatment 
of Contaminated Groundwater using UY/Chemical Oxidation, 
Rose Hill Regional Landfill Superfund Site, 
South Kingstown, Rhode Island 

Dear Mr. Olson: 

Metcalf & Eddy (M&E) is currently finalizing the Feasibility Study (FS) for treatment of contaminated 
groundwater at the Rose Hill Landfill site. This groundwater is contaminated with weak, municipal 
landfill leachate. M&E has identified treatment using ultra-violet/chemical oxidation technology as 
the most appropriate method for removing the organic compounds-of-concem (COCs). 

A quotation describing suggested equipment, services and budgetary costs should be based on the 
following assumptions: 

1) quotations are needed for two different systems; groundwater concentrations are shown 
in Attachment A for the 50 gpm system (Alternative 4) and Attachment B for the 200 
gpm system (Alternative 5). 

2) treatment goals are listed in each attachment by compound; for the organic compounds, 
please identify any compounds that may not meet goals. 

3) suspended solids and metals pretreatment system will have removed the compounds 
noted by asterisk prior to entering the UV/Chemical oxidation system. 

4) assume a water temperature of 55 degrees F. 
5) 50 gpm flowrate may be as low as 5 gpm; will your system still operate effectively ? 
6) treated water discharges to recharge wells or to river. 
7) identify operations and maintenance services necessary for your proposed system. 
8) identify the make & model of your proposed system; please include copies of 

brochures, drawings and specifications. 
9) assume budgetary costs accuracy for equipment, f.o.b. 
10) identify any other potential pretreatment or special conditions that you feel may be 

necessary for proper operation. 

30 Harvard Mil Sauare Wa^efield MA 01880 
Mul 10 Access PO Box 4Q43 Wobum MA O.uuo-u-j I ' ' 1  1 

 M66?00 ^-X M7 J456293 ' IJ 61



Mr. Norman A. Olson 
Peroxidation Systems, Inc. 
May 19, 1993 

Your quotations are needed by the end-of-day Wednesday, May 26. 1993. Thank you for your 
assistance with this project. If you have any questions, please do not hesitate to contact me at TEL 
(617) 246-5200, extension 4272 or by FAX at (617) 245-6293. 

Very truly yours, 

METCALF & EDDY, INC. 

Daniel P. Peters, P.E., ChE 
Project Engineer, 
Industrial & Hazardous Waste Division 

Attachments 
cc:	 S. Czarniecki 

WA018-1LA5 



ATTACHMENT A: GROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in 0<g/L) except where noted at left 

Ammonia (mg/L) 9 48 
Sulfide (mg/L) 1 4 
Aluminum 12,616 98,281 * 

Antimony 
Arsenic 

0 
2 

0 
9 

*
* 

6 

Barium 210 695 * 

Beryllium 2 13 * 1 

Cadmium 4 36 * 5 
Chromium 21 136 * 100 
Cobalt 21 82 * 

Copper 37 324 * 

Iron 91,571 396,140 * 

Lead 40 180 * 15 
Manganese 2,633 10,361 * 3,650 
Mercury 0.11 0.29 * 

Nickel 24 112 * 100 
Vanadium 20 133 * 

Zinc 625 6,520 * 7,300 
Dieldrin 0.043 0.003 
2-Methylnaphthalene 4 4 
4-Chloro-3-methylphenol 4 4 
4-Methylphenol 8 64 
Pentachlorophenol 12 3 1 
bis(2-Ethylhexyl)phthalate 11 59 4 
1 , 1-Dichloroe thane 13 195 
1, 1 -Dichloroethene 4 2 
1 ,2-Dichloroethene(total) 30 645 70 
4-Methyl-2-pentanone 5 27 
Acetone 20 415 
Benzene 10 27 5 
Carbon Bisulfide 13 77 
Chloroe thane 16 77 
Ethylbenzene 14 64 
Toluene 31 156 
Trichloroethene 4 4 
Vinyl Chloride 30 610 2 
Acrylamide 141 202 0.02 (c) 
N.N-DMF 177 1,273 
Hardness (mg/L) 151 621 
PH 7.1 11.9 
Total Organic Carbon (mg/L) 44 200 
Biochemical Oxygen Demand (mg/L) 12 112 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 jtg/L standard assuming that this is the detection limit 



ATTACHMENT B: GROUNDWATER CONDITIONS FOR THE 200 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
all in Oig/L) except where noted at left 

Ammonia (mg/L) 11 30 
Sulfide (mg/L) 
Aluminum 

1 
14,277 

7 
76,745 * 

Antimony 
Arsenic 

10 
2 

46 
7 

»
* 

6 

Barium 136 445 * 

Beryllium 2 9 * 1 

Cadmium 3 25 * 5 
Chromium 17 94 * 100 
Cobalt 18 53 * 

Copper 
Iron 

47 
60,644 

215 
218,437 

* 
* 

Lead 32 154 * 15 
Manganese 
Mercury 

2,305 
0.10 

8,391 
0.22 

*
* 
 3,650 

Nickel 27 93 * 100 
Vanadium 20 115 * 

Zinc 348 3,135 * 7,300 
Dieldrin 0.020 0.001 
2-Methylnaphthalene 3 2 
4-Chloro-3-methylphenol 2 2 
4-Methylphenol 8 56 
Pentachlorophenol 6 1 1 
bis(2-Ethylhexyl)phthalate 4 21 4 
1 , 1-Dichloroethane 7 89 
1, 1-Dichloroethene 3 1 
1 ,2-Dichloroethene(total) 14 293 70 
4-Methyl-2-pentanone 2 12 
Acetone 21 329 
Benzene 5 13 5 
Carbon Disulfide 11 57 
Chloroe thane 8 37 
Ethylbenzene 7 29 
Toluene 21 121 
Trichloroethene 2 2 
Vinyl Chloride 14 276 2 
Acrylamide 64 92 0.02 (c) 
N.N-DMF 84 600 
Hardness (mg/L) 86 330 
PH 6.9 9.8 
Total Organic Carbon (mg/L) 28 125 
Biochemical Oxygen Demand (mg/L) 7 58 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 pg/L standard assuming that this is the detection limit. 



UV/Chemical Oxidation Quotation: Ultrox 
Parameters Basis 
System Components: 50 and 200 gpm 
Costs and Assumptions 
M&E Quotation Request 



ULTROX
 
A Division of Resources Conservation Company 2435 South Anne Street 

Santa Ana, CA 92704-5308 
Phone 714 545-5557 
Fax 714 557-5396 

May 26, 1993 

Mr. Daniel P. Peters, P.E., ChE 
Metcalf & Eddy 
30 Harvard Mill Square 
Wakefield, MA 01880 

Dear Mr. Peters: 

Please find attached budget capital and O&M costs for the ULTROX* UV/Oxidation 
system estimated to meet your groundwater treatment requirements at the Rose Hill 
Regional Landfill Superfund Site in South Kingston, Rhode Island. Because UV/Oxidation 
destroys different compounds with different levels of efficiency, we are basing our estimates 
on experiences with similar contaminants. 

With respect to your questions, I have itemized responses below: 

1.	 Budget quotations are attached. 

2.	 Ultrox equipment is expected to meet treatment objectives for all organic compounds 
where Preliminary Remediation Goals are provided. 

3.	 Budget quotation assumes pretreatment for solids and metals are provided by others. 

4.	 Water temperature of 55°F is assumed. 

5.	 The Ultrox® systems quoted are capable of operation at lower flow rates. Individual 
banks of lamps can be turned off and ozone generators can be turned down to save 
on operating costs when flows are lower. 

6.	 Systems can accommodate any discharge requirements 

7.	 UV lamps must be replaced after one year of continuous operation. Oxidant dosage 
settings are checked once per day (2 minutes). 

8.	 Makes and models of equipment are listed in attached budget quotation. Brochures 
are sent by mail with original. Ultrox systems are not "off the shelf systems. Each set 
of drawings is a portion of a complete documentation package provided with each 
system. A sketch is provided as an example of a layout. A set of specifications is 
prepared for a full scale system proposal, but not as part of budgetary quotations. 

A Halliburton Company 



9.	 Budgetary cost estimates are expected to be + /- 25%. Estimates are based on FOB 
Santa Ana, CA. 

10.	 No other pretreatment is required for the Ultrox® systems. 

To provide more complete data and a firm price quotation, we recommend a laboratory 
treatability study. This would allow us to subject the targeted compounds to a variety of 
oxidation variables and determine the optimum, cost effective dosing needed to reach your 
required target concentrations. I have enclosed our laboratory fee schedule for your 
consideration. 

Should you require any further information or clarification, please give me a call. 

Sincerely, 
ULTROX . 

William S. Him^baugh 
National Sales Manager 

WSH/gkr 
enc: Budget Quote & Fee Schedule 



BUDGET CAPITAL AND O&M COSTS
 
FOR THE ULTROX® UV/OXIDATION SYSTEM
 

I. PARAMETERS 

50 GPM System 

PARAMETERS 

PCP
 
bis(2-ethylhexyl)phthalate
 

1,2-DCE
 
Benzene
 

Vinyl Chloride
 
Acrylamide
 

200 GPM SYSTEM 

PARAMETERS 

PCP
 
bis(2-ethylhexyl)phthalate
 

1,2-DCE
 
Benzene
 

Vinyl Chloride
 
Acrylamide
 

CONCENTRATION 
(ug/1) 

12 
11 
30 
10 
30 
141 

CONCENTRATION 
(ug/D 

6 
4 
14 
5 
14 
64 

GOAL 
(ug/1) 

1
 
4
 
70
 
5
 
2
 

0.02
 

GOAL 
(ug/1) 

1
 
4
 
70
 
5
 
2
 

0.02
 



II.	 UV/OXIDATION SYSTEM COMPONENTS 

50 GPM SYSTEM 

A. OXIDATION REACTOR 
1.	 F-1300 

B. OZONE GENERATOR 
1. 21 LB/DAY OZONE GENERATOR 

C. OZONE GENERATOR AIR PREPARATION SYSTEM 
1.	 COMPRESSOR 
2.	 AIR DRYER (-70°F DEWPOINT) 
3.	 AIR FILTER 

D. HYDROGEN PEROXIDE FEED SYSTEM 
1.	 CHEMICAL METERING PUMP (0.5 GPH) 
2.	 CALIBRATION CYLINDER 
3.	 PUMP STAND 

E. VAPOR TREATMENT 
1.	 D-TOX™/DECOMPOZON™ CATALYTIC 

OZONE/VOC DESTRUCTION UNIT 

F. POWER CONTROL UNIT 
1.	 PROGRAMMABLE LOGIC AUTOMATIC CONTROL UNIT 



SYSTEM 

A. OXIDATION REACTOR 
1.	 F-1300 
2.	 C-5000 

B. OZONE GENERATOR 
1.	 50 LB/DAY OZONE GENERATOR 

C. OZONE GENERATOR AIR PREPARATION SYSTEM 
1.	 COMPRESSOR 
2.	 AIR DRYER (-70°F DEWPOINT) 
3.	 AIR FILTER 

D. HYDROGEN PEROXIDE FEED SYSTEM 
1.	 CHEMICAL METERING PUMP (0.5 GPH) 
2.	 CALIBRATION CYLINDER 
3.	 PUMP STAND 

E. VAPOR TREATMENT 
1.	 D-TOX™/DECOMPOZON™ CATALYTIC
 

OZONE/VOC DESTRUCTION UNIT
 

F. POWER CONTROL UNIT 
1.	 PROGRAMMABLE LOGIC AUTOMATIC CONTROL UNIT 



III. ASSUMPTIONS 

A.	 ELECTRICAL COSTS = $0.06/KWH 

B.	 H2O2 COSTS = $0.70/LB 

C.	 REPLACEMENT COSTS PER LAMP = $60 (lamp life = 1.2 yrs.) 

IV.	 COSTS 

50 GPM SYSTEM 

A.	 TOTAL BUDGET CAPITAL COST*: $ 218,000 

B.	 TOTAL BUDGET O&M COSTS**: $0.75/1000 GALLONS 

200 GPM SYSTEM 

A.	 TOTAL BUDGET CAPITAL COST*: $ 333,000 

B.	 TOTAL BUDGET O&M COSTS**: $0.34/1000 GALLONS 

Capital costs are estimated FOB Santa Ana, CA and do not include 
installation, start up or training. These cost calculation require detailed 
requirements for integrating into the remediation program. 

O&M costs include electrical power costs, H2O2 costs, and amortized UV lamp 
replacement costs. 



ULTROX
 

STANDARD TERMS AND FEE SCHEDULE FOR
 

LABORATORY TREATABILITY AND PILOT PLANT STUDIES
 

LABORATORY TREATABILITY STUDIES (Santa Ana. CA) 

$700/day with a five day minimum
 

Analytical work at an independent laboratory will be billed at cost plus 20%
 

FIELD PILOT PLANT STUDIES 

Models P-75 

$2,650/week, with a one week minimum 

Models P-325. P-650. P-675 

$3,100/week, with a one week minimum
 
D-TOX CF-1 with G-14 Ib/day ozone generator $2,500/week
 
D-TOX CF-1 with G-28 Ib/day ozone generator $2,800/week
 

An Ultrox field engineer will be provided at a charge of $2,400 (plus travel and living 
expenses) for the first five working days on site. A per diem charge of $575.00 (plus travel 
and living expenses) will be invoiced for each additional day an Ultrox field engineer is 
required. Rates for extended rental periods, i.e. greater than four weeks, will be quoted 
upon request. 

A credit of 50% on up to 4 weeks laboratory work and pilot plant work will be given for 
purchase of an ULTROX® system purchased within six months of test completion. The 
credit does not apply to charges for living, travel and freight expenses or field engineer's 
time, or for analytical charges at an independent laboratory. 

TERMS 

Payable upon receipt of invoice 

Invoices for laboratory tests are issued upon completion of tests or on a monthly basis for extended laboratory studies. 

Freight charges for shipment of samples and/or pilot plant units to and from Santa Ana, CA, are the customer's 
responsibility. 

Invoices for pilot plant rentals are issued on a monthly basis. 

First week's pilot plant rental due with purchase order. 

One third (1/3) payment due with purchase order on laboratory studies. 

Charges commence on the day the unit arrives at client's facility until it is returned to Santa Ana, CA. Federal 

holidays, Saturdays and Sundays that the unit is in transit are not billed to our clients. 

Any damage to the unit above normal operating wear is the responsibility of the customer. 

Actual travel and daily living expenses for Ultrox field engineers are billed to the customer. 

Prices are subject to change without notice. 

All samples will be returned to client after testing is completed. 

Prices effective 4/1/91 



Metcalf&Eddy
An Air & V/a'^r Technologies Company 

May 19, 1993 

Mr. William Heimbaugh 
Manager of Marketing & Sales 
Ultrox International 
2435 South Ann Street 
Santa Anna, CA 92714 

Subject: Request for Quotation on Equipment, Services and Budgetary Costs - Treatment 
of Contaminated Groundwater using UV/Chemical Oxidation, 
Rose Hill Regional Landfill Superfund Site, 
South Kingstown, Rhode Island 

Dear Mr. Heimbaugh: 

Metcalf & Eddy (M&E) is currently finalizing the Feasibility Study (FS) for treatment of contaminated 
groundwater at the Rose Hill Landfill site. This groundwater is contaminated with weak, municij 
landfill leachate. M&E has identified treatment using ultra-violet/chemical oxidation technology & 
the most appropriate method for removing the organic compounds-of-concern (COCs). 

A quotation describing suggested equipment, services and budgetary costs should be based on the 
following assumptions: 

1) quotations are needed for two different systems; groundwater concentrations are shown 
in Attachment A for the 50 gpm system (Alternative 4) and Attachment B for the 200 
gpm system (Alternative 5). 

2) treatment goals are listed in each attachment by compound; for the organic compounds, 
please identify any compounds that may not meet goal?. 

3) suspended solids and metals pretreatment system will have removed the compounds 
noted by asterisk prior to entering the UV/Chemical oxidation system. 

4) assume a water temperature of 55 degrees F. 
5) 50 gpm flowrate may be as low as 5 gpm; will your system still operate effectively 1 
6) treated water discharges to recharge wells or to river. 
7) identify operations and maintenance services necessary for your proposed system. 
8) identify the make & model of your proposed system; please include copies of 

brochures, drawings and specifications. 
9) assume budgetary costs accuracy for equipment, f.o.b. 
10) identify any other potential pretreatment or special conditions that you feel may Vv. 

necessary for proper operation. 

30 Harva'Q Mil Square Wakede^ MA 01880 
W  , —: icjdre-^ PO Box 4043 .',rou'" MA 01888404: I > M ,  . 
6" ^ -/rr -->  61 72- ' -5 t  : •- L J] 



Mr. William Heimbaugh 
Ultrox International 
May 19, 1993 

Your quotations are needed by the end-of-day Wednesday, May 26, 1993. Thank you for your 
assistance with this project. If you have any questions, please do not hesitate to contact me at TEL 
(617) 246-5200, extension 4272 or by FAX at (617) 245-6293. 

Very truly yours, 

METCALF & EDDY, INC. 

Daniel P. Peters, P.E., ChE 
Project Engineer, 
Industrial & Hazardous Waste Division 

Attachments 
cc:	 S. Czarniecki 

WA#18-1LA5 



ATTACHMENT A: GROUNDWATER CONDITIONS FOR THE 50 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
CONCENTRATIONS (b) REMEDIATION 
Average Maximum GOAL 

ANALYTE («) 

Ammonia (mg/L) 
Sulfide (mg/L) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
Dieldrin 
2-Methylnaphthalene 
4-Chloro-3-methylphenol 
4-Methylphenol 
Pentachlorophenol 
bis(2-Ethylhexyl)phthalate 
1 , 1-Dichloroe thane 
1 ,1 -Dichloroethene 
1 ,2-Dichloroethene(total) 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Carbon Disulfide 
Chloroe thane 
Ethylbenzene 
Toluene 
Trichloroethene 
Vinyl Chloride 
Acrylamide 
N.N-DMF 
Hardness (mg/L) 
PH 
Total Organic Carbon (mg/L) 
Biochemical Oxygen Demand (mg/L) 
Notes: 

all in 0*g/L) 
9 
1 

12,616
 
0
 
2
 

210
 
2
 

4 
21 
21 
37 

91,571 
40 

2,633 
0.11 

24 
20 

625 
0.043
 

4
 
4
 
8
 

12
 
11
 
13
 
4
 

30
 
5
 

20
 
10
 
13
 
16
 
14
 
31
 
4 

30 
141 
177 
151 
7.1 
44 
12 

except where noted at left 
48 
4 

*98,281 
0 * 6 
9 * 

695 * 

13 * 1 

36 * 5 
136 * 100 
82 *
 

324 *
 
*
396,140
 

180 * 15
 
10,361 * 3,650
 

0.29	 * 

112 * 100 
133 * 

6,520 * 7,300 
0.003
 

4
 
4
 

64 
3 1 

59 4 
195 

2 
645 70 
27 

415 
27 5 
77 
77 
64 

156 
4 

610 2 
202 0.02 (c) 

1,273
 
621
 
11.9
 
200
 
112
 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total" and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 /tg/L standard assuming that this is the detection limit. 



ATTACHMENT B: GROUNDWATER CONDITIONS FOR THE 200 GPM SYSTEM
 

GROUNDWATER PRELIMINARY 
ANALYTE (a) CONCENTRATIONS (b) REMEDIATION 

Average Maximum GOAL 
•11 in Otg/L) except where noted at left 

Ammonia (mg/L) 11 30 
Sulfide (mg/L) 1 7 
Aluminum 14,277 76,745 * 

Antimony 
Arsenic 

10 
2 

46 
7 

*
* 

6 

Barium 136 445 * 

Beryllium 2 9 * 1 

Cadmium 3 25 * 5 
Chromium 17 94 * 100 
Cobalt 18 53 * 

Copper 
Iron 

47 
60,644 

215 
218,437 

* 
* 

Lead 32 154 * 15 
Manganese 
Mercury 

2,305 
0.10 

8,391 
0.22 

*
* 
 3,650 

Nickel 27 93 * 100 
Vanadium 20 115 * 

Zinc 348 3,135 * 7,300 
Dieldrin 0.020 0.001 
2-Methylnaphthalene 3 2 
4-Chloro-3-methylphenol 2 2 
4-Metfaylphenol 8 56 
Pentachlorophenol 6 1 1 
bis(2-Ethylhexyl)phthalate 4 21 4 
1 ,1 -Dichloroe thane 7 89 
1 ,1 -Dichloroe thene 3 1 
1 ,2-Dichloroethene(total) 14 293 70 
4-Methyl-2-pentanone 2 12 
Acetone 21 329 
Benzene 5 13 5 
Carbon Bisulfide 11 57 
Chloroe thane 8 37 
Ethylbenzene 7 29 
Toluene 21 121 
Trichloroe thene 2 2 
Vinyl Chloride 14 276 2 
Acrylamide 64 92 0.02 (c) 
N.N-DMF 84 600 
Hardness (mg/L) 86 330 
PH 6.9 9.8 
Total Organic Carbon (mg/L) 28 125 
Biochemical Oxygen Demand (mg/L) 7 58 
Notes: 

(a). Asterisk denotes compounds that will be handled by the metals treatment system, 
(b). Concentrations for metals are "total' and not dissolved values, 
(c). Goal is significantly below normal analytical detection limits; evaluate potential to 

meet 2 jxg/L standard assuming that this is the detection limit. 



D-5 Sludge Volume Evaluation 
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(SLSG*refden) 
r 8.34 Ibs/gal or 1E+6 mg/L 

DESCRIPTION/ 
EQUATION 

YD1/MET1)]+[CONC2*
 
>)]+...+[CONCn]
 
i is the TSS concentration
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TABLKD-6 : SI 
Dl-SC^RIPTION/ 

EQUATION 

etcalf & Eddy, Inc., Wastewater Engineering 
Treatment, Disposal, and Reuse, 3rd Editior 
McGraw-Hill, Inc., New York, NY, 1991 . 

molar masses. 
2)Input feed concentrations. 
3)If necessary, change assumed specific gra 

for sludge and solids for the thickener an 
filter press, respectivefy. 
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(HYD2/MET2)]+...+[CONCn] 
where CONCn is the TSS concentration 

* FLOW * 60 min/hr * 24 hr/day 
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D-6 Development of Disposal Costs 
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D-7 Development of Chemical Requirements for Precipitation 
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E. LANDFILL GAS COLLECTION AND TREATMENT
 

E-l Landfill Gas Generation Rate Calculation: Scholl Canyon Model 
E-2 Perimeter Gas Flowrate Calculations: Johnson Equation 
E-3 Gas Composition Calculations 
E-4 Enclosed Landfill Gas Flare Calculations 

• Vendor Quotation: John Zink Company 
• Auxiliary Fuel Requirements 

E-5 Additional Landfill Gas Collection System Calculations - Draft FS 
E-6 Photocatalytic Oxidation Calculations 
E-7 Regulatory Analyses/Clarifications 



E-l Landfill Gas Generation Rate Calculation: Scholl Canyon Model 



ROSE HILL SOLID WASTE AREA r£ftS/O,\ SEP-08-98 

GAS GENERATIO N RATE CALCULATION Checked by: Sean Czamiecki 08/26/96 
METHOD 1: SCHOLL CANYON FIRST ORDER KINETIC MODEL 

FORMULA: Incorporates 
Q = 2 • [k • L • R [exp(-k-(t-lag))]] 

[Source Methane Generation & Recovery from Landfills, Emcon Associates.1982] 

WHERE: 

Q = landfill gas generation rate @ time t ( ft3 LFG / yr ) 

New Stationary Source Performance 
Standards for Municipal Solid Waste LFs 
FR 9905, Vol. 61, No. 49, March 1 2, 1 996 
(Formula is multiplied by 2 since it isfor methane 

generation and CHj is assumed to be 50% of LFG) 

L = potential methane gas generation capacity of refuse ( ft3 CH4 / ton ) 
R = annual refuse acceptance rate in landfill ( tons )
 
k = methane production rate ( 1 / yr )
 
t = time since refuse placement( yr )
 
lag = time to reach conditions suitable for methane production ( yr )
 

INPUT PARAMETERS: 
L = 3,204 Year closed =
k = 0.04 Current year =

lag = 2 Time since closure =

L and k are EPA AP-42 default values (9/97). 
YEAR TIME SINCE

REFUSE PLACEMENT

1968 29
1969 28
1970 27
1971 26
1972 25
1973 24
1974 23
1975 22
1976 21
1977 20
1978 19
1979 18
1980 17
1981 16
1982 15
1983 ­
1984 ­
1985 ­
1986 ­
1987 ­
1988 ­
1989 ­
1990 ­
1991 ­
1992 ­
1993 ­

TOTAL 1997 LF GAS PRODUCTION

 1982 
| 1997 

1 5 

 GENERATION RATE 

tons MSW 
Avg. refuse 1967-1970: 18 ,667 
Avg. refuse 1971-1975: 10 ,889 
Avg. refuse 1976-1977: 24 ,000 
Avg. refuse 1978-1982: 20 ,400 

 1997 

 .62E+06 
 .69E+06 
 .76E+06 
 .07E+06 
 .11E+06 
 .16E+06 
 1.21E+06 
 1.25E+06 
 2.88E+06 
 2.99E+06 
 2.65E+06 
 2.76E+06 
 2.87E+06 
 2.99E+06 
 3.11E+06 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 
 O.OOE+00 

 3.11E+07 
| 2.79E+04 

Total MSW disposed (tons) 279 ,113 
Total MSW disposed (Mg) 253 ,164 

This area determines the contribution 
towards the 1997 LFG generation rate. 
No refuse was placed after 1982, so there 
is no contribution from waste placed 
after that date. 

ft3LFG/yr
 
cm3 LFG / s |
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ROSE HILL SOLID WASTE AREA 
GAS GENERATION RATE CALCULATION 
METHOD 1: SCHOLL CANYON FIRST ORDER KINETIC MODEL ( continued ) 

TOTAL ANNUA L LFG PRODUCTION OVER TIME: 

Year 

1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 

ESTIMATED 
Estimated 

Annual LFG 
Production 
( f t ' / y r  ) 

3.11E+07 
2.99E+07 
2.87E+07 
2.76E+07 
2.65E+07 
2.55E+07 
2.45E+07 
2.35E+07 
2.26E+07 
2.17E+07 
2.09E+07 
2.00E+07 
1.93E+07 
1.85E+07 
1.78E+07 
1.71E+07 

PROJECTIONS 

Time Since Landfill 
Closure ( years ) 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Confirmation modeling utilizing EPA's Landfill Air Emission Estimation model is attached. Note that 
the model printout is for methane only, which is assumed to be 50% of the LFG flow. 

The model output shows 4.444E+05

888,800

0.0282
60 ft3

 m3 CH4 / yr 

m3 LFG / yr 

m3 LFG/ s 
/ min 

Page 2 of2 



Source: C,: \RH \Alk\RH NEW.PRM
 

Model Parameters
 

Lo : 100.00 m A3 / Mg
 
V : 0.0400 1/yr
 

1C : 595.00 ppmv
 
_ chane : 50.0000 % volume
 
Carbon Dioxide : 50.0000 % volume
 

Landfill Parameters
 

Landfill type : No Co-Disposal
 
Year Opened : 1967 Current Year : 1997 Closure Year: 1997
 
Capacity : 253164 Mg
 
Average Acceptance Rate Required from
 

Current Year to Closure Year : 0.00 Mg/year
 

Model Results
 

Methane Emission Rate
 
Year Refuse In Place (Mg) 

1968 1.693E+04 
1969 3.387E+04 
1970 5.080E+04 
1971 6.774E+04 
1972 7.761E+04 
1973 8.749E+04 
1974 9.737E+04 
1975 1.072E+05 
1976 1.171E+05 
1977 1.389E+05 

78 1.607E+05 
,79 1.792E+05 

1980 1.977E+05 
1981 2.162E+05 
1982 2.347E+05 
1983 2.532E+05 
1984 2.532E+05 
1985 2.532E+05 
1986 2.532E+05 
1987 2.532E+05 
1988 2.532E+05 
1989 2.532E+05 
1990 2.532E+05 
1991 2.532E+05 
1992 2.532E+05 
1993 2.532E+05 
1994 2.532E+05 
1995 2.532E+05 
1996 2.532E+05 
1997 2.532E+05 
1998 2.532E+05 
1999 2.532E+05 
2000 2.532E+05 
2001 2.532E+05 
2002 2.532E+05 
2003 2.532E+05 
2004 2.532E+05 
2005 2.532E+05 
2006 2.532E-I-05 
>07 2.532E+05 
J08 2.532E+05 

2009 2.532E+05 
2010 2.532E+05 
2011 2.532E+05 
2012 2.532E+05 

(Mg/yr)


4.519E+01
 
8.861E+01
 
1.303E+02
 
1.704E+02
 
1.901E+02
 
2.090E+02
 
2.272E+02
 
2.446E+02
 
2.614E+02
 
3.092E+02
 
3.552E+02
 
3.907E+02
 
4.247E+02
 
4.575E-I-02
 
4.889E+02
 
5.190E+02
 
4.987E+02
 
4.791E+02
 
4.603E+02
 
4.423E+02
 
4.249E+02
 
4.083E+02
 
3.923E+02
 
3.769E+02
 
3.621E+02
 
3.479E+02
 
3.343E+02
 
3.212E+02
 
3. .086E+02
 
2. .965E+02
 
2.848E+02
 
2.737E+02
 
2.629E+02
 
2.526E+02
 
2.427E+02
 
2.332E+02
 
2.241E+02
 
2.153E+02
 
2.068E+02
 
1.987E+02
 
1.909E+02
 
1.835E+02
 
1.763E+02
 
1.693E+02
 
1.627E+02
 

 (Cubic m/yr)
 

6.774E+04
 
1.328E+05
 
1.953E+05
 
2.554E+05
 
2.849E+05
 
3.133E+05
 
3.405E+05
 
3.666E+05
 
3.918E+05
 
4.635E+05
 
5.324E+05
 
5.856E+05
 
6.366E+05
 
6.857E+05
 
7.328E+05
 
7.780E+05
 
7.475E+05
 
7.182E+05
 
6.900E+05
 
6.629E+05
 
6.370E+05
 
6.120E+05
 
5.880E+05
 
5.649E+05
 
5.428E+05
 
5.215E+05
 
5.010E+05
 
4.814E+05
 
4.625E+05
 
4.444E+05
 
4.270E+05
 
4.102E+05
 
3.941E+05
 
3.787E+05
 
3.638E+05
 
3.496E+05
 
3.359E+05
 
3.227E+05
 
3.100E+05
 
2.979E+05
 
2.862E+05
 
2.750E+05
 
2.642E+05
 
2.538E+05
 
2.439E+05
 



Rose Hi l  l Feasibiliu Studv ACCI NO 020617-001 2 Page 1 ot 1 

Subject Landfill Gas Generation Comptd B> S Czamiecki Date 3-Sep-98 

Detail Bulk) \\aste Area C k d B  > Date 

P \NE\ROSEHILL\FSvAPP\ E\SCHOLBW A \LS 

Updated LFG production rates for the Bulky Waste Area are being calculated for consistency during risk calculations Time 

and new AP-42 default generation coefficients wi l  l produce lo\ver emission rates, similar to the Solid Waste Area 

Information from Appendix E in the Rl (May 1994) was used as a basis to run EPA's Landfill Air Emission Estimation model 

The model output is attached Note that the model printout is for methane only, which is assumed to be 50% of the LFG flow 

The model output shows 6 134E+04 m3 CH4 / yr 

= 123E+05  m 3 LFG/y  r 

0 0039 m3 LFG / s 

1 



Source: C:\RH\AIR\RHBWANEW.PRM
 

Model Parameters
 

Lo : 100.00 m A3 / Mg
 
0.0400 1/yr
 
C : 595.00 ppmv
 

Methane : 50.0000 % volume
 
Carbon Dioxide : 50.0000 % volume
 

Landfill Parameters
 

Landfill type : No Co-Disposal
 
Year Opened : 1982 Current Year : 1998 Closure Year: 1998
 
Capacity : 26218 Mg
 
Average Acceptance Rate Required from
 

Current Year to Closure Year : 0.00 Mg/year
 

Model Results
 

Methane Emission Rate
 
Year Refuse In Place (Mg) (Mg/yr) (Cubic m/yr)
 

1983 1.080E+04 2.881E+01 4.318E+04
 
1984 2.622E+04 6.884E+01 1.032E+05
 
1985 2.622E+04 6.614E+01 9.913E+04
 
1986 2.622E+04 6.354E+01 9.525E+04
 
1987 2.622E+04 6.105E+01 9.151E+04
 
1988 2.622E+04 5.866E+01 8.792E+04
 
1989 2.622E+04 5.636E+01 8.448E+04
 
1990 2.622E+04 5.415E+01 8.116E+04
 
1991 2.622E+04 5. .202E+01 7.798E+04
 
-92 2.622E+04 4. .998E+01 7.492E+04
 
>3 2.622E+04 4, .802E+01 7.199E+04
 

2.622E+04 4.614E+01 6.916E+04
 
1995 2.622E+04 4.433E+01 6.645E+04
 
1996 2.622E+04 4.259E+01 6.385E+04
 
1997 2.622E+04 4.092E+01 6.134E+04
 
1998 2.622E+04 3. .932E+01 5. 894E+04
 
1999 2.622E-I-04 3. •778E+01 5. 663E+04
 
2000 2.622E+04 3. .630E+01 5.441E+04
 
2001 2.622E+04 3. .487E+01 5.227E+04
 
2002 2.622E+04 3. .351E+01 5.022E+04
 
2003 2.622E+04 3.219E+01 4.825E+04
 
2004 2.622E+04 3.093E+01 4.636E+04
 
2005 2.622E+04 2. .972E+01 4.454E+04
 
2006 2.622E+04 2. .855E+01 4.280E+04
 
2007 2.622E+04 2. .743E+01 4.112E+04
 
2008 2.622E+04 2. .636E+01 3.951E+04
 
2009 2.622E+04 2..532E+01 3.796E+04
 
2010 2.622E+04 2.433E+01 3.647E+04
 
2011 2.622E+04 2.338E+01 3.504E+04
 
2012 2.622E+04 2..246E+01 3.367E+04
 
2013 2.622E+04 2..158E+01 3.235E+04
 
2014 2.622E+04 2.073E+01 3.108E+04
 
2015 2.622E+04 .992E+01 2.986E+04
 
2016 2.622E+04 , 914E+01 2.869E+04
 
2017 2.622E+04 .839E+01 2.756E+04
 
2018 2.622E+04 .767E+01 2.648E+04
 
2019 2.622E+04 .697E+01 2.544E+04
 
2020 2.622E+04 .631E+01 2.445E+04
 
"21 2.622E+04 .567E+01 2.349E+04
 
22 2.622E+04 .506E+01 2.257E+04
 

2.622E+04 .446E+01 2. 168E+04
 
2024 2.622E+04 .390E+01 2. 083E+04
 
2025 2.622E+04 .335E+01 2.001E+04
 
2026 2.622E+04 .283E+01 1.923E+04
 
2027 2.622E+04 1.233E+01 1.848E+04
 



E-2 Perimeter Gas Flowrate Calculations: Johnson Equation 
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rASTE ARE 
LANDFI OWRATE( ULATIOl

This spreadsheet calculates landf ill gas flowrates 
collected from extraction wells ur ider vacuum 
using the Johnson equation for st eady flow in a 
confined vadose zone. 
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tures accidentally released to the environment. There 
are more sophisticated equations for predicting vapor 
concentrations in soil systems based on equilibrium par­
titioning arguments, but these require more detailed 
information (organic carbon content, soil moisture) than 
is normally available. If a site is chosen for remediation, 
the residual total hydrocarbons in soil typically exceed 
500 mg/kg. In this residual concentration range most of 
the hydrocarbons will be present as a separate or "free" 
phase, the contaminant vapor concentrations become 
independent of residual concentration (but still depend 
on composition), and Equation 1 is applicable (Johnson 
et al. 1988). In any case, it should be noted that these 
are estimates only for vapor concentrations at the start 
of venting, which is when the removal rates are generally 
greatest. Contaminant concentrations in the extracted 
vapors will decline with time due to changes in composi­
tion. residual levels, or increased diffusional resistances. 
These topics will be discussed in more detail. 

Under Ideal Vapor Flow Conditions (i.e., 100- 1000 
scfm Vapor Flow Rates), Is This Concentration Great 
Enough to Yield Acceptable Removal Rates? 

Question 2 is answered by multiplying the concentra­
tion estimate Cest. by a range of reasonable flow rates, 
Q: 

Res, = Cesl Q (2) 

Here Res, denotes the estimated removal rate, and 
Ces, and Q must be expressed in consistent units. For 
reference, documented venting operations at service sta­
tion sites typically report vapor flow rates in the 10 ­
100 scfm range (Hutzler et al. 1988), although 100 ­
1000 scfm flow rates are achievable for sandy soils or 
large numbers of extraction wells. At this point in the 
decision process what is still being neglected is that 
vapor concentrations decrease during venting due to 
compositional changes and mass transfer resistances. 
Figure 4 presents calculated removal rates R^ [kg/d] 
for a range of C^t and Q values. C ,̂ values are presented 
in [mg/L] and [ppmCH4] units, where [ppmcH4] represents 
methane-equivalent parts-per-million volume/volume ' 
(ppmv) units. The [ppmc^] units are used because field 
analytical tools that report [ppmv] values are often cali­
brated with methane. The [mg/L] and [ppmcw] units are 
related by: 

[ppmCH4] * 16000 mg-CH4/mole-CH4 * 
[mg/L] = (3) 

(0.0821 t-atm/°K-mole) * (298 K) 

For field instruments calibrated with other compounds 
(i.e.. butane, propane), [ppmv] values are converted to 
[mg/L] by replacing the molecular weight of CH4 in 
Equation 3 by the molecular weight [mg/mole] of the 
calibration compound. 

Acceptable or desirable removal rates RaCcept»bie. can 
be determined by dividing the estimated spill mass Mspln, 
by the maximum acceptable cleanup time T: 

R-acccptablc = Mspj||/T (4) 

For example, if 1500kg (~ 500 gal) of gasoline had 
been spilled at a service station and it was wished to 

15.3 153 1530 15300 153000 100
 

10
 

Removal
 
Rate
 

(kg/d) 

.01 

.00) 

.01 .1 I 10 100 

Vapor Concentration (mg/1) 

* (ppm_H ) - concentration in methane-equivalent ppm (volTvol.) units 
4 

Figure 4. In situ soil-venting removal rate dependence on 
vapor extraction rate and vapor concentration. 

complete the cleanup within eight months, then Raccepta­
bie = 6.3 kg/d. Based on Figure 4, therefore, Cc$, would 
have to average >1.5 mg/L (2400 ppmcw) for Q=2800 
1/min (100 cfm) if venting is to be an acceptable option. 
Generally, removal rates <1 kg/d will be unacceptable 
for most releases, so soils contaminated with compounds 
(mixtures) having saturated vapor concentrations less 
than 0.3 mg/L (450 ppmCH4) will not be good candidates 
for venting, unless vapor flow rates exceed 100 scfm. 
Judging from the compounds listed in Table 1, this corre­
sponds to compounds with boiling points (Tb)>150 C, 
or pure component vapor pressures <0.0001 atm evalu­
ated at the subsurface temperature. 

What Range of Vapor Flow Rates Can Realistically 
Be Achieved? 

Question 3 requires that realistic vapor flow rates for 
the site-specific conditions be estimated. Equation 5, 
which predicts the flow rate per unit thickness of well 
screen Q/H [cnr/s], can be used for this purpose: 

Q = k [l-(PAtm/PJ2] 
H %P« IndVR.) ( ) 

where:
 
k = soil permeability to air flow [cnr ] or [darcy]
 
\L = viscosity of air = 1.8 x 10"4 g/cm-s or 0.018 cp
 
Pw = absolute pressure at extraction well [g/cm-s2]
 

or [atm] 
PAlm = absolute ambient pressure — 1.01 x 10" g/cm-s2 

or 1 atm 
Rw = radius of vapor extraction well [cm] 
RI = radius of influence of vapor extraction well 

[cm]. 
Spring 1990 GWMR 163 
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APPENDIX 9 

VISCOSITIES OF GASESt 

"T-y, Btu/lb 
1	 

Vaporiza- Sat. vapor
 
tion t Hr
 

1075.8 1075.8
 
1074.1 1077.1
 
1071.3 1079.3
 
1068.4 1081.5
 
1065.6 1083.7
 
1062.7 1085.8
 
1059.9 1088.0
 
1057.1 1090.2
 
1054.3 1092.3
 
1051.5 1094.5
 
1048.6 1096.6
 
1045.8 1098.8
 
1042.9 1100.9
 
1040.1 1103.1
 
1037.2 1105.2 No. Gas
 

No. Gas 
1031.6 1109.5
 
1025.8 1113.7	 Freon-113 11.3 14.0 
1020.0 1117.9 1 Acetic mod 7.7 10 29	 10.9 20.5 

8.9 13.0 30 Helium 
1014.1 1122.0 2 Acetone	 8/ 11.8 Hexane 14.9 31 / 1008.2 1126.1 Acetylene 9.8	 12.4 1	

Air 32 Hydrogen 11.2 
 1002.3 1130.2	 11.0 20.0 f-	 3H, + N, 11.2 17.2 

996.3 1 1 34a	 8.4 16.0 33 Ammonia	 20.9 990.2 1138.1	 Hydrogen bromide 8.8 10.5 22.4 34 6 Alton	 8.8 18.7 984.1 114X0	 35 Hydrogen chloride 8.5 13.2 7	 9.8 14.9 977.9 1145.9	 Hydrogen cyanide 8.9 19.2 36 Bromine 971.6 1149.7 8	 
93. 13.7 37 Hydrogen iodide 9.0 21.3 

970.3 1150.4 9 Butene	 8.6 18.0 Hydrogen sulfide 
965.2 1153.4 10 Butylene 8.9 13.0 38	 9.0 18.4 

9.5 18.7 39 Iodine 958.8 1157.0 11 Carbon dioxide	 5.3 22.9 Mercury 952.2 1160.5 12 Carbon disulfide 8.0 16.0 40	 9.9 15.5 Methane 945.5 1164.0	 Carbon monoxide 11.0 20.0 41 13	 8.5 15.6 938.7 1167.3	 18.4 42 Methyl alcohol Chlorine 9.0	 20.5 931.8 1170.6 14	 
8.9 15.7 43 Nitric oxide 10.9 

Chloroform 924.7 1173.8 15	 
9.2 15.2 44 Nitrogen 10.6 20.0 

Cyanogen	 17.6 917.5 1176.8 16	 
9.2 12.0 45 Nitrosyl chloride 8.0 

1179.7 17 Cydohexane	 8.8 19.0 910.1	 46 Nitrous oxide 9.1 14.5 902.6 1182.5 18 Ethane	 11.0 21.3 Oxygen 
894.9 1185.2 19 Ethyl acetate 8.5 13.2 47	 7.0 12.8 48 Pentane 887.0 1187.7 20 Ethyl afcohj*^ 9.2 14.2	 9.7 12.9 Propane 879.0 1190.1 21 Ethyl chloride 8.5 15.6 49	 13.4 8.4 870.7 1192.3	 8.9 13.0 SO Propyl alcohol 

22 Ethyl ether	 9.0 13.8 862J 1194.4	 9.5 15.1 51 Propytene Etbyfene	 17.0 853.5 1196.3 23	 Sulfur dioxide 9.6 23.8 52 Fluonnc 7J 
844.6 1198.1 24	 53 Toleune 8.6 1Z4 

10.6 15.1 Freon-ll 835.4 1199.6 25	 24,3-Trimethylbutane 9.5 10.5 
16.0 54 

826.0 1201.0 26 Freon-12 11.1	 8.0 16.0 Water 10.8 15.3 55 816.3 1202.1 27 Freon-21	 9.3 23.0 Xenon 17.0 56 806.3 1203.1	 28 Freon-22 10.1 
796.0 . 1203.8
 
785.4 1204.3
 Coordinates for use with figure overleaf. 
774.5 1204.6
 

t By pen-»on.from J. H. Perry (ed.), -Chemicd Engineers' Handbook," 5th ed-.'pp. 3-210 and 3-211. 
Steam," by Joseph H. Keenan and Copyrittt. 1973.0, McGraw-Hill Book Company. 
he permission of the author* and 
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E-3 Gas Composition Calculations 



ProjCLt H i l  l F e a s t b i l i t  \ Stuc K Accl N o 020617 -001 1 Pau c 

Subject Gas Compositions Comptd B> S Czarniecki Date 

Detail B Weir Date 28-Jul-97 

P vNE\ROSEH!LL\FS\APPX E'.GAS COMP XLS 

The feed gas streams which will be collected for treatment have different compositions based on the location and typ e of 

collection system utilized Each process technology evaluated requires knowledge of the feed stream(s) methane composition 

for permitting and combustion purposes 

Internal LFG Stream 

The total landfill gas generated [from SCHOLLRE xls] is 2 79E+04 cm3/s or 59 cfm 

Assuming 70% of this amount is collected by the Internal system, 1 96E+04 cm'/s or 41 cfm 

would have been collected in 1997 

The composition of this stream is assumed to be 50% Methane and 

50% Carbon Dioxide 

Perimeter Gas Stream 

The total gas collected from the Perimeter system [from JOHNSON wkl ] is 3 83E+05 cm'/s or 812 cfm 

This includes air and LFG generated by the landfill 

Assuming 30% of the total landfill gas generated is collected by the perimeter system, this value is 

838E-I-03 cm3/sor 18 cfm 

This amounts to 2% of the perimeter gas stream 

The composition of this portion of the stream is assumed to be 50% Methane and 

50% Carbon Dioxide 

The remaining 98% of the stream is assumed to be air at a composition of 21% Oxygen and 

79% Nitrogen 

Therefore, the composition of the perimeter gas stream is calculated to be 1% Methane 

1% Carbon Dioxide 

21% Oxygen 

77% Nitrogen 

Compositions for the blending of the two streams are calculated m COMPOSIT xls 



ROSE HILL SOLID WASTE AREA I'ERSION SEP-03-98 

GAS COMPOSITIONS Checked by Sean Czarmecki 08/26/96 
file COMPOSlTxIs 

Input Values: 
Qair - from worksheet for Johnson Equation 
Qgas - from worksheet from the Scholl Canyon Model; for a conservative 

estimate - see also Gamma model 

Qair = 3.83E+05 cm3/s Total gas (air & LFG) collected from perimeter system 
[from JOHNSON .wkl] 

Qgas = 2.79E+04 cmVs Total landfill gas generated [from SCHOLLRE.xls] 

Assume 70% of Qgas is collected by the internal system 
Therefore, 30% of Qgas is collected by the perimeter system 

This equals 8.38E+03 cm3/s 
and is 2% of Qair 

Therefore, 3.75E+05 cm3/s is assumed to be air without landfill gas 

Vlfg = Qa + Qgas 4.03E+05 cm3/s 

0.4026 m/s 

Composition of gas: 

Assuming: Qa'S 21% Oxygen and 
79% Nitrogen 

Qgas is 50% Methane and 
50% Carbon Dioxide 

Qgas* 50% 1.40E+04 cm3/s 0.0140 m7s 

QCC>2 = Qgas* 50% 1.40E+04 cm3/s 0.0140 m3/s 

QN2 = Qa' 79% 2.96E+05 cm3/s 0.2959 m3/s 

Q02 = Qa * 21% 7.87E+04 cm3/s 0.0787 m3/s 

Check: Total 4.03 E+05 cm3/s a.4026 m3/s 

YlfgCH4 = Q CH4/Vlfg 

YlfgCO2 = Q CO2/Vlfg 

YlfgN2 = Q N2/Vlfg 

Ylfg02 = Q C^/Vlfg 

Check: 1.0000 
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Subject Methane Calculations Comptd By S. Czamiecki Date 07/15/97 

Detail Non-combustion landfil l gas treatment Ck'd B> B. Weir Date 07/28/97 

P \NE\ROSEHILL',FS\APPX-E\GAS COMP XLS 

Non-combustion LFG treatment processes (such as photocatalytic oxidation) which do not treat methane 

wil l produce the following amounts of methane: 

Feed Gas 

Total landfill gas (1997) [from SCHOLLRE.xls] = 59 cfm = 0.987 cfs = 0.028 m3/s 

Assume all methane will be captured by either the internal system or the perimeter system. 

The landfill gas composition is assumed to be 

50% methane 

50% carbon dioxide 

Therefore, the flow of methane through a non-combustion treatment process is approximately 

CH4FLOW= 30 cfm = 0.493 cfs= 0.014 m3/s 

Density of 20°C air: 0.001205 g/cm3 = 0.075 lb/ft3 [ref: CRC, 1987] 

Density of 0°C methane: 0.000717 g/cm3= 0.045 lb/ft3 =CH4DENSITY [ref: Perry & Green, 1984] 

Assume that temperature will not greatly impact density. 

The colder temperature methane density provides a more conservative mass value. 

Amount of methane out of treatment process: 

CH4FLOW x CH4DENSITY = 1.325 lb/min= 79.48 lb/hr= 1,907 Ib/day 

LEL calculations 

From COMPOSIT.xls gas composition calculations, the combination of the internal & perimeter gas 

streams will result in an approximate methane concentration of 3.47% 

The LEL of methane is 5% by volume. 

Therefore, additional dilution air will probably not be necessary. 
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K JOHN ZINK 
• " A KOCH INDUSTRIES COMPANY 

Interrraronal i
 
PO Box 2122 J
 
TJsa Gk'shonid 74121-1220
 
9iB/23d-iaO O July 17, 1997 

Metcalf&Eddy 
30 Harvard Mill Square 
Wakefield, MA 01880 

Attention: Sean Czamiecki 

Subject: Landfill Gas Flare System for the Rose Hill Regional Landfill
 
John Zink Proposal Number BF 3746
 

Dear Mr. Czarnieki, 

Thank you for your recent inquiry into John Zink Biogas Flare products. Wt appreciate the 
opportunity to assist you with the flare portion of your project As the leading supplier of landfill 
gas flare equipment throughout the world, John Zink Company is pleased to offer Dur field proven 
ZTOF Enclosed Flare System for your application. 

With over 300 installations nationwide. John Zink has the expertise and resource; to ensure your 
flare project is successful We can provide skid packages for your system that will result in a lower 
installed cost while limiting the installation time and hassle. 

We have offered a number of options in our proposal to allow you to customize you- system to meet 
your particular needs. After you have reviewed this proposal please let us know if there are any 
additional options you would like to pursue. 

Emission compliance (present or future) is another benefit of John Zink enclosed fares With high 
destruction of the waste hydrocarbons. John Zink Enclosed Flares are also low n NOx and CO 
emissions. John Zink flares have consistently passed local and federal emissions test •>. 

We look forward to working with you on this project, and if you require any addit onal information 
please do not hesitate to contact me at (918) 234-1884 

Best Regards, 

JOHN ZINK COMPAITY 

/ ,- '' 

Tim Locke 
Business Team Leader 
Biogas Flare Group 

11S2O East Apache • Tulsa. Oklahoma 74116 • FAX 918/234-270O • TLX 497414 
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I. TECHNICAL SUMMARY 

A. DESIGN CRITERIA 

Flare Gas Stream 

Type. Internal LF Gas Perimeter LF G.\s 
Composition 50 % CH4 (maximum) 2% CH4,2% C 32 

50 % CO:, air, inerts Remainder Air 
Lower Heating Value 455 BTU/SCF 18 BTU/SCF 
Temperature: 100 °F 100*F 
Flow Rate 80 SCFM 810SCFM 
Waste Heat Release. 2.2 MMBtu/hr (maximum) 

NOTE: A:*ftst gas is not required for the abmejlow rates and compositions H<nte\ir if these vary, 
then natural gas assist may b* required 

Mechanical 

Design Wind Speed 100 mph 
Ambient Temperature -20 T to 120 "F 
Electrical Area non-hazardous 
Elevation sea level (147 psia) 

Unit Design 

Smokeless Capacity: 100% 
Pressure Drop- < 8" w.c. through flare and flat ic arrester 
Operating Temperature: 1400 T - 1800 "F (2000 *F shi tdown) 
Retention Time 0.7 seconds at 1800 °F (minimi im) 

NOTE' LOH methane concentrations may require auxiliary fuel to mliaie combust in and maintain 
temperature 

Utilities 

Pilot Gas (Intermittent) 22 SCFH propane at 7-10 psig 
Compressed Air Required for Condensate Injec ion System 

(optional) 
Electricity: 460 V, 3 ph, 60 Hz for blower control 

(including step-down transfon icr for control 
system components) 
110 V, 1 ph, 60 Hz for control system 
components 

Fired (Auxiliary) Fuel None based on the flows given above 
However, if the methane co icentration or 
flow rates vary, natural gas assist may be 
required 

PROPRIETARY AND CONFIDENTIAL 
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Expected Flue Gas 

Operating Temperature 1600T 1800T 

CO2 Volume % 7 0 8 1 

H2O Volume % 8 2 9.2 
N2 Volume % 72.6 71.8 
O2 Volume % 12.2 10.9 

Emission Ranee (Design Flow)*') 

Operating Temperature 1600T 1800T 
Overall Destruction Efficiency^ 98% 99% 

NOx,lb/MMBtu W 0.06 0.08 
CO, Ib/MMBtuW 020 ! 0.15 

0) Expected emission rates at lower operating temperatures are available upon request 
o> Typical sulfur containing compounds are expected lo have greater than 98% oxidatior efficicnq­
fj) Excludes NOx from fixed nitrogen 

"' Excludes CO contribution present in landfill gas 

NOTE Projected emissions eve hosed on field le& of operating units and the KU\' if the landfill gas. 
Destruction efficiency, NOx, and CO emissions show are valid for combust, on of landfill gas 
only. These expected emissions are the same for the simultaneous combustion if landfill gas and 
condensate injection within the specified design range for typical A/SB condenxate A 
condensate composition anahsis is required to verify specific expected emiwo t 

PROPRIETARY AND CONFIDENTIAL 
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B. EQUIPMENT DESCRIPTION 

Item 1, ZTOF Enclosed Flare Assembly 

•	 3'-6" diameter x. 30' overall height, 1/4" A-36 carbon steel vessel 

•	 2" layer of A P Green (or equal) ceramic fiber refractory mounted o i Inconel pins 
and keepers (2400 °F hot face refractory). The surface layer of 1" 81 refractory is 
overlapped both horizontally and vertically for additional protection. 

•	 Burner Management System for landfill gas application. 

Burner manifold assembly with flanged inlet connection. Indivi dually flanged 
burner connections allow easy servicing. 

V-Mix™ biogas burner with stainless steel anti-flashback rips for high 
temperature corrosion resistance and maximum flame stability tl irough the full 
range of design flow rates. 

Perimeter gas distribution manifold for direct injection into tf e base of the 
enclosed flare 

Tru-Lite™ ignitor assembly for use during start-up cycles. " "his externally 
mounted pilot provides easy operation and can be removed fc r maintenance 
without entering the vessel. 

•	 Bolted blade combustion air dampens). Opposed blade design prDvides 5 1 air 
turndown control, Galvanized finish and stainless steel press-fit b tarings ensure 
smooth, long term operation. A special proprietary lower burner ciamber design 
minimizes direct radiation on the damper for maximum service life. 

NOTE: Removal of these bolted blades allows access to the lower flare bun -er chamber and 
eliminates the needfor a separate manvay. 

•	 Four (4) 4" NPT sample ports at 90s apart located 1/2 stack diametei from the flare 
top for accurate emission testing 

NOTE. These porti can be accessed by use of a temporary device such as po\ 'er-lift vehicle or 
permanent ladder and platform equipment. Refer TO the options sectio is for ladder and 
platform selection. 

•	 Three (3) thermocouple connections at various elevations for temperature 
monitoring. 

•	 Exterior protection using SSPC-SP-6 sandblast and Sherwin Williams Zinc Clad I 
coating system, gray-green color, 2 1/2 - 3 mils DFT for superior corrosion 
protection at shell temperatures to 750 °F 

•	 A1SC designed continuous base plate for high wind stability. 

•	 Lifting lugs to assist in erection. 

PROPRIETARY AND CONFIDENTIAL 
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•	 Thermocouple conduit mounting brackets 

•	 Galvanized personnel protection screen located on lower portion of st: ck to prevent 
contact with the vessel surface. Additional screenings is available fc r upper stack 
instrument locations See Ladder and Platform options for details 

Item 2, Control System 

Control Station Assembly 

•	 Self-Supporting Steel Rack 

•	 Flare Control Panel with 110V items enclosed in a separate panel for electrical 
safety including: 

Allen Bradley SLC-500 programmable logic controller 

Honeywell	 UDC 3000 temperature controller for automati \ temperature 
control. 

Honeywell UDC 2000 temperature indicator for stack mounted high 
temperature shutdown thermocouple. 

One (1) flame scanner relay 

Four (4) ammeter(s) for landfill gas blower motors (200% scale 

Four (4) hourmeter(s) for landfill gas blower motors. 

Two (2) "manual-off-automatic" blower selector switch(es). 

Indicating lights: 

a Panel power ON c. Flame proved 
b.	 Purging f. Low- stack temper; tore ^ 

(shutdown) 
c Purge complete g. High stack temper iture 

(shutdown) 
d Pilot gas ON h. Flame failure (shu down) 

•	 Main power supply disconnect. 

•	 Power transformer to step-down 460V, 3 ph, 60 Hz service to 110 /, 1 ph, 60 Hz 
for use as required by control components 

•	 Motor Starter Panel. 

Four (4) landfill gas blower motor starter(s) 

One (1) stack mounted purge blower motor starter. 

•	 Other Rack Mounted Components. 

Pilot gas train including pressure regulator, fail-closed shutdown valves,
 
manual block valve and pressure indicator
 

15A convenience outlet (duplex) with weatherproof cover.
 

100W high pressure sodium security light with manual switch and photocell
 

PROPRIETARY AND CONFIDENTIAL 
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•	 Appropriate items -will be enclosed in weatherproof (NEMA 4) panel;. 

•	 The control station assembly will be pre-piped and wired in our UL approved shop 
and function tested simulating actual operations. 

Stack Mounted Controls 

•	 One (1) combustion air damper to control the operating temperature Damper with 
automatically controlled louvers are provided with the automat c temperature 
control feature. 

•	 Ignition panel assembly including transformer, pilot spark electrode ignition timer 
and ignition wire. Enclosure is stack mounted for easy access to the pilot assembly 

•	 One (1) self-checking flame scanner 

•	 One (1) purge air blower. 

•	 One (1) high temperature shutdown thermocouple. 

•	 Two (2) temperature monitoring thermocouples with location based i >n specific flow 
conditions. 

Automatic Temperature Control 

•	 Flue gas temperature is automatically controlled by adjusting the a.r flow into the 
unit. Lower waste gas flows or lower methane concentrations wi 1 automatically 
close the inlet air louvers. The control loop consists of a the mocouple and 
temperature indicator/controller and electrically operated actuatoi(s) on the air 
louvers. Included whh this option is the enhanced automatic start-u) feature which 
includes additional timers, relays, and controls to allow the air damp er to open to a 
preset position, for a flare warm-up, before returning to modulathg temperature 
control This feature allows more air into the stack during start-up .when a stack is 
cold and lacking draft, thereby minimizing any smoke at start-up. 

Miscellaneous Accessories 

•	 Three (3) operating manuals with essential operating instructio is, appropriate 
vendor literature on instrumentation, and drawings combined in a thr ;e ring binder. 

Item 3, Flare System Accessories 

•	 400 ft of thermocouple extension wire. 

•	 One (1) gallon of field touch-up paint. 

PROPRIETARY A>'D CONFIDENTIAL 
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C. OPTIONAL EQUIPMENT 

Item 4, Inlet Flame Arrester 

•	 Two (2) 3" Varec Model 5010 Flame Arrester with aluminum housing and 
aluminum internals. Internal elements can be cleaned without remo' ing the flame 
arrester body from the pipe. 

Item 5, ZMS Moisture Separator 

•	 Two (2) 3'-0" O.D. x 6' Tall moisture separator with flanged inlet and outlet, drain 
connection, level gauge, stainless steel mesh pad for moisture col cation, and a 
flanged top for accessibility and maintenance. The vessel will be < instructed of 
carbon steel and coated internally with a phenolic painting system o protect the 
vessel from the corrosive landfill gas. The exterior of the vessel will be prepared 
with an SSPC-SP-6 sandblast, primed with an epoxy primer, an*, coated with 
enamel. 

Item 6, Automatic Inlet Valve With Pneumatic Actuator 

•	 Two (2)3 " Xomox Pliaxseal High Performance Butterfly Valve, AK SI 150 Ib with 
carbon steel body, 316 stainless steel disk, PTFE seat with Bettis (meumatic fail-
closed actuator, three-way solenoid valve, speed control valve and auxiliary 
switches. This valve can be actuated by nitrogen cylinders (not inclui led) or by 100 
psig compressed air if available. 

Item 7, Flow Meter 

•	 Two (2) FCI Thermal Mass Flow Meter Assembly with 316 stainless steel probe for 
3/4" NPT mounting The output of this meter can be wired to Optional Item 8 to 
provide for continuous flow monitoring. 

Item 8, Chart Recorder 

•	 One (1) Honeywell model DR4500T Digital Circular Chart Recorde •. The circular 
chart recorder is a microprocessor based recorder which draws its ' >wn chart as it 
records data. User can design the chart to match specific applications. The 
recorder will have two (2) inputs with options for up to four (4) inp uts. All inputs 
are 4-20 mA. With this option the Honeywell controller will be pr >vided with an 
optional output signal allowing the recorder and controller to "cad the same 
temperature from the thermocouple. Additionally, the recorder is capable of 
totalizing the system flow. 

PROPRIETARY AND CONFIDENTIAL 
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Item 9, Autodialer 

•	 One (1) Raco Verbatim automatic dialer with four (4) digital input}. This unit is 
voice programmable and capable of dialing up to 16 telephone numbers in the event 
of an alarm condition (e.g., flame failure, high-temperature shutdowi, etc.). At an 
additional cost, this unit can also process analog signals (e.g., flare operating 
temperature, system flow rate, etc.) and provide this information vvhen accessed 
remotely via telephone, 

Item	 10, Underwriters Laboratories Classification 

•	 John Zink Company is dedicated to ensuring the highest level of quility and safety 
standards in its products. This performance level is reflected in a! products and 
provides the capability to apply the UL listing symbol for Industrial Control Panels 
on motor starters and a UL classification symbol on Flare Contro; Panels. This 
option is provided for applications requiring Underwriters Laboratories 
Certification. 

Item 11, Ladder 

•	 Galvanized ladder for access to thermocouples. Equipment includ :s ladder, rails, 
two (2) safety belts, and personnel protection screening behind :he ladder and 
around the thermocouple ports. A lockable gate, for preventing unauthorized 
access, can be added for an additional price. 

Item	 12, Service Platform 

•	 Galvanized 360' service platform for accessing the stack sampe connections, 
designed per OSHA requirements. A continuous band of perse inel protection 
screening around the sample ports is included with this option. 

Item 13, Hinged Damper 

•	 One of the manual dampers may be hinged in order to provide ea< y access to the 
bottom of the flare stack for inspection and maintenance of the burners. 

Item 14, Control Panel Weather Hood 

•	 This fabricated steel hood is designed to limit the panel's exposure o the elements. 
It provides approximately 4' of overhang to the front and 2' to the 'ear. The hood 
is painted to match the rest of the control panel rack and comes wi :h a fluorescent 
light assembly for enhanced visibility of the panel components at nigl.t. This hood is 
painted to match the control panel rack. 

PROPRIETARY AND CONFIDENTIAL 
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Item 15, Top-Coat Finish 

•	 Sherwin Williams Kern High Temperature 881 AGO 1 Gray with 70OC418 catalyst >­
coated 1-2 mils DFT. This coat is applied over the standard Sherwii Williams Zinc 
Clad I primer to provide an enhanced finish with superior corrosion p •otection up to 
500 °F 

Item 16, Flare Base Ring Template 

•	 One (1) enclosed flare base ring template constructed of 1/4" carbcn steel plate to 
assist in setting and installing the anchor bolts in the field The terr plate is match-
drilled with the actual baseplate and shipped in 1 to 4 marked piece?, depending on 
the size of the flare stack 

Item 17, Landfill Gas Blower 

•	 Two (2) Lamson or Hoffman landfill gas blowers sized for the interio r gas stream of 
SOscfm. 

•	 Two (2) Lamson or Hoffman landfill gas blowers sized for the perimjter gas stream 
ofSlOscf m 

Item 18, gondensatc Injection System 

•	 9 (1) stack-mounted condensate injection guns. Each gun is capable of disposing of 
up to 1 GPM of condensate Each gun can be removed frc m service for 
maintenance purposes or to minimize air consumption without removing the ^_ 
compressed air or condensate piping 

•	 A flare stack condensate injection gun port for each condensate inject ion nozzle. 

•	 AISC designed skid with galvanized grating. 

•	 One (1) air compressor complete with particulate filters 

•	 Two (2) pneumatic condensate pumps 

•	 One (1) 550 gallon high-density cross-linked polyethylene condensite storage tank 
with level control. 

•	 Controls (mounted in control station pane!, see Item 2) comphte with lights, 
switches, and PLC logic for safe operation of the condensate injectio i system 

•	 All components fully piped and assembled within the skid boundaries 

PROPRIETARY AND CONFIDENTIAL 
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Item 19, Blower Skid Assembly 

• One heavy duty AJSC designed skid with galvanized grating. 

• ??? (?) r? HP landfill gas blower(s) 

• Fully supported 304 stainless steel waste gas piping 

• ??? (7) manual butterfly valves for blower inlet and outlet 

• 777 (7) flexible expansion joints for blower inlet and outlet 

• W (7) check valve for blower outlet. 

• Two (2) five gallon propane tanks for intermittent ignition fuel supply 

• All piping, wiring, and conduit within the skid boundaries will be facti ry installed. 

PROPRIETARY AND CONFIDENTIAL 
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D. OPERATION 

The following is a brief outline of the system start-up and operating sequent; 

System start-up begins with a timed air purge cycle to evacuate any fugitive hydrocarbons 
from the flare enclosure After purge is completed, the pilot is lit Upon pr 5ving the pilot 
flame with the flame scanner, the waste gas valve is opened and the waste gas blower is 
started allowing flow to the flare enclosure. This allows use of the waste ;as for system 
warm-up 

After the waste gas valve is opened, the pilot gas shuts off after a timed delay to limit 
utility gas usage If a flame is still sensed on the main burner the systerr will continue 
operation, if not, it will shutdown on flame failure. 

In the automatic mode, the above sequence automatically starts when power is supplied 
If the unit shuts down for any reason except high stack temperature, the automatic mode 
will allow the unit to attempt to purge and restart for a specified time peri 3d A remote 
signal is sent if the unit fails to restart. Units can be operated in the manu vl mode which 
requires an operator at the flare to start and restart the system using a push-button 
sequence If the unit shuts down for any reason, operator assisted restart is 'equired. 

The unit temperature is set by adjusting the air dampers (manually or lutomatically). 
Opening the dampers reduces the flue gas temperature by adding quench air 

Due to the presence of an open flame, the flare assembly should be loca .ed in a "non­
hazardous" electrical area. 

PROPRIETARY AND CONFIDENTIAL 
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r II. COMMERCIAL 

A. BUDGET PRICING 

1 . Item •\.'­ :' Description , ;  ­ . ­ Totaf\ 

1 One (1) ZTOF Enclosed Flare System 
2 Control System 
3 Accessories $90,000 

I OPTIONS \ 

A Two (2) Inlet Flame Arrester Included 

5 Two (2) Moisture Separator $18,000 

6 Two (2) Automatic Inlet Valve $3,000 

7 Two (2) Flow Meter $ 7,000 

8 One (1) Digital Circular Chart Recorder $ 3,300 

9 One(l ) Autodialer $ 3,300 

10 Underwriters Laboratories Classification $ 1,500 

11 One (1) Ladder $ 3,500 

12 One (I) Service Platform Upon Request 

13 One (1) Hinged Damper $ 800 

14 Control Panel Weather Hood $ 2,000 

15 Top-Coat Finish $ 3,000 

16 One (1) Flare Base Ring Template $ 900 
17 Four (4) Landfill Gas Blowers 560,000 

18 One (1) Condcnsate Injection Skid Upon Request 

19 One (1) Blower Skid Assembly Upon Request 

20 (2) Consecutive Days of Field Start-up and Training $ 3,500 

21 Estimated Freight $5,000 

PROPRIETARY AND CONFIDENTIAL 
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B. TERMS AND CONDITIONS 

Prices are F O B point of manufacture Skiatook, Oklahoma and do not ir elude foreign, 
federal, state, local sales, excise or other use taxes Freight charges are not included in the 
pricing unless specifically noted otherwise 

All pricing contained herein is based on and contingent upon John Zink Standard Terms 
and Conditions of Sale attached and made part of this offering. 

Prices are firm for acceptance for thirty (30) days and for the quoted del very Should 
shipment be delayed past the quoted delivery by acts of Buyer or its agen :s; the quoted 
price will be subject to escalation based upon appropriate material and labor indexes 

Should delivery be delayed past the quoted delivery by acts of Buyer or its igents, vendor 
shall have the right to invoice and be paid for materials on hand, fabrication >erformed and 
services rendered 

PAYMENT TERMS Terms of payment will be 100% net thirty (30) days after invoicing 
as follows 

25% Upon issuance of drawings 
25% Upon receipt of major materials 
25% Upon completion of one-half the fabrication 
25% Upon notification of readiness for shipment 

A guaranteed form of payment acceptable to John Zink, such as an irrevocable letter of 
credit on a major United States bank may be required 

C. WARRANTY 

John Zink Company warrants only new products manufactured by Joht Zink against 
workmanship and/or materials under normal and proper use. Please refei to John Zink 
Standard Terms and Conditions of Sale (attached) for conditions and limitat ons. 

D. DELIVERY SCHEDULE 

Based on a release to purchase major materials at the time a purchase 01 der number is 
issued, John Zink Company will maintain the following delivery schedule: 

Submittals for Approval. 4 - 6 weeks after receipt of order 

Fabrication 10-12 weeks after receipt of approved drawings 

Overall schedule will be based on time required for drawing approvj Improved 
schedules may be arranged to meet specific project requirements. 

PROPRIETARY AND CONFIDENTIAL 
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E. OTHER CONDITIONS 

Shipping 

Shipping will be via common carrier. Portions of the unit will be shipped loose to 
reduce shipping costs and damage to the unit. 

Spare Parts 

Due to the custom designed nature of this package, a spare parts price listing is to be 
submitted with the certified drawing package. Partial lists for equipment parts can be 
made available on request. 

Change Orders 

John Zink Company has based pricing on the inquiry design informatio i. In the event 
of process changes, we reserve the right to alter our equipment de& gn in order to 
maintain safe engineering practices. 

If additions or deletions arc required after an order is received, a prio: summary will 
be submitted to the customer's office for approval The Engineering Change Order 
(ECO) will include charges for drafting and engineering changes, ma erial and labor 
changes, freight and administration costs. Change orders must be approved by the 
client and returned to John Zink prior to beginning additional work. 

Equipment dimensions, sizes and subvendor selections offered in th s proposal are 
subject to change after the design is finalized. 

Field Service 

Start-up and training services are included as listed above. Additional services are 
offered according to attached John Zink Company Technical Assistance Agreement. 

PROPRIETARY AND CONFIDENTIAL 
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F. GENERAL SCOPE OF WORK 

John Zink Company will furnish the labor, materials, equipment and tools necessary 
to fabricate the proposed system. 

General construction bolts, nuts, washers, gaskets and other bolts/fix ngs associated 
with the connecting and assembly of equipment supplied by John Zink \ re included 

The following items are not included in this proposal 

•	 Detailed fabrication drawings are the proprietary property of John Zink 
Company Customer drawings include the necessary dimensions, nozzle 
placements, structural details, and other data required to assemble the 
equipment. 

•	 All civil works John Zink will supply the data necessary to design such civil 
works by providing loadings for equipment 

•	 Erection of equipment or installation of piping or instruments. John Zink can 
supply turnkey installations on many projects. 

•	 The supply or installation of fireproofing materials, personnel jrotection, heat 
tracing, external insulation, electrical/thermocouple wire, condui:, piping, bolts, 
gaskets, and finish paint unless specifically noted. 

•	 Obtainment of permits, licenses, and approval by and from authorities to install 
and operate this equipment. 

•	 Any additional cost incurred for fees and/or the preparation of c rawings, forms 
and/or data for approval by state or local agencies of the design nf the system 

•	 Automatic compliance with state, local or municipal codes un. ess specifically ~~" 
reviewed. All equipment is designed to applicable national code: and standards. 

•	 Please note that John Zink Company has numerous units operating in many 
states and is knowledgeable in dealing with various regulatory authorities 

PROPRIETARY AND CONFIDENTIAL 
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III. ATTACHMENTS 

A. Standard Terms and Conditions 

B Technical Assistance Agreement 

PROPRIETARY AND CONFIDENTIAL 
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KOC H ENGINEERIN G COMPANY , INC . 
JOHN ZINK COMPANY . 

International Headquarters
11920 East Apache
Tulsa Oklahoma 74121-1220
Phone 918/234-2783 
facsimile 918-234-1986 

 Tim Locke 
 Business Team Lead *t 

 Biogas Flare Group 

TELEFAX TRANSMITTAL MESSAGE 

DATE:
TO:

 July 22, 1997 
 Sean Czamiecki 

COMPANY:
FAX NUMBER:
TOTAL PAGES:
REFERENCE:
COPIES:

 Metcalf & Eddy, Inc 
 (617)245-6293 

2 
Quotation Clarifications 
D Ryan (610-252-6161) 

IF MISS6NT PLEASE TELEPHONE 918 234-2783 THIS MESSAGE IS BEING SENT FROM 918 Z. 4-1986 

In response to your recent questions on our previously submitted propose I, please find 
the following' 

1 A lower temperature on the perimeter gas will have no impact on the p oposed flare 
system or utility consumption 

2 Yes, 100% of the oxygen in the perimeter gas is being utilized for combustion 
However, in addition to the perimeter gas, quench air will be required at a rate of 
approximately 450 scfm at 1600°F and approximately 560 scfm at 500°F stack 
temperature Based on a 3'-6" 0 D stack with 2" of insulation and %" wall 
thickness, the velocity at 1600eF will be 11.5 fps and at 1500°F will be 11.9 fps 
(these values are plus or minus 15% due to the stack heat losses) 

3 Basically, the industry standard is to guarantee a 98% ORE for NMCC's in landfill 
gas when measured as a common compound, such as Hexane. This is due to the 
difficulty of measuring a number of different compounds on the inlet and outlet, 
which are typically in the very small ppm range This analysis may nol show a 98% 
ORE of each and every compound, but when averaged, the 98% ORE will be met 

4 Generally on a 3.5' diameter flare, it will take approximately 1.5 VIMBtu/Hr to 
maintain an operating temperature of 1500° to 1600°F It does not matter if this 
heat duty is the result of the landfill gas or an assist gas 

4a Natural gas heating value -1000 Btu/Scf 
Propane heating value - 2316 Btu/Scf 

Pagci 
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4b As stated above, we will need approximately 1.5 MMBtu/Hr tc  > maintain an 
operating temperature of 1500°F to 1600°F, either from the I andfill gas or 
from an assist gas. Based on 50% methane, 1.5 MMBtu/Hr 6 quates to 55 
scfm of landfill gas. However, as the landfill gas flow ratu decreases, 
typically so does the methane concentration. Therefore, higl ier flow rates 
will be required to maintain temperature as the methane dec-eases. One 
way to minimize assist gas consumption in the future would be to operate 
the flare on a timer, set for several hours a day or several <lays a week. 
This way, while the flare was down, the landfill gas wojld build up 
allowing larger flows to the flare while is was in operation and could 
minimize or possibly eliminate the need for assist gas. 

I hope that this has addressed you questions. If you would like furthei information, 
please feel free to call our local representative, David Ryan at (610)252-6 60 or myself 
at (918)234-2783. 

Regards, 

JOHN ZINK COMPANY, 
a division of Koch Engineering Company, Inc. 

Tim Locke 
Business Team Leader 
Biogas Flare Group 

Page 2 
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KOC H ENGINEERIN G COMPANY , INC.
 
JOH N ZIN K COMPANY .
 

International Headquarters Tim Locke 
11920 East Apache Business Team Lett tor 
Tulsa Oklahoma 74121-1220 Biogas Flare Group 
Phone 918/234-2783 
Facsimile 918-234-1986 

TELEFAX TRANSMITTAL MESSAGE 

DATE: August 4, 1997 
TO: Sean Czamiecki 
COMPANY: Metcalf & Eddy 
FAX NUMBER: (617)245-6293 
TOTAL PAGES: 1 
REFERENCE: Pilot Gas Consumption 
COPIES: D. Ryan 

IF MISSENT PLEASE TELEPHONE 916 234-2783 THIS MESSAGE IS BEING SENT PROM 918 2 M-1986 

In response to your pilot gas usage question. I would guess that a fh re system in 
normal operation will be started and stopped once or twice a month, with tie pilot going 
through the following sequence: 

The pilot will initially try to light for 10 seconds, if at this point the pilot is not lit, the 
system will shut down If the pilot does light, then the system allows 5 ; econds for a 
blower to start, then the inlet block valve starts opening and can take up 13 30 seconds 
to open fully Once the valve has been proven fully open by the val te open limit 
switch, the pilot will remain on for an additional 15 seconds. After that tirr e, the pilot is 
shut off. If after the 15 seconds the main flame is lit, the pilot remains o'i, if the main 
flame is not proven, the pilot ignition sequence starts over Therefore, the pilot is on for 
a maximum of 60 seconds every time the unit starts. 

I have attached a pilot gas consumption chart for your convenience. If "ou have any 
further questions or comments, please feel free to call David Ryan, 01 r local sales 
representative, at (610)252-6210 or myself at (918)234-2783 

Regards, 

Pagel 
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rvietcait & Eddy 
An Air & Water Technologies Company 

July 10, 1997 

Mr. Tim Locke 
Biogas Flare Group 
John Zink Company 
11920 East Apache 
Tulsa, Oklahoma 74116 

Subject: Request for Preliminary Sizing and Budget Quotation ­
Enclosed Landfill Gas Flare; 
Rose Hill Regional Landfill Superfund Site, 
South Kingstown, Rhode Island 

Dear Mr. Locke: 

Metcalf & Eddy (M&E) is currently finalizing the Feasibility Study (FS) for the Rose Hill 
Regional Landfill site in South Kingstown, RI. One of the FS alternatives includes treatment of 
landfill gas (LFG) utilizing an enclosed flare. Previous contact with your company regarding this 
project has been made on two occaisions. The first was a similar request made to Mr. David 
Ryan on February 17, 1993. The second was a phone discussion which you and I had on June 
3, 1997. M&E is interested in obtaining a preliminary LFG flare sizing and budgetary equipment 
cost quotation to use for the lastest version of the FS. 

As previously discussed, there are two gas streams anticipated, an Internal LFG stream and a 
dilute Perimeter Gas stream. Previously, these streams were assumed to be combined prior to 
combustion. However, due to the anticipated gas stream compositions (see below), the amount 
of auxiliary fuel required to sustain combustion of the LFG contaminants was found to be quite 
large. The costs associated with the auxiliary fuel has caused much concern with those that will 
be paying the O&M costs. Therefore, an alternative design which reduces the O&M costs is 
desired. As we discussed, by keeping the Perimeter Gas separated from the Internal LFG prior 
to entering the flare, auxilary fuel costs should be reduced. 

Please develop preliminary flare sizing based on the following assumptions: 

1) Internal LFG flow rate: 80 cfm, 50% CH4 by volume, 50% CO2 

2) Perimeter gas flow rate: 810 cfm, 2% CH4 by volume, 2% CO2, balance air 
3) Flare combustion temperature: 1,500°F 
4) There will not be a building available to place the equipment in 

Please include the following items in your quotation: 

1) System Requirements: 

30 Harvard Mill Square Wakef'eld MA 01880-5371 • Mailing Add'ess PO Eov 4C71, Wakefiela MA 018SC-5371 
TEL 817-246-5200 FAX 61 "'-2^5-6293 



Mr. Tim Locke 
John Zink Company 
July 10, 1997 

• flare dimensions (diameter, height) 
• combustion and quench air flowrates required 
• stack velocities (if possible) 

2) Budgetary equipment costs (+50 %, -30% accuracy), including blower costs (2 for 
each gas stream) 

3) Construction Items: 
• estimated lead time for flare delivery 
• utility requirements 
• instrumentation requirements 
• foundation requirements/weight loads 

4) Operations & Maintenance items: 
• start-up support needed 
• expected lifetimes of major equipment 
• auxiliary fuel needed* 
• pilot fuel needed* 
• annual O&M labor required 
• maintenance equipment and spare parts 

5) Installation cost multipliers (freight, taxes, installation) if known 

* Please calculate for both propane and natural gas and present heating value assumptions. 

Your quotations are needed by the end-of-day Friday. July 18. 1997. Thank you for your 
assistance with this project. If you have any questions, please do not hesitate to contact me at 
TEL (617) 224-6811 or by FAX at (617) 245-6293. 

Very truly yours, 

METCALF & EDDY, INC. 

Sean Czarniecki, P.E., ChE 
Project Engineer 

cc: File 



Metcalf & Eddy, Inc.
 
30 Harvard Mill Square P.O. Box 4071 
Wakefield, Massachusetts 01880-5371 

FAX Number: 617/245-6293 
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Date: 
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Metcalf & Eddu
 
L—\. L. ^NlZZ An Air & Water Technologies Company 

September 3, 1998 

Mr. Tim Locke
 
Biogas Flare Group
 
John Zink Company
 
11920 East Apache
 
Tulsa, Oklahoma 74116 

VIA FAX TRANSMITTAL: 918-234-1986 

Subject: Request for Updated Preliminary Sizing and Budget Quotation ­
Enclosed Landfill Gas Flare;
 
Rose Hill Regional Landfill Superfund Site,
 
South Kingstown, Rhode Island
 

Dear Mr. Locke: 

Although I have stated this in the past, Metcalf & Eddy (M&E) is truly finalizing the Feasibility 
Study (FS) for the Rose Hill Regional Landfill site in South Kingstown, RI. Our most recent 
contact with you regarding this project was in July 1997 (John Zink Proposal Number BF 3746). 
Since that time, the landfill gas (LFG) flow rate estimate has been reduced, both due to time and 
updated EPA AP-42 LFG generation coefficients. While we could use the previous quotation for 
a larger flare and say that it is conservative, the reduced LFG flow rate creates a increased need 
for auxiliary fuel. To prevent PRP confusion regarding increased numbers, I would prefer to put 
an updated quotation in the FS for a flare which is sized better for the new flow rate. If this is 
not possible, I will use the above-noted proposal. 

Please provide information as before based on die following assumptions: 

1) Internal LFG flow rate: 40 cfm, 50% CH4 by volume, 50% CO2 (changed from 80 
cfm) 

2) Perimeter gas flow rate: 810 cfm, 2% CH4 by volume, 2% CO2, balance air (same 
as before) 

To assist in determination of auxiliary fuel needs over time, please include the heat input 
(MMBtu/hr) required for the proposed flare to maintain a temperature between 1500°F and 
1600°F. Previously, this value was 1.5 MMBtu/hr or approximately 55 scfm LFG. As we are 
now estimating a flow less than this, you can see why this update would be appropriate. 

30 Harvard Mill Square, PO Box 4071, Wakefield MA 01880 
TEL 781-246-5200 FAX 781-245-6293 ^ 



Mr. Tim Locke 
John Zink Company 
Septembers, 1998 

In order to incorporate this information into the FS, your quotation is needed by the end-of-day 
Friday. September 18. 1998. Thank you for your assistance with this project. If you have any 
questions, please do not hesitate to contact me at TEL (781) 224-6811, by FAX at (781) 245­
6293, or by Email at Sean_Czarniecki@air-water.com. 

Very truly yours, 

METCALF & EDDY, INC. 

Sean Czarniecki, P.E., ChE 
Project Engineer 

cc: File 

mailto:Sean_Czarniecki@air-water.com
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KOC H ENGINEERIN G COMPANY , INC .
 
JOH N ZINK COMPANY .
 

International Headquarters Tim Locke 
11620 East Apache Business Team Leader 
Tulsa, Oklahoma 74121-1220 Btogas f tare Group 
Phone: 918/234-27B3 
Facsimile- 818-234-1986 

TELEFAX TRANSMITTAL MESSAGE 

DATE: September 8, 1998 
TO: Sean Czamiecki 
COMPANY: Metcalf & Eddy 
PAX NUMBER: (781)224-8548 
TOTAL PAGES: 1 
REFERENCE: Rose Hill Enclosed Flare Proposal 
COPIES: D. Ryan 

IF MISSENT, PLEASE TELEPHONE 918 234-2783 THIS MESSAGE IS BEING SENT FROM 916 234-1986. 

In response to your recent request for an updated proposal on the Rose Hill Regional 
Landfill Superfund Site, our previous size of the flare will not change However, after 
further review of the perimeter gas stream, I would like to recommend utilizing a 
detonation arrester in lieu of the flame arrester as originally proposed. This change will 
require an additional price of approximately $10,000, bringing the total budget price of 
the offering to $100,000 

The amount of heat input into the flare will not change (1.5 mmbtu/hr). This heat duty 
can be the result of landfill gas, assist gas, or any combination of the two. ; 

i
i 

If you have any further questions or need clarifications, please feel free to call me] at 
(918)234-2783. 

Regards, 

Page I 
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Project Rose Hil  l Feasibilit y Study Acct No 020617-001 1 Page of 

Subject Alternative Flare Comptd B> S. Czarniecki Date 25-Jul-97 

Detail Auxiliar y Fuel Ck'd B> B. Weir Date 28-Jul-9 7 

P\NE\ROSEHILL<F S APPX-E.FLAR E XLS 

Using LFG production values from the Scholl-Canyon model results and assumptions listed below, we calculate 

the future auxiliary fuel needs. 

Time Since Annual LFG Annual LFG Internal LFG Heating Assist Natural 

Year LF Closure Production Production Production Value Heat Gas Propane 

(years) ( f t ' /yr  ) (cfm ) (cfm ) (Btu/hr) (Btu/hr) (scfrn) (scfm) 

1997 15 3.11E+07 59 41 1.13E+06 3.69E+05 6.1 2.7 

1998 16 2.99E+07 57 40 1.09E+06 4.13E+05 6.9 3.0 

1999 17 2.87E+07 55 38 1.04E+06 4.56E+05 7.6 3.3 

2000 18 2.76E+07 53 37 l.OOE+06 4.97E+05 8.3 3.6 

2001 19 2.65E+07 50 35 9.64E+05 5.36E+05 8.9 3.9 

2002 20 2.55E+07 48 34 9.26E+05 5.74E+05 9.6 4.1 

2003 21 2.45E+07 47 33 8.90E+05 6.10E+05 10.2 4.4 

2004 22 2.35E+07 45 31 8.55E+05 6.45E+05 10.7 4.6 

2005 23 2.26E+07 43 30 8.22E+05 6.78E+05 11.3 4.9 

2006 24 2.17E+07 41 29 7.89E+05 7.11E+05 11.8 5.1 

2007 25 2.09E+07 40 28 7.58E+05 7.42E+05 12.4 5.3 

2008 26 2.00E+07 38 27 7.29E+05 7.71E+05 12.9 5.6 

2009 27 1.93E+07 37 26 7.00E-K)5 8.00E+05 13.3 5.8 

2010 28 1.85E+07 35 25 6.73E+05 8.27E+05 13.8 6.0 

2011 29 1.78E+07 34 24 6.46E+05 8.54E+05 14.2 6.1 

2012 30 1.71E+07 32 23 6.21E+05 8.79E+05 14.7 6.3 

Total 172.7 74.55 

Assumptions 

Flare wil l operate until 30 years beyond landfill closure, which was 1982. 

The Internal LFG stream remains at 50% methane and 50% carbon dioxide and is 70% of the total LFG production. 

The Perimeter LFG stream volume and composition remains constant over time. 

The Internal LFG stream has a. Lower Heating Value of 455 Btu/scf [Ref: John Zink Co., 1997] 

1.5 MMBtu/hr are requred to maintain an operating temperature of 1500 to 1600°F [Ref: John Zink Co., 1997] 

Natural gas heating value -1000 Btu/scf Propane heating value - 2316 Btu/scf [Ref: John Zink Co., 1997] 



Project Rose Hil  l Feasibility Study ACCI No 020617-0011 Page 2 of 2 

Subject Alternative Flare Comptd B> S. Czarniecki Date 25-Jul-97 

Detail Auxiliar y Fuel Ck'd B> B. Weir Date 28-Jul-97 

P \NE\ROSEHILUFSvAPPX-E FLARE XLS 

Worst case total aux. fuel occurs if flare is operated 24 hrs/day. However, intermittent operation utilizing a timer 

may reduce or eliminate the need for aux. fuel. This would only occur if the perimeter system was found to be 

unnecessary in the future. Calculations below assume present day costs and 24 hr operation. 

Natural Gas 

172.7	 cfm = 9.08E+07 cf total Using 1997 as a basis, 15 years of operation gives an annual O&M 

$0.79	 /cf= $71,694,675 total cost for natural gas as $4,779,645 

[Cost Ref: Providence Gas Telecommunication - Attached] 

Propane 

74.55	 cfm = 3.92E+07 cf total Using 1997 as a basis, 15 years of operation gives an annual O&M 

$0.02	 /cf = $783,703 total cost for propane as $52,247 

[Cost Ref: Star Gas Telecommunication - Attached] 

Natural Gas Line Installation 

M&E reviewed the location of a natural gas line while performing aux. fuel cost calculations. The nearest gas line 

is located approximately 4,700 ft from the proposed flare location, at the intersection of Broad Rock Road and 

Saugatucket Road. [Providence Gas Telecommunication - Attached] Providence Gas Co. also provided an 

approximate cost of $22/ft for connection to a gas main. 

This results in an installation cost of approximately $103,400 to install a natural gas line. 

Based on the costs provided above, propane appears to be the best fuel for the flare at the Rose Hill site. 
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ROSE HILL SOLID WASTE LANDFILL: PERIMETER GAS EXTRACTION SYSTEM 
VOLUMETRIC FLOWRATE CALCULATION 
SOLUTION USINGJOHNSON EQUATION FOR STEADY FLOW IN CONFINED VADOSE ZONE 

INPUT PARAMETERS: 
Ar Viscosity, ua-
Air Density, rhoa-

LandfillG« Viscosity, ulfg-
LendfilGai Density, rhoHg-

Mix Fraction Ar.Xa­
Mix Frsctian Landfill Gas, XKg ­

Mixed Gas Viscosiy.ug-
Mixed GBB Density, rhog-

Soil Hv*auic Conductivity, K­
Water Viscosity, uw ­
Water Density, rhow ­

GrBvitBtiondAcctlsrBtion.Ag-
Gas Specific Gravity, gamma ­

Molecular Weight Ar.MWa­
ular Weight Landfill Gat. MWMg-

Molecular Weight Mix, MWg ­
Sol Porosity, n­

 1.71E-04 g/cm«s 
 1.29E-09 g/cm3 

 1.21E-04 g/cm«s 
 1.3SE-03 g/cm» 
 0.5 
 0.5 
 1.46E-04 g/cm«s 
 1.32E-03 g/cm3 

 5.80E-03 cm/s 
 1.781E-02 g/cnvs 
 9.997E-01 fl/cm' 
 9.91 E+02 on/t2 

 0.001 
 26 c/mol 
 30 g/mol 
 29 g/mol 
 0.3 

Engineering Gas Constant, R - 6.314E+07 g«cmi!/>K'mol«i2 

Temperature, T­ 10 *C 
Vent Well Diameter, d- 20.32 cm 

Depth to Confining Layer, b­ 490 cm 
2Atmosphere Pressure, Patm - 1.01E+06 g/em • s

stance Along ROM Hll Rood, m - 540 m 
rtence Along Enforce Road, m - 104 m 
itance Along Northern Road, m - 194 m 

CALCULATION: 

dreulic Intinsic Permeability, ki K'uwrAtew'Agcm2 

kJ»1.0C4E-07 on» 

Soi Gas Conductivity. Kg - K*uw*rhog^hcm/s 
Kg-9.342E-04 cm/% 

Soil Gas Permeability, kg - Ki cm2 

kg-1.054E-07 cm* 

Storage Coefficient, Ss *Ag*MWg/R*T1/cm 
S« = 3.626E-07 1/cm 

http:GrBvitBtiondAcctlsrBtion.Ag
http:Viscosiy.ug
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Project Rose Hil l Feasibility Study Acct No 020617-001 1 Page 1 of 1 

Subject Air Permit Source Designation Comptd By S. Czarniecki Date 25-Jul-97 

Detail Ck'd By B. Weir Date 5-Aug-97 

P \NPROSEHIL L FS APPX-BFLARE XLS 

To determine if the treatment systems wil l be considered major sources by Rhode Island Air Pollution Control 

Rule #9, we must estimate the annual emissions of VOCs and NOx. 

"Major stationary source" means any stationary source of air pollutants which emits or has the potential to emit 

50 tons/yr or more of VOCs or NOx or 100 tons/yr of any other regulated air pollutant. 

VOCs 

Utilizing data from SUMMA.wkl, we assume that all contaminants detected are VOCs and that worst case 

treatment would allow 100% emissions. The total LFG concentration would be = 26,845 mg/m' 

From SCHOLLRE.xls, the LFG production is = 0.0282 m3/s 

Therefore, without treatment, the total VOCs leaving the landfill = 757 mg/s 

= 52,601 Ib/yr 

= 26 ton/yr 

This shows that any treatment system utilized will not be a major source for VOCs. 

NOx 

Flare operation is anticipated to produce more NOx than photocatalytic oxidation, since photocatalytic 

oxidation is a non-thermal treatment. From vendor quotations, NOx production at 1600°F is estimated to be 

0.06 Ib/MMBtu. The vendor also requires 1.5 MMBtu/hrof heating value for operation from 1500 to 1600°F. 

For one year, NOx production is estimated at 788 Ib/yr 

0.4 ton/yr 

This shows that the flare will not be a major source for NOx. 

Any Other Regulated Pollutant 

If Methane is considered a regulated pollutant under the definition of a major source, then any non-combustion 

treatment system becomes a major source (see GAS_COMP.xls). 
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22 September 1998 

Mr. David Newton, Remedial Project Manager 
Office of Site Remediation and Restoration 
USEPA Region I 
John F. Kennedy Federal Building, HBO 
Boston, MA 02203 

RE: Rose Hill Regional Landfill Superfund Site ARARs 
Clarification of RIDEM Air Resources Regulations 

Dear Mr. Newton: 

After reviewing Metcalf & Eddy's memorandum of 14 September 1998, I have further 
conferred with Doug McVay from our Air Resources Office and can provide you with the 
following clarification: 

Rhode Island Air Pollution Control (APC) Regulation No. 9 and associated document 
entitled "Sources Required to File Applications for Approval to Construct, Install or 
Modify", and APC Reg. No. 22 may be considered ARARs. 

First of all, there are two types of permits which could be required under the APC 
Regulations: 1. A Minor or Major Source Permit to construct (Reg. No. 9); 2. An Air 
Toxics Operating Permit (Reg. No.22). 

Reg. No. 9 requires that a facility (such as a landfill) which is constructing, installing or 
modifying anything (such as a cap) that would result in an increase in air emissions 
equal to or greater than any of the thresholds listed in Section 9.3.1 a - g, must apply 
for a permit to construct. In order for the Department to approve a permit to construct 
the applicant must apply BACT to control the air emissions. Therefore, only if 
installation of a cap and landfill gas collection system creates an increase in emissions 
will any of the requirements under Reg. No.9 apply. 

The thresholds which may apply to Rose Hill are: 

9.3.1 (e) Any stationary source that emits or has the potential to emit, in the aggregate, 
10 tons per year or more of a hazardous air pollutant, or 25 tons per year or 
more of any combination of hazardous air pollutants. 

9.3.1 (f) Any stationary source which has the potential to increase emissions of a listed 
toxic air contaminant by greater than the minimum quantity for that 
contaminant, as specified in Appendix A of this Regulation. 



9.3.1 (g) Any other stationary source or process except for those outlined in Subsection 
9.3.1 (a) having the potential to emit one hundred pounds or more per day, or 
ten pounds or more per hour of any air contaminant or combination of air 
contaminants into the atmosphere, including but not limited to the following 
categories: (see list) 

9.3.1. (h) Any air pollution control system and appurtenances. 

Under Reg. No. 22 - An air toxics operating permit would be needed if annual 
emissions from the landfill (not just the increase) exceeds any of the quantities in Table 
3 of the regulations. 

Based upon the preliminary data Metcalf & Eddy calculated for emissions for the Solid 
Waste Area (SWA) and Bulky Waste Area (BWA), emission of hazardous air pollutants 
or VOCs are below the threshold limits, and a permit would only be needed if 
installation of a cap would increase the methane emissions by 10 Ibs/hr or 100 Ibs /day. 
If there is no increase in methane emissions then passive venting or other air pollution 
control devises which do not destroy methane (photocatalytic oxidation) would be 
acceptable. 

If you require any further clarification or have any questions please feel free to contact 
me at 401-222-4700 X7126. 

Sincerely, 

Cynthia M. Gianfrancesco 
Sr. Environmental Scientist 
Office of Waste Management 

cc:	 Warren Angell, OWM 
Doug McVayl, OAR 

Rharar.ltr 



MetCalf & Eddy Memorandum
 

To: D. Simone Date: 14 September 1998 

Location: Wakefield, MA Project No.: 020617-0012 

From: S. Czarniecki SC^ 

Subject: Rose Hill Landfill RIDEM Air Permitting Thresholds 

Following review of the email message sent by Dave Newton on 09/08/98 which forwarded 
questions by Cynthia Gianfrancesco, I proceeded to determine the significance of RIDEM's air 
permitting thresholds as they apply to passive venting of landfill gas (LFG) at the Rose Hill 
Solid Waste and Bulky Waste Landfills. 

LFG and Methane Emission Estimates 
Flow rate calculations for the Solid Waste Area (SWA) were presented in the Draft Final FS 
(11/97) and flow rates for the Bulky Waste Area (BWA) were presented in the risk assessment 
of the Final RI report (5/94). The flow rates for the BWA were not included in the Revised 
Draft Final FS since the risk assessment determined that there was no risk from LFG at the 
BWA and it would be passively vented. While updating the risk tables for the SWA using 
new LFG generation rates, the BWA flow rates have been recalculated and are to be included 
in the Final FS. A comparison of the old and new flow rates for both areas are attached 
(Attachment A). The first-order kinetic model used by M&E for previous calculations is the 
same as that incorporated in EPA's Landfill Gas Emissions Model (LandGEM), which is used 
for current calculations. Methane emissions are assumed to be 50% of the total LFG 
emissions. 

State Regulations 
Rhode Island Air Pollution Control Regulation No. 9 (APCR#9) states that a Minor source 
permit is required for the construction, installation or modification of any of the following: 

[9.3.1(e)] Any stationary source that emits or has the potential to emit, hi the aggregate, 10 
tons per year or more of any hazardous air pollutant or 25 tons per year or more of any 
combination of hazardous air pollutants. 

[9.3.1(f)] Any stationary source which has the potential to increase emissions of a listed toxic 
au: contaminant by greater than the minimum quantity for that contaminant, as specified in 
Appendix A of diis regulation. 
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[9.3.1(g)] Any other stationary source or process....having the potential to emit one hundred 
pounds or more per day, or ten pounds or more per hour of any air contaminant or 
combination of air contaminants into the atmosphere... 

[9.3.1(h)] Any air pollution control system and appurtenances. 

Rhode Island APCR#9 also states that a Major source permit is required for the following: 

[9.4. l(b)(l)] Any stationary source of air pollutants which emits or has the potential to emit 50 
tons per year or more of volatile organic compounds or nitrogen oxides or 100 tons per year 
of any other regulated air pollutant. 

As Dave discussed in his email, under Superfund. if permitting thresholds are exceeded, the 
substantive requirements of the regulation would be followed even though the permit itself is 
not required. This still allows REDEM to state whether or not a specific discharge will be 
allowed. 

Permitting issues were previously reviewed in 1997 when innovative LFG treatment processes 
were reviewed for the SWA (i.e. photocatalytic oxidation). Mark Dennin of RIDEM noted 
that uncontrolled methane emissions exiting a process were possibly regulated under APCR#9. 
M&E confirmed with RIDEM's Doug McVay (Air Bureau) that the State considers methane as 
being included under "any other air contaminant." At the time, uncontrolled methane exiting 
the innovative process was estimated above the 100 pounds per day and 10 pounds per hour 
thresholds, so the Air Bureau would need to review the emissions. However, the methane 
emission was estimated at greater than 100 pounds per hour. This emission was noted by 
Doug McVay as being too much to allow as an untreated release. For this reason, an enclosed 
flare was still selected as the appropriate treatment option at the SWA. 

To better understand RIDEM's interpretation of the regulation discussed above. I contacted 
Doug McVay in RIDEM's Air Bureau. As I understand the regulation following discussion 
with Doug, the BWA is not really a new source, since it has been emitting LFG for many 
years. As long as installing a landfill cap with passive vents does not increase the current 
methane (or other air pollutant) emissions 10 pounds per day, the Minor source permitting 
requirements do not need to be followed. I explained to Doug that the landfill generates LFG 
which currently escapes through the existing cover materials. If it were to build up, there 
would be a blow out at some point, but the existing cover materials are too porous to allow 
that. Once a liner is placed over the landfill, gases will build up under the liner, until vents 
are installed through the liner. These vents allow the gases which were previously escaping 
naturally to exit through the installed cap. Doug stated that if this is the case, then the 
permitting requirements would not be triggered by a source modification/increase. However, 
thresholds for VOCs, hazardous air pollutants (HAPs) and toxic compounds must be reviewed 
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as well, since Operating Permit requirements under Rhode Island Air Pollution Control 
Regulation No. 22 overlaps with APCR#9. 

While an old landfill does not appear to trigger Regulation No. 9, any treatment system used 
on the LFG triggers the permitting requirements by 9.3. l(h). Currently, treatment of the 
SWA LFG is required due to risk from specific VOCs. Therefore, the permitting 
requirements are triggered. 

Permitting Threshold Calculations 
Emission estimates were calculated for comparison to permitting thresholds for the following: 
hazardous air pollutants (HAPs), toxic air contaminants, VOCs and methane (other air 
pollutant). Calculations were performed two ways: (1) SUMMA canister sampling at the 
SWA resulted in a list of detected VOCs which were then applied to the 1997 LFG flow rate 
(calculated above using LandGEM); and (2) default concentrations from the contaminant list 
for EPA's LandGEM were applied to the 1997 LFG flow rate. Attachment E presents 
calculations using the SUMMA canister date. Attachment F summarizes results using EPA's 
LandGEM. It should be noted that most of the default values of the model's listed compounds 
are significantly lower than those measured at Rose Hill and, therefore, result in noticeably 
lower emissions than those estimated using site-specific sampling data. However, there are a 
few contaminants in LanflGEM with default concentrations higher than those detected on site. 

*There are also contaminants listed in LandGEM which were not included in the SUMMA 
canister analysis. 

Calculations are not attached for the BWA due to significantly lower emissions than the SWA. 
However, using the default acrylonitrile concentration from LandGEM results in an emission 
of 0.0008 Ib/hr. This will be discussed further in the next section. 

Comparison of Calculations to Permitting Thresholds 
Each of the permitting thresholds noted earlier are presented below with site-specific 
information following: 

•	 9.3.1(e) - Emissions for both the SWA and BWA were below the thresholds for 
HAPs. 

•	 9.3.1(f) - Using default LandGEM concentrations for tetrachloroethylene at the 
SWA and acrylonitrile at both the SWA and BWA, Appendix A thresholds for 
toxic air contaminants were exceeded. However, emissions from the existing 
landfill areas at Rose Hill are expected to only decrease over time. Placing a cap 
with passive vents is not anticipated to increase emissions. 

•	 9.3.1(g) - Methane emissions from both the SWA and BWA are estimated to be 
greater than 100 Ib/day and 10 Ib/hr thresholds for any air contaminant. 
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• 9.3.1(h) - If the landfill areas are passively vented, there are no air pollution 
control systems involved. 

• 9.4.1(b)(l) - Emissions from both the SWA and BWA are estimated below the 
threshold for VOCs and NOx. Methane emissions from the BWA are estimated 
below the 100 try threshold for any other regulated air pollutant. However, SWA 
methane emissions are estimated above the threshold. 

Although thresholds are exceeded, conversation with Doug McVay led me to the conclusion 
that an existing source without an air pollution control system, such as a passively vented 
landfill, would not require permitting. However, based on the written regulation, this appears 
to be a RJDEM interpretation which would need to be clarified in writing. 

Conclusions 
•	 Risk to human health as determined in the 1994 risk assessment is driving the need 

for a flare at the SWA. This air pollution control system would require the 
substantive requirements of the permitting regulations to be followed. 

•	 While uncontrolled methane emissions from both the SWA and BWA are estimated 
above permitting thresholds,, it is still unclear if passive venting of existing 
landfills is considered exempt from the regulation. 

•	 A clarification in writing from RIDEM would be appreciated regarding the 
applicability of these permitting thresholds to existing landfills. 

cc: File 

\
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Subject LFG Emissions summary Compid Bv S Czarniecki Date ll-Sep-98
 
Detail Ck'd By Date 

LFG rates prior to 1997 AP-42 update: 

SWA 

1996 (Scholl-Canyon kinetic model) ­

BWA 

1993 (Scholl-Canyon kinetic model) ­

LFG rates following 1997 AP-42 update: 

SWA 

1997 (Scholl-Canyon kinetic model) ­

SWA 

1997 (EPA Landfill Gas Emissions Model) • 

BWA 

1997 (EPA Landfill Gas Emissions Model) ­

Methane Emissions following 1997 AP-42 update: 

SWA 

1997 (EPA Landfill Gas Emissions Model) ­

BWA 

1997 (EPA Landfill Gas Emissions Model) ­
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 IbCH4 / hr 

 Ib CH4 / mm 

M g C H  4 / y  r 

lbCH 4 /y  r 

 ton CH4 / yr 
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PYNE\ROSEHILL\FS\APPX-E\GAS VOCS XLS 

[FS, 1997] 

[RI, 1994] 

[Attachment B] 

[Attachment C] 

[Attachment D] 

[Attachment C] 

[Attachment D] 
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Project Rose Hil l Feasibilitv Study Acct No 020617-0012 Page 1 of I 

Subject LandGEM Emissions Compfd By S Czamiecki Date U-Sep-98 

Detail Solid Waste Area CkdB y Date 

P \NE\ROSEH1LL\FS\APPX E\GAS VOCSXL S 

LandGEM Compounds(Bold are HAPs) SUMMA Appx A 

1 ,1 ,1 -Tnchloroethane 

1,1,2,2-Tetrachloroethane 

1 ,1 ,2-Trichloroethane 

1,1-Dichloroethane 

1,1-Dichloroelhene 

1 ,2-Dichloroethene 

U-Dichloropropane 

2-Propanol 

Acetone 

Acrylonitnle 

Benzene (1.9 1-30) 

Bromodichloromethane 

Butane 

Carbon Disulfide 

Carbon Tetrachlonde 

Carbonyl Sulfide 

Chloro benzene 

Chlorodifluoromethane 

Chloroethane 

Chloroform 

Chloromethane 

 Dichlorobenzene 

Dichlorodifluoromethane 

Dichlorofluoromethane 

Dichloromethane (MeCI) 

Dimethyl Sulfide 

Ethanol 

Ethylbenzene 

Ethyl Mercaptan 

Fluorotnchloromethane 

Hexane 

Mercury 

Methyl Ethyl Ketone 

Methyl Isobutyl Ketone 

Methyl Mercaptan 

Petane 

Tetrachloroethylene 

Propane 

Toluene (39.3-165) 

Trkhloroethene 

trans- 1 ,2-Dichloroethene 

Vinyl Chloride 

Xylene 

MW 

1334 1 

16785 

13341 

9896 

9694 

9896 

11299 

6001 

5808 

| 5306 

7812 

16383 

581 2 

7614 

15384 

6007 

11256 

8647 

6452 

11938 

5049 

147
 

12091
 

10292
 

8493
 

621 3
 

4608
 

10617
 

62 13
 

13737
 

8618
 

200
 

72 11
 

10016
 

48 11
 

721 5
 

| 165 83
 

44 1
 

92 14
 

1312 9
 

9694
 

625
 

10617
 

ppmv 

04 8 

1 11 

0  1 

235 

0  2 

04 1 

01 7 

5006 

701 

11 5 

191 

3 13 

503 

058 

004 

049 

025 

12 1 

137 

002 

12 1 

02 1 

15 7 

4 4 

143 

78 2 

272 

46 1 

228 

07 6 

657 

O i  l 

709 

121 

43 3 

329 

373 

11 1 

393 

282 
284 
734 

12 1 

ppmv^ mg/m­ mg/yr lEi; Ib/hr non-VOCs Toxics1-21 

1 9 2 6 2 327,849 00026 6E-04 x 

7  6 6,772.820 00075 0002 

0  5 484,969 00005 IE-04 x 

34 9 5 8,453,815 00093 0002 

8  1 0 8 704,788 00008 2E-04 

5,900 (cis) 1 7 1,474,921 00016 4E-04 

0 8 698,255 00008 2E-04 

1229 109,204,279 01204 0027 

167 14,800,276 00163 0004 

250 22,181,467 00245 0006 x 

2 5 6  1 5,424,014 00060 0001 x 

21 0 18,640,732 00206 0005 

120 10,627,198 00117 0003 

0.28 18 1,605,336 00018 4E-04 

0045 0 3 223,694 00002 6E-05 x 

1 2 1,069.988 00012 3E-04 

1 2 1,022.938 00011 3E-04 

4  3 3,803,435 00042 1E-03 
66 36 3,213,217 00035 8E-04 

0  1 86,793 00001 2E-05 x 

1 4 2  5 2,220,833 00024 6E-04 

1 3 1,122,178 00012 3E-04 

22 776 69,006.032 00761 001 7 x 

185 16,461.812 00181 0004 x 

19 49 7 44,149,150 00487 001 1 x x 

199 17,661,732 00195 0004 

513 45,562,396 00502 0011 

5 8 200 17,792,129 00196 0004 

5 8 5,149,456 00057 0001 

0.2S 4  3 3,795.165 00042 IE-03 x 

23 2 20.582,449 00227 0005 

09 799,738 00009 2E-04 

209 18,585,186 00205 0005 

16 5 0 4 405,598 00049 0001 

8 5 7,572,660 00083 0002 

9 7 8.628,939 00095 0002 

1.2 253 22,485.219 00248 0006 x 

20 0 17,794,539 00196 0004 

62 148 1 131.633,352 0145 1 0033 x 

5 7 15 1 13,458,788 00148 0003 

6 7 11 3 10.007,983 0011 0 0003 

1,200 188 16,676,360 00184 0004 

11.9 52 5 46.699,515 0051 5 001 2 x 

Total 08325 

HAPs only 04341 

Considered VOCs under Rl APCR 9 1 40 06828 

(1) Comparison values Bold values are lower than LandGEM 
(2) Boxed contaminants are above their respective thresholds listed in RI APCR#9 Appx A 



Htm TELECON MEMORANDUM 

METCALF &. EDDY, INC 
JOB NO. 

SUBJECT: ec. r .c ̂  ­ C— Ic ­ . r « 

M&E ENGINEER S­ OUTSIDE PARTY: 

MADE CALL (xf 

RECDCALL ( ) / ­ .3 3.3 ­ .3 .fro fr^ 7<9 // 

COMMENTS SUMMARY OF CONVERSATION: 

u*. r«--v> 

r t /^ ­

/ 

x»c,r
• 

/  s 'C. "" 

c •Ar *- ^V 

*J> ^-f~'.J ~ - - ­

CC: 
S —IQ>M. 

-O2ct( T 

.C- / *y 

•«v*^^, TZ .̂ A~-io « 
l1^­

MAE FORM NO. 196 (9/78) 



TELECOM MEMORANDUM 

M.ETCALF&. EDDY. INC 
DATE:
 

SUBJECT: /</;/ / A:~ /g :̂4U,
 

M&E ENGINEER: OUTSIDE PARTY:
 

MADE CALL ( )
 

RECTDCALL
 / -.3.2 a -g ro r ^ 7C 
COMMENTS SUMMARY OF CONVERSATION: 

e. S 

> /  * e^:S;.;_ 

,£k^o ."̂ <?* i 

P _w 
~7 uf 7t-«_ 5 v 7 < 

CC: 
0. 

/-. ' 

MftE FORM NO. 196 (9/78) 



Lotus cc:Mail for Sa*n Ciarnj.»cJci 

Author: Sean Czarniecki at awtwak_po
 
Date: 10/13/98 8:48 AM
 
Priority: Normal
 
TO: DMcVayOdem.state.ri.us at AWT_INTERNET_PO
 
Subject: question I left on voice mail
 

Doug,
 

I'm sure that the message I left on your voice mail yesterday was a little
 
confusing, so I'll lay it out a little better here.
 

This regarding the Rose Hill site and Reg. 122.
 

The two toxics (acrylonitrile and PCE) which were above emissions thresholds
 
(Ib/hr) in the backup I sent were not actually detected at the site at the
 
concentrations which created the threshold exceedence. In the backup I sent, I
 
used two different methods for calculations: sunma canister samples (TO-14
 
analysis) and EPA's LandGEM model. The TO-14 analyte list did not include
 
acrylonitrile, and PCE was detected at a level which would create an emission
 
estimate below the threshold. I used EPA's default concentrations from LandGEM
 
for a comparison since there are a few extra compounds included in the model
 
which were not part of TO-14.
 

I quickly reviewed ISC impacts for each compound at the property boundaries and
 
found that PCE is below its limit for both the TO-14 and LandGEM concentrations.
 
However, acrylonitrile is above its limit.
 

The question is - would RIDEM require permitting for passive venting based on
 
the acrylonitrile estimates even though they are EPA default values? Of course,
 
if that were the only compound of concern, I'm sure someone would sample and
 
analyze to show that actual values are below the permitting thresholds, but I
 
just wanted to know RIDEM's stance on contaminants whicn were not analyzed.
 

Thank you for your time in this matter.
 

Sean
 
Sean_Czarniecki8air-water.com t
 

781-224-6811
 

http:Sean_Czarniecki8air-water.com
http:DMcVayOdem.state.ri.us


Memorandum Metcalf&Eddy 

To: D. Simone	 Date: 14 October 1998 

Location: Wakefield, MA	 Project No.: 020617-0012 

From: S. Czamiecki 

Subject:	 Rose Hill Landfill RIDEM Air Permitting Clarifications 

Based on review of Cynthia Gianfrancesco's Air Resources Regulations letter dated 09/22/98,1 
spoke with Doug McVay for final clarification regarding the following issues at Rose Hill. 

Since 1 found that APCR #9 does not specifically state that application for a permit to construct 
is required only if installation of a cap and landfill gas collection system creates an increase in 
emissions. I requested RIDEM clarification on this issue. Doug explained to me that APCR #9 
should be looked at for sources which" are constructed, installed or modified to generate a net 
emissions increase. Rose Hill's landfills are existing, so the "constructed" and ''installed" 
components do not apply. "Modified" has potential at Rose Hill, but there would not be a net 
emissions increase for passive venting of the landfill gas (LFG), so APCR #9 would not apply. 
However, modification of the source by air pollution control equipment such as a flare or 
photocatalytic oxidation would create applicability of APCR #9 [9.3.1(h)j unless the system 
qualifies for exemption. 

For Rose Hill, the LFG emitted from the Solid Waste Area (SWA) exceeds thresholds in 
Subsection 9.3. Kg), so any air pollution control system requires a permit. However, Best 
Available Control Technology (BACT) need not be applied [9.3.3(a)] since there is no net 
emissions increase. Therefore, it appears that any air pollution control system may be added at 
the site, even if it does not treat the methane emissions (which drives the permit application). 

Based on the information I gave him, Doug also noted that the SWA has two air toxics, 
tetrachloroethylene and acrylonitrile, which should be reviewed under APCR #22. I have briefly 
reviewed these and found the following: 

•	 Acrylonitrile is not a standard TO-14 compound, and was therefore not reported for 
the summa canister results. Therefore, the only concentration data to work with is 
the default values in EPA's LandGEM model. The estimated emission rate for this 
compound using this data is above its respective threshold. This would require the 
source (passive venting of the landfill) to be registered at a minimum . 



Page 2 

• Acrylonitrile annual average impacts at property boundaries exceed Ambient Air 
Levels (AALs) using the LandGEM default concentration. This would require the 
source to be treated and permitted unless sampling is performed to show that site-
specific concentrations are lower than the LandGEM default, thereby reducing 
property boundary impacts to below AALs. 

• Tetrachloroethylene (PCE) was detected at a value for which emissions are below the 
permitting threshold. However, the default value in EPA's LandGEM model creates 
an emission estimate above the threshold. With either concentration, the AALs are 
not exceeded for PCE. 

If AALs are not exceeded, APCR #22 would not require permitting for passive venting of the 
SWA or addition of an air pollution control system since there is no net increase of toxic 
emissions. 

In summary, Cynthia's letter is correct as it applies to Rose Hill except for the statement 
regarding APCR #9, "In order for the Department to approve a permit to construct the applicant 
must apply BACT to control the air emissions." This one statement is a minor misinterpretation 
on the conservative side, so it does net appear that we need to ask for a new clarification letter. 

cc: File 



F. AMBIENT AIR DISPERSION 

F-l Area Source Modeling - Risk Assessment 
F-2 Point Source Modeling - Flare 
F-3 PRO Exceedances 
F-4 Basement Ambient Air Correlation 
F-5 Point Source Modeling: Non-Combustion Technology 



F-l Area Source Modeling - Risk Assessment 
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Project Rose Hill FS Acct. No. 4609-18-10-11 Page lot  ' 1 
Subject Air Modeling Comotd. Bv S. Czarniecki Date 08/14/96 

j	 j- j 

Detail SUMMA Canister Concentrations Ck'd. By J. Young Date 08/14/96 
C:\RH\A1R JSCSTHSUMMA. WKl 

1 1 SUMMA. WKl 

Data from Appendix D in the Remedial Investigation Report (M&E, 1994) was used for contaminant
 
concentrations in the Solid Waste Area. Attachment A presents these results as well as a map showing
 
sampling locations. Presented below is conversion calculations for ppbv to mg/m3 . Contaminants shown
 
were selected by risk assessment personnel.
 

Locations sampled: SG-SW(13+300)- 12
 
SG-SW(11+500)-05
 
SG-SWD(13+300)-12
 
SG-SW(03+300)-06
 

Conversion from ppbv to mg/m3:
 
Based on 760 torr (1 aim.) barometric pressure at 25°C and where 24.45 = molar volume in liters
 

mg/m3 = (ppbv * gram molecular weight of substance) / (24.45 * 1000) 

Contaminants: MW Maximum Detection (ppbv)(1> (me/m3)
 
Benzene 78.1 2,500 8.0­
1,1-Dichloroethene 97 8,100 32'
 
cis-l,2-Dichloroethene 97 5,900,000 23,000
 
trans-1 ,2— Dichloroethene 97 6,700 27
 
Ethylbenzene 106.2 5,800 25
 
Methylene Chloride 84.9 19,000 66
 
Toluene 92.1 62,000 230
 
Trichloroethene 131.4 5,700 31
 
Vinyl Chloride 62.5 1,200,000 3,100­
m,p-Xylene 106.2 9,400 41
 
o-Xylene 106.2 2,500 11
 
Carbon Disulfide 76.1 280 0.87
 
Dichlorodifluoromethane 120.9 22,000 110 (2>
 
1,1-Dichloroethane 99 34,000 140 ­
4-Methyl-2-pentanone 100.2 1,600 6.6
 
1,1,2,2-Tetrachloroethane 167.9 0 * 0
 
1,1,1-Trichloroethane 133.4 1,900 10
 
1,2,4-Trimethylbenzene 120.2 500 2
 
1,3,5 -Trimethylbenzene 120.2 870 4.3
 
Acetone 58.1 0 * 0
 
1,2,4-Trichlorobenzene 181.5 0 * 0
 

Notes: 
*	 Not detected in solid waste area SUMMA canister samples, but were chemicals of concern in
 

RI report (M&E, 1994)
 
(1)	 Maximum of four samples. Duplicate samples not averaged prior to identifying maximum. 
(2)	 Shows as 100 mg/m3 on analytical sheet possibly due to calculation at different temperature. 



TO-14 and Reduced Sulfur
 
Analysis Sampling Locations
 

ROSE ttl REGIONAL UUOFU
 

SOUTHKNGSTOWN.RI
 

http:SOUTHKNGSTOWN.RI
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 1 Project Rose H i l  l Feasibilit  y Stud v Acci No 020617 -001 2 Page 1 of

Subject Ai r Modelin g Comptd B> S Czarniecki Dale 9-Aug-96 

Detail ISCST3 Solid Waste Area Grid C k d B  v R Porter Date 26-Aug-96 

f vNE>ROSEHILL\FS\APPX-F\SOLGRlD XLS 

The FS Solid Waste Area was drawn onto the modeling grid from previous efforts (M&E, 1993) and 

area source squares were drawn to cover the area See Attachment A for the numbered squares 

Historically, the source-to-receptor distance for area sources was required to be greater than the length of 

one side of a respective area source square to have valid results With ISCST3, this is not the case 

Attachment B is text from the User's Guide for ISC3 which describes that the only restriction is that sources 

with side length less than 3 meters should be used with caution near receptors In the Rose Hill case, the 

smallest receptor has a length of 15 meters, so this does not apply 

Grid squares on Attachment A are 50 ft on each side = 15 2 m 

Input for model (all values in meters) 

Southwest Comer Values are the X, Y coords times square length 

Square X Y Length X Y Length Area (m-) 

1 8 35 7 12192 53340 10668 11,381 

2 15 35 6 22860 53340 914 4 8.361 

3 9 30 5 137.16 457.20 762 0 5,806 

4 14 32 3 21336 48768 457 2 2,090 

5 17 32 3 259 08 487 68 45 72 2,090 

6 20 33 2 304.80 502 92 30 48 929 

7 20 32 1 304.80 487.68 15.24 232 

8 21 32 1 32004 48768 15.24 232 

9 14 31 1 213.36 47244 15.24 232 

10 14 30 1 213.36 457.20 15.24 232 

11 15 25 7 228.60 381 00 106.68 11,381 

12 10 25 5 15240 381.00 76.20 5,806 

13 11 22 3 167.64 335.28 45 72 2,090 

14 14 22 3 213.36 335.28 45.72 2,090 

15 17 23 2 259.08 350.52 30.48 929 

16 22 25 2 335.28 381.00 3048 929 

17 19 19 6 289.56 28956 91.44 8,361 

18 17 21 2 259.08 320.04 30.48 929 

19 12 17 5 182.88 259.08 76.20 5,806 

20 17 19 2 259.08 289.56 30 48 929 

21 17 17 2 259.08 259 08 30.48 929 

22 19 14 5 289.56 213.36 76.20 5,806 

23 13 14 3 198.12 213.36 45.72 2,090 

24 16 14 3 24384 21336 4572 2,090 

25 14 12 2 213.36 182.88 3048 929 

26 16 9 5 243.84 13716 7620 5,806 

27 21 11 3 32004 16764 45.72 2,090 

Total -> 90,580 m2 

Emission Rate (g / m--s) to be used in model 

.Landfill Gas Production 0.0282 m3 / s See Attachment C 

Landfill Area = 90,580 m2 See Total Above 

Vinyl chloride is expected to be the most significant contaminant in the air, so modeling will be based on its cone 

Contaminant Concentration 3,100,000 ug/m 3 FromSUMMAWKl 

3 g /m 3 

Contaminant Emission Rate = 9 65E-07 g / m2-s Cone * Rate / Area 
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QA = area source emission rate (mass per unit area per
 
unit time)
 

K = units scaling coefficient (Equation (1-1))
 

V = vertical term (see Section 1.1.6)
 

D = decay term as a function of x (see Section 1.1.7)
 

The Vertical Term is given by Equation (1-50) or Equation
 

(1-54) with the effective emission height, he, being the
 

physical release height assigned by the user. In general, he
 

should be set equal to the physical height of the source of
 

emissions above local terrain height. For example, the
 

emission height he of a slag dump is the physical height of the
 

slag dump .
 

Since the ISCST algorithm estimates the integral over the
 

area upwind of the receptor location, receptors may be located
 

within the area itself, downwind of the area, or adjacent to
 

the area. However, since oz goes to 0 as the downwind distance
 

goes to 0 (see Section 1.1.5.1), the plume function is infinite
 

for a downwind receptor distance of 0. To avoid this
 

singularity in evaluating the plume function, the model
 

arbitrarily sets the plume function to 0 when the receptor
 

distance is less than 1 meter. As a result, the area source
 

algorithm will not provide reliable results for receptors
 

located within or adjacent to very small areas, with dimensions
 

on the order of a few meters across. In these cases, the
 

receptor should be placed at least 1 meter outside of the area.
 



ROSE HILL SOLID WASTE AREA ( ERSIO\ SEP-08-98 
GAS GENERATION RATE CALCULATION Checked by Sean Czamiecki 08'26/96 
METHOD 1: SCHOLL CANYON FIRST ORDER KINETIC MODEL 

FORMULA: Incorporates New Stationary Source Performance 
Q= 2 [k L R[exp(-k(t-lag))]] Standards for Municipal Solid Waste LFs 

[Source Methane Generation & Recovery from Landfills Emcon Associates 1982] FR 9905, Vol 61, No 49, March 12, 1996 
WHERE: (Formula is multiplied by 2 since it isfor methane 

Q = landfill gas generation rate @ time t ( ft"" LFG / yr ) generation and CHj is assumed to be 50% ofLFG) 

L = potential methane gas generation capacity of refuse ( ft3 CH4 / ton ) 
R = annual refuse acceptance rate in landfill ( tons ) 
k = methane production rate ( 1 / yr )
 
t = time since refuse placement ( yr )
 
lag = time to reach conditions suitable for methane production ( yr )
 

INPUT PARAMETERS:
L = 3,204 Year closed =
k = 00 4 Current year =

lag = 2 Time since closure =

L and k are EPA AP-42 default values (9/97) 
YEAR TIME SINCE

REFUSE PLACEMENT

1968 29
1969 28
1970 27
1971 26
1972 25
1973 24
1974 23
1975 22
1976 21
1977 20
1978 19
1979 18
1980 17
1981 16
1982 15
1983 ­
1984
1985 ­
1986 ­
1987 ­
1988
1989 ­
1990 ­
1991 ­
1992 ­
1993 ­

TOTAL 1997 LF GAS PRODUCTION

 tons MSW 
 1982 Avg refuse 1967-1970 18,667 

| 1997 Avg refuse 1971-1975 10.889 
1 5 Avg refuse 1976-1977 24,000 

Avg refuse 1978-1982 20,400 

 GENERATION R; *TE 
 1997 

1 62E+06 
 69E+06 
 76E+06 
 07E+06 
 11E+06 
 16E+06 
 1.21E+06 

1 25E+06 
 288E+06 
 299E+06 

2 65E+06 
 276E+06 
 287E+06 
 299E+06 
 311E+06 
 OOOE+00 

0 OOE+00 
 OOOE+00 
 OOOE+00 

0 OOE+00 
0 OOE+00 

 OOOE+00 
 O.OOE+00 
 OOOE+00 

0 OOE+00 
 OOOE+00 

 3.11E+07 

Total MSW disposed (tons) 279,113 
Total MSW disposed (Mg) 253,164 

•> 

This area determines the contribution 
towards the 1997 LFG generation rate 
No refuse was placed after 1982, so there 
is no contribution from waste placed 
after that date 

ft3 LFG / yr 
| 2 79E+04 cmj LFG / s ^T 

Page 1 of 2 



ROSE HILL SOLID WASTE AREA 
GAS GENERATION RATE CALCULATION 
METHOD 1: SCHOLL CANYON FIRST ORDER KINETIC MODEL ( continued ) 

TOTAL ANNUAL LFG PRODUCTION OVERTIME: ESTIMATED PROJECTIONS 

Year 

1997
 
1998
 
1999
 
2000
 
2001
 
2002
 
2003
 
2004
 
2005
 
2006
 

. 2007
 
2008
 
2009
 
2010
 
2011
 
2012
 

Confirmation modeling utilizing EPA's Landfill 
the model printout is for methane only, which is 

The model output shows 

Estimated
 
Annual LFG Time Since Landfill
 
Production Closure ( years )
 
( ft3 / yr )
 

3.11E+07 15
 
2.99E+07 16
 
2.87E+07 17
 
2.76E+07 18
 
2.65E+07 19
 
2.55E+07 20
 
2.45E+07 21
 
2.35E+07 22
 
2.26E+07 23
 
2.17E+07 24
 
2.09E+07 25
 
2.00E+07 26
 
1.93E+07 27
 
1.85E+07 28
 
1.78E+07 29
 
1.71E+07 30
 

Air Emission Estimation model is attached. Note that 
assumed to be 50% of the LFG flow. 

4.444E+05 m3 CH4 / yr
 

888,800 m3 LFG / yr
 
0.0282 m3 LFG / s
 

60 ft3 / min
 

Page 2 of2 



Project Rose Hill FS Acct. No. 4609-18-10-11 Page 1 of 1 
Subject 
Detail 

Air Modeling 
ISCST3 Receptors 

Comptd. By 
Ck'd. Bv 

S. Czarniecki 
R. Porter 

Date 
Date 

08/09/96 
08/26/96 

C \RHWRJSCSTJ RECEPTOR WK1 

RECEPTOR.WK1 || 

From a previous modeling effort (6/95), residential receptors and road/driveway receptors were designated. 
See Attachment A for these locations on the modeling grid. 

RECEPTOR LOCATIONS: 

Grid squares on Attachment A are 50 ft on each side = 15.24 m 

Input for model (all values in meters) 
Values are the X, Y coords, times square length 

Recepto r # X Y X Y 
1 6.5 44 99.06 670.56 
2 2 43.5 30.48 662.94 
3 1.5 37 22.86 563.88 
4 1 35.5 15.24 541.02 
5 4 35 60.96 533.40 
6 6 28.5 91.44 434.34 
7 8 19.5 121.92 297.18 
8 17 1 259.08 15.24 
9 25.5 42 388.62 640.08 
10 32 44 487.68 670.56 
1 1 37 16 563.88 243.84 
12 16 43 243.84 65532 
13 1 1 18 167.64 274.32 
14 15 42.5 114.30 647.70 
1 5 6 39 91.44 59436 
16 1 5 8.5 228.60 129.54 
17 24 9.5 365.76 144.78 
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Project Rose Hi l  l Feasibility Studv Acct No 020617-001 2 Page 1 of 

Subject Ai r Modelin g Comptd By S. Czarniecki Date 14-Aug-96 

Detail Model Runs Performed & Results Ck'd Bv R. Porter Date 26-Aug-96 

P:\NE\ROSEH1LL\FS\APPX-F\RESULTS.XLS 

RESULTS.XLS 

The most recent meteorological data available on EPA's SCRAM electronic bulletin board for the Rose 

Hil l Regional Landfill area was 1991. Surface data utilized was from the NOAA weather station at T.F. 

Green Airport in Providence, Rhode Island (#14765). Mixing height data utilized was from the weather 

station located in Chatham, Massachusetts (#14684), the closest station with mixin g height data. 

ISCST3 model runs were performed for the years 1987, 1988, 1989, 1990 and 1991 to determine maximum 

residential receptor concentration impacts resulting from Solid Waste Area landfill gas emissions. All runs 

were performed with the landfill assumed to be at the same elevation as the receptors (worst case). Runs 

were previously performed for 1989 and 1991 with the landfill elevation at 5.2 meters above the receptors (average 

landfill height is approximately 17 feet above the surrounding area as shown on topographic maps) to show 

the difference between emissions from two different elevations. (Attachment A presents printout of this previous 

comparison - RESULTS.WK1) 

A contaminant emission rate of 9.65E-07 g/m2-s was used in the model (based on a viny l chloride 

concentration of 3,100,000 ug/m3). 

Year-> 1987 1988 1989 1990 1991 

Landfill El. (m) 0 0 0 0 0 

Receptor # Modeled Concentration Based on Input of 3,100,000 ug/m3 

1 1.18274 1.01664 1.11036 

2 0.39095 0.48857 

3 0.37796 0.54254 

4 0.36091 0.52779 

5 0.65198 0.89877 

6 0.95517 1.28185 

7 0.99421 1.31336 

8 0.73515 0.72892 

9 2.20794 2.32251 2.11477 

10 1.09845 1.17092 1.09215 

11 1.27340 1.17447 1.00780 

12 4.76560 4.71441 4.33641 

13 1.93525 2.75699 2.43532 

14 1.69453 1.82733 1.82066 

15 1.03096 1.34383 1.33599 

16 2.43769 1.78383 2.41769 1.98520 

17 4.00672 3.56231 3.52152 2.99579 

Notes:
 

Outlined values are maximum modeled concentrations for respective receptors. 

Receptors #1 through 11 are nearby residences and the transfer station. 

Receptors # 12 through 17 are locations on roadways and driveways along the landfill perimeter. 

Attachment B presents an example of model input/output. Attachment C presents receptor output for all runs. 

Conclusions: 

Ground 0 results were all higher than the release height of 5.2 meters. 

Maximum modeled concentrations out of the five years wil l be used to determine contaminant concentrations 

at respective receptors. 



Project Rose Hill FS Acct. No. 4609-18-10-11 Page 1 of 
Subject Air Modeling Comptd. By S. Czarniecki Date 08/14/96 

Detail Model Runs Performed & Results CkUBy _ R. Porter pate 08/26/96 
C:\RHVMR\BCST3\RESULTS.WK1 

RESULTS. WK1 
The most recent meteorological data available on EPA's SCRAM electronic bulletin board for the Rose 
Hill Regional Landfill area was 1991. Surface data utilized was from the NOAA weather station at T.F. 
Green Airport in Providence, Rhode Island (#14765). Mixing height data utilized was from the weather 
station located in Chatham, Massachusetts (#14684), the closest station with mixing height data. 

ISCST3 model runs were performed for the years 1987,1988,1989,1990 and 1991 to determine maximum 
residential receptor concentration impacts resulting from Solid Waste Area landfill gas emissions. All runs 
were performed with the landfill assumed to be at the same elevation as the receptors (worst case). Runs 
were also performed in 1989 and 1991 with the landfill elevation at 5.2 meters above the receptors (average 
landfill height is approximately 17 feet above the surrounding area as shown on topographic maps) to show 
the difference between emissions from two different elevations. 

A contaminant emission rate of 1.77E—09 g/m2-s was used hi the model (based on a vinyl chloride 
concentration of 3,100 /ig/m3) rather than the 1.77E-06 g/m2-s calculated in SOLGRID.WK1. This 
does not change the way model results are applied proportionally to all of the contaminants of concern. 

Year ­> 1987 1988 1989 1989 1990 1991 1991 
Landfill El. (m) 0 0 0 5.2 0 0 5.2 

Receptor # Modele d Concentration Based on Inpu t of 3,100 jig/m3 

1 |_ 0.00217 0.00186 0.00204 0.00128 0.00204 0.00155 0.00098 
2 0.00088 0.00072 0.00086 0.00069 L 0.00090 0.00069 0.00054 
3 0.00094 0.00069 0.00097 0.00073 0.00100 0.00095 0.00068 
4 0.00091 0.00066 0.00095 0.00072 0.00097 0.00095 0.00069 
5 0.00165 0.00120 I 0.001681 0.00109 0.00165 0.00161 0.00099 
6 0.00250 0.00175 LJ),QQ253J 0.00157 0.00235 0.00246 0.00144 
7 0.00268 0.00182 0.00270 0.00175 0.00241 0.00280J 0.00171 

8 0.00173 0.00135 0.00169 0.00132 0.00134 0.00224 0.00153 
9 0.00337 0.00405 || 0.004261 0.00268 0.00388 0.00418 0.00254 

10 0.00163 0.00201 0.00215 0.00171 0.00200 0.00221J 0.00174 
11 0.00236 0.00134 0.00215 0.00172 0.00185 0.00219 0.00171 

12 0.00740 I 0.008741 0.00865 0.00313 0.00795 0.00752 0.00260 
13 0.00503 0.00355 0.00506 0.00221 0.00447 | 0.00528J 0.00220 
14 j 0.003511 0.00311 0.00335 0.00148 0.00334 0.00259 0.00116 

15 1 0.00250] 0.00189 0.00246 0.00123 0.00245 0.00223 0.00103 

16 0.00447 0.00327 0.00443 0.00213 0.00364 0.00502, 0.00226 

17 0.00735 0.00653 0.00646 0.00250 0.00549 0.00743] 0.00279 

Notes: 
Outlined valuesare maximum modeled concentrations for respective receptors. 
Receptors #1 through 11 are nearby residences and the transfer station. 
Receptors #12 through 17 are locations on roadways and driveways along the landfill perimeter. 
Attachment A presents an example of model input/output. Attachment B presents receptor output for all runs. 

Conclusions: 
Ground 0 results were all higher than the release height of 52 meters. 
Maximum modeled concentrations out of the five years will be used to determine contaminant concentrations 
at respective receptors. 



** Rosehill - ISCST3
 
** Area emissions from the Solid Waste Area
 
** Ground 0 (Landfill assumed same level as receptors - worst case)
 
** 1991 data
 
** 1997 LFG Emissions Check
 
** Vinyl chloride emissions (Concentration = 3 100 000 ug/m~3)
 

CO STARTING
 
TITLEONE ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3
 
MODELOPT DFAULT CONC RURAL
 
AVERTIME PERIOD
 
TERRHGTS FLAT
 
POLLUTID UNIT
 
RUNORNOT RUN
 

CO FINISHED
 

SO STARTING
 

SOLID WASTE AREA (FS Version - 8/96)
 
x y, and z coordinates, respectively (m)
 

SO LOCATION SQUARE1 AREA 121 92 533 40 0
 
SO LOCATION SQUARE2 AREA 223 60 533 40 0
 
SO LOCATION SQUARE3 AREA 137 16 457 20 0
 
SO LOCATION SQUARE4 AREA 213 36 437 68 0
 
SO LOCATION SQUARES AREA 259 08 487 68 0
 
SO LOCATION SQUARES AREA 304 80 502 92 0
 
SO LOCATION SQUARE7 AREA 304 80 487 68 0
 
SO LOCATION SQUARES AREA 320 04 487 68 0
 
SO LOCATION SQUARE9 AREA 213 36 472 44 0
 
SO LOCATION SQUARE 10 AREA 213 36 457 20 0
 
SO LOCATION SQUARE 11 AREA 228 60 381 00 0
 
SO LOCATION SQUARE 12 AREA 152 40 381 00 0
 
SO LOCATION SQUARE13 AREA 167 64 335 28 0
 
SO LOCATION SQUARE14 AREA 213 36 335 28 0
 
SO LOCATION SQUARE15 AREA 259 08 350 52 0
 
SO LOCATION SQUARE16 AREA 335 28 381 00 0
 
SO LOCATION SQUARE 17 AREA 289 56 289 5t> 0
 
SO LOCATION SQUARE IB AREA 259 08 320 04 0
 
SO LOCATION SQUARE 19 AREA 182 88 259 08 0
 
SO LOCATION SQUARE20 AREA 259 08 289 56 0
 
SO LOCATION SQUARE21 AREA 259 08 259 08 0
 
SO LOCATION SQUARE22 AREA 289 56 213 36 0
 
SO LOCATION SQUARE23 AREA 198 12 213 36 0
 
SO LOCATION SQUARE24 AREA 243 84 213 36 0
 
SO LOCATION SQUARE25 AREA 213 36 182 88 0
 
SO LOCATION SQUARE26 AREA 243 84 137 16 0
 
SO LOCATION SQUARE27 AREA 320 04 167 64 0
 

** Emission rate (g/m~2-s) , release height (m), length of square (m)
 

SO SRCPARAM SQUARE1 9 65E-07 0 0 106 68
 
SO SRCPARAM SQUARE2 9 65E-07 0 0 91 44
 
SO SRCPARAM SQUARES 9 65E-07 0 0 76 20
 
SO SRCPARAM SQUARE4 9 65E-07 0 0 4S 72
 
SO SRCPARAM SQUARES 9 6SE-07 0 0 45 72
 
SO SRCPARAM SQUARES 9 6SE-07 0 0 30 48
 
SO SRCPARAM SQUARE7 9 65E-07 0 0 15 24
 
SO SRCPARAM SQUARES 9 65E-07 0 0 15 24
 
SO SRCPARAM SQUARE9 9 65E-07 0 0 15 24
 
SO SRCPARAM SQUARE10 9 65E-07 0 0 15 24
 
SO SRCPARAM SQUARE11 9 65E-07 0 0 106 68
 
SO SRCPARAM SQUARE 12 9 65E-07 0 0 76 20
 
SO SRCPARAM SQUARE 13 9 65E-07 0 0 45 72
 
SO SRCPARAM SQUARE14 9 65E-07 0 0 45 72
 
SO SRCPARAM SQUARE15 9 65E-07 0 0 30 48
 
SO SRCPARAM SQUARE16 9 65E-07 0 0 30 48
 
SO SRCPARAM SQUARE 17 9 6SE-07 0 0 91 44
 
SO SRCPARAM SQUARE 16 9 65E-07 0 0 30 48
 
SO SRCPARAM SQUARE 19 9 65E-07 0 0 76 20
 
SO SRCPARAM SQUARE20 9 65E-07 0 0 30 48
 
SO SRCPARAM SQUARE21 9 65E-07 0 0 30 48
 
SO SRCPARAM SQUARE22 9 65E-07 0 0 76 20
 
SO SRCPARAM SQUARE23 9 65E-07 0 0 45 72
 
SO SRCPARAM SQUARE24 9 65E-07 0 0 45 72
 
SO SRCPARAM SQUARE25 9 65E-07 0 0 30 48
 
SO SRCPARAM SQUARE26 9 65E-07 0 0 76 20
 
SO SRCPARAM SQUARE27 9 65E-07 0 0 45 72
 

SO SRCGROUP ALL
 
SO FINISHED
 

RE STARTING
 
** Discreet Receptors
 
** x, y coordinates (m)
 

** Receptor til
 
RE DISCCART 99 06 670 56
 
** Receptor #2
 
RE DISCCART 30 48 662 94
 
** Receptor #3
 
RE DISCCART 22 86 563 88
 
•* Receptor #4
 



RE DISCCART 15 24 541 02
 
* * Receptor #5 
RE DISCCART 60 96 533 40 
* * Receptor #6 
RE 
* * 

DISCCART 
Receptor #7 

91. .44 434 34 

r SCCART 121 92 297 .18 
reptor #a 

R^ _-iSCCART 259 08 15 24 
* * Receptor #9 
RE DISCCART 3B8 .62 640 . OB 
* * Receptor #10 
RE DISCCART 487 .68 670 .56 
* * Receptor #11 
RE DISCCART 563 88 243 .84 
** Receptor #12 
RE DISCCART 243 .84 655 .32 
* * Receptor #13 
RE DISCCART 167 .64 274 .32 

Receptor #14 
RE DISCCART 114 .30 647 .70 
** Receptor #15 
RE DISCCART 91 .44 594 .36 
* * Receptor #16 
RE DISCCART 228 .60 129 .54 
* * Receptor #17 
RE DISCCART 365 .76 144 .78 

RE FINISHED 

ME STARTING
 

** 1991
 
INPUTFIL Iprov91.bin unform
 
ANEMHGHT 20 FEET
 

** SURFACE DATA FROM 1991 at Providence was utilized. MIXING FROM CHATHAM.
 
SURFDATA 14765 1991 SURFNAME
 
UAIRDATA 14684 1991 UAIRNAME
 

ME FINISHED
 

OU STARTING
 
RECTABLE ALIAVE FIRST
 

OU FINISHED
 

SETUP Finishes Successfully ***
 
i~r* ********************************
 



•*• ISCST3 - VERSION 96113 •** "* ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3 "** 03/03/93
 
... .»« 14 39 42
 

PAGE 1
 
"MODELOPTs CONr RURAL FLAT DFAULT
 

"* MODEL SETUP OPTIONS SUMMARY *"
 

"Intermediate Terrain Processing is Selected
 

"Model Is Setup For Calculation of Average Concentration Values.
 

SCAVENGING/DEPOSITION LOGIC -­
"Model Uses NO DRY DEPLETION. DDPLETE = F
 
"Model Uses NO WET DEPLETION. WDPLETE - F
 
"NO WET SCAVENGING Data Provided.
 
"Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations
 

"Model Uses RURAL Dispersion.
 

"Model Uses Regulatory DEFAULT Options:
 
1 Final Plume Rise.
 
2 Stack-tip Downwash.
 
3 Buoyancy-induced Dispersion.
 
4. Use Calms Processing Routine.
 
5 Not Use Missing Data Processing Routine.
 
6. Default Wind Profile Exponents.
 
7 Default Vertical Potential Temperature Gradients.
 
8 "Upper Bound" Values for Supersquat Buildings.
 
9 No Exponential Decay for RURAL Mode
 

"Model Assumes Receptors on FLAT Terrain.
 

"Model Assumes No FLAGPOLE Receptor Heights.
 

"Model Calculates PERIOD Averages Only
 

"This Run Includes: 27 Source(s); 1 Source Groupls); and 17 Receptor(s)
 

"The Model Assumes A Pollutant Type of: UNIT
 

"Model Set To Continue RUNning After the Setup Testing.
 

"Output Options Selected:
 
Model Outputs Tables of PERIOD Averages by Receptor
 
Model Outputs Tables of Highest Short Term Values by Receptor (RECTABLE Keyword)
 

"NOTE. The Following Flags May Appear Following CONC Values: c for Calm Hours
 
m for Missing Hours
 
b for Both Calm and Missing Hours
 

"Misc. Inputs Anem. Hgt. (m) - 6.10 ; Decay Coef. - 0.0000 ; Rot. Angle - 0.0
 
Emission Units - GRAMS/SEC ; Emission Rate Unit Factor - 0.10000E+07
 
Output Units - MICROGRAMS/M"3
 

"Input Runstream File: rhfs31.inp ; "Output Print File: rhfsJl.out
 



"** ISCST3 VERSION 96113 "" *"* ROSEhILL ­ SOLID WASTE AREA EMISSIONS ­ ISCST3 09/03/98 
14 39 42 
PAGE 2 

-MODELOPTs CONC RURAL FLAT DFAULT 

*** AREA SOURCE DATA ***
 

SOURCE
 
ID
 

SQUARE1
 
SQUARE2
 
SQUARE3
 
SQUARE4
 
SQUARES
 
SQUARE6
 
SQUARE7
 
SQUARES
 
SQUARE9
 
SQUARE 10
 
SQUARE 11
 
SQUARE 12
 
SQUARE13
 
SQUARE 14
 
SQUARE 15
 
SQUARE16
 
SQUARE17
 
SQUARE18
 
SQUARE19
 
SQUARE20
 
SQUARE21
 
SQUARE22
 
SQUARE23
 
SQUARE24
 
SQUARE25
 
SQUARE26
 
SQUARE2 7
 

NUMBER EMISSION RATE COORD (SV. CORNER) BASE RELEASE X DIM Y-DIM ORIENT INIT EMISSION RATE 
PART IGRAMS/SEC X Y ELEV HEIGHT OF AREA OF AREA OF AREA SZ SCALAR VARY 
CATS /METER* *2) (METERS) (METERS) (METERS) (METERS) (METERS) (METERS) (DEC ) (METERS) BY 

0 0 96SOOE-06 121 9 533 4 0 0 0 00 106 68 106 68 0 00 0 00 
0 0 96500E-06 228 6 533 4 0 0 0 00 91 44 91 44 0 00 0 00 
0 0 96500E-06 137 2 457 2 0 0 0 00 76 20 76 20 0 00 0 00 
0 0 96500E 06 213 4 487 7 0 0 0 00 45 72 45 72 0 00 0 00 
0 0 96500E 06 259 1 487 7 0 0 0 00 45 72 45 72 0 00 0 00 
0 0 96500E-06 304 B 502 9 0 0 0 00 30 48 30 48 0 00 0 00 
0 0 96500E-06 304 e 487 7 0 0 0 00 15 24 15 24 0 00 0 00 
0 0 96500E-06 320 0 487 7 0 0 0 00 15 24 15 24 0 00 0 00 
0 0 96500E-06 213 4 472 4 0 0 0 00 15 24 15 24 0 00 0 00 
0 0 96500E-06 213 4 457 2 0 0 0 00 15 24 15 24 0 00 0 00 
0 0 96500E-06 228 6 381 0 0 0 0 00 106 68 106 68 0 00 0 00 
0 0 96500E-06 152 4 381 0 0 0 0 00 76 20 76 20 0 00 0 00 
0 0 96500E-06 167 6 335 3 0 0 0 00 45 72 45 72 0 00 0 00 
0 0 96500E-06 213 4 335 3 0 0 0 00 45 72 45 72 0 00 0 00 
0 0 96500E-06 259 1 350 5 0 0 0 00 30 48 30 48 0 00 0 00 
0 0 96500E-06 335 3 381 0 0 0 0 00 30 48 30 48 0 00 0 00 
0 0 96500E 06 289 6 289 6 0 0 0 00 91 44 91 44 0 00 0 00 
0 0 96500E-06 259 1 320 0 0 0 0 00 30 48 30 48 0 00 0 00 
0 0 96500E-06 182 9 259 1 0 0 0 00 76 20 76 20 0 00 0 00 
0 0 96500E-06 259 1 289 6 0 0 0 00 30 48 30 48 0 00 0 00 
0 0 96500E-06 259 1 259 1 0 0 0 00 30 48 30 48 0 00 0 00 
0 0 96500E-06 289 6 213 4 0 0 0 00 76 20 76 20 0 00 0 00 
0 0 96500E-06 198 1 213 4 0 0 0 00 45 72 45 72 0 00 0 00 
0 0 96500E-06 243 8 213 4 0 0 0 00 45 72 45 72 0 00 0 00 
0 0 96500E-06 213 4 182 9 0 0 0 00 30 43 30 48 0 00 0 00 
0 0 96500E-06 243 8 137 2 0 0 0 00 76 20 76 20 0 00 0 00 
0 0 96500E-06 320 0 167 6 0 0 0 00 45 72 45 72 0 00 0 00 



ISCST3 ­ VERSION 96113 ROSEHILL ­ SOLID WASTE AREA EMISSIONS - ISCST3 09/03/98 
14 39 42 
PAGE 3 

•MODELOPTs CONC RURAL FLAT DFAULT 

GROUP ID 

•** SOURCE IDs DEFINING SOURCE GROUPS 

SOURCE IDs 

ALL SQUARE1 , SQUARE2 , SQUARE3 , SQUARE4 , SQUARES , SQUARES , SQUARE7 , SQUARES , SQUARES , SQUARE10, SQUARE11, SQUARE12, 

SQUARE13. SQUARE14, SQUARE15, SQUARE16, SQUARE17, SQUARE18, SQUARE19, SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, 

SQUARE25, SQUARE26, SQUARE27, 
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•*MODELOPTs CONC RURAL FLAT DFAULT
 

(

(

(

(

(

(

(

(

(


 99 1,
 
 22 9,
 
 61 0,
 
 121 9,
 
 388 6,
 
 563 9,
 
 167 6,
 
 91 4,
 
 365 8,
 

670 6,
 
563 9,
 
533 4,
 
297 2,
 
640 1,
 
243 8,
 
274 3,
 
594 4.
 
144 8,
 

0 0,
 
0 0,
 
0 0,
 
0 0,
 
0 0,
 
0 0,
 
0 0,
 
0 0,
 
0 0,
 

'* DISCRETE CARTESIAN RECEPTORS ***
 
(X-COORD, Y-COORD ZELEV, ZFLAG)
 

(METERS)
 

0 0) , ( 30 5, 662 9, 
0 0) , ( 15 2, 541 0, 
0 0) , ( 91 4, 434 3, 
0 0), ( 259 1, IS 2, 
0 0) , ( 487 7, 670 6, 
0 0), ( 243 8, 655 3, 
0 0) , ( 114 3, 647 7, 
0 0) , ( 228 6, 129 5, 
0 0) , 

0 0,
 
0 0,
 
0 0,
 
0 0,
 
0 0,
 
0 0,
 
o o.
 
0 0,
 

0 0)
 
0 0)
 
0 0)
 
0 0)
 
0 01
 
0 0)
 
0 0)
 
0 0)
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**MODELOPTs CONC RURAL FLAT DFAULT 

METEOROLOGICAL DAYS SELECTED FOR PROCESSING ***
 
(1-YES 0=NO)
 

1 1  1 1 1 11  1 1 1  1 1 1  1 

NOTE METEOROLOGICAL DATA ACTUALLY PROCESSED WILL ALSO DEPEND ON WHAT IS INCLUDED IN THE DATA FILE
 

*** UPPER BOUND OF FIRST THROUGH FIFTH WIND SPEED CATEGORIES *«*
 
(METERS/SEC)
 

1 54, 3 09, 5 14, 8 23 10 80,
 

**« WIND PROFILE EXPONENTS ***
 

STABILITY WIND SPEED CATEGORY
 
CATEGORY
 

A 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01
 
B 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01
 
C 10000E+00 10000E+00 10000E+00 10000E*00 10000E+00 lOOOOEtOO
 
D 15000E+00 15000E+00 1SOOOE+00 15000E*00 ISOOOEtOO 15000E»00
 
E 35000E+00 35000E+00 35000EtOO 35000E-fOO 35000EtOO 35000E»00
 
F 55000E+00 S5000E+00 5SOOOE»00 S5000E*00 55000E4-00 550QOE»00
 

VERTICAL POTENTIAL TEMPERATURE GRADIENTS 
(DEGREES KELVIN PER METER) 

STABILITY WIND SPEED CATEGORY 
CATEGORY 1 2 3 4 5 6 

A OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOEtOO OOOOOE+00 OOOOOE*00 
B OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 
C OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 
D OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 
E 20000E-01 20000E-01 20000E-01 20000E-01 20000E-01 20000E-01 
F 35000E-01 35000E-01 35000E-01 35000E-01 35000E-01 35000E-01 
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'MODELOPTs CONC RURAL FLAT DFAULT 

THE FIRST 24 HOURS OF METEOROLOGICAL DATA *** 

SURFACE STATION NO
NAME
YEAR

 147b5 
 SURFNAME 
 1991 

UPPER AIR STATION NO
NAME
YEAR

 14684 
 UAIRNAME 
 1991 

YEAR MONTH DAY HOUR
FLOW 

 VECTOR 
SPEED 
(M/S) 

TEMP
(K)

 STAB 
 CLASS 

MIXING HEIGHT (M)
RURAL URBAN

 USTAR
 (M/S)

 M-0 LENGTH 
 (M) 

Z-0 IPCODE PRATE 
(M) (mm/HR) 

91 1
 1 1
 121 0 4 12 267 6
 S
 453
 1 24 0 0 0000 0 0 0 oooo 0
 
91 1 1 2 128 0 3 60 267 0 5 504 8 24 0 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 3 154 0 3 60 267 0 5 556 4 24 0 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 4 123 0 3 60 266 5 5 608 1 24 0 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 5 113 0 3 09 265 9 6 659 8 24 0 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 6 12 0 2 57 264 3 6 711 5 24 0 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 7 105 0 3 09 265 4 6 763 2 24 0 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 8 133 0 3
 60 265
 9
 S
 131 6 152
 8 0 0000 0 0 0 oooo 0 0 oo
 
91 1 1 9 137 0 1 54 268 7 4 297 1 314 8 0 0000 0 0 0 oooo 0 0 oo
 
91 1 1 10 131 0 3 09 270 9 3 462 7 476 8 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 11 84 0 2 57 271 5 3 628 3 638 9 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 12 86 0 3 09 272 6 3 793 9 800 9 0 oooo 0 0 0 oooo 0 0 00
 
91 1 1 13 63 0 3 09 273 1 3 959 4 963 0 0 oooo 0 0 0 oooo 0 0 00
 
91 1 1 14 329 0 4 63 273 1 3 1125 0 1125 0 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 15 2 0 4 63 273 1 4 1125 0 1125 0 0 oooo 0 0 0 oooo 0 0 00
 
91 1 1 16 4 0 6 17 272 6 4 1125 0 1125 0 0 oooo 0 0 0 oooo 0 0 00
 
91 1 1 17 1 0 5 14 270 9 5 1120 4 1035 9 0 oooo 0 0 0 oooo 0 0 00
 
91 1 1 18 17 0 2 57 270 9 6 1114 5 919 5 0 oooo 0 0 0 oooo 0 0 00
 

8 6 1108 5 803 0 0 oooo 0 0 0 oooo 0 0 00
 91 1 1 19 54
 0
 2 
2
 

57
 269
 
3 6 1102 5 686 6 0 oooo 0 0 0 oooo 0 0 00
 91 1
 1 20 47
 0
 57
 269
 

91
91
91
91

 1 
1 
1 
1 

1 
1 
1 
1 

21 
22 
23 
24 

50 
352 
160 
150 

0 
0 
0 
0 

1 
1 
1 
2 

00 
00 
03 
57 

268 
26B 
268 
268 

7 
7 
7 
7 

7 
7 
7 
6 

1096 
1090 
1084 
1078 

5 
6 
6 
6 

570 
453 
337 
221 

2 
8 
4 
0 

0 
0 
0 
0 

oooo 
oooo 
oooo 
oooo 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

oooo 
oooo 
oooo 
oooo 

0 
0 
0 
0 

0 
0 
0 
0 

00 
00 
00 
00 

NOTES STABILITY CLASS 1*A 2=B 3=-C, 4=D 5-E AND 6>F 
FLOW VECTOR IS DIRECTION TOWARD WHICH WIND IS BLOWING 
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"•MODELOPTs CONC RURAL FLAT DFAULT
 

*** THE PERIOD ( 8760 MRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL "**
 
INCLUDING SOURCE(S) SQUARE1 , SQUARE2 , SQUARES , SQUARE4 , SQUARES , SQUARES , SQUARED ,
 

SQUARES , SQUARES , SQUARE10, SQUARE11, SQUARE12, SQUARE13, SQUARE14, SQUARE15, SQUARE16, SQUARE17, SQUARE16, SQUARE19
 
SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, SQUARE25, SQUARE26, SQUARE27,
 

*«* DISCRETE CARTESIAN RECEPTOR POINTS ***
 

CONC OF UNIT IN MICROGRAMS/M**3
 

X-COORD (M) Y-COORD (M) CONC X-COORD (M) Y-COORD (M) CONC
 

99 06 670 56 0 84685 30 48 662 94 0 37695 
22 86 563 8B 0 52044 15 24 541 02 0 51832 
60 96 533 40 0 87818 91 44 434 34 1 34315 
121 92 297 18 1 52731 259 08 15 24 1 22047 
388 62 640 08 2 28048 487 68 670 56 1 20564 
563 88 243 84 1 19530 243 84 655 32 4 09869 
167 64 274 32 2 87956 114 30 647 70 1 41111 
91 44 594 36 1 21357 226 60 129 54 2 73802 

365 76 144 78 4 04960 
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•*MODELOPTs

 ­ VERSION 96113 *** 

 CONC 

ROSEHILL - SOLID WASTE AREA EMISSIONS

RURAL FLAT DFAULT 

- ISCST3 03 03/98 
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*** THE SUMMARY OF MAXIMUM PERIOD ( 6760 HRS) RESULTS *** 

** CONC OF UNIT IN KICROGRAMS/M**3 

GROUP ID AVERAGE CONC RECEPTOR (XR, YR, ZELEV, ZFLAG) OF TYPE 
NETWORK 
GRID-ID 

ALL 1ST HIGHEST VALUE IS 4 09869 AT 243 84, 655 32, 0.00, 0.00) DC NA 
2ND HIGHEST VALUE IS 4 04960 AT 365 76, 144 78, 0.00, 0.00) DC NA 
3RD HIGHEST 
4TH HIGHEST 

VALUE IS 
VALUE IS 

2.87956 AT 
2.73802 AT 

167 64, 
228.60, 

274 32, 
129 54, 

0 00, 
0 00, 

0 00) 
o oo) 

DC 
DC 

NA 
NA 

5TH HIGHEST VALUE IS 2.28048 AT 388 62, 640 08, 0 00, 00) DC NA 
6TH HIGHEST VALUE IS 1 52731 AT 121.92, 297.18, 0.00, 00) DC NA 

*** RECEPTOR TYPES	 GC - GRIDCART
 
GP - GRIDPOLR
 
DC - DISCCART
 
DP - DISCPOLR
 
BD = BOUNDARY
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'-MODELOPTs CONC RURAL FLAT DFAULT 

Message Summary ISCST3 Model Execution ***
 

Summary of Total Messages
 

A Total of 0 Fatal Error Message(s)
 
A Total of 0 Warning Message(s)
 
A Total of 766 Informational Message(s]
 

A Total of 219 Calm Hours Identified
 

FATAL ERROR MESSAGES
 
*** NONE ***
 

WARNING MESSAGES
 
*** NONE ***
 

"- ISCST3 Finishes Successfully
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••MODELOPTs CONC RURAL FLAT DFAULT
 

«•« THE PERIOD ( 8760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL *•*
 
INCLUDING SOURCE(S) SQUARE1 , SQUARE2 , SQUARE3 , SQUARE4 , SQUARES , SQUARE6 , SQUARE7 ,
 

SQUARES , SQUARE9 , SQUARE10, SQ.UARE11, SQUARE12, SQUARE13, SQUARE14, SQUARE15, SQUARE16, SQUARE17, SQUARE18 SQUARE19,
 
SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, SQUARE25, SQUARE26, SQUARE27,
 

*** DISCRETE CARTESIAN RECEPTOR POINTS **­

** CONC OF UNIT IN MICROGRAMS/M**3
 

X-COORD (M) Y-COORD (M) CONC X-COORD (M) Y-COORD (M) CONC
 

99 06 670 56 1 18274 30 48 662 94 0 4B215
 
22 86 563 88 0 51002 15 24 541 02 0 49541
 
60 96 533 40 0 89999 91 44 434 34 1 36069
 
121 92 297 18 1 45974 259 08 15 24 0 94580
 
388 62 640 OB 1 83921 487. .68 670 56 0 88957
 
563 88 243 84 1. .28599 243 84 655 32 4 03348
 
167 64 274 32 2 74421 114 30 647 70 1.91128
 
91 44 594 36 1 36114 228 60 129 54 2.43769
 

365 76 144 78 4 00672
 



09 03 '9 =
 
It :3 28
 
PAGE 1
 

'•MODELOPTS CONC RURAL FLAT DFAULT
 

ISCST3 - VERSION 96113 ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3
 

*•* THE PERIOD ( 8784 MRS! AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL
 
INCLUDING SOURCE (S) SQUARE1 , SQUARE2 , SQUARES , SQUARE4 , SQUARES , SQUARE6 , SQUARE? .
 

SQUARES , SQUARE9 , SQUARE10, SQUARE11, SQUARE12, SQUARE13, SQUARE14, SQUARE15, SQUARE16, SQUARE17, SQUARE18, SQUARE1­
SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, SQUARE25, SQUARE26, SQUARE27,
 

**- DISCRETE CARTESIAN RECEPTOR POINTS **•
 

** CONC OF UNIT IN MICROGRAMS/M**3 

X-COORD (Ml Y-COORD (M) CONC X-COORD (M) Y-COORD (M) CONC 

99 06 670 56 1 01664 30 48 662. .94 0 39095 
22 86 563 88 0 37796 15 24 541. .02 0 36091 
60 96 533 40 0 65198 91 44 434 34 0 95517 
121 92 297 18 0.99421 259 08 15. .24 0. .73515 
388 62 640 .08 2 20794 487 68 670 56 1.09845 
563 88 243 84 1 27340 243 84 655. .32 4 76560 
167 64 274 32 1 93525 114 30 647. .70 1 69453 
91 44 594 36 1 03096 228 60 129, .54 1 78383 
365 76 144 78 3 56231 
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•MODELOPTs CONC RURAL FLAT DFAULT
 

**• THE PERIOD ( 8760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL ***
 
INCLUDING SOURCE(S) SQUARE1 , SQUARE2 , SQUARE3 , SQUARE4 , SQUARES , SQUARES , SQUARE7 ,
 

SQUARES , SQUARES , SQUARE10, SQUARE11, SQUARE12, SQUARE13, SQUARE14, SQUARE15, SQUARE16, SQUARE17 SQUARE18, SQUARE19,
 
SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, SQUARE25 SQUARE26, SQUARE27,
 

*** DISCRETE CARTESIAN RECEPTOR POINTS ***
 

** CONC OF UNIT IN MICROGRAMS/M**3 **
 

X-COORD (M) Y-COORD (M) CONC X-COORD (M) Y-COORD (M) CONC
 

99 06 670 56 1 11362 30 48 662 94 0 47060
 
22 86 563 88 0 52734 15 24 541 02 0 51535
 
60 96 533 40 0 91694 91 44 434 34 1 37748
 
121 92 297 18 1 47472 259 08 15 24 0 92235
 
388 62 640 08 2 32251 487 68 670 56 1 17092
 
563 88 243 84 1 17447 243 84 655 32 4 71441
 
167 64 274 32 2 75699 114 30 647 70 1 82733
 
91 44 594 36 1 34383 228 60 129. .54 2 41769
 
365 76 144 78 3 52152
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•MODELOPTs CONC RURAL PLAT DFAULT 

*** THE PERIOD ( 8760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL ***
 
INCLUDING SOURCE(S) SQUARE1 , SQUARE2 SQUARE3 SQUARE4 , SQUAREB , SQUARE6 , SO.UARE7
 

SQUARES , SQUARE9 , SQUARE1C, SQUARE11, SQUARE12, SQUARE13, SQUARE14, SQUARE15, SQUARE16, SQUARE17, SQUARE18, SQUARE!'
 
SQUARE20, SQUARE21 SQUARE22 SQUARE23, SQUARE24, SQUARE25, SQUARE26 SQUARE27 

*** DISCRETE CARTESIAN RECEPTOR POINTS *«• 

*• CONC OF UNIT IN MICROGRAMS/M**3 ** 

X-COORD (M) Y-COORD (M) CONC X-COORD (M) Y-COORD (M) CONC 

99 06 670 56 1 11036 30 48 662 94 0 48857 
22 86 563 83 0 54254 15 24 541 02 0 52779 
60 96 533 40 0 89877 91 44 434 34 1 28185 
121 92 297 IB 1 31336 259 08 15 24 0 72892 
388 62 640 08 2 11477 487 68 670 56 1 09215 
563 88 243 84 1 00780 243 84 655 32 4 33641 
167 64 274 32 2 43532 114 30 647 70 1 82066 
91 44 594 36 1 33599 228 60 129 54 1 98520 

365 76 144 78 2 99579 
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•MODELOPTs CONC RURAL FLAT DFAULT
 

... THE PERIOD ( 8760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL ***
 
INCLUDING SOURCE(S) SQUARE1 , SQUARE2 , SQUARES , SQUARE4 , SQUARES , SQUARE6 , SQUARE7 ,
 

SQUARES , SQUARES , SQUARE10, SQUARE11, SQUARE12, SQUARE13, SQUARE14, SQUARE15, SQUARE16, SQUARE17, SQUARE18, SQUARE19,
 
SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, SQUARE25, SQUARE26, SQUARE27,
 

**• DISCRETE CARTESIAN RECEPTOR POINTS **<•
 

•• CONC OF UNIT IN MICROGRAMS/M*«3 **
 

X-COORD <M> Y-COORD (M) CONC X-COORD (M) Y-COORD (M) CONC
 

99 06 670. .56 0.84685 30 48 662 94 0 37695
 
22 86 563 88 0 52044 15. .24 541 02 0 51832
 
60 96 533 40 0. .87818 91. .44 434. .34 1 34315
 
121 92 297 ia 1.52731 259 .08 IS. .24 1.22047
 
3BB 62 640 08 2. .28048 487 .68 670. .56 1 20564
 
563 88 243 34 1 19530 243 .84 655. .32 4 09869
 
167 64 274 32 2 87956 114 .30 647 70 1 41111
 
91 44 594 36 1 21357 228 60 129 54 2 73802
 

365 76 144 78 4 04960
 



Project Rose Hill FS Acct. No. 4609-18-10- 11 Page 1 of 1 
Subject Air Modeling Comptd. Bv S. Czarniecki Date 08/14/96 

Detail Results Table Ck'd. By R Porter Date 08/26/96 
C \RH\AIR\BCSTMIESTABLE.WK1 

j| RESTABLE.WK1 \ 

The attached table presents modeled concentrations of anatytes of concern at the Site. The maximum 
modeled concentrations from RESULTS.W^ were used to proportionally determine the anatytes' 
concentration at various receptors. Some anafytes were not detected in landfill gas SUMMA canister 
sampling, but are noted due to detections in ambient air at residences. 
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F-2 Point Source Modeling - Flare 



Project Rose Hil l FS Acct No 020617-0012 Page 1 of 1 

Subject Ai r Modeling Comptd By S Czarniecki Date 07/24/97 

Detail Flare Dispersion Input for ISCLT3 Ck'd By R Porter Date 07/25/97 

P \NE\ROSEHILLAFS\APP\ RFLARE XLS 

FLARE.XLS Revised I0/l-l'98 

ISCLT3 dispersion modeling from a flare wil l be performed using the same concentrations as for the area 
source modeling - see SUMMA WK1 The flare burns landfill gas collected in the Solid Waste Area The 
modeling will be based on a vinyl chloride concentration of 3,100 mg/m3 

The ISCLT3 model was used for flare dispersion modeling to determine if the more time-consuming ISCST3 

runs would be needed Since ISCLT3 models a five-year average of meteorologic data, peak values may not 

be presented However, the flare properties are expected to reduce the impacts significantly so that further 

short-term modeling will be unnecessary 

The receptors and flare stack location are presented on Attachment A Coordinates for the receptors have 
been presented in RECEPTOR WK1 for the area source modeling The coordinates for the flare stack are 

Grid squares on Attachment A are 

X Y 
Flare 24 5 31 5 

Emission Rate (g / s) 

50 ft on each side = 1524 m 

Input for model (all values in meters)
 
Values are the X, Y coords times square length
 

X Y
 

37338 ######
 

Assuming 100% capture of the landfill gas 

Using a landfill gas generation rate of 0 0282 m3 / s 
and a vinyl chloride concentration of 3,100 mg / m3 

Weget 0087 g/ s 

Assuming a conservative 95% destruction efficiency, 

the model input becomes 0 0044 g /  s 

Other Flare Input Parameters 

From John Zink Co quotation (see Appendix E), 

Stack Height 9 1 4  m 

Gas Exit Temperature 1,089 K 
Gas Exit Velocity 3 63 m / s 

Stack Diameter (ID) 095 m 

Other Assumptions 

Rural dispersion parameters were used 

see SOLGRID XLS 

coming out of the flare 

30 ft 

1,500 °F 
11 9 ft/ s 

3 125 ft 

Flat terrain was assumed since area receptors were below 1/2 the stack height 
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Project Rose Hill Feasibilit> Stud> Acct No 020617-0011 Page Of 

Subject Air Modeling Comptd Bv S CzarmecWi Date 24-Jul-97 

Detail Alternative Flare Results CkdB y R Porter Date 25-Jul-97 

P \NE\ROSEHILL\FS\APPX-F\LTRESULT XLS 

LTRESULT 111 U'9/t 

The ISCLT3 model uses joint frequency distributions of wind speed class, by wind direction sector, and b> 

stability category, known as STAR summaries (for STabihty ARray) Seasonal and annual STAR data for 

the NOAA weather station at T F Green Airport, Providence, Rhode Island (#14765), spanning the dales 

of October 1, 1987 and September 30, 1992, was obtained for use as input in this model Included in the 

data are seasonal and annual frequencies of wind speed and direction 

An average ambient air temperature of 50°F for the area was calculated from data collected at Providence, 

Rhode Island (NOAA, 1991) Mixing layer heights were calculated using data available on EPA's SCRAM 

Bulletin Board System for Chatham, Massachusetts (#14684), the closest weather station with mixing 

height data The mixing height calculation cited (USEPA, 1992) was used to estimate mixing height data by 

stability class 

Discreet Receptor Results 

Modeled Concentration Based on 

Receptor # Input of 3.100 mg/nr (ug/m-3) 

1 0000614 

2 0 000649 

3 0000793 

4 0 000870 Notes: 

5 0 000805 Receptors #1 through 11 are nearby residences and the 

6 0001061 transfer station 

7 0001822 Receptors #12 through 17 are locations on roadways and 

8 0004416 driveways along the landfill perimeter 

9 0001258 Modeled concentrations are annual average values over 5 years 

10 0 002604 

1 1 0006901 

12 0 000478 

13 0 002057 
14 0 000582 

1 5 0000592 

16 0 002633 

1 7 0 007737 

Maximum Modeled Concentration 

The maximum modeled concentration is 0 00806 ug/m 

and is located in the southern direction of the flare stack, approximately 350 meters from the 

stack 

Model input/output is presented as Attachment A 



** Rosehill - ISCLT3
 
** Point source emissions from an alternative flare burning landfill gas
 
** from the Solid Waste Area (1997 LFG flow rates)
 
** 1997-1992 meteorological data
 
•* Vinyl chloride emissions (Concentration = 3,100 mg/m~3)
 

CO STARTING
 
TITLEONE ROSEHILL - ALT. FLARE EMISSIONS - ISCLT3
 
MODELOPT DFAULT CONC RURAL
 
AVERTIME ANNUAL
 
TERRHGTS FLAT
 
POLLUTID VYCL
 
RUNORNOT RUN
 

CO FINISHED
 

SO STARTING
 

** FLARE FOR SOLID WASTE AREA
 

SO LOCATION STACK1 POINT 373.38 480.06 0.
 

** Emission rate Ig/s), stack height (m), gas temp (K),
 
** gas velocity (m/s), stack diameter (m)
 

SO SRCPARAM STACK1 0.0044 9.14 1089. 3.63 0.95
 

SO SRCGROUP ALL
 
SO FINISHED
 

RE STARTING
 
RE GRIDPOLR POL STA
 
RE GRIDPOLR POL ORIG 375. 480.
 
RE GRIDPOLR POL DIST 50. 100. ISO. 200. 250. 300. 350. 400. 450.
 
RE GRIDPOLR POL DIST 500. 550. 600 650. 700. 750. 800. 850. 900.
 

RE GRIDPOLR POL DIST 950. 1000. 1050. 1100. 1150. 1200. 1300.
 
RE GRIDPOLR POL DIST 1400. 1500 1600. 1700. 1800. 1900. 2000.
 
RE GRIDPOLR POL DIST 2100. 2200 2300. 2400. 2500. 2600. 2700.
 

RE GRIDPOLR POL DIST 2800. 2900. 3000. 3100. 3200. 3300. 3400.
 
RE GRIDPOLR POL DIST 3500. 3600. 3700. 3800. 3900. 4000. 4100.
 
RE GRIDPOLR POL DIST 4200. 4300. 4400. 4500. 4600. 4700. 4800.
 

RE GRIDPOLR POL DIST 4900. 5000. 5100. 5200. 5300. 5400. 5500.
 
RE GRIDPOLR POL DIST 5600. 5700. 5800. 5900. 6000. 6100. 6200.
 

RE GRIDPOLR POL GDIR 8 0. 45.
 
RE GRIDPOLR POL END
 

Discreet Receptors
 
x, y coordinates (m)
 

**
 Receptor #1
 
RE DISCCART 99. .06 670 .56
 
* *
 Receptor #2
 
RE DISCCART 30. .48 662 .94
 
* *
 Receptor #3
 
RE DISCCART 22 .86 563 .88
 
**
 Receptor #4
 
RE DISCCART 15. .24 541 .02
 
»*
 Receptor #5
 
RE DISCCART 60 .96 533 .40
 
*» Receptor #6
 
RE DISCCART 91. .44 434 .34
 
** #7
 Receptor
 
RE DISCCART 121 .92 297 .18
 
** Receptor #8
 
RE DISCCART 259 .08 15 .24
 
* * #9
 Receptor
 
RE DISCCART 388 .62 640 .08
 
*» Receptor #10
 
RE DISCCART 487 .68 670 .56
 
* *
 Receptor #11
 
RE DISCCART 563. .88 243 .84
 
• «Receptor #12
 
RE DISCCART 243 .84 655 .32
 
* *
 Receptor #13
 
RE DISCCART 167 .64 274 .32
 
**
 Receptor #14
 
RE DISCCART 114 .30 647 .70
 
* *
 Receptor #15
 
RE DISCCART 91 .44 594 .36
 
* * Receptor #16
 
RE DISCCART 228 .60 129 .54
 
* * #17
 Receptor
 
RE DISCCART 365 .76 144 .78
 

RE FINISHED
 

ME STARTING
 
INPUTFIL TEST.DAT FREE
 
ANEMHGHT 20. FEET
 

** Stardata from 1987 through 1992 at Providence was utilized.
 



SURFDATA 14765 1987 PROVIDENCE
 
UAIRDATA 14765 1987 PROVIDENCE
 

- AMBIENT AIR TEMPERATURE (DEGREES KELVIN) ­

STAB STAB STAB STAB STAB STAB
 
CAT 1 CAT 2 CAT 3 CAT 4 CAT 5 CAT 6
 

-— AVETEMPS ANNUAL 283.2 283.2 283 2 283 2 283 2 283 2
 

** - MIXING LAYER HEIGHT (METERS) ­
•« S
 
..
 T US WS WS WS WS WS
 

SEAS A CAT 1 CAT 2 CAT 3 CAT 4 CAT 5 CAT 6
 
•* B
 

AVEMIXHT ANNUAL 1 142E+04 .142E»04 .142E*04 .142E+04 .142E+04 . 142E+04
 
AVEMIXHT ANNUAL 2 .944E+03 .944E+03 .944E*03 .944E+03 .944E+03 944E+03
 
AVEMIXHT ANNUAL 3 944E+03 .944E+03 .944E*03 .944E+03 .944E+03 .944E+03
 
AVEMIXHT ANNUAL 4 .944E+03 .944E+03 .944E*03 .944E+03 .944E+03 .944E+03
 
AVEMIXHT ANNUAL S .100E+05 .100E+05 .100E+05 .100E+05 .lOOEtOS .100E+05
 
AVEMIXHT ANNUAL 6 .100E+05 .100E+05 .100E+05 100E+05 .100E+05 .100E+OS
 

ME FINISHED
 

OU STARTING
 
RECTABLE INDSRC
 
MAXTABLE 10 INDSRC
 

OU FINISHED
 

•*• SETUP Finishes Successfully **•
 

••• ISCLT3 - VERSION 96113 *** **• ROSEHILL - ALT. FLARE EMISSIONS - ISCLT3 *** 10/14/98
 
*•* ••* 13 49:37
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••• MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

**• MODEL SETUP OPTIONS SUMMARY •••
 

••Model Is Setup For Calculation of Average CONCentration Values.
 
••Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations
 

-Model Uses NO plume DEPLETION,
 

••todel Uses RURAL Dispersion.
 

••Model Uses Regulatory DEFAULT Options:
 
1 Final Plume Rise.
 
2. Stack-tip Downwash.
 
3. Buoyancy-induced Dispersion.
 
4. Default Wind Profile Exponents.
 
5. Default Vertical Potential Temperature Gradients.
 
6. "Upper Bound" Values For Supersquat Buildings.
 
7 No Exponential Decay for RURAL Mode
 

••Model Assumes Receptors on FLAT Terrain.
 

••Model Assumes No FLAGPOLE Receptor Heights.
 

••Model Calculates 1 STAR Average(s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0  0
 
Seasons/Quarters: 0 0 0  0
 

and Annual: 1
 

••Model Assumes 1 STAR Summaries In Data File for the Averaging Periods Identified Above
 

••This Run Includes 1 Source(s); 1 Source Group(s); and 329 Receptor(s)
 

••The Model Assumes A Pollutant Type of: VYCL
 

••Model Set To Continue RUNning After the Setup Testing.
 

••Output Options Selected:
 
Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)
 
Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)
 

••Misc Inputs: Anem Hgt (m) - 6 10 ; Decay Co«f. - 0.0000 ; Rot. Angle - 0 0
 
Emission Units - GRAMS/SEC , Emission Rate Unit Factor * 0.10000E+07
 
Output Units - MICROGRAMS/M««3
 

••Input Runstream File- rhflareS.inp ; ••Output Print File: rhflareB.out
 
••• ISCLT3 - VERSION 96113 ••• *** ROSEHILL - ALT. FLARE EMISSIONS - ISCLT3 *** 10/14/98
 

»•• *•• 13:49:37
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•• MODELING OPTIONS USED: CONC RURAL FLAT DFAULT
 

•*• POINT SOURCE DATA •••
 

NUMBER EMISSION RATE BASE STACK STACK STACK STACK BUILDING EMISSION RATE
 



SOURCE PART (GRAMS/SEC) X Y ELEV HEIGHT TEMP EXIT VEL DIAMETER EXISTS SCALAR VARY
 
ID CATS (METERS) (METERS) (METERS) (METERS) (DEG K) (M/SEC) (METERS) BY
 

STACK1 0 0 44000E-02 373 4 480 1 0 0 9 14 1089 00 3 63 0 95 NO
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*** MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

•*« SOURCE IDs DEFINING SOURCE GROUPS
 

GROUP ID	 SOURCE IDs
 

ALL STACK1 ,
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*»« MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

GRIDDED RECEPTOR NETWORK SUMMARY
 

*** NETWORK ID POL NETWORK TYPE GRIDPOLR **«
 

•• ORIGIN FOR POLAR NETWORK ***
 
X-ORIG 375 00 , Y-ORIG ' 480 00 (METERS)
 

** DISTANCE RANGES OF NETWORK ***
 
(METERS) 

50 0, 
550 0, 
3000 0, 
4000 0, 

100 0, 
600 0, 
3100 0, 
4100 0, 

150 0, 
650 0, 
3200 0, 
4200 0, 

200 0, 
700 0, 
3300 0, 
4300 0, 

250 0, 
750 0, 
3400 0, 
4400 0, 

300 0, 
800 0, 
3500 0, 
4500 0, 

350 0, 
850 0, 
3600 0, 
4600 0, 

400 0, 
900 0, 
3700 0, 
4700 0, 

450 0, 
2800 0, 
3800 0, 
4800 0, 

500 0, 
2900 0, 
3900 0, 

*** DIRECTION RADIALS OF NETWOR
(DEGREES) 

K «** 

360 0, 45 0, 
ISCLT3 ­ VERSION 96113 

*** MODELING OPTIONS USED

90 0, 135 0,
ROSEHILL

 CONC RURAL FLAT 

 180 0, 225 0,
 ­ ALT FLARE EMISSIONS

DFAULT 

 270 0, 
- ISCLT3 

315 0, 
10/14/98 
13 49 37 
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'* DISCRETE CARTESIAN RECEPTORS *'
 
(X-COORD, Y-COORD, ZELEV, ZFLAG)
 

(METERS)
 

( 99 1, 670 6, 0 0, 0 0) , ( 30 5, 662 9, 0 0, 0 0)
 
1 22 9, 563 9, 0 0, 0 0) , ( 15 2, 541 0, 0 0, 0 0)
 
I 61 0, 533 4, 0 0, 0 0) , ( 91 4, 434 3, 0 0, 0 0)
 
( 121 9, 297 2, 0 0, 0 0) , ( 259 1, IS 2, 0 0, 0 0)
 
( 388 6, 640 1, 0 0, 0 0) , ( 487 7, 670 6, 0 0, 0 0)
 
( 563 9, 243 8, 0 0, 0 0) , ( 243 8, 655 3, 0 0, 0 0)
 
( 167 6, 274 3, 0 0, 0 0) , ( 114 3, 647 7, 0 0, 0 0)
 
( 91 4, 594 4, 0 0, 0 0) , ( 228 6, 129 5, 0 0, 0 0)
 
( 365 8, 144 8, 0 0, 0 0) ,
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*•• MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

AVERAGE SPEED FOR EACH WIND SPEED CATEGORY ***
 
(METERS/SEC)
 

1 50, 2 50, 4 30, 6 80, 9 50, 12 50,
 

** WIND PROFILE EXPONENTS
 

STABILITY	 WIND SPEED CATEGORY
 
CATEGORY 1 2 3 4 5 6
 

A 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01
 
B 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01
 
C 10000E»00 10000E+00 10000E*00 IQOOOE-fOO lOOOOEtOO 10000E+00
 
D 15000E»00 1SOOOE+00 15000E+00 15000E+00 15000E+00 15000E+00
 
E 35000E»00 35000E+00 35000E-.-00 35000E+00 35000E+00 35000E*00
 
F S5000E+00 SSOOOEtOO SSOOOE+00 S5000E+00 55000E+00 55000E»00
 

VERTICAL POTENTIAL TEMPERATURE GRADIENTS
 
(DEGREES KELVIN PER METER)
 

STABILITY	 WIND SPEED CATEGORY
 
CATEGORY	 3
 



OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0
 
OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOGE+00 OOOOOE+00 OOOOOE+00
 
OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0
 
OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0 OOOOOE+0 0
 
20000E 01 20000E-01 20000E 01 20000E 01 20000E 01 20000E 01
 
35000E 01 35000E 01 35000E 01 35000E-01 35000E 01 35000E 01
 

«** AVERAGE AMBIENT AIR TEMPERATURE (KELVIN) *** 

STABILITY
CATEGORY A

 STABILITY
 CATEGORY B

 STABILITY
 CATEGORY C

 STABILITY
 CATEGORY D

 STABILITY
 CATEGORY E

 STABILITY 
 CATEGORY F 

ISCLT3 
ANNUAL 

VERSION 96113 

*** MODELING OPTIONS USED

283 2000 283 2000
** *»» ROSEHILL ­ ALT

 CONC RURAL FLAT 

 283 2000 283 2000 283 2000
 FLARE EMISSIONS ISCLT3 

DFAULT 

 283 2000 
10/14/98 
13 49 37 
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AVERAGE MIXING LAYER HEIGHT (METERS)
 

ANNUAL
 
WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED HIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

STABILITY CATEGORY A 1420 0000 1420 0000 1420 0000 1420 0000 1420 0000 1420 0000
 
STABILITY CATEGORY B 944 0001 944 0001 944 0001 944 0001 944 0001 944 0001
 
STABILITY CATEGORY C 944 0001 944 0001 944 0001 944 0001 944 0001 944 0001
 
STABILITY CATEGORY D 944 0001 944 0001 944 0001 944 0001 944 0001 944 0001
 
STABILITY CATEGORY E 10000 0000 10000 0000 10000 0000 10000 0000 10000 0000 10000 0000
 
STABILITY CATEGORY F 10000 0000 10000 0000 10000 0000 10000 oooo 10000 0000 10000 0000
 
ISCLT3 VERSION 96113 *** ROSEHILL - ALT FLARE EMISSIONS - ISCLT3 10/14/98
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*** MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY
 

SURFACE STATION NO 14765 UPPER AIR STATION NO 14765
 
NAME PROVIDENCE NAME PROVIDENCE
 
YEAR 1987 YEAR 1987
 

ANNUAL STABILITY CATEGORY A
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

ACTION ( 1 500 M/S) ( 2 500 M/S) ( 4 300 M/S) ( 6 BOO M/S) ( 9 500 M/S) (12 500 M/S)
 
EGREES )
 

0 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
22 500 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
45 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
67 500 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
90 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
112 500 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
135 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
157 500 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
180 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
202 500 0 00000000 0 00000000 0 00000000 'o 00000000 0 00000000 0 00000000
 
225 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
247 500 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
270 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
292 500 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
315 000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
337 500 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 

ANNUAL STABILITY CATEGORY B
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1 500 M/S) ( 2 500 M/S) ( 4 300 M/S) ( 6 800 M/S) ( 9500 M/S) (12 500 M/S)
 
/ nc*ppPFQ i
\ U£>LtKC.C.o 1
 

0 000 0 00013000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
22 500 0 00025000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
45 000 0 00038000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
67 500 0 00038000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
90 000 0 00038000 0 00000000 0 00009000 0 00000000 0 00000000 0 00000000
 
112 500 0 00038000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
135 000 0 00038000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
157 500 0 00050000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
180 000 0 00050000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
202 500 0 00013000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
225 000 0 00016000 0 00009000 0 00000000 0 00000000 0 00000000 0 00000000
 
247 500 0 00025000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
270 000 0 00013000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
292 500 0 00013000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
 
315 000 0 00016000 0 00009000 0 00000000 0 00000000 0 00000000 0 00000000
 
337 500 0 00013000 0 00000000 0 00000000 0 00000000 0 00000000 0 00000000
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••• MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY ***
 



SURFACE STATION NO 14765 UPPER AIR STATION NO 14765
 
NAME PROVIDENCE NAME PROVIDENCE
 
YEAR 1987 YEAR 1987
 

ANNUAL STABILITY CATEGORY C
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1 500 M/S) ( 2 500 M/SI 1 4 300 M/S) I 6 800 M/S) ( 9 500 M/S) (12 500 M/S)
 
(DEGREES)
 

0 000 0 00047000 1 0 00130000 0 00296000 0 00019000 0 00000000 0 00000000
 
22 500 0 00025000 0 00037000 0 00065000 0 00000000 0 00000000 0 00000000
 
45 000 0 00005000 0 00037000 0 00046000 0 00000000 0 00000000 0 00000000
 
67 500 0 00097000 0 00028000 0 00028000 0 00009000 0 00000000 0 00000000
 
90 000 0 00007000 0 00056000 0 00009000 0 00000000 0 00000000 0 00000000
 
112 500 0 00024000 0 00028000 0 00028000 0 00000000 0 00000000 0 00000000
 
135 000 0 00048000 0 00056000 0 00074000 0 00000000 0 00000000 0 00000000
 
157 500 0 00003000 0 00028000 0 00083000 0 00000000 0 00000000 0 00000000
 
180 000 0 00094000 0 00176000 0 00139000 0 00000000 0 00000000 0 00000000
 
202 500 0 00042000 0 00093000 0 00074000 0 00000000 0 00000000 0 00000000
 
225 000 0 00026000 0 00046000 0 00120000 0 00000000 0 00000000 0 00000000
 
247 500 0 00048000 0 00139000 0 00269000 0 00009000 0 00000000 0 00000000
 
270 000 0 00071000 0 00157000 0 00296000 0 00000000 0 00000000 0 00000000
 
292 500 0 00044000 0 00102000 0 00269000 0 00000000 0 00000000 0 00000000
 
315 000 0 00039000 0 00065000 0 00278000 0 00000000 0 00000000 0 00000000
 
337 500 0 00028000 0 00056000 0 00167000 0 00000000 0 00000000 0 00000000
 

ANNUAL STABILITY CATEGORY D
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1 500 M/S) ( 2 500 M/S) ( 4 300 M/S) ( 6 800 M/S) ( 9 500 M/S) (12 500 M/S)
 
(DEGREES)
 

0 000 0 00274000 0 01083000 0 03380000 0 03593000 0 00694000 0 00074000
 
22 500 0 00192000 0 00639000 0 01417000 0 00981000 0 00102000 0 00019000
 
45 000 0 00171000 0 00630000 0 01167000 0 00824000 0 00102000 0 00037000
 
67 500 0 00084000 0 00565000 0 00833000 0 00546000 0 00019000 0 00000000
 
90 000 0 00091000 0 00426000 0 00704000 0 00259000 0 00000000 0 00000000
 
112 500 0 00089000 0 00194000 0 00380000 0 00157000 0 00000000 0 00000000
 
135 000 0 00052000 0 00231000 0 00333000 0 00093000 0 00009000 0 00000000
 
157 500 0 00138000 0 00500000 0 00583000 0 00222000 0 00019000 0 00000000
 
180 000 0 00186000 0 00796000 0 02130000 0 01157000 0 00148000 0 00037000
 
202 500 0 00093000 0 00454000 0 01204000 0 01167000 0 00296000 0 00120000
 
225 000 0 00171000 0 00528000 0 01343000 0 02065000 0 00491000 0 00185000
 
247 500 0 00123000 0 00343000 0 01519000 0 02694000 0 00315000 0 00074000
 
270 000 0 00139000 0 00509000 0 02194000 0 03037000 0 00380000 0 00111000
 
292 500 0 00040000 0 00426000 0 01907000 0 04454000 0 01315000 0 00222000
 
315 000 0 00051000 0 00324000 0 01435000 0 04204000 0 01157000 0 00167000
 
337 500 0 00114000 0 00454000 0 01491000 0 02833000 0 00667000 0 00102000
 

*** ISCLT3 - VERSION 96113 *** ** * ROSEHILL - ALT FLARE EMISSIONS - ISCLT3
 

MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY
 

FILE TEST DAT FORMAT FREE
 
SURFACE STATION NO 14765 UPPER AIR STATION NO 14765
 

NAME PROVIDENCE NAME PROVIDENCE
 
YEAR 1987 YEAR 1987
 

ANNUAL STABILITY CATEGORY E
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1 500 M/S) I 2 500 M/S) ( 4 300 M/S) ( 6 800 M/S) ( 9 500 M/S) (12 500 M/S)
 
t npr*pppp * J
\ UbuKCif JO


0 000 0 00000000 0 00630000 0 01019000 0 00000000 0 00000000 0 00000000
 
22 500 0 00000000 0 00102000 0 00111000 0 00000000 0 00000000 0 00000000
 
45 000 0 00000000 0 00148000 0 00074000 0 00000000 0 00000000 0 00000000
 
67 500 0 00000000 0 00231000 0 00028000 0 00000000 0 00000000 0 00000000
 
90 000 0 00000000 0 00111000 0 00000000 0 00000000 0 00000000 0 00000000
 
112 500 0 00000000 0 00056000 0 00009000 0 00000000 0 00000000 0 00000000
 
135 000 0 00000000 0 00093000 0 00028000 0 00000000 0 00000000 0 00000000
 
157 500 0 00000000 0 00204000 0 00111000 0 00000000 0 00000000 0 00000000
 
180 000 0 00000000 0 00954000 0 00500000 0 00000000 0 00000000 0 00000000
 
202 500 0 00000000 0 00546000 0 00380000 0 00000000 0 00000000 0 00000000
 
225 000 0 00000000 0 00509000 0 00546000 0 00000000 0 00000000 0 00000000
 
247 500 0 00000000 0 00593000 0 00694000 0 00000000 0 00000000 0 00000000
 
270 000 0 00000000 0 00583000 0 01806000 0 00000000 0 00000000 0 00000000
 
292 500 0 00000000 0 00389000 0 01981000 0 00000000 0 00000000 0 00000000
 
315 000 0 00000000 0 00565000 0 01685000 0 00000000 0 00000000 0 00000000
 
337 500 0 00000000 0 00583000 0 01074000 0 00000000 0 00000000 0 00000000
 

ANNUAL STABILITY CATEGORY F
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1 500 M/S) ( 2 500 M/S) ( 4 300 M/S) ( 6 800 M/S) ( 9 500 M/S) (12 500 M/S)
 
(DEGREES)
 

0 000 0 00110000 0 00593000 0 00000000 0 00000000 0 00000000 0 00000000
 
22 500 0 00026000 0 00083000 0 00000000 0 00000000 0 00000000 0 00000000
 
45 000 0 00028000 0 00120000 0 00000000 0 00000000 0 00000000 0 00000000
 
67 500 0 00094000 0 00074000 0 00000000 0 00000000 0 00000000 0 00000000
 

10/14/98
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90 
112 
135 
157 
180 
202 
225 
~>47 

70 
292 
315 
337 

000 
500 
000 
500 
000 
500 
000 
500 
000 
500 
000 
500 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00072000 
00040000 
00094000 
00110000 
00291000 
00140000 
001S8000 
00220000 

00148000 
00132000 

00151000 
00166000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00046000 
00000000 
00065000 
00157000 
00491000 
00454000 
00565000 
01037000 

01287000 

01194000 
00898000 
00824000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

00000000 
00000000 

00000000 
00000000 

00000000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

00000000 
00000000 
00000000 

00000000 
00000000 

00000000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
oooooooo 
00000000 
ooooooo o 
ooooooo o 
ooooooo o 
ooooooo o 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ooooooo o 
ooooooo o 
ooooooo o 
ooooooo o 
ooooooo o 
ooooooo o 
oooooooo 
ooooooo o 
ooooooo o 
ooooooo o 
ooooooo o 
ooooooo o 

ISCLT3 
SUM OF FREQUENCIES 

VERSION 96113 *** 

«** MODELING OPTIONS USED CONC

FTOTAL = 0 98123 
'** ROSEHILL - ALT FLARE EMISSIONS - ISCLT3 

 RURAL FLAT DFAULT 
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««* THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

*** NETWORK ID POL , NETWORK TYPE GRIDPOLR «** 

»« CONC OF VYCL IN MICROGRAMS/M**3 

DIRECTION 
(DEGREES) 

1 
1 50 00 100 00 150 00 

DISTANCE
200 00

 (METERS) 
 250 00 300 00 350 00 400 00 450 00 

***

360 00 
45 00 
90 00 
135 00 
180 00 
225 00 
270 00 
315 00 

 ISCLT3 

1 o 
1 o 
1 o 
1 o 
1 0 
1 o 
1 o 
1 o 
- VERSION 

000000 
000000 
000000 
000000 
000000 
000000 
000000 
oooooo 
96113

MODELING OPTIONS USED 

 *** 

0 
0 
0 
0 
0 
0 
0 
0 

000109 
000252 
000296 
000467 
000330 
000063 
000022 
000018 

0 
0 
0 
0 
0 
0 
0 
0 

001093 
001767 
002335 
003333 
002849 
000659 
000245 
000186 

*** ROSEHILL ­ ALT 
*** 

CONC RURAL FLAT

0 
0 
0 
0 
0 
0 
0 
0 

002126 
003080 
004202 
005741 
005253 
001285 
000514 
000355 

0 
0 
0 
0 
0 
0 
0 
0 

FLARE EMISSIONS ­

002967 
003905 
005454 
007117 
006933 
001782 
000766 
000499 
ISCLT3 

 DFAULT 

0 
0 
0 
0 
0 
0 
0 
0 

003519 
004280 
006083 
007614 
007827 
002095 
000955 
000601 

0 
0 
0 
0 
0 
0 
0 
0 

003769 
004320 
006218 
007525 
008060 
002226 
001058 
000655 

0 
0 
0 
0 
0 
0 
0 
0 

003849 
004210 
006108 
007187 
007969 
002260 
001109 
000679 

***
* »* 

0 
0 
0 
0 
0 
0 
0 
0 

003825 
004029 
005880 
006756 
007707 
002235 
001124 
000685 
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*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

*** NETWORK ID POL . NETWORK TYPE GRIDPOLR *** 

*- CONC OF VYCL IN MICROGRAMS/M**3 

"
DIRECTION 

 (DEGREES) 500 00 550 00 600 00 
DISTANCE (METERS) 
650 00 700 00 750 00 BOO 00 850 00 900 00 

360 
45 
90 
135 
180 
225 
270 
315 

00 
00 
00 
00 
00 
00 
00 
00 

0 
0 
0 
0 
0 
0 
0 
0 

*** ISCLT3 ­ VERSION 

003738 
003818 
005599 
006303 
007359 
002173 
001115 
000676 
96113

••* MODELING OPTIONS USED 

 *** 

0 
0 
0 
0 
0 
0 
0 
0 

003616 
003601 
005302 
005863 
006976 
002092 
001090 
000660 

0 
0 
0 
0 
0 
0 
0 
0 

003476 
003390 
005009 
005453 
006587 
002001 
001055 
000639 

*** ROSEHILL - ALT 
*** 

CONC RURAL FLAT

0 
0 
0 
0 
0 
0 
0 
0 

003330 
003190 
004730 
005078 
006209 
001906 
001016 
000615 

FLARE EMISSIONS 

0 003184 
0 003004 
0 004470 
0 004740 
0 OOS851 
0 001812 
0 000974 
0 000590 
- ISCLT3 

 DFAULT 

0 
0 
0 
0 
0 
0 
0 
0 

003042 
002832 
004227 
004433 
005513 
001720 
000931 
000565 

0 
0 
0 
0 
0 
0 
0 
0 

002905 
002674 
004003 
004157 
005199 
001632 
000889 
000540 

0 
0 
0 
0 
0 
0 
0 
0 

*»* 
»* * 

002776 
002530 
003798 
003908 
004909 
001548 
000848 
000516 

0 
0 
0 
0 
0 
0 
0 
0 

002654 
002397 
003609 
003683 
004641 
001470 
000809 
000493 
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».. THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

••• NETWORK ID POL , NETWORK TYPE GRIDPOLR ••* 

** CONC OF VYCL IN MICROGRAMS/M«*3 

DIRECTION 
(DEGREES) 

1 
| 2800 00 2900 00 3000 00 

DISTANCE
3100 00

 (METERS) 
 3200 00 3300 00 3400 00 3500 00 3600 OC 

360 
45 
90 
135 
180 
225 
270 
315 

00 
00 
00 
00 
00 
00 
00 
00 

**• ISCLT3 

1 o 
1 o 
1 o 
1 o 
1 o 
1 o 
1 o 
1 o 
- VERSION 

000856 
000716 
001136 
001047 
001246 
000392 
000228 
000152 
96113 

MODELING OPTIONS USED 

0 
0 
0 
0 
0 
0 
0 
0 

000822 
000687 
001091 
001004 
001190 
000374 
000218 
000146 

0 
0 
0 
0 
0 
0 
0 
0 

000790 
000659 
001048 
000963 
001139 
000358 
000209 
000140 

*** *** ROSEHILL - ALT 
*** 

CONC RURAL FLAT

0 
0 
0 
0 
0 
0 
0 
0 

000760 
000634 
001009 
000925 
001091 
000342 
000200 
000135 

FLARE EMISSIONS 

0 000732 
0 000610 
0 000972 
0 000890 
0 001047 
0 000328 
0 000192 
0 000130 
- ISCLT3 

 DFAULT 

0 
0 
0 
0 
0 
0 
0 
0 

000705 
000587 
000937 
000857 
001006 
000315 
000185 
000125 

0 
0 
0 
0 
0 
0 
0 
0 

000681 
000566 
000904 
000826 
000967 
000302 
000178 
000120 

0 
0 
0 
0 
0 
0 
0 
0 

000657 
000547 
000873 
000796 
000931 
000291 
000171 
000116 

0 
0 
0 
0 
0 
0 
0 
0 

00063­
00052^ 
00084-, 
OOOTf­
00089" 
00028C 
000165 
000112 
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... THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1
 

*** NETWORK ID POL , NETWORK TYPE GRIDPOLR «**
 

«« CONC OF VYCL IN MICROGRAMS/M**3
 

DIRECTION | DISTANCE (METERS)
 



(DEGREES) | 4100 00 4200 00 4300 00 4500 00 

360 
45 
90 
135 
180 
225 
270 
315 

00 | 
00| 
00| 
00 | 
00 j 
00| 
00 j 
00 | 

0 
0 
0 
0 
0 
0 
0 
0 

000614 
000510 
000817 
000743 
OOOB64 
000270 
000159 
000109 

0 000595 
0 000494 
0 000791 
0 000718 
0 000834 
0 000260 
0 000153 
0 000105 

0 
0 
0 
0 
0 
0 
0 
0 

000576 
000478 
000766 
000695 
000606 
000251 
000148 
000102 

*** ISCLT3 - VERSION 96113 *-* ROSEHILL ­ ALT

** MODELING OPTIONS USED CONC RURAL FLAT

0 
0 
0 
0 
0 
0 
0 
0 

000558 
000463 
000743 
000673 
000779 
000242 
000143 
000099 

0 
0 
0 
0 
0 
0 
0 
0 

000542 
000449 
000720 
000653 
0007S4 
000234 
000139 
000096 

 FLARE EMISSIONS ­ ISCLT3 

 DFAULT 

0 
0 
0 
0 
0 
0 
0 
0 

000526 
000436 
000699 
000633 
000729 
000227 
000134 
000093 

0 
0 
0 
0 
0 
0 
0 
0 

000511 
000423 
000679 
000614 
000707 
000219 
000130 
000090 

000496 
000411 
000660 
000597 
000685 
000212 
000126 
OOOOB 8 

0 000482 
0 000399 
0 000o42 
0 000580 

0 000*^5 
0 Or 
0 Oi 
0 OOtjwrS 
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*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

*** NETWORK ID POL , NETWORK TYPE GRIDPOLR *** 

** CONC OF VYCL IN MICROGRAMS/M**3 

DIRECTION 
(DEGREES) 4600 00 4700 00 4800 00 

DISTANCE (METERS) 

360 00 
45 00 
90 00 

135 00 
180 00 
225 00 
270 00 
315 00 

0 000469 
0 000388 
0 000625 
0 000564 
0 000645 
0 000200 
0 000119 
0 000083 

*** ISCLT3 - VERSION 96113 *** 

0 
0 
0 
0 
0 
0 
0 
0 

000457 
000378 
000608 
000548 
000626 
000194 
000115 
000081 
*** 

0 000445 
0 000368 
0 000593 
0 000534 
0 000609 
0 000188 
0 000112 
0 000078 

ROSEHILL ­ ALT

•** MODELING OPTIONS USED CONC RURAL FLAT 

 FLARE EMISSIONS - ISCLT3

DFAULT 

 *** 10/14/98 
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*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

••* DISCRETE CARTESIAN RECEPTOR POINTS *** 

** CONC OF VYCL IN MICROGRAMS/M**3 

X-COORD (Ml Y-COORD (M) CONC X-COORD (M) Y-COORD (M) CONC 

99 
22 
60 
121 
388 
563 
167 
91 

365 
** ISCLT3 ­ \ 

06 
86 
96 
92 
62 
8B 
64 
44 
76 
VERSION 

670 
563 
533 
297 
640 
243 
274 
594 
144 

96113 

56 
88 
40 
IB 
08 
84 
32 
36 
78 
*** 

**• MODELING OPTIONS USED CONC

0 
0 
0 
0 
0 
0 
0 
0 
0 

*** 

000614 
000793 
000805 
001822 
001258 
006901 
002057 
000592 
007737 
ROSEHILL - ALT 

 RURAL FLAT 

30 48 
IS 24 
91 44 

259 08 
487 68 
243 84 
114 30 
228 60 

FLARE EMISSIONS - ISCLT3 

DFAULT 

662 
541 
434 
15 
670 
655 
647 
129 

94 
02 
34 
24 
56 
.32 
70 
54 

0 
0 
0 
0 
0 
0 
0 
0 

000649 
000870 
001061 
004416 
002604 
000478 
000582 
002633 

*** 10/14/98 
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•** THE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

CONC OF VYCL IN MICROGRAMS/M**3 

RANK CONC AT RECEPTOR (XR.YR) OF TYPE RANK CONC AT RECEPTOR (XR,YR) OF TYPE 

1 
2 
3 
4 
5 

0 008060 
0 007969 
0 007827 
0 007737 
0 007707 

AT ( 
AT ( 
AT ( 
AT ( 
AT ( 

375 00, 
375 00, 
375 00, 
365 76, 
375 00, 

130 00) 
80 00) 
180 00) 
144 78) 
30 00) 

GP 
GP 
GP 
DC 
GP 

6 
7 
8 
9 
10 

0 007614 
0 007525 
0 007359 
0 007187 
0 007117 

AT ( 
AT ( 
AT ( 
AT ( 
AT ( 

587 13, 
622 49, 
375 00, 
657 84, 
551 78, 

267 87) 
232 51) 
-20 00) 
197 16) 
303 22) 

GP 
GP 
GP 
GP 
GP 

••* RECEPTOR TYPES GC = GRIDCART 
GP = GRIDPOLR 
DC ­ DISCCART 
DP ­ DISCPOLR 
BD - BOUNDARY 

*** ISCLT3 ­ VERSION 96113 *** * '* ROSEHILL

*** MODELING OPTIONS USED CONC RURAL FLAT 

­ ALT FLARE EMISSIONS - ISCLT3 

DFAULT 
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**• Message Summary ISCLT3 Model Execution *** 

Summary of Total Messages 

A Total of 
A Total of 
A Total of 

0 Fatal Error Message Is) 
0 Warning Message(s) 
0 Informational Message(s) 

FATAL ERROR MESSAGES 



NONE
 

WARNING MESSAGES
 
*** NONE ***
 

•* ISCLT3 Finishes Successfully
 



Project 
Subject 
Detail 

Rose Hill FS 
Air Modeling 
Flare Results Table 

Acct. No. 
Comptd. Bv
Ck'd. By 

4609- 18-10-11 Paee
 s- Czarniecki Date

R. Porter Date

 1 of 
OB/22,/96 

 08/26/96 

1 

P:\NE\ROSEHIU-\FS APFX - F\RESTABLT.WK1 

[ RESTABLT.WK1 

The attached table presents modeled concentrations of analytes of concern at the Site for dispersion from 
a flare. The maximum modeled concentrations from LTRESULT were used to proportionally 
determine the analytes' concentration at various receptors. Some analytes were not detected in landfill gas 
SUMMA canister sampling, but are noted due to detections in ambient air at residences. 
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F-3 PRG Exceedances 



Project Rose Hil  l Feasibilit y Study Acct No 020617-001 2 Page 1 of 1 

Subject Air Modeling PRO Exceedances Comptd B> S. Czamiecki Date 21-Aug-96 

Detail Area Sources Ck'd By R. Porter Date 26-Aug-96 

P N'E ROSEHILDFS\APPX-F\EXCEED XLS 

Utilizin g ISCST3 model runs, the extent of PRO exceedances for viny l chloride was determined. The 

PRO (Preliminary Remediation Guideline) utilized was 0.03 ug/mJ . As with model runs performed for 

risk assessment purposes, five runs were performed to cover the years 1987 to 1991. A site center point 

was selected (shown on Attachment A) and a polar grid was used to define distances that annual 

average dispersion concentrations were above PRGs. Although meteorologic data for ISCST3 is for every 10 

degrees, just to get an approximation of the extent of impact, results were only determined for every 45 

degrees. Maximum distances in each direction from the five years are presented below. 1991 results had 

many of the maximum distances and the model output for this year is presented as Attachment B. The 

extent of PRO exceedence was assumed to be halfway between the last distance above the PRG and the next 

distance below the PRG. 

Vinyl Chloride 

Meters from site center point shown on attached figure: 

2 700 Meters Miles 
3'30°1,500 .  1,500 0.9 

\ , S 2,100 1.3 

2,100 ^ ! ^ 3,100 2<7°° '-7 

3,100 1.9 

/• \ 3,300 2.1 
3>30°2,700 *  4,100 2.5 

4,100 

Other Compounds 

Other compound impact concentrations may be determined proportionally from the viny l chloride 

results and then compared to respective PRGs to see if impacts are extended at all. By determining 

what each compound's concentration would be at vinyl chloride's PRG, we can say if impacts are extended. 

Model Result 

SUMMA Maximum Corresponding to 

Analyte Concentration (ug/m-) PRG Vinyl Chloride = 0.03 

Vinyl Chloride 3,100,000 0.03 0.030 

1,1-Dichloroethene 32,000 0.1 0.00031 

Benzene 8,000 0.3 0.000077 

1,1,2,2-Tetrachloroethane 0* 0.04 Not Applicable 

* Not detected in SUMMA canister landfill gas samples 

Since a modeled concentration of 0.03 ug/m3 vinyl chloride corresponds to other analyte 

concentrations which are way below respective PRG's, viny l chloride defines the extent of impacts. 
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** Rosehill - ISCST3
 
** Area emissions from the Solid Waste Area
 
** Ground 0 (Landfill assumed same level as receptors - worst case)
 
** 1991 data
 

PRO Exceedance Run based on 1997 LFG flow rate
 
'inyl chloride emissions (Concentration = 3,100,000 ug/m"3)
 

"CO STARTING
 
TITLEONE ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3
 
MODELOPT DFAULT CONC RURAL
 
AVERTIME PERIOD
 
TERRHGTS FLAT
 
POLLUTID UNIT
 
RUNORNOT RUN
 

CO FINISHED
 

SO STARTING
 

SOLID WASTE AREA (FS Version - B/96)
 
x, y, and z coordinates, respectively (ra)
 

SO LOCATION SQUARE1 AREA 121 92 533 40 0
 
so LOCATION SQUARE2 AREA 228 60 533 40 0
 
so LOCATION SQUARES AREA 137 16 457 20 0
 
so LOCATION SQUARE4 AREA 213 36 487 68 0
 
so LOCATION SQUARES AREA 259 08 487 68 0
 
so LOCATION SQUARES AREA 304 80 502 92 0
 
so LOCATION SQUARE7 AREA 304 80 487 68 0
 
so LOCATION SQUARES AREA 320 04 487 68 0
 
so LOCATION SQUARE9 AREA 213 36 472 44 0
 
so LOCATION SQUARE10 AREA 213 36 457 20 0
 
so LOCATION SQUARE 11 AREA 228 60 381 00 0
 
so LOCATION SQUARE12 AREA 152 40 381 00 0
 
so LOCATION SQUARE 13 AREA 167 64 335 28 0
 
so LOCATION SQUARE14 AREA 213 36 335 28 0
 
so LOCATION SQUARE15 AREA 259 08 350 52 0
 
so LOCATION SQUARE16 AREA 335 28 381 00 0
 
so LOCATION SQUARE17 AREA 289 56 289 56 0
 
so LOCATION SQUARE18 AREA 259 08 320 04 0
 
so LOCATION SQUARE 19 AREA 182 88 259 08 0
 
so LOCATION SQUARE20 AREA 259 08 289 56 0
 
so LOCATION SQUARE21 AREA 259 08 259 08 0
 
so LOCATION SQUARE22 AREA 289 56 213 36 0
 
so LOCATION SQUARE23 AREA 198 12 213 36 0
 

LOCATION SQUARE24 AREA 243 84 213 36 0
 
LOCATION SQUARE25 AREA 213 36 182 88 0
 

J LOCATION SQUARE26 AREA 243 84 137 16 0
 
so LOCATION SQUARE27 AREA 320 04 167 64 0
 

**
 Emission rate (g/m~2-s), release height (m) , length of square (m)
 

so SRCPARAM SQUARE1 9 65E-07 0 0 106 68
 
so SRCPARAM SQUARE2 9 65E-07 0 0 91 44
 
so SRCPARAM SQUARES 9 65E -07 0 0 76 20
 
so SRCPARAM SQUARE4 9 6SE -07 0 0 45 72
 
so SRCPARAM SQUARES 9 65E -07 0 0 45 72
 
so SRCPARAM SQUARES 9 65E -07 0 0 30 48
 
so SRCPARAM SQUARE7 9 65E -07 0 0 15 24
 
so SRCPARAM SQUARES 9 65E -07 0 0 15 24
 
so SRCPARAM SQUARE9 9 65E -07 0 0 15 24
 
so SRCPARAM SQUARE10 9 65E -07 0 0 15 24
 
so SRCPARAM SQUARE 11 9 65E -07 0 0 106 68
 
so SRCPARAM SQUARE12 9 65E -07 0 0 76 20
 
so SRCPARAM SQUARE13 9 65E -07 0 0 45 72
 
so SRCPARAM SQUARE14 9 65E -07 0 0 45 72
 
so SRCPARAM SQUARE 15 9 65E -07 0 0 30 48
 
so SRCPARAM SQUARE 16 9 65E -07 0 0 30 48
 
so SRCPARAM SQUARE17 9 65E -07 0 0 91 44
 
so SRCPARAM SQUARE 18 9 65E -07 0 0 30 48
 
so SRCPARAM SQUARE19 9 65E-07 0 0 76 20
 
so SRCPARAM SQUARE20 9 65E -07 0 0 30 48
 
so SRCPARAM SQUARE21 9 65E -07 0 0 30 48
 
so SRCPARAM SQUARE22 9 65E -07 0 0 76 20
 
so SRCPARAM SQUARE23 9 65E -07 0 0 45 72
 
so SRCPARAM SQUARE24 9 65E -07 0 0 45 72
 
so SRCPARAM SQUARE25 9 65E -07 0 0 30 48
 
so SRCPARAM SQUARE26 9 65E-07 0 0 76 20
 
so SRCPARAM SQUARE27 9 65E-07 0 0 45 72
 

so SRCGROUP ALL
 
so FINISHED
 

RE STARTING
 
"
 GRIDPOLR POL STA
 
GRIDPOLR POL ORIG 375 480
 

^ GRIDPOLR POL DIST 200 400 600 800 1000
 
"RE GRIDPOLR POL DIST 1200 1400 1600 1800 2000 2200 2400
 
RE GRIDPOLR POL DIST 2600 2800 3000 3200 3400 3600 3800
 
RE GRIDPOLR POL DIST 4000 4200 4400 4600 4800 5000 5200
 
RE GRIDPOLR POL DIST 5400 5600 5800 6000 6200 6400 6600
 
RE GRIDPOLR POL DIST 6800 7000 7200 7400 7600 7800 8000
 
RE GRIDPOLR POL GDIR 8 0 45
 
RE GRIDPOLR POL END
 



RE FINISHED
 

ME STARTING
 

** 1991
 
INPUTFIL Iprov91.bin unform
 
ANEMHGHT 20. FEET
 

** SURFACE DATA FROM 1991 at Providence was utilized MIXING FROM CHATHAM
 
SURFDATA 14765 1991 SURFNAME
 
UAIRDATA 14684 1991 UAIRNAME
 

ME FINISHED
 

OU STARTING
 
RECTABLE ALLAVE FIRST
 

OU FINISHED
 

*** SETUP Finishes Successfully ***
 



*** ISCST3 - VERSION 9S113 *** *" ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3 "** 0=> C-,/93
 
... *•• 15 36 42
 

PAGE 1
 
"MODELOPTs CONC RURAL FLAT DFAULT
 

*«* MODEL SETUP OPTIONS SUMMARY *"
 

itermediate Terrain Processing is Selected
 

**Model Is Setup For Calculation of Average CONCentration Values
 

-- SCAVENGING/DEPOSITION LOGIC -­
"Model Uses NO DRY DEPLETION DDPLETE = F
 
"Model Uses NO WET DEPLETION WDPLETE = F
 
"NO WET SCAVENGING Data Provided
 
**Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations
 

•'Model Uses RURAL Dispersion.
 

"Model Uses Regulatory DEFAULT Options:
 
1 Final Plume Rise.
 
2. Stack-tip Downwash
 
3. Buoyancy-induced Dispersion
 
4 Use Calms Processing Routine
 
5 Not Use Missing Data Processing Routine.
 
6. Default Wind Profile Exponents.
 
7 Default Vertical Potential Temperature Gradients.
 
8 "Upper Bound" Values for Supersquat Buildings.
 
9. No Exponential Decay for RURAL Mode
 

"Model Assumes Receptors on FLAT Terrain.
 

"Model Assumes No FLAGPOLE Receptor Heights
 

"Model Calculates PERIOD Averages Only
 

"This Run Includes 27 Source(s); 1 Source Group(s); and 320 Receptor(s)
 

"The Model Assumes A Pollutant Type of. UNIT
 

*'Model Set To Continue RUNning After the Setup Testing.
 

"Output Options Selected:
 
Model Outputs Tables of PERIOD Averages by Receptor
 
Model Outputs Tables of Highest Short Term Values by Receptor (RECTABLE Keyword!
 

OTE The Following Flags May Appear Following CONC Values: c for Calm Hours
 
m for Missing Hours
 
b for Both Calm and Missing Hours
 

"Misc Inputs. Anem. Hgt. (m) * 6 10 ; Decay Coef. =• 0.0000 ; Rot Angle = 0 0
 
Emission Units = GRAMS/SEC ; Emission Rate Unit Factor = 0.10000E+07
 
Output Units * MICROGRAMS/M"3
 

**Input Runstream File rhfs32.inp ; "Output Print File: rhfs32 out
 



•** ISCST3 VERSION 96113 *** ROSEHILL SOLID WASTE AREA EMISSIONS - ISCST3 '98
 
15 3 = 42
 
PAGE 2
 

•MODELOPTs CONC RURAL FLAT DFAULT
 

AREA SOURCE DATA **" 

NUMBER EMISSION RATS COORD (SW CORNER) BASE RELEASE X-DIM Y-DIM ORIENT INIT EMISSION RATE 
SOURCE PART 1 GRAMS /SEC X Y ELEV HEIGHT OF AREA OF AREA OF AREA SZ SCALAR VARY 

ID CATS /METER**2) (METERS) (METERS) (METERS) (METERS) (METERS) (METERS) (DEG 1 (METERS) BY 

SQUARE 1 0 0 9S500E -06 121 9 533 4 0 0 0 00 106 68 106 68 C 00 0 00 
SQUARE2 0 0 96500E -06 228 6 533 4 0 0 0 00 91 44 91 44 0 OS 0 00 
SQUARE3 0 0 96500E -06 137 2 457 2 0 0 0 00 76 20 76 20 0 00 0 00 
SQUARE4 0 0 9S500E -06 213 4 467 7 0 0 0 00 45 72 45 72 0 00 0 00 
SQUARES 0 0 96500E -06 259 1 487 7 0 0 0 00 45 72 45 72 0 00 0 00 
SQUARES 0 0 96500E-06 304 8 502 9 0 0 0 00 30 48 30 48 0 00 0 00 
SQUARE? 0 0 96500E -06 304 8 487 7 0 0 0 00 15 24 15 24 0 00 0 00 
SQUARES 0 0 96500E -06 320 0 487 7 0 0 0 00 15 24 15 24 0 00 0 00 
SQUARE9 0 0 96500E -06 213 4 472 4 0 0 0 00 15 24 15 24 0 00 0 00 
SQUARE 10 0 0 96500E -06 213 4 457 2 0 0 0 00 15 24 15 24 0 00 0 00 
SQUARE 11 0 0 96500E -06 22B 6 381 0 0 0 0 00 106 68 106 66 0 00 0 00 
SQUARE12 0 0 96500E -06 152 4 381 0 0 0 0 00 76 20 76 20 0 00 0 00 
SQUARE13 0 0 96500E-06 167 6 335 3 0 0 0 00 45 72 45 72 0 00 0 00 
SQUARE14 0 0 96500E -06 213 4 335 3 0 0 0 00 45 72 45 72 0 00 0 00 
SQUARE15 0 0 96500E -06 259 1 350 5 0 0 0 00 30 48 30 48 0 00 0 00 
SQUARE 16 0 0 96500E -06 335 3 381 0 0. .0 0 00 30 48 30 48 0 00 0 00 
SQUARE 17 0 0 96SOOE -06 289 6 289 6 0 0 0 00 91 44 91 44 0 00 0 00 
SQUARE 18 0 0 96500E -06 259 1 320 0 0 0 0 00 30 43 30 46 0 00 0 00 
SQUARE 19 0 0 9S500E -06 162 9 259 1 0 0 0 00 76 20 76 20 0 00 0 00 
SQUARE20 0 0 96500E -06 259 1 289 6 0 0 0 00 30 48 30 48 0 00 0 00 
SQUARE21 0 0 96500E -06 259 1 259 1 0 0 0 00 30 48 30 48 0 00 0 00 
SQUARE 2 2 0 0 96500E-06 289 6 213 4 0 0 0 00 76 20 76 20 0 00 0 00 
SQUARE23 0 0 96500E -06 198 1 213 4 0 0 0 00 45 72 45 72 0 00 0 00 
SQUARE24 0 0 96500E -06 243 8 213 4 0 0 0 00 45 72 45 72 0 00 0 00 
SQUARE25 0 0 96500E -06 213 4 182 9 0 0 0 00 30 48 30 48 0 00 0 00 
SQUARE26 0 0 96SOOE -06 243 8 137 2 0 0 0 00 76 20 76 20 0 00 0 00 
SQUARE27 0 0 96500E -06 320 0 167 6 0 0 0 00 45 72 45 72 0 00 0 00 



*** ISCST3 - VERSION 36113 *** *»* ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3 «** 09/04/98 
*«* . *** IS 36 42 

PAGE 3 
**MODELOPTs CONC RURAL FLAT DFAULT 

~"GROUP ID

**« SOURCE IDs DEFINING SOURCE GROUPS *** 

 SOURCE IDs 

ALL SOUARE1 , SQUARE2 , SQUARE3 , SOUARE4 , SQUARES , SQUARES , SQUARE? , SQUARES , SQUARE9 , SQUARE10, SQUARE!!, SQUARE12, 

SQUARE13, SQUARE14, SQUARE15, SQUARE1S, SQUARE!?, SQUARE18, SQUARE19, SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, 

SQUARE25, SQUARE26, SQUARE27, 



••* ISCST3

•PODELOPTs

 ­ VERSION 96113 *** 

 CONC 

ROSEHILL SOLID WASTE AREA EMISSIONS

RURAL F-JxT DFAULT 

- ISCST3 03/04 '93 
15 36 42 
PAGE 4 

*** GRIDDED RECEPTOR NETWORK SUMMARY *** 

**• NETWORK ID POL , NETWORK TYPE GRIDPOLR *** 

X-ORIG 
•« ORIGIN FOR POLAR NETWORK *«* 
375 00 , Y-ORIG = 48C 00 (METERS) 

** DISTANCE RANGES OF NETWORK 
IMETERS) 

200 0, 
2200 0, 
4200 0, 
6200 0, 

400 0, 
2400 0, 
4400 0, 
6400 0, 

600 0, 
2600 0, 
4600 0, 
6600 0. 

800 0 
2800 0, 
4800 0, 
6800 0, 

1000 0, 
3000 0, 
5000 0, 
7000 0, 

1200 0, 
3200 0, 
5200 0, 
7200 0, 

1400 0, 
3400 0, 
5400 0, 
7400 0, 

1600 0, 
3600 0, 
5600 0, 
7600 0, 

1800 0, 
3800 0, 
5800 0, 
7800 0, 

2000 0, 
4000 0, 
6000 0, 
8000 0, 

DIRECTION RADIALS OF NETWORK
 
(DEGREES)
 

360 0, 45 0, 90 0, 135 0, 180 0, 225 0, 270 0, 315 0,
 



"* ISCST3 VERSION 56113 ROSEHILL SOLID WASTE AREA EMISSIONS ISCST3 09'04'9B 
IS 3o 42 
PAGE 5 

•-PODELOPTs CONC RURAL FLAT DFAULT 

METEOROLOGICAL DAYS SELECTED FOR PROCESSING ***
 
ll-YES 0=NOI
 

1 1 1 1 1  1 1 1 1 1 1 1 1 1 1  1 1 1  1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1 1 1 1 1  1
 

1 1 1 1 1  1 1 1 1  1 1 1 1 1 1 1 1 1 1  1 1 1  1 1 1  1 1 1 1  1 1 1 1 1  1
 
1
 

1 1  1
 

1 1 1  1
 

NOTE METEOROLOGICAL DATA ACTUALLY PROCESSED WILL ALSO DEPEND ON WHAT IS INCLUDED IN THE DATA FILE
 

UPPER BOUND OF FIRST THROUGH FIFTH WIND SPEED CATEGORIES ***
 
(METERS/SEC)
 

1 54, 3 09, 5 14, 23, 10 80,
 

*** WIND PROFILE EXPONENTS ***
 

STABILITY WIND SPEED CATEGORY
 
CATEGORY
 

A 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01
 
B 70000E-01 70000E-01 70000E-01 70000E-01 70000E 01 70000E-01
 
C 10000E+00 10000E+00 10000E»00 10000E+00 10000E*00 10000E+00
 
D 1SOOOE+00 15000E+00 15000E+00 15000E+00 IBOOOE-i-OO 15000E»00
 
E 35000E+00 35000E+00 35000E+00 35000E+00 35000E»00 35000E+00
 
F 55000E+00 55000E*00 S5000E+00 55000E*00 55000Et-00 55000E*00
 

VERTICAL POTENTIAL TEMPERATURE GRADIENTS 
(DEGREES KELVIN PER METER) 

STABILITY WIND SPEED CATEGORY 
CATEGORY 3 

A OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 
B OOOOOE*00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 
C OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 
D OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 OOOOOE+00 
E 20000E-01 20000E-01 20000E-01 20000E-01 20000E-01 20000E-01 
F 35000E-01 35000E-01 35000E-01 35000E-01 3SOOOE-01 35000E-01 



0 00 

ISCST3 VERSION 96113 *-* ROSEHILL - SOLID WASTE AREA EMISSIONS 0=>/04/93 
15 36 42 
PAGE b 

"MODELOPTs CONC RURAL FLAT DFAULT 

*«* THE FIRST 24 HOURS OF METEOROLOGICAL DATA
 

SURFACE STATION NO
NAME
YEAR

 14765 
 SURFNAME 
 1991 

UPPER AIR STATION NC
NAME
YEAR

 14684 
 UAIRNAME 
 1991 

•̂̂  

YEAR MONTH DAY HOUR
FLOW 

 VECTOR 
SPEED 
(M/SI 

TEMP
(K)

 STAB 
 CLASS 

MIXING HEIGHT (MI
RURAL URBAN

 USTAR
 (M/SI

 M-O LENGTH 
 (Ml 

Z-0 IPCODE PRATE 
(M) (mm/HR) 

91 1 1 1 121 0 4 12 267 6 5 453 1 24 0 0 0000 0 0 0 oooo 0 0 00 
91
 1
 1
 
91 1 1
 

2 
3
 

128 0 3 60
 267
 0 5 504
 8 24 0 0 0000 0
 0 0
 0000
 0
 
154 0 3 60 267 0 5 556 4 24 0 0 0000 0 0 0 oooo 0 0 00
 

91
 
91
 
91
 
91
 
91
 
91
 
91
 
91
 
91
 
91
 
91
 
91
 
91
 
91
 

1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 

1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 
1
 

91 1 1
 

4
 
5
 
6
 
7
 
e
 
9
 
10
 
11
 
12
 
13
 
14
 
15
 
16
 
17
 
18
 

123
 
113
 
12
 
105
 
133
 
137
 
131
 
84
 
86
 
63
 
329
 
2
 
4
 
1
 

17
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

3
 
3
 
2
 
3
 
3
 
1
 
3
 
2
 
3
 
3
 
4
 
4
 
6
 
5
 

60
 
09
 
57
 
09
 
60
 
54
 
09
 
57
 
09
 
09
 
63
 
63
 
17
 
14
 
57
 

266
 
265
 
264
 
265
 
265
 
268
 
270
 
271
 
272
 
273
 
273
 
273
 
272
 
270
 
270
 

5
 
9
 
3
 
4
 
9
 
7
 
9
 
5
 
6
 
1
 
1
 
1
 
6
 
9
 

5
 
6
 
6
 
6
 
5
 
4
 
3
 
3
 
3
 
3
 
3
 
4
 
4
 
5
 

608 1 24 0 0 0000 0 0 0
 
659 8 24 0 0 0000 0 0 0
 
711 5 24 0 0 0000 0 0 0
 
763 2 24 0 0 0000 0 0 0
 
131 6 152 8 0 0000 0 0 0
 
297 1 314 8 0 0000 0 0 0
 
462 7 476 8 0 0000 0 0 0
 
628 3 638 9 0 0000 0 0 0
 
793 9 800 9 0 0000 0 0 0
 
959 4 963 0 0 0000 0 0 0
 
1125 0 1125 0 0 0000 0 0 0
 
1125 0 1125 0 0 0000 0 0 0
 
1125 0 1125 0 0 0000 0 0 0
 
1120 4 1035 9 0 0000 0 0 0
 

oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 
oooo
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 
0
 

00
 
00
 
00
 
00
 
00
 
00
 
00
 
00
 
00
 
00
 
00
 
00
 
00
 
00
 

2 
2 
2 
I
 

9 6 1114 5 919 5 0 0000 0 0 0 oooo
 0 0 00 
0 0 00 
0 0 00 
0 0 00 

57
 91 1 1 19 54
 1108 5 603 0 0 0000 0 0 0 oooo
 0
 269 8 6
 
91 1 1 20 47
 1102 5 686 6 0 0000 0 0 0 oooo
 0
 57 269 3 6
 
91 1 1
 oo
 268
 7 7 1096 5 570 2 0 0000 0 0 0 oooo
 21 50 0
 
91 1 1 22 352 0 1 00 268 7 7 1090 6 453 8 0 0000 0 0 0 oooo 0 0 00
 
91 1 1 23 160 0 1 03 268 7 7 1084 6 337 4 0 0000 0 0 0 oooo 0 0 00
 
91 1
 1 24 150 0
 2
 57 268 7 6 1078 6 221 0 0 oooo 0 0 0 oooo
 0
 0 00
 

*** NOTES STABILITY CLASS 1=A, 2=B, 3=C, 4-D. 5=E AND 6=F
 
FLOW VECTOR IS DIRECTION TOWARD WHICH WIND IS BLOWING
 



•** ISCST3 - VERSION 9oll3 *** ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3 09/04 '33
 

•MCOELOPTs CONC
 

SQUARES

SOUARE20


DIRECTION |
 
(DEGREES) I
 

360 00
 
45 00
 
90 00
 

135 00
 
180 00
 
225 00
 
270 00
 
315 00
 

, SQUARES
 
 SQUARE21
 

200 00
 

1 91054
 
1 22781
 
1 19638
 
1 79083
 
9 61651
 

18 80016
 
16 92098
 
14 35342
 

IS 36 12
 
PAGE 7
 

RURAL FLAT DPAULT
 

•** THE PERIOD ( 8760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL *"*
 
INCLUDING SOURCE(S) SQUARE1 , SQUARE2 S3UARE3 , SQUARE4 . SQUARES , SQUARE6 , SOUARE7 ,
 

SQUARE10, SOUARE11, SQUARE12, SQUARE13, SQUARE14, SOUARE1S SQUARE16, SQUARE17, SQUARE13, SQUARE19,
 
SQUARE22, SQUARE23, SQUARE24, SQUARE25, SQUARE26 SQUARE27,
 

*** NETWORK ID POL NETWORK TYPE GRIDPOLR
 

** CONC OF UNIT IN MICROGRAMS/M**3
 

DISTANCE {METERS)
 
400 00 600 00 800 00 1000 00 1200 00 1400 00 1600 00 1800 00
 

0 58048 0 28805 0 18325 0 13120 0 10096 0 08100 0 06682 0.05635
 
57291 0 33408 0.22407 0 15288 0 12510 0 09991 0 08242 0 06972
 
53016 0 30317 0 19995 0 14300 0 10857 0 08584 0 07043 0 0596B
 

0 72197 0 39162 0.25071 0 17482 0 13054 0 10300 0 08460 0 07136
 
1 93100 0 69409 0 40229 0 27511 0 20142 0 15625 0 12603 0 10448
 
0 94085 0 34567 0 19337 12960 0 09656 0 07669 0 06300 0 05299
 
0 42519 0 15902 0 09605 06880 0 05425 0 04538 0 03924 0 03467
 
0 54412 0 17208 0 09071 05981 0 04289 0 03229 0 02531 0 02058
 



ISCST3 - VERSION 96113 •• ROSEHILL SOLID WASTE AREA EMISSIONS - ISCST3	 05/04 '98
 
IS 3= 42
 
PA3E 8
 

"MODELOPTs CONC	 RURAL FLAT DFAULT
 

*** THE PERIOD I 8760 MRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL *«•
 
INCLUDING SOURCEiS) SQUARE1 , SQUARE2 , SQUARES , SQUARE4 SQUARES SQUARE6 SQUARE? ,
 

SQUARES , SQUARE9 SQUARE10 SQUARE11, SQUARE12, SQUARE13, SQUARE14 , SQUARE15 SQ.UARE16, SQUARE 17 SQUARE18 SQUARE19
 
SQUARE20, SQUARE21, SQUARE22 SQUARE23 SQUARE24, SQUARE25, SQUARE26, SQUARE27
 

NETWORK ID POL NETWORK TYPE GRIDPOLR ***
 

** CONC OF UNIT IN MICROGRAMS/M**3
 

DIRECTION DISTANCE ( METERS 1
 
'DEGREES) 2000 00 2200 00 2400 00 2600 00 2800 00 3000 00 3200 00 3400 00 3600 00
 

360 00 0 04837 0 04215 0 C3714 0 03304 0 02965 0 02684 0 02448 0 02247 0 02072
 
45 00 0 06026 0 05293 0 04702 0 04215 0 03807 0 03468 0 03180 0 02930 0 02712
 
90 00 0 05194 0 04605 0 04132 0 03741 0 03412 0 03134 0 02897 0 02689 0 02506
 

135 00 0 06134 0 05354 0 04729 0 04215 0 03788 0 03431 0 03132 0 02875 0 02652
 
180 00 0 OBBSO 0 07635 0 06688 0 05930 0 05310 0 04797 0 04368 0 04006 0 03694
 
225 00 o 04537 0 03940 0 03464 0 03074 0 02751 0 02479 0 02250 0 02056 0 01889
 
270 00 o 03111 0 02826 0 02594 0 02399 0 02232 0 02089 0 01965 0 01858 0 01762
 
315 00 0 01723 0 01476 0 01286 0 01136 0 01014 0 00914 0 00830 0 00760 0 00700
 



ISCST3 VERSION 96113 *** **» ROSEHILL - SOLID WASTE AREA EMISSIONS - ISCST3 09 04 '<t8
 
15 36 -J2
 
PA3E 9
 

--MODELOPTs RURAL FLAT DFAULT
 

*** THE PERIOD ( 8760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL ***
 
INCLUDING SOURCE (S) SQUARE! , SQUARS2 , SQUARE3 , SQUARE4 , SQUARES SQUARE6 SQUARE7
 

SOUARE9 , SQUARES , SQUARE10, SQUARE11, SQUARE12, SQUARE13, SQUARE14 SQUARE15, SQUARE16, SQUARE17 SQUARE18 SQUARE19,
 
SQUARE20, SQUARE21, SQUARE22, SQUARE23, SQUARE24, SQUARE25 SQUARE26, SQUARE27,
 

»** NETWORK ID POL , NETWORK TYPE GRIDPOLR *** 

** CONC OF UNIT IN MICROGRAMS/M**3 ** 

DIRECTION | DISTANCE (METERS) 
(DEGREES) | 3800 00 4000 00 4200 00 4400 00 4600 00 4800 00 5000 00 5200 00 5400 00 

360. 00 | 0 01920 0 01786 0 01668 0 01563 0 01468 0 01384 0 01307 0 01237 0 01173
 
45 00 | 0 02519 0 02350 0 02199 0 02064 0 01943 0 01833 0 01733 0 01642 0 01559
 
90 00| 0 02344 0 02200 0 02072 0 01957 0 01852 0 0175B 0 01671 0 01592 0 01519
 

135 00 j 0 02457 0 02285 0 02134 0 01999 0 01B78 0 01770 0 01672 0 01583 0 01502
 
180 00 j 0 03424 0 03186 0 02977 0 02792 0 02626 0 02478 0 02343 0 02222 0 02111
 
225 oo j 0 01743 0 01616 0 01503 0 01404 0 01315 0 01236 0 01165 0 01100 0 01042
 
270 00 j 0 01675 0 01598 0 01527 0 01463 0 01404 0 01350 0 01300 0 01253 0 01210
 
315 oo 1 0 00647 0 00602 0 00562 0 00526 0 00494 0 00466 0 00440 0 00416 0 00395
 



•** ISCST3 VERSION 96113 •• ROSEHILL SOLID WASTE AREA EMISSIONS - ISCST3 09/34/98
 
13 36 42
 
PAGE 1C
 

••MODELOPTs CON'C RURAL FLAT DFAULT
 

*** THE PERIOD ( 8760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL *** 
INCLUDING SOURCE (S SQUARE1 , SQUARE2 , SQUARE3 SQUARES , SQUARES , SQUARES , SQUARE7 

SQUARES SQUARE9 , SQUARE10, SQUARE11, SQUARE12, SQUARE13, SQUARE14, SQUARE15 SQUARE16, SQUARE17, SQUARE18, SQUARE19 
3C»ARE20 SQUARE21, SQUARE22, SQUARE23 SOUARE24, SQUARE25 SQUARE26 SQUARE27, 

•** NETWORK ID POL , NETWORK TYPE GRIDPOLR **" 

** CONC Or UNIT IN MICROGRAMS/M*«3 

DIRECTION | DISTANCE (METERS) 
(DEGREES j 5600 00 5800 00 6000 00 6200 00 6400 00 6600 00 6600 00 7000 00 7200 00 

360 00 | 0 01115 0 01061 0 01012 0 00967 0 00925 0 00886 0 00849 0 00816 0 00784 
45 00 | 0 01483 0 01413 0 01348 0 01288 0 01232 0 01181 0 01133 0 010B9 0 01047 
90 00 1 0 01452 0 01390 0 01333 0 01280 0 01231 0 01185 0 01142 0 01102 0 01065 

135 00| 0 01428 0 01361 0 01298 0 01241 0 01188 0 01139 0 01094 0 01052 0 01013 
180 00 1 0 02009 0 01917 0 01831 0 01753 0 01680 0 01612 0 01549 0 01491 0 01437 
225 00 1 0 00989 0 00940 0 00396 0 00855 0 00817 0 00782 0 00750 0 00720 0 00692 
270 00 1 0 01169 0 01131 0 01095 0 01062 0 01030 0 01001 0 00973 0 00946 0 00921 
315 00 1 0 00376 0 00358 0 00342 0 00326 0 00313 0 00300 0 00288 0 00277 0 00266 



**• ISCST3 - VERSION 96113 *** *** ROSEHILL - SOLID WASTE AREA EMISSIONS ISCST3 09/04/98 
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•MODELOPTs CONC RURAL FLAT DFAULT 

... THE PERIOD ( 6760 HRS) AVERAGE CONCENTRATION VALUES FOR SOURCE GROUP ALL *** 
INCLUDING SOURCE(S) SQUARE1 , SQUARES , SQUARES SQUARE4 , SQUARES , SQUARE6 , SQUARE7 , 

.SQUARES SQUARE9 SQUARE10, SQUARE11, SQUARE12, SQUARE13, SQUARE14 SQUARE15 SQUARE16, SQUARE17, SQUARE18 SQUARE19, 
SQUARE20, SQUARE21 SQUARE22, SQUARE23, SQUARE24, SQUARE25, SQUARE26 SQUARE27 

*** NETWORK ID POL , NETWORK TYPE GRIDPOLR *** 

** CONC OF UNIT IN MICROGRAMS/M**3 

DIRECTION | DISTANCE (METERS) 
(DEGREES) | 7400 00 7600 00 7800 00 8000 00 

3SO 00 | 0 00755 0 00728 0 00702 0. .00678 
45 00 | 0 01009 0 00973 0 00938 0 00906 
90 00 j 0 01030 0 00997 0 00966 0 00936 

135 00 j 0 00977 0 00942 0 00911 0 00880 
180 00 | 0 01386 0 01338 0 01293 0 01251 
225 00 j 0 00666 0 00642 0 00619 0. .00598 
270 00 | 0 00897 0 00875 0 00853 0 00833 
315 00 1 0 00256 0 00247 0 00239 0 00231 



ISCST3 - VERSION 96113 *• *** ROSEHILL SOLID WASTE AREA EMISSIONS - ISCST3
 
•» **
 

"MCDELOPTS CONC RURAL FLAT DFAULT
 

*** THE SUMMARY OF MAXIMUM PERIOD ( 8760 HRSI


CONC 0- UNIT IN NICROGRAMS/M'
 

GROUP ID AVERAGE CONC RECEPTOR IXR, YR, ZELEV, ZFLAG)
 

ALL 1ST HIGHEST VALUE IS 18 80016 AT 233 58, 338 58, 0 00, 
2ND HIGHEST VALUE IS 16 32098 AT 175 00, 480 00, 0 00, 
3RD HIGHEST VALUE IS 14 35342 AT 233 58, 621 42, 0 00, 
4TH HIGHEST VALUE IS 9 61651 AT 375 00, 280 00, 0 00, 
5TH HIGHEST VALUE IS 1 93100 AT 375 00, 80 00, 0 00, 
6TH HIGHEST VALUE IS 1 91054 AT 375 00, 680 00, 0 00, 

*•* RECEPTOR TYPES	 GC = GRIDCART 
GP = GRIDPOLR 
DC =. DISCCART 
DP = DISCPOLR 
BD = BOUNDARY 

 RESULTS
 

OF TYPE
 

0 00) GP
 
0 00) GP
 
0 00) GP
 
0 00) GF
 
0 00) GP
 
0 001 GP
 

NETWORK
 
GRID-ID
 

POL
 
POL
 
POL
 
POL
 
POL
 
POL
 

00 C4 93
 
15 36 42
 
PA3E 12
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PAGE 13
 

"MODELOPTs CONC RURAL FLAT DFAULT
 

~* Message Summary ISCST3 Model Execution ***
 

Summary of Total Messages
 

A Total of 0 Fatal Error Message(s) 
A Total of 0 Warning Message(s) 
A Total of 766 Informational Message(s! 

A Total of 219 Calm Hours Identified 

FATAL ERROR MESSAGES
 
>** NONE ***
 

WARNING MESSAGES
 
*** NONE ***
 

*** ISCST3 Finishes Successfully ***
 



F-4 Basement Ambient Air Correlation 
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icet calculates the average concentration of 
e in ambient (i.e. household) air based on a 
lion with concentration of indicator methan 

)Roy F. Weston, Inc., analytical sampling r< 
received on May 25, 1993 for February to 
March '93 sampling periods. 

V 

i)Specify instrument detection limit of meth 
analyzer. Cch4_DL, in ppmv. 

l)Data from Reference (1) utilized. 

*)A mathematical correlation of the form: L 
(vinyl chloride cone.) versus the methane 
concentration was found to best fit the dat 
linear function. 
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A. INPUT 

VARIABLES 

(continued) 

a. Residential 

Basement Air 

SUMMA1" 

Cannister Dat 

(continued) 
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F-5 Point Source Modeling: Non-Combustion Technology 



Project Rose Hil l Regional Landfil l Acct No 020617-0010 Page 1 ot 1 

Subject Air Dispersion Modeling Comptd By S. Czarniecki Date 07/25/97 

Detail Non-combustion landfil l gas treatment Ck'dB y R. Porter Date 08/01/97 

P \KE\ROSEHH.L\FS\APPX-F\NONCOMB XLS 

Revised 10-14-98 

Non-combustion LFG treatment processes (such as photocatalytic oxidation) require dispersion modeling 

to determine if PRGs are exceeded off-site. 

Feed Gas
 

Internal LFG + Perimeter Gas = 853 cfm = 14.2 cfs = 0.4 m3/s
 

Ambient Temperature = 293 K
 

Stack Diameter 

A reasonable stack diameter must be selected based on the gas flow: 

Diam. (ft) Diam. (m) Area (ft-) Velocity (ft/s) Velocity (m/s) 

0.5 0.15 0.20 72.4 22.1 

1 0.30 0.79 18.1 5.52 This wil l be used to be conservative, but a 

faster velocity would be desireable to avoid 

This does not account for any process constraints, such as back pressure. stack tip downwash. 

Emission Rate
 

Vinyl chloride will be assumed to be the limiting compound, even for photocatalytic oxidation.
 

Assuming the process is photocatalytic oxidation, the range of DREs is 95 to 98%.
 

Inlet concentration = 83,304 ppbv MW= 62.5
 

213 mg/m3
 

0.21 g/m3 

Inlet mass rate = 0.086 g/s 

ORE Emission Rate (g/s) 

95% 4.29E-03 

98% 1.71E-03 

Beginning with a stack height of 20 ft = 6.1 m
 

We will try the 98% run and see what results in ISCLT3.
 

Maximum discreet receptor cone. = 0.016 ng/m3
 

Maximum grid receptor cone. = 0.048 ug/m3 This receptor is located on site. (5 total impacts > PRG) 

PRO = 0.03 ug/m3 

Trying with a stack height of 30 ft = 9.14 m (still 98% DRE) [Output - Attachment A]
 

Maximum discreet receptor cone. = 0.013 ug/m3
 

Maximum grid receptor cone. = 0.023 ug/m3 This receptor is also located on site.
 

If non-thermal treatment is utilized, various stack designs would need to be 

considered as well as designation of appropriate site boundaries (usually fencelines) to ensure PRGs are achieved. 



•• Rosehill - ISCLT3
 
** Point source emissions from a non combustion source treating LFG
 
** from the Solid Waste Area (1997 LFG flow rate)
 
** 1987 1992 meteorological data
 
•* Vinyl chloride emissions
 

CO STARTING
 
T:TLEONE ROSEHILL

MODELOPT DFAULT

AVERTIME ANNUAL
 
TERRHGTS FLAT
 
POLLUTID VYCL
 
RUNORNOT RUN
 

CO FINISHED
 

SO STARTING
 

- NON-COMBUSTION EMISSIONS - ISCLTS
 
 CONC RURAL
 

*• PHOTOCAT FOR SOLID WASTE AREA
 

SO LOCATION STACK1 POINT 373 38 480 06 0
 

** Emission rate (g/s), stack height (m), gas temp (K) ,
 
** gas velocity (m/s), stack diameter (m)
 

SO SRCPARAM STACK1


SO
 
SO
 

RE
 
RE
 
RE
 
RE
 
RE
 

RE
 
RE
 
RE
 

RE
 
RE
 

* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 
RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 
* *
 

RE
 

RE
 
* *
 
RE
 
**
 

RE
 

RE
 

SRCGROUP ALL
 
FINISHED
 

STARTING
 
GRIDPOLR POL STA
 
GRIDPOLR POL ORIG
 
GRIDPOLR POL DIST
 
GRIDPOLR POL DIST
 
RE GRIDPOLR POL DIST
 
RE GRIDPOLR POL DIST
 
RE GRIDPOLR POL DIST
 
GRIDPOLR POL DIST

GRIDPOLR POL DIST


 0 00171 9 144 293 5 52 0 3048
 

375 480
 
50 100 150 200 250 300 350 400 450
 
500 550 600 650 700 750 800 850 900
 

950 1000 1050 1100 1150 1200 1300
 
1400 1500 1600 1700 1800 1900 2000
 
2100 2200 2300 2400 2500 2600 2700
 

 2800 2900 3000 3100 3200 3300 3400
 
 3500 3600 3700 3800 3900 4000 4100
 

GRIDPOLR POL DIST 4200 4300 4400 4500 4600 4700 4800
 
RE GRIDPOLR POL DIST

RE GRIDPOLR POL DIST

GRIDPOLR POL GDIR 8

GRIDPOLR POL END
 

Discreet Receptors
 
x, y coordinates Im)
 

Receptor #1
 

 4900 5000 5100 5200 5300 5400 5500
 
 5600 5700 5BOO 5900 6000 6100 6200
 

0 45
 

DISCCART 99 06 670 56
 
Receptor #2
 
DISCCART 30 48 662 94
 
Receptor #3
 
DISCCART 22 86 563 BB
 
Receptor #4
 
DISCCART IS 24 541 02
 
Receptor #5
 
DISCCART 60 96 533 40
 
Receptor #6
 
DISCCART 91 44 434 34
 
Receptor #7
 
DISCCART 121 92 297 18
 
Receptor #8
 
DISCCART 259 08 15 24
 
Receptor #9
 
DISCCART 388 62 640 08
 
Receptor #10
 
DISCCART 487 68 670 56
 
Receptor #11
 
DISCCART 563 88 243 84
 
Receptor #12
 
DISCCART 243 84 655 32
 
Receptor #13
 
DISCCART 167 64 274 32
 
Receptor #14
 
DISCCART 114 30 647 70
 
Receptor #15
 
DISCCART 91 44 594 36
 
Receptor #16
 
DISCCART 228 60 129 54
 
Receptor #17
 
DISCCART 365 76 144 78
 

FINISHED
 

ME STARTING
 
INPUTFIL TEST DAT FREE
 
ANEMHGHT 20 FEET
 

** Stardata from 19B7 through 1992 at Providence was utilized
 



SURFDATA 14765 1987 PROVIDENCE
 
UAIRDATA 14765 1987 PROVIDENCE
 

- AMBIENT AIR TEMPERATURE (DEGREES KELVIN) ­

STAB STAB STAB STAB STAB STAB
 
CAT 1 CAT 2 CAT 3 CAT 4 CAT 5 CAT 6
 

WETEMPS ANNUAL 283 2 283 2 283 2 283 2 283 2 283.2
 

** - MIXING LAYER HEIGHT (METERS) ­
S
 

** T ws WS WS ws WS WS
 
** SEAS A CAT 1 CAT 2 CAT 3 CAT 4 CAT 5 CAT 6
 
*• B
 

AVEMIXHT ANNUAL 1 142E+04 142E+04 142E*04 .142E+04 142E+04 142E*04
 
AVEMIXHT ANNUAL 2 944E+03 944E»03 .944E+03 .944E+03 944E*03 .944E+03
 
AVEMIXHT ANNUAL 3 944E*03 .944E+03 .944E+03 .944E+03 944E+03 944E*03
 
AVEMIXHT ANNUAL 4 .944E*03 .944E»03 944E+03 .944E+03 .944E+03 944E+03
 
AVEMIXHT ANNUAL 5 100E*05 100E*05 .100E+05 100E+05 100E+05 100E+05
 
AVEMIXHT ANNUAL 6 .100E+05 .100E+05 .100E+05 .100E+OS .100E+05 100E+05
 

ME FINISHED
 

OD STARTING
 
RECTABLE INDSRC
 
MAXTABLE 10 INDSRC
 

OU FINISHED
 

*•• SETUP Finishes Successfully ***
 

•««	 ISCLT3 - VERSION 96113 *** *** ROSEHILL - NON-COMBUSTION EMISSIONS - ISCLT3 '** 10/14/98
 
... **• 14 45.46
 

PAGE 1
 
*** MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

*** MODEL SETUP OPTIONS SUMMARY *•*
 

••Model Is Setup For Calculation of Average CONCentration Values
 
••Model Does NOT Use GRIDDED TERRAIN Data for Depletion Calculations
 

••Model Uses NO plume DEPLETION
 

todel Uses RURAL Dispersion
 

"••Model Uses Regulatory DEFAULT Options:
 
1. Final Plume Rise.
 
2 Stack-tip Downwash.
 
3. Buoyancy-induced Dispersion
 
4 Default Wind Profile Exponents.
 
5 Default Vertical Potential Temperature Gradients
 
6 "Upper Bound" Values For Supersquat Buildings.
 
7 No Exponential Decay for RURAL Mode
 

••Model Assumes Receptors on FLAT Terrain.
 

••Model Assumes No FLAGPOLE Receptor Heights
 

••Model Calculates 1 STAR Average (s) for the Following Months: 0 0 0 0 0 0 0 0 0 0 0  0
 
Seasons/Quarters 0 0 0  0
 

and Annual 1
 

••Model Assumes 1 STAR Summaries	 In Data File for the Averaging Periods Identified Above
 

••This Run Includes 1 Source(s), 1 Source Group(s), and 329 Receptor(s)
 

••The Model Assumes A Pollutant Type of: VYCL
 

••Model Set To Continue RUNning After the Setup Testing.
 

••Output Options Selected
 
Model Outputs Tables of Long Term Values by Receptor (RECTABLE Keyword)
 
Model Outputs Tables of Maximum Long Term Values (MAXTABLE Keyword)
 

••Misc Inputs Anem Hgt (m) - 6 10 , Decay Coef - 0.0000 ; Rot Angle - 0 0
 
Emission Units - GRAMS/SEC , Emission Rate Unit Factor - 0 10000E+07
 
Output Units - MICROGRAMS/M*«3
 

••Input Runstream File rhnonc2.inp	 , ••Output Print File. rhnonc2 out
 
••• ISCLT3 - VERSION 96113 *** *** ROSEHILL - NON-COMBUSTION EMISSIONS - ISCLT3 *** 10/14/98
 

... ... 14 45 46
 
PAGE 2
 

•• MODELING OPTIONS USED CONC	 RURAL FLAT DFAULT
 

••• POINT SOURCE DATA ••*
 

NUMBER EMISSION RATE	 BASE STACK STACK STACK STACK BUILDING EMISSION RATE
 



SOURCE PART (GRAMS/SEC) X Y ELEV HEIGHT TEMP EXIT VEL DIAMETER EXISTS SCALAR VARY
 
ID CATS (METERSI (METERS) (METERS) (METERS' (DEC K) (M/SEC (METERS) BY
 

STACK1 0 0 17100E-02 373 4 480 1 0  0 9 14 293 00 5 52 0 30 NO
 
•** ISCLT3 VERSION 96113 *** •«* ROSEHILL NON COMBUSTION EMISSIONS ISCLT3	 10/14/98
 

14 45 46
 
PAGE 3
 

*** MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

*** SOURCE IDs DEFINING SOURCE GROUPS
 

GROUP ID	 SOURCE IDs
 

ALL STACK1 ,
 
*** ISCLT3 - VERSION 96113 ROSEHILL - NON-COMBUSTION EMISSIONS - ISCLT3	 10/14/96
 

14 45 46
 
PAGE 4
 

MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

•** GRIDDED RECEPTOR NETWORK SUMMARY ***
 

*** NETWORK ID POL , NETWORK TYPE GRIDPOLR
 

•* ORIGIN FOR POLAR NETWORK -**
 
X-ORIG 375 00 , Y-ORIG - 480 00 (METERS)
 

DISTANCE RANGES OF NETWORK
 
(METERS) 

50 0, 
550 0, 
3000 0, 
4000 0, 

100 0, 
600 0, 

3100 0, 
4100 0, 

150 0, 
650 0, 
3200 0, 
4200 0, 

200 0, 
700 0, 
3300 0, 
4300 0, 

250 0, 
750 0, 
3400 0, 
4400 0, 

300 0, 
BOO 0, 
3500 0, 
4500 0, 

350 0, 
850 0, 
3600 0, 
4600 0, 

400 0, 
900 0, 
3700 0, 
4700 0, 

450 0, 
2800 0, 
3800 0, 
4BOO 0, 

500 0, 
2900 0, 
3900 0, 

*** DIRECTION RADIALS OF NETWORK *** 
(DEGREES) 

360 0, 45 0, 
ISCLT3 - VERSION 96113 

•** MODELING OPTIONS USED

90 0, 135 0,
*** ROSEHILL ­

 CONC RURAL FLAT 

 180 0, 225 0, 270 0, 
 NON-COMBUSTION EMISSIONS ­ ISCLT3 

DFAULT 

315 0, 
10/14/98 
14 45 46 
PAGE 5 

•* DISCRETE CARTESIAN RECEPTORS «•
 
(X-COORD, Y-COORD, ZELEV, ZFLAG)
 

(METERS)
 

( 99 1, 670 6, 0 0, 0 0) , ( 30.5, 662 9, 0 0, 0 0)
 
( 22 9, 563 9, 0 0, 0 0) , ( 15 2, 541 0, 0 0, 0 0)
 
( 61 0, 533 4, 0 0, 0 0) , ( 91 4, 434 3, 0 0, 0 0)
 
( 121 9, 297 2, 0 0, 0 0) , ( 259 1, 15 2, 0 0, 0 0)
 
( 388 6, 640 1, 0 0, 0 0) , ( 487 7, 670 6, 0 0, o o)
 
( 563 9, 243 8, 0 0, 0 0) , ( 243 8, 655 3, 0 0, 0 0)
 
( 167 6, 274 3, 0 0, 0 0) , ( 114 3, 647 7, 0 0, 0 0)
 
( 91 4, 594 4, 0 0, 0 0) , ( 228 6, 129 5, 0 0, 0 0)
 
I 365 8, 144 8, 0 0, 0 0) ,
 

*** ISCLT3 - VERSION 96113 *** ROSEHILL - NON-COMBUSTION EMISSIONS - ISCLT3	 10/14/98
 
14 45 46
 
PAGE o
 

«** MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

AVERAGE SPEED FOR EACH WIND SPEED CATEGORY
 
(METERS/SEC)
 

1 50, 2 50, 4 30, 6 80, 9 50, 12 50,
 

WIND PROFILE EXPONENTS »«
 

STABILITY	 WIND SPEED CATEGORY
 
CATEGORY 1 2 3 4 5 6
 

A 70000E-01 70000E-01 .70000E-01 70000E-01 70000E-01 70000E-01
 
B 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01 70000E-01
 
C lOOOOEtOO 10000E+00 lOOOOEtOO lOOOOEtOO lOOOOEtOO lOOOOEtOO
 
D 1SOOOE+00 15000E+00 15000E+00 15000E+00 ISOOOEtOO 15000E+00
 
E 35000E*00 35000EtOO 35000E+00 35000E+00 35000EtOO 35000E+00
 
F 55000E»00 SSOOOEtOO 55000E*00 SSOOOEtOO 55000E+00 SSOOOEtOO
 

VERTICAL POTENTIAL TEMPERATURE GRADIENTS
 
(DEGREES KELVIN PER METER)
 

STABILITY	 WIND SPEED CATEGORY
 
CATEGORY	 3
 



OOOOOE+0 0 
OOOOOE+0 0 
OOOOOE+00 
OOOOOE+0 0 
20000E 01 
35000E-01 

OOOOOE+0 0 
OOOOOE+0 0 
OOOOOE+00 
OOOOOE+00 
20000E-01 
35000E-01 

OOOOOE+00 
OOOOOE+00 
OOOOOE+00 
OOOOOE+0 0 
20000E-01 
35000E 01 

OOOOOE+0 0 
OOOOOE+0 0 
OOOOOE+00 
OOOOOE+0 0 
20000E 01 
35000E 01 

OOOOOE-0 0 
OOOOOE+0 0 
OOOOOE+00 
OOOOOE+0 0 
20000E-01 
35000E-01 

OOOOOE+0 0 
OOOOOE+0 0 
OOOOOE+00 
OOOOOE+0 0 
20000E-01 
35000E-01 

*** AVERAGE AMBIENT AIR TEMPERATURE (KELVIN) «** 

- STABILITY
CATEGORY A

 STABILITY
 CATEGORY B

 STABILITY
 CATEGORY C

 STABILITY
 CATEGORY D

 STABILITY
 CATEGORY E

 STABILITY 
 CATEGORY F 

ANNUAL 283 2000 283 2000 283 2000 283 2000
*** ISCLT3 ­ VERSION 96113 «*« ••• ROSEHILL ­ NON-COMBUSTION EMISSIONS

*** MODELING OPTIONS USED CONC RURAL FLAT DFAULT 

 283 2000
 ISCLT3 

 283 2000 
10/14/96 
14 45 46 
PAGE 7 

AVERAGE MIXING LAYER HEIGHT (METERS) 

STABILITY CATEGORY A 
STABILITY CATEGORY B 
STABILITY CATEGORY C 
STABILITY CATEGORY D 
STABILITY CATEGORY E 
STABILITY CATEGORY F 
ISCLT3 ­ VERSION 96113 

*** MODELING OPTIONS USED CONC RURAL FLAT 

WIND SPEED 
CATEGORY 1 
1420 0000 
944 0001 
944 0001 
944 0001 

10000 0000 
10000 0000 

WIND SPEED 
CATEGORY 2 
1420 0000 
944 0001 
944 0001 
944 0001 

10000 0000 
10000 0000 

ANNUAL 
WIND SPEED 
CATEGORY 3 
1420 0000 
944 0001 
944 0001 
944 0001 

10000 0000 
10000 0000 

*** *** ROSEHILL - NON-COMBUSTION 

WIND SPEED 
CATEGORY 4 
1420 0000 
944 0001 
944 0001 
944 0001 

10000 0000 
10000 0000 

EMISSIONS 

DFAULT 

WIND SPEED 
CATEGORY 5 
1420 0000 
944 0001 
944 0001 
944 0001 

10000 0000 
10000 0000 

ISCLT3 

WIND SPEED 
CATEGORY 6 
1420 0000 
944 0001 
944 0001 
944 0001 

10000 0000 
10000 oooo 

10/14/98 
14 45 46 
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FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY 

SURFACE STATION NO
NAME
YEAR

 14765
 PROVIDENCE 
 1987 

 UPPER AIR STATION NO
NAME
YEAR

 14765 
 PROVIDENCE 
 1987 

ANNUAL STABILITY CATEGORY A 

^TRECTION 
AGREES ) 

0 000 
22 500 
45 000 
67 500 
90 000 
112 500 
135 000 
157 500 
180 000 
202 500 
225 000 
247 500 
270 000 
292 500 
315 000 
337 500 

WIND SPEED
CATEGORY 1 
( 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 M/S) 

00000000 
00000000 
00000000 
00000000 
OOOOQOO O 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

 WIND SPEED
CATEGORY 2 
( 2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

 WIND SPEED WIND SPEED 
CATEGORY 3 
( 4 300 M/S) 

0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 OOOOQOOO 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 

CATEGORY 4 
( 6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

800 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

WIND SPEED
CATEGORY 5 
( 9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

 WIND SPEED 
CATEGORY 6 
(12 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

ANNUAL STABILITY CATEGORY B 

DIRECTION 
(DEGREES) 

0 000 
22 500 
45 000 
67 500 
90 000 
112 500 
135 000 
157 500 
180 000 
202 500 
225 000 
247 500 
270 000 
292 500 
315 000 
337 500 

** ISCLT3 

WIND SPEED 
CATEGORY 1 
( 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 M/S) 

00013000 
00025000 
00038000 
00038000 
00038000 
00038000 
00038000 
00050000 
00050000 
00013000 
00016000 
00025000 
00013000 
00013000 
00016000 
00013000 

WIND SPEED 
CATEGORY 2 
( 2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- VERSION 96113 

500 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00009000 
00000000 
00000000 
00000000 
00009000 
00000000 
*** *** 

WIND SPEED 
CATEGORY 3 
( 4 300 M/S) 

0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00009000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
ROSEHILL ­

HIND SPEED 
CATEGORY 4 
( 6 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

800 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
100000 
lOOOO O 
..00000 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

WIND SPEED 
CATEGORY 5 
( 9 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

NON-COMBUSTION EMISSIONS ­

WIND SPEED 
CATEGORY 6 
(12 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

500 M/S) 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

ISCLT3 10/14/98 
14 45 46 
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**« MODELING OPTIONS USED CONC RURAL FLAT DFAULT 

... FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY *** 



FILE: TEST.DAT FORMAT: FREE
 
SURFACE STATION NO. 14765 UPPER AIR STATION NO.: 1476S
 

NAME- PROVIDENCE NAME: PROVIDENCE
 
YEAR: 19B7 YEAR: 1987
 

ANNUAL STABILITY CATEGORY C
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1 .500 M/S) ( 2. 500 M/S) ( 4. .300 M/S) ( 6. 800 M/S) I 9 .500 M/S) (12.500 M/S)
 
(DEGREES J
 

0.000 0.00047000 0. 00130000 0.00296000 0. 00019000 0. .00000000 0.00000000
 
22.500 0.00025000 0. 00037000 0. .00065000 0. 00000000 0. .00000000 0.00000000
 
45.000 0.00005000 0. 00037000 0. . 00046000 0. 00000000 0. .00000000 0.00000000
 
67.500 0.00097000 0. 00028000 0. .00028000 0. 00009000 0. .tiOOOOOOO 0.00000000
 
90.000 0.00007000 0. 00056000 0. .00009000 0. 00000000 0.00000000 0.00000000
 
112.500 0. 00024000 0. 00028000 0. .00028000 0. 00000000 0. 00000000 0.00000000
 
135.000 0.00048000 0 00056000 0. .00074000 0. 00000000 0. .00000000 0.00000000
 
157.500 0.00003000 0. 00028000 0. .00083000 0. 00000000 0. .00000000 0.00000000
 
180.000 0.00094000 0. 00176000 0. .00139000 0. 00000000 0. .00000000 0.00000000
 
202.500 0.00042000 0. 00093000 0. 00074000 0. 00000000 0. .00000000 0.00000000
 
225.000 0.00026000 0. 00046000 0. .00120000 0. 00000000 0. .00000000 0,00000000
 
247.500 0.00048000 0. 00139000 0. .00269000 0. 00009000 0. .00000000 0.00000000
 
270.000 0.00071000 0. 00157000 0. .00296000 0. 00000000 0. ,00000000_ 0.00000000
 
292.500 0.00044000 0. 00102000 0. OO269000 0. 00000000 0. .00000000 0.00000000
 
315.000 0.00039000 0. 00065000 0. .00278000 0. 00000000 0. .00000000 o.ooeooooo
 
337.500 0.00028000 0. 00056000 0. 00167000 0. 00000000 0. .00000000 0.00000000
 

ANNUAL: STABILITY CATEGORY D
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1.500 M/S) ( 2. 500 M/S) ( 4. 300 M/S) ( 6. 800 M/S) ( 9. .500 M/S) (12.500 M/S)
 
(DEGREES )
 

0.000 0.00274000 0. 01083000 0. .03380000 0_. 03593000 0. .00694000 0.00074000
 
22.500 0.00192000 0. 00639000 0. .01417000 0. 00981000 0. .00102000 0.00019000
 
45 .000 0.00171000 0. 00630000 0. .01167000 0. 008240CO 0. .00102000 0.00037000
 
67.500 0.00084000 0. 00565000 0. 00833000 0. 00546000 0. .00019000 0.00000000
 
90.000 0.00091000 0. 00426000 0. ,00704000 0. 00259000 0. .00000000 0.00000000
 
112.500 0.00089000 0. 00194000 0. 00380000 0. 00157000 0. .00000000 0.00000000
 
135.000 0.00052000 0. 00231000 0. .00333000 0. 00093000 0. .00009000 0.00000000
 
157.500 0.00138000 0. 00500000 0. .00583000 0. 00222000 0. 00019000 O.OTOOOOOO
 
180.000 0.00186000 0. 00796000 0. .02130000 0. 01157000 0. .00148000 0.00037000
 
202.500 0.00093000 0. 00454000 0. 01204000 0. 01167000 0. .00296000 0.00120000
 
225.000 0.00171000 0. 00528000 0. 01343000 0. 02065000 0. .00491000 0.00185000
 
247.500 0.00123000 0. 00343000 0. 01519000 0. 02694000 0. .00315000 0.00074000
 
270.000 0.00139000 0. 00509000 0. .02194000 0. 03037000 0. .00380000 0.00111000
 
292.500 0.00040000 0. 00426000 0. 01907000 0. 04454000 0. .01315000 0.00222000
 
315.000 0.00051000 0. 00324000 0. .01435000 0. 04204000 0. .01157000 0.00167000
 
337.500 0.00114000 0. 00454000 0. 01491000 0. 02833000 0. .00667000 0. 1313102000
 

-•- ISCLT3 - VERSION 96113 *** ** * ROSEHILL - NON-COMBUSTION EMISSIONS - ISCLT3
 

MODELING OPTIONS USED: CONC RURAL FLAT DFAULT
 

*** FREQUENCY OF OCCURRENCE OF WIND SPEED, DIRECTION AND STABILITY
 

FILE: TEST.DAT FORMAT: FREE
 
SURFACE STATION NO.: 14765 UPPER AIR STATION NO.: 14765
 

NAME: PROVIDENCE NAME: PROVIDENCE
 
YEAR: 1987 YEAR: 1987
 

ANNUAL: STABILITY CATEGORY E
 

WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1. .500 M/S) ( 2.500 M/S) ( 4.300 M/S) ( 6. .800 M/S) ( 9. .500 M/S) (12.500 M/S)
 
i npr'ppp^ ^
 \ UEAjtvCif JO/
 

0. .000 0. .00000000 0, .00630000 0.01019000 0. .00000000 0. .00000000 0.00000000
 
22, .500 0. .00000000 0. .00102000 0.00111000 0. .00000000 0. .00000000 0.00000000
 
45. .000 0. .00000000 0, .00148000 0.00074000 0. .00000000 0, ,00000000 0.00000000
 
67. .500 0. .00000000 0. .00231000 0.00028000 0, .00000000 0.00000000 0.00000000
 
90. .000 0. .00000000 0, .00111000 0.00000000 0. .00000000 0. .00000000 - o.oooooooo
 
112. .500 0. .00000000 0.00056000 0.00009000_ 0. .00000000 0. .00000000 0.00000000
 
135. 000 0. 00000000 0. .00093000 0.00028000 0. .00000000 0. .00000000 0.00000000
 
157. .500 0. .00000000 0.00204000 0.00111000 0. .<HK>00000 0.00000000 0.00000000
 
180. .000 0. .00000000 0. .00954000 0.00500000 0. ,00000000 0. .00000000 0.00000000
 
202. .500 0. .00000000 0. .00546000 0.00380000 0. .00000000 Oj .00000000 0.00000000
 
225. .000 0. .00000000 0.00509000 0.00546000 0. 00000000 0. .00000000 0.00000000
 
247 .500 0. ,00000000 0.00593000 0.00694000 0. .00000000 0. .00000000 0.00000000
 
270. .000 0. .00000000 0, .00563000 0.01806000 0. .00000000 0, .00000000 0.00000000
 
292. .500 0. .00000000 0.00389000 0.01981000 0. .00000000 0. .00000000 0.00000000
 
315. .000 0. .00000000 0, .00565000 0.01685000 0. .00000000 0, ,00000000 0.00000000
 
337. .500 0. .00000000 0.00583000 0.01074000 0.00000000 0.00000000 0.00000000
 

ANNUAL: STABILITY CATEGORY F
 

WIND SPEED WIND SPEED HIND SPEED WIND SPEED WIND SPEED WIND SPEED
 
CATEGORY 1 CATEGORY 2 CATEGORY 3 CATEGORY 4 CATEGORY 5 CATEGORY 6
 

DIRECTION ( 1.500 M/S) ( 2.500 M/S) ( 4.300 M/S) ( 6.800 M/S) ( 9.500 M/S) (12.500 M/S)
 
I nPf̂ DPP̂ *
\ UtoKtf •>&1
 

o .000 0.00110000 0.00593000 0.00000000 0. .00000000 0.00000000 0.00000000
 
22. .500 0. .00026000 0. .00083000 0.00000000 0. ,00000000 0.00000000 0.00000000
 
45 .000 0.00028000 0.00120000 0.00000000 0.00000000 0.00000000 0.00000000
 
67 .500 0.00094000 0.00074000 0.00000000 0.00000000 0.00000000 0.00000000
 



90 
112 
135 
157 
180 
202 
225 
247 
270 
292 
315 
337 

000 
500 
000 
500 
000 
500 
000 
500 
000 
500 
000 
500 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00072000 
00040000 
00094000 
00110000 
00291000 
00140000 
00168000 
00220000 
00148000 
00132000 
00151000 
00166000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00046000 
00000000 
00065000 
00157000 
00491000 
00454000 
00565000 
01037000 
01287000 
01194000 
OOB9BOO O 
00824000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 
0 00000000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 

SUM OF FREQUENCIES, FTOTAL ­
•** ISCLT3 - VERSION 96113 *** *** ROSEHILL

•* MODELING OPTIONS USED CONC RURAL FLAT

 0 98123 
- NON-COMBUSTION EMISSIONS

 DFAULT 

­ ISCLT3 10/14/98 
14 45 46 
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*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

*** NETWORK ID POL , NETWORK TYPE GRIDPOLR *** 

*« CONC OF VYCL IN MICROGRAMS/M**3 

DIRECTION 
(DEGREES) 

1 
1 50 00 100 00 150 00 

DISTANCE
200 00

 (METERS) 
 250 00 300 00 350 00 400 00 450 00 

360 00 
45 00 
90 00 
135 00 
180 00 
225 00 
270 00 
315 00 

**" ISCLT3 

1 o 
1 o 
1 o 
1 o 
1 o 
1 o 
1 o 
1 o 
- VERSION 

000951 
000678 
001229 
001110 
001023 
000414 
000396 
000465 
96113 

••* MODELING OPTIONS USED 

0 
0 
0 
0 
0 
0 
0 
0 

009606 
008328 
012579 
012589 
015836 
005254 
003160 
002561 

0 
0 
0 
0 
0 
0 
0 
0 

013544 
011665 
016675 
016428 
022894 
008110 
004713 
003192 

0 
0 
0 
0 
0 
0 
0 
0 

012859 
010942 
015532 
015062 
021503 
007740 
004476 
002876 

*** *** ROSEHILL - NON -COMBUSTI ON 
**» 

0 
0 
0 
0 
0 
0 
0 
0 

011206 0 
009439 0 
013534 0 
012969 0 
018386 0 
006589 0 
003806 0 
002407 0 

EMISSIONS - ISCLT3

CONC RURAL FLAT DFAULT 

009647 
008057 
011723 
011123 
015470 
005478 
003167 
002003 

0 
0 
0 
0 
0 
0 
0 
0 

008352 
006934 
010231 
009624 
013096 
004576 
002652 
001689 

0 
0 
0 
0 
0 
0 
0 
0 

007307 
006040 
009025 
008422 
011215 
003866 
002249 
001449 

 *-­
** * 

0 
0 
0 
0 
0 
0 
0 
0 

006455 
005317 
008034 
007444 
009711 
003305 
001931 
001260 

10/14/98 
14 45 
PAGE 

46 
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*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

•«• NETWORK ID POL , NETWORK TYPE GRIDPOLR *-* 

** CONC OF VYCL IN MICROGRAMS/M**3 

DIRECTION 
(DEGREES) 500 00 550 00 600 00 

DISTANCE (METERS) 
650 00 700 00 750 00 800 00 850 00 900 00 

360 
45 
90 

135 
180 
225 
270 
315 

00 
00 
00 
00 
00 
00 
00 
00 

0 
0 
0 
0 
0 
0 
0 
0 

*** ISCLT3 - VERSION 

005750 
004723 
007206 
006634 
008494 
002858 
001677 
001110 
96113 

MODELING OPTIONS USED 

0 
0 
0 
0 
0 
0 
0 
0 

005157 
004227 
006501 
005953 
007495 
002496 
001471 
000986 

0 
0 
0 
0 
0 
0 
0 
0 

004652 
003807 
005895 
005372 
006664 
002199 
001302 
000884 

0 
0 
0 
0 
0 
0 
0 
0 

004218 
003447 
005368 
004872 
005966 
001953 
001162 
000797 

... ... ROSEHILL ­ NON-COMBUSTION 
... 

0 
0 
0 
0 
0 
0 
0 
0 

003842 
003137 
004908 
00443B 
005374 
001746 
001043 
000723 

0 
0 
0 
0 
0 
0 
0 
0 

003510 
002863 
004498 
004055 
004864 
001571 
000941 
000659 

EMISSIONS - ISCLT3

CONC RURAL FLAT DFAULT 

0 
0 
0 
0 
0 
0 
0 
0 

003220 
002624 
004137 
003721 
004424 
001421 
OOOB54 
000603 

0 
0 
0 
0 
0 
0 
0 
0 

002965 
002415 
003819 
003426 
004043 
001292 
000779 
000554 

 *** 
... 

0 
0 
0 
0 
0 
0 
0 
0 

002740 
002230 
003536 
003166 
003710 
001180 
000714 
000511 

10/14/98 
14 45 
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*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

**« NETWORK ID POL , NETWORK TYPE GRIDPOLR **• 

** CONC OF VYCL IN MICROGRAMS/M«*3 

DIRECTION | 
[DEGREES) | 2800 00 2900 00 3000 00 

DISTANCE
3100 00

 (METERS) 
 3200 00 3300 00 3400 00 3500 00 3600 00 

360 
45 
90 
135 
180 
225 
270 
315 

00 | 
00 j 
00 | 
00 I 
00| 
00| 
00| 
00 

»** ISCLT3 ­

0 
0 
0 
0 
0 
0 
0 
0 

VERSION 

000529 
000431 
000699 
000613 
000669 
000203 
000127 
000097 
96113

"* MODELING OPTIONS USED 

 *** 

0 
0 
0 
0 
0 
0 
0 
0 

000502 
000408 
000663 
000582 
000633 
000192 
000120 
000092 

0 
0 
0 
0 
0 
0 
0 
0 

000477 
000388 
000630 
000553 
000601 
000182 
000114 
000087 

0 
0 
0 
0 
0 
0 
0 
0 

000454 
000370 
000601 
000526 
000572 
000173 
000108 
000083 

*** ROSEHILL ­ NON-COMBUSTION 
** » 

0 
0 
0 
0 
0 
0 
0 
0 

000433 
000353 
000573 
000502 
000545 
000165 
000103 
000079 

0 000414 
0 000337 
0 000548 
0 000480 
0 000520 
0 000157 
0 000098 
0 000076 

EMISSIONS - ISCLT3

CONC RURAL FLAT DFAULT 

0 
0 
0 
0 
0 
0 
0 
0 

000396 
000322 
000524 
000459 
000496 
000150 
000094 
000072 

0 
0 
0 
0 
0 
0 
0 
0 

000379 
000309 
000502 
000439 
000475 
000143 
000090 
000069 

 »** 
... 

0 
0 
0 
0 
0 
0 
0 
0 

000363 
000296 
000482 
000421 
000455 
000137 
000086 
000066 

10/14/98 
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*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

*** NETWORK ID POL , NETWORK TYPE GRIDPOLR -** 

** CONC OF VYCL IN MICROGRAMS/M**3 

DIRECTION | DISTANCE (METERS) 



(DEGREES) | 3800 00	 4100 00 4200 00 430D 00
 

360 00 0 000349 0 000335 000322 0 000310 0 000299 0 000289 0 000279 000269 0 000261 
45 00 0 000284 0 000273 000263 0 000253 0 000244 0 000235 0 000227 000219 0 000212 
90 00 0004S2 0 000445 000428 0 000412 0 000397 0 000383 0 000370 000358 0 00034t 
135 00 000405 0 000389 000374 0 000360 0 000347 0 000335 0 000323 000313 0 000302 
180 00 000436 0 000419 000403 0 000387 0 000373 0 000360 0 000347 000335 0 003324 
225 00 000131 0 000126 000121 0 000116 0 000112 0 000108 0 000104 0 000100 0 n"iQ5" 
270 00 0 000083 0 000079 000076 0 000073 0 000071 0 000066 0 000066 0 000063 0 3! 
315 00 0 000064 0 000061 000059 0 000057 0 000055 0 000053 0 000051 0 000049 0 4­
ISCLT3 - VERSION 96113 *** ROSEHILL NON-COMBUSTION EMISSIONS - ISCLT3 

14 45 46 
PAGE 15 

MODELING OPTIONS USED CONC RURAL FLAT DFAULT 

*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1 

«** NETWORK ID POL , NETWORK TYPE GRIDPOLR *** 

** CONC OF VYCL IN MICROGRAMS/M**3 

DIRECTION DISTANCE (METERS) 
(DEGREES) 4600 00 4700 00 4800 00 

360 00 0 000252 0 000244 0 000237
 
45 00 0 000205 0 000199 0 000193
 
90 00 0 000335 0 000325 0 000315
 
135 00 0 000293 0 000283 0 000275
 
180 00 0 000313 0 000303 0 000293
 
225 00 0 000094 0 000091 0 000088
 
270 00 0 000059 0 000057 0 000055
 
315 00 0 000046 0 000044 0 000043
 
ISCLT3 - VERSION 96113 *** ROSEHILL - NON-COMBUSTION EMISSIONS - ISCLT3 10/14/98
 

14 45 46
 
PAGE 16
 

MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

*** THE ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1
 

*** DISCRETE CARTESIAN RECEPTOR POINTS ***
 

CONC OF VYCL IN MICROGRAMS/M«*3
 

X-COORD (M) Y-COORD (M) CONC	 X-COORD (M) Y-COORD (M) CONC
 

99 06 670 56 0 001726 30 48 662 94 0 001411
 
22 86 563 88 0 001942 15 24 541 02 0 002094
 
60 96 533 40 0 002458 91 44 434 34 0 003849
 
121 92 297 18 0 004834 259 08 15 24 0 005568 ,
 
388 62 640 08 0 012425 487 68 670 56 0 008719
 
563 88 243 84 0 010533 243 84 655 32 0 003365
 
167 64 274 32 0 005634 114 30 647 70 0 001879
 
91 44 594 36 0 001890 228 60 129 54 0 004612
 
365 76 144 78 0 013323
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*«* MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

«*« THE MAXIMUM 10 ANNUAL AVERAGE CONCENTRATION VALUES FOR SOURCE STACK1
 

** CONC OF VYCL IN MICROGRAMS/M»*3
 

RANK CONC AT RECEPTOR (XR.YR) OF TYPE RANK CONC AT RECEPTOR (XR.YR) OF TYPE
 

1 0 022894 AT ( 375 00, 330 00) GP 6 0 015836 AT ( 375 00, 380 00) GP
 
2 0 021503 AT ( 375 00, 280 00) GP 7 0 015532 AT ( 575 00, 480 00) GP
 
3 0 018386 AT ( 375 00, 230 00) GP 8 0 015470 AT ( 375 00, 180 00) GP
 
4 0 016675 AT ( 525 00, 480 00) GP 9 0 015062 AT ( 516 42, 338 58) GP
 
S 0 016428 AT ( 481 07, 373 93) GP 10 0 013544 AT ( 375 00, 630 00) GP
 

*** RECEPTOR TYPES GC > GRIDCART
 
GP = GRIDPOLR
 
DC •= DISCCART
 
DP - DISCPOLR
 
BD = BOUNDARY
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*«* MODELING OPTIONS USED CONC RURAL FLAT DFAULT
 

**» Message Summary ISCLT3 Model Execution ***
 

Summary of Total Messages
 

A Total of 0 Fatal Error Message(s)
 
A Total of 0 Warning Message(s)
 
A Total of 0 Informational Message(s)
 

FATAL ERROR MESSAGES
 



NONE
 

WARNING MESSAGES
 
*** NONE ««*
 

ISCLT3 Finishes Successfully
 



G. COST CALCULATIONS 

G-l Summary of Costs - Alternatives #1 through #5 
G-2 Detailed Costs-Alternative #1 
G-3 Detailed Costs - Alternative #2 
G-4 Detailed Costs - Alternative #3a 
G-5 Detailed Costs - Alternative #3b 
G-6 Detailed Costs - Alternative #4a 
G-7 Detailed Costs - Alternative #4b 
G-8 Detailed Costs - Alternative #5a 
G-9 Detailed Costs - Alternative #5b 
G-10 Unit Cost Development and General Assumptions- All 
Alternatives 



G-l Summary of Costs - Alternatives #1 through #5 



TABLE G-l. SUMMARY OF COSTS, ALTERNATIVE # 1 

Version November 6. 1997 SENSITIVITY BASE 

CAPITAL COSTS (in Sl.OOO's) 

1 .0	 GRADING & SITE PREP.: SOLID WASTE AREA 0 
2.0	 CAPPING: SOLID WASTE AREA 0 
3.0	 GRADING & SITE PREP.: BULKY WASTE AREA 0 
4.0	 CAPPING: BULKY WASTE AREA 0 
5.0	 LANDFILL MINING 0 
6.0	 PERIMETER WETLANDS MITIGATION 0 
7.0	 INTERNAL LF GAS COLLECTION SYSTEM 0 
8.0	 PERIMETER LF GAS COLLECTION SYSTEM 0 
9.0	 LF GAS TREATMENT PLANT 0 
10.0	 GW DEPRESSION SYSTEM: COLLECTION 0 
1 1 .0	 LEACHATE COLLECTION SYSTEM 0 
12.0	 50 GPM WATER TREATMENT PLANT 0 
13.0	 5 GPM WATER TREATMENT PLANT 0 
14.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 88 
1 5.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 0 
16.0	 INSTITUTIONAL CONTROLS + 0 

TOTAL DIRECT CAPITAL COST 88 
REMEDIAL DESIGN ALLOWANCE 5 
CONTINGENCY + 19 1 

TOTAL CAPITAL COSTS	 $ 1 1 1  1 

ANNUAL COSTS (Present Value in $l,000's) 

17.0	 ENVIRONMENTAL MONITORING: ANNUAL 2,880 
1 8.0	 LANDFILL GAS COLLECTION AND TREATMENT 0 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 0 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 0 
21.0	 INSTITUTIONAL CONTROLS: ANNUAL COSTS + 0 

TOTAL DIRECT ANNUAL COST 2,880 
CONTINGENCY 576 

TOTAL ANNUAL COSTS $3.456 

TOTAL COST OF ALTERNATIVE (in $l,000's)	 $3.568 |1 

Page 1 of 1 



TABLE G-2. SUMMARY OF COSTS, ALTERNATIVE # 2 

Version November 6. 1997 SENSITIVITY BASE 

CAPITAL COSTS (in $l,000's) 

1 .0 GRADING& SITE PREP.: SOLID WASTE AREA	 71 
2.0 CAPPING: SOLID WASTE ARE A	 0 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA	 0 
4.0 CAPPING: BULKY WASTE AREA	 0 
5.0 LANDFILL MINING	 0 
6.0 PERIMETER WETLANDS MITIGATION	 0 
7.0 INTERNAL LF GAS COLLECTION SYSTEM	 0 
8.0 PERIMETER LF GAS COLLECTION SYSTEM	 0 
9.0 LF GAS TREATMENT PLANT	 0 
10.0 GW DEPRESSION SYSTEM: COLLECTION	 0 
1 1 .0 LEACHATE COLLECTION SYSTEM	 0 
1 2.0 50 GPM WATER TREATMENT PLANT	 0 
13.0	 5 GPM WATER TREATMENT PLANT 0 
14.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 88 
1 5.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 0 
16.0	 INSTITUTIONAL CONTROLS + 127 

TOTAL DIRECT CAPITAL COST 285 
REMEDIAL DESIGN ALLOWANCE 17 
CONTINGENCY + 60 

TOTAL CAPITAL COSTS	 $363 

ANNUAL COSTS (Present Value in Sl,000's) 

1 7.0	 ENVIRONMENTAL MONITORING: ANNUAL 2,880 
1 8.0	 LANDFILL GAS COLLECTION AND TREATMENT 0 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 0 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 0 
21.0	 INSTITUTIONAL CONTROLS: ANNUAL COSTS -f 22 

TOTAL DIRECT ANNUAL COST 2,902 
CONTINGENCY 580 
TOTAL ANNUAL COSTS	 $3,482 

TOTAL COST OF ALTERNATIVE (in Sl.OOO's)	 $3,845 

Page 1 of 1 



TABLE G-3a. SUMMARY OF COSTS, ALTERNATIVE # 3a 

Version November 6 1997 SENSITIVITY BASE 

CAPITAL COSTS (in Sl.OOO's) 

1 .0	 GRADING & SITE PREP.: SOLID WASTE AREA 
2.0	 CAPPING: SOLID WASTE AREA 
3.0	 GRADING & SITE PREP.: BULKY WASTE AREA 
4.0	 CAPPING: BULKY WASTE AREA 
5.0	 LANDFILL MINING 
6.0	 PERIMETER WETLANDS MITIGATION 
7.0	 INTERNAL LF GAS COLLECTION SYSTEM 
8.0	 PERIMETER LF GAS COLLECTION SYSTEM 
9.0	 LF GAS TREATMENT PLANT 
10.0	 GW DEPRESSION SYSTEM: COLLECTION 
1 1 .0	 LEACHATE COLLECTION SYSTEM 
12.0	 50 GPM WATER TREATMENT PLANT 
13.0	 5 GPM WATER TREATMENT PLANT 
14.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 
15.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 
16.0	 INSTITUTIONAL CONTROLS 

TOTAL DIRECT CAPITAL COST 
REMEDIAL DESIGN ALLOWANCE 
CONTINGENCY 

TOTAL CAPITAL COSTS 

ANNUAL COSTS (Present Value in $l,000's) 

17.0	 ENVIRONMENTAL MONITORING: ANNUAL 
1 8.0	 LANDFILL GAS COLLECTION AND TREATMENT 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 
21 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 

TOTAL DIRECT ANNUAL COST 
CONTINGENCY 

TOTAL ANNUAL COSTS 

TOTAL COST OF ALTERNATIVE (in $l,000's) 

100 
2,442 

48 
864 

0 
4 

681 
338 
338 

0 
0 
0 
0 

94 
50 

+ 88 
5,047 

303 
+	 1,070 | 

$6,420 1 

3,051 
2,787 

0 
0 

+	 0 
5,838 
1,168 

$7,005 | 

$13,425 

Page 1 of 1 



TABLE G-3b. SUMMARY OF COSTS, ALTERNATIVE # 3b 

Version November 6. 1997 SENSITIVITY BASE 

CAPITAL COSTS ( in Sl.OOO's) , 

1 .0	 GRADING & SITE PREP.: SOLID WASTE AREA 
2.0	 CAPPING: SOLID WASTE AREA 
3.0	 GRADING & SITE PREP.: BULKY WASTE AREA 
4.0	 CAPPING: BULKY WASTE AREA 
5.0	 LANDFILL MINING 
6.0	 PERIMETER WETLANDS MITIGATION 
7.0	 INTERNAL LF GAS COLLECTION SYSTEM 
8.0	 PERIMETER LF GAS COLLECTION SYSTEM 
9.0	 LF GAS TREATMENT PLANT 
10.0	 GW DEPRESSION SYSTEM: COLLECTION 
1 1 .0	 LEACH ATE COLLECTION SYSTEM 
12.0	 50 GPM WATER TREATMENT PLANT 
1 3.0	 5 GPM WATER TREATMENT PLANT 
14.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 
15.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 
16.0	 INSTITUTIONAL CONTROLS 

TOTAL DIRECT CAPITAL COST 
REMEDIAL DESIGN ALLOWANCE 
CONTINGENCY 

TOTAL CAPITAL COSTS 

ANNUAL COSTS (Present Value in $l,000's) 

17.0	 ENVIRONMENTAL MONITORING: ANNUAL 
18.0	 LANDFILL GAS COLLECTION AND TREATMENT 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 
21 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 

TOTAL DIRECT ANNUAL COST 
CONTINGENCY 

TOTAL ANNUAL COSTS 

TOTAL COST OF ALTERNATIVE (in $l,000's) 

100 
2,442 

48 
864 

0 
4 

681 
338 
445 

0 
0 
0 
0 

94 
50 

+ 88 
5,154 

309 
+	 1,093 1 

$6,556 1 

3,051 
2,475 

0 
0 

+	 0 
5,526 
1,105 

$6,631 

$13,187 
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TABLE G-4a. SUMMARY OF COSTS, ALTERNATIVE # 4a 

Version November 6, 1997 SENSITIVITY BASE 

CAPITAL COSTS (in Sl.OOO's) 

1 .0	 GRADING & SITE PREP.: SOLID WASTE AREA 
2.0	 CAPPING: SOLID WASTE AREA 
3.0	 GRADING & SITE PREP.: BULKY WASTE AREA 
4.0	 CAPPING: BULKY WASTE AREA 
5.0	 LANDFILL MINING 
6.0	 PERIMETER WETLANDS MITIGATION 
7.0	 INTERNAL LF GAS COLLECTION SYSTEM 
8.0	 PERIMETER LF GAS COLLECTION SYSTEM 
9.0	 LF GAS TREATMENT PLANT 
10.0	 GW DEPRESSION SYSTEM: COLLECTION 
1 1 .0	 LEACHATE COLLECTION SYSTEM 
12.0	 50 GPM WATER TREATMENT PLANT 
13.0	 5 GPM WATER TREATMENT PLANT 
14.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 
1 5.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 
16.0	 INSTITUTIONAL CONTROLS 

TOTAL DIRECT CAPITAL COST 
REMEDIAL DESIGN ALLOWANCE 
CONTINGENCY 

TOTAL CAPITAL COSTS 

ANNUAL COSTS (Present Value in $l,000's) 

17.0	 ENVIRONMENTAL MONITORING: ANNUAL 
1 8.0	 LANDFILL GAS COLLECTION AND TREATMENT 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 
21 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 

TOTAL DIRECT ANNUAL COST 
CONTINGENCY 

TOTAL ANNUAL COSTS 

TOTAL COST OF ALTERNATIVE (in $l,000's) 

100 
2,442 

48 
864 

0 
40 

681 
338 
338 

0 
99 
0 

507 
94 
50 

+ 88 
5,689 

341 
+	 1,206 

$7,236 

3,051 
2,787 

0 
1,519 

+	 0 
7,357 
1,471 

$8,828J 

$16,064 |! 
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TABLE G-4b. SUMMARY OF COSTS, ALTERNATIVE # 4b 

Version November 6. I W SENSITIVITY BASE 

CAPITAL COSTS (in Sl.OOO's) 

1 .0	 GRADING & SITE PREP.: SOLID WASTE AREA 
2.0	 CAPPING: SOLID WASTE AREA 
3.0	 GRADING& SITE PREP.: BULKY WASTE AREA 
4.0	 CAPPING: BULKY WASTE AREA 
5.0	 LANDFILL MINING 
6.0	 PERIMETER WETLANDS MITIGATION 
7.0	 INTERNAL LF GAS COLLECTION SYSTEM 
8.0	 PERIMETER LF GAS COLLECTION SYSTEM 
9.0	 LF GAS TREATMENT PLANT 
10.0	 GW DEPRESSION SYSTEM: COLLECTION 
1 1 .0 LEACHATE COLLECTION SYSTEM 
1 2.0	 50 GPM WATER TREATMENT PLANT 
13.0	 5 GPM WATER TREATMENT PLANT 
14.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 
1 5.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 
16.0	 INSTITUTIONAL CONTROLS 

TOTAL DIRECT CAPITAL COST 
REMEDIAL DESIGN ALLOWANCE 
CONTINGENCY 

TOTAL CAPITAL COSTS 

ANNUAL COSTS (Present Value in $l,000's) 

17.0	 ENVIRONMENTAL MONITORING: ANNUAL 
1 8.0	 LANDFILL GAS COLLECTION AND TREATMENT 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 
21 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 

TOTAL DIRECT ANNUAL COST 
CONTINGENCY 

TOTAL ANNUAL COSTS 

TOTAL COST OF ALTERNATIVE (in $l,000's) 

100 
2.686 

46 
0 

2,652 
40 

681 
338 
338 

0 
99 
0 

507 
94 
50 

+ 88 
7,717 

463 
+	 1,636 

$9,816 

3,051 
2,787 

0 
83 

+	 0 
5,921 
1,184 

$7,105 

$16,922 
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TABLE G-5a. SUMMARY OF COSTS, ALTERNATIVE # 5a 

Version November 6 1997 SENSITIVITY BASF 

CAPITAL COSTS (in $l,000's) 

1 .0	 GRADING & SITE PREP.: SOLID WASTE AREA 
2.0	 CAPPING: SOLID WASTE AREA 
3.0	 GRADING & SITE PREP.: BULKY WASTE AREA 
4.0	 CAPPING: BULKY WASTE AREA 
5.0	 LANDFILL MINING 
6.0	 PERIMETER WETLANDS MITIGATION 
7.0	 INTERNAL LF GAS COLLECTION SYSTEM 
8.0	 PERIMETER LF GAS COLLECTION SYSTEM 
9.0	 LF GAS TREATMENT PLANT 
10.0	 GW DEPRESSION SYSTEM: COLLECTION 
1 1 .0	 LEACHATE COLLECTION SYSTEM 
12.0	 50 GPM WATER TREATMENT PLANT 
1 3.0	 5 GPM WATER TREATMENT PLANT 
1 4.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 
1 5.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 
16.0	 INSTITUTIONAL CONTROLS 

TOTAL DIRECT CAPITAL COST 
REMEDIAL DESIGN ALLOWANCE 
CONTINGENCY 

TOTAL CAPITAL COSTS 

ANNUAL COSTS (Present Value in $l,000's) 

17.0	 ENVIRONMENTAL MONITORING: ANNUAL 
1 8.0	 LANDFILL GAS COLLECTION AND TREATMENT 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 
2 1 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 

TOTAL DIRECT ANNUAL COST 
CONTINGENCY 

TOTAL ANNUAL COSTS 

TOTAL COST OF ALTERNATIVE (in $l,000's) 

100 
2,442 

48 
864 

0 
40 

623 
338 
338 
152 
99 

1,348 
0 

94 
50 

+ 88 
6,624 

397 
+	 1,404 

$8,426 

3,051 
2,787 
4,006 

0 
-t- 0 

9,844 
1,969 

$11,813 

$20,239 
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TABLE G-5b. SUMMARY OF COSTS, ALTERNATIVE # 5b 

Version November 6. 1997 SENSITIVITY BASE 

CAPITAL COSTS (in $l,000's) 

1 .0	 GRADING & SITE PREP.: SOLID WASTE AREA 
2.0	 CAPPING: SOLID WASTE AREA 
3.0	 GRADING & SITE PREP.: BULKY WASTE AREA 
4.0	 CAPPING: BULKY WASTE AREA 
5.0	 LANDFILL MINING 
6.0	 PERIMETER WETLANDS MITIGATION 
7.0	 INTERNAL LF GAS COLLECTION SYSTEM 
8.0	 PERIMETER LF GAS COLLECTION SYSTEM 
9.0	 LF GAS TREATMENT PLANT 
10.0	 GW DEPRESSION SYSTEM: COLLECTION 
1 1 .0	 LEACHATE COLLECTION SYSTEM 
12.0	 50 GPM WATER TREATMENT PLANT 
13.0	 5 GPM WATER TREATMENT PLANT 
14.0	 ENVIRONMENTAL MONITORING: CAPITAL COST 
15.0	 DECONTAMINATION AREA - TREATMENT PLANT AREA 
16.0	 INSTITUTIONAL CONTROLS 

TOTAL DIRECT CAPITAL COST 
REMEDIAL DESIGN ALLOWANCE 
CONTINGENCY 

TOTAL CAPITAL COSTS 

ANNUAL COSTS (Present Value in $l,000's) 

17.0	 ENVIRONMENTAL MONITORING: ANNUAL 
1 8.0	 LANDFILL GAS COLLECTION AND TREATMENT 
19.0	 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 
20.0	 LEACHATE COLLECTION & TREATMENT: 5 GPM 
21.0	 INSTITUTIONAL CONTROLS: ANNUAL COSTS 

TOTAL DIRECT ANNUAL COST 
CONTINGENCY 

TOTAL ANNUAL COSTS 

TOTAL COST OF ALTERNATIVE (in $l,000's) 

100 
2,686 

46 
0 

2,652 
40 

623 
338 
338 
152 
99 

1,348 
0 

94 
50 

+ 88 
8,653 

519 
+	 1,834 

$11,006 

3,051 
2,787 
4,006 

0 
+	 0 

9,844 
1,969 

$11,813 1 

1 
$22,81911 
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DETAILED COST TABLE: ALTERNATIV E # 1 SENSITIVITY: BASE
 
ITEM UNIT UNIT COST QUAN ­ COST 

($ / unit) TITY ($l,000's) 

CAPITAL COSTS: 
1 .0 GRADING& SITE PREP.: SOLID WASTE ARE A 
1 . 1 Clearing and Grubbing acre 335.00 0 0 
1.2 Silt Fencing If 2.00 0 0 
1 .3 Drainage Ditches If 0.36 0 0 
1 .4 Detention Basins cy 4.00 0 0 
1.5 Fence 8' Chain Lin k If 15.00 0 0 
Total 0 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 0 0 
2.2 Topsoil: 6" sy 3.50 0 0 
2.3 Cover Layer: 18" cy 12.00 0 0 
2.4 Drainage Layer: Composite sy 3.60 0 0 
2.5 Geomembrane sf 0.43 0 0 
2.6 Low Permeability Layer: 12" cy 8.00 0 0 
2.7 Protective Layer: 6" cy 12.00 0 0 
2.8 Wetlands Replacement acre 50,000 0 0 
Total 0 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 0 0 
3.2 Silt Fencing If 2.00 0 0 
3.2 Drainage Ditches If 0.36 0 0 
3.4 Detention Basins cy 4.00 0 0 
3.5 Fence 8' Chain Link If 15.00 0 0 
Total 0 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 0 0 
4.2 Topsoil: 6" sy 3.50 0 0 
4.3 Cover Layer 18" cy 12.00 0 0 
4.4 Drainage Layer: Composite sy 3.60 0 0 
4.5 Geomembrane sf 0.43 0 0 
4.6 Low Permeability Layer: 12" cy 8.00 0 0 
4.7 Gas Vent Layer: Composite sy 3.60 0 0 
4.8 Passive Gas Vents If 196.00 0 0 
Total 0 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 0 0 
5.2 Scrap Metal Transport cy 5.00 0 0 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 0 0 
5.4 Backfill With Reclaimed Soil cy 2.15 0 0 
5.5 Backfill With Clean Fill cy 11.00 0 0 
5.6 Vegetation sy 0.35 0 0 
5.7 Miscellaneous Allowances Is 97,000 0 0 
5.8 Scrap Metal Revenue Ib 0.02 0 0 
5.9 Supervision & Monitoring Labor day 300.00 0 0 
Total 0 
6.0 PERIMETER WETLANDS MITIGATION 
6. 1 Wetlands & Buffer Zone replacement Is 80,000 0 0 
Total 0 

Page 1 of 5 



DETAILED COST TABLE: ALTERNATIVE # SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY (Sl.OOO's ) 
7.0 INTERNA L LF GAS COLLECTION SYSTEM 
7.1 Vault, Gauges, Fittings and Other Costs well 4,250 0 0 
7.2 Screen, Casing and Other Well Footage Costs If 196.00 0 0 
7.3 Header Pipe: HOPE 
7.3a 10" HOPE Header Pipe, buried If 27.60 0 0 
7.3b 8" HOPE Header Pipe, buried If 23.60 0 0 
7.3c 6" HOPE Header Pipe, buried If 18.50 0 0 
7.3d "Blueboard" thermal insulation If 1.50 0 0 
7.3e HOPE Tees 8" x 8" x 8", installed & buried ea 310.00 0 0 
7.3f HOPE Tees 6" x 6" x 6", installed & buried ea 250.00 0 0 
7.4 Valves & Appurtenances 
7.4a Buried butterfly isolation valves: 10" ea 2000.00 0 0 
7.4b Buried butterfly isolation valves: 8" ea 1600.00 0 0 
7.4c LANDTEC GEM-500 LFG analyzer Is 6395.00 0 0 
7.5 Condensate Piping If 5.00 0 0 
7.6 Condensate Pump Stations ea 50,000 0 0 
7.7 Condensate Storage Tank Allowance ea 25,000 0 0 
Total 0 
8.0 PERIMETER LF GAS COLLECTION SYSTEM 
8.1 Vault, Gauges, Fittings and Other Costs well 4,250 0 0 
8.2 Screen, Casing and Other Well Footage Costs If 196.00 0 0 
8.3 Header Pipe: HOPE 
8.3a 10" HOPE Header Pipe, buried If 27.60 0 0 
8.3b 6" HOPE Header Pipe, buried If 18.50 0 0 
8.3c "Blueboard" thermal insulation If 1.50 0 f 
8.3d HOPE Tees 10" x 10" x 6", installed & buried ea 430.00 0 0­
8.4 Valves & Appurtenances ea 2000.00 0 0 
Total 0 
9.0 LF GAS TREATMENT PLANT 
9.1 Access Roads sy 5.56 0 0 
9.2 Electricity Service If 14.00 0 0 
9.3 Water Service If 5.00 0 0 
9.4 Internal & Perim. Coll. System Blowers & Motors Is 60,000 0 0 
9.5 Enclosed Flare and Appurtenances ea 179,400 0 0 
9.6 Foundation: 18" Structural Slab cy 350.00 0 0 
9.7 Photocatalytic Oxidation and Appurtenances Is 286,000 0 0 
9.8 Fence 8' Chain Link If 15.00 0 0 
Total 0 
10.0 GW DEPRESSION SYSTEM: COLLECTION 
10.1 Buried Piping If 8.00 0 0 
10.2 Pump Electrical If 4.00 0 0 
10.3 Pump Station Is 75,000 0 0 
1 0.4 Shallow Drain Piping & Installation If 40.00 0 0 
Total 0 
1 1 .0 LEACHATE COLLECTION SYSTEM 
11.1 Buried Piping If 5.00 0 0 
1 1 .2 Pump Electrical If 4.00 0 0 
1 1 .3
1 1 .4

 Pump Station 
 Shallow Drain Piping & Installation 

Is 
If 

50,000 
40.00 

0 
0 

0 
r> 

Total 
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DETAILE D COST TABLE: ALTERNATIVE # SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ /uni t  ) TITY (Sl.OOO's) 
1 2.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613,500 0 0 
12.5 Instrumentation Is 58,300 0 0 
12.6 Foundation: 18" Structural Slab cy 350.00 0 0 
12.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
12.8 Discharge Line If 8.00 0 0 
12.9 Groundwater Injection Wells ea 9,000 0 0 
12.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
13.0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 0 0 
13.5 Instrumentation Is 20,289 0 0 
13.6 Foundation: 18" Structural Slab cy 350.00 0 0 
13.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
13.8 Discharge Line If 5.00 0 0 
13.9 Groundwater Injection Wells ea 9,000 0 0 
13.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
1 4.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 0 0 
14.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 88 
1 5 .0 DECONTAMINATION AREA - TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 0 0 
Total 0 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 0 0 
16.2 Not Used 
16.3 Not Used 
16.4 LFG Control Contingency house 9,808 0 0 
Total 0 

TOTAL DIRECT CAPITAL COST 88 
REMEDIAL DESIGN ALLOWANCE @ 6% 5 
CONTINGENCY @ 20% 19 
TOTAL CAPITAL COSTS n i  | 
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DETAILED COST TABLE: ALTERNATIVE # 1 SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY (51,000's) 
ANNUA L COSTS: Annua l Duration Net Preser,^ 
17.0 ENVIRONMENTA L MONITORING: ANNUA L Quantity Req'd (yrs) Valu e (1 ) 
17.1 Five Year Review ea 25,000 0.20 30 85 
1 7.2 Cap Inspection and Reporting ea 2500 0 0 0 
17.3 Ground water Monitoring sample 1,740 51 30 1,511 
17.4 SW/Sediment Monitoring sample 2,710 22 30 1,015 
17.5 Ambient Air Monitoring sample 1,690 10 15 184 
17.6 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 2,880 
1 8.0 LANDFILL GAS COLLECTION AND TREATMENT 
18.1 O&M Labor: 
18. l a Operator® 1/2 shift/wk hr 49 0 0 0 
IS.l b Overtime® 10% hr 65 0 0 0 
IS.l c Supervisory @ 10% hr 75 0 0 0 
18. Id Administrative Costs Is 4,000 0 0 0 
18.2 Equipment Repair/Replacement Is 56,476 0 0 0 
1 8.3 Electricity Usage Internal System Blower kWh r 0.07 0 0 0 
1 8.4 Elec. Usage Perimeter System Blower kWhr 0.07 0 0 0 
18.5 Condensate Transportation: Internal System gal 0.35 0 0 0 
1 8.6 Condensate Transportation: Perimeter System gal 0.35 0 0 0 
18.7 Condensate Disposal: Internal System gal 1.44 0 0 0 
1 8.8 Condensate Disposal: Perimeter System gal 1.44 0 0 0 
18.9 Auxiliary Fuel Usage cf 0.02 0 0 0 
18.10 Photocatalytic Oxidation O&M Is 27,816 0 0 0 
TOTAL 
19.0 GW/LE ACH ATE COLLECTION & TREATMENT: 50 GPM 
19.1 O&M Labor: 
19. la Operator® 1/2 shift/wk hr 49 0 0 0 
19.1b Overtime® 10% hr 65 0 0 0 
19.1c Supervisory® 10% hr 75 0 0 0 
19. I d Administrative Costs Is 4,000 0 0 0 
19.2 Feed Chemicals 1,000 gal 2.00 0 0 0 
19.3 Equipment Repair/Replacement Is 42,276 0 0 0 
19.4 Electricity Usage: Collection kWhr 0.07 0 0 0 
19.5 Electricity Usage: Treatment 1,000 gal 1.65 0 0 0 
19.6 Diposal of Residuals 1,000 gal 1.01 0 0 0 
TOTAL 0 
20.0 LEACHATE COLLECTION & TREATMENT: 5 GPM 
20.1 O&M Labor: 
20. la Operator® 1/2 shift/wk hr 49 0 0 0 
20. I b Overtime® 10% hr 65 0 0 0 
20. Ic Supervisory® 10% hr 75 0 0 0 
20. Id Administrative Costs Is 4,000 0 0 0 
20.2 Feed Chemicals 1,000 gal 0.70 0 0 0 
20.3 Equipment Repair/Replacement Is 14,967 0 0 0 
20.4 Electricity Usage: Collection kWhr 0.07 0 0 0 
20.5 Electricity Usage: Treatment 1,000 gal 0.55 0 0 0 
20.6 Diposal of Residuals 1,000 gal 0.35 0 0 0 
Total o 
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DETAILED COST TABLE: ALTERNATIVE # SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit) TITY (Sl.OOO's) 
21 0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 
21 .1 Groundwater Access Restrictions (Not Used) 
21 2 Not Used 
21 3 Not Used 
21 4 LFG Control Contingency (Annual Inspections) house 500 0 0 0 
Total 0 

TOTAL PRESENT COST 2,880 

CONTINGENCY @ 20% 576 
TOTAL ANNUAL COSTS (Present Value in $l,000's) 3,456 

TOTAL COST (in $l,000's) 3,568 

Notes: 

1) Net Present Value costs were cal- JDF)N 

culated using the following formula: NPV 

($l,000's) ( IDF ­
where: 

A0 (Unit cost) • (Annual quantity) "DF discount factor or rate 

N duration of annual cost (years) "INF inflation rate 
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G-3 Detailed Costs - Alternative #2 



DETAILE D COST TABLE: ALTERNATIV E # SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit) TITY (Sl.OOO's) 

CAPITA L COSTS: 
1 .0 GRADING & SITE PREP.: SOLID WASTE AREA 
1 .1 Clearing and Grubbing acre 335.00 0 0 
1.2 Silt Fencing If 2.00 0 0 
1 .3 Drainage Ditches If 0.36 0 0 
1 .4 Detention Basins cy 4.00 0 0 
1.5 Fence 8' Chain Link If 15.00 4,700 71 
Total 71 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 0 0 
2.2 Topsoil: 6" sy 3.50 0 0 
2.3 Cover Layer: 18" cy 12.00 0 0 
2.4 Drainage Layer: Composite sy 3.60 0 0 
2.5 Geomembrane sf 0.43 0 0 
2.6 Low Permeability Layer: 12" cy 8.00 0 0 
2.7 Protective Layer: 6" cy 12.00 0 0 
2.8 Wetlands Replacement acre 50,000 0 0 
Total 0 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 0 0 
3.2 Silt Fencing If 2.00 0 0 
3.2 Drainage Ditches If 0.36 0 0 
3.4 Detention Basins cy 4.00 0 0 
3.5 Fence 8' Chain Lin k If 15.00 0 0 
Total 0 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 0 0 
4.2 Topsoil: 6" sy 3.50 0 0 
4.3 Cover Layer: 18" cy 12.00 0 0 
4.4 Drainage Layer: Composite sy 3.60 0 0 
4.5 Geomembrane sf 0.43 0 0 
4.6 Low Permeability Layer: 12" cy 8.00 0 0 

4.7 Gas Vent Layer: Composite sy 3.60 0 0 
4.8 Passive Gas Vents If 196.00 0 0 
Total 0 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 0 0 
5.2 Scrap Metal Transport cy 5.00 0 0 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 0 0 
5.4 Backfill With Reclaimed Soil cy 2.15 0 0 
5.5 Backfill With Clean Fil l cy 11.00 0 0 
5.6 Vegetation sy 0.35 0 0 
5.7 Miscellaneous Allowances Is 97,000 0 0 
5.8 Scrap Metal Revenue Ib 0.02 0 0 
5.9 Supervision & Monitoring Labor day 300.00 0 0 
Total 0 
6.0 PERIMETER WETLANDS MITIGATION 
6. 1 Wetlands & Buffer Zone replacement Is 80,000 0 0 
Total 0 
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DETAILE D COST TABLE: ALTERNATIV E SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

( S / u n i t  ) TITY (Sl.OOO's ) 
7.0 INTERNA L LF GAS COLLECTION SYSTEM 
7. 1 Vault, Gauges, Fittings and Other Costs well 4,250 0 0 
7.2 Screen, Casing and Other Well Footage Costs If 196.00 0 0 
7.3 Header Pipe: HDPE 
7.3a 10" HDPE Header Pipe, buried If 27.60 0 0 
7.3b 8" HDPE Header Pipe, buried If 23.60 0 0 
7.3c 6" HDPE Header Pipe, buried If 18.50 0 0 
7.3d "Blueboard" thermal insulation If 1.50 0 0 
7.3e HDPE Tees 8" x 8" x 8", installed & buried ea 310.00 0 0 
7.3f HDPE Tees 6" x 6" x 6", installed & buried ea 250.00 0 0 
7.4 Valves & Appurtenances 
7.4a Buried butterfly isolation valves: 10" ea 2000.00 0 0 
7.4b Buried butterfly isolation valves: 8" ea 1600.00 0 0 
7.4c LANDTEC GEM-500 LFG analyzer Is 6395.00 0 0 
7.5 Condensate Piping If 5.00 0 0 
7.6 Condensate Pump Stations ea 50,000 0 0 
7.7 Condensate Storage Tank Allowance ea 25,000 0 0 
Total 0 
8.0 PERIMETER LF GAS COLLECTION SYSTEM 
8.1 Vault, Gauges, Fittings and Other Costs well 4,250 0 0 
8.2 Screen, Casing and Other Well Footage Costs If 196.00 0 0 
8.3 Header Pipe: HDPE 
8.3a 10" HDPE Header Pipe, buried If 27.60 0 0 
8.3b 6" HDPE Header Pipe, buried If 18.50 0 0 
8.3c "Blueboard" thermal insulation If 1.50 0 1 

8.3d HDPE Tees 10" x 10" x 6", installed & buried ea 430.00 0 0^ 
8.4 Valves & Appurtenances ea 2000.00 0 0 
Total 0 
9.0 LF GAS TREATMENT PLANT 
9.1 Access Roads sy 5.56 0 0 
9.2 Electricity Service If 14.00 0 0 
9.3 Water Service If 5.00 0 0 
9.4 Internal & Perim. Coll. System Blowers & Motors Is 60,000 0 0 
9.5 Enclosed Flare and Appurtenances ea 179,400 0 0 
9.6 Foundation: 18" Structural Slab cy 350.00 0 0 
9.7 Photocatalytic Oxidation and Appurtenances Is 286,000 0 0 
9.8 Fence 8' Chain Link If 15.00 0 0 
Total 0 
10.0 GW DEPRESSION SYSTEM: COLLECTION 
1 0.1 Buried Piping If 8.00 0 0 
10.2 Pump Electrical If 4.00 0 0 
10.3 Pump Station Is 75,000 0 0 
10.4 Shallow Drain Piping & Installation If 40.00 0 0 
Total 0 
1 1 .0 LEACHATE COLLECTION SYSTEM 
11.1 Buried Piping If 5.00 0 0 
11.2 Pump Electrical If 4.00 0 0 
1 1 .3
1 1 .4

 Pump Station 
 Shallow Drain Piping & Installation 

Is 
If 

50,000 
40.00 

0 
0 

0 
o 

Total 
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DETAILED COST TABLE: ALTERNATIV E # 2 SENSITIVITY : BASE 
ITEM UNIT UNIT COST QUAN­ COST 

( $ / u n i t  ) TITY (Sl.OOO's ) 
12.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613,500 0 0 
12.5 Instrumentation Is 58,300 0 0 
12.6 Foundation: 18" Structural Slab cy 350.00 0 0 
12.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
12.8 Discharge Line If 8.00 0 0 
12.9 Groundwater Injection Wells ea 9,000 0 0 
12.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
1 3 .0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 0 0 
13.5 Instrumentation Is 20,289 0 0 
13.6 Foundation: 18" Structural Slab cy 350.00 0 0 
13.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
13.8 Discharge Line If 5.00 0 0 
13.9 Groundwater Injection Wells ea 9,000 0 0 
13.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
14.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 0 0 
14.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 88 
15.0 DECONTAMINATION AREA ­ TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 0 0 
Total 0 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 11 88 
16.2 Not Used 
16.3 Not Used 
16.4 LFG Control Contingency house 9,808 4 39 
Total 127 

TOTAL DIRECT CAPITAL COST 285 
REMEDIAL DESIGN ALLOWANCE @ 6% 17 
CONTINGENCY @ 20% 60 
TOTAL CAPITAL COSTS | 363 
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DETAILED COST TABLE ALTERNATIVE # 2 SENSITIVITY BASE 
ITEM UNIT UNIT COST QUAN­ COST 

( S / u n i t  ) TITY ($l,000's) 
ANNUA L COSTS Annua l Duration Net Presen^ 
17 0 ENVIRONMENTA L MONITORING ANNUA L Quantity Req'dQrs ) Va lued  ) 
17 1 Five Year Review ea 25,000 02 0 30 85 
17  2 Cap Inspection and Reporting ea 2500 0 0 0 
1 7 3 Groundwater Monitoring sample 1,740 51 30 1,511 
1 7 4 SW/Sediment Monitoring sample 2,710 22 30 1,015 
17 5 Ambient Air Monitoring sample 1,690 10 15 184 
176 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 2,880 
1 8 0 LANDFILL GAS COLLECTION AND TREATMENT 
181 O&M Labor 
18 la Operator® 1/2 shift/wk hr 49 0 0 0 
18 I b Overtime® 10% hr 65 0 0 0 
18 I  c Supervisory® 10% hr 75 0 0 0 
18 I d Administrative Costs Is 4,000 0 0 0 
18 2 Equipment Repair/Replacement Is 56,476 0 0 0 
18 3 Electricity Usage Internal System Blower kWhr 00 7 0 0 0 
18 4 Elec Usage Perimeter System Blower kWhr 007 0 0 0 
1 8 5 Condensate Transportation Internal System gal 03 5 0 0 0 
1 8 6 Condensate Transportation Perimeter System gal 0.35 0 0 0 
18 7 Condensate Disposal Internal System gal 1 44 0 0 0 
1 8 8 Condensate Disposal Perimeter System gal 1 44 0 0 0 
18 9 Auxiliary Fuel Usage cf 00 2 0 0 0 
181 0 Photocatalytic Oxidation O&M Is 27,816 0 0 0 
TOTAL ( 
19 0 G W/LE ACH ATE COLLECTION & TREATMENT 50 GPM •*» 

19 1 O&M Labor 
19 la Operator @ 1/2 shift/wk hr 49 0 0 0 
19 I  b Overtime® 10% hr 65 0 0 0 
19 I c Supervisory @ 10% hr 75 0 0 0 
19 Id Administrative Costs Is 4,000 0 0 0 
192 Feed Chemicals 1,000 gal 20 0 0 0 0 
193 Equipment Repair/Replacement Is 42,276 0 0 0 
19 4 Electricity Usage Collection kWhr 007 0 0 0 
19 5 Electricity Usage Treatment 1,000 gal 1 65 0 0 0 
1 9 6 Diposal of Residuals 1,000 gal 101 0 0 0 
TOTAL 0 
20 0 LEACHATE COLLECTION & TREATMENT 5 GPM 
20 1 O&M Labor 
20 la Operator® 1/2 shift/wk hr 49 0 0 0 
20 I b Overtime® 10% hr 65 0 0 0 
20 I c Supervisory® 10% hr 75 0 0 0 
20 I d Administrative Costs Is 4,000 0 0 0 
20 2 Feed Chemicals 1,000 gal 070 0 0 0 
20 3 Equipment Repair/Replacement Is 14,967 0 0 0 
20 4 Electricity Usage Collection kWhr 00 7 0 0 0 
20 5 Electricity Usage Treatment 1,000 gal 05 5 0 0 0 
20 6 Diposal of Residuals 1,000 gal 035 0 0 0 
Total r 
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DETAILED COST TABLE: ALTERNATIVE # SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ /un i t  ) TITY ($l,000's) 
21 .0 INSTITUTIONAL CONTROLS: ANNUA L COSTS 
21 .1 Groundwater Access Restrictions (Not Used) 
21 .2 Not Used 
21 .3 Not Used 
21 .4 LFG Control Contingency (Annual Inspections) house 500 4 15 22 
Total 22 

TOTAL PRESENT COST 2,902 
CONTINGENCY @ 20% 580 
TOTAL ANNUAL COSTS (Present Value in Sl.OOO's) 3,482 
TOTAL COST (in $l,000's) 3,845 

Notes: 

1) Net Present Value costs were cal­ 'DF)N 

culated using the following formula: NPV 

($l,000's) (>D F ­ 'INF ) 
where: 

(Unit cost) • (Annual quantity) 'DF discount factor or rate 

N duration of annual cost (years) 'INF inflation rate 
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G-4 Detailed Costs - Alternative #3a 



DETAILE D COST TABLE: ALTERNATIV E # 3a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN ­ COST 

( $ / u n i t  ) TITY (Sl.OOO's) 

CAPITAL COSTS: 
1 .0 GRADING & SITE PREP.: SOLID WASTE AREA 
1.1 Clearing and Grubbing acre 335.00 22.9 8 
1.2 Silt Fencing If 2.00 4,400 9 
1 .3 Drainage Ditches If 0.36 1,240 0 
1 .4 Detention Basins cy 4.00 3,025 12 
1 .5 Fence 8' Chain Link If 15.00 4,700 71 
Total 100 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 110,836 39 
2.2 Topsoil: 6" sy 3.50 110836 388 
2.3 Cover Layer: 18" cy 12.00 55,418 665 
2.4 Drainage Layer: Composite sy 3.60 110,836 399 
2.5 Geomembrane sf 0.43 997,524 429 
2.6 Low Permeability Layer: 12" cy 8.00 36,945 296 
2.7 Protective Layer: 6" cy 12.00 18,473 222 
2.8 Wetlands Replacement acre 50,000 0.1 5 
Total 2,442 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 7.4 i 

3.2 Silt Fencing If 2.00 2,200 4 
3.2 Drainage Ditches If 0.36 1,100 0 
3.4 Detention Basins cy 4.00 484 2 

3.5 Fence 8' Chain Link If 15.00 2,600 39 
Total 48 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 35,816 13 
4.2 Topsoil: 6" sy 3.50 35,816 125 
4.3 Cover Layer: 18" cy 12.00 17,908 215 
4.4 Drainage Layer: Composite sy 3.60 35,816 129 
4.5 Geomembrane sf 0.43 322,344 139 
4.6 Low Permeability Layer: 12" cy 8.00 11,939 96 
4.7 Gas Vent Layer: Composite sy 3.60 35,816 129 
4.8 Passive Gas Vents If 196.00 100 20 
Total 864 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 0 0 
5.2 Scrap Metal Transport cy 5.00 0 0 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 0 0 
5.4 Backfill With Reclaimed Soil cy 2.15 0 0 
5.5 Backfill With Clean Fill cy 11.00 0 0 
5.6 Vegetation sy 0.35 0 0 
5.7 Misceli ;eous Allowances Is 97,000 0 0 
5.8 Scrap I1 .tal Revenue Ib 0.02 0 0 
5.9 Supervision & Monitoring Labor day 300.00 0 0 
Total 0 
6.0 PERIMETER WETLANDS MITIGATION 
6.1 Wetlands & Buffer Zone replacement Is 80,000 0 4 
Total 4 

Page 1 of 5 



DETAILED COST TABLE ALTERNATIV E # 3a SENSITIVITY BASE 
ITEM UNIT UNIT COST QUAN ­ COST 

(S unit ) TITY (Sl.OOO's) 
7 0 INTERNAL LF GAS COLLECTION SYSTEM 
7 1 \ ault. Gauges, Fittings and Other Costs well 4,250 36 153 ̂  
7 2 Screen, Casing and Other W ell Footage Costs If 19600 900 176 
7  3 Header Pipe HOPE 
73 a 10" HOPE Header Pipe, buried If 2760 500 14 
7 3b 8" HOPE Header Pipe, buried If 2360 3,780 89 
7 3c 6" HOPE Header Pipe, buried If 1850 2,890 53 
7 3d "Blueboard" thermal insulation If 1 50 7,170 11 
7 3e HOPE Tees 8" x 8" x 8", installed & buried ea 31000 20 6 
7 3f HOPE Tees 6" x 6" x 6", installed & buried ea 25000 22 6 
7 4 Valves & Appurtenances 
7 4a Buried butterfly isolation valves 10" ea 2000 00 1 2 
7 4b Buried butterfly isolation valves 8" ea 160000 15 24 
7 4c LANDTEC GEM-500 LFG analyzer Is 6395 00 1 6 
7 5 Condensate Piping If 500 3,020 15 
7 6 Condensate Pump Stations ea 50,000 2 100 
7 7 Condensate Storage Tank Allowance ea 25,000 1 25 
Total 681 
8 0 PERIMETER LF GAS COLLECTION SYSTEM 
8 1 Vault, Gauges, Fittings and Other Costs well 4,250 26 111 
8 2 Screen, Casing and Other Well Footage Costs If 19600 572 112 
8 3 Header Pipe HOPE 
8 3 a 10" HOPE Header Pipe, buried If 2760 3,210 89 
8 3b 6" HOPE Header Pipe, buried If 1850 260 5 
8 3c "Blueboard" thermal insulation If 1 50 3,470 
8 3d HOPE Tees 10" x 10" x 6", installed & buried ea 43000 26 h _ 
8 4 Valves & Appurtenances ea 2000 00 3 6 
Total 338 
9 0 LF GAS TREATMENT PLANT 
9 1 Access Roads sy 556 4,222 23 
9 2 Electricity Service If 1400 1,600 22 
9 3 Water Service If 500 1,600 8 
9 4 Internal & Penm Coll System Blowers & Motors Is 60,000 1 60 
9 5 Enclosed Flare and Appurtenances ea 179,400 1 179 
9 6 Foundation 1 8" Structural Slab cy 35000 111 39 
9 7 Photocatalytic Oxidation and Appurtenances Is 286,000 0 0 
9 8 Fence 8' Cham Link If 1500 400 6 
Total 338 
100 GW DEPRESSION SYSTEM COLLECTION 
10 1 Buried Piping If 800 0 0 
1 0 2 Pump Electrical If 400 0 0 
10 3 Pump Station Is 75,000 0 0 
10 4 Shallow Drain Piping & Installation If 4000 0 0 
Total 0 
1 1 0 LEACHATE COLLECTION SYSTEM 
1 1 1 Buried Piping If 500 0 0 
1 1 2 Pump Electrical If 400 0 0 
1 1 3
1 1 4

 Pump Station 
 Shallow Dram Piping & Installation 

Is 
If 

50,000 
4000 

0 
0 

0 
n 

Total 
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DETAILED COST TABLE: ALTERNATIVE # 3a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

( S ' u n i t  ) TITY ($l,000's) 
1 2.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613.500 0 0 
12.5 Instrumentation Is 58,300 0 0 
12.6 Foundation: 18" Structural Slab cy 350.00 0 0 
12.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
12.8 Discharge Line If 8.00 0 0 
12.9 Groundwater Injection Wells ea 9,000 0 0 
12.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
1 3 .0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 0 0 
13.5 Instrumentation Is 20.289 0 0 
13.6 Foundation: 18" Structural Slab cy 350.00 0 0 
13.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
13.8 Discharge Line If 5.00 0 0 
1 3.9 Groundwater Injection Wells ea 9,000 0 0 
13.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
14.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 125 6 
14.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 94 
1 5 .0 DECONTAMINATION AREA - TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 1 50 
Total 50 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 11 88 
16.2 Not Used 
16.3 Not Used 
16.4 LFG Control Contingency house 9,808 0 0 
Total 88 

TOTAL DIRECT CAPITAL COST 5.047 
REMEDIAL DESIGN ALLOWANCE @ 6% 303 
CONTINGENCY @ 20% 1.070 
TOTAL CAPITAL COSTS 6.420 
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DETAILED COST TABLE: ALTERNATIVE * 3a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN- COST 

(S / unit) TITY (Sl.OOO's) 
ANNUA L COSTS: Annua l Duration Net Presen x 

1 7.0 ENVIRONMENTA L MONITORING: ANNUA L Quantity Req'd (yrs) Value (1 ) 
17.1 Five Year Review ea 25,000 0.20 30 85 
17.2 Cap Inspection and Reporting ea 2500 4 30 170 
17.3 Groundwater Monitoring sample 1,740 51 30 1,511 
17.4 SW/Sediment Monitoring sample 2,710 22 30 1,015 
1 7.5 Ambient Air Monitoring sample 1,690 10 15 184 
17.6 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 3,051 
1 8.0 LANDFILL GAS COLLECTION AND TREATMENT 
18.1 O&M Labor: 
18. la Operator® l/2shift/w k hr 49 1,040 15 555 
18.1b Overtime® 10% hr 65 104 15 74 
18.1c Supervisory® 10% hr 75 104 15 85 
18. Id Administrative Costs Is 4,000 1 15 44 
18.2 Equipment Repair/Replacement Is 56,476 1 15 615 
1 8.3 Electricity Usage Internal System Blower kWhr 0.07 36,291 15 28 
1 8.4 Elec. Usage Perimeter System Blower kWhr 0.07 108,872 15 83 
18.5 Condensate Transportation: Internal System gal 0.35 5,059 15 19 
1 8.6 Condensate Transportation: Perimeter System gal 0.35 53,348 15 201 
18.7 Condensate Disposal: Internal System gal 1.44 5,059 15 79 
1 8.8 Condensate Disposal: Perimeter System gal 1.44 53,348 15 837 
18.9 Auxiliary Fuel Usage cf 0.02 774,034 15 168 
18.10 Photocatalytic Oxidation O&M Is 27,816 0 0 0 
TOTAL 2.78' 
19.0 GW/LEACH ATE COLLECTION & TREATMENT- 50 GPM 
19.1 O&M Labor: 
19. la Operator® 1/2 shiftAvk hr 49 0 0 0 
19.1b Overtime® 10% hr 65 0 0 0 
19.1c Supervisory® 10% hr 75 0 0 0 
19. Id Administrative Costs Is 4,000 0 0 0 
19.2 Feed Chemicals 1,000 gal 2.00 0 0 0 
19.3 Equipment Repair/Replacement Is 42,276 0 0 0 
19.4 Electricity Usage: Collection kWhr 0.07 0 0 0 
19.5 Electricity Usage: Treatment 1,000 gal 1.65 0 0 0 
19.6 Diposal of Residuals 1,000 gal 1.01 0 0 0 
TOTAL 0 
20.0 LEACHATE COLLECTION & TREATMENT: 5 GPM 
20.1 O&M Labor: 
20. la Operator® 1/2 shift/ wk hr 49 0 0 0 
20. I b Overtime® 10% hr 65 0 0 0 
20. Ic Supervisory® 10% hr 75 0 0 0 
20. Id Administrative Costs Is 4.00J3 0 0 0 
20.2 Feed Chemicals 1,000 gal 0.70 0 0 0 
20.3 Equipment Repair/Replacement Is 14,967 0 0 0 
20.4 Electricity Usage: Collection kWhr 0.07 0 0 0 
20.5 Electricity Usage: Treatment 1,000 gal 0.55 0 0 0 
20.6 Diposal of Residuals 1,000 gal 0.35 0 0 0 
Total 0 
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DETAILED COST TABLE: ALTERNATIV E 3a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN ­ COST 

($ / unit ) TITY (Sl.OOO's ) 
21 0 INSTITUTIONAL CONTROLS: ANNUA L COSTS 
21 1 Groundwater Access Restrictions (Not Used) 
21 ̂ 2 Not Used 
21.3 Not Used 
21 4 LFG Control Contingency (Annual Inspections) house 500 0 0 0 
Total 0 

TOTAL PRESENT COST 5,838 
CONTINGENCY @ 20% 1,168 
TOTAL ANNUAL COSTS (Present Value in $l,000's) 7,005 
TOTAL COST (in $l,000's) 13,425 

Notes: 

1) Net Present Value costs were cal­ 1 - ( 1 + 'INF )N / ( 1 + 'DF )N 

culated using the following formula: NPV 

(Sl.OOO's) ('DF ­ 'INF ) 
where: 

A0 (Unit cost) • (Annual quantity) 'DF discount factor or rate 

N duration of annual cost (years) 'INF inflation rate 
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DETAILED COST TABLE: ALTERNATIV E # 3b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($/uni t  ) TITY ($l,000's) 

CAPITAL COSTS: 
1 .0 GRADING & SITE PREP.: SOLID WASTE AREA 
1.1 Clearing and Grubbing acre 335.00 22.9 8 
1.2 Silt Fencing If 2.00 4,400 9 
1 .3 Drainage Ditches If 0.36 1,240 0 
1 .4 Detention Basins cy 4.00 3,025 12 
1.5 Fence 8' Chain Lin k If 15.00 4,700 71 
Total 100 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 110,836 39 
2.2 Topsoil: 6" sy 3.50 110836 388 
2.3 Cover Layer: 18" cy 12.00 55,418 665 
2.4 Drainage Layer: Composite sy 3.60 110,836 399 
2.5 Geomembrane sf 0.43 997,524 429 
2.6 Low Permeability Layer: 12" cy 8.00 36,945 296 
2.7 Protective Layer: 6" cy 12.00 18,473 222 
2.8 Wetlands Replacement acre 50,000 0.1 5 
Total 2,442 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 7.4 2 
3.2 Silt Fencing If 2.00 2,200 4 
3.2 Drainage Ditches If 0.36 1,100 0 
3.4 Detention Basins cy 4.00 484 2 
3.5 Fence 8' Chain Link If 15.00 2,600 39 
Total 48 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 35,816 13 
4.2 Topsoil: 6" sy 3.50 35,816 125 
4.3 Cover Layer: 18" cy 12.00 17,908 215 
4.4 Drainage Layer: Composite sy 3.60 35,816 129 
4.5 Geomembrane sf 0.43 322,344 139 
4.6 Low Permeability Layer: 12" cy 8.00 11,939 96 
4.7 Gas Vent Layer: Composite sy 3.60 35,816 129 
4.8 Passive Gas Vents If 196.00 100 20 
Total 864 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 0 0 
5.2 Scrap Metal Transport cy 5.00 0 0 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 0 0 
5.4 Backfill With Reclaimed Soil cy 2.15 0 0 
5.5 Backfill With Clean Fill cy 11.00 0 0 
5.6 Vegetation sy 0.35 0 0 
5.7 Miscellaneous Allowances Is 97,000 0 0 
5.8 Scrap Metal Revenue Ib 0.02 0 0 
5.9 Supervision & Monitoring Labor day 300.00 0 0 
Total 0 
6.0 PERIMETER WETLANDS MITIGATION 
6.1 Wetlands & Buffer Zone replacement Is 80,000 0 4 
Total 4 
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DETAILED COST TABLE: ALTERNATIVE 3b SENSITIVITY : BASE 

7.0 
7.1 
7.2 
7.3 
7.3a 
7.3b 
7.3c 
7.3d 
7.3e 
7.3f 
7.4 
7.4a 
7.4b 
7.4c 
7.5 
7.6 
7.7 
Total 
8.0 
8.1 
8.2 
8.3 
8.3a 
8.3b 
8.3c 
8.3d 
8.4 
Total 
9.0 
9.1 
9.2 
9.3 
9.4 
9.5 
9.6 
9.7 
9.8 
Total 
10.0 
10.1 
10.2 
10.3 
10.4 
Total 
11.0 
11.1 
11.2 
11.3 
11.4 
Total 

ITEM 

INTERNAL LF GAS COLLECTION SYSTEM 
Vault. Gauges, Fittings and Other Costs 
Screen, Casing and Other Wel l Footage Costs 
Header Pipe: HOPE 
10" HOPE Header Pipe, buried 
8" HOPE Header Pipe, buried 
6" HOPE Header Pipe, buried 
"Blueboard" thermal insulation 
HOPE Tees 8" x 8" x 8", installed & buried 
HOPE Tees 6" x 6" x 6", installed & buried 
Valves & Appurtenances 
Buried butterfly isolation valves: 10" 
Buried butterfly isolation valves: 8" 
LANDTEC GEM-500 LFG analyzer 
Condensate Piping 
Condensate Pump Stations 
Condensate Storage Tank Allowance 

PERIMETER LF GAS COLLECTION SYSTEM 
Vault, Gauges, Fittings and Other Costs 
Screen, Casing and Other Well Footage Costs 
Header Pipe: HOPE 
1 0" HOPE Header Pipe, buried 
6" HOPE Header Pipe, buried 
"Blueboard" thermal insulation 
HDPE Tees 10" x 10" x 6", installed & buried 
Valves & Appurtenances 

LF GAS TREATMENT PLANT 
Access Roads 
Electricity Service 
Water Service 
Internal & Perim. Coll. System Blowers & Motors 
Enclosed Flare and Appurtenances 
Foundation: 18" Structural Slab 
Photocatalytic Oxidation and Appurtenances 
Fence 8' Chain Link 

GW DEPRESSION SYSTEM: COLLECTION 
Buried Piping 
Pump Electrical 
Pump Station 
Shallow Drain Piping & Installation 

LEACHATE COLLECTION SYSTEM 
Buried Piping 
Pump Electrical 
Pump Station 
Shallow Drain Piping & Installation 

UNIT 

well 
If 

If 
If 
If 
If 
ea 
ea 

ea 
ea 
Is 
If 
ea 
ea 

well 
If 

If 
If 
If 
ea 
ea 

sy 
If 
If 
Is 
ea 
cy 
Is 
If 

If 
If 
Is 
If 

If
 
If
 
Is 
If 

UNIT COST 
(S / unit ) 

4,250 
196.00 

27.60 
23.60 
18.50 

1.50 
310.00 
250.00 

2000.00 
1600.00 
6395.00 

5.00 
50,000 
25,000 

4,250 
196.00 

27.60 
18.50 

1.50 
430.00 

2000.00 

5.56 
14.00 
5.00 

60,000 
179,400 
350.00 

286,000 
15.00 

8.00 
4.00 

75,000 
40.00 

5.00 
4.00 

50,000 
40.00 

QUAN ­
TITY
 

36 
900 

500 
3,780 
2,890 
7,170 

20 
22 

1 
15 

1 
3,020 

2 

1 

26 
572 

3,210 
260 

3,470 
26 

3 

4,222 
1,600 
1,600 

1 
0 

111 
1 

400 

0 
0 
0 
0 

0 
0 
0 
0 

COST 
(Sl.OOO's) 

153 
176 

14 
89 
53 
11 
6 
6 

2 

24 
6 

15 
100 
25 

681 

11 1 
112 

89 
5 
' 

11^ 
6 

338 

23 
22 

8 
60 
0 

39 
286 

6 
445 

0 
0 
0 
0 
0 

0 
0 
0 
f 
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DETAILED COST TABLE: ALTERNATIVE # 3b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

( $ / u n i t  ) TITY (51,000's) 
1 2.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613,500 0 0 
12.5 Instrumentation Is 58,300 0 0 
12.6 Foundation: 18" Structural Slab cy 350.00 0 0 
12.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
12.8 Discharge Line If 8.00 0 0 
12.9 Groundwater Injection Wells ea 9,000 0 0 
12.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
1 3 .0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 0 0 
13.5 Instrumentation Is 20,289 0 0 
13.6 Foundation: 18" Structural Slab cy 350.00 0 0 
13.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
13.8 Discharge Line If 5.00 0 0 
1 3.9 Groundwater Injection Wells ea 9,000 0 0 
13.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
14.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 125 6 
14.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 94 
1 5.0 DECONTAMINATION AREA ­ TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 1 50 
Total 50 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 11 88 
16.2 Not Used 
16.3 Not Used 
1 6.4 LFG Control Contingency house 9,808 0 0 
Total 88 

TOTAL DIRECT CAPITAL COST 5,154 
REMEDIAL DESIGN ALLOWANCE @ 6% 309 
CONTINGENCY @ 20% 1,093 
TOTAL CAPITAL COSTS 6,556 
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DETAILED COST TABLE: ALTERNATIVE # 3b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY (Sl.OOO's) 
ANNUA L COSTS: Annual Duration Net Presen^ 
1 7.0 ENVIRONMENTA L MONITORING: ANNUAL Quantity Req'd (yrs) Value ( 1  ) 
17.1 Five Year Review ea 25,000 0.20 30 85 
17.2 Cap Inspection and Reporting ea 2500 4 30 170 
1 7.3 Groundwater Monitoring sample 1,740 51 30 1,511 
17.4 SW/Sediment Monitoring sample 2,710 22 30 1,015 
17.5 Ambient Air Monitoring sample 1,690 10 15 184 
17.6 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 3,051 
1 8.0 LANDFILL GAS COLLECTION AND TREATMENT 
18.1 O&M Labor: 
18. la Operator® 1/2 shift/wk hr 49 1,040 15 555 
IS . l  b Overtime® 10% hr 65 104 15 74 
18.1c Supervisory® 10% hr 75 104 15 85 
1 8. 1 d Administrative Costs Is 4,000 1 15 44 
18.2 Equipment Repair/Replacement Is 56,476 0 0 0 
18.3 Electricity Usage Internal System Blower kWhr 0.07 36,291 15 28 
1 8.4 Elec. Usage Perimeter System Blower kWh r 0.07 108,872 15 83 
1 8.5 Condensate Transportation: Internal System gaf 0.35 5,059 15 19 
1 8.6 Condensate Transportation: Perimeter System gal 0.35 53,348 15 201 
18.7 Condensate Disposal: Internal System gal 1.44 5,059 15 79 
1 8.8 Condensate Disposal: Perimeter System gal 1.44 53,348 15 837 
1 8.9 Auxiliary Fuel Usage cf 0.02 774,034 15 168 
18.10 Photocatalytic Oxidation O&M Is 27,816 1 15 303 
TOTAL 2,47 
19.0 GW/LEACHATE COLLECTION & TREATMENT: 50 GPM 
19.1 O&M Labor: 
19.1a Operator® 1/2 shift/wk hr 49 0 0 0 
19.1b Overtime® 10% hr 65 0 0 0 
19.1c Supervisory® 10% hr 75 0 0 0 
19. I d Administrative Costs Is 4,000 0 0 0 
19.2 Feed Chemicals 1,000 gal 2.00 0 0 0 
19.3 Equipment Repair/Replacement Is 42,276 0 0 0 
19.4 Electricity Usage: Collection kWhr 0.07 0 0 0 
19.5 Electricity Usage: Treatment 1,000 gal 1.65 0 0 0 
19.6 Diposal of Residuals 1,000 gal 1.01 0 0 0 
TOTAL 0 
20.0 LEACHATE COLLECTION & TREATMENT: 5 GPM 
20.1 O&M Labor: 
20. la Operator® 1/2 shift/wk hr 49 0 0 0 
20. Ib Overtime® 10% hr 65 0 0 0 
20. Ic Supervisory® 10% hr 75 0 0 0 
20. I d Administrative Costs Is 4,000 0 0 0 
20.2 Feed Chemicals 1,000 gal 0.70 0 0 0 
20.3 Equipment Repair/Replacement Is 14,967 0 0 0 
20.4 Electricity Usage: Collection kWhr 0.07 0 0 0 
20.5 Electricity Usage: Treatment 1,000 gal 0.55 0 0 0 
20.6 Diposal of Residuals 1, 000 gal 0.35 0 0 0 
Total f> 
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DETAILED COST TABLE: ALTERNATIVE # 3b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit) TITY (Sl.OOO's) 
21 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 
21 .1 Groundwater Access Restrictions (Not Used) 
21 .2 Not Used 
21 .3 Not Used 
21 .4 LFG Control Contingency (Annual Inspections) house 500 0 0 0 
Total 0 

TOTAL PRESENT COST 5,526 
CONTINGENCY @ 20% 1,105 
TOTAL ANNUAL COSTS (Present Value in Sl.OOO's) 6,631 
TOTAL COST (in $l,000's) 13,187 

Notes: 

1) Net Present Value costs were cal­ >DF)N 

culated using the following formula: NPV 

(Sl.OOO's) ('OF ­ ilNF ) 
where: 

A0 (Unit cost) • (Annual quantity) IDF discount factor or rate 

N duration of annual cost (years) ilNF inflation rate 
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G-6 Detailed Costs - Alternative #4a 



DETAILED COST TABLE: ALTERNATIVE # 4a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN ­ COST 

($ / unit ) TITY (Sl.OOO's) 

CAPITAL COSTS: 
.0 GRADING & SITE PREP.: SOLID WASTE AREA 
.1 Clearing and Grubbing acre 335.00 22.9 8 
.2 Silt Fencing If 2.00 4,400 9 
.3 Drainage Ditches If 0.36 1,240 0 
.4 Detention Basins cy 4.00 3,025 12 
.5 Fence 8' Chain Link If 15.00 4,700 71 

Total 100 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 110,836 39 
2.2 Topsoil: 6" sy 3.50 110836 388 
2.3 Cover Layer: 18" cy 12.00 55,418 665 
2.4 Drainage Layer: Composite sy 3.60 110,836 399 
2.5 Geomembrane sf 0.43 997,524 429 
2.6 Low Permeability Layer: 12" cy 8.00 36,945 296 
2.7 Protective Layer: 6" cy 12.00 18,473 222 
2.8 Wetlands Replacement acre 50,000 0.1 5 
Total 2,442 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 7.4 2 
3.2 Silt Fencing If 2.00 2,200 4 
3.2 Drainage Ditches If 0.36 1,100 0 
3.4 Detention Basins cy 4.00 484 2 
3.5 Fence 8' Chain Link If 15.00 2,600 39 
Total 48 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 35,816 13 
4.2 Topsoil: 6" sy 3.50 35,816 125 
4.3 Cover Layer: 18" cy 12.00 17,908 215 
4.4 Drainage Layer: Composite sy 3.60 35,816 129 
4.5 Geomembrane sf 0.43 322,344 139 
4.6 Low Permeability Layer: 12" cy 8.00 11,939 96 
4.7 Gas Vent Layer: Composite sy 3.60 35,816 129 
4.8 Passive Gas Vents If 196.00 100 20 
Total 864 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 0 0 
5.2 Scrap Metal Transport cy 5.00 0 0 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 0 0 
5.4 Backfill With Reclaimed Soil cy 2.15 0 0 
5.5 Backfill With Clean Fill cy 11.00 0 0 
5.6 Vegetation sy 0.35 0 0 
5.7 Miscellaneous Allowances Is 97,000 0 0 
5.8 Scrap Metal Revenue Ib 0.02 0 0 
5.9 Supervision & Monitoring Labor day 300.00 0 0 
Total 0 
6.0 PERIMETER WETLANDS MITIGATION 
6. 1 Wetlands & Buffer Zone replacement Is 80,000 1 40 
Total 40 
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DETAILED COST TABLE: ALTERNATIVE # 4a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN ­ COST 

(S / unit ) TITY (Sl,000's) 
7.0 INTERNAL LF GAS COLLECTION SYSTEM •*» 

7.1 Vault , Gauges, Fittings and Other Costs well 4,250 36 153 
7.2 Screen, Casing and Other Well Footage Costs If 196.00 900 176 
7.3 Header Pipe: HOPE 
7.3a 10" HOPE Header Pipe, buried If 27.60 500 14 
7.3b 8" HOPE Header Pipe, buried If 23.60 3,780 89 
7.3c 6" HOPE Header Pipe, buried If 18.50 2,890 53 
7.3d "Blueboard" thermal insulation If 1.50 7,170 11 
7.3e HOPE Tees 8" x 8" x 8", installed & buried ea 310.00 20 6 
7.3f HOPE Tees 6" x 6" x 6", installed & buried ea 250.00 22 6 
7.4 Valves & Appurtenances 
7.4a Buried butterfly isolation valves: 10" ea 2000.00 1 2 
7.4b Buried butterfly isolation valves: 8" ea 1600.00 15 24 
7.4c LANDTEC GEM-500 LFG analyzer Is 6395.00 1 6 
7.5 Condensate Piping If 5.00 3,020 15 
7.6 Condensate Pump Stations ea 50,000 2 100 
7.7 Condensate Storage Tank Allowance ea 25,000 1 25 
Total 681 
8.0 PERIMETER LF GAS COLLECTION SYSTEM 
8. 1 Vault, Gauges, Fittings and Other Costs well 4,250 26 11 1 
8.2 Screen, Casing and Other Well Footage Costs If 196.00 572 112 
8.3 Header Pipe: HOPE 
8.3a 10" HOPE Header Pipe, buried If 27.60 3,210 89 
8.3b 6" HOPE Header Pipe, buried If 18.50 260 5 
8.3c "Blueboard" thermal insulation If 1.50 3,470 
8.3d HOPE Tees 10" x 10" x 6", installed & buried ea 430.00 26 l i-
8.4 Valves & Appurtenances ea 2000.00 3 6 
Total 338 
9.0 LF GAS TREATMENT PLANT 
9. 1 Access Roads sy 5.56 4,222 23 
9.2 Electricity Service If 14.00 1,600 22 
9.3 Water Service If 5.00 1,600 8 
9.4 Internal & Perim. Coll. System Blowers & Motors Is 60,000 1 60 
9.5 Enclosed Flare and Appurtenances ea 179,400 1 179 
9.6 Foundation: 18" Structural Slab cy 350.00 111 39 
9.7 Photocatalytic Oxidation and Appurtenances Is 286,000 0 0 
9.8 Fence 8' Chain Lin k If 15.00 400 6 
Total 338 
10.0 GW DEPRESSION SYSTEM: COLLECTION 
10.1 Buried Piping If 8.00 0 0 
10.2 Pump Electrical If 4.00 0 0 
10.3 Pump Station Is 75,000 0 0 
10.4 Shallow Drain Piping & Installation If 40.00 0 0 
Total 0 
1 1 .0 LEACHATE COLLECTION SYSTEM 
11.1 Buried Piping If 5.00 2,100 11 
11.2 Pump Electrical If 4.00 2,100 8 
1 1 .3
1 1 .4

 Pump Station 
 Shallow Drain Piping & Installation 

Is 
If 

50,000 
40.00 

1 
750 

50 
3^ 

Total 
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DETAILED COST TABLE: ALTERNATIVE # 4a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY (Sl.OOO's) 
12.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613,500 0 0 
12.5 Instrumentation Is 58.300 0 0 
12.6 Foundation: 18" Structural Slab cy 350.00 0 0 
12.7 Structure: 20' Pre-engineered Buildin g sf 50.00 0 0 
12.8 Discharge Line If 8.00 0 0 
12.9 Groundwater Injection Wells ea 9,000 0 0 
12.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
13 .0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 1 214 
13.5 Instrumentation Is 20,289 1 20 
13.6 Foundation: 18" Structural Slab cy 350.00 200 70 
13.7 Structure: 20' Pre-engineered Building sf 50.00 3,600 180 
13.8 Discharge Line If 5.00 500 3 
13.9 Groundwater Injection Wells ea 9,000 2 18 
13.10 Fence 8' Chain Link If 15.00 150 2 
Total 507 
14.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 125 6 
1 4.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 94 
1 5.0 DECONTAMINATION AREA - TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 1 50 
Total 50 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 11 88 
16.2 Not Used 
16.3 Not Used 
16.4 LFG Control Contingency house 9,808 0 0 
Total 88 

TOTAL DIRECT CAPITAL COST 5,689 
REMEDIAL DESIGN ALLOWANCE @ 6% 341 
CONTINGENCY @ 20% 1,206 
TOTAL CAPITAL COSTS | 7,236 
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DETAILE D COST TABLE ALTERNATIVE # 4a SENSITIVITY BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit) TITY (SI, OOOs) 
ANNUAL COSTS Annual Duration Net Preset 
170 ENVIRONMENTAL MONITORING ANNUAL Quantify Req'd (yrs) Value (1)" 
1 7  1 Five Year Review ea 25,000 02 0 30 85 
1 7 2 Cap Inspection and Reporting ea 2500 4 30 170 
1 7 3 Groundwater Monitoring sample 1,740 51 30 1,511 
17 4 SW/Sediment Monitoring sample 2,710 22 30 1,015 
17 5 Ambient Air Monitoring sample 1,690 10 15 184 
1 7 6 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 3,051 
18 0 LANDFILL GAS COLLECTION AND TREATMENT 
18 1 O&M Labor 
18 la Operator© l/2shiftAv k hr 49 1,040 15 555 
18 I  b Overtime® 10% hr 65 104 15 74 
18 Ic Supervisory® 10% hr 75 104 15 85 
18 Id Administrative Costs Is 4,000 1 15 44 
1 8 2 Equipment Repair/Replacement Is 56,476 1 15 615 
18 3 Electricity Usage Internal System Blower kWhr 00 7 36,291 15 28 
184 Elec Usage Perimeter System Blower kWh r 00 7 108,872 15 83 
1 8 5 Condensate Transportation Internal System gal 03 5 5,059 15 19 
1 8 6 Condensate Transportation Perimeter System gal 035 53,348 15 201 
18 7 Condensate Disposal Internal System gal 1 44 5,059 15 79 
18 8 Condensate Disposal Perimeter System gal 1 44 53,348 15 837 
18 9 Auxiliary Fuel Usage cf 00 2 774,034 15 168 
1810 Photocatalytic Oxidation O&M Is 27,816 0 0 0 
TOTAL 2,78 
19 0 GW/LEACHATE COLLECTION & TREATMENT 50 GPM 
19 1 O&M Labor 
19 la Operator® 1/2 shift/ wk hr 49 0 0 0 
19 I b Overtime® 10% hr 65 0 0 0 
19 Ic Supervisory® 10% hr 75 0 0 0 
19 I d Administrative Costs Is 4,000 0 0 0 
192 Feed Chemicals 1,000 gal 20 0 0 0 0 
19 3 Equipment Repair/Replacement Is 42,276 0 0 0 
194 Electricity Usage Collection kWhr 007 0 0 0 
19 5 Electricity Usage Treatment 1 ,000 gal 1 65 0 0 0 
196 Diposal of Residuals 1,000 gal 1 01 0 0 0 
TOTAL 0 
200 LEACHATE COLLECTION & TREATMENT 5 GPM 
20 1 O&M Labor 
20 la Operator® 1/2 shift/wk hr 49 1,040 30 868 
20 I  b Overtime® 10% hr 65 104 30 115 
20 Ic Supervisory® 10% hr 75 104 30 133 
20 Id Administrative Costs Is 4,000 1 30 68 
20 2 Feed Chemicals 1,000 gal 070 2,628 30 31 
20 3 Equipment Repair/Replacement Is 14,967 1 30 255 
20 4 Electricity Usage Collection kWhr 007 7,258 30 9 
20 5 Electricity Usage Treatment 1,000 gal 055 2,628 30 25 
20 6 Diposal of Residuals 1,000 gal 035 2,628 30 16 
Total 1,51° 
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DETAILED COST TABLE: ALTERNATIVE# 4a SENSITIVITY: BASE 

ITEM UNIT UNIT COST QUAN­ COST 
(S / unit) TITY ($l,000's) 

21 0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 
21 1 Groundwater Access Restrictions (Not Used) 
21 2 Not Used 
21 3 Not Used 
21 4 LFG Control Contingency (Annual Inspections) house 500 0 0 0 
Total 0 

TOTAL PRESENT COST 7,357 

CONTINGENCY @ 20% 1,471 
TOTAL ANNUAL COSTS (Present Value in $l,000's) 8,828 
TOTAL COST (in $l,000's) 16,064 

Notes: 

1 ) Net Present Value costs were cal­ 1 - ( 1 + ilNF )N / ( 1 + 'DF )N 

culated using the following formula: NPV 

($l,000's) ( IDF ­ 'INF ) 
where: 

A0 (Unit cost) • (Annual quantity) "DF discount factor or rate 

N duration of annual cost (years) 'INF inflation rate 
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G-7 Detailed Costs - Alternative #4b 



DETAILED COST TABLE: ALTERNATIVE# 4b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN ­ COST 

( $ / u n i t  ) TITY (Sl.OOO's) 

CAPITAL COSTS: 
1 .0 GRADING & SITE PREP.: SOLID WASTE AREA 
1 .1 Clearing and Grubbing acre 335.00 22.9 8 
1.2 Silt Fencing If 2.00 4,400 9 
1 .3 Drainage Ditches If 0.36 1,240 0 
1 .4 Detention Basins cy 4.00 3,025 12 
1 .5 Fence 8' Chain Link If 15.00 4,700 71 
Total 100 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 121,920 43 
2.2 Topsoil: 6" sy 3.50 121920 427 
2.3 Cover Layer: 18" cy 12.00 60,960 732 
2.4 Drainage Layer: Composite sy 3.60 121,920 439 
2.5 Geomembrane sf 0.43 1,097,276 472 
2.6 Low Permeability Layer: 12" cy 8.00 40,640 325 
2.7 Protective Layer: 6" cy 12.00 20,320 244 
2.8 Wetlands Replacement acre 50,000 0.1 5 
Total 2,686 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 7 2 
3.2 Silt Fencing If 2.00 2,200 4 
3.2 Drainage Ditches If 0.36 0 0 
3.4 Detention Basins cy 4.00 0 0 
3.5 Fence 8' Chain Link If 15.00 2,600 39 
Total 46 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 0 0 
4.2 Topsoil: 6" sy 3.50 0 0 
4.3 Cover Layer: 1 8" cy 12.00 0 0 
4.4 Drainage Layer: Composite sy 3.60 0 0 
4.5 Geomembrane sf 0.43 0 0 
4.6 Low Permeability Layer: 12" cy 8.00 0 0 
4.7 Gas Vent Layer: Composite sy 3.60 0 0 
4.8 Passive Gas Vents If 196.00 0 0 
Total 0 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 114,000 1,026 
5.2 Scrap Metal Transport cy 5.00 37,500 188 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 30,900 46 
5.4 Backfill With Reclaimed Soil cy 2.15 45,600 98 
5.5 Backfill With Clean Fill cy 11.00 50,000 550 
5.6 Vegetation sy 0.35 35,816 13 
5.7 Miscellaneous Allowances Is 97,000 1 97 
5.8 Scrap Metal Revenue Ib 0.02 3.00E+07 600 
5.9 Supervision & Monitoring Labor day 300.00 114 34 
Total 2,652 
6.0 PERIMETER WETLANDS MITIGATION 
6. 1 Wetlands & Buffer Zone replacement Is 80,000 1 40 
Total 40 
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DETAILED COST TABLE ALTERNATIVE 4b SENSITIVITY BASE 
ITEM 

7 0 INTERNA L LF GAS COLLECTION SYSTEM 
7 1 Vault, Gauges, Fittings and Other Costs 
7 2 Screen. Casing and Other \Vell Footage Costs 
7  3 Header Pipe HOPE 
7 3a 10" HOPE Header Pipe, buried 
7 3b 8" HOPE Header Pipe, buried 
7 3c 6" HOPE Header Pipe, buried 
7 3d "Blueboard" thermal insulation 
7 3e HOPE Tees 8" x 8" x 8", installed & buried 
7 3f HOPE Tees 6" x 6" x 6", installed & buried 
7 4 Valves & Appurtenances 
7 4a Buried butterfly isolation valves 1 0" 
7 4b Buried butterfly isolation valves 8" 
7 4c LANDTEC GEM-500 LFG analyzer 
7 5 Condensate Piping 
7 6 Condensate Pump Stations 
7 7 Condensate Storage Tank Allowance 
Total 
8 0 PERIMETER LF GAS COLLECTION SYSTEM 
8 1 Vault, Gauges, Fittings and Other Costs 
8 2 Screen, Casing and Other Well Footage Costs 
8 3 Header Pipe HOPE 
8 3a 10" HOPE Header Pipe, buried 
8 3b 6" HOPE Header Pipe, buried 
8 3c "Blueboard" thermal insulation 
8 3d HOPE Tees 10" x 10" x 6", installed & buried 
8 4 Valves & Appurtenances 
Total 
9 0 LF GAS TREATMENT PLANT 
9 1 Access Roads 
9 2 Electricity Service 
9 3 Water Service 
9 4 Internal &. Penm Coll System Blowers & Motors 
9 5 Enclosed Flare and Appurtenances 
9 6 Foundation 1 8" Structural Slab 
9 7 Photocatalytic Oxidation and Appurtenances 
9 8 Fence 8' Cham Link 
Total 
100 GW DEPRESSION SYSTEM COLLECTION 
101 Buried Piping 
10 2 Pump Electrical 
103 Pump Station 
10 4 Shallow Drain Piping & Installation 
Total 
1 1 0 LEACHATE COLLECTION SYSTEM 
1 1 1 Buried Piping 
1 1 2 Pump Electrical 
1 1 3 Pump Station 
1 1 4 Shallow Dram Piping & Installation 
Total 

UNIT 

well 
If 

If 
If 
If 
If 
ea 
ea 

ea 
ea 
Is 
If 
ea 
ea 

well 
If 

If 
If 
If 
ea 
ea 

sy 
If 
If 
Is 
ea 
cy 
Is 
If 

If 
If 
Is 
If 

If 
If 
Is 
If 

UNIT COST 
(S /unit  ) 

4,250 
19600 

2760 
2360 
1850 

1 50 
31000 
25000 

2000 00 
160000 
6395 00 

500 
50,000 
25,000 

4,250 
19600 

2760 
1850 

1 50 
43000 

2000 00 

556 
1400 
500 

60,000 
179,400 
35000 

286,000 
1500 

800 
400 

75,000 
4000 

500 
400 

50,000 
40.00 

QUAN­
TITY 

36 
900 

500 
3,780 
2,890 
7,170 

20 
22 

t 
15 

1 
3,020 

2 
1 

26 
572 

3,210 
260 

3,470 
26 
3 

4,222 
1,600 
1,600 

1 
1 

111 
0 

400 

0 
0 
0 
0 

2,100 
2,100 

1 
750 

COST 
($ l.OOOs) 

•»» 

153 
176 

14 
89 
53 
11 
6 
6 

2 
24 
6 

15 
100 
25 

681 

111 
112 

89 
5 

i r  ­
6 

338 

23 
22 

8 
60 

179 
39 
0 
6 

338 

0 
0 
0 
0 
0 

1 1 
8 

50 
if 
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DETAILED COST TABLE: ALTERNATIVE # 4b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

(S / unit ) TITY (Sl.OOO's) 
12.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613,500 0 0 
12.5 Instrumentation Is 58,300 0 0 
12.6 Foundation: 18" Structural Slab cy 350.00 0 0 
12.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
12.8 Discharge Line If 8.00 0 0 
12.9 Groundwater Injection Wells ea 9,000 0 0 
12.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
13.0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 1 214 
13.5 Instrumentation Is 20,289 1 20 
13.6 Foundation: 18" Structural Slab cy 350.00 200 70 
13.7 Structure: 20' Pre-engineered Building sf 50.00 3,600 180 
13.8 Discharge Line If 5.00 500 3 
13.9 Groundwater Injection Wells ea 9,000 2 18 
13.10 Fence 8' Chain Link If 15.00 150 2 
Total 507 
14.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 125 6 
14.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 94 
1 5.0 DECONTAMINATION AREA ­ TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 1 50 
Total 50 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 11 88 
16.2 Not Used 
16.3 Not Used 
16.4 LFG Control Contingency house 9,808 0 0 
Total 88 

TOTAL DIRECT CAPITAL COST 7,717 
REMEDIAL DESIGN ALLOWANCE @ 6% 463 
CONTINGENCY @ 20% 1,636 
TOTAL CAPITAL COSTS | 9,816 
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DETAILED COST TABLE ALTERNATIVE * 4b SENSITIVITY BASE 
ITEM UNIT UNIT COST QUAN- COST 

(S 'unit  ) TITY ($ 1,000s) 
ANNUA L COSTS Annual Duration Net Preset v 

17 0 ENVIRONMENTA L MONITORIN G ANNUA L Quantity Req'd (yrs) V a l u e d  ) 
17 1 Five Year Review ea 25,000 02 0 30 85 
17 2 Cap Inspection and Reporting ea 2500 4 30 170 
173 Ground water Monitoring sample 1,740 51 30 1,511 
17 4 S W/Sediment Monitoring sample 2,710 22 30 1,015 
1 7 5 Ambient Air Monitoring sample 1,690 10 15 184 
17 6 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 3,051 
1 8 0 LANDFILL GAS COLLECTION AND TREATMENT 
181 O&M Labor 
18 la Operator® 1/2 shift/wk hr 49 1,040 15 555 
18 I  b Overtime® 10% hr 65 104 15 74 
18 Ic Supervisory® 10% hr 75 104 15 85 
18 Id Administrative Costs Is 4,000 1 15 44 
1 8 2 Equipment Repair/Replacement Is 56,476 1 15 615 
18 3 Electricity Usage Internal System Blower kWhr 007 36,291 15 28 
184 Elec Usage Perimeter System Blower kWhr 007 108,872 15 83 
1 8 5 Condensate Transportation Internal System gal 03 5 5,059 15 19 
1 8 6 Condensate Transportation Perimeter System gal 03 5 53,348 15 201 
18 7 Condensate Disposal Internal System gal 1 44 5,059 15 79 
18 8 Condensate Disposal Perimeter System gal 1 44 53,348 15 837 
189 Auxiliary Fuel Usage cf 002 774,034 15 168 
18 10 Photocatalytic Oxidation O&M Is 27,816 0 0 0 
TOTAL 2,78 
19 0 GW/LEACHATE COLLECTION & TREATMENT 50 GPM •-••» 

19 1 O&M Labor 
19 la Operator® 1/2 shift/wk hr 49 0 0 0 
19 I b Overtime® 10% hr 65 0 0 0 
19 I c Supervisory @ 10% hr 75 0 0 0 
19 I d Administrative Costs Is 4,000 0 0 0 
19 2 Feed Chemicals 1,000 gal 20 0 0 0 0 
19 3 Equipment Repair/Replacement Is 42,276 0 0 0 
194 Electricity Usage Collection kWhr 007 0 0 0 
195 Electricity Usage Treatment 1,000 gal 165 0 0 0 
196 Diposal of Residuals 1,000 gal 1 01 0 0 0 
TOTAL 0 
20 0 LEACHATE COLLECTION & TREATMENT 5 GPM 
20 1 O&M Labor 
20 la Operator® 1/2 shift/wk hr 49 1,040 1 48 
20 I b Overtime® 10% hr 65 104 1 6 
20 I c Supervisory @ 10% hr 75 104 1 7 
20 Id Administrative Costs Is 4,000 1 1 4 

t20 2 Feed Chemicals 1,000 gal 07 0 2,628 1 
20 3 Equipment Repair/Replacement Is 14,967 1 1 14 
20 4 Electricity Usage Collection kWhr 007 7,258 1 0 
20 5 Electricity Usage Treatment 1,000 gal 055 2,628 1 1 
20 6 Diposal of Residuals 1,000 gal 03 5 2,628 1 1 
Total 8' 
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DETAILED COST TABLE: ALTERNATIVE # 4b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit) TITY (Sl.OOO's) 
21.0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 
21.1 Groundwater Access Restrictions (Not Used) 
21.2 Not Used 
21.3 Not Used 
21.4 LFG Control Contingency (Annual Inspections) house 500 0 
Total 0 

TOTAL PRESENT COST 5,921 
CONTINGENCY @ 20% 1,184 
TOTAL ANNUAL COSTS (Present Value in $l,000's) 
TOTAL COST (in $l,000's) 

Notes: 

1) Net Present Value costs were cal­ 1 - ( 1 + ijNF )N / ( 1 + iDF )N 

culated using the following formula: NPV 

($l,000's) (>D F ­ 'INF ) 
where: 

A0 (Unit cost) • (Annual quantity) IDF discount factor or rate 

N duration of annual cost (years) 'INF inflation rate 
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DETAILED COST TABLE: ALTERNATIVE# 5a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY (Sl.OOO's ) 

CAPITAL COSTS: 
1 .0 GRADING & SITE PREP.: SOLID WASTE AREA 
1 .1 Clearing and Grubbing acre 335.00 22.9 8 
1.2 Silt Fencing If 2.00 4,400 9 
1 .3 Drainage Ditches If 0.36 1,240 0 
1 .4 Detention Basins cy 4.00 3,025 12 
1 .5 Fence 8' Chain Link If 15.00 4,700 71 
Total 100 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 110,836 39 
2.2 Topsoil: 6" sy 3.50 110836 388 
2.3 Cover Layer: 18" cy 12.00 55,418 665 
2.4 Drainage Layer: Composite sy 3.60 110,836 399 
2.5 Geomembrane sf 0.43 997,524 429 
2.6 Low Permeability Layer: 12" cy 8.00 36,945 296 
2.7 Protective Layer: 6" cy 12.00 18,473 222 
2.8 Wetlands Replacement acre 50,000 0.1 5 
Total 2,442 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 7.4 2 
3.2 Silt Fencing If 2.00 2,200 4 
3.2 Drainage Ditches If 0.36 1,100 0 
3.4 Detention Basins cy 4.00 484 2 
3.5 Fence 8' Chain Link If 15.00 2,600 39 
Total 48 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 35,816 13 
4.2 Topsoil: 6" sy 3.50 35,816 125 
4.3 Cover Layer: 18" cy 12.00 17,908 215 
4.4 Drainage Layer: Composite sy 3.60 35,816 129 
4.5 Geomembrane sf 0.43 322,344 139 
4.6 Low Permeability Layer: 12" cy 8.00 11,939 96 
4.7 Gas Vent Layer: Composite sy 3.60 35,816 129 
4.8 Passive Gas Vents If 196.00 100 20 
Total 864 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 0 0 
5.2 Scrap Metal Transport cy 5.00 0 0 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 0 0 
5.4 Backfill With Reclaimed Soil cy 2.15 0 0 
5.5 Backfill With Clean Fill cy 11.00 0 0 
5.6 Vegetation sy 0.35 0 0 
5.7 Miscellaneous Allowances Is 97,000 0 0 
5.8 Scrap Metal Revenue Ib 0.02 0 0 
5.9 Supervision & Monitoring Labor day 300.00 0 0 
Total 0 
6.0 PERIMETER WETLANDS MITIGATION 
6.1 Wetlands & Buffer Zone replacement Is 80,000 1 40 
Total 40 
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DETAILED COST TABLE: ALTERNATIV E # 5a SENSITIVITY: BASE 
ITEM 

7.0 INTERNA L LF GAS COLLECTION SYSTEM 
7.1 Vault, Gauges, Fittings and Other Costs 
7.2 Screen, Casing and Other Well Footage Costs 
7.3 Header Pipe: HOPE 
7.3a 10" HOPE Header Pipe, buried 
7.3b 8" HOPE Header Pipe, buried 
7.3c 6" HOPE Header Pipe, buried 
7.3d "Blueboard" thermal insulation 
7.3e HDPE Tees 8" x 8" x 8", installed & buried 
7.3f HDPE Tees 6" x 6" x 6", installed & buried 
7.4 Valves & Appurtenances 
7.4a Buried butterfly isolation valves: 10" 
7.4b Buried butterfly isolation valves: 8" 
7.4c LANDTEC GEM-500 LFG analyzer 
7.5 Condensate Piping 
7.6 Condensate Pump Stations 
7.7 Condensate Storage Tank Allowance 
Total 
8.0 PERIMETER LF GAS COLLECTION SYSTEM 
8.1 Vault, Gauges, Fittings and Other Costs 
8.2 Screen, Casing and Other Well Footage Costs 
8.3 Header Pipe: HDPE 
8.3a 10" HDPE Header Pipe, buried 
8.3b 6" HDPE Header Pipe, buried 
8.3c "Blueboard" thermal insulation 
8.3d HDPE Tees 10" x 10" x 6", installed & buried 
8.4 Valves & Appurtenances 
Total 
9.0 LF GAS TREATMENT PLANT 
9.1 Access Roads 
9.2 Electricity Service 
9.3 Water Service 
9.4 Internal & Perim. Coll. System Blowers & Motors 
9.5 Enclosed Flare and Appurtenances 
9.6 Foundation: 18" Structural Slab 
9.7 Photocatalytic Oxidation and Appurtenances 
9.8 Fence 8' Chain Link 
Total 
10.0 GW DEPRESSION SYSTEM: COLLECTION 
10.1 Buried Piping 
10.2 Pump Electrical 
10.3 Pump Station 
10.4 Shallow Drain Piping & Installation 
Total 
1 .0 LEACHATE COLLECTION SYSTEM 
1 .1 Buried Piping 
1 .2 Pump Electrical 
1 .3 Pump Station 
1 .4 Shallow Drain Piping & Installation 
Total 

UNIT 

well 
If 

If 
If 
If 
If 
ea 
ea 

ea 
ea 
Is 
If 
ea 
ea 

well 
If 

If 
If 
If 
ea 
ea 

sy 
If 
If 
Is 
ea 
cy 
Is 
If 

If 
If 
Is 
If 

If 
If 
Is 
If 

UNIT COST 
( S / u n i t  ) 

4,250 
196.00 

27.60 
23.60 
18.50 

1.50 
310.00 
250.00 

2000.00 
1 600.00 
6395.00 

5.00 
50,000 
25,000 

4,250 
196.00 

27.60 
18.50 

1.50 
430.00 

2000.00 

5.56 
14.00 
5.00 

60,000 
179,400 
350.00 

286,000 
15.00 

8.00 
4.00 

75,000 
40.00 

5.00 
4.00 

50,000 
40.00 

QUAN­
TITY 

36 
900 

500 
3,780 
2,890 
7,170 

20 
22 

1 
15 

1 
1,470 

1 
1 

26 
572 

3,210 
260 

3,470 
26 
3 

4,222 
1,600 
1,600 

1 
1 

111 
0 

400 

1,550 
1,550 

1 
1,450 

2,100 
2,100 

1 
750 

COST 
(Sl.OOO's) 

153 
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14 
89 
53 
11 
6 
6 

2 
24 
6 
7 

50 
25 

623 

111 
112 

89 
5 
e 

11­
6 

338 

23 
22 
8 

60 
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39 
0 
6 

338 

12 
6 

75 
58 
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11 
8 

50 
3^ 
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DETAILED COST TABLE: ALTERNATIVE # 5a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY (Sl.OOO's) 
12.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613,500 1 614 
12.5 Instrumentation Is 58,300 1 58 
12.6 Foundation: 18" Structural Slab cy 350.00 500 175 
12.7 Structure: 20' Pre-engineered Building sf 50.00 9,000 450 
12.8 Discharge Line If 8.00 500 4 
12.9 Groundwater Injection Wells ea 9,000 5 45 
12.10 Fence 8' Chain Link If 15.00 150 2 
Total 1,348 
13.0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 0 0 
13.5 Instrumentation Is 20,289 0 0 
13.6 Foundation: 18" Structural Slab cy 350.00 0 0 
1 3.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
13.8 Discharge Line If 5.00 0 0 
13.9 Groundwater Injection Wells ea 9,000 0 0 
13.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
14.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 125 6 
14.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 94 
1 5.0 DECONTAMINATION AREA ­ TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 1 50 
Total 50 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 11 88 
16.2 Not Used 
16.3 Not Used 
16.4 LFG Control Contingency house 9,808 0 0 
Total 88 

TOTAL DIRECT CAPITAL COST 6,624 
REMEDIAL DESIGN ALLOWANCE @ 6% 397 
CONTINGENCY @ 20% 1,404 
TOTAL CAPITAL COSTS I 8,426 
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DETAILED COST TABLE ALTERNATIVE # 5a SENSITIVITY BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ /umt  ) TITY (SI OOOs) 
ANNUA L COSTS Annual Duration Net Presens. 
170 ENVIRONMENTAL MONITORING ANNUAL Quantity Req'd (yrs) Value ( 1 ) 
17 1 Five Year Review ea 25000 020 30 85 
1 7 2 Cap Inspection and Reporting ea 2500 4 30 170 
173 Groundwater Monitoring sample 1,740 51 30 1.511 
174 SW/Sediment Monitoring sample 2,710 22 30 1,015 
175 Ambient Air Monitoring sample 1,690 10 15 184 
176 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 3,051 
1 8 0 LANDFILL GAS COLLECTION AND TREATMENT 
181 O&M Labor 
18 la Operator® 1/2 shift/wk hr 49 1,040 15 555 
18 Ib Overtime® 10% hr 65 104 15 74 
18 Ic Supervisory® 10% hr 75 104 15 85 
18 I d Administrative Costs Is 4,000 1 15 44 
18 2 Equipment Repair/Replacement Is 56,476 1 15 615 
18 3 Electricity Usage Internal System Blower kWhr 00 7 36,291 15 28 
184 Elec Usage Perimeter System Blower kWhr 007 108,872 15 83 
1 8 5 Condensate Transportation Internal System gal 035 5,059 15 19 
1 8 6 Condensate Transportation Perimeter System gal 035 53,348 15 201 
1 8 7 Condensate Disposal Internal System gal 1 44 5,059 15 79 
1 8 8 Condensate Disposal Perimeter System gal 1 44 53,348 15 837 
189 Auxiliary Fuel Usage cf 002 774,034 15 168 
18 10 Photocatalytic Oxidation O&M Is 27,816 0 0 0 
TOTAL 2,78' 
19 0 GW/LEACH ATE COLLECTION & TREATMENT 50 GPM 
19 1 O&M Labor 
19 la Operator® 1/2 shift/wk hr 49 1,040 30 868 
19 I  b Overtime® 10% hr 65 104 30 115 
19 Ic Supervisory® 10% hr 75 104 30 133 
19 I d Administrative Costs Is 4,000 1 30 68 
192 Feed Chemicals 1,000 gal 200 26,280 30 895 
193 Equipment Repair/Replacement Is 42,276 1 30 720 
194 Electricity Usage Collection kWhr 007 14,516 30 17 
19 5 Electricity Usage Treatment 1,000 gal 1 65 26,280 30 738 
196 Diposal of Residuals 1,000 gal 1 01 26,280 30 452 
TOTAL 4,006 
20 0 LEACHATE COLLECTION &. TREATMENT 5 GPM 
20 1 O&M Labor 
20 la Operator® 1 2 shift/wk hr 49 0 0 0 
20 Ib Overtime® 10% hr 65 0 0 0 
20 Ic Supervisory® 10% hr 75 0 0 0 
20 I d Administrative Costs Is 4,000 0 0 0 
20 2 Feed Chemicals 1 ,000 gal 07 0 0 0 0 
20 3 Equipment Repair/Replacement Is 14,967 0 0 0 
20 4 Electricity Usage Collection kWhr 007 0 0 0 
20 5 Electricity Usage Treatment 1,000 gal 05 5 0 0 0 
20 6 Diposal of Residuals 1,000 gal 035 0 0 0 
Total r 
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DETAILED COST TABLE: ALTERNATIVE# 5a SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY ($l,000's) 
21 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 
21 .1 Groundwater Access Restrictions (Not Used) 
21 .2 Not Used 
21 .3 Not Used 
21 .4 LFG Control Contingency (Annual Inspections) house 500 0 0 0 
Total 0 

TOTAL PRESENT COST 9,844 
CONTINGENCY @ 20% 1,969 
TOTAL ANNUAL COSTS (Present Value in $l,000's) 11,813 
TOTAL COST (in $l,000's) 20,239 

Notes: 

1) Net Present Value costs were cal­ + « I N F )  N /  d + 'DF)N 

culated using the following formula: NPV 

($l,000's) ( IDF ­ "INF ) 
where: 

A0 (Uni t cost) • (Annual quantity) "DF discount factor or rate 

N duration of annual cost (years) 'INF inflation rate 
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G-9 Detailed Costs - Alternative #5b 



DETAILE D COST TABLE: ALTERNATIV E # 5b SENSITIVITY : BASE 
ITEM UNIT UNIT COST QUAN­ COST 

($ / unit ) TITY (Sl.OOO's ) 

CAPITA L COSTS: 
1 .0 GRADING & SITE PREP.: SOLID WASTE AREA 
1 .1 Clearing and Grubbing acre 335.00 22.9 8 
1.2 Silt Fencing If 2.00 4,400 9 
1 .3 Drainage Ditches If 0.36 1,240 0 
1 .4 Detention Basins cy 4.00 3,025 12 
1.5 Fence 8' Chain Lin k If 15.00 4,700 71 
Total 100 
2.0 CAPPING: SOLID WASTE AREA 
2.1 Vegetation sy 0.35 121,920 43 
2.2 Topsoil: 6" sy 3.50 121920 427 
2.3 Cover Layer: 18" cy 12.00 60,960 732 
2.4 Drainage Layer: Composite sy 3.60 121,920 439 
2.5 Geomembrane sf 0.43 1,097,276 472 
2.6 Low Permeability Layer: 12" cy 8.00 40,640 325 
2.7 Protective Layer: 6" cy 12.00 20,320 244 
2.8 Wetlands Replacement acre 50,000 0.1 5 
Total 2,686 
3.0 GRADING & SITE PREP.: BULKY WASTE AREA 
3.1 Clearing and Grubbing acre 335.00 7 2 
3.2 Silt Fencing If 2.00 2,200 4 
3.2 Drainage Ditches If 0.36 0 0 
3.4 Detention Basins cy 4.00 0 0 
3.5 Fence 8' Chain Link If 15.00 2,600 39 
Total 46 
4.0 CAPPING: BULKY WASTE AREA 
4.1 Vegetation sy 0.35 0 0 
4.2 Topsoil: 6" sy 3.50 0 0 
4.3 Cover Layer: 18" cy 12.00 0 0 
4.4 Drainage Layer: Composite sy 3.60 0 0 
4.5 Geomembrane sf 0.43 0 0 
4.6 Low Permeability Layer: 12" cy 8.00 0 0 
4.7 Gas Vent Layer: Composite sy 3.60 0 0 
4,8 Passive Gas Vents If 196.00 0 0 
Total 0 
5.0 LANDFILL MINING 
5.1 Waste Removal and Segregation cy 9.00 1 14,000 1,026 
5.2 Scrap Metal Transport cy 5.00 37,500 188 
5.3 Transport Non-recyclables to Solid Waste Area cy 1.50 30,900 46 
5.4 Backfill With Reclaimed Soil cy 2.15 45,600 98 
5.5 Backfill With Clean Fill cy 11.00 50,000 550 
5.6 Vegetation sy 0.35 35,816 13 
5.7 Miscellaneous Allowances Is 97,000 1 97 
5.8 Scrap Metal Revenue Ib 0.02 3.00E+07 600 
5.9 Supervision & Monitoring Labor day 300.00 114 34 

Total 2,652 
6.0 PERIMETER WETLANDS MITIGATION 
6. 1 Wetlands & Buffer Zone replacement Is 80,000 1 40 
Total 40 
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DETAILED COST TABLE: ALTERNATIVE# 5b SENSITIVITY: BASE 
ITEM 

7.0 INTERNA L LF GAS COLLECTION SYSTEM 
7. 1 Vault, Gauges, Fittings and Other Costs 
7.2 Screen, Casing and Other Well Footage Costs 
7.3 Header Pipe: HOPE 
7.3a 10" HOPE Header Pipe, buried 
7.3b 8" HOPE Header Pipe, buried 
7.3c 6" HOPE Header Pipe, buried 
7.3d "Bluebeard" thermal insulation 
7.3e HOPE Tees 8" x 8" x 8", installed & buried 
7.3f HOPE Tees 6" x 6" x 6", installed & buried 
7.4 Valves & Appurtenances 
7.4a Buried butterfly isolation valves: 10" 
7.4b Buried butterfly isolation valves: 8" 
7.4c LANDTEC GEM-500 LFG analyzer 
7.5 Condensate Piping 
7.6 Condensate Pump Stations 
7.7 Condensate Storage Tank Allowance 
Total 
8.0 PERIMETER LF GAS COLLECTION SYSTEM 
8. 1 Vault, Gauges, Fittings and Other Costs 
8.2 Screen, Casing and Other Well Footage Costs 
8.3 Header Pipe: HOPE 
8.3a 1 0" HOPE Header Pipe, buried 
8.3b 6" HOPE Header Pipe, buried 
8.3c "Blueboard" thermal insulation 
8.3d HOPE Tees 10" x 10" x 6", installed & buried 
8.4 Valves & Appurtenances 
Total 
9.0 LF GAS TREATMENT PLANT 
9. 1 Access Roads 
9.2 Electricity Service 
9.3 Water Service 
9.4 Internal & Perim. Coll. System Blowers & Motors 
9.5 Enclosed Flare and Appurtenances 
9.6 Foundation: 18" Structural Slab 
9.7 Photocatalytic Oxidation and Appurtenances 
9.8 Fence 8' Chain Link 
Total 
10.0 GW DEPRESSION SYSTEM: COLLECTION 
10.1 Buried Piping 
10.2 Pump Electrical 
10.3 Pump Station 
10.4 Shallow Drain Piping & Installation 
Total 
1 1 .0 LEACHATE COLLECTION SYSTEM 
11. 1 Buried Piping 
1 1 .2 Pump Electrical 
1 1 .3 Pump Station 
1 1 .4 Shallow Drain Piping & Installation 
Total 

UNIT 

well 
If 

If 
If 
If 
If 
ea 
ea 

ea 
ea 
Is 
If 
ea 
ea 

well 
If 

If 
If 
If 
ea 
ea 

sy
if 
if 
Is 
ea 
cy 
Is 
If 

If 
If 
Is 
If 

If 
If 
Is 
If 

UNIT COST 
( $ /uni t  ) 

4.250 
196.00 

27.60 
23.60 
18.50 

1.50 
310.00 
250.00 

2000.00 
1600.00 
6395.00 

5.00 
50,000 
25,000 

4,250 
196.00 

27.60 
18.50 

1.50 
430.00 

2000.00 

5.56 
14.00 
5.00 

60,000 
179,400 
350.00 

286,000 
15.00 

8.00 
4.00 

75,000 
40.00 

5.00 
4.00 

50,000 
40.00 

QUAN­
TITY 

36 
900 

500 
3,780 
2,890 
7,170 

20 
22 

1 
15 

1 
1,470 

1 
1 

26 
572 

3,210 
260 

3,470 
26 

3 

4,222 
1,600 
1,600 

1 
1 

111 
0 

400 

1,550 
1,550 

1 
1,450 

2,100 
2,100 

1 
750 

COST 
(Sl.OOO's) 

153 
176 

14 
89 
53 
11 
6 
6 

2 
24 
6 
7 

50 
25 

623 

111 
112 

89 
5 
r 

11 ­
6 

338 

23 
22 

8 
60 

179 
39 
0 
6 

338 

12 
6 

75 
58 

152 

11 
8 

50 
3^ 
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DETAILED COST TABLE: ALTERNATIVE # 5b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

( $ / u n i t  ) TITY ($l,000's) 
1 2.0 50 GPM WATER TREATMENT PLANT 
12.1 Not Used 
12.2 Not Used 
12.3 Not Used 
12.4 Equipment Is 613,500 1 614 
12.5 Instrumentation Is 58,300 1 58 
12.6 Foundation: 18" Structural Slab cy 350.00 500 175 
12.7 Structure: 20' Pre-engineered Building sf 50.00 9,000 450 
12.8 Discharge Line If 8.00 500 4 
12.9 Groundwater Injection Wells ea 9,000 5 45 
12.10 Fence 8' Chain Link If 15.00 150 2 

Total 1,348 
13 .0 5 GPM WATER TREATMENT PLANT 
13.1 Not Used 
13.2 Not Used 
13.3 Not Used 
13.4 Equipment Is 213,500 0 0 
13.5 Instrumentation Is 20,289 0 0 
13.6 Foundation: 18" Structural Slab cy 350.00 0 0 
13.7 Structure: 20' Pre-engineered Building sf 50.00 0 0 
13.8 Discharge Line If 5.00 0 0 
13.9 Groundwater Injection Wells ea 9,000 0 0 
13.10 Fence 8' Chain Link If 15.00 0 0 
Total 0 
14.0 ENVIRONMENTAL MONITORING: CAPITAL COST 
14.1 Piezometer Installation If 50 125 6 
14.2 Soil Gas Probe Construction ea 2,500 35 88 
Total 94 
15.0 DECONTAMINATION AREA - TREATMENT PLANT AREA 
15.1 Decon Station Allowance Is 50,000 1 50 
Total 50 
16.0 INSTITUTIONAL CONTROLS 
16.1 GW Access Restrictions: Legal Fees lot 8,000 11 88 
16.2 Not Used 
16.3 Not Used 
1 6.4 LFG Control Contingency house 9,808 0 0 
Total 88 

TOTAL DIRECT CAPITAL COST 8,653 
REMEDIAL DESIGN ALLOWANCE @ 6% 519 
CONTINGENCY @ 20% 1,834 
TOTAL CAPITAL COSTS 11,006 
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DETAILED COST TABLE: ALTERNATIV E # 5b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

(S / unit ) TITY (Sl.OOO's) 
ANNUA L COSTS: Annual Duration Net Presenu 
17.0 ENVIRONMENTAL MONITORING: ANNUAL Quantity Req'd (yrs) Valu e (1 ) 
17.1 Five Year Review ea 25,000 0.20 30 85 
17.2 Cap Inspection and Reporting ea 2500 4 30 170 
17.3 Groundwater Monitoring sample 1,740 51 30 1,511 
17.4 SW/Sediment Monitoring sample 2,710 22 30 1,015 
17.5 Ambient Air Monitoring sample 1,690 10 15 184 
17.6 Soil Gas Monitoring sample 83 94 15 85 
TOTAL 3,051 
1 8.0 LANDFILL GAS COLLECTION AND TREATMENT 
18.1 O&M Labor: 
18. la Operator® 1/2 shift/wk hr 49 1,040 15 555 
IS. l  b Overtime® 10% hr 65 104 15 74 
IS.l  c Supervisory® 10% hr 75 104 15 85 
18. Id Administrative Costs Is 4,000 1 15 44 
18.2 Equipment Repair/Replacement Is 56,476 1 15 615 
18.3 Electricity Usage Internal System Blower kWhr 0.07 36,291 15 28 
1 8.4 Elec. Usage Perimeter System Blower kWh r 0.07 108,872 15 83 
18.5 Condensate Transportation: Internal System gal 0.35 5,059 15 19 
1 8.6 Condensate Transportation: Perimeter System gal 0.35 53,348 15 201 
18.7 Condensate Disposal: Internal System gal 1.44 5,059 15 79 
18.8 Condensate Disposal: Perimeter System gal 1.44 53,348 15 837 
18.9 Auxiliary Fuel Usage cf 0.02 774,034 15 168 
18.10 Photocatalytic Oxidation O&M Is 27,816 0 0 0 
TOTAL 2,787 
1 9.0 G W/LE ACH ATE COLLECTION & TREATMENT: 50 GPM 
19.1 O&M Labor: 
19. la Operator® 1/2 shift/wk hr 49 1,040 30 868 
I9.1b Overtime® 10% hr 65 104 30 115 
19.1c Supervisory® 10% hr 75 104 30 133 
19. I d Administrative Costs Is 4,000 1 30 68 
19.2 Feed Chemicals 1,000 gal 2.00 26,280 30 895 
19.3 Equipment Repair/Replacement Is 42,276 1 30 720 
1 9.4 Electricity Usage: Collection kWhr 0.07 14,516 30 17 
19.5 Electricity Usage: Treatment 1,000 gal 1.65 26,280 30 738 
19.6 Diposal of Residuals 1,000 gal 1.01 26,280 30 452 
TOTAL 4,006 
20.0 LEACHATE COLLECTION & TREATMENT: 5 GPM 
20.1 O&M Labor: 
20. la Operator® 1/2 shift/wk hr 49 0 0 0 
20. I  b Overtime® 10% hr 65 0 0 0 
20. I c Supervisory® 10% hr 75 0 0 0 
20. Id Administrative Costs Is 4,000 0 0 0 
20.2 Feed Chemicals 1,000 gal 0.70 0 0 0 
20.3 Equipment Repair/Replacement Is 14,967 0 0 0 
20.4 Electricity Usage: Collection kWhr 0.07 0 0 0 
20.5 Electricity Usage: Treatment 1,000 gal 0.55 0 0 0 
20.6 Diposal of Residuals 1,000 gal 0.35 0 0 0 
Total 0 
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DETAILED COST TABLE: ALTERNATIVE # 5b SENSITIVITY: BASE 
ITEM UNIT UNIT COST QUAN­ COST 

(S / unit) TITY (SKOOO's) 
21 .0 INSTITUTIONAL CONTROLS: ANNUAL COSTS 
21 .1 Groundwater Access Restrictions (Not Used) 
21 .2 Not Used 
21 .3 Not Used 
21 4 LFG Control Contingency (Annual Inspections) house 500 0 0 0 
Total 0 

TOTAL PRESENT COST 9,844 
CONTINGENCY @ 20% 1,969 
TOTAL ANNUAL COSTS (Present Value in $l,000's) 11,813 
TOTAL COST (in $l,000's) 22,819 

Notes: 

1) Net Present Value costs were cal­ 1 - ( 1 + ilNF )N / ( 'DF )N 

culated using the following formula: NPV 
($l,000's) ( 'DF ­ 'INF ) 

where: 
(Unit cost) • (Annual quantity) 'DF discount factor or rate 

N duration of annual cost (years) 'INF inflation rate 
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G-10 Unit Cost Development and General Assumptions- All Alternatives 



UNIT COST DEVELOPMENT UNIT 
COST UNIT 

ITEM ($ / unit) 

GRADING & SITE PREP SOLID WASTE 
I I Clearing & Grubbing 

Use Brush Mowing Light Density -Modified to use $45/hr labor. 17% OH&P S335 / acre 
[Means Heavy Construction Cost Data. 1997. p 41] 

Quantity Use acreage of disposal area. Table 2-13 229 acres 

1 2 Silt Fencing 
Silt Fence. Polypropylene, ideal conditions $2 00 / f  t 

[M&E estimate. 1997] 
Quantity Approximate perimeter of disposal area. 4,400ft 

measured from figures 

1 3 Drainage Ditches 
Cut drainage Ditch-Common Earth. 1'deep JO 36 / f  t 

[Means, p 59] 
Quantity Measured from figures 1.240 ft 

1 4 Detention Basins 
Detention Basins rf 1 and #2 
Excavation Backhoe. hydraulic crawler mtd . 1 cy capacity. 75 cy/hr $400 / cy 

[M&E estimate. 1997] 
Quantity Basin volumes in Appendix B Basin #1 1.500 cy 

Add 50% capacity Basin #2 1,525 cy 

1 5 Fence 8' Cham Link 
Total Bare Cost $1500 / f  t 

[M&E estimate. 1997] 
Quantity Approximate, measured from figures 4.700 ft 

CAPPING SOLID WASTE AREA 
[Increase all capping material quantities by 10% for Alternatives #4b & #5b due to waste placement 

from Bulky Waste Area) 
2 1 Vegetation 

Air seeding \vit  h mulch & fertilizer $0 35 / sy 
[Basis Danburv. CT Landfill. 1997] 

Quantity Size ot disposal area 110.836 sy 

2 2 Topsoil 6" 
Spread conditioned topsoil 6" deep. 300 Hp dozer 
Total Bare Cost $3 50 / sy 

[Basis Danburv CT Landfill. 1997] 
Quantity Size ot disposal area 110.836 sy 

2  3 Cover Layer 18" 
Select granular fill borrow cost [M&E estimate. 1997] $1200 / cy 
Compaction. 18" \vit  h roller. 4 passe;, 
Backfilling 300' haul, sand & gravel 

Quantity Size ot disposal area \ depth 55.418 c\ 

2  4 Drainage Layer Composite 
Drainage composite hyd r conductivit  y = 10 cm/s $360 / sy 

[Carmo Environmental Systems. Inc . 1997] 
Quantity Size of disposal area 110.836 sy 
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UNIT COST DEVELOPMENT UNIT 

2 5
ITEM 

 Geomembrane 
60 mil LLDPE installed 

[Polyflex. Lou Jacobsen] 
Quantity Size of disposal area 997.524 sf 

COST
($ /un i t  ) 

$043 /

 UNIT 

 sf 

26 Low Permeability Laver 12" 

Silt/Sand, hyd r conductivity = 1 x 10
[M&E Estimate. 1997] 

Quantity Size of disposal area

 cm/s 

 36.945 cy 

$800 / cy 

2 7 Protective Layer 6" 
Select granular fill borrow cost 
Compaction. 6" \vith roller 
Backfilling 300' haul, sand & gravel 

[M&E estimate. 1997] $1200 / cv 

Quantity Size of disposal area \ depth 18,473 cy 

2 8 Emergent Wetlands Replacement (1993 dollars) 
Assume similar to reterence 

[Figure 1. King and Bohlen. 1994] 
Quantity Emergent \Vetland on Figures. GIS measured 0 1 acres 

$50.000 / acre 

GRADING &. SITE PREP BULK Y WASTF AREA 
3 1 Clearing & Grubbing 

See 1 1 
Quantity Use acreage ot disposal area. Table 2-13 7  4 acres 

$335 / acre 

3 2 Silt Fencing 
See 1 2 

Quantity Approximate perimeter of disposal area.
measured from figures 

 2.200ft 
$200 / f  t 

3 3 Drainage Ditches 
See 1 3 

Quantity Measured from figures I 100 ft 
$036 / f  t 

3 4 Detention Basins 
Detention Basin rt3 
Excavation Backhoe. hydraulic, cravvlermtd . 1 cy capacity. 75 cy/hr 

[M&E estimate. 1997] 
Quantity Basin volume in Appendix B Basin #3

Add 50% capacity 
 484 cy 

$400 / cv 

3 5 Fence 8' Chain Link 
See 1 5 

Quantity Approximate, measured from figures 2 600 ft 
$1500 ft 

CAPPING BULKY WASTE AREA 
4 I \ egetation 

See 2 1 
Quantity Size of disposal area 35.816 sy 

$0 35 

4 2 Topsoil 6" 
See 2 2 

Quantity Size ot disposal area 35 816 sy 
$350 / sy 
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UNIT COST DEVELOPMENT	 UNIT 
COST UNIT 

ITEM ( $ / u n i t  ) 

4.3	 Cover Layer: 18" 
See 2.3 $12.00 / cy 

Quantity: Size of disposal area x depth 17.908 cy 

4.4	 Drainage Layer: Composite 
See 2.4 $3.60 / sy 

Quantity: Size of disposal area 35.816 sy 

4.5	 Geomembrane 
See 2.5 $0.43 / sf 

Quantity: Size of disposal area 322.344 sf 

4.6	 Low Permeability Layer: 12" 
See 2.6 $8.00 / cy 

Quantity: Size of disposal area 1 1.939 cy 

4.7	 Gas Vent Layer: Composite 
See 2.4 $3.60 / sy 

Quantity: Size of disposal area x depth 35.816 sy 

4.8	 Passive Gas Vents 
Vent Installation $196 / ft 

See 7.2
 
Quantity: 10 penetrating cap at 10' deep: Table 4-3 100 ft
 

LANDFILL MININ G 
5.1	 Waste Removal and Segregation 

[Appendix A) $9 / cy 
Quantity: Estimated Bulky Waste Area Vol.: Table 2-13 1 14.000 cy 

5.2	 Scrap Metal Transport 
[Appendix A] $5 / cy 

Quantity: Estimated Volume: Appendix A 37.500 cy 

5.3	 Transport Non-recyclables to Solid Waste Area 
[Appendix A] $1.50 / cy 

Quantity: Estimated Volume: Appendix A 30.900 cy 

5.4	 Backfill With Reclaimed Soil 
[Appendix A] $2.15 / cy 

Quantity: Estimated Volume: Appendix A 45.600 cy 

5.5	 Backfill With Clean Fill 
Fill consisting of common earth [M&E estimate. 1997] $11.00 / cy 

Quantity: Assumed Volume: Appendix A	 50.000 cy 

5.6 Vegetation 
See 2.1 $0.35 / sy 

Quantity: Size of disposal area 35.816 sy 
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UNIT COST DEVELOPMENT UNIT 
COST UNIT 

ITEM ($/umt) 

5 7 Miscellaneous Allowances 
[Appendix A] 
Hazardous, Waste Disposal $10.000 Is 
Dewatenng System $50,000 Is 
Health &. Satetv Training Equipment $37.000 Is 
Total $97.000 Is 

$97.000 / Is 
Quantity One lump sum I Is 

5 8 Scrap Metal Resenue 
[Appendix \] $002 / Ib 

Quantity Appendix A 37 500 c> metal \ 800 lb/c> 30,000.000 Ib 

5 9 Supervision & Monitoring Labor 
[Appendix -\ assumption] $300 / day 

Quantity Appendix A 114 000 c> Ti 1.000 cy/day 114 days 

PERIMETER WETLAND S MITIGATIO N 
6 I Wetlands & Bufler Zone replacement 

Assume similar to reference S80000 / acre 
[Figure I king and Bohlen 1994] 

Quantitv Estimated for each Alt Alt #1 0 00 acres 
from figures	 Ait #2 0 00 acres 

Alt #3a/3b 0 05 acres 
Alt #4a 0 50 acres 
Alt #4b 0 50 acres 
Alt #5a 0 50 acres 
Alt #5b 0 50 acres 

INTERNAL LF GAS COLLECTION SYSTEM 
7 1 Vault. Gauges. Fittings and Other Costs 

Cost Per Well 
Precast Concrete Vault & $3.625 per well [M&E estimate 1997] 

Hatch Door Installed 
LANDTEC2"Accu-Ho20 0 

Vertical Wellhead $325 per well [Landfill Control Technolgies] 
W e l  l Head Installatio n S300 per well [M&E estimate. 1997] 
Total Cost $4250 per well 

$4.250 / well 

Quantity Number ot wells Section 3 1 8  3	 36 wells 

7 2 Screen. Casing and Other W ell Footage Costs 
[Source Final Report E\aluation ot LFG Migration Barrier Systems. M&E 1993] 

11" O D boring for 4" well $110 per foot [ENVEST] 
Assume 2 3 ot well depth is screened 1 3 is unscreened 
4" PVC Schedule 40 well screen $25 per toot [ENVEST] 

x 2/3 = $ 17 per toot 
4 PVC Schedule 40 wel  l casing $22 per toot [ENVEST] 

\ 1/3 = $7 per toot 
Wel  l Filter Pack $44 per toot [ENVEST] 

\ 2/3 = $29 per toot 
Total Direct Cost $163 per foot 
Add 20° o Ov erhead & Profit $ 196 per toot $196 / ft 

Quantity Number ot uells x assumed depth ot 25 ft 900 ft 
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UNIT COST DEVELOPMENT UNIT 
COST UNIT 

ITEM ($ /un i t  ) 
7 3 Header Pipe HOPE 

Refer to the attached sketches for basis of quantities 
73 a 10" HOPE Header Pipe, buried [M&E estimate. 1997] $2760 / ft 

Quantity 500 ft 
73 b 8" HOPE Header Pipe, buried [M&E estimate. 1997] S2360 / ft 

Quantity 3.780 ft 
73c 6" HOPE Header Pipe, buried [M&E estimate. 1997] $1850 / ft 

Quantity 23 \vells w/10' connectors (230'), 3 \vells WI20' 
connectors (360'). 6 branch sections (2.300') 

2.890 ft 
73d "Blueboard" thermal insulation 

1" thick by 3' wide [M&E estimate. 1997] $  1 5  0 / f  t 
Quantity Add 7 3a through 7 3c 7.170 ft 

73 e	 HOPE Tees 8" \ 8" \ 8". installed & buried 
[M&E estimate. 1997] $310 / ea 

Quantity 20 total 
73 f HOPE Tees 6" \ 6" \ 6". installed & buried 

[M&E estimate. 1997] $250 / ea 
Quantity 22 total 

7 4 Valves & Appurtenances 
Refer to back-up attachments lor 7 3 
74  a Buned butterfly isolation valves 10" 

Header pipeline. 10" [M&E estimate 1997] $2.000 / ea 
Quantity 1 total 

74  b Buned butterfly isolation valves 8" 
Header pipeline. 8" [M&E estimate. 1997] SI.600 / ea 
Quantity 15 total 

74c LANDTEC GEM-500 LFG analyzer 
[Landfill Technologies. 1997 - attached] $6.395 / Is 

Quantity Is 

7 5 Condensate Piping 
Assume 1" HOPE Line $500 / f  t 

[M&E estimate. 1997] 
Quantity Refer to backup tor 7 3 Alts #3a to 4b 3.020 ft 

Alts #5a & 5b (GW piping used for some) 1.470 ft 

7 6 Condensate Pump Stations 
[M&E estimate. 1997] $50.000 / ea 

Quantity Refer to backup tor 7 3 Alts #3a to 4b 2ea 
Al ts#5a&5 b I ea 

7 6 Condensate Storage Tank Allowance 
[M&E estimate. 1997] $25.000 / ea 

Quantity One required I ea 

PERIMETER GAS COLLECTION SYSTEM 
8 1 Vault. Gauges. Fittings and Other Costs 

See 7 1 $4.250 / well 
Quantity Number of wells 26 wells 

8 2 Screen. Casing and Other Well Footage Costs 
See 7 2 $196 / ft 

Quantity # of wells \ assumed depth ot 22 ft 572 f  t 
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UNIT COST DEVELOPMENT 

ITEM 
8 3 Header Pipe HOPE 

Refer to Item 7 3 for basis ot quantities 
83a 10" HOPE Header Pipe, buried [M&E estimate. 1997] 

Quantity 3,210ft 
83b 6" HOPE Header Pipe, buried [M&E estimate. 1997] 

Quantity 26 wells w/10'connectors 
260f  t 

8 3c "Bluebeard" thermal insulation 
1" thick b> 3' wide [M&E estimate. 1997] 
Quantity Add 8 3a to 8 3b 3.470 ft 

8 3d HOPE Tees 10" \ 10" x 6". installed & buried 
[M&E estimate. 1997] 

Quantit) 26 total 

8 4 Valves & Appurtenances 
Refer to back-up for 7 4 

Buned butterfly isolation \alves. header pipeline. 10" 
[M&E estimate. 1997] 

Quantitv 3 total 

LF GAS TREATMENT PLANT 
9 1 Access Roads 

8" gravel depth, based on $25/cy 
[M&E estimate. 1997] 

Quantity Measured from figs (1900) \ 20 ft \vide 4.222 sy 

9 2 Electricity Service
 
[Source Approximately Danbury LF. 1997]
 

Quantity Measured from figures 1,600 ft 

9 3 Water Service
 
Assume 1" HOPE Line
 

[M&E estimate. 1997)
 

Quantity Measured from figures 1.600 ft 

9 4 Internal and Perimeter Collection System Blowers &. Motors
 
Blower sizes based on gas stream (lows
 
Installation costs assumed to be included with Item 9 5
 

[John Zink Quotation Appendix E] 
Quantity 2 blowers w/backups in one lum p sum 1 Is 

UNIT 
COST UNIT 

( $ / u n i t  ) 

$2760 / ft 

$1850 / ft 

$150 / f  t 

$430 / ea 

$2.000 / ea 

$5 56 / sy 

$1400 / ft 

$500 / f  t 

$60.000 / Is 
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UNIT COST DEVELOPMENT 

ITEM 
9 5 Enclosed Flare and Appurtenances 

[John Zmk Quotation. Appendix E] 

Enclosed Flare/Controls/Accessones 
w/Two Inlet Flame Arresters 

2 Moisture Separators 
2 Automatic Inlet Valves 
2 Flow Meters 
1 Chart Recorder 
1 Autodialer 
I Ladder 
1 Hinged Damper 
I Control Panel Weather Hood 
I Top-Coat Finish 
6 Days of Field Construction. Start-Up & 

Operational Support 
Estimated Freight 
Installation/Erection [Danbur> LF. 1997] 

Totals 
$90.000 

SI S 000 
S3.000 
$7.000 
S3.300 
S3 300 
S3 500 

S800 
S2.000 
S3.000 

$10.500 

$5.000 
$30.000 

S I 79.400 

UNIT 
COST

( S / u n i t  ) 

$179.400 /

 UNIT 

 ea 

Quantiu One unit 1 ea 

9  6 Foundation 18" Structural Slab 
[M&E estimate. 1997] $350 / c\ 

Quannu Measured trom figures (50x40) 1 1  1 c\ 

9 7 Photocatahtic Oxidation and Appurtenances 
[Appendix A. Range $75.000 to $350.000. use $286000] $286.000 / Is 

Quantity One lump sum 1 Is 

9 8 Fence 8' Cham Link 
See 1 5 

Quantity \pproximate. measured from figures 400 ft 
$1500 / ft 

GW DEPRESSION SYSTEM COLLECTION 
10 I Buried Piping 

Assume 2" HOPE Line, submersible pump station located at N\V corner 
of Solid Waste Area (condensate also transterred through this pipe) 
[M&E estimate. 1997] 

Quantity Measured from figures 1.550 ft 

$800 / ft 

10 2 Pump Electrical 
Electrical L t i l i t  y Service to pumps, buried direct 

[M&E estimate. 1997] 
Quamit) Measured from figures 1 550 ft 

$400 / ft 

10 3 Pump Station 
[M&E estimate. 1997] $75.000 / Is 

Quantity One lump sum 1 Is 

10 4 Shallou Dram Piping & Installation 
Trenching & Gra\el Backfill. 4' uide. 12' deep 

[M&E estimate. 1997] $4000 / It 

Quamitx Measured from figures 1 450 ft 
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UNIT COST DEVELOPMENT UNIT 
COST UNIT 

ITEM ( $ / u m t  ) 

LEACHATE COLLECTION SYSTEM 
11 I Buried Piping 

Assume I  " HDPE Line, submersible pump station located near MW-03 $500 / f  t 
well cluster 
See 9 3 

Quantity Measured from figures 2.100ft 

11 2 Pump Electrical 
See 10 2 $400 / f  t 

Quantity Measured trom figures 2 100 ft 

11 3 Pump Station 
[M&E estimate. 1997] $50.000 / Is 

Quantity One lump sum 1 Is 

11 4 Shalloyv Drain Piping &. Installation 
See 104 S4000 / ft 

Quantity Measured trom figures 750 ft 

50 GPM WATER TREATMENT PLANT 
12 1 Not Used 
12 2 Not Used 
12 3 Not Used 
124 Equipment 

[9/16/96 calculation attached) $613.500 / Is 
Quantity One lump sum I Is 

125 Instrumentation 
[9/16/96 calculation attached] $58,300 / Is 

Quantity One lump sum I Is 

126 Foundation 18" Structural Slab 
See 9 7 $350 / cy 

Quantity Measured from figures (150\60) 500 cy 

12 7 Structure 20'Pre-engmeered Building 
[M&E estimate. 1997] $5000 / sf 

Quantity Measured trom figures (150x60) 9 000 sf 

128 Discharge Line 
See 10 1 $800 / f  t 

Quantity Measured Irom figures 500 ft 

12 9 Groundyyater Injection \Vells 
[M&E estimate 1997] $9000 / ea 

Quantity \bsumed 5 ea 

12 10 Fence 8 'Cham Link
 
See 1 5 $1500 ' ft
 

Quantity Approximate measured Irom figures 150f  t
 

5 GPM \V ATER TREAIMEN T PLANT 
13 1 Not Used 
132 Not Used 
13 3 Not Used 
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UNIT COST DEVELOPMENT 

ITEM 
13 4 Equipment 

[9/16/96 calculation attached] 
Quantity One lump sum 1 Is 

UNIT 
COST

($ / unit) 

$213.500 /

 UNIT 

 Is 

13 5 Instrumentation 
[9/16/96 calculation attached] 

Quantity One lump sum 1 Is 
$20.289 / Is 

136 Foundation 18" Structural Slab 
See 9 7 

Quantity Measured from figures (150x60 )*0 4 200 cv 
$350 / cy 

13  7 Structure

Quantity

 20'Pre-engmeered Building 
See 12  7 

 Measured from figures (150\60)*0 4 3.600 sf 
$5000 / sf 

13 8 Discharge Line 
See 11 1 

Quantity Measured trom figures 500 f t 
$500 / f  t 

13 9 Groundwater Injection Wells 
See 129 

Quantity Assumed 2 ea 
$9.000 / ea 

13 10 Fence 8'Cham Link 
See 1  5 

Quantity Approximate, measured from figures 150f  t 
$1500 / ft 

ENVIRONMENTAL MONITORING CAPITAL COST 
14 1 Piezometer Installation 

[M&E Estimate. 1997] 
Quantity 5 under SW Area cap at 25' deep. Table 4-3 125 ft 

$50 / ft 

1 4  2 Soil Gas Probe Construction 
[M&E Estimate. 1997] 

Quantity Section 4 1 1  1 & Table 4-3 35 ea 

$2.500 / ea 

DECONTAMINATION AREA - TREATMENT PLANT AREA 
1 5  1 Decon Station Allowance 

[M&E Estimate. 1997] 
Quantity Assumed I Is 

$50000 / Is 

INSTITUTIONAL CONTROLS 
1 6  1 GW Access Restrictions Legal Fees 

Assumed one-time labor per lot 
12hrs « $65/hr 
32hrs ,7 $I IO/h  r 
20hrs 11 $l50/hr 
Misc Expeditures a $700 

Quantity 11 potential lots I  I lots 

$8.000 / lot 

162 Not Used 
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UNIT COST DEVELOPMENT UNIT 
COST UNIT 

ITEM (S/umt ) 
163 \otUsed 

164 LEG Control Contingency
 
methane sensors number req'd
 

unit cost $1.500 each
 
instrumentation/controls allowance $1.500 LS
 
blower(s)/fan(s) number req'd 1
 

unit cost $500 each
 
piping & mechanical allowance $1,000 LS
 
blab vents number req'd 5
 

unit cost $500 each 
S8.500 per house 

[Jan '93 assumptions upgraded to '97 dollars by ENR cost indices] $9.808 / house 

QuantiU 4 potential houses 4 houses 

ENVIRONMENTA L MONITORING ANNUA L 
17 1 Five Year Review 

[Assumed) $25.000 / ea 
Annual Quantity Once e\er> 5 >ears 020 ea 

17 2 Cap Inspection and Reporting 
Assumed labor per quarterly event $2.500 / ea 
6 hrs « $60/hr 
24 hrs a $85/hr 
Misc Exp a, $100 

Annual Quantity Quarterly 4e  a 

17 3 Groundwater Monitoring - Sample Collection and Analyses 
[9/16/96 calculation attached] $1.740 / sample 

Annual Quantity [9/16/96 calc ] - All Alts but 4b & 5b 51 samples 
\lternati\es rf4b & #5b include a tew more locations 

Year 1 46 locations. 4 times per year 184 samples 
Years 2-30 24 locations. 2 times per year 1.392 samples 
QA/QC a 10% of total 158 samples 

T73? 

Annual Quantity O\er 30 years 58 samples 

174 S\V/Sediment Monitoring 
[9/16/96 calculation attached] $2.710 / sample 

Annual Quantity [9/16/96 calculation attached] 22 samples 

175 \mbientAirMoni tonn g 
[9/16/96 calculation attached] $1.690 / sample 

\nnual Quantity [9'l6/96 calculation attached] 10 samples 

176 Soil Gas Monitoring 
[9/16/96 calculation attached] $83 / sample 

Annual Quantity [9/16/96 calculation attached] 94 samples 
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UNIT COST DEVELOPMENT UNIT 
COST UNIT 

ITEM ($ / unit) 
LANDFILL GAS COLLECTION AND TREATMENT 

18 1 O&M Labor 
[Source PSG. Inc ] 

18 la Operator a 1/2 shiftAvk $49 / hr 

Annual Quantity 1.040 hrs 
18 Ib Overtime'^ 10% $65 / hr 

Annual Quantity 104 hrs 
18 Ic Supervisory «. 10% $75 / hr 

Annual Quantity 104 hrs 
18 Id Administrate Costs $4.000 / Is 

Annual Quantity One lump sum 1 Is 

182 Equipment Repair/Replacement 
[9/16/96 calculation attached] $56.476 / Is 

Annual Quantity One lump sum per year 1 Is 

18 3 Electricity Usage Internal System Blower 
Assume $0 07 / k\V hr & 5 Hp $007 / kWhr 

\nnual Quantity 5 Hp \ 0 7457 k\\/Hp '« 90%etfictenc\ \ 
24 hrs/day \ 365 days /yr 36.291 k\Vhr 

18 4 Electricity Usage Perimeter System Blower 
Assume $0 07 / kWhr & 15 Hp $007 / kWhr 

Annual Quantity 15 Hp x 0 7457 kW/Hp % 90% efficiency \ 
24 hrs/day \ 365 day s/yr 108.872 kWhr 

185 Condensate Transportation Internal System 
[Source 1 inal Report Evaluation ot LFG Migration Barrier Systems. M&E. 1993] 

5.000 gal per trip «> $1.500 per trip $035 / gal 
(Updated from Jan 1993 to 1997 costs by ENR indices) 

Annual Quantity 77 cfm x 125/million cf (Section 3 1 8 2  ) 5.059 gal 
Flow from Appendix E 

186 Condensate Transportation Perimeter System 
See 185 $035 / gal 

Annual Quantity 812 cim x 125/million cf (Section 3 1 8 2  ) 53.348 gal 
Flow from Appendix E 

187 Condensate Disposal Internal S\ stem 
[Source Final Report Evaluation of LFG Migration Barrier Systems. M&E. 1993] $1 44 / gal 

(Updated trom Jan 1993 to 1997 costs by ENR indices) 
Annual Quantity See 18 5 5.059 gal 

18 8 Condensate Disposal Perimeter Sy stem 
See 18 7 $1 44 / gal 

Annual Quantity See 18 6 53.348 gal 

189 Auxiliary Fuel Usage 
[Appendix E] $00 2 / cf 

Annual Quantity [Appendix E] - Basis 15-year average 774.034 ct 

18 10 Photocatalytic Oxidation Operations & Maintenance 
Includes electricity, bulb &. catalyst replacement 

[Appendix A Range S900 to $4.500 per month, use $2 318) $27.816 / Is 

Annual Quantity One lump sum 
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UNIT COST DEVELOPMENT UNIT 
COST UNIT 

ITEM ( S / u m t  ) 
GW/LEACHATE COLLECTION &. TREATMENT 50 GPM 

19 I O&M Labor 
[Source PSG Inc | 

19 la Operator <7 1/2 shiftA\k $49 / hr 
Annual Quantit\ 1.040 hrs 

19 Ib Overtime a 10% $65 / hr 
Annual Quanttt) 104 hrs 

19 Ic Supervisors « 10% $75 / hr 
Annual Quantity 104 hrs 

19 Id Administrative Costs $4.000 / Is 
Annual Quantitv One lump sum 1 Is 

192 Feed Chemicals 
[9/16/96 calculation attached] $200 / 1.000 gal 

Annual Quantit> 50 gpm 26.280.000 gal 

193 Equipment Repair/Replacement
 
[9-16/96 calculation attached] S42276 / Is
 

\nnual Quantit\ One lump bum per \ear I Is
 

194 Electricity Usage Collection 
Assume $0 07 / kWhr $007 / kWhr 

Assume 2 submersible pumps a I Hp each 
Annual Quantit\ 2 \ 1 Hp \ 0 7457 kW/Hp \ 

24 hrs/da\ \ 365 dav sA r a, 90% motor effic 14.516 kWhr 

195 Electricity Usage Treatment 
[9/16/96 calculation attached] $1 65 / 1.000 gal 

Annual QuantiU 50 gpm 26,280.000 gal 

19 6 Disposal ot Residuals 
[9/16/96 calculation attached] $1 01 / 1,000 gal 

Annual Quantity 50 gpm 26.280.000 gal 

LEACHATE COLLECTION &. TREATMENT 5 GPM 
20 1 O&M Labor 

[Source PSG Inc | 
20 la Operator ci 1/2 shift/wk $49 / hr 

Annual Quantity 1 040 hrs 
20 Ib O\ertime u 10% $65 / hr 

Annual Quantity 104 hrs 
20 Ic Supervisor) u 10% $75 / hr 

Annual Quantity 104 hrs 
20 Id \dministrativeCosts $4.000 / Is 

\nnual Quantity One lump sum 1 Is 

20 2 Feed Chemicals 
[9/16/96 calculation attached] $ 0 7 0 /  I 00 0 ga l 

Annual Quantit\ * gpm 2.628 000 gal 

20 3 Equipment Repair Replacement
 
[9 16/96 calculation attached] $14.967 / Is
 

Annual Quantu\ One lump sum per year 1 Is
 

Page 12 ot 13 



UNIT COST DEVELOPMENT 

ITEM 
20 4 Electricity Usage Collection 

Assume $0 07 / kWh r 
Assume 1 submersible pump it 1 Hp 
Annual Quantity 1 x 1 Hp x 0 7457 kW/Hp x 

24 hrs/dav x 365 da>s/>r <q> 90% motor effic 7.258 kWhr 

UNIT 
COST 

( $ / u n i t  ) 

$007 /

UNIT 

 kWhr 

20 5 Electricity Usage Treatment 
[9/16/96 calculation attached] 

Annual Quantit> 5 gpm 2.628.000 gal 
$055 / 1,000 gal 

206 Disposal of Residuals 
[9/16/96 calculation attached] 

Annual Quantity 5 gpm 2 628.000 gal 
$035 / 1,000gal 

INSTITUTIONAL CONTROLS ANNUA L COSTS 
21 1 Groundwater Access Restrictions 

Not Applicable 

21 2 Not Used 

21 3 Not Used 

21 4 LFG Control Contingency (Annual Inspections) 
Assumed Maintenance Allowance [1996] $500 / house 

Annual QuantiU 4 potential houses 4 houses 
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METCALF & EDDY, INC.
 
Project
Subject
Detail 

ITEM 
NO 

12.4 

124 1 

A 

B 

C 

124 2 

124 3 

124 4 

A 

124 5 

1246 

124 7 

12.5 

125 1 

 Rose Hill FS 
 Capital Costs ­

Back-up Detail for Unit Costs 

DESCRIPTION 

EQUIPMENT (INSTALLED) - 50 gpm 
PLANT 

UV/Chemical Oxidation system ( F O B  ) 
Vendor quotations 

Solarchem Environmental Systems. 
Markham, ONT Canada 
Ultrox, 
Santa Ana, CA 
Peroxidation Systems. Inc 
Tucson, AZ 

Installation of UV/chemical oxidation 
system 

Design/treatability Testing for UV/chem 
system 

Metals precipitation system ( F O B  ) 
Vendor quotations 

U  S Filter/Lancy Systems & Equipment 
Warrendale, PA 

Installation of metals precipitation s\stem 

Membrane polishing system 
for metals treatment ( F O B  ) 

Installation of membrane polishing system 

INSTRUMENTATION - 50 gpm 
PLANT 
estimated® 100% 
of process equipment F O B cost 

Acct No
Comptd By

"Ck'd Bv 

UNIT 

Is 

Is
 

Is
 

Is
 

Estimated
 
Unit Cost 

Estimated 
Unit Cost 

Is 

Is 

Estimated 
Unit Cost 

hours 

Estimated 
Unit Cost 

Not Included 

hours 

Estimated 
Unit Cost 

Is 

Is 
Is 
Is 

 4609-18-10-11 
D Peters/S Czarniecki 

Page 
Date
Date

of 
 September 16, 1996 

~ 
P \NE\ROSEMLL\FS\APPX-G\CAP FNLS XLS 

UNIT 
COST QUANTITY COMMENTS 
($/unit) 

$613,500 1 See detailed 
breakdown below 

See Appendix D 
for detailed quotes 

$80,000 1 30 kW Rayox™ 

$218,000 1 F-1300 system 

$250,000 1 Models- 135 

$218,000 

$8500 1	 Based on Perox­
idation Quote 

$10000 1	 Vendor quotes + 
A/Efees 

See Appendix D 
for detailed quotes 

$365,000 1 

$365,000 

$3000 400 estimated 
allowance 

$12,000 

n Final FS 

$3000 0 estimated 

$0 allowance 

$58300 1	 see detail below 

$21.800 1 UV/chem 
$36.500 1 metals precip 

$0 0 membrane polish 



Project Rose Hill FS Acct. No. 4609-18-10-11 Page 1 of 1 

Subject Cost Backup Comptd. By S. Czamiecki Date 09/13/96 

Detail On-site Leachate Treatment System Ck'd By D. Peters Date 09/13/96 

P \NE\ROSEMLIAFS\APPX-G\SCALEDWN XLS 

Leachate/groundwater treatment systems were originally sized based on 50 and 200 gpm flow rates in the 

Draft FS. Sizing for the current leachate treatment system (5 gpm) wil l be revised as follows. 

Assumed scaling factor for 5 gpm system from the 50 gpm system - 0.4 

As knowledge of system retention time is usually desired, the initial holding tank size will be calculated. 

50 gpm 5 gpm 

Precipitation Holding/Equalization Tank 12,000 gal 4,800 gal 

Selected tank size: 5,000 gal 

This results in a holding time of 17 hrs 

All other pieces of equipment will be scaled from respective vendor quotations. 
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METCALF & EDDY, INC. 
Project Rose Hill FS Acct. No. 4609-18-10-11 Page of 
Subject

Detail


ITEM 
NO. 

13.4 

13.41 

13.42 

13.43 

13.44 

13.45 

13.46 

13.47 

13.5 

13.51 

 Capital Costs ­
 Back-up Detail for Unit Costs 

DESCRIPTION 

EQUIPMENT (INSTALLED) - 5 gpm
 
PLANT
 

SCALE DOWN FACTOR
 
(Use this factor to reduce 50 gpm costs)
 

UV/Chemical Oxidation system (F.O.B.)
 

Installation of UV/chemical oxidation
 
system
 

Design/treatability Testing for UV/chem.
 
system
 

Metals precipitation system (F.O.B.)
 

Installation of metals precipitation system
 

Membrane polishing system
 
for metals treatment (F.O.B.)
 

Installation of membrane polishing system
 

INSTRUMENTATION - 5 gpm
 
PLANT
 

estimated @ 1 0.0%
 
of process equipment F.O.B. cost
 

Comptd. By
"Ck'd. By

UNIT 

Is 

Estimated 
Unit Cost: 

Is 

Is 

Estimated 
Unit Cost: 

hours 
Estimated 
Unit Cost: 

Not Included 

hours 
Estimated 
Unit Cost: 

Is 

Is 
Is 
Is 

 D. Peters/S. Czarniecki Date September 16, 1996
 
 Date
 

P \NE\ROSEHILL\FS\APPX-G\CAP_FNLS XLS 

UNIT
 
COST QUANTITY COMMENTS
 

($/unit)
 

$213,500 1 See attached graph 

34.8%	 5 gpm cost/
 
50 gpm cost
 

$75,865 

S2.958 1 

S3.480 1 

$127.021 

$30.00 139 
$4,176 

n Final FS 

$30.00 0
 
$0
 

$20,289 1 see detail below 

$7,586 1 UV/chem.
 
$12.702 1 metals precip.
 

$0 1 membrane polish.
 



METCALF & EDDY, INC.
 
Project
Subject
Detail

ITEM 
NO 

17.3 

173 1 

1732 

1733 

1734 

1735 

 Rose Hill FS
 
 Operations & Maintenance Costs —
 

 Back-up Detail for Unit Costs
 

DESCRIPTION 

GROUNDWATER MONITORING 

Number of Quarterly Samples 

Well Locations - See Table 4-2 
Same as RI 
First Year Only 

Number of Semi-Annual Samples 

Well Locations - See Table 4-2 
Same as RI 
Years 2-30 

Number of QA/QC Samples 

Analytical Sample Cost 

Analyses (U S EPA - CLP protocol) ~ 
TCL organics volatiles 
TCL organics semi-volatiles 
TAL inorganics metals 
-validation allowance 

Sample Collection Cost 

collection labor 
misc costs (shipping, equipment.etc) 

Acct No
Comptd By

"Ck'd By

UNIT

samples

 4609-18-10-11 
S Czamiecki 
D Peters 

UNIT
 COST

(S/umt) 

 $1,740

Page of 
Date September 16, 1996 

"Date September 24, 1996 
P \NE\ROSEMLLiFS\APPX-G\O&M FNLSXL* 

 ANNUAL 
 QUANTITY 

 51 

COMMENTS 

Annualized over 
first 30 years 

Basis 4 times per year sampling frequency 
43 well locations (at left) 

Estimated | \TL 
Annual Qty 

Year 1 total 
1 72 samples 

Basis 2
21

 times per year sampling frequency 
 wel l locations 

Estimated
Annual Qty 

| 42 
Years 2-30 total 
1.218 samples 

Basis 10% of the collected samples over 30 years 
sub-total - upgradient + site 1,390 

Estimated
Annual Qty 

 | 139 

Basis 

sample
sample
sample
sample

 $200
 $400
 $250
 $250

 1 
1 
1 
1 

Estimated
Unit Cost 

| $1,100 

Basis 6
hours

sample

 man-hours per sample 
 $65 00
 $250 00

 6 
1 

Estimated
Unit Cost 

| $640 Qty S/umt 



METCALF & EDDY, INC.
 
Project
Subject
Detail 

ITEM 
NO 

17.4 

 Rose Hill FS 
 Operations & Maintenance Costs -­

Back-up Detail for Unit Costs 

DESCRIPTION 

SW/SEDIMENT MONITORING 

Acct No
Comptd By

"Ck'd B\

UNIT 

samples 

 4609-18-10-11 
S Czarmecki 
D Peters 

UNIT
COST
($/umt) 

$2,710

Page of 
Date September 16. 1996 
Date September 24. 1996 

P \NE\ROSEHILL\FS\APPX-O\OAM FNLJ XLS 

 ANNUAL 
 QUANTITY 

 22 

COMMENTS 

Annuahzed over 
first 30 years 

174 1 Number of Quarterly Samples 

Locations - See Table 4-2 
Same as RI 
First Year Only 

Basis 4 times per year sampling frequency 
1 8 locations 

Estimated 
Annual Qty 

|— 72 | 
Year 1 total 

72 samples 

174 2 Number of Semi-Annual Samples 

Locations - See Table 4-2 
Same as RI 
Years 2-30 

Basis 2 times per year sampling frequency 
9 locations 

Estimated 
Annual Qt> 

1 18 I 
Years 2-30 total 

522 samples 

174 3 Number of QA/QC Samples 
Basis 10% of the collected samples over 30 years 

sub-total - upgradient + site 594 

Estimated 
Annual Qt> 

59 | 

1744 Analytical Sample Cost 

Analyses — 
TCL organics volatiles 
TCL organics semi-volatiles 
TAL inorganics metals 
-validation allowance 

Basis Assume analyti 

sample 
sample 
sample 
sample 

cal costs are the same for SW/Sed 

$200 2 
$400 2 
$250 2 
$250 2 

Estimated 
Unit Cost 

$2,200 | 

1745 Sample Collection Cost 

collection labor 
misc costs (shipping, equipment.etc) 

Basis 4
hours

sample

 man-hours per sample 
 $65 00
 $250 00

 4 
1 

Estimated 
Unit Cost 

$510 | Qty $/umt 



METCALF & EDDY, INC.
 
Project Rose Hill FS 
Subject Operations & Maintenance Costs • 
Detail Back-up Detail for Unit Costs 

ITEM DESCRIPTION 
NO 

17.5 AMBIENT AIR MONITORING 

175 1 Numbe r of Quarterly Samples 

Locations - See Table 4-3 
Year 1 Onh 

1752 Number of Semi-Annual Samples 

Locations - See Table 4-3 
Years 2- 15 

175 3 Numbe r of QA/QC Samples 

1754 Analytica l Sample Cost 

Analyses — 
TO-14 organics \olatiles 
H2S & sulphur compounds 
methane 
-validation allowance 

1755 Sample Collection Cost 

collection labor 
misc costs (shipping, equipment.etc) 

Basis 

Basis 

Basis 

Basis 

Basis 

Acct No 4609-18-10-11 Page of 
Comptd By S Czamiecki Date September 16, 1996 

"Ck'd Bv D Peters Date September 24, 1996 
P \NE\ROSEHILL\FS\APPX.G\O&M_FNLS XI ' 

UNIT ANNUAL
 
UNIT COST QUANTITY COMMENTS
 

($/umt)
 
Annuahzed over
 

samples SI, 690 10 first 1 5 years
 

4 times per year sampl mg frequency 
6 locations (at left) Year 1 total
 

Estimated 24 | 24 samples
 
Annual Qty
 

2 times per year sampl ing frequency
 
4 locations (at left)
 

Years 2- 15 total
 
Estimated 8 1 112 samples
 
Annual Qty
 

10% of the collected sam| )les over 20 years
 
sub-total - upgradient + site 136
 

Estimated 14 I
 
Annual Qty
 

sample $400 1
 
sample $220 1
 
sample . $50 1
 
sample $250 1
 

Estimated [ $920
 
Unit Cost
 

8 man-hours per sample
 
hours $65 00 8
 

sample $250 00 1
 

Estimated | $770 Qty $/umt
 
Unit Cost
 



METCALF & EDDY, INC.
 
Project
Subject
Detail

ITEM 
NO 

17.6 

 Rose Hil l FS 
 Operations & Maintenance Costs • 

 Back-up Detail for Uni t Costs 

DESCRIPTION 

SOIL GAS MONITORING 

Acct No 
Comptd By 

"Ck'd By 

UNIT

samples

4609-18-10-11 Page of 
S Czamiecki 
D Peters 

Date September 16, 1996 
Date September 24, 1996 

P ,NE\ROSEHILL\FS\APPX-<3\O&M 

UNIT ANNUAL 
 COST QUANTITY 

($/umt) 

 $83 94 

COMMENTS 

Annualized over 
first 15 years 

176 1 Number of Quarterly Samples 

Locations - See Table 4-3 
Year 1 Onlv 

Basis 4 times per year sampling frequencv 
2 points per well (deep shallow) 

35 locations (at left) 

Estimated 280 
Annual Qty 

a) Source M&E, 
1993 

Year 1 total 
280 samples 

1762 Number of Semi-Annual Samples 

Locations - See Table 4-3 
Years 2- 15 

Basis 2 times per year sampling frequencv 
2 points per well (deep shallow) 

18 locations (at left ) 

Estimated 72
Annual Qty 

| 
Years 2- 15 total 
1,008 samples 

1763 Number of QA/QC Samples 
Basis 10% of the collected samples over 15 years 

sub-total - upgradient + site 1 288 

Estimated
Annual Qty 

| 1 29 

1764 Sample Collection Cost 

collection labor 
misc costs (shipping equipment etc) 

Basis 0 5
hours

sample

 man-hours per sample 
 $65 00
 $50 00

 0 5 
1 

assumes use of 
hand-held mstru­
struments only 

Estimated
Unit Cost 

 | $83 Qty $/unit 



METCALF & EDDY, INC.
 
Project Rose Hill FS Acct No 4609-18-10-11 Page of 
Subject Operations & Maintenance Costs — Comptd Bv S Czarniecki Date September 16, 1996 
Detail Back-up Detail for Unit Costs Ck'd By D Peters Date September 24, 1996 

P \NE\ROSEHIL1AFS\APPX-GVO&M FNLI XI ­

UNIT ANNUAL 
ITEM DESCRIPTION UNIT COST QUANTITY COMMENTS 
NO ($/umt) 

18.2 EQUIPMENT REPAIR/ Is $56,476 1 See detailed 
REPLACEMENT breakdown below 

1821 Internal LFG collection s\stem 
Basis 25% of the equipment on a M&E estimate, 

Processes requiring replacement— 15 year replacement schedule 
7 1 Vault, Gauges. Fittings ea $8,145 128 
7 2 Well footage costs If $195 3,200 
7 3 Header Pipe If $51 10,000 
7 4 Lateral Pipe If $51 1,280 
7 5 Condensate Piping If $14 3,000 
7 6 Condensate Holding Tanks ea $44,119 2 

sub-total ($/umt qty %) = $592,870 

Estimated $39.525 | staight line de-
Uni t Cost preciation (- yr 

replaced) 
1822 Perimeter LFG collection s\ stem 

Basis 25% of the equipment on a M&E estimate 
Processes requiring replacement — 15 year replacement schedule 

8 1 Vault. Gauges Fittings ea $8,145 26 
8 2 Well footage costs If $195 390 
83 Header Pipe If $51 1,700 
8 4 Lateral Pipe If $51 260 
8 5 Condensate Pipin g ea $14 1,700 •-. 
8 6 Condensate Holding Tanks ea $44,119 2 

sub-total ($/umt qty %) = $ 1 24,870 

Estimated $8,325 | staight line de-
Unit Cost preciation (- yr 

replaced) 
1823 LFG Treatment Svstem 

Basis 1 00% of the equipment on a M&E estimate, 
Processes requiring replacement — 1 5 year plant replacement 

9 4 Internal Collection System Is $14,194 1 
Blower & Motor Costs from prior 

9 5 Perimeter Collection Svstem Is $30,200 1 sections 
Blower & Motor 

9 8 Flare and Appurtenances Is $85,000 1 
sub-total ($/umt qty %) = $129,394 

Estimated $8,626 | staight line de-
Unit Cost preciation (- yr 

replaced) 



19.2 

1 

METCALF & EDDY, INC.
 
Project
Subject
Detail

-_, ITEM 
NO 

192 1 

A. 

B 

C 

1922 

A. 

 Rose Hill FS Acct. No 4609-18-10-11 Page of 
 Operations & Maintenance Costs — Comptd. B\ S Czarniecki Date September 16, 1996 

 Back-up Detail for Unit Costs "Ck'd By D Peters Date September 24, 1996 
P\NE\ROSEHILL,FS1APPX-G\0&M FNLJ XLS 

UNIT ANNUAL 
DESCRIPTION UNIT COST QUANTITY COMMENTS 

(S/umt) 

FEED CHEMICALS - 50 gpm PLANT 1,000 US gal S2.00 26,280 See detailed 
breakdown below 

UV/Chemical Oxidation svstem See Appendix D 
Vendor quotations for Hydrogen for detailed quotes 

Peroxide 
Solarchem Environmental Systems, 1,000 US gal $0.15 
Markham. ONT Canada 
Ultrox. 1,000 US gal $0 75 includes H2O2 & 
Santa Ana, CA UV lamp 

replacement as 
well as electricity 

Peroxidation Sv stems. Inc 1,000 US gal $0 47 
Tucson. AZ 

Estimated $040 | 
Unit Cost 

Metals precipitation system 
Vendor quotations 

U  S Filter 1,000 US gal $1 60 Includes: caustic, 
Warrendale. PA sulfuric acid, 

ferrous sulfate, 
polymer, sodium 

Estimated $1 60 | sulftde, sorption 
Unit Cost filter media 



METCALF & EDDY, INC.
 
Project
Subject
Detail 

ITEM 
NO 

19.3 

1931 

1932 

19.5 

1951 

A 

B 

C 

1952 

 Rose Hill FS
 
 Operations & Maintenance Costs —
 

Back-up Detail for Unit Costs
 

DESCRIPTION 

EQUIPMENT REPAIR/ 
REPLACEMENT 
Groundwater/Leachate collection system 

Processes requiring replacement ~ 
10 1 Buried Piping 
102 Submersible pump 
103 Dram Piping & Installation 

50 gpm Treatment Svstem 

Processes requiring replacement — 
124 1 UV/Chemical Oxidation 

system 
12 44 Metals precipitation system 

ELECTRICITY USAGE - 50 gpm 
PLANT 

Electricity usage for UV/Chemical 
oxidation system 
Vendor quotations 

Solarchem Environmental S\ stems. 
Markham, ONT Canada 
Ultrox, 
Santa Ana, CA 

Peroxidation Systems. Inc 
Tucson, AZ 

Additional plant electrical usage 
estimated @ 100% 
of UV/chem costs 

Acct No 4609-18-10-11 Page of 
Comptd By S Czarniecki Date September 16, 1996 

"Ck'd Bv D Peters Date September 24. 19% 
P \NE\ROSEHILL\FS\APPX-G\O&M FNLIXI c 

UNIT ANNUAL 
UNIT COST QUANTITY COMMENTS 

(S/umt) 

Is $42476 1 See detailed 
breakdown below 

Basis 25% of the equipment on a	 M&E estimate 
1 5 year replacement schedule 

If $51 1610 
ea $7.922 2 
If $51 2090 

sub-total ($/umt qty %) = $51,136 

Estimated | $3,409 | staight line de-
Unit Cost preciation (- yr 

replaced) 

Basis 1 00% of the equipment on a M&E estimate 
1 5 year replacement schedule 

Is $218.000 1 
Costs from prior 

Is $365,000 1 sections 

sub-total ($/umt qty %) = $583,000 

Estimated | $38.867 staight line de-
Unit Cost preciation (- yr 

replaced) 

1,000 US gal S1.65 26,280 See detailed 
breakdown below 

Adjusted to 
$0 07/kWh 

1.000 US gal $070 

1,000 US gal $0 75	 includes H2O2 & 
UVlamp 
replacement as 
well as electricity 

1.000 US gal $315 

Estimated | $1 50 
Unit Cost 

1.000 US gat | $015 Based on Perox­
idation Quote 
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Detail Back-up Detail for Unit Costs "Ck'd By D Peters Date September 24, 1996 
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UNIT ANNUAL
 
ITEM DESCRIPTION UNIT COST QUANTITY COMMENTS
 

NO ($/umt)
 

19.6	 DISPOSAL OF RESIDUALS - 50 gpm 1,000 US gal $1.01 26,280 Unit Price Based 
PLANT on Feed Water 

196 1 Sludge generation & disposal 1,000 US gal $1 01	 M&E estimate
 
based on
 
calculations in
 
Appendix D
 

20.2	 FEED CHEMICALS - 5 gpm 1,000 US gal $0.70 2,628
 
PLANT
 

SCALE DOWN FACTOR 34 8% See Capital Costs
 
(Use this factor to reduce 50 gpm costs)
 

202 1 UV/Chemical Oxidation system
 
estimated $014
 

202 2 Metals precipitation system
 
total $056
 

20.3	 EQUIPMENT REPAIR/ Is $14,967 1
 
REPLACEMENT
 

2031 Leachate collection system
 
Basis 25% of the equipment on a
 

Processes requiring replacement — 15 year replacement schedule
 
10 1 Buried Piping If $51 900
 
102 Submersible pump ea $7,922 1
 
103 Drain Piping & Installation If $51 640
 

sub-total ($/umt qty %) = $21,616 

Unit Cost $1,441 

2032 5 gpm Treatment System
 
Estimated $13,526
 
Unit Cost
 

20.5	 ELECTRICITY USAGE - 5 gpm 1,000 US gal $0.55 2,628
 
PLANT
 

205 1	 Electricity usage for UV/Chemical 
oxidation system
 

Estimated $052
 
Unit Cost
 

2053	 Additional plant electrical usage 1,000 US gal $003 ...
 
estimated @ 5 0%
 
of U V/chem costs
 

20.6	 DISPOSAL OF RESIDUALS - 5 gpm 1,000 US gal $0.35 2,628
 
PLANT
 

206 1	 Sludge generation & disposal 1,000 US gal $035 ... 
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Drainage Layer: Sand 12" 
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Geosynthetic Clay Layer 

Protective Layer:
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 12" 

Existing Cover Layers 
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(Thickness Varies) 
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Facsimile Transmission 

To: Dan Peters 
Company: Metcalf & Eddy 

Fax No: 781-245-6293 
From: Dick Dooly 
Date: October 22, 1997 
Pago: 1 of 7 

Re: GEM-500 and Accu-Flo Wellhead Bulletins 

Dan: 

Here are the bulletine we discussed. Again, list pricing for the GEM-500 is $6,395.00, 
which includes hoses, filters, soft case, software diskette and cable. List price for the 2" 
vertical Accu-Flo wellhead with gate valve, quantity of 36, is $325.00 each. We will be 
faxing you a quote for these items, plus the additional GEM-500 accessories that we 
discussed. 

If you have any further questions, please call our Northeastern Regional Sales 
Representative, John Johnson, at (800) 390-7745. He's located in Danascus, MD. If 
you have questions regarding this fax or the quotation, please contact me at (909) 430­
3571. 

Regards, 

LANDTEC Sales 

LANDFILL CONTROL TECHNOLOGIES 
633 W. 5th Street, Los Angeles, CA 90071-2006 (213) 895-5353 (800) 821-0496 fax: (213) 895-5866 

http:6,395.00
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Series: 500 

METERING/INSTRUMENTATION
Gas Extraction Monitor 

LAROH U COMTRO I TCCNNILOCII I 

Verftatile Analyzer Simplifies LFG 
Monitoring and Control 

The GEM-500 was specifically designed 
by Landfill Control Technologies (LANDTEC) 
for use on landfills to monitor landfill gas 
(LFG) migration control systems, gas extrac­
tion svstems, flares, migration probes, LEI 
levels, subsurface fires, and more. 

The light-weight, portable unit integrates 
nine field instruments with an on-board 
computer. The versatile monitor provides 
landfill technicians with an array of analysis 
and computation functions. The results can 
be stored, printed and later down-loaded to 
a personal computer to provide error-free 
data management. 

Multi-Functional Features 

The GEM-500 automatically samples and 
analyzes the methane, carbon dioxide and 
oxygen content of landfill gas. The easy to 
read LCD screen shows the results as 
percentages of CH4, CQ Q2 and 'balance' 
gas (typically mtrogen).The GEM-500 also 
calculates and displays gas flow rate. Btu 
content, temperature, pressures and LEL 
(Lower Explosive Limit). 

In addition, the user can recall prior data 
stored at up to 500 monitoring points lor 
contrast with current data. Alarms can 
easily be set for methane and oxygen. 

The GEM-500 can automatically calcu­
late gas flow rates, adjusted to standard 
temperature and pressure (STP). The results 
can be displayed in either Imperial (USA) or 
SI (metric) units. 

LANDTEC'S versatile GEM-500 can be 
used with Orifice plate and Pilot tube meters, 
but most effectively on LANDTEC'S Accu-Flo" 
wellheads, which incorporatesa built-in 
precalibrated gas flow meter and quick-
connect sample ports. 

The Accu-Ffo™ wellhead and GEM-500 
were designed to work together to expedite 
the time required to sample and adjust LFG 
wellheads. 

GEM-500® Integrates Nine Landfill Gas 
Field Instruments with On-Board Computer 

Rugged, User-Friendly Design Time Saving Convenience* 

The GEM-500 is an all-weather, self- Users will readily appreciate the built-in, 
contained portable monitor which uses a time-saving conveniences provided by the 
self-compensating infrared gas analyzer GEM-500 instead of fumbling with data 

sheets, temperature gauges, flow meters, rechargeable power supply for all day use, methane/oxygen/carbon dioxide analyzers. an Internal sample pump capable of drawing pressure gauges, calculators and other field a gas sample at up to 70" vacuum. WC. equipment, the GEM-500 provides it all, and 
An easy to follow, on-screen menu more, in an easy to carry light-weight case. 

guides the operator through the sampling 
process which can be completed in less than LANDTEC'J Family of Landfill Products 
a minute, l.D. codes allow the user to store The GEM-500 is part of a family of and recall prior measurements for each products developed by LANOTEC for the 
monitoring point Preset maintenance solid waste industry These products are 
codes can be used to note field work based on over a decade of corporate 
required. The stored data can be later operating and regulatory experience at 
retrieved for viewing or down-loaded to a multiple client sites by LANDTEC's parent, 
personal computer for use in a database Pacific Energy along with years of field 

proven reliability and experience. 

©1993-198S landfill Control Tschnolog'es. Corporate Headquarters 633 West Fifth Svwt Suite 1900 Los Angeles California 90071-Z006 US.A 
Phon* (213) 895-5353, (800)62' -0*96 Fax 1213) 895-5866 
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LANDTEC'S GEM-500" Analyzer Provides a 
Convenient Link Between Your Landfill Data and Office Computer 
Kty GEM-500 Feature* 
Mutti-Functional Analyzer ..provides automatic 

sampling and analysis of gas comoosmon (% by 
volume CH (100% & LED, CC- 0, and % remain, 
•ng gas-baiancsl temperature, pressures Also 
calculates gas flow rates as well as Btu rates 

Diverse Field Applications monitors migration 
control systems, gas extraction systems, flares, 
migration probes, temperatures, and more. 

Ufbt-Wt igta Compact Sin. .'S easy to carry.
 
Weighs less than five pounds
 

Oafek Analytic completes sampling and displays 
gas analysts and flow results in usually less 
than one minute. 

Infrared Gu Analyzer .provides high-tech accu­
rate measurements of methane |CH4), and 
carbon dioxide (C0t) 

R«far«nc« Btam .provided by infrared analyzer 
for self compensation 

Durable Oxygen Sensor provided bv the 
galvanic cell principle, unaffected by other 
gases such as CH,. CO.. or H,S 

User Friendly On-Scresn Matra guides the user 
step-by-step through an functions and options 
available. 

PC Data Downloading provided by RS237 
interface with optional software 

Date Storage/Retrieval stores prior measure­
ments taken for each monitoring point, over 
500 monitoring points total 

Prior Data Recall ..allows user to recall prior data 
for each monitoring point 

Methane Analysis displayed as either %CH, by 
volume or LEI (Lower Explosive limit) 

Durable Construction built of strong, durable 
plastic material suitable for harsh landfill 
environments Sealed tactile keyboard 

All Weather Use designed to operate m hot/wet 
weather extremes from T4"F f o WT Weather 
tight case 

Built-in Adjustable Alarms a-lows user to set 
alarm limits for CH, and 0. 

Recharjcable Batteries provides all day field use 
Battery Ckeck monitors battery life remaining 
Monrtormg Point I.D. Codes c'ovides aloha-

numeric identification of monitoring points for 
data storage and recall 

Maintenance Codas., allows useno note typical 
maintenance needs using eigrrt preset or e'ght 
user defined maintenance codes 

Data/Tim* Stamp ..recorded for all stored data 
Imperial vs. SI Units, displays measurements m 

Imperial (USA) or SI (metric) units. 
InttrfacM to LANOTEC Data Management 

Software...which provides statistical 
management and reporting o* IR5 data 

Multiple Row Meter Analysis supported to 
calculate gas flow rates from Accu-Flow 

wellheads. Orifice plates and Prior, tubes 

rrjjrn' tsndntl ficn Ost3 

fle(^»^Axwra 

GEM-500 Packs Nine LFG Instruments 
and Computer into Rve Pound Case 

The highly accurate and reliable GEM­
500 provides field technicians with the most 
commonly used LFG instrumentation, linked 
to an on-board computer for quick data 
calculations, storage and retrieval - all 
within a compact all weather case the size 
of a dictionary. 

The GEM-500 was designed by LANDTEC 
to support the ever-increasing instrumenta­
tion requirements of LFG monitoring. The 
multi-functional unit 
expedites the analysis and storage of field 
data Software allows easy downloading of 
stored data to a personal computer for 
further analysis and reporting 

Couple trie GEM-500 with a LANDTEC 
Accu-Flo* landfill gas wellhead, and field 
monitoring becomes more accurate and 
more efficient. With the GEM-500 and Accu-
Flo" combination, you can forget about 
carrying analyzers for methane, carbon 
dioxide and oxygen. You can also eliminate 
handling high and low pressure and 
temperature sensors. Pitot tube. Orifice plate 
or other cumbersome flow meters, vacuum 
Dump, flow calculator and data sheets 

An tnvolved and contributing 
member of the Solid Waste 
Association of Noon America 
aid the National Solid Waste is nivi Association 

on HtftCtttJ FlOtt 

To1 Computsnud Otis / 

GEM-500 Specification* 
SMSOT flana* 

1a>»»riil Niipanal 
Melh»ne-CH. 0-100% 0.1% 
Carbon dtonde-CO; r>w% 0.1% 
Onygen-O. 0-25% 0.1% 
Pressures Idiff) 0-10' W C 0.01' H 

(static) 0-100* WC o.rw 

GEM-500" Typical Accuracy 
%CH(b, %CO,by 

Concentration Vehnn* vOnNMe 

5%IIEICH() 103% na 4)25% 
75% ±1.9% ±30% n.a 

Additional Information 
Technical information is available on the 

GEM-500 including product specifications 
and user instructions. Information is also 
available on LANDTEC's family of integrated 
landfill gas/liquid management products 
including: wellheads, well-bore seals, 
knock-outs, instrumentation, condensate/ 
leachate treatment, flares and landfill gas 
management software. 

LANOTEC also provides technical and 
educational literature on specific landfill 
subjects and issues. Please call our toll free 
telephone number (800) 821-0496 (8 a.m ­
5 p  m Pacific Time) for additional information 
and placement on our mailing list. 

UMfiu Ctunwt TRMMWIU 
(tOO) LANDTEC 

Northwest Sales Office 
(2t3) 895-5621, (211895-5866 FAX 
Sotthvmt Salm Office 
(Z13) 895-5625, (213) 895-5866 FAX 
Northeast Sites Office 
(703) 425-9894. (703)425-6026 FAX 
Sootheast Sates Office 
(404) 869-0107. (404) 869-0103 FAX Product designs and sgmfications art sustect to change wrttwt notice User is responsible for determining suitability of product 

L4NDTK and GEM or? reoutered wth T*c U S °a(M and TntVtnsrtc Office 
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Accu-Hp™ Helps Prevent LFG Migration, 
LFG Emissions & Subsurface Fires 

Landfill owners and operators will appre­
ciate Accu-Flo's" oroven design that meets 
the special requirements of landfill gas (LFGI 
recovery for environmental compliance or 
energy production. 

Accu-Flo1" wellheads, develooed by 
Landfill Control Technologies (LANDTEC) 
provide operators with the gas extraction 
control necessary to meet more restrictive 
environmental and safety regulations thus 
preventing unnecessary and costly viola­
tions. Accu-Flo" helps maximize gas 
recovery, minimize surface emissions and 
subsurface migration, helps control hot spots 
and prevent subsurface fires 

Simplified Data Collection 
Accu-Flo™ simplifies the complexity of 

measuring wellhead data by incorporating 
key built-in features including a LFG flow 
measuring device, gas temperature gauge, 
quick-connect gas sample ports and a flow 
control gate valve 

The patented design also helps expedite 
the time required to obtain kev wellhead 
data and determine necessary flow adjust­
ments using either standard field instrumen­
tation or LANDTEC's GEM-500 unit which 
integrates the function of nine field 
instruments and a computer into one 
compact, portable, light weight, simple to 
operate unit. 

Quick and Versatile Installation 
The prefabricated Accu-Flo" assembly is 

factory tested and is shipped ready for im­
mediate installation - eliminating the cost 
and uncertain! es of field fabricated units. 
Accu-Flo™ models are available for installa­
tion above or oelow ground on vertical wells 
or horizontal branch laterals in flows ranging 
from 1 to over 500 ACFM. The compact 
patented desion allows for installation in 
small 18'x 24-x 16'vaults 

Accu-Flo 
Series: 150,200,300 

WELLHEAD 
Landfill Gas Control 

Patent #5,458,006 

Choose Accu-Flo" Wellheads for Optimum Landfill 
Gas Control, Accuracy and Dependability 

LANDTEC's Family of 
Compatible Components 

Accu-Flo" wellheads are one in a group 
of LANDTTC's family of products designed to 
work together in an integrated landfill gas 
management program with other proven 
LANOTEC products including1 well-bore 
seals, knock outs, pump stations, instrumen­
tation, condensate/leachate treatment, 
and landfill gas management software 

The versatile GEM-500 is designed to 
interact with Accu-Flo™ wellheads The unit 
analyzes and records the methane, carbon 
dioxide and oxygen composition of the gas 
stream, measures static and differential 
pressures, as well as gas temperature It 
calculates Btu content. Btu flow rate, and 

gas flow rates. One keystroke stores all the 
measured information from each well which 
can then be down-loaded to a personal 
computer 

LANDTEC's Approach to Solving 
Specific Needs 

All LANOTEC products are designed to 
serve the specific needs of the solid waste 
industry. These products are based on a 
decade of corporate operating experience 
applying landfill gas management principles 
at multiple client sites and sites operated by 
LANOTEC's parent, Pacific Energy. LANDTEC 
products are backed by a clear and uncon­
ditional warranty that our customers can 
depend upon 

©1992-1996 landfill Control Technologies Corporate Headquarters 633 We« Fifth Street Suite 4900. LOJ Angelej, California 90071-2006 U S  A 
Phono (213) 895-5353. (8001821-0-196. Fax (Z13I895-5866 
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ACCU-FlO Offers Time-Saving, Multi-Functional Wellheads 
at Less Than Reid Fabrication Prices 

Vertical - Accu-Flo well casing configuration Key Accu-Flo* Features: 
CM H«w M»t«f (rnoact Wfc* dtsrar) Thi gsj R«w CvMral Cut V»l»» Proridw cgnmlled throttling * 

OwCro~_ assembly incwwros I pft-cosiinnid ind modified gitflevrgmtpoiinvejhut-off incacpontntfmWtrvC 
imo»ct ttrtc wrfw> a pr«-cihbr»mf mcajurtmwn tub* cons vucti on 8f>0 iî rt m' 
(Atcu-Flo" body) The WJwnWy blends into t wrti casing 

Temperature G»tige w branch toe's! W crflnde m»t»fl«tion ranntrawa i»mphno port imnwdiiuly de«n»u»aiii of tti» now 
Suit* frtswt Foct-\" T»nf«rMura ffcaf* P-owlts gat flow temprWurt control gau ntvt 

requimi tar calcutalinj aconite o«$ (low -swi and Mipl*fB««M*| P'Ovtdu«CrMiil«iiwuming utilizing 
d«t«Ctmg mmirtscr frn-s standard fitting or convgnent AtnJ Flo" xfapnr iit] 

Gt*Pr*mnr*rn Pro»iif« auek-tonrwct positive UlriM OimnMt PrtvnfM convcnienl nmioval vt Accw­
sealing convenience *toP t»king imptct tufro static and no* «SOfflWr for inipection or ptnorfc raintenarm 

Horizontal - Acoj-flo lateral configuration alotnl Flow Control €«ttV«n* 

Gn Meesvirsnwm Tube AwmWy 

(with built-m impKt tuM 

TutoAsmnWv 
(wflfibwh-w irnpecttuGe 

Row Accuracy and Reliability Key Accu-Ro~ Benefits IANDTK - Ready To Help Y» 
Trie Accu-Flo" system is designed to 

operate in the wet, abrasive environment 
typical of landfill gas and still provide 
exacting control and accurate flow measure­
ments with high dependability and 
repeatability 

A patented feature of the Accu-Flo*1 

design is the pre-calibrated gas measure­
ment tube assembly (Accu-flo"* body) which 
extends into a standard vertical or horizontal 
well casing or branch lateral, creating a 
compact installation 

the measurement tube assembly houses 
a modified stainless steel impact tube 

« Compact size 
• Easy installation and maintenance 
• Built-in gas flow measurement 
• Built-in flow control gate valve 
• Quick connect measurement ports 
• High accuracy and repeatability of 

measurements 
• Durable Materials Sdi 80 PVC or PE housing 

and couplings, stainless steal irnoaa tube, 
and polypropylene finings, Elostomer 
couplings and PVC Flexible interconnects. 

Standard Accn-Flo" Models 

At LANDTEC we take pride in the quality 
and experience built into our products. We 
are equally proud of our warranty and 
technical support which back these products 
As a Pacific Energy company, with a 
diversity of operating and regulatory 
experience in gas recovery, we can help you 
provide practical solutions to your landfill 
requirements. 

Please call our toll free West Coast 
number 1-800-621-0496 (8 a.m. • 5 p.m) and 
ask for a sales engineer to discuss your 
landfill needs We're here to help 

specifically designed by LANDTEC for harsh 
landfill gas applications. Pressure differen­
tial readings between the impact tube and 
measurement tube are used to calculate flow 

To help protect the impact tube from 
condensate and paniculate clogging, 
common with conventional designs, Pilot 
tubes and Orrf ice ports. LANDTEC uses an 
enlarged total pressure port opening anda 
separate protected static pressure Don 
Also pre-calibration of the measurement 
tube with a pre-positioned impact tube 
eliminates the need to take time-consuming 
traverse measurements normally required 
for accuracy. 

wooot 
Siit/Dia

Inches 

150 IS' 

200 2D1 

300 30 ' 

Row 
Ran 

SCFM 

0-SO + 
E-71* 

10-500+ 

titttan 
Drop 

(Inches HjO) 

O i - 1  5 
0 1 - 3  5 
0 1 - 1 1  5 

Specify vertical or horizontal dasign. Optional adapter 
kits are available for well casings up (n 8' in diameter 

Additional Information 
Technical information is available on the 

Accu-Flo* wellhead including product speci­
fications, installation instructions and 
drawings 

Additional product information is avail­
able on well-bore seals, knock-outs, pump-
stations, instrumentation, condensate/ 
leachate treatment flares and landfill gas 
management software 

LANDTEC also has technical and educa­
tional literature available on specific landfill 
subjects and issues Please call for addi­
tional information and/or to be placed on 
our mailing list. 

An mvol»«) and comnbinmg member of ttie Solid 
Waste Association of North America and tt-s National 
Solid Wasts Management Association 

(xpit/m I fS Mnsvtmtnu wittt Actv Flo' ami GfM-500 

Product designs and specifications arc sub|«et to change widiout notice User is response tor determining suitability of product 
LANOTC is eoistefed with the K S Patem ano Trademark Office Accu-f lo is a nrcdac* tredemarit 

LANDHU. Cowroi Ttcmvviottci 
(800) LANDTEC 

Northwest Sales Office 
(213) 895-5621, (213) 895-5866 FAX 
Southwest Sales Office 
(213) 895-5625. (213IJ95-5866 FAX 
Northeast Sales Office 
(703) 425-9894, (703)425-6026 FAX 
Southeast Sales Office 
(404) 869-0102, (404) 869-0103 FAX 
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Accu-Flo"" Description 

The patented Accu-Flo" series wellhead is a prefabricated gas 
flow control system developed specifically for installation on landfill 
gas (LFG) management systems. The assembly incorporates a built-in 
gas flow meter, gas temperature guage. quick-connect gas sample 
and pressure ports, and flow control gate valve Models are 
available for installation above or below ground, on vertical wells or 
horizontal branch laterals, and for flow rates ranging from one to 
over 500 cfm (cubic feet per minute). Adapter kits are available for 
installing Accu-Flo" wellheads on a multitude of gas well casings or 
laterals. 

LamKill Gas Flow Measurements at Wellheads 
Step A - The following measurements should be taken directly at 
the wellhead using appropriate instrumentation. 
• Static Pressure - measure s.p range. 0-100' W C.. 0 1 resolution. 
• Differential Pressure - measure d p range, 0-11T W.C., 0.01 resolution 
« Gas Temperature - read built-in ttiemnomettr degrees Fahrenheit 2.0 resolution. 

• Gaj Composition - use any port to extract agas sample of analysis. 

Step B - Calculate gas flow volume (SCFM) using one of the 
following methods: 
« Use LANOTEC Chart Velocity Prissure vs flow provided with each wellhead. 
• Use LANDTEC GEM-500 (Gas Eittaeiion Monitor) for automatic gas sampling 

pressure measurements, analysis, and flow calculations 

• Use LANDTFC's propnotory equations 

Accu-Flo™ Maintenance 
Accu-Flo"1 wellheads are designed to provide maintenance free 

operation, The quick-connect ports are threaded for easy inspection 
or replacement The union disconnect allow convenient removal of 
the Accu-Flo" assembly for periodic inspection. The built-in impact 
tube is mounted to a standard PVC plug for easy removal Removal of 
ttie plug also allows operators to 'sound' a gas well to determine 
the approximate liquid depth within the well casing. 

PRODUCT SPECIFICATIONS 

Accu-Flo 
Series: 150,200,300 

WF1LHEAO 
Landfill Gas Control 

Patent #5.458,008 

Primary Acca-Flo™ Features and Components 

Gas Flow Metar (Gas Measurement Tube assembly) incorporates a 
prepositioned. impact tube within a precalibrated (lab certified) 
measurement tube assembly (Accu-Flo'" body) Assembly can extend 
into the well casing to provide installation compactness. 
Flow Control Gate Valve: Designed for full flow with minimal 
pressure drop or throttled flow, non-rising stem, positive shut-off gas 
flow, PVC materials, and a polypropylene wedge. 
Impact Tube: Pre-positioned within the gas measurement tube 
assembly Mounted to a threaded PVC plug. Stainless steel construe­
tion Design incorporates an enlarged pressure port and a separate 
static pressure port to protect tha tube from paniculate and 
condensate clogging common with conventional Pilot designs used 
in LFG applications 
Gas Pressure Ports and Sample Port Provide quick-connect 
convenience when taking gas samples and impact tube static/ 
differential pressure readings required for calculating gas flow rates. 
Constructed of polypropylene with Viton seals for positive sealing. 
Threaded fittings are easily removed for inspection or replacement. 
Temperature Gauge: Indicates gas flow temperature on a scale 
ranging from 0' to 220°F with ±2°F accuracy. Stainless steel probe. 
plastic water tight dial caver and a recalibration nut. Easily removed 
from quick-connect fitting for inspection, or other use of fitting. 
Flax hose: A 5' long flexible "PVC spa hose' is provided, with all 
Accu-Flo" models to connect the outlet of the Accu-Flo* wellhead to 
an existing LFG laterial or header 
Dost Covor. Protects sample ports and temperature gauge from the 
sun and landfill elements 

Accu-Flo" Compatible Instrumentation and LANOTEC Products 
Landfill Control Technologies ILANDTEC) distributes or manufactures 
the following products that can be used with Accu-Flo™ wellheads: 
•	 LANDTEC GEM-500 (Gas Extraction Monitor) - incorporates 

nine landfill gas instruments with on-board computer. Data can 
be downloaded to PC. 

•	 LflWOrFCWBS-100" (Wall Bora Seal) - dense PVC sheeting 
provides durable, impermeable membrane seal around well casing 
to prevent well-bore air intrusion and LFG emissions 

<S>1992-1995 landfill Control Technologies Corporate Headquarwrs 633 West Fifth Street. Suite 4900. los Angeles, California 90071 -2006 U S.A 
Phone 12131895-5353. IBOO) 821 -0496. Fax (Z131895-5866 
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U'Venwi 150V 1 Thru 50 O.IThnH.5 16' » W 9 S 100 

1.5'HW'lonW 1SOH ilhniSO 0.1 TV»Z,1 I0'«8 f 113 130 

rVerttMl J 200V 5T)>r«75 otn»v3 J i^isy 118 12.0 

rHonwnal 200H 5 Thru 75 O.TTNW3.S 10-X6 V 12 5 13 0 

r Verne* 300V TO Thru 500 01Ttnv1!5 * 23'iSZ' 37 5 38.9­

r HwiJOntBl 300H 10Thru500 0.1 rtiru19.0« iy«7 V 46 « 470* 

V . Vernal hUHonranM • liWgOs 3'V»IY»J sh.oo*d «o»8«ty. wtigm 22 Ibj. 
To onhr bwic wiflhwd without flow mfwurenunt «leni«n «dd 'NF to modd nwnbtr 

Out Cap 

Unwi Dracwiwct 

Flow Control G»teV«*w 

(WfV) Wlrt*WI RTlOQCt tUDw 
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Gas Moasurem«nt Tube 

Ebsiomenc Ad8ptv< 

Strtc Priviurt Ptxt' 

Aeeo-Ro~ Wellhead Shipment and Instillation 

Shiprmnt Accu-Ro" wellheads are shipped as a complete 
assembly, plus separate flex hose (glued fitting). 

Imttilitioft: Accu-Flo" wellheads (vertical and horizontal) are 
installed on top of or extend into 2' through 8' well casing or 
laterals. Accu-Flo" wellheads are typically installed on a well casing 
or branch laterial by using appropriate reducer bushings, couplings, 
flanges, gaskets and bolts (as required and provided by others) - or 
by using LANOTEC Installation Adapter Kits. 
No special tools are required. Assembly and installation of an Accu-
Flo™ wellhead typically takes less than an hour. 

Vault Installation: All Accu-Ro" models can be installed below 
ground in 3 vault. Because the patented Accu-Flo" body can extend 
into a well casing, installation for models 150 and ZOO wellheads 
can be in vaults as small as 18* x 24" x 16' deep 

Wtmnty 

LANOTEC products are backed by a clear and unconditional warranty. 
It guarantees that for twelve months after delivery, the product will 
operate properly and meet design specifications, or we will repair or 
resolve the problem to the customer's satisfaction, otherwise we 
will provide a complete refund of the purchase price. Our warranty 
reflects our commitment to our products and customers. 

Accu-Ro" Product Selection/Order Instnictiwis 

To select the proper Accu-Flo- models and Adapter Kits for a gas 
collection system, determine: 
;; Model Style: Select the "installation style* required for each 
modal, either (V) vertical styla or <H) horizontal stylo. 
2) ModelSix: Select the 'model size' required for each wellhead 
to meet the design flow and pressure drop requirements by using 
Table 1 - Accu-Flo" Model Specifications. Full range pressure drop 
charts are available upon request for each model: 

Model no's. 150V, 150H, 200V. 200H. 300V, 300H. 
3) Optional Adapter Kits: To order Adapter Kit, specify well casing 
size and type (either slip or flange). 

Elastpmeric Adapter Kit contains: Elastomenc Coupling, Concentric 
Bushing and Stainless Steel Clamps. 

Flange Kit contains: Elastomeric Adapter Kit Van Stone Flange, 
Neoprerm Gasket and Boh Kit. 

Please call our toll-free number (800) LANDTEC and ask for a Sales 
Engineer to assist you. 

LANDTEC Products, Sipport Services ind Spara Parts 

LANDTEC provides full technical support for our products. A spare 
parts list is provided with each product Additional information can 
be obtained on products including: product short and long form CSI 
specifications, installation instructions and CAO drawings, LANDTEC 
products are designed to work together in an integrated landfill gas 
management program with other products which include: wellheads. 
well-bore seals, knockouts, pump stations, flares, condensate/ 
leachate treatment, field instruments and landfill gas management 
software. 

For additional information or placement m our mailing list, please 
call our toll free West Coast number (800) 821 -0496 (8 a.m. - 5 p.m. 
PST) and ask for a sales engineer to discuss your landfill needs. 

LMWIU. C*nn*t Ttemituni 
(MO) LANDTiC 

Northwest Sales Office 
£13)895-5621, (2l| 895-5866 FAX 
Sombwoft Salts Offic* 
(213) 895-5625. (2131895-5866 FAX 
Northern Salt* Offic* 
gQ3M25-389J (703)425-6026 FAX 

Product designs and swcrficatiwis at subject to Changs whhout notice. User is responsible fef detemiining notability of product 
LANDTEC is registered wiift the IIS. Patent and Trademark Office. Accu-Flo is 3 product trademark. (404) 869-0102, (404 869-0103 FAX 

TOTflL P.07 
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