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Introduction�
 
 
 
 
This report presents the results of an on-site feasibility study (FS) of alternatives 
for the environmental remediation of Operable Unit No. 1 and Operable Unit 2 for 
the former Frontier Chemical Waste Process, Inc. (Frontier Chemical) site located 
in Niagara Falls, New York.  The site is listed as a Class 2 site on the New York 
State Department of Environmental Conservation (NYSDEC) Registry of Inactive 
Hazardous Waste Sites (Site No. 9-32-110). 
 
1.1 Background 
In response to apparent soil and groundwater contamination at the site, NYSDEC 
commissioned a Supplemental Remedial Investigation/Feasibility Study (SRI/FS) 
of the site.  The SRI and FS were completed on behalf of NYSDEC under 
Superfund Standby Contract Work Assignment # D003493-30.   
 
The objective of the SRI was to characterize the nature and extent of on-site and 
off-site contamination in order to provide data for completing the FS.  The scope 
of work for the SRI is described in work plan documents approved by NYSDEC.  
The SRI included a qualitative human health risk evaluation identifying potential 
risks to human health and the environment due to contaminants present on-site 
and off-site.  The results of the SRI were summarized in a separate report 
prepared by Ecology and Environment Engineering, P.C. (E & E), Final 
Supplemental Remedial Investigation (SRI) for the Former Frontier Chemical 
Waste Process, Inc. Site, Niagara Falls, New York (February 2003). 
 
This on-site Feasibility Study Report for the Former Frontier Chemical Waste 
Process, Inc. Site addresses contamination and remediation issues for the Frontier 
Chemical property.  Off-site contamination issues in the vicinity of the Frontier 
Chemical property were not evaluated as part of this report. 
 
The FS is focused on the assessment of the feasibility of a select group of 
remedial alternatives.  Additional details regarding the appropriateness of the 
focused approach are discussed in Section 3 (Identification of Technologies and 
Development of Alternatives).  
 
A technical review (preliminary screening) of applicable technologies was 
completed by E & E and the results were discussed with NYSDEC prior to 
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development of alternatives.  The FS addresses two operable units (OUs) and 
remedial alternatives and their associated remedial technologies, which are 
presented below. 
 
1.1.1 Operable Unit 1 (Overburden Soil and Groundwater) 
 
Overburden Soil 
 

 Alternative No. 1:  No action.  
 

 Alternative No. 2:  Institutional controls (i.e., access restrictions, deed 
restrictions, long-term monitoring).  

 
 Alternative No. 3:  Cover (asphalt pavement cover in areas already containing 

some asphalt or concrete and soil cover to limit potential for direct contact 
with impacted near-surface soil).  Includes long-term maintenance of the 
cover. 

 
 Alternative No. 4:  Excavation and on-site treatment of soils (soils generally 

containing greater than 10 parts per million [ppm] total volatile organic 
compounds [VOCs]). 

 
 Alternative No. 5:  Excavation and off-site treatment/disposal of soils (soils 

generally containing greater than 10 ppm total VOCs). 
 
Overburden Groundwater 
 

 Alternative No. 1:  No action. 
 

 Alternative No. 2:  Institutional controls (i.e., access restrictions, deed 
restrictions, long-term groundwater monitoring). 

 
 Alternative No. 3:  Hydraulic containment (collection trench with sand seam 

extraction well) and ex situ treatment of overburden groundwater with dis-
charge to a publicly owned treatment works (POTW). 

 
1.1.2 Operable Unit 2 (Bedrock Groundwater) 
 

 Alternative No. 1:  No action. 
 

 Alternative No. 2:  Institutional controls (i.e., access restrictions, deed 
restrictions, long-term monitoring).  

 
 Alternative No. 3:  Hydraulic containment (groundwater extraction from wells 

placed across the A and B bedrock fracture zones) and ex situ treatment of 
groundwater with discharge to a POTW. 
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The C zone bedrock groundwater (Operable Unit 3) will be further assessed as 
part of future remedial activities and is not included in this report. 
 
Additional details regarding the criteria used during preliminary screening and the 
components of these remedial alternatives are presented in Section 3. 
 
1.2 Purpose and Organization of Report 
The purpose of the on-site FS is to identify and evaluate technologies that are 
available to remediate the on-site areas identified in the SRI as requiring remedial 
action.  The technologies most appropriate for the on-site conditions are then 
developed into remedial action alternatives that are evaluated based on their 
environmental benefits and cost.  The information presented in this FS report will 
be used by NYSDEC to select on-site remedial action(s).  The on-site remedial 
action(s) selected for the site will be summarized by NYSDEC in a Proposed 
Remedial Action Plan (PRAP), which will be released for public comment.  After 
receipt of public comments NYSDEC will issue a Record of Decision (ROD). 
 
This FS report consists of the following six sections.   
 

 Section 1 includes information regarding site background, site location, site 
description, site history, a summary of previous site investigations, site 
geology/hydrology, nature and extent of contamination, contaminant fate and 
transport, and public health and environmental risks. 

 
 Section 2 presents the identification of standards, criteria, and guidelines and 

the development of remedial action objectives (RAOs). 
 

 Section 3 identifies appropriate technologies and the development of 
alternatives. 

 
 Section 4 is the detailed evaluation of the alternatives for remediating the 

affected media. 
 

 Section 5 presents a comparative analysis of alternatives, summarizes the 
rationale for the selected remedy, and presents a preliminary cost estimate for 
the remedy.   

 
 Section 6 provides a summary and conclusions.  

 
 Section 7 contains the references. 

 
1.3 Scope of Work 
E & E completed the following scope of work for the FS. 
 

 Identified standards, criteria, and guidelines (SCGs) that may apply to the 
specific conditions at the site.  These generally include state requirements that 
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are used as a basis for establishing cleanup goals for the site and other regula-
tory requirements that may apply to proposed remedial actions. 

 
 Identified proposed cleanup goals (SCG goals) and remedial objectives for 

contaminants of concern at the site. 
 

 Completed preliminary screening of remedial technologies to develop a 
focused list of technologies/alternatives that appear implementable and 
effective based on the site conditions and list of contaminants identified 
during the SRI. 

 
 Developed and combined on-site remedial alternatives for detailed analysis 

that were evaluated on the basis of: 
- Compliance with applicable or relevant and appropriate SCGs and reme-

diation goals; 
- Overall protection of human health and the environment;  
- Short-term impacts and effectiveness;  
- Long-term effectiveness and permanence; 
- Reduction of toxicity, mobility, and volume; 
- Implementability; and 
- Cost. 

 
 Compared the alternatives based on the seven criteria identified above. 

 
 Provided conclusions regarding the FS.  

 
 Prepared this report summarizing the findings of the FS. 

 
The FS and report was completed in general accordance with:  
 

 The scope of work described in the Work Plan for the Supplemental Remedial 
Investigation/Feasibility Study at the Former Frontier Chemical Waste Process, 
Inc., Site, Site No. 9-32-110 (September 2002);  

 
 Procedures recommended in the NYSDEC Division of Hazardous Waste 

Remediation, TAGM 4025 Guidance, Guidelines for Remedial Investiga-
tion/Feasibility Studies  (March 1989);  

 
 NYSDEC Division of Hazardous Waste Remediation TAGM 4030 Guidance, 

Selection of Remedial Actions at Inactive Hazardous Waste Sites, as revised 
May 1990; and 

 
 U.S. Environmental Protection Agency (EPA) Guidance for Conducting 

Remedial Investigations and Feasibility Studies under CERCLA (October 
1988). 
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1.4 Site Information 
1.4.1 Site Description 
Frontier Chemical is an inactive 9-acre parcel located at 4626 Royal Avenue 
within the City of Niagara Falls, New York (see Figure 1-1).  The Niagara River 
lies within 1 mile south of this site. 
 
The site is bordered to the north by property identified as Niagara Junction 
Railway Company, to the northwest by property identified as the Niagara County 
Industrial Development Agency, to the south by Elken Metal Company, to the 
southwest by Frank’s Vacuum Truck Service, and to the east by 47th Street, 
beyond which is Strator.  Both Elken Metal Company and Frank’s Vacuum Truck 
Service are located on Royal Avenue.  
 
The facility treated chemical wastes from 1974 until December 1992, when the 
facility closed.  When in operation, approximately 25,140 tons of chemical wastes 
were treated each year. 
 
1.4.2 Site History 
The site was originally developed in 1906 by ISCO Chemical Company (ISCO) 
as a caustic-chlorine plant.  During World War II, the International Minerals and 
Chemicals Corporation bought the site and operated the facility as a caustic 
soda/potash and chlorine plant.  In 1974 Frontier Chemical, which provided 
hazardous and nonhazardous chemical treatment, moved their company to the site 
from Pendleton, New York.  Frontier Chemical expanded its on-site operations, 
which included wastewater treatment, fuels blending, and bulking chemicals for 
off-site disposal.   
 
In 1985, Frontier Chemical and a sister company, BLT Services, Inc., became 
wholly owned subsidiaries of Environmental Services Associates, Inc. (ESA).  In 
February 1990, ROE Consolidated Holdings assumed operational control of ESA, 
which had operational control of the site.  The current site owner is 5335 River 
Road, Inc. 
 
Several environmental investigations have been conducted at the site over the past 
21 years.  Table 1-1 in the SRI report provides a chronological history of 
activities conducted at the site.  A summary of each investigation is included in 
Section 1.2.1 of the SRI report. 
 
The facility ceased operations in December 1992.  Beginning in 1999, most of the 
site’s buildings were demolished and some rubble remains on-site.  
 
1.4.3 Subsurface Conditions 
The overburden thickness ranges from 14.7 feet to 17.1 feet.  It consists of up to 2 
feet of fill material (topsoil, silt, sand, and gravel with some cinder blocks, glass, 
wood, slag, bricks, crushed stone, concrete, and asphalt) followed by 12 feet to 15 
feet of silty clays overlying the bedrock.  The natural soils encountered generally 
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consist of brown to red to green silty clays or fine sand and silt, with trace gravel 
at most localities.   
 
Bedrock underneath the site is classified as Lockport Dolomite.  The upper 
bedrock contains several water-bearing fracture zones.  The first zone (Zone 1) is 
a 2- to 5-foot-thick weathered zone with an estimated 1-foot-thick high-
permeability zone (A-fracture zone).  This zone is followed by an 8- to 10-foot 
unweathered thick-bedded zone of lower permeability (Zone 2).  At the base of 
Zone 2 is a 1- to 2-foot-thick high-permeability marker bed labeled as the B-
fracture zone.  The B-fracture zone varies in thickness from 1 foot to 4 feet.  
Beneath this zone is Zone 3, which is a medium- to thick-bedded fossiliferous 
zone.  Within this zone, the C-fracture zone was identified through in situ aquifer 
testing (i.e., packer tests) (Ecco, Inc. 1990).  The C-fracture zone is approximately 
20 feet below the B-fracture marker bed and is not as distinct and permeable as 
the A and B zones. 
 
1.4.4 Site Hydrology 
The Frontier Chemical site is located in an industrial section of Niagara Falls.   
Approximately 25% of the surface area at the site is covered by grass/vegetation 
and the other 75% of the surface area is covered by buildings, building 
foundations, and pavement.  Water on the grassed areas tends to collect in 
topographic lows before draining into the overburden.  Surface drainage on the 
paved surfaces generally flows southward into storm sewer outfalls (Falls Street 
tunnel) and then to the city of Niagara Falls sewage treatment facility.  Large 
areas of standing water were noted on the paved areas of the site during the SRI.  
It appears that some of the storm sewer outfalls, especially in the central area of 
the site, may be blocked.     
 
The silty-clay material that comprises most of the overburden is saturated, but due 
to the low permeability does not tend to yield water.  Overburden groundwater 
generally flows to the southeast.  However, there appears to be a groundwater 
depression in the central portion of the site.  The horizontal gradient in the 
overburden is estimated to be approximately 1.95 feet per 100 feet towards the 
southeast but ranges between 4.5 feet to 25 feet per 100 feet around the 
groundwater depression. The vertical gradient between the overburden and A-
fracture zone is 1.58 feet/foot towards the bedrock, signifying recharge areas.  
The average overburden hydraulic conductivity is approximately 2.1 x 10-6 feet 
per second based on slug and pump-test activities (Ecco, Inc. 1991).  
 
Three laterally extensive horizontal fracture zones in the upper bedrock were 
identified during drilling activities.  Groundwater flow in the A-fracture zone is to 
the south/southeast, with a horizontal gradient of approximately 1.3 feet per 100 
feet.  The vertical gradient between the A- and B-fracture zones is 1.04 feet per 
foot towards the B-fracture zone.  Previous investigations estimated horizontal 
flow within the A-fracture zone to be 2.0 feet per 100 feet in a southerly and 
easterly direction, with hydraulic conductivity ranging from 5.6 x 10-8 ft/sec to 5.2 
x 10-5 ft/sec based on slug and pump-test activities (Ecco, Inc. 1991).  Although 
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this previous data appear to suggest extreme heterogeneity in the A-fracture zone, 
the low permeability results are from the east and western portion of the site and 
the higher permeability results are from the central and southern portion of the 
site, with hydraulic conductivity ranging from 2.5 x 10-5 ft/sec to 5.2 x 10-5 ft/sec 
(Ecco, Inc. 1991).   
 
The next fracture zone (the B-fracture zone) consists of a 1- to 2-foot-thick 
fracture zone approximately 8 feet to 10 feet beneath the A-fracture zone.  
Groundwater flow in the B-fracture zone is towards the east and the south, with a 
groundwater “mound” in the west-central area of the site.  The horizontal gradient 
ranges from 2.3 feet per 100 feet from the north to the south and 4.7 feet per 100 
feet from the groundwater mound in the west to the east.  Groundwater flow was 
primarily in a southerly and easterly direction, similar to the A-fracture zone, and 
a groundwater mound was present in the west-central area of the site.  Previous 
investigations estimated average horizontal flow within the B-fracture zone to be 
2.4 feet per 100 feet and the average hydraulic conductivity was approximately 
1.4 x 10-5 ft/sec based on pump-test activities (Ecco, Inc. 1991).   
 
The third identified fracture zone (the C-fracture zone) is approximately 20 feet 
below the B-fracture zone.  Groundwater flow direction and rate were not 
determined because demolition activities destroyed all but two C-fracture zone 
wells.  The vertical gradient between the B- and C-fracture zones is 0.17 foot/foot 
towards the B-fracture zone, signifying discharge areas.  
 
The site is bordered on the east and south by large-diameter (6 feet by 5 feet and 6 
feet by 7 feet) unlined open rock sewer tunnels (New Road and Falls Street 
tunnels, respectively) that are at about the same elevation as the B-fracture zone.  
Therefore, it is expected that groundwater from the B-fracture zone enters the 
sewer tunnels.  It is also expected that groundwater from the A-fracture zone 
migrates south/east and downward and enters the tunnels (including the unlined 
open rock tunnel access shafts).  Additionally, the tunnel access shaft sections 
above the top of rock (in the overburden) are lined with brick and therefore likely 
allow overburden groundwater infiltration. 
 
During periods of no precipitation the New Road tunnel (which flows into the 
Falls Street tunnel) and the Falls Street tunnel water is treated by the city of 
Niagara Falls sewage treatment plant (a POTW) before discharge to the river.  
The flow from the Falls Street tunnel at the Frontier site is diverted by several 
diversion weirs (adjacent to or nearby and downstream of the Frontier site) to the 
lined Southside interceptor tunnel.  The Southside interceptor tunnel conveys the 
water directly to the POTW for treatment. 
 
In summary, under periods of no precipitation, contaminated groundwater that 
may infiltrate the tunnels adjacent to the site is diverted to the POTW. 
 
During periods of precipitation, the potential exists for flow to go over the 
diversion weirs and flow in an easterly direction down the Falls Street tunnel 
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toward the South Gorge interceptor.  In order for the flow to continue down the 
Falls Street tunnel past the diversion weirs, the volume of water would have to 
exceed the holding capacity of the Southside interceptor tunnel.  The POTW uses 
the Southside interceptor tunnel for water storage before treatment under high 
flow conditions. Water that is diverted in the Falls Street tunnel to the South 
Gorge interceptor is diverted north to the Gorge Pumping Station, where it is 
pumped back (in a southeast direction) to the POTW.  However, under periods of 
heavy precipitation (high flow in the system) the South Gorge interceptor also 
overflows to the South Gorge interceptor outfall, which is a discharge point to the 
Niagara River.   
 
In summary, under periods of precipitation (with sufficient precipitation to cause 
overflow of the weirs between the Frontier Chemical site and the South Gorge 
interceptor), groundwater that may infiltrate the tunnels from the Frontier 
Chemical site has the potential to be discharged (untreated) to the Niagara River 
at the South Gorge interceptor outfall.  However, under high flow the potential 
contaminant concentration in the water in the Falls Street tunnel is expected to be 
significantly lower than during dry conditions.  
 
It should also be noted the general groundwater elevation in the area of the POTW 
system is above the unlined Falls Street tunnel.  Therefore, it is expected that an 
inward gradient exists surrounding the Falls Street tunnel that would limit the 
potential for contaminated groundwater in the tunnel (associated with the Frontier 
site) from exiting the tunnel. 
 
A figure depicting the flow from the Falls Street tunnel (at the Frontier site) to the 
POTW is included as Figure 1-2.  
 
1.4.5 Nature and Extent of Contamination 
Results of sample analyses from the various sample media collected during the 
SRI indicated there were multiple source areas on-site as well as unidentified off-
site sources to the north and northeast of the site.  Because the site is inactive and 
underwent several removal actions, further contributions of contaminants are not 
expected at any of the former on-site source areas.  No specific sources were 
identified during E & E’s field investigations. 
 
Site soils and groundwater are mainly contaminated by VOCs.  Significant 
semivolatile organic compound (SVOC) contamination (predominantly polycylic 
aromatic hydrocarbons [PAHs] and phenols) is also present to a lesser degree, 
along with dioxins and metals.  There are also minor amounts of pesticides in 
excess of criteria.  Contamination levels in groundwater decrease with depth (i.e., 
the highest levels of contaminants were detected in overburden groundwater, and 
concentrations decrease in the underlying A-fracture, B-fracture, and C-fracture 
bedrock zones).  Lateral contaminant migration in the groundwater is generally to 
the southeast.  Overall contaminant concentrations in both overburden and 
bedrock groundwater have declined since 1990.  In addition, most of the higher 
areas of groundwater contamination have migrated either vertically deeper into 
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the bedrock or laterally approximately 100 feet.  It appears that the New Road and 
Falls Street tunnels intercept the majority of the groundwater exiting the site.  
 
1.4.6 Contamination Fate and Transport 
The primary transport pathways for site contaminants include surface water flow; 
infiltration; overburden and bedrock groundwater flow; subsurface utilities and 
their bedding material; and volatilization.  
 
Based on the persistence and behavioral characteristics of the predominant 
contaminants detected at the site and the observed presence of chemicals in the 
various media tested, the potential significant migration pathways include surface 
water flow, groundwater (including infiltration), and volatilization. 
 
Surface water flow may be a site mechanism that allows lateral migration of 
contaminants, if present, in surface soils or as residuals on demolition debris, 
decommissioned tanks, etc.  No surface soils were collected for analytical testing 
during the SRI. 
 
The overburden groundwater samples collected at the site include numerous VOCs 
as well as select SVOCs (primarily phenols) and inorganic compounds, likely the 
result of leaching from site soils.  In general, the contaminants are expected to 
flow at rates less than groundwater.  Groundwater migration is expected to spread 
the contamination in the direction of groundwater flow (southeasterly) and 
vertically downward to lower water-bearing zones.  As the contamination 
migrates, the natural organic carbon in the soil will adsorb many of the detected 
compounds, thus slowing the advance of the plume. Horizontal migration rates of 
select VOCs and SVOCs were calculated to be about two to 71 times slower than 
overburden groundwater.  The horizontal vertical migration is calculated to be 
approximately 6 feet per year.  VOCs will also be attenuated in response to 
dispersion, volatilization, and degradation, among other factors.  
 
Analytical test results from the bedrock groundwater monitoring wells indicate 
the presence of numerous site contaminants, including VOCs, SVOCs (primarily 
phenols), and inorganic compounds.  The contaminants in the fractured bedrock 
are expected to flow at rates less than groundwater, which is estimated to be 90 
feet and 290 feet per year for fracture zones A and B, respectively.  (Based on the 
limited number of wells in the C-fracture zone, estimates of groundwater flow 
velocity in this zone could not be determined.)  In addition, the New Road and 
Falls Street tunnels are expected to intercept the A-zone and B-zone bedrock 
groundwater.  It is anticipated that some portions of the bedrock groundwater 
flow may be impacting off-site properties before entering the tunnels, based on 
the measured direction of groundwater flow.  It is also probable that downward 
migration of VOCs into the lower bedrock (C-zone fracture system and below) is 
occurring via connected vertical fractures in the bedrock. 
 
VOCs within the site overburden groundwater and soils may also volatilize into 
the unsaturated soil zone.  Soil vapors may discharge into the atmosphere and into 
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on-site or off-site subsurface structures such as basements, manholes, or sumps.  
In addition, volatilization of VOCs may occur at groundwater discharge locations 
such as sumps, stormwater tunnels, and/or surface water features.   
 
1.4.7 Qualitative Human Health Risk Evaluation 
In 2002 E & E conducted a qualitative human health risk evaluation as part of the 
SRI.  New York State regulatory criteria for soil and groundwater were used as a 
preliminary screening tool to identify chemicals of potential concern (COPCs).   
 
The Frontier Chemical site is currently an inactive industrial site and is 
surrounded by other industrial sites.  A perimeter fence limits access.  Current 
human receptors would include site visitors who enter for specific purposes, such 
as site investigation, and possibly trespassers.  Generally, current site visitors are 
not expected to have direct contact with subsurface soil contamination, and 
contact with surface soil will be limited since most of the site is paved or covered 
by site structures.  Contaminant levels in surface soils are not known because no 
samples were collected, but it is not unreasonable to expect that non-volatile 
contamination in surface soil might be similar to the levels in shallow subsurface 
soil.  (Due to volatilization, VOC levels in surface soil are expected to be lower 
than in subsurface soil.)  Site visitors may also be exposed to VOCs via inhalation 
of vapors that have migrated from subsurface soil to the air. 
 
In the future, the site could remain inactive or it might be redeveloped for other 
industrial or commercial uses.  It is assumed the site will not be used for 
residential purposes.  If the site were redeveloped for commercial or industrial 
use, site workers could be exposed to soil contaminants by the same pathways that 
currently exist for visitors, but the magnitude of potential worker exposures would 
be much greater due to the expected higher intake rates, greater exposure 
frequency, and longer exposure duration.  In addition, because soil excavation and 
other disturbances during redevelopment could unearth subsurface soils, future 
workers could potentially have direct contact with some of the contamination that 
is now inaccessible.   
 
Considering that site and regional groundwater is contaminated and that potable 
water is supplied to the site and surrounding area, it is unlikely that site 
groundwater would be used as a source of drinking water.  The site and 
surrounding area are served by the city water system, which draws its supply from 
the Niagara River.   
 
Under an industrial use scenario, groundwater could conceivably be used in the 
plant processes, potentially exposing future workers to contamination by 
incidental contact and by inhalation of volatile contaminants released from the 
water to ambient air.  If so, the magnitude of potential worker exposures would 
not be as great as it would from drinking water use.  Nevertheless, due to the 
extremely high levels of some VOCs present in the groundwater, worker 
exposures might reach levels associated with unacceptably high cancer risks and 
other adverse health effects. 
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Identification of Standards, 
Criteria, and Guidelines and 
Remedial Action Objectives�
 
 
 
 
2.1 Introduction 
This FS addresses contamination in subsurface soils and groundwater at the 
Frontier Chemical site.  Chemicals analyzed include VOCs, SVOCs, pesti-
cides/polychlorinated biphenyls (pest/PCBs), metals, and cyanide.  In addition, 
dioxin analysis was performed on subsurface soils and total hardness analysis was 
performed on site groundwater. 
 
Based on a preliminary screening of the analytical results, the SRI report 
identified potential risks posed by site contamination by evaluating contaminant 
concentrations and identifying potential exposure routes.  This evaluation was 
conducted for both human and environmental receptors.   
 
The evaluation identified the following potential risks at the site: 
 

 Direct contact exposure to contaminated subsurface soils by future construc-
tion workers involved in soil excavation at the central and south-central 
portions of the site. 

 
 Direct contact exposure to contaminated groundwater by utility workers or 

future construction workers involved with site excavation. 
 

 Direct inhalation of organic vapors by trespassers, utility workers, or future 
site workers. Organic vapors may be released from contaminated groundwater 
into utility manholes, buildings, etc. through cracks and subsurface connec-
tions. 

 
Thus, RAOs were developed (see Section 2.3) to reduce or eliminate these 
potential risks by eliminating these routes of exposure or reducing the contami-
nant concentrations.  Furthermore, environmental media are to meet applicable 
chemical-specific standards at the site.  To define the area or volume of each 
medium that must be addressed to meet the RAOs, chemical-specific cleanup 
goals were developed for each medium at this site.   
 
SCGs are used at inactive hazardous waste sites to establish the locations where 
remedial actions are warranted and to establish cleanup goals.  SCGs include state 
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requirements.  The following sections present potentially applicable SCGs and other 
standards and establish proposed cleanup goals and specific RAOs for contaminated 
on-site media.  Also presented are estimates of areas and volumes of contaminated 
on-site media. 
 
2.2 Potentially Applicable Standards, Criteria, and 

Guidelines (SCGs) and Other Criteria 
SCGs include applicable or relevant and appropriate requirements and other 
applicable requirements. 
 

 Applicable Requirements are legally enforceable standards or regulations such 
as groundwater standards for drinking water that have been promulgated 
under state law.   

 
 Applicable or Relevant and Appropriate Requirements (ARARs) include those 

requirements that have been promulgated under state law that may not be 
“applicable” to the specific contaminant released or the remedial actions 
contemplated but are sufficiently similar to site conditions to be considered 
relevant and appropriate.  If a relevant or appropriate requirement is well 
suited to a site, it carries the same weight as an applicable requirement during 
the evaluation of remedial alternatives.   

 
 To Be Considered Criteria (TBCs) are non-promulgated advisories or 

guidance issued by state agencies that may be used to evaluate whether a 
remedial alternative is protective of human health and the environment in 
cases where there are no standards or regulations for a particular contaminant 
or site condition.  These criteria may be considered with SCGs in establishing 
cleanup goals for protection of human health and the environment. 

 
The following sections present the three categories of SCGs: chemical-specific, 
location-specific, and action-specific. 
 
2.2.1 Chemical-Specific SCGs 
Chemical-specific SCGs are typically technology or health-risk-based numerical 
limitations on the contaminant concentrations in the ambient environment.  They 
are used to assess the extent of remedial action required and to establish cleanup 
goals for a site.  Chemical-specific SCGs may be directly used as actual cleanup 
goals or as a basis for establishing appropriate cleanup goals for the contaminants 
of concern at a site.  Chemical-specific SCGs for on-site soil and groundwater at 
the Frontier Chemical site are identified in Tables 2-3 and 2-9.  The list of 
chemical-specific SCGs was developed using the risk-based criteria presented as 
part of the qualitative risk assessment for the SRI.  
 
2.2.2 Location-specific SCGs 
Location-specific SCGs are site- or activity-specific.  Examples of location-
specific SCGs include building code requirements and zoning requirements. 
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Location-specific SCGs are commonly associated with features such as wetlands, 
floodplains, sensitive ecosystems, or historic buildings that are located on or  
close to the site (see Table 2-10) .  
 
2.2.3 Action-specific SCGs 
Action-specific SCGs are usually administrative or activity-based limitations that 
guide how remedial actions are conducted.  These may include record-keeping 
and reporting requirements; permitting requirements; design and performance 
standards for remedial actions; and treatment, storage, and disposal requirements  
(see Table 2-10).   
 
2.2.4 Proposed Cleanup Goals 
Proposed cleanup goals are developed by evaluating the available SCGs for each 
contaminant.  In general, this process selects standards as preliminary screening 
values.  If no standards exist for a given contaminant, the most appropriate 
criterion or guidance value is selected as a preliminary screening value.  Where 
appropriate, the preliminary screening values then are compared to site-specific 
background values for naturally occurring compounds to confirm that no 
preliminary screening value is set below site background concentrations.  If the 
site-specific background concentration is higher than the SCG-based preliminary 
screening value, then the background concentration is selected as the preliminary 
screening value.  These preliminary screening values are compared to site data to 
identify which contaminants may require cleanup.  These contaminants are then 
considered with regard to other factors influencing the need for cleanup, including 
comparison with regional background levels and an evaluation of contamination.  
The cleanup goals proposed by this process are compared again to site data in 
order to identify areas that must be addressed in the FS. 
 
This process is completed for each medium.  Because the nature of the SCGs is 
different for each medium, the details of this process are medium-specific.  These 
details are presented in each medium-specific discussion below.  Each section 
describes and presents figures showing the extent of contamination exceeding the 
proposed cleanup goals, and these areas and volumes form the basis for the 
remedial technology selection and alternative development sections in this FS. 
 
2.3 Remedial Action Objectives 
This section presents the objectives for on-site remedial actions that may be taken 
to protect human health and the environment.  The RAOs were developed based 
on information contained in the SRI, which provided the following: 
 

 Identified contaminants present in the environmental media in the study area. 
 

 Evaluated existing or potential exposure pathways in which the contaminants 
may affect human health and the environment. 

 
 Identified pathways having a moderate to high likelihood for exposure. 
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 Identified chemical-specific SCGs that apply to the likely exposure routes to 

establish the contaminants of concern and proposed cleanup goals for pur-
poses of remediation. 

 
Based on the contaminants of concern and proposed cleanup goals, RAOs are 
presented for the environmental media in the study area.  
 
2.3.1 Soils 
The RAOs for site subsurface soils are: 
 

 Eliminate to the extent practicable the potential for direct human or animal 
contact with the contaminated subsurface soils;   

 
 Reduce the risk of further contamination of the groundwater by reducing the 

potential for leaching of contaminants into the groundwater; and 
 

 Eliminate to the extent practicable the potential for human exposures to 
organic vapors in site buildings, structures, and subsurface utilities. 

 
2.3.2 Groundwater 
The RAOs for on-site groundwater are: 
 

 Prevent to the extent practicable the further off-site migration of contaminated 
groundwater;  

 
 Reduce, control, or eliminate to the extent practicable the groundwater 

contamination present within the overburden; 
 

 Reduce, control, or eliminate to the extent practicable the groundwater 
contamination present within the bedrock groundwater zones of concern; and  

 
 Eliminate to the extent practicable the potential for human exposures to 

contaminated groundwater. 
 
Due to the long history of industrial activities at the site there are a variety of 
contaminants detected in the subsurface (soil and groundwater).  However, for the 
purpose of this FS the primary contaminants of concern are VOCs (total VOCs).  
The following information supports focusing the FS on total VOCs. 
 

 Historic operations at the site included treatment and storage of chemical 
wastes that primarily included a variety of VOCs.  

 
 VOCs were the contaminants detected most frequently and at the highest 

concentrations. 
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 In general, other types of contamination detected were located proximate to 
the areas significantly contaminated with VOCs. 

 
Other contamination is discussed in the SRI and FS.  However, for the purpose of 
delineation of contamination the focus is on total VOCs.  If soil re-
moval/treatment and/or groundwater extraction/treatment is conducted as part of 
the on-site remedy, the other contaminants included in the removed/treated media 
would also be treated.  The following two sections discuss the contaminated 
media (soil and groundwater) of concern. 
 
2.4 Soils 
Subsurface sampling was conducted as described in the SRI. The subsurface soils 
were analyzed for VOCs, SVOCs, pest/PCBs, dioxin, metals, and cyanide. 
 
Contaminant levels in surface soils are not known because no samples were 
collected.  For the purpose of this FS it is assumed that contamination in surface 
soil is similar to concentrations in shallow subsurface soil.  Under current site 
conditions, direct contact with surface soil is limited because 75% of the site is 
covered by pavement, concrete, or building floors and the site is secured by 
fencing.  Additionally, it is assumed that surface soil in the areas of contaminated 
subsurface soil above proposed cleanup goals is also contaminated above surface 
soil cleanup goals.  
 
2.4.1 Selection of Proposed Soil Cleanup Goals Standards  
There are no standards promulgated for soils. 
 
Criteria and Guidance Values 
The main criteria and guidance values identified for soils at the Frontier Chemical 
site are contained in NYSDEC TAGM 4046 (January 1994).  Criteria and 
guidance values for the contaminants detected at this site are presented in Table 
2-1. 
 
Background 
Background soil sample data are used to ensure that preliminary screening values 
for metals are not set below background levels.  No site-specific soil background 
levels were available for this site.  Therefore, the lowest published values for 
Eastern USA background levels in TAGM 4046 were used.  In addition, many of 
the metal screening values recommended by TAGM 4046 are based on 
background concentrations. 
 
The TAGM 4046 values for cadmium (1 mg/kg) and chromium (10 mg/kg) were 
updated from the 1994 value to 10 mg/kg and 50 mg/kg respectively.  This update 
has not been published in a revised TAGM (NYSDEC September 1999).  
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Selection Process 
The proposed cleanup goal for subsurface soil is presented in Table 2-2.  The 
following logical basis was used to select the preliminary cleanup values 
presented in this table:   
 

 NYSDEC TAGM 4046 values were selected as the preliminary cleanup 
values, except for lead.  For lead, the EPA Revised Soil Lead Guidance value 
was used.  Because lead is a common contaminant at many waste sites, this 
metal has received increased attention, resulting in this commonly accepted 
value for site cleanups.  Therefore, the EPA value is used instead of the 
TAGM 4046 value (site background). 

 
 The preliminary cleanup values then were compared to the maximum 

observed concentration for each compound in order to determine which 
compounds may require cleanup. 

 
 Finally, the contaminants identified for cleanup were reviewed to determine 

whether they are site-related and whether cleanup is warranted.   
 
Based on this process, it was found that 35 organic compounds and 14 metals 
were present above the preliminary cleanup values in subsurface soil samples, as 
summarized in Table 2-2.  Organic compounds included 21 VOCs, 10 SVOCs, 
and four pesticides.  Dioxins and cyanide were not present above the preliminary 
cleanup values. 
 
2.4.2 Selection of Contaminants of Concern 
Based on the above analysis, subsurface soil in the central and south-central 
portions of the site are considered contaminated and in need of remediation. The 
area of subsurface soil contamination is encompassed by PZ-01-04, PZ-01-05, 
PZ-01-06, PZ-01-07, PZ-01-10, GP-01-08, MW-01-10B, and MW-88-7B(R) (see 
Figure 2-1 [back pocket]).  The contaminants of concern are presented in Table 
2-3.  
 
All the detected VOCs were found in samples from the central and south-central 
portion of the site.  Four contaminants (1,1-dichloroethene, 2-butanone, 4-methyl-
2-pentanone, and chloroethane) were removed from the list of preliminary 
cleanup goals because each was detected in less than three of 31 samples and 
were only detected once above preliminary cleanup goals. Chloroform was 
detected once above the preliminary cleanup values in the north part of the site.  
Since the one detection for chloroform is considered isolated (in an area where 
other significant contamination was not found) and was found at 12 feet to 14 feet 
below ground surface (bgs), it was removed from the list of selected contaminants 
of concern.  
 
Five SVOCs (4-chloro-3-methylphenol, benzo(b)fluoranthene, 
benzo(k)fluoranthene, hexachlorobenzene, and indeno(1,2,3-cd)pyrene) were 
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removed from the selected list of contaminants of concern.  Hexachlorobenzene 
was detected in one sample from an area outside the main area of contamination 
(south-central potion of the site) at a depth of 8 feet to 10 feet bgs.  Therefore, the 
hexachlorobenzene detection was considered isolated and not significant and was 
removed from the list.  The other four compounds were detected less than twice 
each at levels only slightly above the preliminary cleanup values. 
 
Four pesticides (aldrin, dieldrin, endrin, and heptachlor epoxide) were detected at 
concentrations above preliminary cleanup values.  These pesticides were removed 
from the list of contaminants of concern because the concentrations were not 
elevated enough to present a significant concern and the soil is also significantly 
contaminated with other compounds.  The exception to this trend was a pesticide 
detected at one location outside the main area of contamination (south-central 
potion of the site) that was eliminated because it was detected at a depth of 11 feet 
to 12.5 feet bgs. 
 
Eleven metals were detected above preliminary cleanup values for the site.  Most 
of these metals were detected in all 31 samples collected and at concentrations 
above preliminary cleanup values.  Site background samples were not collected to 
use in determining cleanup goals.  Therefore, the background numbers used in 
Table 2-1 were numbers obtained from TAGM 4046.  For this reason, metal 
concentrations from samples not contaminated with any other chemical 
constituents (e.g., VOCs, SVOCs, pest/PCBS) from the north portion of the site 
were used to gauge selected contaminants of concern.  Based on these samples 
several metals (calcium, magnesium, manganese, potassium, and thallium) were 
eliminated from the list of selected contaminants of concern since they are likely 
to be naturally occurring and may be associated with background conditions. 
 
In addition to the contaminants of concern noted in Table 2-3, cleanup criteria 
will include a limit of 10 ppm for the sum of all VOCs and 500 ppm for the sum 
of all SVOCs as noted in TAGM 4046. 
 
2.4.3 Soil Contamination Summary 
Based on the distribution and concentration of contamination detected in soil, the 
areas of subsurface soil that need to be addressed in this FS are those located in 
the central and south-central portions of the site, which are contaminated with 
VOCs, SVOCs, and metals.  This represents approximately 173,000 square feet (4 
acres) of surface area that will be targeted to an average depth of 5.5 feet (depth to 
the water table; approximately 35,000 cubic yards in place) for remediation.  
Figure 2-1 provides the proposed boundaries of contamination to be further 
addressed in this FS. 
 
2.5 Groundwater 
Groundwater sampling was conducted as detailed in the SRI.  Groundwater was 
analyzed for VOCs, SVOCs, pest/PCBs, metals, cyanide, and total hardness. 
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2.5.1 Selection of Groundwater Cleanup Goals 
 
Standards 
Standards identified for groundwater at the Frontier Chemical site are the 
NYSDEC Class GA maximum contaminant levels (MCL) (June 1998 and 2000 
addendum) taken from the NYSDEC Division of Water Technical and Opera-
tional Guidance Series (TOGS) (1.1.1) Ambient Water Quality Standards and 
Guidance Values and Groundwater Effluent Limitations, indicating the potential 
use of this groundwater as a drinking water source.  All New York State 
groundwater is considered Class GA by NYSDEC. 
 
Guidance 
The NYSDEC Class GA water guidance values were also taken from TOGS 
1.1.1.  The guidance values were used for compounds for which NYSDEC Class 
GA standards have not been established. 
 
The proposed cleanup goal screening process for groundwater is presented in 
Table 2-4.   
 
The following method was used to select the preliminary cleanup values 
presented in the table: 
 

 The NYSDEC Class GA standard, if it existed, was selected as the prelimi-
nary cleanup value; 

 
 If a groundwater standard did not exist for a constituent, the NYSDEC Class 

GA guidance value, if it existed, was used; 
 

 The preliminary cleanup values were then compared to the maximum 
observed concentrations of each compound to determine which compounds 
may require cleanup; and  

 
 Finally, the contaminants identified for cleanup were reviewed to determine 

whether they are site-related and whether cleanup actually is warranted.   
 
The groundwater contaminant exceedances for overburden, A-fracture zone, B-
fracture zone, and C-fracture zone groundwater are summarized in Table 2-4. 
 
Overburden Groundwater  
Based on this process, overburden groundwater samples were found to contain 43 
organic compounds, 12 metals, and cyanide present above the preliminary 
cleanup values, as summarized in Table 2-5.  Organic compounds included 27 
VOCs, 12 SVOCs, and 4 pesticides (aldrin, alpha-chlordane, dieldrin, and endrin).  
The 13 metals include antimony, arsenic, beryllium, calcium, chromium, copper, 
iron, lead, manganese, nickel, selenium, sodium, and thallium.  
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A-Fracture Zone Groundwater 
The A-fracture zone groundwater was found to contain 46 organic compounds, 11 
metals, and cyanide present above the preliminary cleanup values, as summarized 
in Table 2-6.  Organic compounds included 25 VOCs, 14 SVOCs, 6 pesticides (4-
4’-DDT, aldrin, alpha-chlordane, dieldrin, endrin, and heptachlor epoxide) and 1 
PCB (Aroclor 1254).  The 11 metals include antimony, arsenic, beryllium, 
chromium, iron, lead, magnesium, manganese, selenium, sodium, and thallium. 
 
B-Fracture Zone Groundwater 
The B-fracture zone groundwater was found to contain 39 organic compounds, 12 
metals, and cyanide present above the preliminary cleanup values, as summarized 
in Table 2-7.  Organic compounds included 23 VOCs, 10 SVOCs, 5 pesticides 
(aldrin, alpha-chlordane, dieldrin, endrin, and heptachlor epoxide) and 1 PCB 
(Aroclor 1254).  The twelve metals include antimony, arsenic, beryllium, copper, 
iron, lead, magnesium, manganese, mercury, selenium, sodium, and thallium. 
 
C-Fracture Zone Groundwater 
The C-fracture zone groundwater was found to contain 16 organic compounds 
and 2 metals present above the preliminary cleanup values, as summarized in 
Table 2-8.  Organic compounds included 13 VOCs, 2 SVOCs, and 1 pesticide 
(dieldrin).  The two metals are iron and sodium. 
 
2.5.2 Selection of Contaminants of Concern 
Based on the above analysis, a groundwater contamination plume was identified 
that extends from the central portion of the site and flows south. The contaminants 
of concern are presented in Table 2-9. 
 
Detected VOCs were concentrated in groundwater in the central and south-central 
portion of the site.  The contamination is generally greatest in the overburden 
groundwater and decreases with depth through the fracture zones.  Seventy-two 
samples were collected from the four zones of groundwater.  Four contaminants 
(1,1,2,2-tetrachloroethane, 1,1,2-trichloroethane, chloroethane, and isopropylben-
zene) were each found in less than eight of 72 samples and were each detected 
only once or twice above preliminary cleanup values.  These four compounds 
were removed from the list of selected contaminants of concern.  The compounds 
2-butanone and ethylbenzene were found in eight or less of the 72 samples and 
were only above preliminary cleanup goals six and four times, respectively.  
Therefore, these two compounds were also removed from the list of selected 
contaminants of concern. 
 
For SVOCs, all of the phenolic compounds were grouped and the sum of all 
phenolic compounds will be used to assess cleanup goals.  In addition, five 
compounds were each detected above preliminary cleanup goals three times or 
less in 50 samples collected for SVOC analysis.  These compounds (4-
chloroaniline, bis(2-chloroethyl)ether, bis(2-ethylhexyl)phthalate, hexachlorobu-
tadiene, and naphthalene) were removed from the selected list of contaminants of 
concern.  
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Out of six pesticide detections, three were detected at concentrations not 
considered significantly higher than preliminary cleanup goals:  4-4’-DDT, alpha-
chlordane, and heptachlor epoxide were detected one, six, and two times the 
levels above preliminary cleanup goals, respectively, and were therefore removed 
from the list of contaminants of concern.  Aroclor 1254 was detected in three of 
44 samples; each detection was at a concentration only slightly higher than 
preliminary cleanup values and in areas of other groundwater contamination in 
the A-fracture zone and B-fracture zone; therefore, the compound was removed 
from the list of contaminants of concern.   
 
Thirteen metals were detected above preliminary cleanup values for the site.  
Most of these metals were detected in all 44 samples collected and at concentra-
tions above preliminary cleanup values.  Several metals (iron, magnesium, 
manganese, sodium, and thallium) were considered background constituents and 
eliminated from the list of selected contaminants of concern.  Five metals 
(beryllium, chromium, copper, mercury, and nickel) were detected above 
preliminary cleanup goals in five or less of 44 samples collected.  Therefore, 
considering that the detections were primarily in areas containing significant 
levels of other contamination and were detected in a limited number of samples, 
these compounds were eliminated from the list of selected contaminants of 
concern. 
 
2.5.3 Summary of Groundwater Contamination 
Given that there are multiple groundwater zones at the site, groundwater RAOs 
focus on groundwater extraction from the overburden and the upper bedrock, 
which included A-fracture and B-fracture zones.  One overburden plume and one 
bedrock groundwater plume will be addressed in this FS, based on VOC, SVOC, 
pesticide, metals, and cyanide contamination.   
 
The estimated extent of on-site contaminated groundwater covers the general 
footprint of soil contamination, approximately 173,000 square feet (4 acres) and is 
offset slightly in the downgradient (south) direction.  The most significant 
groundwater contamination extends down from the groundwater surface in the 
overburden to the bottom of the B-fracture zone (about 40 feet bgs).  The volume 
of contaminated groundwater cannot be accurately estimated due to the presence 
of on-site highly contaminated soil and potential dense non-aqueous phase liquid 
(DNAPL) contamination present in the subsurface (the quantity of DNAPL 
contamination is unknown) that provide an ongoing source of groundwater 
contamination.  
 
It should be noted that there is insufficient data to properly define and/or develop 
remedial alternatives to address groundwater contamination present in the C-
fracture bedrock zone.  As discussed with NYSDEC, the C-fracture zone will be 
further assessed as part of remediation associated with A-fracture and B-fracture 
zones. 
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Table 2-1 Proposed Cleanup Goals – Screening Process for Soils – Frontier 

Chemical Site (mg/kg) 

Analyte 

NYSDEC 
TAGM 
4046c Background 

Preliminary 
Screening 

Value 
Maximum 

Concentration 

Proposed 
Cleanup 

Goal 
VOCs by Method OLM04.2 
1,1,1-Trichloroethane 0.8 — 0.8 510 0.8 
1,1-Dichloroethane 0.2 — 0.2 45 0.2 
1,1-Dichloroethene 0.4 — 0.4 0.5 0.4 
1,2,4-Trichlorobenzene 3.4  3.4 140 3.4 
1,2-Dichlorobenzene 7.9 — 7.9 680 7.9 
1,3-Dichlorobenzene 1.6 — 1.6 210 1.6 
1,4-Dichlorobenzene 8.5 — 8.5 430 8.5 
2 – Butanone (MEK) 0.3 — 0.3 0.94 0.3 
4-Methyl-2-pentanone 1.0  1.0 6.5 1.0 
Acetone 0.2 — 0.2 48 0.2 
Benzene 0.06 — 0.06 9.8 0.06 
Bromodichloromethane — — 10 0.036 — 
Bromoform — — 81 0.082 — 
Carbon Disulfide  2.7 — 2.7 0.007 — 
Carbon Tetrachloride 0.6 — 0.6 0.018 — 
Chlorobenzene 1.7 — 1.7 830 1.7 
Chloroethane 1.9 — 1.9 5.3 1.9 
Chloroform 0.3 — 0.3 0.96 0.3 
cis-1,2-Dichloroethene — — 780 24 — 
Dibromochloromethane — — 7.6 0.023 — 
Ethylbenzene 5.5 — 5.5 19 5.5 
Isopropylbenzene 
(Cumene) 

— — 7,800 17 — 

Methylcyclohexane — — — 0.005 — 
Methylene Chloride 0.1  0.1 13 0.1 
Tetrachloroethene 1.4 — 1.4 2700 1.4 
Toluene 1.5 — 1.5 56 1.5 
trans-1,2-
Dichloroethene 

0.3  0.3 0.006 — 

Trichloroethene 0.7 — 0.7 150 0.7 
Vinyl chloride 0.2 — 0.2 4.9 0.2 
Xylenes (total) 1.2 — 1.2 40 1.2 
SVOCs by Method OLM04.2 
1,1’-Biphenyl — — 3,900 0.54 — 
2,4,6-Trichlorophenol — — 58 0.13 — 
2,4-Dichlorophenol 0.4 — 0.4 0.27 — 
2,4-Dimethylphenol — — 1,600 0.085 — 
2-Chlorophenol 0.8 — 0.8 0.09 — 
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Table 2-1 Proposed Cleanup Goals – Screening Process for Soils – Frontier 
Chemical Site (mg/kg) 

Analyte 

NYSDEC 
TAGM 
4046c Background 

Preliminary 
Screening 

Value 
Maximum 

Concentration 

Proposed 
Cleanup 

Goal 
2-Methylnaphthalene 36.4 — 36.4 6.6 — 
2-Methylphenol 0.100  0.100 0.04 — 
4-Chloro-3-
methylphenol 

0.240 — 0.240 0.4 0.240 

4-Chloroaniline 0.220 — 0.220 0.07 — 
4-Methylphenol 0.9 — 0.9 0.12 — 
4-Nitrophenol 0.100 — 0.100 0.076 — 
Acenaphthene 50 — 50 0.34 — 
Acenaphthylene 41 — 41 2.2 — 
Acetophenone — — 7,800 5.9 — 
Anthracene 50 — 50 1.8 — 
Benz(a)anthracene 0.224 — 0.224 1.3 0.224 
Benzo(a)pyrene 0.061 — 0.061 2.4 0.061 
Benzo(b)Fluoranthene 1.1 — 0.87 3.1 0.87 
Benzo(g,h,i)perylene 50 — 50 0.79 — 
Benzo(k)Fluoranthene 1.1 — 1.1 1.9 1.1 
Bis(2-ethylhexyl) 
phthalate 

50 — 46  1 — 

Butyl benzyl phthalate 50 — 50 1 — 
Carbazole — — 32 0.26 — 
Chrysene 0.4 — 0.4 3 0.4 
Dibenz(a,h)anthracene 0.014 — 0.014 0.39 0.014 
Dibenzofuran 6.2 — 6.2 1.6 — 
Di-n-butyl phthalate 8.1 — 8.1 0.098 — 
Fluoranthene 50 — 50 4.3 — 
Fluorene 50 — 50 0.65 — 
Hexachlorobenzene 0.41 — 0.4 0.42 0.4 
Hexachlorobutadiene — — 8.2 1.7 — 
Hexachloroethane — — 46 1.4 — 
Indeno(1,2,3-cd)pyrene 3.2 — 0.87 1.1 0.87 
Naphthalene 13 — 13 10 — 
N-
nitrosodiphenylamine 

— — 130 0.44 — 

Phenanthrene 50 — 50 4.3 — 
Phenol 0.03 — 0.03 8.7 0.03 
Pyrene 50 — 50 1.9 — 
Pesticide/PCB by Method OLM04.2 
4,4’-DDD 2.9 — 2.7 0.2 — 
4,4’-DDE 2.1 — 1.9 0.12 — 
4,4’-DDT 2.1 — 1.9 0.1 — 
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Table 2-1 Proposed Cleanup Goals – Screening Process for Soils – Frontier 
Chemical Site (mg/kg) 

Analyte 

NYSDEC 
TAGM 
4046c Background 

Preliminary 
Screening 

Value 
Maximum 

Concentration 

Proposed 
Cleanup 

Goal 
Aldrin 0.041 — 0.038 0.073 0.038 
alpha-BHC 0.11 — 0.11 0.012 — 
alpha-Chlordane 0.54 — 0.54 0.120 — 
beta-BHC 0.2 — 0.2 0.08 — 
delta-BHC 0.3 — 0.3 0.05 — 
Dieldrin 0.044 — 0.04 0.23 0.04 
Endosulfan I 0.9 — 0.9 0.12 — 
Endosulfan II 0.9 — 0.9 0.11 — 
Endosulfan sulfate 1.0 — 1.0 0.072 — 
Endrin 0.10 — 0.10 0.25 0.10 
Endrin aldehyde — — — 0.21 — 
Endrin ketone — — — 0.052 — 
gamma-BHC 0.06 — 0.06 0.0015 — 
gamma-Chlordane 0.54 — 0.54 0.26 — 
Heptachlor 0.10 — 0.10 0.027 — 
Heptachlor epoxide 0.02 — 0.02 0.22 0.02 
Methoxychlor — — 390 0.053 — 
Total 2,3,7,8-TCDD equivalent 
TCDD equivalent — — 0.0000043 0.0000027 — 
Metals by Method ILM04.0 
Aluminum SB 33,000 33,000 13,900 — 
Antimony SB — 31 12.5 — 
Arsenic 7.5 3 0.43 19.2 0.43 
Barium 300 15 300 205 — 
Beryllium 0.16 0 0.16 3.5 0.16 
Cadmium 10.0 0.1 10.0 8.3 — 
Calcium SB 130 130 114,000 130 
Chromium 50 1.5 50 562 50 
Cobalt 30 2.5 30 24.6 — 
Copper 25 1 25 232 25 
Iron 2,000 2,000 2,000 33,600 2,000 
Lead — 200 400 1,160 400 
Magnesium SB 100 100 48,500 100 
Manganese SB 50 50 760 50 
Mercury 0.1 0.001 0.1 2.9 0.1 
Nickel 13 0.5 13 60.6 13 
Potassium SB 8,500 8,500 12,600 8,500 
Selenium 2 0.1 2 1.7 — 
Silver SB — 390 1.8 — 
Sodium SB 6,000 6,000 2,300 — 
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Table 2-1 Proposed Cleanup Goals – Screening Process for Soils – Frontier 
Chemical Site (mg/kg) 

Analyte 

NYSDEC 
TAGM 
4046c Background 

Preliminary 
Screening 

Value 
Maximum 

Concentration 

Proposed 
Cleanup 

Goal 
Thallium SB — 5.5 7.1 5.5 
Vanadium 150 1 150 25.2 — 
Zinc 20 9 20 312 20 
Total Cyanide by Method ILM04.0 
Cyanide — — 1,600 0.72 — 
NYSDEC Technical and Administrative Guidance Memorandum 4046, January 1994.  
 
Key: 
 — = No screening value available/applicable.      
 EPA = United States Environmental Protection Agency.      
 mg/kg = Milligrams per kilogram. 
 NYSDEC = New York State Department of Environmental Conservation.       
 PCB = Polychlorinated biphenyl. 
 SB = Site background 
 SVOCs = Semi-volatile organic compounds. 
 TAGM = Technical and Administrative Guidance Memorandum. 
 TBCs = To be considered. 
 VOCs = Volatile organic compounds. 

 



 
 

2.  Identification of Standards Criteria and Guidelines 
and Remedial Action Objectives 

 

 
02:000699_NV05_06-B1104 2-15 
R_Frontier Chemical.doc-6/16/2004 

 
Table 2-2 Frequency of Detection and Exceedance of Screening Criteria for 

Subsurface Soil Samples – Frontier Chemical Site (mg/kg) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Cleanup 
Goal (1) 

VOCs by Method OLM04.2 
1,1,1-Trichloroethane 10/31 5 0.002 510 0.8 
1,1-Dichloroethane 11/31 5 0.002 45 0.2 
1,1-Dichloroethene 3/31 1 0.003 0.5 0.4 
1,2,4-Trichlorobenzene 12/31 8 0.002 140 3.4 
1,2-Dichlorobenzene 17/31 8 0.002 680 7.9 
1,3-Dichlorobenzene 15/31 11 0.002 210 1.6 
1,4-Dichlorobenzene 15/31 8 0.002 430 8.5 
2-Butanone 3/31 1 0.009 0.94 0.3 
4-Methyl-2-pentanone 2/31 1 0.62 6.5 1.0 
Acetone 8/31 3 0.005 48 0.2 
Benzene 6/31 4 0.003 9.8 0.06 
Bromodichloromethane 1/31 0 0.036 0.036 — 
Bromoform 2/31 0 0.014 0.082 — 
Carbon disulfide 3/31 0 0.002 0.007 — 
Carbon tetrachloride 1/31 0 0.018 0.018 — 
Chlorobenzene 16/31 7 0.002 830 1.7 
Chloroethane 1/31 1 5.3 5.3 1.9 
Chloroform 10/31 1 0.004 0.96 0.3 
cis-1,2-Dichloroethene 14/31 0 0.002 24 — 
Dibromochloromethane 2/31 0 0.012 0.023 — 
Ethylbenzene 3/31 2 0.21 19 5.5 
Isopropylbenzene 5/31 0 0.003 17 — 
Methylcyclohexane 6/31 NA 0.001 0.005 — 
Methylene chloride 7/31 4 0.003 13 0.1 
Tetrachloroethene 19/31 9 0.003 2700 1.4 
Toluene 20/31 8 0.001 56 1.5 
trans-1,2-Dichloroethene 3/31 0 0.002 0.006 — 
Trichloroethene 20/31 10 0.002 150 0.7 
Vinyl chloride 5/31 2 0.002 4.9 0.2 
Xylenes, Total 16/31 4 0.001 40 1.2 
SVOCs by Method OLM04.2 
1,1´-Biphenyl 6/31 0 0.043 0.54 — 
2,4,6-Trichlorophenol 2/31 0 0.062 0.13 — 
2,4-Dichlorophenol 4/31 0 0.061 0.27 — 
2,4-Dimethylphenol 1/31 0 0.085 0.085 — 
2-Chlorophenol 1/31 0 0.09 0.09 — 
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Table 2-2 Frequency of Detection and Exceedance of Screening Criteria for 
Subsurface Soil Samples – Frontier Chemical Site (mg/kg) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Cleanup 
Goal (1) 

2-Methylnaphthalene 12/31 0 0.052 6.6 — 
2-Methylphenol 1/31 0 0.04 0.04 — 
4-Chloro-3-methylphenol 7/31 1 0.072 0.4 0.240 
4-Chloroaniline 1/31 0 0.07 0.07 — 
4-Methylphenol 3/31 0 0.051 0.12 — 
4-Nitrophenol 1/31 0 0.076 0.076 — 
Acenaphthene 8/31 0 0.041 0.34 — 
Acenaphthylene 9/31 0 0.041 2.2 — 
Acetophenone 6/31 0 0.12 5.9 — 
Anthracene 11/31 0 0.048 1.8 — 
Benz(a)anthracene 11/31 4 0.043 1.3 0.224 
Benzo(a)pyrene 9/31 9 0.072 2.4 0.061 
Benzo(b)fluoranthene 10/31 2 0.066 3.1 0.87 
Benzo(g,h,i)perylene 9/31 0 0.036 0.79 — 
Benzo(k)fluoranthene 10/31 1 0.057 1.9 1.1 
Bis(2-ethylhexyl)phthalate 17/31 0 0.036 1 — 
Butyl benzyl phthalate 8/31 0 0.035 1 — 
Carbazole 5/31 0 0.043 0.26 — 
Chrysene 11/31 4 0.049 3 0.4 
Dibenz(a,h)anthracene 6/31 6 0.038 0.39 0.014 
Dibenzofuran 10/31 0 0.044 1.6 — 
Di-n-butyl phthalate 4/31 0 0.057 0.098 — 
Fluoranthene 13/31 0 0.039 4.3 — 
Fluorene 8/31 0 0.044 0.65 — 
Hexachlorobenzene 7/31 1 0.091 0.42 0.4 
Hexachlorobutadiene 6/31 0 0.049 1.7 — 
Hexachloroethane 1/31 0 1.4 1.4 — 
Indeno(1,2,3-cd)pyrene 10/31 1 0.045 1.1 0.87 
Naphthalene 14/31 0 0.053 10 — 
N-Nitrosodiphenylamine 1/31 0 0.44 0.44 — 
Phenanthrene 13/31 0 0.11 4.3 — 
Phenol 13/31 13 0.037 8.7 0.03 
Pyrene 12/31 0 0.053 1.9 — 
Pesticide/PCB by Method OLM04.2 
4,4´-DDD 5/31 0 0.0025 0.2 — 
4,4´-DDE 9/31 0 0.0019 0.12 — 
4,4´-DDT 12/31 0 0.00086 0.1 — 
Aldrin 11/31 1 0.0012 0.073 0.038 
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Table 2-2 Frequency of Detection and Exceedance of Screening Criteria for 
Subsurface Soil Samples – Frontier Chemical Site (mg/kg) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Cleanup 
Goal (1) 

alpha-BHC 3/31 0 0.0028 0.012 — 
alpha-Chlordane 15/31 0 0.00022 0.120 — 
beta-BHC 16/31 0 0.00072 0.08 — 
delta-BHC 6/31 0 0.00019 0.05 — 
Dieldrin 7/31 1 0.00052 0.23 0.04 
Endosulfan I 5/31 0 0.00048 0.12 — 
Endosulfan II 5/31 0 0.0014 0.11 — 
Endosulfan sulfate 3/31 0 0.0068 0.072 — 
Endrin 2/31 1 0.063 0.25 0.10 
Endrin aldehyde 7/31 NA 0.00051 0.21 — 
Endrin ketone 10/31 NA 0.00051 0.052 — 
gamma-BHC 2/31 0 0.00098 0.0015 — 
gamma-Chlordane 15/31 0 0.00022 0.26 — 
Heptachlor 3/31 0 0.003 0.027 — 
Heptachlor epoxide 18/31 3 0.00027 0.22 0.02 
Methoxychlor 3/31 0 0.0031 0.053 — 
Total 2,3,7,8-TCDD equivalent 
TCDD equivalent 3/3 0 .0000000006 0.0000027 — 
Metals by Method ILM04.0 
Aluminum 31/31 0 1430 13900 — 
Antimony 30/31 0 0.9 12.5 — 
Arsenic 29/31 29 1.8 19.2 0.43 
Barium 31/31 0 12.5 205 — 
Beryllium 31/31 30 0.14 3.5 0.16 
Cadmium 31/31 5 0.071 8.3 — 
Calcium 31/31 31 4420 114000 130 
Chromium 31/31 22 5.9 562 10 
Cobalt 31/31 0 3.1 24.6 — 
Copper 31/31 8 9 232 25 
Iron 31/31 31 6250 33600 2,000 
Lead 31/31 2 10.4 1160 400 
Magnesium 31/31 31 1930 48500 100 
Manganese 31/31 31 114 760 50 
Mercury 14/31 11 0.062 2.9 0.1 
Nickel 31/31 18 5.4 60.6 13 
Potassium 31/31 1 651 12600 8,500 
Selenium 5/31 0 1 1.7 — 
Silver 26/31 0 0.14 1.8 — 
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Table 2-2 Frequency of Detection and Exceedance of Screening Criteria for 
Subsurface Soil Samples – Frontier Chemical Site (mg/kg) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Cleanup 
Goal (1) 

Sodium 31/31 0 126 2300 — 
Thallium 11/31 1 1.2 7.1 5.5 
Vanadium 31/31 0 5.6 25.2 — 
Zinc 31/31 31 23.1 312 20 
Total Cyanide by ILM04.0 
Cyanide 26/30 0 0.059 0.72 — 
1  Cleanup Goal selected in Table 2-1 of this document. 
 
Key: 
 — = No screening value available/applicable.      
 mg/kg = Milligrams per kilogram. 
 NA = Not applicable (no criteria available). 
 PCB = Polychlorinated biphenyl. 
 SVOCs = Semi-volatile organic compounds. 
 VOCs = Volatile organic compounds. 
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Table 2-3 Contaminants of Concern for Soils – 

Frontier Chemical Site (mg/kg) 
Analyte Cleanup Criteria (1) 

Total VOCs2 <10 
1,1,1-Trichloroethane 0.8 
1,1-Dichloroethane 0.2 
1,2,4-Trichlorobenzene 3.4 
1,2-Dichlorobenzene 7.9 
1,3-Dichlorobenzene 1.6 
1,4-Dichlorobenzene 8.5 
Acetone 0.2 
Benzene 0.06 
Chlorobenzene 1.7 
Ethylbenzene 5.5 
Methylene chloride 0.1 
Tetrachloroethene 1.4 
Toluene 1.5 
Trichloroethene 0.7 
Vinyl chloride 0.2 
Xylenes, Total 1.2 
Total SVOCs2 <500 
Benz(a)anthracene 0.224 
Benzo(a)pyrene 0.061 
Chrysene 0.4 
Dibenz(a,h)anthracene 0.014 
Phenol 0.03 
Arsenic 0.43 
Beryllium 0.16 
Chromium 10 
Copper 25 
Iron 2,000 
Lead 400 
Mercury 0.1 
Nickel 13 
Zinc 20 
1 Based on Cleanup Goal in Table 2-1 of this document. 
2 Maximum values allowed for soil cleanup objectives for total analytes as 

listed, per NYSDEC Technical and Administrative Guidance Memorandum 
4046 

 
Key:  
 mg/Kg = Milligrams per kilogram. 
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Table 2-4 Proposed Cleanup Goal Screening Process for Groundwater – 

Frontier Chemical Site (�g/L) 

Analyte 

NYSDEC 
Class GA 

Groundwater 
Standard 

NYSDEC 
Class GA 

Groundwater 
Guidance 

Maximum 
Concentration 

Proposed 
Cleanup 

Goal 
VOCs by Method OLM04.2 
1,1,1-Trichloroethane 5 — 18,000 5 
1,1,2,2-tetrachloroethane 5 — 8 J 5 
1,1,2-Trichloro-1,2,2-
trifluoroethane 

5 — 3,500 5 

1,1,2-Trichloroethane 1 — 7 J 1 
1,1-Dichloroethane 5 — 7,000 5 
1,1-Dichloroethene 5 — 1,300 J 5 
1,2,4-Trichlorobenzene 5 10 7,600 5 
1,2-Dichlorobenzene 3 — 69,000 3 
1,2-Dichloroethane 0.6 — 460 J 0.6 
1,3-Dichlorobenzene 5 10 41,000 5 
1,4-Dichlorobenzene 5 10 43,000 5 
2-Butanone — 50 960 50 
2-Hexanone — 50 4 J — 
4-Methyl-2-pentanone — — 2,700 — 
Acetone — 50 8,700 50 
Benzene 1 — 30,000 1 
Carbon disulfide — 60 41 J — 
Chlorobenzene 5 — 36,000 5 
Chloroethane 5 — 7 J 5 
Chloroform 7 — 430 J 7 
cis-1,2-Dichloroethene  5 — 270,000 5 
Cyclohexane — — 3 J — 
Ethylbenzene 5 — 210 J 5 
Isopropylbenzene 5 — 400 J 5 
Methylene Chloride 5 — 19,000 5 
Styrene 5 — 4 J — 
Tetrachloroethene 5 — 74,000 5 
Toluene 5 — 4,100 5 
trans-1,2-Dichloroethene  5 — 410 J 5 
Trichloroethene 5 — 250,000 5 
Vinyl Chloride 2 — 26,000 2 
Xylene (total) 5 — 720 5 
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Table 2-4 Proposed Cleanup Goal Screening Process for Groundwater – 
Frontier Chemical Site (�g/L) 

Analyte 

NYSDEC 
Class GA 

Groundwater 
Standard 

NYSDEC 
Class GA 

Groundwater 
Guidance 

Maximum 
Concentration 

Proposed 
Cleanup 

Goal 
SVOCs by Method OLM04.2 
2,4,5-Trichlorophenol 1a — 95 J 1 
2,4,6-Trichlorophenol 1a — 170 J 1 
2,4-Dichlorophenol 1a — 85 1 
2,4-Dimethylphenol 1a — 10 1 
2-Chlorophenol 1a — 110 J 1 
2-Methylnaphthalene — — 1 J — 
2-Methylphenol 1a — 24 J 1 
4-Chloro-3-methylphenol 1a — 120 J 1 
4-Chloroaniline 5 — 130 J 5 
4-Methylphenol 1a — 310 1 
4-Nitrophenol 1a — 30 1 
Acetophenone — — 1,000 — 
Benzaldehyde — — 1 J — 
Bis(2-chloroethyl)ether 1 — 23 1 
Bis(2-ethylhexyl)phthalate 5 — 100 5 
Caprolactam — — 17 — 
Carbazole — — 1 J — 
Dibenzofuran — — 1 J — 
Di-n-octyl phthalate — — 6 J — 
Fluorene — 50 1 J — 
Hexachlorobutadiene 0.5 — 1 J 0.5 
Isophorone — 50 14 J — 
Naphthalene — 10 31 10 
Pentachlorophenol 1a — 5 J 1 
Phenanthrene — 50 2 J — 
Phenol 1a — 11,000 1 
Pesticide/PCBs by Method OLM04.2 
Aroclor 1254 0.09b — 1.3 0.09 
4,4’-DDD 0.3 — 0.29 J — 
4,4’-DDE 0.2 — 0.09 J — 
4,4’-DDT 0.2  — 0.24 J 0.2 
Aldrin ND — 0.053 J ND 
alpha-BHC — — 0.054 J — 
alpha-Chlordane 0.05 — 0.17 J 0.05 
beta-BHC — — 0.091 J — 
delta-BHC — — 0.05 J — 
Dieldrin 0.004 — 0.044 J 0.004 
Endosulfan I — — 0.18 J — 
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Table 2-4 Proposed Cleanup Goal Screening Process for Groundwater – 
Frontier Chemical Site (�g/L) 

Analyte 

NYSDEC 
Class GA 

Groundwater 
Standard 

NYSDEC 
Class GA 

Groundwater 
Guidance 

Maximum 
Concentration 

Proposed 
Cleanup 

Goal 
Endosulfan II — — 0.060 J — 
Endosulfan sulfate — — 0.058 J — 
Endrin ND — 0.086 J ND 
Endrin aldehyde 5 — 0.05 J — 
Endrin ketone 5 — 0.067 J — 
gamma-BHC — — 0.029 J — 
gamma-Chlordane 0.05 — 0.046 J — 
Heptachlor 0.04 — 0.039 J — 
Heptachlor epoxide 0.03 — 0.061 0.03 
Metals by Method ILM04.0 
Aluminum — — 12,800 — 
Antimony 3 — 19.9 J 3 
Arsenic 25 — 1,040 25 
Barium  1,000 — 204 — 
Beryllium — 3 95.5 J 3 
Cadmium 5 — 2.4 J — 
Calcium — — 618,000 J — 
Chromium 50 — 354 50 
Cobalt — — 24.3 J — 
Copper 200 — 602 200 
Iron 300c — 40,400 300 
Lead 25 — 655 25 
Magnesium  — 35,000 109,000 35,000 
Manganese  300c — 947 300 
Mercury 0.7 — 1.0 0.7 
Nickel 100 — 143 J 100 
Potassium — — 12,600,000 — 
Selenium 10 — 44.5 10 
Silver 50 — 6.7 J — 
Sodium 20,000 — 1,460,000 20,000 
Thallium — 0.5 8.2 J 0.5  
Vanadium — — 205 — 
Zinc — 2,000 1,930 — 
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Table 2-4 Proposed Cleanup Goal Screening Process for Groundwater – 
Frontier Chemical Site (�g/L) 

Analyte 

NYSDEC 
Class GA 

Groundwater 
Standard 

NYSDEC 
Class GA 

Groundwater 
Guidance 

Maximum 
Concentration 

Proposed 
Cleanup 

Goal 
Total Cyanide by Method ILM04.0 
Cyanide 200 — 1,230 J 200 
Total Hardness by Method EPA 130.2 
Total Hardness — — 1.82 — 
Source:  NYSDEC, June 1998, Ambient Water Quality Standard and Guidance Values, Class GA Groundwater. 
 
a  Applies to the sum of a phenolic compounds. 
b  Applies to the sum of all PCBs. 
c  Iron and manganese total is 500 µg/L. 
 
Key: 
 — = No standard/guidance value available/applicable. 
 J = Estimated value. 
 µg/L = Micrograms per liter. 
 NYSDEC = New York State Department of Environmental Conservation. 
 PCB = Polychlorinated biphenyl. 
 SVOCs = Semi-volatile organic compounds. 
 VOCs = Volatile organic compounds. 
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Table 2-5 Frequency of Detection and Exceedance of Screening Criteria for 

Overburden Groundwater Samples - Frontier Chemical Site (µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

VOCs by Method OLM04.2 
1,1,1-Trichloroethane 12/29 11 4 8,500 5 
1,1,2,2-Tetrachloroethane 1/29 1 8 8 5 
1,1,2-Trichloro-1,2,2-
trifluoroethane 

4/29 4 65 3,400 5 

1,1,2-Trichloroethane 1/29 0 1 1 — 
1,1-Dichloroethane 16/29 14 2 7,000 5 
1,1-Dichloroethene 9/29 8 3 550 5 
1,2,4-Trichlorobenzene 7/29 7 9 7,600 5 
1,2-Dichlorobenzene 16/29 14 2 69,000 3 
1,2-Dichloroethane 5/29 5 1 460 0.6 
1,3-Dichlorobenzene 13/29 12 2 41,000 5 
1,4-Dichlorobenzene 14/29 13 2 43,000 5 
2-Butanone 3/29 2 45 960 50 

2-Hexanone 0/29 0 ND ND — 
4-Methyl-2-pentanone 3/29 0 16 650 — 
Acetone 12/29 9 6 5,500 50 

Benzene 9/29 9 2 30,000 1 
Carbon disulfide 0/29 0 ND ND — 
Chlorobenzene 16/29 13 1 36,000 5 
Chloroethane 1/29 1 6 6 5 
Chloroform 7/29 5 4 230 7 
cis-1,2-Dichloroethene 22/29 19 1 120,000 5 
Cyclohexane 0/29 0 ND ND — 
Ethylbenzene 4/29 1 1 210 5 
Isopropylbenzene 1/29 1 400 400 5 
Methylene chloride 6/29 6 220 19,000 5 
Styrene 0/29 0 ND ND — 
Tetrachloroethene 18/29 17 3 74,000 5 
Toluene 14/29 10 2 6,700 5 
trans-1,2-Dichloroethene 5/29 2 3 16 5 
Trichloroethene 21/29 19 2 250,000 5 
Vinyl chloride 12/29 12 22 6,300 2 
Xylenes, Total 7/29 6 4 720 5 
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Table 2-5 Frequency of Detection and Exceedance of Screening Criteria for 
Overburden Groundwater Samples - Frontier Chemical Site (µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

SVOCs by Method OLM04.2 
2,4,5-Trichlorophenol 2/12 2 3 8 1 
2,4,6-Trichlorophenol 5/12 3 1 67 1 
2,4-Dichlorophenol 5/12 5 3 42 1 
2,4-Dimethylphenol 2/12 2 8 10 1 

2-Chlorophenol 5/12 5 4 43 1 
2-Methylnaphthalene 0/12 0 ND ND — 
2-Methylphenol 5/12 5 1 18 1 
4-Chloro-3-methylphenol 4/12 4 3 120 1 
4-Chloroaniline 3/12 2 1 130 5 
4-Methylphenol 6/12 6 2 100 1 
4-Nitrophenol 1/12 1 30 30 1 
Acetophenone 7/12 0 4 140 — 
Benzaldehyde 0/12 0 ND ND — 
Bis(2-chloroethyl)ether 0/12 0 ND ND — 
Bis(2-ethylhexyl)phthalate 1/12 0 2 2 — 
Caprolactum 0/12 0 ND ND — 
Carbazole 0/12 0 ND ND — 
Dibenzofuran 1/12 0 1 1 — 
Di-n-octyl phthalate 0/12 0 ND ND — 
Fluorene 1/12 0 1 1 — 
Hexachlorobutadiene 0/12 0 ND ND — 
Isophorone 0/12 0 ND ND — 
Naphthalene 2/12 1 6 31 10 

Pentachlorophenol 1/12 0 1 1 — 
Phenanthrene 0/12 0 ND ND — 
Phenol 7/12 7 6 4,600 1 
Pesticide/PCB by Method OLM04.2 
Aroclor 1254 0/12 0 ND ND — 
4,4´-DDD 3/12 0 0.01 0.021 — 
4,4´-DDE 3/12 0 0.025 0.056 — 
4,4´-DDT 3/12 0 0.011 0.11 — 
Aldrin 1/12 1 0.029 0.029 ND 
alpha-BHC 4/12 0 0.0098 0.054 — 
alpha-Chlordane 3/12 2 0.037 0.17 0.05 
beta-BHC 6/12 0 0.0096 0.091 — 
delta-BHC 2/12 0 0.0013 0.017 — 
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Table 2-5 Frequency of Detection and Exceedance of Screening Criteria for 
Overburden Groundwater Samples - Frontier Chemical Site (µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

Dieldrin 3/12 2 0.0022 0.023 0.004 
Endosulfan I 5/12 0 0.012 0.18 — 
Endosulfan II 3/12 0 0.012 0.022 — 
Endosulfan sulfate 2/12 0 0.023 0.033 — 
Endrin 2/12 2 0.019 0.022 ND 
Endrin aldehyde 3/12 0 0.011 0.014 — 
Endrin ketone 0/12 0 ND ND — 
gamma-BHC 0/12 0 ND ND — 
gamma-Chlordane 0/12 0 ND ND — 
Heptachlor 1/12 0 0.021 0.021 — 
Heptachlor epoxide 3/12 0 0.0021 0.015 — 
Metals by Method ILM04.0 
Aluminum 12/12 0 312 12,800 — 
Antimony 5/12 5 3.1 19.9 3 
Arsenic 11/12 5 6.1 193 25 
Barium 12/12 0 7.8 178 — 
Beryllium 5/12 1 0.19 13.7 3 

Cadmium 8/12 0 0.39 1.6 — 
Calcium 12/12 0 12,200 215,000 — 
Chromium 12/12 1 1.5 354 50 
Cobalt 12/12 0 1.2 17.1 — 
Copper 10/12 1 2.7 602 200 
Iron 12/12 12 697 26,800 300 
Lead 10/12 3 7.4 35.5 25 
Magnesium 12/12 0 554 34,500 — 
Manganese 12/12 3 19.2 889 300 
Mercury 7/12 0 0.12 0.62 — 
Nickel 12/12 3 3.5 143 100 
Potassium 12/12 0 138,000 1,640,000 — 
Selenium 8/12 4 5.2 17.6 10 
Silver 5/12 0 1.1 2.7 — 
Sodium 12/12 10 6,150 819,000 20,000 
Thallium 3/12 3 2.5 6.2 0.5 

Vanadium 12/12 0 1.6 422 — 
Zinc 12/12 0 13.4 187 — 
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Table 2-5 Frequency of Detection and Exceedance of Screening Criteria for 
Overburden Groundwater Samples - Frontier Chemical Site (µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

Total Cyanide by ILM04.0 
Cyanide 11/12 3 1 522 200 
Total Hardness by Method EPA 130.2 
Hardness (As CaCO3) 12/12 0 0.0463 0.708 — 
1 New York State Department of Environmental Conservation,  Technical and Operational Guidance Series 1.1.1: Ambient Water 

Quality Standards and Guidance Values and Groundwater Effluent Limitations, June 1998 with April 2000 addendum. 
 
Key: 
 — = Analyte less than cleanup goal or no cleanup goal applicable/available. 
 µg/L = Micrograms per liter. 
 ND = Not detected. 
 PCB = Polychlorinated biphenyl. 
 VOCs = Volatile organic compounds. 
 SVOCs = Semi-volatile organic compounds. 
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Table 2-6 Frequency of Detection and Exceedance of Screening Criteria for A-

Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

VOCs by Method OLM04.2 
1,1,1-Trichloroethane 7/23 7 47 18,000 5 
1,1,2,2-
Tetrachloroethane 

0/23 0 ND ND — 

1,1,2-Trichloro-1,2,2-
trifluoroethane 

2/23 2 230 3,500 5 

1,1,2-Trichloroethane 1/23 1 7 7 1 
1,1-Dichloroethane 16/23 12 1 4,300 5 
1,1-Dichloroethene 5/23 4 5 1,300 5 
1,2,4-Trichlorobenzene 9/23 7 1 4,200 5 
1,2-Dichlorobenzene 16/23 15 1 61,000 3 
1,2-Dichloroethane 2/23 2 20 140 0.6 
1,3-Dichlorobenzene 15/23 13 1 19,000 5 
1,4-Dichlorobenzene 15/23 13 2 26,000 5 
2-Butanone 3/23 3 53 610 50  

2-Hexanone 0/23 0 ND ND — 
4-Methyl-2-pentanone 8/23 0 73 2,700 — 
Acetone 11/23 9 13 3,500 50  

Benzene 15/23 15 4 15,000 1 
Carbon disulfide 1/23 0 10 10 — 
Chlorobenzene 19/23 16 1 21,000 5 
Chloroethane 0/23 0 ND ND — 
Chloroform 5/23 2 2 430 7 
cis-1,2-Dichloroethene 18/23 16 2 270,000 5 
Cyclohexane 1/23 0 13 13 — 
Ethylbenzene 2/23 1 3 26 5 
Isopropylbenzene 2/23 1 5 180 5 
Methylene chloride 7/23 7 130 13,000 5 
Styrene 1/23 0 4 4 — 
Tetrachloroethene 12/23 10 2 47,000 5 
Toluene 15/23 12 1 3900 5 
trans-1,2-
Dichloroethene 

7/23 5 2 410 5 

Trichloroethene 21/23 17 2 22,000 5 
Vinyl chloride 8/23 8 3 26,000 2 
Xylenes, Total 5/23 4 1 240 5 
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Table 2-6 Frequency of Detection and Exceedance of Screening Criteria for A-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

SVOCs by Method OLM04.2 
2,4,5-Trichlorophenol 1/18 1 13 13 1  
2,4,6-Trichlorophenol 6/18 5 1 64 1  
2,4-Dichlorophenol 6/18 6 7 85 1 
2,4-Dimethylphenol 5/18 5 3 10 1 

2-Chlorophenol 6/18 6 3 45 1 
2-Methylnaphthalene 1/18 0 1 1 — 
2-Methylphenol 8/18 8 1 24 1 
4-Chloro-3-
methylphenol 

7/18 7 3 65 1 

4-Chloroaniline 2/18 1 2 63 5 
4-Methylphenol 12/18 12 11 310 1 
4-Nitrophenol 0/18 0 ND ND — 
Acetophenone 9/18 0 11 1,000 — 
Benzaldehyde 1/18 0 1 1 — 
Bis(2-chloroethyl)ether 1/18 1 23 23 1 
Bis(2-
ethylhexyl)phthalate 

1/18 1 100 100 5 

Caprolactum 2/18 0 3 5 — 
Carbazole 1/18 0 1 1 — 
Dibenzofuran 0/18 0 ND ND — 
Di-n-octyl phthalate 0/18 0 ND ND — 
Fluorene 0/18 0 ND ND — 
Hexachlorobutadiene 1/18 1 1 1 0.5 
Isophorone 4/18 0 7 14 — 
Naphthalene 2/18 2 20 21 10 

Pentachlorophenol 0/18 0 ND ND — 
Phenanthrene 1/18 0 2 2 — 
Phenol 14/18 13 1 4,400 1 
Pesticide/PCB by Method OLM04.2 
Aroclor 1254 2/17 2 0.28 1.3 0.09 
4,4´-DDD 3/17 0 0.04 0.29 — 
4,4´-DDE 3/17 0 0.016 0.09 — 
4,4´-DDT 6/17 1 0.0075 0.24 0.2 
Aldrin 4/17 4 0.015 0.053 ND 
alpha-BHC 3/17 0 0.017 0.02 — 
alpha-Chlordane 3/17 2 0.011 0.14 0.05  
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Table 2-6 Frequency of Detection and Exceedance of Screening Criteria for A-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

beta-BHC 8/17 0 0.0074 0.14 — 
delta-BHC 2/17 0 0.013 0.025 — 
Dieldrin 7/17 7 0.0052 0.044 0.004 
Endosulfan I 2/17 0 0.0047 0.01 — 
Endosulfan II 1/17 0 0.026 0.026 — 
Endosulfan sulfate 3/17 0 0.037 0.058 — 
Endrin 7/17 7 0.0097 0.086 ND 
Endrin aldehyde 1/17 0 0.05 0.05 — 
Endrin ketone 1/17 0 0.025 0.025 — 
gamma-BHC 3/17 0 0.01 0.029 — 
gamma-Chlordane 3/17 0 0.01 0.046 — 
Heptachlor 2/17 0 0.014 0.039 — 
Heptachlor epoxide 2/17 1 0.02 0.061 0.03 
Metals by Method ILM04.0 
Aluminum 15/17 0 16.2 2,640 — 
Antimony 6/17 6 4.1 9.9 3 
Arsenic 16/17 9 6.3 1,040 25 
Barium 17/17 0 3.8 204 — 
Beryllium 8/17 2 0.16 95.5 3 

Cadmium 11/17 0 0.25 2.4 — 
Calcium 17/17 0 3,940 425,000 — 
Chromium 16/17 1 1.7 343 50 
Cobalt 14/17 0 1.3 9.7 — 
Copper 11/17 0 3.8 134 — 
Iron 17/17 17 1,370 39,500 300 
Lead 14/17 5 2.3 157 25 
Magnesium 17/17 1 85.2 52,000 35,000 

Manganese 17/17 2 20.3 947 300  
Mercury 6/17 0 0.11 0.37 — 
Nickel 17/17 0 2.7 73.3 — 
Potassium 17/17 0 54,000 12,600,000 — 
Selenium 11/17 3 3.3 44.5 10 
Silver 9/17 0 0.7 6 — 
Sodium 17/17 16 14,800 1,460,000 20,000 
Thallium 4/17 4 4.1 9.8 0.5 

Vanadium 17/17 0 1.8 579 — 
Zinc 16/17 0 10.4 231 — 
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Table 2-6 Frequency of Detection and Exceedance of Screening Criteria for A-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

Total Cyanide by ILM04.0 
Cyanide 16/17 3 2.5 936 200 
Total Hardness by Method EPA 130.2 
Hardness (As CaCO3) 17/17 0 0.054 1.360 — 
1 New York State Department of Environmental Conservation,  Technical and Operational Guidance Series 1.1.1: Ambient 

Water Quality Standards and Guidance Values and Groundwater Effluent Limitations, June 1998 with April 2000 addendum. 
 
Key: 
 — = Analyte less than cleanup goal or no cleanup goal applicable/available. 
 µg/L = Micrograms per liter. 
 ND = Not detected. 
 PCB = Polychlorinated biphenyl. 
 VOCs = Volatile organic compounds. 
 SVOCs = Semi-volatile organic compounds. 
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Table 2-7 Frequency of Detection and Exceedance of Screening Criteria for B-

Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

VOCs by Method OLM04.2 
1,1,1-Trichloroethane 8/18 7 4 10,000 5 
1,1,2,2-
Tetrachloroethane 

0/18 0 ND ND — 

1,1,2-Trichloro-1,2,2-
trifluoroethane 

2/18 2 220 240 5 

1,1,2-Trichloroethane 0/18 0 ND ND — 
1,1-Dichloroethane 13/18 10 1 2,800 5 
1,1-Dichloroethene 2/18 1 2 28 5 
1,2,4-Trichlorobenzene 7/18 6 1 1,100 5 
1,2-Dichlorobenzene 12/18 12 4 12,000 3 
1,2-Dichloroethane 0/18 0 ND ND — 
1,3-Dichlorobenzene 12/18 11 4 8,400 5 
1,4-Dichlorobenzene 12/18 12 7 9,600 5 
2-Butanone 1/18 1 750 750 50  

2-Hexanone 1/18 0 4 4 — 
4-Methyl-2-pentanone 6/18 0 21 590 — 
Acetone 7/18 6 3 8,700 50  

Benzene 12/18 12 5 5,100 1 
Carbon disulfide 1/18 0 41 41 — 
Chlorobenzene 15/18 13 1 13,000 5 
Chloroethane 1/18 1 7 7 5 
Chloroform 1/18 1 55 55 7 
cis-1,2-Dichloroethene 15/18 13 1 1,600 5 
Cyclohexane 1/18 0 3 3 — 
Ethylbenzene 2/18 2 61 68 5 
Isopropylbenzene 0/18 0 ND ND — 
Methylene chloride 6/18 6 11 8,600 5 
Styrene 0/18 0 ND ND — 
Tetrachloroethene 10/18 10 12 6,000 5 
Toluene 11/18 8 2 2,500 5 
trans-1,2-
Dichloroethene 

7/18 3 2 10 5 

Trichloroethene 11/18 10 3 10,000 5 
Vinyl chloride 8/18 8 28 400 2 
Xylenes, Total 4/18 2 2 360 5 
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Table 2-7 Frequency of Detection and Exceedance of Screening Criteria for B-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

SVOCs by Method OLM04.2 
2,4,5-Trichlorophenol 1/14 1 95 95 1  
2,4,6-Trichlorophenol 6/14 4 1 170 1  
2,4-Dichlorophenol 5/14 5 2 72 1 
2,4-Dimethylphenol 0/14 0 ND ND — 
2-Chlorophenol 5/14 5 4 110 1 
2-Methylnaphthalene 0/14 0 ND ND — 
2-Methylphenol 4/14 4 2 22 1 
4-Chloro-3-
methylphenol 

7/14 7 2 12 1 

4-Chloroaniline 0/14 0 ND ND — 
4-Methylphenol 8/14 8 2 200 1 
4-Nitrophenol 1/14 1 2 2 1 
Acetophenone 8/14 0 2 220 — 
Benzaldehyde 0/14 0 ND ND — 
Bis(2-chloroethyl)ether 0/14 0 ND ND — 
Bis(2-
ethylhexyl)phthalate 

1/14 0 2 2 — 

Caprolactum 0/14 0 ND ND — 
Carbazole 0/14 0 ND ND — 
Dibenzofuran 0/14 0 ND ND — 
Di-n-octyl phthalate 0/14 0 ND ND — 
Fluorene 0/14 0 ND ND — 
Hexachlorobutadiene 0/14 0 ND ND — 
Isophorone 0/14 0 ND ND — 
Naphthalene 0/14 0 ND ND — 
Pentachlorophenol 1/14 1 5 5 1 
Phenanthrene 0/14 0 ND ND — 
Phenol 8/14 8 7 11,000 1 
Pesticide/PCB by Method OLM04.2 
Aroclor 1254 1/14 1 0.18 0.18 0.09 
4,4´-DDD 1/14 0 0.043 0.043 — 
4,4´-DDE 1/14 0 0.037 0.037 — 
4,4´-DDT 1/14 0 0.095 0.095 — 
Aldrin 2/14 2 0.0059 0.032 ND 
alpha-BHC 0/14 0 ND ND — 
alpha-Chlordane 2/14 2 0.06 0.085 0.05  
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Table 2-7 Frequency of Detection and Exceedance of Screening Criteria for B-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

beta-BHC 4/14 0 0.015 0.035 — 
delta-BHC 0/14 0 ND ND — 
Dieldrin 1/14 1 0.038 0.038 0.004 
Endosulfan I 1/14 0 0.031 0.031 — 
Endosulfan II 2/14 0 0.01 0.06 — 
Endosulfan sulfate 2/14 0 0.033 0.041 — 
Endrin 3/14 3 0.01 0.035 ND 
Endrin aldehyde 0/14 0 ND ND — 
Endrin ketone 1/14 0 0.067 0.067 — 
gamma-BHC 0/14 0 ND ND — 
gamma-Chlordane 0/14 0 ND ND — 
Heptachlor 0/14 0 ND ND — 
Heptachlor epoxide 1/14 1 0.23 0.23 0.03 
Metals by Method ILM04.0 
Aluminum 12/14 0 78.2 1,230 — 
Antimony 2/14 2 7.2 9.4 3 
Arsenic 13/14 7 4.1 339 25 
Barium 14/14 0 3.4 125 — 
Beryllium 4/14 2 2.3 16.3 3 

Cadmium 9/14 0 0.4 2.6 — 
Calcium 14/14 0 3,670 618,000 — 
Chromium 12/14 0 0.71 20.8 — 
Cobalt 12/14 0 1.4 24.3 — 
Copper 10/14 1 3.6 201 200 
Iron 14/14 14 472 18,100 300 
Lead 10/14 7 3.3 655 25 
Magnesium 14/14 3 103 109,000 35,000 

Manganese 14/14 1 11.7 479 300  
Mercury 4/14 1 0.12 1 0.7 
Nickel 13/14 0 2.2 69.1 — 
Potassium 14/14 0 18,800 10,400,000 — 
Selenium 9/14 2 2.2 16.7 10 
Silver 9/14 0 0.68 6.7 — 
Sodium 14/14 14 37,600 1,430,000 20,000 
Thallium 4/14 4 2.7 8.2 0.5 

Vanadium 14/14 0 0.68 165 — 
Zinc 12/14 0 15.7 1,930 — 
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Table 2-7 Frequency of Detection and Exceedance of Screening Criteria for B-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

Total Cyanide by ILM04.0 
Cyanide 11/14 3 2 1,230 200 
Total Hardness by Method EPA 130.2 
Hardness (As CaCO3) 14/14 0 0.0154 1.820 — 
1 New York State Department of Environmental Conservation,  Technical and Operational Guidance Series 1.1.1: Ambient 

Water Quality Standards and Guidance Values and Groundwater Effluent Limitations, June 1998 with April 2000 addendum. 
 
Key: 
 — = Analyte less than cleanup goal or no cleanup goal applicable/available. 
 µg/L = Micrograms per liter. 
 ND = Not detected. 
 PCB = Polychlorinated biphenyl. 
 VOCs = Volatile organic compounds. 
 SVOCs = Semi-volatile organic compounds. 
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Table 2-8 Frequency of Detection and Exceedance of Screening Criteria for C-

Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

VOCs by Method OLM04.2 
1,1,1-Trichloroethane 1/2 1 910 910 5 
1,1,2,2-
Tetrachloroethane 

0/2 0 ND ND — 

1,1,2-Trichloro-1,2,2-
trifluoroethane 

0/2 0 ND ND — 

1,1,2-Trichloroethane 0/2 0 ND ND — 
1,1-Dichloroethane 1/2 1 77 77 5 
1,1-Dichloroethene 0/2 0 ND ND — 
1,2,4-Trichlorobenzene 1/2 1 57 57 5 
1,2-Dichlorobenzene 1/2 1 210 210 3 
1,2-Dichloroethane 0/2 0 ND ND — 
1,3-Dichlorobenzene 1/2 1 210 210 5 
1,4-Dichlorobenzene 1/2 1 210 210 5 
2-Butanone 0/2 0 ND ND — 
2-Hexanone 0/2 0 ND ND — 
4-Methyl-2-pentanone 0/2 0 ND ND — 
Acetone 0/2 0 ND ND — 
Benzene 2/2 2 4 440 1 
Carbon disulfide 0/2 0 ND ND — 
Chlorobenzene 1/2 1 680 680 5 
Chloroethane 0/2 0 ND ND — 
Chloroform 0/2 0 ND ND — 
cis-1,2-Dichloroethene 1/2 1 11 11 5 
Cyclohexane 0/2 0 ND ND — 
Ethylbenzene 0/2 0 ND ND — 
Isopropylbenzene 0/2 0 ND ND — 
Methylene chloride 1/2 1 100 100 5 
Styrene 0/2 0 ND ND — 
Tetrachloroethene 1/2 1 95 95 5 
Toluene 1/2 1 170 170 5 
trans-1,2-
Dichloroethene 

0/2 0 ND ND — 

Trichloroethene 1/2 1 420 420 5 
Vinyl chloride 0/2 0 ND ND — 
Xylenes, Total 0/2 0 ND ND — 
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Table 2-8 Frequency of Detection and Exceedance of Screening Criteria for C-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

SVOCs by Method OLM04.2 
2,4,5-Trichlorophenol 0/1 0 ND ND — 
2,4,6-Trichlorophenol 0/1 0 ND ND — 
2,4-Dichlorophenol 0/1 0 ND ND — 
2,4-Dimethylphenol 0/1 0 ND ND — 
2-Chlorophenol 0/1 0 ND ND — 
2-Methylnaphthalene 0/1 0 ND ND — 
2-Methylphenol 0/1 0 ND ND — 
4-Chloro-3-
methylphenol 

0/1 0 ND ND — 

4-Chloroaniline 1/1 0 3 3 — 
4-Methylphenol 0/1 0 ND ND — 
4-Nitrophenol 0/1 0 ND ND — 
Acetophenone 1/1 0 13 13 — 
Benzaldehyde 0/1 0 ND ND — 
Bis(2-chloroethyl)ether 0/1 0 ND ND — 
Bis(2-
ethylhexyl)phthalate 

1/1 1 79 79 5 

Caprolactum 1/1 0 17 17 — 
Carbazole 0/1 0 ND ND — 
Dibenzofuran 0/1 0 ND ND — 
Di-n-octyl phthalate 0/1 0 ND ND — 
Fluorene 1/1 0 6 6 — 
Hexachlorobutadiene 0/1 0 ND ND — 
Isophorone 0/1 0 ND ND — 
Naphthalene 0/1 0 ND ND — 
Pentachlorophenol 0/1 0 ND ND — 
Phenanthrene 0/1 0 ND ND — 
Phenol 1/1 1 31 31 1 
Pesticide/PCB by Method OLM04.2 
Aroclor 1254 0/1 0 ND ND — 
4,4´-DDD 0/1 0 ND ND — 
4,4´-DDE 1/1 0 0.0094 0.0094 — 
4,4´-DDT 0/1 0 ND ND — 
Aldrin 0/1 0 ND ND — 
alpha-BHC 0/1 0 ND ND — 
alpha-Chlordane 0/1 0 ND ND — 
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Table 2-8 Frequency of Detection and Exceedance of Screening Criteria for C-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

beta-BHC 1/1 0 0.0078 0.0078 — 
delta-BHC 0/1 0 ND ND — 
Dieldrin 1/1 1 0.013 0.013 0.004 
Endosulfan I 0/1 0 ND ND — 
Endosulfan II 0/1 0 ND ND — 
Endosulfan sulfate 1/1 0 0.013 0.013 — 
Endrin 0/1 0 ND ND — 
Endrin aldehyde 0/1 0 ND ND — 
Endrin ketone 0/1 0 ND ND — 
gamma-BHC 0/1 0 ND ND — 
gamma-Chlordane 0/1 0 ND ND — 
Heptachlor 0/1 0 ND ND — 
Heptachlor epoxide 0/1 0 ND ND — 
Metals by Method ILM04.0 
Aluminum 0/1 0 ND ND — 
Antimony 0/1 0 ND ND — 
Arsenic 0/1 0 ND ND — 
Barium 1/1 0 3.4 3.4 — 
Beryllium 0/1 0 ND ND — 
Cadmium 1/1 0 0.56 0.56 — 
Calcium 1/1 0 61,100 61,100 — 
Chromium 1/1 0 3.9 3.9 — 
Cobalt 0/1 0 ND ND — 
Copper 1/1 0 6.5 6.5 — 
Iron 1/1 1 40,400 40,400 300 
Lead 1/1 0 14.6 14.6 — 
Magnesium 1/1 0 14,100 14,100 — 
Manganese 1/1 0 250 250 — 
Mercury 0/1 0 ND ND — 
Nickel 1/1 0 35.7 35.7 — 
Potassium 1/1 0 75,300 75,300 — 
Selenium 0/1 0 ND ND — 
Silver 1/1 0 1.5 1.5 — 
Sodium 1/1 1 92,700 92,700 20,000 
Thallium 0/1 0 ND ND — 
Vanadium 1/1 0 11.6 11.6 — 
Zinc 1/1 0 18.4 18.4 — 
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Table 2-8 Frequency of Detection and Exceedance of Screening Criteria for C-
Fracture Zone Bedrock Groundwater Samples - Frontier Chemical Site 
(µg/L) 

Analyte 

Frequency 
of 

Detection 

Frequency 
of Detection 

Above 
Screening 

Criteria Minimum Maximum 
Screening 
Criteria (1) 

Total Cyanide by ILM04.0 
Cyanide 1/1 0 1.2 1.2 — 
Total Hardness by Method EPA 130.2 
Hardness (As CaCO3) 1/1 NA 0.174 0.174 — 
1 New York State Department of Environmental Conservation,  Technical and Operational Guidance Series 1.1.1: Ambient 

Water Quality Standards and Guidance Values and Groundwater Effluent Limitations, June 1998 with April 2000 addendum. 
 
Key: 
 — = Analyte less than cleanup goal or no cleanup goal applicable/available. 
 µg/L = Micrograms per liter. 
 ND = Not detected. 
 PCB = Polychlorinated biphenyl. 
 VOCs = Volatile organic compounds. 
 SVOCs = Semi-volatile organic compounds. 
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Table 2-9 Contaminants of Concern for 

Groundwater – Frontier Chemical 
Site (µg/L) 

Analyte Cleanup Criteria(b) 

1,1,1-Trichloroethane 5 
1,1,2-Trichloro-1,2,2-trifluoroethane 5 
1,1-Dichloroethane 5 
1,1-Dichloroethene 5 
1,2,4-Trichlorobenzene 5 
1,2-Dichlorobenzene 3 
1,2-Dichloroethane 0.6 
1,3-Dichlorobenzene 5 
1,4-Dichlorobenzene 5 
Acetone 50 
Benzene 1 
Chlorobenzene 5 
Chloroform 7 
cis-1,2-Dichloroethene  5 
Methylene Chloride 5 
Tetrachloroethene 5 
Toluene 5 
trans-1,2-Dichloroethene  5 
Trichloroethene 5 
Vinyl Chloride 2 
Xylene (total) 5 
Phenolb 1 
Aldrin ND 
Dieldrin 0.004 
Endrin ND 
Antimony 3 
Arsenic 25 
Lead 25 
Selenium 10 
Cyanide 200 
a Based on Cleanup Goal in Table 2-4 of this document. 
b Sum of phenolic compounds. 
 
Key:  
 �g/L = Micrograms per liter. 
 ND = Not detected. 
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Table 2-10 Location- and Action-Specific SCGs, Former Frontier Chemical Waste Process, Inc. Site 

Act/Authority Criteria/Issues Citation Brief Description Status Comments 
Local Action-Specific SCGs 
  Effluent discharge to 

Niagara Falls POTW 
  See report text Potentially 

Applicable 
 

  Maximum Permissible 
Sound Levels 

  Establishes allowable noise 
emissions from construction 
equipment and property line 
noise limits 

Potentially 
Applicable 

 

  Nuisance Noise and 
Vibration Control 

  Sets limitations on certain 
nuisance noise and vibrations 

Potentially 
Applicable 

 

  Construction-Related 
Street Closure and 
Placement of 
Equipment or Materials 
on Streets, Sidewalks, 
and other Public Ways 

  Construction-related street 
closure and placement of 
equipment or material on local 
streets 

Potentially 
Applicable 

 

  Air Pollution Control   Establishes limitations for 
emissions of various air 
pollutants such as combustion 
engine exhaust and particulates. 

Potentially 
Applicable 

 

  Solid Waste   Waste haulers local 
requirements 

Potentially 
Applicable 

Relevant to off-site transport of 
remediation derived wastes 

State Action-Specific SCGs 
  Transportation of 

Hazardous Materials 
6 NYCRR 364 Regulates transportation of 

hazardous materials 
Potentially 
Applicable 

Relevant to off-site transport of 
remediation derived wastes 

New York State 
Vehicle and Traffic 
Law, Article 386; 
Environmental 
Conservation Law 
Articles 3 and 19. 

Noise from Heavy 
Motor Vehicles 

6 NYCRR 450 Defines maximum acceptable 
noise levels. 

Potentially 
Applicable 

Marginally applicable; appears 
to apply to over-the-road 
vehicles, not construction 
equipment. 
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Table 2-10 Location- and Action-Specific SCGs, Former Frontier Chemical Waste Process, Inc. Site 
Act/Authority Criteria/Issues Citation Brief Description Status Comments 

Environmental 
Conservation Law, 
Articles 3, 15, 17, 19 
and 70; Administrative 
Procedures Act, Article 
301 

Uniform Procedures 6 NYCRR 621 Establishes the procedures used 
in the processing of 
applications for permits 

Applicable   

Environmental 
Conservation Law, 
Articles 3, 15, and 17 

New York State 
Pollutant Discharge 
Elimination System 

6 NYCRR 750 
- 758 

Establishes permit requirements 
for point source discharges into 
state waters. 

Potentially 
Applicable 

Supersedes need to obtain 
NPDES permits since New 
York has an approved SPDES  
program.  New York SPDES 
program does not require a 
permit for discharge of 
uncontrolled stormwater runoff 
as per 6 NYCRR 751.3(a)(7). 
Discharge to municipal sewers 
appears to be under local 
jurisdiction. 

Environmental 
Conservation Law, 
Articles 3 and 19. 

Prevention and Control 
of Air Contaminants 
and Air Pollution 

6 NYCRR 200 
- 202 

Establishes general provisions 
and requires construction and 
operation permits for  emission 
of air pollutants. 

Potentially 
Applicable 

2001 - Identifies NYC as non-
attainment area for ozone, CO, 
and PM10 

Environmental 
Conservation Law, 
Article 15; also Public 
Health Law Articles 
1271 and 1276 (Part 
288 only) 

Air Quality 
Classifications and 
Standards 

6 NYCRR 256, 
257, and 288 

Establishes air quality 
classification system and air 
quality standards for various 
pollutants including particulates 
and non-methane hydrocar-
bons. 

Potentially 
Applicable 

  

Environmental 
Conservation Law, 
Articles 3, 19, 23, 27, 
and 70 

Hazardous Waste 
Management System - 
General 

6 NYCRR 370 Provides definition of terms 
and general standards 
applicable to 6 NYCRR 370 - 
374, 376. 

Potentially 
Applicable 

  

 Identification and 
Listing of Hazardous 
Waste 

6 NYCRR 371 Identifies characteristic 
hazardous waste and lists 
specific wastes. 

Potentially 
Applicable 

  



 

 
02:000699_NV05_06-B1104  
R_Frontier Chemical.doc-6/16/2004 

2-43 

Table 2-10 Location- and Action-Specific SCGs, Former Frontier Chemical Waste Process, Inc. Site 
Act/Authority Criteria/Issues Citation Brief Description Status Comments 

 Hazardous Waste 
Manifest System and 
Related Standards 

6 NYCRR 372 Establishes manifest system 
and record keeping standards 
for generators and transporters 
of hazardous waste and for 
treatment, storage, and disposal 
facilities. 

Potentially 
Applicable 

Relevant to transportation and 
off-site treatment of hazardous 
waste 

 Hazardous Waste 
Treatment, Storage, and 
Disposal Facility 
Permitting Require-
ments 

6 NYCRR 373 Regulates treatment, storage, 
and disposal of hazardous 
waste. 

Potentially 
Applicable 

Relevant to off-site 
treatment/disposal of 
hazardous waste 

 Standards for the 
Management of 
Specific Hazardous 
Wastes and Specific 
Types of Hazardous 
Waste Management 
Facilities 

6 NYCRR 374 Subpart 374-1 establishes 
standards for the management 
of specific hazardous wastes.  
(Subpart 374-2 establishes 
standards for the management 
of used oil.) 

Potentially 
Applicable 

  

Environmental 
Conservation Law, 
Articles 1, 3, 27, and 
52; Administrative 
Procedures Act Articles 
301 and 305. 

Inactive Hazardous 
Waste Disposal Site 

6 NYCRR 375 Identifies process for 
investigation and remedial 
action at state funded Registry 
site; provides exception from 
NYSDEC permits. 

Potentially 
Applicable 

  

Environmental 
Conservation Law, 
Articles 3 and 27. 

Land Disposal 
Restrictions 

6 NYCRR 376 Identifies hazardous wastes that 
are restricted from land 
disposal. Defines treatment 
standards for hazardous waste. 

Potentially 
Applicable 
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Table 2-10 Location- and Action-Specific SCGs, Former Frontier Chemical Waste Process, Inc. Site 
Act/Authority Criteria/Issues Citation Brief Description Status Comments 

Environmental 
Conservation Law, 
Articles 1, 3, 8, 19, 23, 
27, 52, 54, and 70. 

Solid Waste 
Management Facilities 

6 NYCRR 360 360-1: General provisions; 
includes identification of 
“beneficial use” potentially 
applicable to non-hazardous 
oily waste/soil (360-1.15). 360-
2: Regulates construction and 
operation of landfills, including 
construction & demolition 
(C&D) debris landfills 

Potentially 
Applicable 

May be applicable for 
establishing off-site treatment 
and disposal options for 
excavated contaminated non-
hazardous soil and debris. 

Federal Action-Specific SCGs 
Comprehensive 
Environmental 
Response, Compensa-
tion, and Liability Act 
of 1980 and Superfund 
Amendments and 
Reauthorization Act of 
1986 (SARA) 

National Contingency 
Plan 

40 CFR 300, 
Subpart E 

Outlines procedures for 
remedial actions and for 
planning and implementing off-
site removal actions. 

Potentially 
Applicable 

 

Occupational Safety 
and Health Act 

Worker Protection 29 CFR 1904, 
1910, and 1926 

Specifies minimum 
requirements to maintain 
worker health and safety during 
hazardous waste operations. 
Includes training requirements 
and construction safety 
requirements. 

Potentially 
Applicable 

Under 40 CFR 300.38, 
requirements of OSHA apply 
to all activities that fall under 
jurisdiction of the National 
Contingency Plan. 

Executive Order Delegation of Authority Executive 
Order 12316 
and 
Coordination 
with Other 
Agencies 

Delegates authority over 
remedial actions to federal 
agencies 
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Table 2-10 Location- and Action-Specific SCGs, Former Frontier Chemical Waste Process, Inc. Site 
Act/Authority Criteria/Issues Citation Brief Description Status Comments 

Clean Water Act National Pollutant 
Discharge Elimination 
System (NPDES) 

40 CFR 122 
and 125 

Issues permits for discharge 
into navigable waters. 
Establishes criteria and 
standards for imposing 
treatment requirements on 
permits. 

Potentially 
Applicable 

New York SPDES program 
incorporates the NPDES 
program by reference. 

Underground Injection 
Control Program 

40 CFR 144 Establishes performance 
standards, well requirements, 
and permitting requirements for 
groundwater re-injection wells. 

Potentially 
Applicable 

Safe Drinking Water 
Act 

Underground Injection 
Control Program: 
Technical Criteria and 
Standards 

40 CFR 146 Establishes technical criteria 
and standards that must be met 
in groundwater re-injection 
permits for Class V wells. Class 
V wells include wells used in 
experimental technologies. 

Potentially 
Applicable 

Potentially applicable for 
remedial alternatives utilizing 
Fenton’s reagent chemistry in 
which non-hazardous reagents 
are introduced to the 
subsurface via injection wells. 

National Primary and 
Secondary Ambient Air 
Quality Standards 

40 CFR 50 Establishes emission limits for 
six pollutants (SO2, PM10, CO, 
O3, NO2, and Pb). 

Potentially 
Applicable 

  Clean Air Act 

National Emission 
Standards for 
Hazardous Air 
Pollutants 

40 CFR 61 Provides emission standards for 
8 contaminants. Identifies 25 
additional contaminants, 
including PCE and TCE, as 
having serious health effects 
but does not provide emission 
standards for these contami-
nants. 

Potentially 
Applicable 

  

Toxic Substances 
Control Act 

Rules for Controlling 
PCBs 

40 CFR 761 Provides guidance on storage 
and disposal of PCB-
contaminates materials 

Potentially 
Applicable 
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Table 2-10 Location- and Action-Specific SCGs, Former Frontier Chemical Waste Process, Inc. Site 
Act/Authority Criteria/Issues Citation Brief Description Status Comments 

Resource Conservation 
and Recovery Act 

Criteria for Municipal 
Solid Waste Landfills 

40 CFR 258 Establishes minimum national 
criteria for management of non-
hazardous waste. 

Potentially 
Applicable 

Applicable to remedial 
alternatives that involve 
generation of non-hazardous 
waste. Non-hazardous waste 
must be hauled and disposed of 
in accordance with RCRA. 

 Hazardous Waste 
Management System - 
General 

40 CFR 260 Provides definition of terms 
and general standards 
applicable to 40 CFR 260 - 
265, 268. 

Potentially 
Applicable 

 Identification and 
Listing of Hazardous 
Waste 

40 CFR 261 Identifies solid wastes that are 
subject to regulation as 
hazardous wastes. 

Potentially 
Applicable 

Applicable to remedial 
alternatives that involve 
generation of a hazardous 
waste (e.g., contaminated soil). 
Hazardous waste must be 
handled and disposed of in 
accordance with RCRA. 

  Standards Applicable to 
Generators of 
Hazardous Waste 

40 CFR 262 Establishes requirements (e.g., 
EPA ID numbers and 
manifests) for generators of 
hazardous waste. 

Potentially 
Applicable 

  

  Standards Applicable to 
Transporters of 
Hazardous Waste 

40 CFR 263 Establishes standards that apply 
to persons transporting 
manifested hazardous waste 
within the United States. 

Potentially 
Applicable 

  

  Standards Applicable to 
Owners and Operators 
of Treatment, Storage, 
and Disposal Facilities 

40 CFR 264 Establishes the minimum 
national standards that define 
acceptable management of 
hazardous waste. 

Potentially 
Applicable 

  

  Standards for owners of 
hazardous waste 
facilities 

40 CFR 265 Establishes interim status 
standards for owners and 
operators of hazardous waste 
treatment, storage, and disposal 
facilities. 

Potentially 
Applicable 
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Table 2-10 Location- and Action-Specific SCGs, Former Frontier Chemical Waste Process, Inc. Site 
Act/Authority Criteria/Issues Citation Brief Description Status Comments 

  Land Disposal 
Restrictions 

40 CFR 268 Identifies hazardous wastes that 
are restricted from land 
disposal. 

Potentially 
Applicable 

  

  Hazardous Waste 
Permit Program 

40 CFR 270, 
124 

USEPA administers hazardous 
waste permit program for 
CERCLA/Superfund Sites.  
Covers basic permitting, 
application, monitoring, and 
reporting requirements for off-
site hazardous waste 
management facilities. 

Potentially 
Applicable 

 

Note: Location-specific SCGs apply to sites that contain features such as wetlands, floodplains, sensitive ecosystems, or historic buildings that are located on or close to the site.  
Based on the SRI, wetlands, floodplains, sensitive ecosystems, or historic buildings are not located on or close to the site.  Thus, location-specific SCGs were not identified for 
this site. 
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Identification of Technologies and 
Development of Alternatives�
 
 
 
 
3.1 Introduction 
This section presents the results of the preliminary screening of remedial actions 
that may be used to control the contaminants of concern and to achieve the on-site 
RAOs. Potential remedial actions, including general response actions that may be 
accomplished using various remedial technologies, have been evaluated during the 
preliminary screening on the basis of effectiveness, implementability, and relative 
cost.  The purpose of the preliminary screening is to eliminate remedial actions that 
may not be effective based on anticipated on-site conditions or that cannot be 
implemented technically at the site and that will be evaluated in greater detail to 
narrow the list of alternatives. 
 
The general response actions considered herein are intended to include those actions 
that are most appropriate for the site and, therefore, are not exhaustive.  A select, 
focused group of general response actions and remedial technologies for 
groundwater and soil was considered.   
 
This section also presents a description of the on-site remedial action alternatives 
that have been developed for the Frontier Chemical site.  The alternatives were 
developed using the general response actions and remedial technologies that passed 
the preliminary screening.  These alternatives are evaluated in greater detail on the 
basis of environmental benefits and cost in Sections 4, Detailed Analysis of 
Alternatives and Section 5, Comparative Analysis of Alternatives.  
 
3.2 General Response Actions 
Based on the information presented in the SRI report and the remedial action 
objectives established in Section 2, this section identifies general response 
actions, or classes of responses, for contaminated areas.  General response actions 
describe classes of technologies that can be used to meet the remediation 
objectives for each medium of concern. 
 
To satisfy the RAOs for the Frontier Chemical site, remediation will be required for 
soil (surface and subsurface) and groundwater (overburden and bedrock).  The site 
contains four zones of groundwater contaminated primarily with chlorinated 
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solvents and phenolic compounds.  Metals, pesticides, and cyanide contamination 
is also a concern.  As previously discussed, three zones (overburden, A-fracture, 
and B-fracture) will be addressed by this FS. 
 
Highly contaminated soil (greater than 10 ppm total VOCs) is located in the 
central and south-central portions of the site.  This represents an appreciable area 
at the site, and the total volume of soil with contamination over the proposed 
cleanup objectives (see Section 2) is about 35,000 cubic yards.  The extent of 
contamination in surface soils is not defined but assumed to exist in the same 
areas as subsurface soil contamination. 
 
General response actions that are available to meet the RAOs under consideration 
are identified below.   
 
General response actions for the contaminated groundwater include: 
 

 No action; 
 

 Institutional controls; 
 

 Containment (using extraction/collection); 
 

 In situ treatment; and 
 

 Ex situ treatment. 
 
General response actions for the contaminated soils include: 
 

 No action; 
 

 Institutional controls; 
 

 Cover/containment; 
 

 In situ treatment; and 
 

 Excavation and ex-situ treatment. 
 
3.2.1 Criteria for Preliminary Screening 
In accordance with guidance documents issued by NYSDEC (TAGM 4030) and the 
EPA (Guidance for Conducting Remedial Investigations and Feasibility Studies 
under CERCLA [October 1988]), the criteria used for preliminary screening of 
general response actions and remedial technologies include the following. 
 

 Effectiveness.  The effectiveness evaluation focuses on the degree to which a 
remedial action is protective of human health and the environment.  An 
assessment is made of the extent to which an action: (1) reduces the mobility, 
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toxicity, and volume of contamination at the site; (2) meets the remediation 
goals identified in the RAOs; (3) effectively handles the estimated areas and 
volumes of contaminated media; (4) reduces impacts to human health and the 
environment in the short-term during the construction and implementation 
phase; and (5) has been proven or shown to be reliable in the long-term with 
respect to the contaminants and conditions at the site.  Alternatives that do not 
provide adequate protection of human health and the environment are elimi-
nated from further consideration. 

 
 Implementability.  The implementability evaluation focuses on the technical 

and administrative feasibility of a remedial action.  Technical feasibility refers 
to the ability to construct and operate a remedial action for the specific 
conditions at the site and the availability of necessary equipment and technical 
specialists.  Technical feasibility also includes the future maintenance, re-
placement, and monitoring that may be required for a remedial action.  
Administrative feasibility refers to compliance with applicable rules, regula-
tions, statutes, and the ability to obtain permits or approvals from other 
government agencies or offices and the availability of adequate capacity at 
permitted treatment, storage, and disposal facilities and related services.  
Remedial actions that do not appear to be technically or administratively 
feasible or that would require equipment, specialists, or facilities that are not 
available within a reasonable period of time are eliminated from further 
consideration. 

 
 Relative Cost.  In the preliminary screening of remedial actions, relative costs 

are considered rather than detailed cost estimates.  The capital costs and 
operation and maintenance costs of the remedial actions are compared on the 
basis of engineering judgment, where each action is evaluated as to whether 
the costs are high, moderate, or low relative to other remedial actions based on 
knowledge of site conditions.  A remedial action is eliminated during prelimi-
nary screening on the basis of cost if other remedial actions are comparably 
effective and implementable at a much lower cost.   

 
The results of the preliminary screening are summarized below.  Those general 
response actions and remedial technologies that appear to meet the remedial action 
objectives for one or more of the environmental media (i.e., groundwater and/or soil) 
are described.   
 
3.3 Identification of Remedial Technologies 
This section identifies the potential remedial action technologies that may be 
applicable to remediation of the media at the Frontier Chemical site identified 
above as requiring attention.   
 
3.3.1 Groundwater 
An evaluation of the analytical and field data for on-site groundwater indicates 
that contamination above the SCGs is present in groundwater throughout the 
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Frontier Chemical site.  In addition, contamination in the form of DNAPL is 
likely present on-site.  
 
It is recognized by engineers and regulatory agencies that groundwater restoration 
in the presence of DNAPL in bedrock is impractical because no remedial 
technologies are available for completely removing subsurface DNAPL in 
fractured bedrock. There are a limited number of technologies available to 
remediate contaminated groundwater (dissolved phase) in fractured bedrock.  
These technologies include natural attenuation and groundwater extraction.  In 
situ technologies such as chemical oxidation (an innovative technology) may be 
an applicable technology for remediation of dissolved phase contamination. 
However, in situ chemical oxidation has not been proven effective for DNAPL 
remediation in a fractured bedrock environment.   
 
The following subsections discuss the preliminary screening of various general 
response actions and remedial technologies that were considered for remediation of 
groundwater.  
 
3.3.1.1 No Action 
The No Action alternative involves taking no further action to remedy groundwa-
ter conditions at the site.  NYSDEC and EPA guidance requires that the No 
Action alternative automatically pass through the preliminary screening and be 
compared with the other alternatives in the detailed analysis of alternatives (see 
Section 4). 
 
3.3.1.2 Institutional Controls 
Institutional controls include actions such as access restrictions, deed restrictions, 
and long-term groundwater monitoring. Access restrictions can include public 
notifications, fencing, and signs. Deed restrictions on future use can be put in 
place to limit/control future site use and activities.  
 
While it does not actively clean up a plume, long-term monitoring can be useful 
to demonstrate that exposures are not occurring.  Long-term monitoring generally 
uses an array of monitoring wells that are regularly sampled and tested by an 
analytical laboratory for compounds of concern.  These wells are placed such that 
they would detect migration toward potential receptors. 
 
Long-term monitoring is distinct from natural attenuation as it does not attempt to 
demonstrate that the contaminants are being degraded and/or that they will be 
attenuated before reaching a receptor.  However, under long-term monitoring, 
natural attenuation may be demonstrated. 
 
Institutional controls are most applicable to limited, restricted-use remedial action 
alternatives or those alternatives that may leave some level of groundwater 
contamination. 
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3.3.1.3 Containment 
The purpose of groundwater containment is to isolate or restrict the flow of 
contaminated groundwater.  This is generally accomplished by removing water 
from the subsurface, such as by pumping from extraction wells or collection 
trenches.   
 
The process of collecting contaminated groundwater comprises two types of 
technologies: extraction and collection. 
 

 Groundwater extraction systems create an artificial hydraulic gradient that is 
used to control, contain, or remove groundwater contaminant plumes.  
Groundwater extraction can be achieved by using pumping wells.  Pumping 
methods involve the active manipulation and management of groundwater 
using well systems.  The selection of an appropriate well system depends 
upon a number of factors, including the depth of contamination and the 
hydrological and geologic characteristics of the aquifer. 

 
 Groundwater collection uses trenches and buried conduits to utilize the 

naturally occurring hydraulic gradient to convey and collect contaminated 
groundwater by gravity flow.  Subsurface drains function essentially like 
extraction wells in a single directional groundwater flow path and therefore 
can perform many of the same functions as wells. 

 
Containment technologies that rely on groundwater extraction are occasionally 
supplemented with a low permeability subsurface barrier wall to improve the 
effectiveness of the extraction system.  However, due to the nature of the 
subsurface conditions (clayey soils in the overburden with fractured bedrock 
below) the use of low permeability barriers is not expected to provide sufficient 
effectiveness and costs benefits.  Therefore, as discussed with NYSDEC, the use 
of low permeability barriers is not considered further. 
 
Groundwater Extraction/Collection 
Groundwater extraction/collection is a commonly used method to control the 
migration of contaminated groundwater and to collect contaminated groundwater 
for subsequent treatment.  Groundwater extraction wells are generally installed 
with a drill rig.  Well screens and filter packs are generally installed to intercept 
the saturated thickness of the contaminated water-bearing zone.  Groundwater 
collection trenches can be constructed using conventional excavation equipment.  
Extraction wells and collection trenches can be installed to provide a hydraulic 
barrier for control of migration of contaminated groundwater or at specific 
locations for source area remediation.  
 

 Effectiveness.  Groundwater extraction wells and collection trenches appear 
to be an effective remedy that could be used in conjunction with other tech-
nologies to meet the remedial action objectives for the groundwater.  Extrac-
tion wells, in conjunction with a groundwater treatment system, would reduce 
the mobility, toxicity, and volume of contaminated groundwater.  Extraction 
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wells and collection trenches can be installed with limited site disturbance and 
relatively low potential for impacts to human health and the environment 
during installation, as compared with other technologies that are more intru-
sive.  Extraction wells and collection trenches are a proven and reliable 
technology for removal of groundwater for remediation.  Extraction is not 
effective for remediation of DNAPL. 

 
 Implementability.  For the subsurface conditions at the Frontier Chemical 

site, groundwater extraction wells and collection trenches are an implement-
able technology for removal of groundwater for subsequent treatment.  The 
materials, equipment, and labor necessary to install extraction wells are 
readily available.  Extraction wells and collection trenches can be reliably 
installed to the required depth and the screened interval can be installed to 
meet the subsurface conditions.   

 
 Cost.  The relative costs for extraction wells and collection trenches are 

expected to be moderate as compared with other remedial technologies used 
to remove groundwater for treatment.  Capital costs would include materials, 
equipment, and labor to install the extraction wells, collection trench, sub-
mersible pumps, and piping and associated appurtenances.  Operation and 
maintenance costs would include long-term pumping costs to remove 
groundwater for treatment, routine maintenance on wells and piping, and costs 
for groundwater monitoring. 

 
In summary, groundwater extraction wells and collection trenches appear to be an 
effective and implementable technology for removal of contaminated groundwa-
ter from the ground for subsequent treatment using other remedial technologies.   
 
3.3.1.4 In situ Groundwater Treatment 
As with any treatment technology, in situ treatment technologies address 
contamination through removal, destruction, or immobilization of contaminants.  
For organic contaminants in groundwater, applicable technologies would either 
remove or destroy the contaminants.  Removal technologies are limited to those 
that transfer the contaminants to the gas phase, allowing recovery of the gas and 
thus cleanup of the groundwater.  The traditional technology used to effect this 
type of removal is air sparging.   
 
Destruction technologies convert the contaminants into innocuous by-products 
such as carbon dioxide and chloride ions.  Representative technologies include 
reactive iron walls and anaerobic biodegradation (including natural attenuation). 
 
There are also direct-oxidation technologies available for treating chlorinated 
solvents.  For example, use of strong oxidizers such as potassium permanganate 
and Fenton’s Reagent have been used as reagents for the direct oxidation of a 
variety of solvents.  However, chemical oxidation (an innovative technology) has 
not been proven effective on organic solvents such as trichloroethane (TCA) and 
1,2-dichloroethane (DCA) (which are found on-site).   
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The primary limitation to the use of in situ technologies at the site is the presence 
of high levels of VOC contamination (including the possible presence of residual 
DNAPL).  In general, many of the in situ technologies are not effective at 
adequately treating high levels of VOC contamination, have limitations associated 
with use in fractured bedrock, and/or are not effective at reducing other types of 
contamination such as metals (which are also present on-site).  Therefore, in situ 
remediation is not considered a viable option for this site and is not discussed 
further. 
 
3.3.1.5 Ex situ Treatment 
This general response action involves aboveground treatment of removed 
groundwater from the subsurface using other technologies for subsequent 
discharge/disposal.  This could involve:  (1) treating the groundwater to the 
cleanup goals (groundwater standards) and discharging the treated water back into 
the site groundwater or (2) pretreating the groundwater to sufficiently meet the 
pretreatment standards for the Niagara Falls wastewater POTW before discharge 
to the existing sewer system. 
 
In order to re-inject treated groundwater on-site, contaminant concentrations must 
be reduced to levels below groundwater standards.  Considering the significant 
on-site VOC concentrations and other contaminants of concern in the groundwa-
ter, a large-scale water treatment system would be necessary to achieve 
groundwater standards.  Additionally, on-site subsurface re-injection of treated 
groundwater could potentially mobilize DNAPL and associated contaminated 
groundwater beyond site areas, causing the contamination to spread.  Because it is 
anticipated that on-site contaminant concentrations can be reduced to levels 
acceptable to the POTW with an adequate pre-treatment system, re-injection is 
unnecessary.  Therefore, treated groundwater will be discharged to the existing 
sewer system.  The discharge limits to the sewer system provided by the POTW 
are presented in Table 3-1. 
 
Given that VOCs are the primary contaminants of concern, ex situ treatment will 
focus on selecting the most suitable technologies to treat VOCs.  Depending on 
the selection of VOC treatment, the most appropriate technology to reduce the 
metal concentrations will then be incorporated into the overall treatment train.  
 
Based on industry experience with ex situ treatment at numerous organically 
contaminated (including chlorinated solvent and phenolic compound) sites, four 
primary technologies have been found to be most technically effective and cost- 
effective for treating extracted VOC-contaminated groundwater: biological 
degradation, carbon adsorption, air stripping, and UV oxidation.  Additional 
technologies to remove metals or suspended materials will be needed either as a 
pre- or post-treatment step. 
 
Considering the expected groundwater extraction flow rates, biological 
degradation requires the use of large tanks/vessels (such as a batch reactor) that 
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would take up a large area of the site.  Although biological degradation is an 
effective treatment for VOC contamination in groundwater, it is not as effective in 
removing metals and other contaminants.  Therefore, this technology will not be 
considered further.  Air stripping, carbon adsorption, and UV oxidation 
technologies to remediate on-site groundwater are evaluated below. 
 
Air Stripping 
Air stripping is a mass-transfer process in which VOCs are transferred from water 
to the air stream by pumping the contaminated groundwater through a packed air-
stripping tower.  The towers range from approximately 15 feet to 40 feet high or 
may be constructed according to proprietary low-profile designs.  The air-
stripping tower typically has a spray nozzle at the top that sprays groundwater 
down the tower.  A fan forces the air upward against the groundwater flow.  At 
the bottom of the tower is a sump that collects the decontaminated groundwater.  
Liquid phase carbon may be used to further treat the groundwater for final 
polishing before discharge to the POTW.  Discharge to the POTW will require a 
sewer-use permit. 
 
Following transfer to the gas phase, the VOCs can either be further treated (using  
carbon or other technologies) or released to the atmosphere.  The need for off-gas 
treatment from the air stripper is determined by the requirements of an air 
discharge permit, which evaluates, on a site-specific basis, the need for off-gas 
control.  In some cases, off-gas treatment is not required.  
 
Air stripping using packed towers is a well-established, effective remedial 
technology for the removal of VOCs from groundwater.  The preferred ex situ 
technology depends upon extraction rates and concentrations. Air stripping is 
most appropriate for situations where the contaminants to be treated are volatile 
and where there are no significant concentrations of dissolved ions that may 
precipitate (e.g., iron).  Air stripping is generally the most preferred of the 
groundwater treatment methods because it is less expensive than the other 
technologies over a wide range of concentration/flow rate conditions. 
 

 Effectiveness.  Air stripping is expected to be an effective technology for 
treating the groundwater to achieve the sewer discharge requirements.  This is 
a proven and reliable technology for treatment of water containing VOCs.  Air 
emissions may need to be treated before discharge, based on the anticipated 
levels, for protection of human health and the environment.  Metals such as 
iron and manganese can precipitate onto the trays in the air stripper, requiring 
more frequent maintenance.  Therefore, pretreatment of the groundwater for 
metals may be required.   

 
 Implementability.  The labor, equipment, and materials for installation of an 

air stripper at the site are readily available.  It may be necessary to treat the air 
emissions from the stripper by catalytic oxidation, carbon, or other appropriate 
method to meet NYSDEC requirements for allowable concentrations of VOCs 
to be released to the ambient air.  
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The process equipment that would be required to implement an air stripping 
treatment system would include construction of a shelter building, an electri-
cal power source, instrumentation and controls system equipment, an equali-
zation tank to receive influent water from the groundwater extraction 
well(s)/collection trench, potential metals treatment process, an air stripper 
unit with an air blower, an off-gas treatment system to remove organic vapors 
from air before discharge to the atmosphere, activated carbon for polishing  
the groundwater, and discharge piping for effluent water leading to the 
existing sewer system. If an air stripper is used at this site for treatment, 
treatability studies may be required in order to complete the design based on 
the required discharge limit.  The system will need to substantially comply 
with appropriate state and federal air permit requirements.  Additionally, a 
sewer-use permit will be required from the local POTW, which should be 
attainable. 

 
 Cost.  The relative costs for air stripping are expected to be moderate to high 

as compared with other remedial technologies used to treat contaminated 
groundwater.  Capital costs would include the process equipment noted above 
and  installation.  Operation and maintenance costs would include changing  
filters on a regular basis, cleaning and replacing trays or packing media in the 
air stripper, maintaining the off-gas system, and electrical power consumption. 

 
In summary, air stripping appears to be an effective and implementable 
technology for ex situ treatment of contaminated groundwater before discharge to 
the sewer system, when used in conjunction with other technologies to treat air 
emissions (e.g., catalytic oxidation, carbon adsorption). 
 
Carbon Adsorption 
Carbon adsorption is used to remove dissolved organic compounds from 
groundwater.  This process has been shown to be effective at removing low-
solubility organic substances over a broad concentration range.  Carbon 
adsorption can be designed for either column or batch application, but groundwa-
ter treatment typically uses columns.  In column applications, the contaminated 
water is passed through a bed of activated carbon, and the contaminants are 
adsorbed into the carbon.  Once the carbon has been used to its maximum 
adsorptive capacity, it is removed for disposal, destruction, or, most likely, 
regeneration.  During off-site regeneration, adsorbed contaminants are desorbed 
by either solvent stripping or thermal desorption. 
 

 Effectiveness.  Use of carbon may be an ineffective method for primary 
treatment of site groundwater due to the elevated concentrations of chlorinated 
VOCs detected in the groundwater.  The carbon usage rate for groundwater 
treatment is expected to be high, particularly during initial startup when higher 
concentrations are anticipated.  Thus, it is anticipated that significant quanti-
ties of activated carbon would be consumed, which would result in the need 
for frequent carbon change-out, at least initially, in the extraction process.  
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Carbon may also be used in a treatment process for final groundwater polish-
ing following the use of one of the other treatment technologies such as air 
stripping. 

 
 Implementability.  The labor, equipment, and materials for installation of a 

carbon adsorption system at the site are readily available.   
 

The process equipment required for this technology would include construc-
tion of a shelter building, an electrical power source, instrumentation and 
controls system equipment, granular activated carbon treatment columns or 
containers, associated internal piping (heat-traced), and discharge piping for 
effluent water leading to the existing sewer system.  Additionally, a sewer use 
permit will be required from the local POTW, which should be attainable. 

 
 Cost.  The cost of this technology when used as a method of treatment for 

groundwater is expected to be high due to labor and materials needed for 
frequent carbon change-out.  

 
In summary, the use of liquid phase carbon adsorption as the primary means of 
groundwater treatment may not be cost-effective as compared with other available 
treatment technologies for VOC remediation of groundwater.  
 
UV Oxidation 
UV oxidization uses ultraviolet light together with an oxidizer, typically hydrogen 
peroxide or ozone, to chemically oxidize organic contaminants present in water.  
The oxidizer is added to the contaminated water and the mixture is passed through 
a unit lighted with UV bulbs.  The combination of the intense UV light and 
oxidizer breaks down the complex organic molecules into a series of less complex 
molecules (i.e., water, carbon dioxide, and hydrogen chloride).   
 

 Effectiveness.  This technology may be moderately effective for treatment of 
VOCs, based on the relatively high concentrations of VOCs in the groundwa-
ter.  The effectiveness of this technology in treating VOCs is sensitive to the 
amount of suspended solids in the groundwater, which impedes the penetra-
tion of ultraviolet light.  As such, filtering for suspended solids may be 
required as a pretreatment step.  In addition, this technology has a low toler-
ance for iron and manganese in the groundwater.  At elevated iron and man-
ganese levels precipitate tends to form on the lamps that supply the ultraviolet 
light, reducing effectiveness.  As such, iron pretreatment may be required for 
this technology to be effective for operation. 

 
 Implementability.  The materials, labor, and equipment necessary to 

implement this technology are available.  Treatability studies would be needed 
to evaluate the effectiveness of this process to treat the groundwater at the site 
to the required discharge limit.  The process equipment required would 
include a shelter building, electrical power source, instrumentation and 
controls system equipment, equalization tank, bag filter for solids filtration (if 
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necessary), potential metals (iron and manganese) removal system, a skid-
mounted chemical oxidation unit, a hydrogen peroxide or ozone storage tank, 
a dose regulation system, and an effluent discharge line to the sanitary sewer.  
In addition, a sewer use permit will be required from the local POTW, which 
should be attainable.   

 
 Cost.  Costs for this process are anticipated to be moderate to high as 

compared with other treatment technologies when used in a pretreatment 
application, especially if filtration is a required pretreatment step. 

 
In summary, UV oxidation may be effective in reducing concentrations of 
chlorinated VOCs in a pretreatment application.  However, other technologies 
such as air stripping are likely to be more effective in achieving the pretreatment 
standards with less operation and maintenance.  Based on the above, this 
treatment process will not be considered further in the detailed analysis of 
alternatives.  However, if a pre-remedial design study indicates that the 
effectiveness of air stripping may be less than anticipated, the designer may wish 
to reconsider the use of the UV oxidation treatment process. 
 
3.3.2 Soil 
An evaluation of the analytical and field data for subsurface soils from the SRI 
indicates that VOC contamination above the SCGs is present in areas throughout 
the Frontier Chemical site.  The most highly contaminated soils are located in the 
south/southwest central portion of the Frontier Chemical property, which may be 
associated with storage and/or spillage.  The soil contamination extends down 
below the groundwater table (which is at about 5.5 feet bgs).  Considering that the 
overburden groundwater at the site is highly contaminated it is assumed that soil 
below the water table will not be removed.  Removal of contaminated soil below 
the water table would not be appropriate because the clean soil would become 
contaminated from the existing highly contaminated groundwater.  As described 
previously, it is also assumed that the surface soil in the area of contaminated 
subsurface soil is also contaminated and will require removal. 
 
The following sections discuss the preliminary screening of various general 
response actions and remedial technologies that were considered for remediation 
of site surface and subsurface soils. 
 
3.3.2.1 No Action 
The No Action alternative involves taking no further action to remedy the 
condition of contaminated soils.  NYSDEC and EPA guidance requires that the 
No Action alternative automatically pass through the preliminary screening and 
be compared to other alternatives in the detailed analysis of alternatives (see 
Section 4). 
 
3.3.2.2 Institutional Controls 
Institutional controls include actions such as public notifications, deed restrictions 
on future use, and fencing and signs.  These types of controls do not reduce 
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contamination levels but can reduce potential exposure to the contaminated media 
by restricting access to the site and how the site will be used in the future.  
Institutional controls are most applicable to limited, restricted use remedial action 
alternatives or those alternatives that may leave some level of contamination in 
place. 
 
3.3.2.3 Cover/Containment 
A clean fill cover action could be used to reduce the potential for direct contact 
with contaminated materials and limit erosion and transport of contaminated 
surface soils.  Clean fill cover is a 6-inch to 12-inch layer of soil (or other clean 
acceptable material) that can be graded and potentially vegetated.   
 
A containment action provides a surface seal for use with technologies such as 
soil vapor extraction and reduces infiltration of precipitation through contami-
nated soils and into the groundwater.  However, as discussed with NYSDEC and 
considering that a significant portion of the site is currently covered with asphalt 
or concrete at the surface (about 75%), the use of a containment action (low 
permeability cap) will not be considered further.  Additionally, because the site is 
located in an industrial area, site access is restricted by fencing, and future use of 
the site is unknown (but will likely be restricted to industrial/commercial), the 
installation of a low permeability cap would not be needed.  Contamination that 
would be flushed from the unsaturated soil to groundwater could be captured by 
groundwater remedial systems. 
 
The following presents the preliminary screening of a clean soil cover action. 
 

 Effectiveness.  It appears that the placement of clean soil cover over the areas 
of the site currently lacking asphalt or concrete cover would be effective in 
helping to achieve the RAOs for soil, since it would reduce the potential for 
direct contact with the contaminated soils and limit erosion and transport of 
contaminated materials.   

 
 Implementability.  The materials, equipment, and labor for construction of a 

clean soil cover are available and can be readily implemented.   
 

 Cost.  Costs for an ordinary clean soil cover are expected to be low to 
moderate as compared with other cover system designs (not considered 
herein).  Capital costs may include materials, labor, and equipment to con-
struct the clean soil cover.  Operation and maintenance costs would be mini-
mal. 

 
In summary, considering that a significant portion of the site is currently covered 
with asphalt or concrete, the use of a clean soil cover action in the remaining areas 
(where contaminated near-surface soils exist) appears to be an effective action to 
prevent the potential for direct contact with the contaminated soils and limit 
erosion and transport of contaminated materials.   
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3.3.2.4 In situ Treatment 
The most common and proven in situ treatment technology to effectively reduce 
concentrations of VOCs in soil is soil vapor extraction (SVE).  In this technology, 
a vacuum is applied to the contaminated soil through strategically located 
extraction wells screened through the contaminated zone, which creates a 
negative pressure gradient that causes movement of vapors toward these wells.  
Volatile constituents in the vapor phase are readily removed from the subsurface 
through the extraction wells.  The extracted vapors are then treated (commonly 
with carbon adsorption) and discharged to the atmosphere.  Because of the clayey 
nature of on-site soils and the perched groundwater conditions in some areas of 
the site, SVE would be ineffective in “flushing” the vapors to the extraction wells.  
In addition, SVE will not treat metal contamination and is ineffective in treating 
some SVOCs that are also present on-site. 
 
In situ treatment technologies applicable to low-concentration, low-mobility, 
mixed-variety (i.e., metals and SVOCs) contaminants found at the site would be 
limited to in situ solidification technologies.  These technologies are well 
developed and would further reduce the mobility of the soil contamination 
detected.  Implementation of this technology requires in-place mixing of the 
contaminated soils with a binding agent such as Portland cement using augers or 
backhoes.  The resulting product “captures” the contamination.  Because a 
majority of the contaminants are primarily organic, the immobilization would not 
be as effective as it would with only metals contamination, where the metals react 
directly with the binder to reduce mobility.  During the mixing process, the 
solidification process would generate heat, which could cause VOCs to volatize 
into the air and create potential exposure.  Additionally, VOCs do not readily 
bond to the solidification agent and there would still be the potential for VOCs to 
leach from the solidified soil to groundwater.  Therefore, in situ remediation is not 
considered an effective option for this site and is not discussed further. 
 
3.3.2.5 Excavation and Ex situ Treatment 
This action involves excavation of contaminated soils that exceed SCGs (i.e., 
unsaturated source soils).  These soils may be excavated and removed for on-site 
or off-site treatment and/or disposal at a permitted solid waste disposal facility.  
Incineration (thermal destruction) done on-site or off-site, followed by disposal at 
a permitted landfill facility, would be an acceptable treatment alternative due to 
the high concentrations of VOCs.  As discussed with NYSDEC, other ex situ 
treatments (e.g., bioventing and land farming) that would require staging the 
excavated contaminated soil will not be considered further due in part to the large 
area that would be required and the accompanying air issues associated with 
significant VOC concentrations in site soils.  
 

 Effectiveness.  Excavation and disposal of contaminated soil at a permitted 
landfill is an effective method of reducing potential for direct contact with 
contaminated soils.  In addition, this action reduces the potential for future 
contamination of groundwater.  Incineration would be effective in reducing 
the volume and mobility of soil contamination.  Placing excavated or treated 
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materials in a permitted solid waste facility reduces the risk to human health 
and the environment since the materials would be in a secure location with 
environmental monitoring.   

 
 Implementability.  Contractors, treatment facilities, and/or disposal facilities 

are available to implement this technology.  However, this option alone would 
have limited application at the site due to the depth (below the groundwater 
table in some locations) of soil contamination.  Treatability studies may be 
necessary to evaluate the effectiveness of the type of thermal treatment (low 
or high temperature) needed to treat the soil to acceptable levels for placement 
in a landfill or for placement back on-site.   

 
 Cost.  The cost of implementing excavation is expected to be moderate to 

high in comparison with the other technologies.  Vapor suppression and/or 
soil containment structures would be necessary to limit off-site vapor migra-
tion, which will further increase costs associated with excavation activities.  
The cost for on-site or off-site treatment and disposal is high but may be cost-
effective when considering the lifetime for treatment and opera-
tion/maintenance costs of other technologies.   

 
In summary, excavation (with on-site or off-site treatment and disposal to a 
permitted solid waste facility) is applicable for removal of highly contaminated 
soil above the water table but is an ineffective technology for remediation of 
contaminated site soils below the water table.  This technology with limited 
application will be maintained as a possible addition to the site-wide alternatives. 
 
3.4 Development of Alternatives 
In this section, the most effective technologies identified in the previous 
subsections have been combined into remedial alternatives to address soil and 
groundwater contamination at the Frontier Chemical site.   
 
The remedial alternatives have been divided into three distinct operable units.  
The first operable unit (OU-1) contains the alternatives that address soil and 
groundwater contamination in the overburden.  The second operable unit (OU-2) 
contains the remedial alternatives that address the groundwater contamination in 
bedrock zones A and B.  The third operable unit (OU-3) includes groundwater 
contamination in bedrock zone C and potential lower bedrock groundwater zones 
that may have been impacted by site contamination.  OU-3 will be further 
assessed as part of future remedial activities and is not included in this report.  
The remedial alternatives for OUs 1 and 2 are presented below. 
 
OU-1 (Soil and Overburden Groundwater) Remedial Alternatives 
In order to address overburden soil (OS) and overburden groundwater (OG) 
contamination detected at concentrations above the proposed cleanup criteria, the 
following alternatives (five for soil and three for overburden groundwater) have 
been developed. 
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Overburden Soil. 
 

 Alternative No. OS-1:  No action;  
 

 Alternative No. OS-2:  Institutional controls (i.e., access/use restrictions, deed 
restrictions);  

 
 Alternative No. OS-3:  Cover (existing asphalt pavement or concrete would 

remain as cover and clean soil cover would be placed in the remaining un-
paved contaminated areas to limit potential for direct contact with impacted 
near surface soil; see Figure 3-1);   

 
 Alternative No. OS-4:  Excavation and on-site treatment of soils (soils 

generally containing greater than 10 ppm total VOCs; see Figure 3-2); and 
 

 Alternative No. OS-5:  Excavation and off-site treatment/disposal of soils 
(soils generally containing greater than 10 ppm total VOCs; see Figure 3-3). 

 
Overburden Groundwater. 
 

 Alternative No. OG-1:  No action; 
 

 Alternative No. OG-2:  Institutional controls (i.e., access/use restrictions, deed 
restrictions, long term groundwater monitoring; see Figure 3-4); and 

 
 Alternative No. OG-3:  Hydraulic containment (collection trench with sand 

seam extraction well) with ex situ treatment of overburden groundwater with 
discharge to the POTW (see Figure 3-5). 

 
OU-2 (Bedrock Groundwater) Remedial Alternatives 
In order to address bedrock groundwater (BG) contamination detected at 
concentrations above the proposed cleanup criteria, the following three 
alternatives have been developed. 
 
Bedrock Groundwater. 
 

 Alternative No. BG-1:  No action; 
 

 Alternative No. BG-2:  Institutional controls (i.e., access/use restrictions, deed 
restrictions, long term groundwater monitoring; see Figure 3-6)); and 

 
 Alternative No. BG-3:  Hydraulic containment (groundwater extraction from 

wells placed across the A and B bedrock fracture zones) and ex situ treatment 
of groundwater with discharge to the POTW (see Figure 3-7). 

 
The remedial alternatives selected to address both soil and groundwater 
contamination will be further defined and evaluated in Sections 4 and 5. 
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The remedial action alternatives have been assembled using the general response 
actions and remedial technologies that have passed the preliminary screening.  An 
expanded description of each of the alternatives is provided below.  
 
Additional details associated with the alternatives are also presented in 
Appendix A. 
 
3.4.1 Alternative No. OS-1, OG-1, and BG-1 – No Action 
The No Action alternative involves taking no further action to remedy site 
conditions.  NYSDEC and EPA guidance requires that the No Action alternative 
be considered in the detailed analysis of alternatives.  However, the No Action 
alternative is considered an unacceptable alternative because the site would 
remain in its present condition and human health and the environment would not 
be adequately protected. Long-term groundwater monitoring is not included in 
this alternative. 
 
3.4.2 Alternative No. OS-2, OG-2, and BG-2 – Institutional Controls 
Institutional controls, which include access/use restrictions and deed restrictions, 
are viable options for controlling the potential for direct contact with contami-
nated media.  They are often utilized on contaminated industrial sites (such as the 
Frontier Chemical site) where it may not be technically practical to achieve the 
proposed cleanup goals for soil or groundwater in a reasonable/predictable time 
frame (less than 30 years) due to the likely presence of DNAPL on-site. 
 
Access/use restrictions for the Frontier Chemical site would include utilizing the 
existing fencing and posting signs.  Deed restrictions would be filed to control 
future use/activities at the site.  For the groundwater alternatives (OG-2 and 
BG-2), long-term groundwater monitoring would also be included as an 
institutional control.  Alternatives OG-2 and BG-2 allow for natural attenuation of 
impacted groundwater.  Additionally, these alternatives assume that semiannual 
groundwater monitoring would be conducted in on-site wells for five years, 
followed by annual sampling for 25 years.  These wells are identified on Figures 
3-4 and 3-6.   
 
Conceptually, during each monitoring event, 17 existing monitoring wells would 
be purged and sampled.  The 17 wells would include five in the overburden (as 
part of Alternative OG-2), five in the A bedrock zone (as part of Alternative BG-
2), five in the B bedrock zone (as part of Alternative BG-2), and two in the C 
zone (as part of Alternative BG-2).  Additionally, water levels would be measured 
in the 17 wells.  Groundwater samples would be analyzed for VOCs and other 
compounds of concern consistent with the SRI.  These alternatives do not include 
long-term soil monitoring because the on-site soils are also contaminated with 
compounds such as metals that are not expected to naturally attenuate signifi-
cantly over time.  It is assumed that the existing site fencing is adequate to restrict 
access and that long-term operation and maintenance (O&M) is not needed.  
Routine O&M would be required on the monitoring wells. 
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3.4.3 Alternative No. OS-3 – Cover 
The soil cover alternative includes demolition of existing buildings and associated 
foundations (level with existing ground surface), removal of surface soil assumed 
to be contaminated, segregation and consolidation of on-site debris, and 
installation of surface water drainage piping.  The alternative would also include 
site grading to fill low spots to the level of existing ground surface.  Debris from 
existing site stockpiles and from demolition would be segregated and consolidated 
in two stockpiles (hard material suitable as backfill and debris).  The hard material 
stockpile would include the remaining material not used to replace removed 
contaminated surface soil or to fill low spots and excavated soils associated with 
this alternative.  The stockpile would be located in the northwest portion of the 
site out of the way of potential reuse of the main part of the site.  The hard 
material would be stockpiled with as low a profile as possible and covered with 1 
foot to 2 feet of clean imported soil, followed by a 6-inch cover of topsoil seeded 
to promote vegetative growth for erosion control.  The debris pile would be 
located in the northeast part of the site for potential future disposal and recycling 
as appropriate. 
 
The overall approach associated with this alternative is to provide a generally 
level (with the exception of the two stockpiles previously described), adequately 
drained site with about 1 foot of uncontaminated material at the surface.  This 
would limit the potential for direct contact with contaminated media.  Figure 3-1 
presents this alternative. 
 
This alternative would also include the actions described as part of Alternative 
OS-2 (institutional controls) as well as the following: 
 

 Demolition, segregation, and consolidation (as described above) of existing 
on-site structural features.  Crushed concrete from the building 
walls/foundations, concrete block/brick buildings, and similar material from 
existing debris piles would be segregated and would be used as fill on-site (as 
needed).  It is assumed that about 10% of this existing on-site hard fill mate-
rial can be used  in excavated areas and to level the site.  The remaining 
material would be stockpiled/graded in the northwest corner of the site and 
covered with 1 to 2 feet of clean soil, followed by seeded topsoil.   

 
 Demolition and consolidation of other items such as old equipment, buildings 

(other than concrete block/brick), tanks (assumed to be RCRA-clean), and 
debris piles.  This material would be stockpiled in the northeast corner of the 
site for future disposal as construction and debris (C&D).  

 
 Excavation of about 1 foot of surface soil assumed to be contaminated 

(located proximate to subsurface soil contamination) and consolidation on-site 
in the hard fill stockpile.  As previously stated, this stockpile would be cov-
ered with 1 foot to 2 feet of clean imported soil and seeded topsoil.  The 
excavated area would be backfilled with hard fill (from the site).   
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 As part of excavation activities, it is assumed that approximately 13 

monitoring wells and piezometers (which are now located in areas of pro-
posed stockpiles) would be decommissioned along with the replacement of 
seven monitoring wells (overburden and bedrock) for future long-term moni-
toring programs.  In addition, up to seven monitoring wells and piezometers 
would be decommissioned as part of the consolidation/stockpiling activities in 
the future long-term monitoring programs.   

 
 Filling of low spots (including existing catch basins) with hard fill (from the 

site). 
 

 Areas of existing asphalt pavement or concrete at the surface would remain 
without maintenance. 

 
 Existing catch basins would be abandoned by backfilling basin openings with 

hard fill.  Approximately five new catch basins, with approved connections to 
the POTW, would be installed as needed to facilitate proper drainage and 
minimize the potential for water to pond on-site.  

 
Other than O&M associated with monitoring wells, it is assumed that long-term 
O&M would not be required for this alternative. 
 
3.4.4 Alternative No. OS-4 – Excavation and On-site Treatment of Soil 
The overall approach associated with this alternative is to excavate the contami-
nated source soils (greater than 10 ppm total VOCs) from above the groundwater 
table (about 5.5 feet bgs). The soil would be treated on-site by thermal desorption 
and returned to the excavation.  This alternative would allow soil above the 
proposed cleanup goals to remain on-site in the saturated soil zone (about 5.5 feet 
to 16 feet bgs).  Removal of the source soils could reduce the overall time 
required to clean up the site by reducing the overall mass of contamination.  
Figure 3-2 presents this alternative. 
 
This alternative would include the actions described as part of Alternative OS-3 
(cover) as well as the following: 
 
Excavation 
 

 Approximately 39,000 in-place cubic yards (surface area of 190,000 square 
feet to an average depth of 5.5 feet) of contaminated unsaturated zone soil 
(above 10 ppm total VOCs) would be removed by conventional excavation 
techniques.  Vapor suppression may be necessary to limit migration of vapor 
off-site vapor from the excavation area.  The proposed excavation is located in 
the central/south central part of the site. 

 
 As part of excavation activities, it is assumed that approximately 33 

monitoring wells and piezometers (which are now located in areas of pro-
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posed stockpiles) would be decommissioned and 13 monitoring wells (over-
burden and bedrock) replaced for future long-term monitoring.   

 
 Building foundations would be removed and demolished as encountered 

during excavation.  The removed foundations (assumed to be steel-reinforced 
concrete) would be broken up and reused as backfill or stockpiled on-site (as 
discussed in Section 3.4.3).  Conduits, drains, and other piping that are 
encountered would be removed and the ends sealed or plugged with grout.  
Accumulated precipitation water in open excavation would be allowed to 
infiltrate to groundwater. 

 
 Excavated soils may be staged in a containment structure to limit off-site 

vapor migration.  The soil would then be mixed by mechanical means (typi-
cally a front-end loader) and fed to a blender or pug mill to ensure that the 
feed to the thermal desorption unit is relatively homogeneous.  After blending, 
the soils would be screened for removal of objects/rocks greater than 1 inch 
that would be processed in a grinder to reduce their size and then returned for 
blending with the soil.  The soils would then be fed to the thermal desorption 
unit (an inclined rotary dryer).  Treated soil exiting the thermal desorption unit 
would be sprayed with water in an enclosed structure to allow for cooling 
without wind dispersion and used for backfilling the excavated areas.  A 
conceptual design has been developed for this process; details are included in 
Appendix A. 

 
 Visual observation, organic vapor meter field screening, and analytical testing 

would confirm the limits of the excavation.  
 
On-site Treatment 
 

 A trial burn would be completed to establish thermal desorption system 
parameters (such as temperature and feed rate) as well as effectiveness of the 
technology.  Additionally, soil samples would be collected for testing to 
evaluate parameters such as organic content, density, moisture content, and 
particle size.  

 
 Approximately 39,000 in-place cubic yards (60,000 tons) of contaminated 

unsaturated soil (with total VOCs greater than 10 ppm) would be treated using 
a mobile thermal desorption unit. 

 
Long-term O&M (except for those associated with institutional controls) would 
not be required for this alternative. 
 
3.4.5 Alternative No. OS-5 – Extraction and Off-site 

Treatment/Disposal of Soil 
The overall approach associated with this alternative is to excavate contaminated 
source soils (greater than 10 ppm total VOCs) from above the groundwater table 
(about 5.5 feet bgs).  Appropriate safety during the construction process will be 
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maintained.  The soil would be hauled off-site for treatment/disposal at a 
NYSDEC- approved facility.  Usable on-site hard fill from demolished 
buildings/foundations and clean suitable fill would be used on-site to backfill the 
excavation.  This alternative would allow soil above the proposed cleanup goals 
to remain on-site in the saturated soil zone (about 5.5 feet to 16 feet bgs).  
Removal of the source soils could reduce the overall time required to clean up the 
site by reducing the overall mass of contamination.  Figure 3-3 presents this 
alternative. 
 
This alternative would include the actions described as part of Alternative OS-3 
(cover) as well as the following: 
 

 Approximately 39,000 cubic yards (surface area of 190,000 square feet to an 
average depth of 5.5 feet) of contaminated unsaturated zone soil (above 10 
ppm total VOCs) would be removed by conventional excavation techniques. 
Vapor suppression may be necessary to limit vapor migration off-site from  
the excavation area.  The proposed excavation is located in the central/south 
central part of the site. 

 
 As part of excavation activities, it is assumed that approximately 33 

monitoring wells and piezometers (which are now located in areas of pro-
posed stockpiles) would be decommissioned, with 13 monitoring wells 
(overburden and bedrock) replaced for future long-term monitoring programs.   

 
 Building foundations would be removed and demolished as encountered 

during excavation.  The removed foundations (assumed to be steel-reinforced 
concrete) would be broken up and reused as backfill or stockpiled on-site (as 
discussed in Section 3.4.3).  Conduits, drains, and other piping that is encoun-
tered would be removed and the ends sealed or plugged with grout.  Accumu-
lated precipitation water in open excavation would be allowed to infiltrate to 
groundwater. 

 
 The excavated material may be staged in a containment structure in attempt to 

limit off-site vapor migration before transportation off-site by dump truck to a 
NYSDEC-approved treatment/disposal facility.  It is assumed that the con-
taminated soil would be pre-characterized to allow for direct loading and 
immediate off-site transport to the treatment/disposal facility (load-and-go 
technique). 

 
 It is expected that about 25% of the excavated soil (about 9,750 cubic yards) 

would be characterized for disposal as hazardous waste with concentrations 
exceeding acceptable VOC levels.  

 
 Clean suitable soil backfill would be brought on-site by truck and placed in 

lifts into the excavation.  Additionally, it is assumed that about 50% of hard 
material currently staged on-site could be used as backfill in the excavation.   
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 Visual observation, organic vapor meter field screening, and analytical testing 
would be used to confirm the limits of the excavation and segregate hazardous 
from non-hazardous soil.  

 
Long-term O&M would not be required for this alternative. 
 
3.4.6 Alternative No. OG-3 – Hydraulic Containment (Overburden 

Groundwater) 
The overall approach associated with this alternative is to intercept the overbur-
den groundwater at the downgradient edge of the site (using a groundwater 
collection trench) to prevent off-site migration of contaminated overburden 
groundwater.  Additionally, an extraction well would be installed in a hot spot 
area containing sandy soils that is deeper than other areas of the site.  According 
to the SRI, this sandy soil area is located in the areas surrounding MW-7(R) and 
MW-01-1OB, indicating a groundwater depression.  Installation of the extraction 
well in this area would be advantageous because it would allow more flexibility in 
design and performance of the overburden extraction system.  Extracted 
groundwater would be conveyed by subsurface piping to an on-site treatment 
building, treated, and discharged to the POTW.  Figure 3-5 presents this 
alternative. 
 
This alternative would include the actions described as part of Alternatives OG-2 
(institutional controls), as well as the following: 
 
Groundwater Collection (Trench) 
 

 Excavation of a collection trench (about 3 feet wide and 1,000 feet long) 
extending to bedrock (about 16 feet bgs) using conventional excavation 
equipment and maintaining appropriate side slopes along the trench.  Installa-
tion of six manholes with 8-inch diameter perforated piping extending be-
tween manholes.  Backfilling of the trench would consist of compacted open 
graded clean stone to ground surface. 

 
 The extraction trench system would be operated for long-term groundwater 

control by extracting water at approximately 10 to 20 gallons per minute 
(gpm).  More water is expected initially until water perched above the clay 
soils (in the fill) and in utilities drains to the trench.   

 
 Consolidation of excavated materials on-site in the hard fill stockpile if 

Alternative OS-3 or OS-4 is selected.  Otherwise, excavated materials would 
be characterized and disposed off-site if Alternative OS-5 is selected. 

 
 Installation of a pump and controls. 

 
 Installation of subsurface piping to convey the extracted groundwater from the 

trench manhole to the treatment building. 
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 Building foundations would be removed and demolished as encountered 
during excavation.  The removed foundations (assumed to be steel-reinforced 
concrete) would be broken up and reused as backfill or stockpiled on-site (as 
discussed in Section 3.4.3).  Conduits, drains, and other piping that is encoun-
tered would be removed and the ends sealed or plugged with grout.  It is 
assumed that active utility laterals (i.e., water, gas) may be encountered and 
would be repaired if damaged during excavation work.  Accumulated precipi-
tation water in open excavations or accumulated groundwater would be 
discharged on-site, upgradient and allowed to infiltrate to groundwater. 

 
Groundwater Extraction (Well) 
 

 One-groundwater extraction well would be installed to capture contaminated 
overburden groundwater in the hot spot area (also the area of the groundwater 
depression) previously mentioned (see Figure 3-5).  The extraction system 
would be operated long-term by extracting water at approximately 5 to 10 
gpm.  The extraction well would be constructed of 4-inch stainless steel 
casing.  The wells would be screened from the top of the groundwater table 
(approximately 5 feet bgs) to approximately 12 feet bgs (about 1 foot to 2 feet 
into the clayey soils).  Groundwater would be conveyed from the extraction 
well by underground piping to an on-site treatment system.  Installation of the 
well would require the abandonment of monitoring wells MW -7(R) and MW-
01-1OB for the most effective overburden groundwater remediation. 

 
Groundwater Treatment and Discharge 
Considering that the amount of total groundwater treatment associated with the 
overburden system (15 to 30 gpm) is minor compared to the bedrock groundwater 
system (105 to 175 gpm) and that it is expected that this alternative would not be 
implemented without Alternative BG-3 (due to the potential for contaminated 
overburden groundwater to migrate downward to bedrock through the collection 
trench), the groundwater treatment for this alternative is included as part of 
Alternative BG-3 (hydraulic containment of bedrock groundwater) (see Section 
3.4.7). 
 

 A treatability study should be performed on representative groundwater 
samples collected from monitoring wells in the area of the collection trench 
and extraction well.  The treatment technologies should be assessed for 
applicability as part of the evaluation completed as part of Alternative BG-3. 

 
 Groundwater monitoring would be performed to evaluate the extent to which 

the remedial action objectives are being met.  It is assumed that semiannual 
groundwater monitoring would be conducted in years one through five and 
annually in years six through thirty.  During each monitoring event, five 
existing site overburden wells (some wells may be new if replaced as a result 
of implementation of a soil excavation alternative) would be purged and 
sampled, and water levels would be measured.  Groundwater samples would 
be analyzed for VOCs and other compounds of concern. 
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3.4.7 Alternative No. BG-3 – Hydraulic Containment (Bedrock 

Groundwater) 
The overall approach associated with this alternative is to intercept the bedrock 
groundwater at the downgradient edge of the site (using a series of extraction 
wells) to prevent off-site migration of contaminated upper bedrock groundwater.  
Extracted groundwater would be conveyed by subsurface piping to an on-site 
treatment building, treated, and discharged to the POTW via the Southside 
interceptor tunnel.  Figure 3-7 presents this alternative. 
 
This alternative would include the actions described as part of Alternative BG-2 
(institutional controls) as well as the following: 
 
Groundwater Extraction (Well) 
 

 Seven groundwater extraction wells would be installed to capture highly 
contaminated bedrock groundwater (see Figure 3-7).  The extraction system 
would be operated long-term by extracting water at approximately 105 to 175 
gpm, or 15 to 30 gpm at each well.  Extraction wells would be constructed of 
6-inch stainless steel casing.  The wells would be screened from the top of the 
bedrock (approximately 16 feet bgs) to approximately 37 feet bgs (through the 
A and B fracture zones).  The top of the extraction well screen would not 
extend above the top of weather bedrock.  Groundwater would be conveyed 
from the extraction wells by underground piping to an on-site treatment 
system.    

 
Groundwater Treatment and Discharge 
 

 A pilot study should be performed on site in order to provide information to 
efficiently design the groundwater extraction system.  The pilot study should 
consist of 24- or 48-hour pump tests.  Results of the pump tests would be used 
to assess optimum pump rates and well layouts for the pumping wells. 

 
 A treatability study should be performed on representative samples collected 

during the pump test.  The treatment technologies should be assessed for 
applicability (e.g., metals removal, air stripping design, activated carbon 
design, etc.). 

 
 A groundwater treatment system would be installed in a treatment building.  

Conceptually, the building would consist of a pre-engineered metal building 
with a slab-on-grade concrete foundation and would be approximately 50 feet 
by 50 feet in size in order to house the treatment system.  The building would 
include a concrete floor and curbing to provide secondary containment.  An 
internal sump would also be installed for liquid removal (if needed).  

 
 The groundwater treatment system is expected to consist of an equalization 

tank, a metals removal system (for metals including iron and manganese), an 
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air stripper, a granular activated carbon system (for polishing), and an effluent 
holding tank.  The influent flow is expected to range from 120 to 205 gpm.  It 
is assumed that the influent groundwater from the collection trench may have 
moderate turbidity, and thus filtration is assumed for that treatment stream 
only.  Carbon would be used for destruction of organic air emissions from the 
air stripper.  In addition, an instrumentation and controls system for the 
extraction trench and well and treatment system would be housed within the 
building.  Treated water would be discharged to the POTW along Royal 
Avenue via the South Side interceptor tunnel. 

 
 Pre- and post-treatment groundwater samples would be collected monthly to 

evaluate the performance of the treatment system.  Air emissions would be 
monitored in accordance with applicable permits and requirements. 

 
 Groundwater monitoring would be performed to evaluate the extent to which 

the remedial action objectives are being met.  It is assumed that semiannual 
groundwater monitoring would be conducted in years one through five and 
annually in years six through thirty.  During each monitoring event, twelve 
existing site bedrock wells (some wells may be new if replaced as a result of 
implementation of a soil excavation alternative) would be purged and sam-
pled, and water levels would be measured.  It is assumed that the twelve wells 
that would be monitored would include five wells in the A zone, five in the B 
zone, and two in the C zone. Groundwater samples would be analyzed for 
VOCs and other compounds of concern. 

 
 O&M is necessary for the extraction and treatment systems.  This work is 

necessary to maintain treatment performance and life span and would be 
performed monthly.   
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Table 3-1 POTW Local Discharge Limits, Niagara Falls Wastewater Facilities 

 lbs/day 
A. Volatile Compounds 
Vinyl Chloride 0.03 
1,1 Dichloroethylene 0.065 
Methylene Chloride 0.15 
1,2 Dichloroethylene 0.065 
Chloroform 0.055 
1,1,1 Trichloroethane 0.02 
Carbon Tetrachloride 0.046 
Benzene 0.062 
Dichloropropylene NONE 
Trichloroethylene 0.088 
Dichlorobromomethane 0.011 
Toluene 0.0344 
1,1,2-Trichloroethane 0.02 
Tetrachloroethylene 0.114 
Dibromochloromethane 0.015 
Monochlorobenzene 0.2 
Monochlorobenzotrifluorides 0.2 
Ethylbenzene 0.047 
Bromoform 0.2 
1,1,2,2-Tetrachlorethane 0.027 
Monochlorotoluenes 1.4 
Xylenes (M,P,O) 0.344 
B. Acid Compounds 
Monochlorophenols 0.063 
Dichlorophenols 0.038 
Monochlorocresols 0.036 
Trichlorophenols 0.102 
Pentachlorophenol 0.038 
C. Base/Neutral Compounds 
Dichlorobenzenes 0.016 
Trichlorobenzene 0.076 
Dichlorotoluene 0.016 
Naphthalene 0.022 
Hexachlorobutadiene 0.009 
Hexachlorocyclopentadiene 0.088 
Tetrachlorobenzenes 0.076 
Trichlorotoluenes 0.076 
Hexachlorobenzene 0.009 
Dichlorobenzotrifluorides 0.2 
Acenaphthene 0.024 
Phenanthrene 0.017 
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Table 3-1 POTW Local Discharge Limits, Niagara Falls Wastewater Facilities 
 lbs/day 

Fluoranthene 0.009 
Pyrene 0.009 
Chrysene 0.009 
Benzo(A)Anthracene 0.009 
Dimethylphthalate 0.052 
Butylbenzylphathalate 0.102 
C. Base/Neutral Compounds 
Di-N-Butylphthalate  
Diethylphthalate 0.052 
Di-N-Octylphthalate 0.204 
Nitrosodiephenylamine 0.052 
D. Pesticides/PCBs 
Hexachlorocylohexanes 0.025 
PCBs (Aroclor 1248) 0.014 
Endosulfan I + Ii + Endosulfan Sulfate 0.006 
Mirex 0.002 
Dechlorane Plus 0.006 
Heptachlor + Heptachlor Epoxide 0.006 
Conventionals, Metals, Cyanide 
Aluminum 0.002 
Cadmium 19.4 
Chromium 0.008 
Copper 0.04 
Lead 0.965 
Mercury 0.32 
Nickel 0.008 
Zinc 0.4 
Phenolics 1.38 
Tss 0.474 
Total Organic Carbon 200 
Total Phosphorous 48.8 
Soc 2 
Total Cyanide 48.8 
Flow 0.155 
 0.025          MGD 
General Notes: 
1 The sewer use ordinance information listed above was obtained from City of Niagara Falls Wastewater 

Facility in 2003. 
2 The actual allowable contaminant loading for discharge of treated groundwater from the site to the POTW 

will be based on existing and anticipated system loading at the time a discharge permit is requested.  
According to the Industrial Monitoring Coordinator for the POTW, it is expected that a higher limit (than list 
above) for some contaminants may be allowed.  The treatment component of the groundwater alternatives 
were developed based on general anticipated limits described by the POTW for some contaminants as well 
as the more restrictive requirements for the others (as listed above). 
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Detailed Analysis of Alternatives�
 
 
 
 
4.1 Introduction 
The purpose of the detailed analysis of remedial action alternatives is to present the 
relevant information for selecting an on-site remedy.  In the detailed analysis the 
alternatives established in Section 3 are compared on the basis of environmental 
benefits and costs using criteria established by NYSDEC in TAGM 4030.  This 
approach is intended to provide needed information to compare the merits of each 
alternative and select an appropriate remedy that satisfies the remedial action 
objectives for the site. 
 
This section first presents a summary of the seven evaluation criteria (six 
environmental criteria in TAGM 4030 plus a cost criterion) that were used to 
evaluate the alternatives.   
 
Overall Protection of Human Health and the Environment 
This criterion provides an overall assessment of protection of human health and 
the environment and is based on a composite of factors assessed under the 
evaluation criteria, especially short-term effectiveness, long-term effectiveness 
and performance, and compliance with cleanup goals. 
 
Compliance with SCGs 
This criterion is used to evaluate the extent to which each alternative may achieve 
the proposed cleanup goals.  The proposed cleanup goals were developed based 
on SCGs presented in Section 2. 
 
Short-Term Impacts and Effectiveness 
This criterion addresses the impacts of the alternative during the construction and 
implementation phase until the RAOs are met.  Factors to be evaluated include 
protection of the community during the remedial actions; protection of workers 
during the remedial actions; and the time required to achieve the remedial action 
objectives.  Several alternatives described within the following sections may not 
be effective in meeting remedial action objectives in less than 30 years.  
Therefore, references to short-term impacts and effectiveness may include 
discussions of impacts/effectiveness over a period of 30 years. 
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Long-Term Effectiveness and Permanence 
This criterion addresses the long-term protection of human health and the 
environment after completion of the remedial action.  An assessment is made of 
the effectiveness of the remedial action in managing the risk posed by untreated 
wastes and/or the residual contamination remaining after treatment and the long-
term reliability of the remedial action. 
 
Reduction of Toxicity, Mobility, and Volume 
This criterion addresses NYSDEC’s preference for selecting “remedial 
technologies that permanently and significantly reduce the toxicity, mobility and 
volume” of the contaminants of concern at the site.  This evaluation consists of 
assessing the extent to which the treatment technology destroys toxic contami-
nants, reduces mobility of the contaminants using irreversible treatment 
processes, and/or reduces the total volume of contaminated media.  
 
Implementability 
This criterion addresses the technical and administrative feasibility of implement-
ing an alternative and the availability of services and materials required during 
implementation.  Technical feasibility refers to the ability to construct and operate 
a remedial action for the specific conditions at the site and the availability of 
necessary equipment and technical specialists.  Technical feasibility also 
considers construction and operation and maintenance difficulties, reliability, ease 
of undertaking additional remedial action (if required), and the ability to monitor 
effectiveness.  Administrative feasibility refers to compliance with applicable 
rules, regulations, and statutes and the ability to obtain permits or approvals from 
government agencies or offices. 
 
Cost 
The estimated capital costs, long-term operation and maintenance costs, and 
environmental monitoring costs are evaluated.  The estimates included herein 
(unless otherwise noted) assume engineering costs would equal 15% of the capital 
costs and contingency/administrative costs would equal 10% of the capital costs.  
A present-worth analysis is made to compare the remedial alternatives on the 
basis of a single dollar amount for the base year.  For the present-worth analysis, 
assumptions are made regarding the interest rate applicable to borrowed funds and 
the average inflation rate.  It is also assumed that a 30-year operational period 
would be necessary for groundwater control systems and site monitoring.  The 
comparative cost estimates are intended to reflect actual costs with an accuracy of 
+50% to –30%. 
 
The detailed analysis (presented below) focuses on the contaminants of concern at 
the site (VOCs).  However, it should be noted that other contaminants such as 
metals and SVOCs are present on-site above proposed cleanup goals.  These other 
contaminants are generally located proximate to the soils containing high levels of 
VOCs.  Some of these contaminants (such as metals) are not expected to naturally 
attenuate significantly over time.  Therefore, considering the high levels of VOCs 
present and other contaminants that do not readily naturally attenuate, the natural 
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attenuation processes are not considered a significant mechanism for contaminant 
reduction on-site. 
 
RAOs (as described in Sections 2.3.1 and 2.3.2) are discussed (including in terms 
of the time required to meet RAOs) in the short-term impacts and effectiveness 
section for each alternative.  Additionally, a brief summary of the detailed 
analysis is included at the end of each alternative.   
 
The following alternatives are evaluated individually in terms of the six 
environmental criteria and the cost criterion described above.   
 
4.2 OU-1 Soil Remedial Alternatives 
4.2.1 Alternative No. OS-1:  No Action 
The No Action alternative is presented as a baseline for comparison with other 
alternatives.  This alternative does not include remedial action, institutional or 
engineering controls, or long-term monitoring. 
 
Overall Protection of Human Health and the Environment 
This alternative is not protective of human health and the environment, because 
the site would remain in its present condition.  Subsurface soils would serve as a 
continuing source of impact to groundwater.  Uncontrolled excavations or 
entering subsurface structures could lead to risk to human health.   
 
Compliance with SCGs 
The contaminant levels in soil are not expected to decrease appreciably over time.  
Therefore, this alternative would not comply with the chemical-specific SCGs for 
the site.   
 
Short-Term Impacts and Effectiveness 
No short-term impacts (other than those existing) are anticipated during the 
implementation of this alternative since there are no remedial activities involved.   
 
This alternative does not include source removal or treatment and would not meet 
any of the three RAOs (as defined in Section 2.3.1) in a reasonable or predictable 
timeframe.   
Long-term Effectiveness and Permanence 
This alternative would not be effective in the long-term because this alternative 
does not involve removal or treatment of the contaminated soil.  The risks 
involved with direct contact with contaminants would remain the same.   
 
Reduction in Toxicity, Mobility, or Volume  
This alternative does not involve the removal or treatment of contaminated soil.  
Therefore, neither the toxicity, nor mobility, nor volume of contamination is 
expected to be reduced.  Natural attenuation of contaminants may reduce the 
concentrations in soil over time.  However, this reduction is not expected to be 
significant within a reasonable or predictable timeframe. 
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Implementability 
This alternative is readily implementable on a technical basis in that it involves no 
actions.   
 
Cost 
There is no cost associated with this alternative. 
 
Alternative OS-1 (No Action) is readily implementable with minimal short-term 
risks because no intrusive work would be done.  However, this alternative leaves 
the soil contamination in place (unchanged) and does not reduce or eliminate 
existing risks.  
 
4.2.2 Alternative No. OS-2:  Institutional Controls  
Institutional controls such as access/use and deed restrictions at the Frontier 
Chemical site would include utilizing the existing fencing and posting signs.  
Deed restrictions would be filed to control future use/activities at the site.  It is 
assumed that the existing site fencing is adequate to restrict access and long- term 
O&M is not needed.  Like Alternative OS-1, this alternative does not include 
remedial action or long-term monitoring. 
 
Overall Protection of Human Health and the Environment 
Because this alternative includes placement of institutional controls such as access 
and deed restrictions (that would control future use/activities at the site), it would 
provide some long-term protection of human health.  It is difficult to ensure 
enforcement of institutional controls in the future.  Fencing alone may not be 
adequate to prevent unauthorized access to the site by trespassers (who could 
potentially directly contact contaminants).  Since subsurface soils would serve as 
a continuing source of impact to groundwater, this alternative may not be 
protective of the environment.   
 
Compliance with SCGs 
The contaminant levels in soil are not expected to decrease appreciably over time.  
Therefore, this alternative would not comply with the chemical-specific SCGs for 
the site.  Action-specific SCGs (e.g., safety regulations) would be included in the 
institutional controls and complied with for site activities.   
 
Short-Term Impacts and Effectiveness 
No short-term impacts (other than those existing) are anticipated during the 
implementation of this alternative since there are no remedial activities involved.  
Controlling future use and activities on-site would protect workers’ health.  This 
alternative would provide some protection to the community by limiting site 
access. 
 
This alternative meets one of the three soil RAOs.  It reduces (to the extent 
practicable) the potential for direct contact with on-site contaminated soil. 
However, it does not significantly eliminate the potential for human exposure to 
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organic vapors (due to the presence of existing on-site structures) and does not 
adequately reduce the risk of further contamination of groundwater. 
 
Long-term Effectiveness and Permanence 
This alternative would not be effective in the long term (in terms of protecting 
human health and the environment) because this alternative does not involve 
removal or treatment of the contaminated soil.  The risks involved with direct 
contact with on-site contaminants would be limited to some extent.  Deed or other 
restrictions would be effective in the long term as long as they are interpreted 
correctly and/or are not modified by future site users.  Subsurface soils would 
serve as a continuing source of impact to groundwater.   
 
Reduction in Toxicity, Mobility, or Volume  
This alternative does not involve the removal or treatment of contaminated soil.  
Therefore, neither the toxicity, nor mobility, nor volume of contamination is 
expected to be reduced.  Natural attenuation of contaminants may somewhat 
reduce the concentrations in soil over time.  However, this reduction is not 
expected to be significant within a reasonable or predictable timeframe. 
 
Implementability 
This alternative can be readily implemented on a technical and administrative 
basis using typical institutional control practices and procedures.  However, it 
may be difficult to ensure long-term enforcement. 
 
Cost 
The total present-worth cost of this alternative based on a 30-year period and a 
discount rate 5% is $3,000.  Table 4-1 presents the quantities, unit costs, and 
subtotal costs for the various work items in this alternative.  No O&M cost are 
anticipated with this alternative. 
 
Alternative OS-2 (institutional controls) is readily implementable with minimal 
short-term risks because no intrusive work would be done.  This alternative 
reduces risks associated with direct contact with on-site soil contamination.  
However, the effectiveness of this alternative in reducing risks would be based on 
enforcement of the restrictions/controls over an extended period of time (greater 
than 30 years).  
 
4.2.3 Alternative No. OS-3:  Cover 
The overall approach associated with this alternative is to provide a generally 
level, adequately drained site with either existing concrete and asphalt or about 1 
foot of uncontaminated material at the surface, which would limit the potential for 
direct contact with contaminated soil.  This alternative would include the removal 
of the top 12 inches of soil from unpaved areas of the site; demolition of 
remaining site buildings and foundations to existing surface grade; grading the 
site using “clean” rubblized demolition debris from the site to fill low areas and to 
create a low-profile cover over excavated soils in the northwestern portion of the 
site; segregation and stockpiling of unuseable or recyclable demolition debris; 
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installation of surface water drainage as necessary; and implementation of 
institutional controls (described as part of Alternative OS-2).  It is assumed that 
asbestos is not present in existing on-site buildings.    Long-term O&M would not 
be required for this alternative. 
 
Overall Protection of Human Health and the Environment 
Because this alternative includes covering contaminated near-surface soil as well 
as institutional controls (that would control future use/activities at the site), it 
would provide some long-term protection of human health.  Human health 
exposure risks from harmful vapors associated with existing on-site structures and 
subsurface utilities (where vapors could accumulate) would be reduced with the 
demolition of these structures.  Replacement structures may be designed to 
prevent infiltration of vapors.  Since subsurface soils would serve as a continuing 
source of impact to groundwater, this alternative is not protective of the 
environment.  
 
Compliance with SCGs 
This alternative includes the relocation of impacted near-surface soil to minimize 
the potential for direct contact with contaminated soil.  However, since all soil 
will remain on-site, this alternative would not comply with the chemical-specific 
SCGs for the site.  Action-specific SCGs (e.g., safety regulations) would be 
included in the institutional controls and complied with for site activities.   
 
Short-Term Impacts and Effectiveness 
Several limited short-term impacts to the community and workers may arise 
during demolition activities, installation of surface water drainage piping, and 
excavation of contaminated surface soils.  These impacts are primarily associated 
with the potential for air emissions (dust and VOCs) and noise.  To minimize 
short-term impacts, site access would be restricted during construction and 
remediation activities and mitigation measures would be implemented as needed.  
Health and safety measures, including air monitoring and use of appropriate 
personal protective equipment, would be in place to protect workers.  Equipment 
leaving the site would be decontaminated and a community air monitoring 
plan/program established to protect the surrounding community.  Action levels 
would be set prior to intrusive work, and an appropriate corrective action would 
be implemented if these action levels are exceeded. 
 
This alternative meets two of the three soil RAOs.  It eliminates (to the extent 
practicable) the potential for direct contact with on-site contaminated soil and 
eliminates (to the extent practicable) the potential for human exposure to on-site 
organic vapors (by the removal of on-site structures) but does not adequately 
reduce the risk of further contamination of groundwater.  The potential for 
volatile vapor migration off-site would remain.  This could pose a human 
exposure risk. 
 
Demolition and construction of the cover system is estimated to be complete in 
approximately six months. 
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Long-term Effectiveness and Permanence 
This alternative would provide some long-term effectiveness (in terms of 
protecting human health) because the risks associated with direct contact with 
contaminants would be reduced by covering the contaminated soil (which 
provides a physical barrier), removing structures, and implementing institutional 
controls.  However, long-term effectiveness (in terms of protecting the environ-
ment) may not be met due to subsurface soils continuing to provide a source of 
impact to groundwater.  The potential for contaminated surface water runoff from 
the site would be reduced by the placement of the soil cover and installation of 
catch basins and associated piping. 
 
Reduction in Toxicity, Mobility, or Volume  
Excavated, contaminated surface soils would be consolidated on-site without 
treatment. Other contaminated subsurface soil would remain on-site. Therefore 
the toxicity, mobility, and volume of contamination would not be reduced.   
 
Implementability 
This alternative can be readily implemented on a technical and administrative 
basis using standard construction means/methods and typical institutional control 
practices/procedures.  No technical difficulties are anticipated during demolition 
and construction activities.  No delay is anticipated in obtaining the necessary 
approvals/permits from the state and local agencies or in placing institutional 
controls for implementation of this alternative. 
 
Cost 
The total present-worth cost of this alternative based on a 30-year period and a 
discount rate of 5% is $1,100,000.  Table 4-2 presents the quantities, unit costs, 
and subtotal costs for the various work items in this alternative.  No O&M costs 
are anticipated with this alternative. 
 
Alternative OS-3 (cover) is readily implementable with minimal short-term risks.  
This alternative reduces the risks associated with directly contacting surface soil 
(by creating a barrier) and the risks associated with the potential for vapor 
accumulation in on-site structures.  However, this alternative leaves subsurface 
soil contamination (above SCGs) in place and does not prevent off-site migration 
of vapors.  These risks would continue since this alternative does not result in a 
reduction in toxicity, mobility, or volume.  
 
4.2.4 Alternative No. OS-4:  Excavation and On-site Treatment of 

Soils  
The overall approach associated with this alternative is to excavate the contami-
nated source soils (greater than 10 ppm total VOCs) from above the groundwater 
table (about 5.5 feet bgs), treat the contaminated soils on-site by thermal 
desorption, and return the treated soils to the excavation.  Vapor suppression 
would be needed to limit off-site vapor migration from the excavation area.  This 
alternative includes actions described as part of Alternative OS-3 (cover) as well 
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as institutional controls.  Long-term O&M would not be required for this 
alternative. 
 
Overall Protection of Human Health and the Environment 
Although the entire extent of contaminated soils would not be removed from the 
site, this alternative is considered protective of human health (with respect to soil 
exposure) since contaminated soils from the unsaturated zone (ground surface to 
the groundwater table) would be thermally treated on-site to meet site proposed 
cleanup goals for VOCs.  Because the contaminants would be treated and 
destroyed, exposure risks associated with the soil contamination in the excavated 
area would be reduced.  Some contaminants (such as metals) may remain above 
SCGs after treatment.  Additionally, human health exposure risks to harmful 
vapors inside on-site existing structures and subsurface utilities (where vapors 
could accumulate) would be reduced with the demolition of these structures.  
Under existing conditions, there are currently no on-site human receptors 
impacted by the soil contamination.  Potential human receptors are limited to site 
visitors, workers, and trespassers.  However, since subsurface soils (below the 
water table) would serve as a continuing source of impact to groundwater, this 
alternative may not be considered fully protective of the environment.   
 
In order to maintain long-term protection of human health, institutional controls 
such as access and activity restrictions, would be implemented to ensure risks to 
human health are minimized. 
 
Compliance with SCGs 
This alternative would comply with SCGs in the area of excavated and treated 
soil.  However, since soil contamination above SCGs in the saturated zone (below 
the water table) and to a lesser degree in the unsaturated zone would remain on-
site, this alternative would not comply with the chemical-specific SCGs for the 
site.  
 
Applicable action-specific SCGs, including air discharge permits and require-
ments, noise limitations, and safety regulations would be complied with during 
treatment and implementation of the alternative.   
 
Short-Term Impacts and Effectiveness 
Several short-term impacts to the community and workers may arise during 
excavation and treatment of contaminated soil and demolition at the site.  The 
primary impact of concern is the volatilization of VOCs from soil during 
excavation activities.  
 
Appropriate measures such as proper protective equipment for the workers and 
vapor suppression (i.e., foam and/or covering material with tarps) to prevent off-
site migration of vapors would be necessary to protect both workers and the 
surrounding community.  With this alternative an increased risk to workers is 
imposed because they would be handling soils with high concentrations of VOCs.  
Community impacts include potential odors, dust, and noise from equipment 
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operation.  Continuous (24-hour) operation of the thermal desorption system may 
increase the potential for noise impacts on the surrounding community.  These 
noise impacts can be reduced through proper design and the use of mitigation 
such as noise barriers.  To minimize other short-tem impacts, site access would be 
restricted during construction and remediation activities.  A community air 
monitoring plan/program would be established to protect the surrounding 
community.  Action levels would be set prior to intrusive work, and an 
appropriate corrective action would be implemented if these action levels are 
exceeded. 
 
This alternative (once complete) meets two of the three soil RAOs.  It eliminates 
(to the extent practicable) the potential for direct contact with on-site contami-
nated soil and (to the extent practicable) the potential for human exposure to on-
site organic vapors (by the excavation and treatment of contaminated soil and 
removal of on-site structures).  It minimizes but does not adequately reduce the 
risk of further contamination of groundwater.  The potential for volatile vapor 
migration off-site through the subsurface would also be reduced by this 
alternative. 
 
Demolition, excavation, and thermal desorption of contaminated soils is estimated 
to be complete in approximately 15 months. 
 
Long-term Effectiveness and Permanence 
This alternative would provide some long-term effectiveness (in terms of 
protecting human health) because the risks associated with direct contact with 
contaminants would be minimized by the excavation and on-site treatment, 
removal of structures (where vapors could accumulate), and implementation of 
institutional controls.  However, in the long-term this alternative would not be 
effective (in terms of protecting the environment) because the remaining 
subsurface soils (below the water table) would continue to provide a significant 
source of impact to groundwater.  The potential for contaminated surface water 
runoff from the site would be reduced by the placement of the soil cover and 
installation of catch basins and associated piping. 
 
Reduction in Toxicity, Mobility, or Volume 
Because this alternative actively treats VOCs and, to a lesser degree, other 
contaminants of concern in the unsaturated soils, the volume of contamination 
would be reduced at the site.  Consequently, the toxicity and mobility of the 
contaminants would also be reduced.  However, some of the other contaminant 
concentrations such as metals are not expected to be reduced significantly by on-
site treatment. Contaminants within soils in the saturated zone will not be reduced 
nor will contaminants within the groundwater. 
 
Implementability 
This alternative can be readily implemented on a technical and administrative 
basis using standard construction means/methods and typical institutional control 
practices/procedures.  VOC emissions would be difficult to control because of the 
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high concentration of VOCs and the large area requiring excavation.  Engineering 
controls could be used as necessary in an effort to control such emissions. No 
other significant technical difficulties are anticipated during excavation and 
removal of contaminated soil and demolition.  A contractor specializing in 
thermal desorption systems would likely be retained for installation and operation 
of the thermal desorption system.  Engineers and contractors are readily available 
to design and operate such a treatment system.  Although start-up problems may 
be encountered initially, technical difficulties are not anticipated once the thermal 
desorption system is fully operational.  Due to the heterogeneity of some soils, 
adjustment in operational parameters may be required during treatment.  This, 
however, should not affect the performance or implementability of the alternative.  
Monitoring and sampling of the thermal desorption system would be conducted 
during the treatment phase to ensure that proposed site cleanup goals are met for 
excavated soils and air discharge and noise standards are not exceeded.  Finally, 
no delay is anticipated in obtaining the necessary approvals/permits from the state 
and local agencies for implementation of this alternative. 
 
Cost 
The total present-worth cost of this alternative based on a 30-year period and a 
discount rate of 5% is $11,600,000.  Table 4-3 presents the quantities, unit costs, 
and subtotal costs for the various work items in this alternative.  No O&M costs 
are anticipated with this alternative. 
 
Alternative OS-4 (excavation and on-site treatment of soils) is readily implement-
able.  The primary short-term risks are associated with controlling volatile vapors 
during excavation and handling of highly contaminated soil.  This alternative 
reduces the risks associated with directly contacting highly contaminated 
subsurface soil by reducing toxicity, mobility, or volume.  However, this 
alternative does not address the removal of highly contaminated soil below the 
water table or non-source soils that exceed SCGs. 
 
4.2.5 Alternative No. OS-5:  Excavation and Off-site 

Treatment/Disposal of Soils 
The overall approach associated with this alternative is to excavate the contami-
nated source soils (greater than 10 ppm total VOCs) from above the groundwater 
table (about 5.5 feet bgs) and transport the material off-site for treatment/disposal 
at a NYSDEC-approved facility.  Vapor suppression would be needed to limit off-
site vapor migration from the excavation area.  This alternative includes actions 
described as part of Alternative OS-3 (cover) as well as institutional controls.  
Long-term O&M would not be required for this alternative. 
 
Because this alternative is similar to OS-4 (off-site treatment/disposal vs. on-site 
treatment), key points that are similar to both alternatives are minimally 
discussed. 
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Overall Protection of Human Health and the Environment 
This alternative is considered protective of human health since contaminated soils 
from the unsaturated zone (ground surface to the groundwater table) would be 
treated/disposed off-site to meet site proposed cleanup goals.  However, since 
subsurface soils (below the water table) would serve as a continuing source of 
impact to groundwater, this alternative is not considered protective of the 
environment.  In order to maintain long-term protection of human health, 
institutional controls such as access and activity restrictions would be imple-
mented to ensure risks to human health are minimized. 
 
Compliance with SCGs 
This alternative would comply with SCGs in the area of excavated and treated 
soil.  However, since soil contamination above SCGs in the  saturated zone 
(below the water table) and, to a lesser degree in the unsaturated zone, would 
remain on-site, this alternative would not comply with the chemical-specific 
SCGs for the site.  Excavated soils would be tested prior to treatment/disposal to 
determine the waste profile (hazardous waste or non-hazardous waste) as per 
disposal facility requirements 
 
Applicable action-specific SCGs, including noise limitations and safety 
regulations, would be complied with during implementation of the alternative.   
 
Short-Term Effectiveness 
Several short-term impacts to the community and workers may arise during 
excavation and demolition at the site.  The primary impact of concern is the 
volatilization of VOCs from soil during excavation activities.  Trucking material 
off-site may pose a temporary impact on the community from increased truck 
traffic, dust, and noise.  The potential for spills during transport also exists.  While 
there is a risk of spills due to accidents, this risk would be minimized by using 
covered and lined containers for transport and a licensed, experienced hauler. 
 
Appropriate measures such as proper protective equipment for the workers, vapor 
suppression (i.e., foam and/or covering material with tarps) to prevent off-site 
migration of vapors, and covering of trucks to minimize vapor emissions would 
be necessary to protect both workers and the surrounding community.  A 
community air monitoring plan/program would be established to protect the 
surrounding community.  Action levels would be set prior to intrusive work, and 
an appropriate corrective action would be implemented if these action levels are 
exceeded. 
 
This alternative (once complete) meets two of the three soil RAOs.  It eliminates 
(to the extent practicable) the potential for direct contact with on-site contami-
nated soil and eliminates (to the extent practicable) the potential for human 
exposure to on-site organic vapors (by the excavation and off-site treat-
ment/disposal of contaminated soil and removal of on-site structures).  It 
minimizes but does not adequately reduce the risk of further contamination of 
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groundwater.  The potential for volatile vapor migration off-site through the 
subsurface would also be reduced by this alternative. 
 
Demolition, excavation, and off-site treatment/disposal of contaminated soils is 
estimated to be complete in approximately 12 months. 
 
Long-term Effectiveness and Permanence 
This alternative would provide some long-term effectiveness (in terms of 
protecting human health) because the risks associated with direct contact with 
contaminants would be minimized by the excavation and off-site treat-
ment/disposal, removal of structures (where vapors could accumulate), and 
implementation of institutional controls.  However, in the long term this 
alternative may not be effective (in terms of protecting the environment) because 
the remaining subsurface soils (below the water table) would continue to provide 
a significant source of impact to groundwater.  
 
Reduction in Toxicity, Mobility, or Volume 
Because this alternative removes soil containing contaminants of concern in the 
unsaturated soil zone from the site, the toxicity, mobility, and volume of the 
contaminants at the site would be reduced.  The degree of treatment would be 
based on the selected treatment/disposal facility.  The highest concentrations of 
other contaminants (such as metals and semivolatile compounds) are expected to 
be proximate to source soil.  However, the degree of reduction of these other 
contaminants would depend on the type of treatment and disposal facility 
selected. Contaminants in soils within saturated zones will not be reduced, nor 
will contamination in the groundwater.  
 
Implementability 
This alternative can be readily implemented on a technical and administrative 
basis using standard construction means/methods and typical institutional control 
practices/procedures.  VOC emissions would be difficult to control because of the 
high concentration of VOCs and the large area requiring excavation.  Engineering 
consultants and contractors are readily available to design and complete such an 
alternative.  No other technical difficulties are anticipated during excavation and 
removal of contaminated soil and demolition.  Disposal would be based on 
acceptance by a treatment/disposal facility. 
 
No delay is anticipated in obtaining the necessary approvals/permits from the 
state and local agencies for implementation of this alternative.   
 
Cost 
The total present worth cost of this alternative based on a 30-year period and a 
discount rate of 5% is $11,000,000.  Table 4-4 presents the quantities, unit costs, 
and subtotal costs for the various work items in this alternative.  No O&M costs 
are anticipated with this alternative. 
 



 
 

4.  Detailed Analysis of Alternatives 
 

 
02:000699_NV05_06-B1104 4-13 
R_Frontier Chemical.doc-6/16/2004 

Alternative OS-5 (excavation and off-site treatment/disposal of soils) is readily 
implementable.  The primary short-term risk is associated with controlling 
volatile vapors during excavation and handling of highly contaminated soil.  This 
alternative reduces the risks associated with directly contacting highly contami-
nated subsurface soil by reducing toxicity, mobility, or volume.  However, this 
alternative does not address the removal of highly contaminated soil below the 
water table or non-source soils that exceed SCGs.  This alternative would result in 
a slightly greater amount of contaminant mass removal than Alternative OS-4 
because the backfill replacement soil would be clean rather than contain residual 
contamination (such as metals) if treated on-site.  
 
4.3 OU-1 Overburden Groundwater Remedial Alternatives 
4.3.1 Alternative No. OG-1:  No Action  
The No Action alternative is presented as a baseline for comparison with other 
alternatives.  This alternative does not include source removal or treatment or 
long-term monitoring of overburden groundwater.  This alternative would allow 
the potential continued migration of overburden groundwater off-site and to the 
nearby sewer tunnels (Falls Street and New Road) for an indefinite period of time.  
It is expected that the majority of overburden groundwater leaving the site 
infiltrates the Falls Street tunnel.  Groundwater infiltrating the New Road tunnel 
is conveyed into the Falls Street tunnel.  
 
Overall Protection of Human Health and the Environment 
Under existing site conditions, there are currently no on-site human or environ-
mental receptors in direct contact with overburden groundwater contamination.  
However, vapors from volatile groundwater contaminants could diffuse to the 
surface or migrate to site structures or subsurface utilities, potentially exposing 
human receptors to these vapors.  The site and surrounding area are serviced by 
the city water system; therefore potential use of on-site groundwater is not 
expected.  Additionally, the use of overburden groundwater for industrial 
purposes is not expected due to low yield.   
 
With no action, overburden groundwater contamination exceeding the groundwa-
ter standards would remain in place and be available for potential future exposure.  
Additionally, the migration of contaminated overburden groundwater off-site 
(although limited) and into the nearby sewer tunnels would remain a concern in 
terms of impacting the environment.  Impact to the environment is associated with 
the potential (under high flow in the sewer tunnels) for site groundwater (that is 
mixed with other water in the sewer tunnel) to discharge to the Niagara River. 
This alternative is therefore not considered protective of human health and the 
environment. 
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Compliance with SCGs 
The contaminant levels in overburden groundwater are not expected to decrease 
appreciably over time.  Therefore, this alternative would not comply with the 
chemical-specific SCGs for the site.   
 
Short-Term Impacts and Effectiveness 
No short-term impacts (other than those existing) are anticipated during the 
implementation of this alternative since there are no remedial activities involved.   
 
This alternative does not meet any of the three RAOs (as defined in Section 2.3.2) 
in a reasonable or predictable timeframe.   
Long-term Effectiveness and Permanence 
This alternative would not be effective in the long term because this alternative 
does not involve removal or treatment of the contaminated overburden groundwa-
ter.   
 
Reduction in Toxicity, Mobility, or Volume  
This alternative does not involve the removal or treatment of contaminated 
overburden groundwater.  Therefore, neither the toxicity, nor mobility, nor 
volume of contamination is expected to be reduced.  Natural attenuation of 
contaminants may reduce the concentrations in overburden groundwater over 
time.  However, this reduction is not expected to be significant within a 
reasonable or predictable timeframe. 
 
Implementability 
This alternative is readily implementable on a technical basis in that it involves no 
actions.   
 
Cost 
There is no cost associated with this alternative. 
 
Alternative OG-1 (No Action) is readily implementable with minimal short-term 
risks because no intrusive work would be done.  However, this alternative leaves 
overburden groundwater contamination in place (unchanged) and does not reduce 
or eliminate existing risks (including those associated with off-site migration of 
contamination). 
 
4.3.2 Alternative No. OG-2:  Institutional Controls 
Institutional controls such as access/use and deed restrictions and long-term 
monitoring at the site would include controlling excavation work that could result 
in encountering on-site groundwater.  These controls are considered effective in 
minimizing the potential for direct contact with on-site contaminated overburden 
groundwater.  Semiannual groundwater monitoring of on-site wells would be 
conducted as part of the long-term groundwater monitoring program for five 
years, followed by annual sampling for 25 years.  Overburden groundwater 
samples would be analyzed for VOCs and other compounds of concern consistent 
with the SRI.  Routine O&M would be required on the monitoring wells. 
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Overall Protection of Human Health and the Environment 
Because this alternative includes placement of institutional controls such as access 
and deed restrictions (that would control future use/activities at the site), it would 
provide some on-site long-term protection of human health.  However, this 
alternative would allow the potential continued migration of overburden 
groundwater off-site and to the nearby sewer tunnels.  Accordingly, this 
alternative may not be fully protective of human health or the environment. 
 
Compliance with SCGs 
The contaminant levels in overburden groundwater are not expected to decrease 
appreciably over time.  Therefore, this alternative would not comply with the 
chemical-specific SCGs for the site.  Action-specific SCGs (e.g., safety 
regulations) would be included in the institutional controls and complied with 
during site activities.   
 
Short-Term Impacts and Effectiveness 
No short-term impacts (other than those existing) are anticipated during the 
implementation of this alternative since there are no remedial activities involved.  
Controlling future use and activities on-site would protect workers’ health.  This 
alternative would provide some protection for the community by limiting site 
access. 
 
This alternative meets one of the three overburden groundwater RAOs.  It 
eliminates (to the extent practicable) the potential for human exposure to 
contaminated overburden groundwater. It would not reduce, control, or eliminate 
groundwater contamination present in the overburden or prevent (to the extent 
practicable) further off-site migration of contaminated overburden groundwater. 
 
Long-term Effectiveness and Permanence 
Institutional controls are an effective mechanism to minimize future on-site 
exposure to contaminated overburden groundwater.    Data collection during the 
groundwater monitoring program would be used to evaluate groundwater 
conditions over time. 
 
This alternative would not be effective in the long term because this alternative 
does not prevent potential human health and environmental impacts associated 
with off-site migration of contaminated overburden groundwater.  
 
Reduction in Toxicity, Mobility, or Volume  
This alternative does not involve the removal or treatment of contaminated 
overburden groundwater.  Therefore, neither the toxicity, nor mobility, nor 
volume of contamination is expected to be reduced.  Natural attenuation of 
contaminants may reduce the concentrations in overburden groundwater.  
However, this reduction is not expected to be significant within a reasonable or 
predictable timeframe. 
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Implementability 
This alternative can be readily implemented on a technical and administrative 
basis using typical institutional control practices/procedures and standard 
groundwater sampling methods. 
 
Cost 
The total present-worth cost of this alternative based on a 30-year period at a 
discount rate of 5% is $330,000.  Table 4-5 presents the quantities, unit costs, and 
subtotal costs for the various work items in this alternative.  Annual groundwater 
monitoring costs are assumed with this alternative. 
 
Alternative OG-2 (institutional controls) is readily implementable with minimal 
short-term risks because no intrusive work would actually be done.  This 
alternative reduces risks associated with direct contact with on-site overburden 
groundwater contamination.  However, effectiveness of this alternative in 
reducing on-site risks would be based on enforcement of the restrictions/controls 
over an extended period of time (greater than 30 years). This alternative would 
not be effective at preventing off-site migration of contaminated overburden 
groundwater. 
 
4.3.3 Alternative No. OG-3:  Hydraulic Containment 
The overall approach associated with this alternative is to intercept the overbur-
den groundwater at the downgradient edge of the site to prevent off-site migration 
of contaminated overburden groundwater.  This would be achieved by installation 
of a groundwater collection trench and an extraction well located in a hot spot 
area containing sandy soils (groundwater depression area).  Extracted groundwa-
ter would be conveyed by subsurface piping to an on-site treatment building, 
treated, and discharged to the POTW via the Southside interceptor tunnel.  This 
alternative would also include the actions described as part of Alternative OG-2 
(institutional controls).  Pre- and post-treatment groundwater sampling would be 
performed to ensure treatment effectiveness.  O&M is necessary for the extraction 
and treatment systems.  
 
Overall Protection of Human Health and the Environment 
This alternative would limit the off-site migration of overburden groundwater.  
Therefore, this alternative would provide some additional protection of human 
health and the environment.  However, contaminated overburden groundwater 
would remain on-site, and vertical migration of contaminated overburden 
groundwater to bedrock groundwater is expected to continue to occur. 
 
Under existing site conditions, there are currently no on-site human or environ-
mental receptors in direct contact with on-site groundwater contamination.  The 
site and surrounding area are serviced by the city water system; therefore potential 
use of groundwater in the area is not expected.  Additionally, because the 
overburden groundwater zone is expected to have limited yield, its use is unlikely. 
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Compliance with SCGs 
The contaminant levels in overburden groundwater are expected to decrease over 
time.  However, the decrease is not expected to result in compliance with SCGs 
due to the high concentration of contamination and likely presence of DNAPLs in 
the subsurface (which provide an ongoing source of groundwater contamination).  
Discharge of treated extracted overburden groundwater to the local POTW would 
comply with action-specific SCGs. 
 
Short-Term Impacts and Effectiveness 
Several limited short-term impacts to the community and workers may arise 
during construction of the collection trench and installation of the extraction well 
and treatment system.  These limited impacts are primarily associated with the 
potential for air emissions (dust and VOCs) and noise.  To minimize short-term 
impacts, site access would be restricted during construction and remediation 
activities and mitigation measures would be implemented as needed.  Health and 
safety measures, including air monitoring and use of appropriate personal 
protective equipment, would be in place to protect workers.  Equipment leaving 
the site would be decontaminated and a community air monitoring plan/program 
would be established to protect the surrounding community.  Action levels would 
be set prior to intrusive work and an appropriate corrective action implemented if 
these action levels are exceeded.  
 
Based on a 30-year time frame, this alternative meets the three overburden 
groundwater RAOs.  It eliminates (to the extent practicable) the potential for 
human exposure to contaminated overburden groundwater; reduces and controls 
(to the extent practicable) groundwater contamination present in the overburden; 
and prevents (to the extent practicable) the further off-site migration of 
contaminated overburden groundwater.  
 
Long-term Effectiveness and Permanence 
This alternative, which includes collection/extraction and treatment of overburden 
groundwater, is considered to be effective in the long-term because it reduces 
contamination on-site and limits the potential for off-site migration.    Overburden 
groundwater contaminants would be treated through operation of an on-site 
groundwater treatment system and discharge to the POTW for treatment.  
Groundwater monitoring data would provide information related to the reduction 
of contamination over time. 
 
Considering the low hydraulic conductivity of the overburden soils and the 
possible presence of residual DNAPL in the subsurface, it is expected that 
contaminated groundwater above SCGs would exist on-site beyond the 30-year 
timeframe.  The extraction and treatment of the contaminated overburden 
groundwater would be effective while the treatment system is in operation.   
 
Reduction in Toxicity, Mobility, or Volume  
Because this alternative involves the containment of contaminated overburden 
groundwater, the mobility of contamination would be controlled.  Treatment of 
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collected groundwater either on-site or by the POTW would reduce the toxicity 
and volume of overburden groundwater contamination.  However, the volume of 
contamination is not expected to be significantly reduced over time due to the 
presence of highly contaminated areas (including the possible presence of 
DNAPLs) that provide an ongoing source of groundwater contamination. 
Groundwater in the overburden is expected to continue to migrate vertically 
downward into the bedrock zones. 
 
Along with the primary contaminants of concern (VOCs) other contaminants 
(such as metals and SVOCs) would be present in the extracted overburden 
groundwater.  The degree of reduction of these other contaminants through on-site 
or POTW treatment would depend on the treatment system used.  The concentra-
tion (and associated mass loading) of contaminants in the discharge to the POTW 
would be based on the POTW’s allowable limits. 
 
Residual wastes may be generated through on-site groundwater treatment and 
would be treated/disposed of off-site as appropriate.   
 
Implementability 
This alternative is readily implemented on a technical and administrative basis 
using standard construction methods, typical institutional control prac-
tices/procedures, and standard groundwater sampling methods.  Numerous 
engineering consultants and contractors are readily available to design and 
construct such a system.  A pump test and a treatability study are recommended to 
determine optimal design parameters and treatment options prior to implementa-
tion of this alternative.  It is anticipated there would be no issues associated with 
obtaining the necessary approvals/permits from the state and local agencies to 
discharge treated water to the local POTW or for air discharge permits (if needed) 
associated with groundwater treatment, thereby complying with action-specific 
SCGs.  Since the collection trench would be constructed on the downgradient side 
of the site, outside the area of highly contaminated soil, volatile vapor emissions 
are not expected to create an implementability issue.  The effectiveness of the 
containment/treatment system could be monitored through groundwater 
elevations and contaminant concentration monitoring 
 
Cost 
The total present-worth cost of this alternative based on a 30-year period at a 
discount rate of 5% is $800,000.  Table 4-6 presents the quantities, unit costs, and 
subtotal costs for the various work items in this alternative.  A considerable 
number of O&M activities associated with the collection trench, extraction well, 
and treatment system (see alternative BG-3) are anticipated with this alternative, 
resulting in significant annual costs.  Annual groundwater monitoring costs are 
also assumed with this alternative. 
 
Alternative OG-3 (hydraulic containment) is readily implementable with minimal 
short-term risks.  It is not technically feasible to clean up the overburden 
groundwater in a predictable timeframe due to the high level of contamination 
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present (including the possible presence of DNAPLs).  However, this alternative 
minimizes risks associated with off-site migration of contaminated groundwater 
(including to the sewer tunnels) by containment and reduction of toxicity and 
volume through treatment (on-site and/or by the POTW).  This alternative also 
reduces the risks associated with directly contacting contaminated on-site 
overburden groundwater.   
 
4.4 OU-2 Bedrock Groundwater Remedial Alternatives 
4.4.1 Alternative No. BG-1:  No Action  
The No Action alternative is presented as a baseline for comparison with other 
alternatives.  This alternative does not include source removal or treatment or 
long-term monitoring of bedrock groundwater.  This alternative would allow the 
potential continued migration of bedrock groundwater to the nearby sewer tunnels 
(Falls Street and New Road) for an indefinite period of time.  It is expected that 
the majority of bedrock groundwater leaving the site infiltrates the Falls Street 
tunnel.  Groundwater infiltrating the New Road tunnel is conveyed into the Falls 
Street tunnel. 
 
Overall Protection of Human Health and the Environment 
Under existing site conditions, there are currently no on-site human or environ-
mental receptors in direct contact with bedrock groundwater contamination.  
However, vapors from volatile groundwater contaminants could enter subsurface 
utilities, potentially exposing human receptors to these vapors.  The site and 
surrounding area are serviced by the city water system; therefore potential use of 
on-site groundwater is not expected.  Additionally, there is no known use of 
bedrock groundwater for industrial purposes in the immediate area of the site.   
 
Bedrock groundwater contamination exceeding the groundwater standards would 
remain on-site.  The migration of contaminated bedrock groundwater into the 
nearby sewer tunnels would continue to pose a potential impact to the environ-
ment.  Under high flow conditions in the sewer tunnels site contaminants may 
ultimately be discharged to the Niagara River.  
 
Compliance with SCGs 
The contaminant levels in bedrock groundwater are not expected to decrease 
appreciably over time.  Therefore, this alternative would not comply with the 
chemical-specific SCGs for the site.   
 
Short-Term Impacts and Effectiveness 
No short-term impacts (other than those existing) are anticipated during the 
implementation of this alternative since there are no remedial activities involved.  
Controlling future use and activities on-site would protect workers’ health.  
 
This alternative would not meet any of the three RAOs (as defined in Section 
2.3.2) in a reasonable or predictable timeframe.   
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Long-term Effectiveness and Permanence 
This alternative would not be effective at preventing contaminated bedrock 
groundwater from leaving the site.   
 
Reduction in Toxicity, Mobility, or Volume through Treatment 
This alternative does not involve the removal or treatment of contaminated 
bedrock groundwater.  Therefore, neither the toxicity, nor mobility, nor volume of 
contamination is expected to be reduced.  Natural attenuation of contaminants 
may reduce the concentrations in bedrock groundwater over time.  However, this 
reduction is not expected to be significant within a reasonable or predictable 
timeframe. 
 
Implementability 
This alternative is readily implementable on a technical basis in that it involves no 
actions.   
 
Cost 
There is no cost associated with this alternative. 
 
Alternative BG-1 (No Action) is readily implementable with minimal short-term 
risks because no intrusive work would be done.  However, this alternative leaves 
bedrock groundwater contamination in place (unchanged) and does not reduce or 
eliminate existing risks (including those associated with off-site migration of 
contamination).  
 
4.4.2 Alternative No. BG-2:  Institutional Controls 
Institutional controls such as access/use and deed restrictions and long-term 
monitoring at the site would include placing restrictions on use the of on-site 
bedrock groundwater.  These controls are considered effective in minimizing the 
potential for direct contact with on-site contaminated bedrock groundwater.  
Semiannual groundwater monitoring of on-site wells for five years followed by 
annual sampling for 25 years would be conducted as part of the long-term 
groundwater monitoring program.  Bedrock groundwater samples would be 
analyzed for VOCs and other compounds of concern consistent with the SRI.  
Routine O&M would be required on the monitoring wells. 
 
Overall Protection of Human Health and the Environment 
Because this alternative includes placement of institutional controls such as access 
and deed restrictions (that would control future use/activities at the site), it would 
provide some on-site long-term protection of human health.  However, this 
alternative would allow the potential continued migration of bedrock groundwater 
off-site to the nearby sewer tunnels, which may not be fully protective of off-site 
impacts to human health or the environment. 
 
Compliance with SCGs 
The contaminant levels in bedrock groundwater are not expected to decrease 
appreciably over time.  Therefore, this alternative would not comply with the 
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chemical-specific SCGs for the site.  Action-specific SCGs (e.g., safety 
regulations) would be included in the institutional controls and complied with for 
site activities.   
 
Short-Term Impacts and Effectiveness 
No short-term impacts (other than those existing) are anticipated during the 
implementation of this alternative since there are no remedial activities involved.  
Controlling future use and activities on-site would protect future workers’ health.  
This alternative would provide some protection to the community by limiting site 
access. 
 
This alternative meets one of the three bedrock groundwater RAOs.  It eliminates 
(to the extent practicable) the potential for human exposure to contaminated 
bedrock groundwater.  However, it does not reduce, control, or eliminate 
groundwater contamination present in the bedrock or prevent (to the extent 
practicable) the further off-site migration of contaminated bedrock groundwater. 
 
Long-term Effectiveness and Permanence 
Institutional controls are an effective mechanism to minimize the potential for 
future exposure to contaminated bedrock groundwater.    Data collection during 
the groundwater monitoring program would be used to evaluate groundwater 
conditions over time. 
 
This alternative would not be effective at preventing contaminated bedrock 
groundwater from leaving the site. 
 
Reduction in Toxicity, Mobility, or Volume  
This alternative does not involve the removal or treatment of contaminated 
bedrock groundwater.  Therefore, neither the toxicity, nor mobility, nor volume of 
contamination is expected to be reduced.  Natural attenuation of contaminants 
may reduce the concentrations in bedrock groundwater.  However, this reduction 
is not expected to be significant within a reasonable or predictable timeframe. 
 
Implementability 
This alternative can be readily implemented on a technical and administrative 
basis using typical institutional control practices/procedures and standard 
groundwater sampling methods. 
 
Cost 
The total present worth cost of this alternative based on a 30-year period at a 
discount rate of 5% is $630,000.  Table 4-7 presents the quantities, unit costs, and 
subtotal costs for the various work items in this alternative.  Annual groundwater 
monitoring costs are assumed with this alternative. 
 
Alternative BG-2 (institutional controls) is readily implementable with minimal 
short-term risks as no intrusive work would be done.  This alternative reduces 
risks associated with direct contact with on-site bedrock groundwater contamina-
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tion.  However, the effectiveness of this alternative in reducing risks would be 
based on enforcement of the restrictions/controls over an extended period of time 
(greater than 30 years). 
 
4.4.3 Alternative No. BG-3:  Hydraulic Containment 
The overall approach associated with this alternative is to intercept the bedrock 
groundwater at the downgradient edge of the site to prevent off-site migration of 
contaminated bedrock groundwater.  This would be achieved by installing a series 
of groundwater extraction wells that intercept the upper two bedrock fracture 
zones (zones A and B).  Extracted groundwater would be conveyed by subsurface 
piping to an on-site treatment building, treated, and discharged to the POTW via 
the Southside interceptor tunnel.  This alternative would also include the actions 
described as part of Alternatives BG-2 (institutional controls).  Pre- and post-
treatment groundwater sampling would be performed monthly to ensure treatment 
effectiveness.  O&M is necessary for the extraction and treatment systems.  
 
Overall Protection of Human Health and the Environment 
This alternative would limit the off-site migration of bedrock groundwater to the 
nearby sewer tunnels.  Therefore, this alternative would provide some additional 
protection of human health and the environment.  However, contaminated 
bedrock groundwater would remain on-site.  
 
Under existing site conditions, there are currently no on-site human or environ-
mental receptors in direct contact with on-site groundwater contamination.  The 
site and surrounding area are serviced by the city water system; therefore potential 
use of bedrock groundwater in the area is not expected.  Additionally, there is no 
known use of bedrock groundwater for industrial purposes in the area of the site.   
 
Compliance with SCGs 
The contaminant levels in bedrock groundwater are expected to decrease over 
time.  However, the decrease is not expected to result in compliance with SCGs 
because of the high concentration of contamination and likely presence of 
DNAPLs in the subsurface (which provide an ongoing source of groundwater 
contamination).  Discharge of treated extracted bedrock groundwater to the local 
POTW would comply with action-specific SCGs. 
 
Short-Term Impacts and Effectiveness 
Several limited short-term impacts to the community and workers may arise 
during construction of the extraction well and treatment system.  These limited 
impacts would be primarily associated with the potential for air emissions (VOCs) 
and noise.  To minimize short-term impacts, site access would be restricted during 
construction and remediation activities and mitigation measures implemented as 
needed.  Health and safety measures, including air monitoring and use of 
appropriate personal protective equipment would be in place to protect workers.  
Equipment leaving the site would be decontaminated and a community air 
monitoring plan/program would be established to protect the surrounding 
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community.  Action levels would be set prior to intrusive work and appropriate 
corrective action implemented if these action levels are exceeded.  
 
Based on a 30-year time frame, this alternative meets the three bedrock 
groundwater RAOs.  It eliminates (to the extent practicable) the potential for 
human exposure to contaminated bedrock groundwater; reduces and controls (to 
the extent practicable) groundwater contamination present in the bedrock; and 
prevents (to the extent practicable) the further off-site migration of contaminated 
bedrock groundwater.  
 
Vertical migration of contaminated bedrock groundwater downward into the 
C-fracture zone would continue but would be limited by this alternative (i.e., 
extraction from the A and B zones).  The third operable unit (OU-3) includes 
groundwater contamination in bedrock zone C and potential lower bedrock 
groundwater zones, which may be impacted by site contamination.  OU-3 would 
be further assessed as part of future remedial activities and is not included in this 
report.  
 
Long-term Effectiveness and Permanence 
This alternative, which includes extraction and treatment of bedrock groundwater, 
is considered effective in the long-term because it reduces contamination on-site 
and limits the potential for off-site migration.    This alternative would reduce 
potential contaminant loading to the Niagara River.  Bedrock groundwater 
contaminants would be treated through operation of an on-site groundwater 
treatment system and discharge to the POTW for treatment.  Groundwater 
monitoring data would provide information related to the reduction of contamina-
tion over time and contaminant loading. 
 
Considering the possible presence of residual DNAPLs in the subsurface, it is 
expected that contaminated bedrock groundwater would exist on-site beyond the 
30-year timeframe.  The extraction and treatment of the contaminated bedrock 
groundwater would be effective while the treatment system is in operation.   
 
Reduction in Toxicity, Mobility, or Volume  
Because this alternative involves the containment of contaminated bedrock 
groundwater, the mobility of contamination would be controlled.  Treatment of 
collected groundwater either on-site or by the POTW would reduce the toxicity 
and volume of bedrock groundwater contamination.  However, the volume of 
contamination is not expected to be significantly reduced over time due to the 
presence of highly contaminated areas (including the possible presence of 
DNAPLs) that provide an ongoing source of groundwater contamination. Vertical 
migration of upper bedrock groundwater downward into deeper bedrock zones 
(including zone C) would be minimized by this alternative. 
 
Along with the primary contaminants of concern (VOCs), other contaminants 
(such as metals and SVOCs) would be present in the extracted bedrock 
groundwater.  The degree of reduction of these other contaminants through on-site 
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or POTW treatment would depend on the treatment system used.  The concentra-
tion (and associated mass loading) of contaminants in the discharge to the POTW 
would be based on the POTW’s allowable limits. 
 
Residual wastes may be generated through on-site groundwater treatment and 
would be treated/disposed of off-site as appropriate.   
 
Implementability 
This alternative is readily implemented on a technical and administrative basis 
using standard construction methods, typical institutional control prac-
tices/procedures, and standard groundwater sampling methods.  Numerous 
engineering consultants and contractors are readily available to design and 
construct such a system.  A pump test and a treatability study are recommended to 
determine optimal design parameters and treatment options prior to implementa-
tion of this alternative.  It is anticipated there would be no issues associated with 
obtaining the necessary approvals/permits from the state and local agencies to 
discharge treated water to the local POTW or for air discharge permits (if needed) 
associated with groundwater treatment, thereby complying with action-specific 
SCGs.  The effectiveness of the containment/treatment system could be monitored 
through groundwater elevations and contaminant concentration monitoring. 
 
Cost 
The total present-worth cost of this alternative based on a 30-year period at a 
discount rate of 5% is $10,700,000.  Table 4-8 presents the quantities, unit costs, 
and subtotal costs for the various work items in this alternative.  Considerable 
O&M activities associated with the extraction well and treatment system are 
anticipated with this alternative, resulting in significant annual costs.  Annual 
groundwater monitoring costs are also assumed with this alternative. 
 
Alternative BG-3 (hydraulic containment) is readily implementable with minimal 
short-term risks.  It is not technically feasible to clean up the bedrock groundwater 
in a predictable timeframe due to the high level of contamination present 
(including the possible presence of DNAPL).  However, this alternative does 
minimize the risks associated with off-site migration of contaminated groundwa-
ter (including to the sewer tunnels) by containment and reduction of toxicity and 
volume through treatment (on-site and/or by the POTW).  



Table 4-1
OU1 - Alternative No. OS-2 - Institutional Controls
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs
Institutional Controls Each 1 $2,000 $2,000
Subtotal $2,000

Capital Cost Subtotal: $2,000
Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $2,056

10% Legal, administrative, engineering fees, construction management: $206
15% Contingencies: $339
Total Capital Cost: $3,000

Annual Costs
Not Applicable $0
Subtotal $0

Annual Cost Subtotal: $0
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $0

10% Legal, administrative, engineering fees: $0
15% Contingencies: $0
Annual Cost Total: $0

30-Year Present Worth of Annual Costs: $0

Total Present Worth Cost: $3,000

Assumptions
1. Assume existing fence will remain and repairs are not needed.
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Table 4-2 
OU1 - Alternative No. OS-3 - Cover
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs
Construction Management (2.5% of total capital 
cost) Includes submittals, reporting, meetings LS 1 NA $26,434
Institutional Controls Each 1 $2,000 $2,000
Subtotal $28,434
Site Preparation
Surveying Crew 2-person crew @ $50/hr, 8hr/day Day 10 $800.00 $8,000

Site Clearing With dozer, light clearing; assume 25% of site area Acre 2 $790.00 $1,904
Subtotal $9,904
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 1 $1,000.00 $1,000

Community/Exclusion Zone Air Monitoring
Photoionization detector (Qty 1) & particulate meter 
rental (Qty 3) months 6 $3,300.00 $19,800

Site Safety Officer 8 hrs/day, 5days/wk, $55/hr manweeks 24 $2,200.00 $52,800

Personal Protective Equipment

Includes disposable coveralls, hard hats, safety 
glasses, reusable boots, gloves; assume 10-
persons on-site per day changing twice per day; 
includes PPE disposal months 6 $4,500.00 $27,000

Subtotal $100,600
Demolition
Soil

Soil Excavation
Dozer 105 horsepower, 150 ft haul; based on 
28,425 ft2 x 1 ft depth unpaved areas BCY 1,053 $3.70 $3,895

Transport Soil to Stockpile
300 Horsepower Front End Loader w/ 300' haul; 
based on 28% soil swell factor LCY 1,348 $1.20 $1,617

Buildings

Building Demolition (Metal) see Appendix A; includes loading of dump trucks CF 23,775 $0.20 $4,755

Building Demolition (Concrete) see Appendix A; includes loading of dump trucks CF 4,395 $0.30 $1,319

Building Demolition (Wood) see Appendix A; includes loading of dump trucks CF 192 $0.20 $38

Building Demolition (Asphalt Shingles) see Appendix A; includes loading of dump trucks CF 990 $0.23 $231
Transport Debris to Stockpile 300 Horsepower Front End Loader w/ 300' haul LCY 1,087 $1.20 $1,305

 02:000699_NV05_06-B1104
Table 4-1 to 4-4 Frontier-CostEst_Soil (5-20-04).xls-OS-3-6/16/2004 Page 1 of 4

6/16/2004
3:31 PM



Table 4-2 
OU1 - Alternative No. OS-3 - Cover
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Tanks

Tank Characterization

Includes TCLP, Pesticides/PCB, PAH, RCRA 
ignitability, RCRA corrosivity, RCRA reactivity 
analyses; Assume 24-hr turnaround Each 1 $1,063.61 $1,064

Tank Demolition/Transportation to Stockpile (6,000-
8,000 gal) Each 3 $650.00 $1,950
Tank Demolition/Transportation to Stockpile (9,000-
12,000 gal) Each 7 $1,000.00 $7,000
Tank Demolition/Transportation to Stockpile 
(12,000+ gal) Each 6 $1,000.00 $6,000
Walls/Foundations
Wall Demolition Assume 6" thick SF 7,125 $1.70 $12,113
Foundation Demolition Assume reinforced concrete BCY 1,383 $109.00 $150,783

Transport Debris to Stockpile
300 Horsepower Front End Loader w/ 300' haul; 
based on 40% brick/concrete swell factor LCY 2,121 $1.20 $2,546

Misc Debris
Transport Debris to Stockpile 300 Horsepower Front End Loader w/ 300' haul LCY 15,336 $1.20 $18,403
Development of Stockpiles

Additional Debris Sorting

300 Horsepower Front End Loader w/ 300' haul; 
assume 50% of total cost to transport debris to 
stockpile LS 1 NA $11,935

Filter Fabric
Includes polypropylene fabric material and 
installation SY 3,478 $1.60 $5,564

Common Earth Cover (Material Only)
2' of cover over fill stockpile; assume 31,300 ft2 
area; based on 28% soil swell factor LCY 2,968 $6.00 $17,806

Topsoil (Material Only) 6" of topsoil; add 10% for compaction LCY 638 $12.00 $7,651

Seeding (w/ mulch and fertilizer)
Bluegrass 4#/MSF w/ mulch and fertilizer, 
hydroseeding MSF 31 $45.00 $1,409

Placement/Grading of Cover Material
300 Horsepower Front End Loader w/ 300' haul; 
based on 28% soil swell factor LCY 3,605 $1.20 $4,326

Compaction of Gravel / Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 3,605 $0.30 $1,082
Subtotal $262,791
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Table 4-2 
OU1 - Alternative No. OS-3 - Cover
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Monitoring Well Decommissioning / Installation

Monitoring Well Decommissioning

Excludes existing destroyed or unusable 
wells/piezometers; 13 within excavation limits + 7 in 
stockpile areas Each 18 $150.00 $2,738

Drill Rig Mob/Demob LS NA NA $1,000

Monitoring Well Installation (Overburden)

2" SS overburden well; includes drilling, well 
construction; 2 within excavation limits + 3 in 
stockpile areas Each 5 $2,340.00 $11,700

Monitoring Well Installation (Bedrock)

2" SS bedrock well for zones A, B, and C; includes 
drilling, well construction; 5 within excavation limits+ 
4 in stockpile areas Each 9 $8,100.00 $72,900

Subtotal $88,338
Installation of Catch Basins

Pavement Demolition
Assumes to 6" depth with hydraulic hammer; based 
on 1,050' of trench SY 1,750 $10.00 $17,500

Stormwater Lateral Trenching

Excavate trench 4'-6' deep w/ 1-1/2 CY hydraulic 
backhoe; Assume 1,275 LF of trenching/5.5' 
deep/3'width BCY 1,946 $2.70 $5,254

Transport Pavement/Soil to Stockpile

300 Horsepower Front End Loader w/ 300' haul; 
pavement/foundation w/ 40% and soil w/ 28% swell 
factor LCY 2,899 $1.20 $3,479

Stormwater Laterals 
8" fiberglass reinforced pipe and fittings; includes 
material and labor LF 675 $65.00 $43,875

Lateral Connections
Includes fittings, reducers; assume 5% of total 
lateral cost LS 1 NA $5,194

Stormwater Laterals 
12" fiberglass reinforced pipe and fittings; includes 
material and labor LF 600 $100.00 $60,000

Gravel (Material Only)
Assume 4.5' gravel fill; 1.57 Ton/BCY and 13% 
swell factor Ton 2,827 $20.00 $56,549

Filter Fabric
Includes polypropylene fabric material and 
installation above gravel layer SY 1,842 $1.60 $2,947

Backfill (Material Only)
Assume 1' common earth backfill; based on 28% 
swell factor LCY 846 $6.00 $5,077

Placement of Gravel / Backfill Front End Loader w/ 100' haul; backfill trench LCY 2,881 $3.80 $10,949
Compaction of Gravel / Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 2,881 $0.30 $864

Installation of Catch Basins
4' inner diameter, 6 ft deep, concrete, pre-cast catch 
basin; includes material, labor, equipment Each 5 $2,000.00 $10,000

Subtotal $221,689
Installation of Cover

Placement of Fill (On-Site)
300 Horsepower Front End Loader w/ 300' haul; 
based on 10% of total on-site fill LCY 1,939 $1.23 $2,385

Subtotal $2,385
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Table 4-2 
OU1 - Alternative No. OS-3 - Cover
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Cost Subtotal: $714,141

Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $734,137
10% Legal, administrative, engineering fees, construction management: $73,414

15% Contingencies: $121,133
Total Capital Cost: $929,000

Annual Costs
Not Applicable $0
Subtotal $0

Annual Cost Subtotal: $0
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $0

10% Legal, administrative, engineering fees: $0
15% Contingencies: $0
Annual Cost Total: $0

30-Year Present Worth of Annual Costs: $0

Total Present Worth Cost: $929,000

Assumptions Abbreviations:
1. Assume existing trees along site perimeter will remain on-site; site clearing/excavation activities will be performed BCY = bank cubic yards

as close to site perimeter as permissible. LCY = loose cubic yards
2. Assume site surface area to be approximately 420,000 square feet. SY = square yards
3. Assume all building walls to be 6 inches thick. LF = linear feet
4. Assume Bldg 70, 73, 56, and 18 to be 25 ft in height. SF = square feet
5. Assume Bldg 20/60 to be 15 ft in height. CF = cubic feet
6. Assume 16 on-site above-ground storage tanks; see Appendix A. LS = lump sum
7. White poly tank located by gate in northeast corner of site is assumed to be removed by others and therefore, not considered in this cost estimate.
8. Assume any collected stormwater in tanks to be discharged on-site (assuming the tanks were cleaned previously and the accumulated water would be from preci
9. Assume 10% of total hard debris will remain on-site as fill to level site; remaining 90% will be stockpiled on-site.
10. Assume 25% of debris pile in the center of the site to have foundation existing to 3 ft above ground surface; remaining 75% assumed to be at ground surface.
11. Assume drums will be sorted out of debris piles.
12. Debris volume for walls/foundations assumes demolition to ground surface.
13. Assume common earth (moist) swell factor of 28% and 1.54 Tons/BCY; concrete swell factor of 40% and 1.86 tons/BCY; brick/concrete swell factor of 40% and 

1.49 tons/BCY; gravel swell factor of 13% and 1.57 tons/BCY (Means Estimating Handbook. United States of 
America : Means Southern Construction Information Network, 1990).

14. Assume characterization samples to be collected for every 500 tons of soil. 
15. Assume existing catch basins in pavement or concrete areas will be abandoned.
16. Assume new catch basins to extend 5.5' below ground surface and connect to Falls Street Tunnel. 
17. Assume existing fence will remain and repairs are not needed.
18. Assume water main lines currently existing in Block Building located by gate in the northeast corner of site will remain as is (sticking up above the ground surface
19. Assume existing monitoring wells will remain as is (with stickup above the ground surface).
20. Assume existing demolition debris will be removed and disposed off-site by site owner or others.

 02:000699_NV05_06-B1104
Table 4-1 to 4-4 Frontier-CostEst_Soil (5-20-04).xls-OS-3-6/16/2004 Page 4 of 4

6/16/2004
3:31 PM



Table 4-3
OU1 - Alternative No. OS-4 - Excavation & On-Site Treatment of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs
Construction Management (2.5% of total capital 
cost) Includes submittals, reporting, meetings LS 1 NA $324,668
Institutional Controls Each 1 $2,000 $2,000
Subtotal $326,668
Site Preparation
Surveying Crew 2-person crew @ $50/hr, 8hr/day Day 10 $800.00 $8,000

Site Clearing With dozer, light clearing; assume 25% of site area Acre 2 $790.00 $1,904
Subtotal $9,904
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 1 $1,000.00 $1,000

Community/Exclusion Zone Air Monitoring
Photoionization detector (Qty 1) & particulate meter 
rental (Qty 3) months 15 $3,300.00 $49,500

Site Safety Officer 8 hrs/day, 5days/wk, $55/hr manweeks 60 $2,200.00 $132,000

Personal Protective Equipment

Includes coveralls, hard hats, safety glasses, 
reusable boots, gloves; assume 10-persons on-site 
per day changing twice per day months 15 $4,500.00 $67,500

Subtotal $250,000
Demolition
Buildings

Building Demolition (Metal) see Appendix A; includes loading of dump trucks CF 23,775 $0.20 $4,755

Building Demolition (Concrete) see Appendix A; includes loading of dump trucks CF 4,395 $0.30 $1,319

Building Demolition (Wood) see Appendix A; includes loading of dump trucks CF 192 $0.20 $38

Building Demolition (Asphalt Shingles) see Appendix A; includes loading of dump trucks CF 990 $0.23 $231
Transport Debris to Stockpile 300 Horsepower Front End Loader w/ 300' haul LCY 1,087 $1.20 $1,305
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Table 4-3
OU1 - Alternative No. OS-4 - Excavation & On-Site Treatment of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Tanks

Tank Characterization

Includes TCLP, Pesticides/PCB, PAH, RCRA 
ignitability, RCRA corrosivity, RCRA reactivity 
analyses; Assume 24-hr turnaround Each 1 $1,063.61 $1,064

Tank Demolition/Transportation to Stockpile (6,000-
8,000 gal) Each 3 $750.00 $2,250
Tank Demolition/Transportation to Stockpile (9,000-
12,000 gal) Each 7 $1,000.00 $7,000
Tank Demolition/Transportation to Stockpile 
(12,000+ gal) Each 6 $1,000.00 $6,000
Walls/Foundations
Wall Demolition Assume 6" thick SF 7,125 $1.70 $12,113
Foundation Demolition Assume reinforced concrete BCY 1,383 $109.00 $150,783

Transport Debris to Stockpile
300 Horsepower Front End Loader w/ 300' haul; 
based on 40% brick/concrete swell factor LCY 2,121 $1.20 $2,546

Misc Debris
Transport Debris to Stockpile 300 Horsepower Front End Loader w/ 300' haul LCY 15,336 $1.20 $18,403
Development of Stockpiles

Additional Debris Sorting

300 Horsepower Front End Loader w/ 300' haul; 
assume 50% of total cost to transport debris to 
stockpile LS 1 NA $11,127

Filter Fabric
Includes polypropylene fabric material and 
installation SY 3,478 $1.60 $5,564

Common Earth Cover (Material Only)
2' of cover over fill stockpile; assume 31,300 ft2 
area; based on 28% soil swell factor LCY 2,968 $6.00 $17,806

Topsoil (Material Only) 6" of topsoil; add 10% for compaction LCY 638 $12.00 $7,651

Seeding (w/ mulch and fertilizer)
Bluegrass 4#/MSF w/ mulch and fertilizer, 
hydroseeding MSF 31 $45.00 $1,409

Placement/Grading of Cover Material
300 Horsepower Front End Loader w/ 300' haul; 
based on 28% soil swell factor LCY 3,605 $1.20 $4,326

Compaction of Gravel / Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 3,605 $0.30 $1,082
Subtotal $256,770
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Table 4-3
OU1 - Alternative No. OS-4 - Excavation & On-Site Treatment of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Soil Excavation
Utility Repair Each 5 $5,000.00 $25,000

Pavement Demolition

Assumes to 6" depth with hydraulic hammer; based 
on 190,075 ft2 (excavation area) - 32,025 ft2 
(unpaved area) SY 17,561 $10.20 $179,123

Excavation

Hydraulic excavator w/2 CY bucket = 130 CY/hr; 
based on 38,718 BCY (excavated soil) + 1,036 
BCY soil (cut-back) BCY 39,754 $1.70 $67,582

Application of Foam

Includes rental of foam dispensing unit, foam (for 
excavation area and soil stockpile), on-site 
technician for 1 week Day 90 $740.00 $69,600

Containment Building (for Soil Staging Area)

Rental of 24,000 ft2 structure for 6 mo; inlcudes 
delivery on- and off-site, structure erection, and 
dismantling LS 1 NA $272,506

Transport Soil & Pavement to Stockpile

300 Horsepower Front End Loader w/ 300' haul; 
based on 28% soil swell factor and 40% concrete 
swell factor LCY 54,990 $1.20 $65,988

Stockpiling 300 Horsepower Bulldozer w/ 50' haul LCY 54,990 $0.50 $27,495

VOC Screening
Immunoassay testing; assume 2 sample every 5 
feet along perimeter of excavation only Each 740 $100.00 $74,000

Confirmatory Sampling

Includes TCLP, Pesticides/PCB, PAH, RCRA 
ignitability, RCRA corrosivity, RCRA reactivity 
analyses; Assume 24-hr turnaround; one sample 
per 500 tons Each 169 $1,063.61 $180,143

Disposal of Decon Drums
Waste decon water (<1% solids); price per 55 gal 
drum including transportation Drum 50 $150.00 $7,500

Subtotal $968,937
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Table 4-3
OU1 - Alternative No. OS-4 - Excavation & On-Site Treatment of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Monitoring Well Decommissioning / Installation

Monitoring Well Decommissioning

Excludes existing destroyed or unusable 
wells/piezometers; 33 in excavation limits + 7 in 
stockpile areas Each 30 $150.00 $4,500

Drill Rig Mob/Demob LS NA NA $1,000

Monitoring Well Installation (Overburden)

2" SS overburden well; includes drilling, well 
construction; 4 in excavation limits + 3 in stockpile 
areas Each 7 $2,340.00 $16,380

Monitoring Well Installation (Bedrock)

2" SS bedrock well for zones A, B, and C; includes 
drilling, well construction; 9 in excavation limits+ 4 
in stockpile areas Each 13 $8,100.00 $105,300

Subtotal $127,180
Thermal Desorption Treatment

Additional Soil Testing
Geotechnical testing includes organic content, 
density, moisture content, particle size Each 3 $185.39 $556

Thermal Desorption System (Fixed Costs) Includes equipment, mob/demob costs LS 1 NA $4,045,095

Thermal Desorption System (Treatment)

Includes labor, maintenance, utilities, and fuel 
costs; based on 38,718 BCY (excavated soil @ 
1.54 tons/BCY) Ton 59,630 $41.39 $2,468,086

Soil Mixing

300 Horsepower Front End Loader w/ 150' haul; 
based on 38,718 BCY (excavated soil @ 28% swell 
factor) LCY 49,560 $0.85 $42,126

Loading Soil to Thermal Desorption Unit
Front End Loader, 2-1/2 to 3-1/2 CY, 130 
horsepower months 3 $3,800.00 $11,400

Unloading Soils from Thermal Desorption Unit
Front End Loader, 2-1/2 to 3-1/2 CY, 130 
horsepower months 3 $3,800.00 $11,400

Subtotal $6,578,663
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Table 4-3
OU1 - Alternative No. OS-4 - Excavation & On-Site Treatment of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Backfilling

Placement of Fill (On-Site)
300 Horsepower Front End Loader w/ 300' haul; 
based on 10% of total on-site fill LCY 1,939 $1.23 $2,385

Placement of Soil (Excavation) 300 Horsepower Front End Loader w/ 300' haul LCY 54,990 $1.23 $67,638
Compaction Vibrating roller, 12" compacted lifts, 4 passes LCY 54,990 $0.33 $18,147
Subtotal $88,169
Installation of Catch Basins

Pavement Demolition
Assumes to 6" depth with hydraulic hammer; based 
on 375' of trench SY 625 $10.00 $6,250

Stormwater Lateral Trenching

Excavate trench 4'-6' deep w/ 1-1/2 CY hydraulic 
backhoe; Assume 375 LF of trenching/5.5' 
deep/3'width BCY 556 $2.70 $1,501

Transport Pavement/Soil to Stockpile

300 Horsepower Front End Loader w/ 300' haul; 
pavement/foundation w/ 40% and soil w/ 28% swell 
factor LCY 858 $1.20 $1,029

Stormwater Laterals 
8" fiberglass reinforced pipe and fittings; includes 
material and labor LF 675 $65.00 $43,875

Lateral Connections
Includes fittings, reducers; assume 5% of total 
lateral cost LS 1 NA $5,674

Stormwater Laterals 
12" fiberglass reinforced pipe and fittings; includes 
material and labor LF 600 $116.00 $69,600

Placement of Backfill Front End Loader w/ 100' haul; backfill trench LCY 746 $3.80 $2,835
Compaction of Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 746 $0.33 $246

Installation of Catch Basins
4' inner diameter, 6 ft deep, concrete, pre-cast 
catch basin; includes material, labor, equipment Each 5 $2,275.00 $11,375

Subtotal $142,385
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Table 4-3
OU1 - Alternative No. OS-4 - Excavation & On-Site Treatment of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Cost Subtotal: $8,748,676

Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $8,993,639
10% Legal, administrative, engineering fees, construction management: $899,364

15% Contingencies: $1,483,950
Total Capital Cost: $11,377,000

Annual Costs
Not Applicable $0
Subtotal $0

Annual Cost Subtotal: $0
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $0

10% Legal, administrative, engineering fees: $0
15% Contingencies: $0
Annual Cost Total: $0

30-Year Present Worth of Annual Costs: $0

Total Present Worth Cost: $11,377,000

Assumptions Abbreviations:
1. Assume existing trees along site perimeter will remain on-site; site clearing/excavation activities will be performed BCY = bank cubic yards

as close to site perimeter as permissible. LCY = loose cubic yards
2. Assume site surface area to be approximately 420,000 square feet. SY = square yards
3. Assume all building walls to be 6 inches thick. LF = linear feet
4. Assume Bldg 70, 73, 56, and 18 to be 25 ft in height. SF = square feet
5. Assume Bldg 20/60 to be 15 ft in height. CF = cubic feet
6. Assume 16 on-site above-ground storage tanks; see Appendix A. LS = lump sum
7. White poly tank located by gate in northeast corner of site is assumed to be removed by others and therefore, not considered in this cost estimate.
8. Assume any collected stormwater in tanks to be discharged on-site (assuming the tanks were cleaned previously and the accumulated water would be from prec
9. Assume 10% of total hard debris will remain on-site as fill to level site; remaining 90% will be stockpiled on-site.
10. Assume 25% of debris pile in the center of the site to have foundation existing to 3 ft above ground surface; remaining 75% assumed to be at ground surface.
11. Assume drums will be sorted out of debris piles.
12. Debris volume for walls/foundations assumes demolition to ground surface.
13. Assume common earth (moist) swell factor of 28% and 1.54 Tons/BCY; concrete swell factor of 40% and 1.86 tons/BCY; brick/concrete swell factor of 40% and

1.49 tons/BCY; gravel swell factor of 13% and 1.57 tons/BCY (Means Estimating Handbook. United States of 
America : Means Southern Construction Information Network, 1990).

14. Assume characterization samples to be collected for every 500 tons of soil. 
15. Assume existing catch basins in pavement or concrete areas will be abandoned.
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Table 4-3
OU1 - Alternative No. OS-4 - Excavation & On-Site Treatment of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
16. Assume new catch basins to extend 5.5' below ground surface and connect to Falls Street Tunnel. 
17. Assume excavated soil for catch basin installation is considered non-hazardous and will be replaced as backfill.
18. Assume existing fence will remain and repairs are not needed.
19. Assume water main lines currently existing in Block Building located by gate in the northeast corner of site will remain as is (sticking up above the ground surfac
20. Assume existing monitoring wells will remain as is (with stickup above the ground surface).
21. Assume no site restoration (I.e. seeding).
22. Assume existing demolition debris will be removed and disposed off-site by site owner or others.
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Table 4-4
OU1 - Alternative No. OS-5 - Excavation & Off-Site Treatment/Disposal of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs

Construction Management (2.5% of total capital cost) Includes submittals, reporting, meetings LS 1 NA $305,630
Institutional Controls Each 1 $2,000 $2,000
Subtotal $307,630
Site Preparation
Surveying Crew 2-person crew @ $50/hr, 8hr/day Day 10 $800.00 $8,000

Site Clearing With dozer, light clearing; assume 25% of site area Acre 2 $790.00 $1,904
Subtotal $9,904
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 1 $1,000.00 $1,000

Community/Exclusion Zone Air Monitoring
Photoionization detector (Qty 1) & particulate meter 
rental (Qty 3) months 12 $3,300.00 $39,600

Site Safety Officer 8 hrs/day, 5days/wk, $55/hr manweeks 48 $2,200.00 $105,600

Personal Protective Equipment

Includes coveralls, hard hats, safety glasses, reusable 
boots, gloves; assume 10-persons on-site per day 
changing twice per day months 12 $4,500.00 $54,000

Subtotal $200,200
Demolition
Buildings

Building Demolition (Metal) see Appendix A; includes loading of dump trucks CF 23,775 $0.20 $4,755

Building Demolition (Concrete) see Appendix A; includes loading of dump trucks CF 4,395 $0.30 $1,319

Building Demolition (Wood) see Appendix A; includes loading of dump trucks CF 192 $0.20 $38

Building Demolition (Asphalt Shingles) see Appendix A; includes loading of dump trucks CF 990 $0.23 $231
Transport Debris to Stockpile 300 Horsepower Front End Loader w/ 300' haul LCY 1,087 $1.20 $1,305
Tanks

Tank Characterization

Includes TCLP, Pesticides/PCB, PAH, RCRA ignitability, 
RCRA corrosivity, RCRA reactivity analyses; Assume 24
hr turnaround Each 1 $1,063.61 $1,064
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Table 4-4
OU1 - Alternative No. OS-5 - Excavation & Off-Site Treatment/Disposal of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Tank Demolition/Transportation to Stockpile (6,000-
8,000 gal) Each 3 $650.00 $1,950
Tank Demolition/Transportation to Stockpile (9,000-
12,000 gal) Each 7 $1,000.00 $7,000
Tank Demolition/Transportation to Stockpile (12,000+ 
gal) Each 6 $1,000.00 $6,000
Walls/Foundations
Wall Demolition Assume 6" thick with reinforcing SF 7,125 $2.06 $14,706
Foundation Demolition Assume reinforced concrete BCY 1,383 $109.00 $150,783

Transport Debris to Stockpile
300 Horsepower Front End Loader w/ 300' haul; based 
on 40% brick/concrete swell factor LCY 2,121 $1.20 $2,546

Misc Debris
Transport Debris to Stockpile 300 Horsepower Front End Loader w/ 300' haul LCY 15,336 $1.20 $18,403
Development of Stockpiles

Additional Debris Sorting
300 Horsepower Front End Loader w/ 300' haul; assume
50% of total cost to transport debris to stockpile LS 1 NA $11,127

Filter Fabric Includes polypropylene fabric material and installation SY 2,611 $1.62 $4,230

Common Earth Cover (Material Only)
2' of cover over fill stockpile; assume 23,500 ft2 area; 
based on 28% soil swell factor LCY 2,228 $6.00 $13,369

Topsoil (Material Only) 6" of topsoil; add 10% for compaction LCY 479 $12.00 $5,744

Seeding (w/ mulch and fertilizer) Bluegrass 4#/MSF w/ mulch and fertilizer, hydroseeding MSF 24 $45.50 $1,069

Placement/Grading of Cover Material
300 Horsepower Front End Loader w/ 300' haul; based 
on 28% soil swell factor LCY 2,707 $1.23 $3,329

Compaction of Gravel / Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 2,707 $0.33 $893
Subtotal $249,861
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Table 4-4
OU1 - Alternative No. OS-5 - Excavation & Off-Site Treatment/Disposal of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Soil Excavation
Utility Repair Each 5 $5,000.00 $25,000

Pavement Demolition

Assumes to 6" depth with hydraulic hammer; based on 
190,075 ft2 (excavation area) - 32,025 ft2 (unpaved 
area) SY 17,561 $10.20 $179,123

Excavation

Hydraulic excavator w/2 CY bucket = 130 CY/hr; based 
on 38,718 BCY (contaminated soil) + 1,036 BCY (cut-
back) BCY 39,754 $1.71 $67,979

Application of Foam

Includes rental of foam dispensing unit, foam (for 
excavation area and soil stockpile), on-site technician 
for 1 week Day 90 $740.00 $69,600

Containment Building (for Soil Staging Area)
Rental of 24,000 ft2 structure for 6 mo; inlcudes delivery 
on- and off-site, structure erection, and dismantling LS 1 NA $272,506

Transport Soil & Pavement to Stockpile
300 Horsepower Front End Loader w/ 300' haul; based 
on 28% soil swell factor and 40% concrete swell factor LCY 54,990 $1.23 $67,638

Stockpiling
300 Horsepower Bulldozer w/ 50' haul; excluding 
pavement LCY 54,990 $0.53 $29,145

VOC Screening
Immunoassay testing; assume 2 sample every 5 feet 
along perimeter of excavation only Each 740 $100.00 $74,000

Confirmatory Sampling

Includes TCLP, Pesticides/PCB, PAH, RCRA ignitability, 
RCRA corrosivity, RCRA reactivity analyses; Assume 24
hr turnaround; one sample per 500 tons Each 169 $1,063.61 $180,143

Disposal of Decon Drums
Waste decon water (<1% solids); price per 55 gal drum 
including transportation Drum 50 $150.00 $7,500

Loading Trucks
300 Horsepower Front End Loader w/ 150' haul; based 
on 28% soil swell factor LCY 54,990 $0.85 $46,742

Dump Truck Transportation 16.5 CY Dump truck; 20 mi round trip LCY 54,990 $15.90 $874,341

Off-Site Disposal (Non-Haz Soil)
Dump truck transport; soil @ 1.54 Tons/BCY; assume 
75% of excavated soil Ton 44,719 $60.00 $2,683,157

Off-Site Disposal (Haz Soil)
Dump truck transport; soil @ 1.54 Tons/BCY; assume 
25% of excavated soil Ton 14,906 $150.00 $2,235,965

Subtotal $6,812,838
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Table 4-4
OU1 - Alternative No. OS-5 - Excavation & Off-Site Treatment/Disposal of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Monitoring Well Decommissioning / Installation

Monitoring Well Decommissioning

Excludes existing destroyed or unusable 
wells/piezometers; 33 in excavation limits + 7 in 
stockpile areas Each 30 $150.00 $4,500

Drill Rig Mob/Demob LS NA NA $1,000

Monitoring Well Installation (Overburden)
2" SS overburden well; includes drilling, well 
construction; 4 in excavation limits + 3 in stockpile areas Each 7 $2,340.00 $16,380

Monitoring Well Installation (Bedrock)

2" SS bedrock well for zones A, B, and C; includes 
drilling, well construction; 9 in excavation limits+ 4 in 
stockpile areas Each 13 $8,100.00 $105,300

Subtotal $127,180
Installation of Catch Basins

Pavement Demolition
Assumes to 6" depth with hydraulic hammer; based on 
375' of trench SY 625 $10.20 $6,375

Stormwater Lateral Trenching
Excavate trench 4'-6' deep w/ 1-1/2 CY hydraulic 
backhoe; Assume 375 LF of trenching/5.5' deep/3'width BCY 556 $2.76 $1,535

Transport Pavement/Soil to Stockpile

300 Horsepower Front End Loader w/ 300' haul; 
pavement/foundation w/ 40% and soil w/ 28% swell 
factor LCY 858 $1.23 $1,055

Stormwater Laterals 
8" fiberglass reinforced pipe and fittings; includes 
material and labor LF 675 $71.00 $47,925

Lateral Connections
Includes fittings, reducers; assume 5% of total lateral 
cost LS 1 NA $5,876

Stormwater Laterals 
12" fiberglass reinforced pipe and fittings; includes 
material and labor LF 600 $116.00 $69,600

Placement of Backfill Front End Loader w/ 100' haul; backfill trench LCY 746 $3.80 $2,835
Compaction of Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 746 $0.33 $246

Installation of Catch Basins
4' inner diameter, 6 ft deep, concrete, pre-cast catch 
basin; includes material, labor, equipment Each 5 $2,275.00 $11,375

Subtotal $146,821
Backfilling

Placement of Fill (On-Site)
300 Horsepower Front End Loader w/ 300' haul; based 
on 10% of total on-site fill LCY 1,939 $1.23 $2,385
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Table 4-4
OU1 - Alternative No. OS-5 - Excavation & Off-Site Treatment/Disposal of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Backfill (Material Only)
Based on total soil volume excavated - 50% of unused 
on-site fill; add 10% for compaction LCY 48,863 $6.00 $293,178

Placement of Fill & Backfill (Excavation)
300 Horsepower Front End Loader w/ 300' haul; based 
on excavated soil area LCY 54,990 $1.23 $67,638

Compaction Vibrating roller, 12" compacted lifts, 4 passes LCY 54,990 $0.33 $18,147
Subtotal $381,348

Capital Cost Subtotal: $8,235,782
Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $8,466,384

10% Legal, administrative, engineering fees, construction management: $846,638
15% Contingencies: $1,396,953
Total Capital Cost: $10,710,000

Annual Costs
Not Applicable $0
Subtotal $0

Annual Cost Subtotal: $0
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $0

10% Legal, administrative, engineering fees: $0
15% Contingencies: $0
Annual Cost Total: $0

30-Year Present Worth of Annual Costs: $0

Total Present Worth Cost: $10,710,000
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Table 4-4
OU1 - Alternative No. OS-5 - Excavation & Off-Site Treatment/Disposal of Overburden Source Soils
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Assumptions Abbreviations:
1. Assume existing trees along site perimeter will remain on-site; site clearing/excavation activities will be performed BCY = bank cubic yards

as close to site perimeter as permissible. LCY = loose cubic yards
2. Assume site surface area to be approximately 420,000 square feet. SY = square yards
3. Assume all building walls to be 6 inches thick. LF = linear feet
4. Assume Bldg 70, 73, 56, and 18 to be 25 ft in height. SF = square feet
5. Assume Bldg 20/60 to be 15 ft in height. CF = cubic feet
6. Assume 16 on-site above-ground storage tanks; see Appendix A. LS = lump sum
7. White poly tank located by gate in northeast corner of site is assumed to be removed by others and therefore, not considered in this cost estimate.
8. Assume any collected stormwater in tanks to be discharged on-site (assuming the tanks were cleaned previously and the accumulated water would be from precipitation).
9. Assume 10% of total hard debris will remain on-site as fill to level site; 50% of the remaining 90% will be used as backfill 

in the excavation; the remaining fill will be stockpiled on-site.
10. Assume 25% of debris pile in the center of the site to have foundation existing to 3 ft above ground surface; remaining 75% assumed to be at ground surface.
11. Assume drums will be sorted out of debris piles.
12. Debris volume for walls/foundations assumes demolition to ground surface.
13. Assume common earth (moist) swell factor of 28% and 1.54 Tons/BCY; concrete swell factor of 40% and 1.86 tons/BCY; brick/concrete swell factor of 40% and 

1.49 tons/BCY; gravel swell factor of 13% and 1.57 tons/BCY (Means Estimating Handbook. United States of 
America : Means Southern Construction Information Network, 1990).

14. Assume characterization samples to be collected for every 500 tons of soil. 
15. Assume existing catch basins in pavement or concrete areas will be abandoned.
16. Assume new catch basins to extend 5.5' below ground surface and connect to Falls Street Tunnel. 
17. Assume excavated soil for catch basin installation is considered non-hazardous and will be replaced as backfill.
18. Assume existing fence will remain and repairs are not needed.
19. Assume water main lines currently existing in Block Building located by gate in the northeast corner of site will remain as is (sticking up above the ground surface).
20. Assume existing monitoring wells will remain as is (with stickup above the ground surface).
21. Assume no site restoration (I.e. seeding).
22. Assume existing demolition debris will be removed and disposed off-site by site owner or others.
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Table 4-5
OU1 - Alternative No. OG-2 - Institutional Controls
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs
Work Plan LS 1 NA $15,000
Institutional Controls Each 1 $2,500.00 $2,500
Subtotal $17,500

Capital Cost Subtotal: $17,500
Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $17,990

10% Legal, administrative, engineering fees, construction management: $1,799
15% Contingencies: $2,968
Total Capital Cost: $23,000

Annual Costs (First 5 Years)
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 5 total wells - assume 3 
wells per day; twice per year Day 4 $800.00 $3,200

Equipment Rental Groundwater level indicator; twice per year Day 4 $50.00 $200

Parameter Analyses

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
assume 1 sample per well; twice per year Each 10 $1,093.44 $10,934

Data Evaluation and Reporting Twice per year HR 64 $90.00 $5,760
Monitoring Well Maintenance LS 1 NA $500
Subtotal $20,594

Annual Cost Subtotal: $20,594
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $21,171

10% Legal, administrative, engineering fees: $2,117
15% Contingencies: $3,493
Annual Cost Total: $26,781

30-Year Present Worth of Annual Costs: $116,000
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Table 4-5
OU1 - Alternative No. OG-2 - Institutional Controls
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Annual Costs
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 5 total wells - assume 3 
wells per day Day 2 $800.00 $1,600

Equipment Rental Groundwater level indicator Day 2 $50.00 $100

Parameter Analyses

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
assume 1 sample per well Each 5 $1,093.44 $5,467

Data Evaluation and Reporting HR 32 $90.00 $2,880
Monitoring Well Maintenance LS 1 NA $500
Subtotal $10,547

Annual Cost Subtotal: $10,547
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $10,843

10% Legal, administrative, engineering fees: $1,084
15% Contingencies: $1,789
Annual Cost Total: $13,716

30-Year Present Worth of Annual Costs: $194,000

Total Present Worth Cost: $333,000

Assumptions Abbreviations:
1. 30-year present worth of costs assumes 5% annual interest rate. LS = lump sum

HR = hour
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Table 4-6
OU1 - Alternative No. OG-3 - Overburden Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs
Work Plan Includes submittals, reporting, meetings LS 1 NA $13,925
Institutional Controls Each 1 $2,500.00 $2,500
Subtotal $16,425
Site Preparation
Surveying Crew 2-person crew @ $50/hr, 8hr/day Day 10 $800.00 $8,000
Subtotal $8,000
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 1 $1,000.00 $1,000

Community/Exclusion Zone Air Monitoring
Photoionization detector (Qty 1) & particulate meter 
rental (Qty 3) months 3 $4,050.00 $12,150

Site Safety Officer 10 hrs/day, 5days/wk, $75/hr manweeks 12 $2,200.00 $26,400

Personal Protective Equipment

Includes coveralls, hard hats, safety glasses, 
reusable boots, gloves; assume 10-persons on-site 
per day changing twice per day LS 1 NA $21,700.00

Subtotal $61,250
Collection Trench Excavation
Utility Repair Each 5 $5,000.00 $25,000
Soil

Soil Excavation
1-1/2 CY hydraulic backhoe; based on length of 
530'; trench 16' deep BCY 1,649 $3.11 $5,128

Transport Soil to Stockpile
300 Horsepower Front End Loader w/ 150' haul; 
based on 28% soil swell factor LCY 2,111 $0.85 $1,794

Pavement

Pavement Demolition
Assumes to 6" depth with hydraulic hammer; based 
on 440' trench SY 733 $10.20 $7,480

Additional Soil Excavation (to 16')
1-1/2 CY hydraulic backhoe; based on 440' trench; 
15.5' deep BCY 1,251 $3.11 $3,890

Transport Debris to Stockpile

300 Horsepower Front End Loader w/ 150' haul; 
based on 40% pavement swell factor & 28% soil 
swell factor LCY 1,772 $0.85 $1,506

Foundations

Foundation Demolition
Assume reinforced concrete to maximum 1'; based 
on 30' trench BCY 17 $109.00 $1,817

Additional Soil Excavation (to 16')
1-1/2 CY hydraulic backhoe; based on 30' trench; 
15' deep BCY 78 $3.11 $242

 02:000699_NV05_06-B1104
Table 4-5 to 4-8 Frontier-CostEst_GW (5-20-04).xls-Cost Estimate-GWOverburden-6/16/2004 Page 1 of 5

6/16/2004
3:32 PM



Table 4-6
OU1 - Alternative No. OG-3 - Overburden Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Transport Debris to Stockpile

300 Horsepower Front End Loader w/ 150' haul; 
based on 40% pavement swell factor & 28% soil 
swell factor LCY 123 $0.85 $104

Subtotal $46,961
Collection Trench Installation
Trench Box 7' deep, 6' x 20', require approx 10 trench boxes months 3 $15,500.00 $46,500
Pump (Dewatering) Assume 3 pump rentals months 3 $1,609.20 $4,828
Piping (Dewatering) 150' flexible hosing Each 3 $500.00 $1,500
Drainage Piping 8" PVC perforated pipe material and labor LF 1,000 $8.13 $8,125

Gravel (Material Only)
Assume 15' gravel fill; 1.57 Ton/BCY and 13% swell 
factor Ton 4,600 $20.00 $91,990

Filter Fabric
Includes polypropylene fabric material and 
installation above gravel layer SY 1,444 $1.62 $2,340

Backfill (Material Only)
Assume 1' common earth backfill; based on 28% 
swell factor LCY 664 $6.00 $3,982

Placement of Gravel / Backfill Front End Loader w/ 100' haul LCY 3,593 $3.80 $13,655
Compaction of Gravel / Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 3,593 $0.33 $1,186

Installation of Manhole
4' inner diameter, 16 ft deep, concrete, pre-cast 
manhole; includes material, labor, equipment Each 6 $7,200.00 $43,200

Pump and Controls
4" submersible pump; 1/3 HP; 0.3-7 gpm w/ 
controls; up to 140' head Each 1 $1,953.60 $1,954

Subtotal $219,259
Extraction Well Installation
Monitoring Well Decommissioning Each 2 $500.00 $1,000
Drill Rig Mob/Demob LS NA NA $1,000

4" Overburden Extraction Well
Includes drilling, well construction, and pump 
w/controls Each 1 $9,490.00 $9,490

Subtotal $11,490
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Table 4-6
OU1 - Alternative No. OG-3 - Overburden Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Transfer Piping Installation
Pavement Demolition (from Trench and Well to 
Treatment System)

Assumes to 6" depth with hydraulic hammer; based 
on 260' of trenching SY 289 $10.20 $2,947

Transfer Pipe Trenching (from Trench and Well 
to Treatment System)

Excavate trench 1'-4' deep w/ 3/8 CY 
tractor/loader/backhoe; Assume 260 LF of 
trenching/4' deep/2'width BCY 190 $5.75 $1,093

Transport Pavement/Soil to Stockpile

300 Horsepower Front End Loader w/ 300' haul; 
pavement/foundation w/ 40% and soil w/ 28% swell 
factor LCY 311 $1.23 $382

Transfer Pipe (Laterals)

4" PVC, Schedule 80 connection piping; includes 
material and installation; from collection trench and 
well to manifold LF 175 $9.26 $1,621

Discharge Pipe (Manifold to Treatment System)
8" PVC, Schedule 80 manifold piping (based on BG 
hydraulic containment alternative) LF 85 $18.46 $1,569

Gravel (Material only) Gravel @ 1.57 Ton/BCY and 13% swell factor Ton 256 $20.00 $5,125

Filter Fabric
Includes polypropylene fabric material and 
installation above gravel layer SY 231 $1.62 $374

Backfill (Material Only)
Assume 1' common earth backfill; based on 28% 
swell factor LCY 37 $6.00 $222

Placement of Gravel / Backfill Front End Loader w/ 100' haul LCY 221 $3.80 $841
Compaction Vibrating roller, 12" compacted lifts, 4 passes LCY 221 $0.33 $73
Subtotal $14,247

Capital Cost Subtotal: $377,632
Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $388,206

10% Legal, administrative, engineering fees, construction management: $38,821
15% Contingencies: $64,054
Total Capital Cost: $492,000
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Table 4-6
OU1 - Alternative No. OG-3 - Overburden Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Annual Costs (First 5 Years)
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 5 total wells - assume 
3 wells per day; twice per year Day 4 $800.00 $3,200

Equipment Rental Groundwater level indicator; twice per year Day 4 $50.00 $200

Parameter Analyses

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
assume 1 sample per well Each 10 $1,093.44 $10,934

Data Evaluation and Reporting Twice per year HR 64 $90.00 $5,760
Monitoring Well Maintenance LS 1 NA $500
Subtotal $20,594

Annual Cost Subtotal: $20,594
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $21,171

10% Legal, administrative, engineering fees: $2,117
15% Contingencies: $3,493
Annual Cost Total: $26,781

30-Year Present Worth of Annual Costs: $116,000
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Table 4-6
OU1 - Alternative No. OG-3 - Overburden Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Annual Costs
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 5 total wells - assume 
3 wells per day Day 2 $800.00 $1,600

Equipment Rental Groundwater level indicator Day 2 $50.00 $100

Parameter Analyses

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
assume 1 sample per well Each 5 $1,093.44 $5,467

Data Evaluation and Reporting HR 32 $90.00 $2,880
Monitoring Well Maintenance LS 1 NA $500
Subtotal $10,547

Annual Cost Subtotal: $10,547
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $10,843

10% Legal, administrative, engineering fees: $1,084
15% Contingencies: $1,789
Annual Cost Total: $13,716

30-Year Present Worth of Annual Costs: $194,000

Total Present Worth Cost: $802,000

Assumptions Abbreviations:
1. Assume survey crew will be on-site 50% total project duration. BCY = bank cubic yards
2. Assume 1,000 ft length / 16 ft depth / 3 ft width collection trench along southern and part of western perimeter of site; LCY = loose cubic yards

trench to follow contour of fenceline at a distance of approx 15'. LS = lump sum
3. Assume no site clearing necessary. LF = linear foot
4. Assume trench excavation to encounter 530 ft of unpaved soil, 440 ft of existing pavement, and 30 ft of existing foundation. SY = square yard
5. Assume common earth (moist) swell factor of 28% and 1.54 Tons/BCY; concrete swell factor of 40% and 

1.86 tons/BCY; gravel swell factor of 13% and 1.57 tons/BCY (Means Estimating Handbook. United States of 
America : Means Southern Construction Information Network, 1990).

6. Assume reinforced concrete foundation depth to 1 ft.
7. Overburden groundwater treatment system and associated costs included in Table 4-8 OU2 - Alternative No. BG-3 - Hydraulic Containment.
8. 30-year present worth of costs assumes 5% annual interest rate.

Notes
"2002 Means" = RS Means Site Work & Landscape Cost Data, 21st Annual Edition
"2002 ECHOS" = RS Means Environmental Remediation Cost Data - Unit Price, 8th Annual Edition
Costs from 2002 ECHOS include 10% O&P for equipment/material only and 25% O&P for services
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Table 4-7
OU2 - Alternative No. BG-2 - Institutional Controls
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs
Work Plan LS 1 NA $15,000
Institutional Controls Each 1 $2,000.00 $2,000
Subtotal $17,000

Capital Cost Subtotal: $17,000
Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $17,476

10% Legal, administrative, engineering fees, construction management: $1,748
15% Contingencies: $2,884
Total Capital Cost: $23,000

Annual Costs (First 5 Years)
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 12 total wells - assume 3 
wells per day; twice per year Day 8 $800.00 $6,400

Equipment Rental Groundwater level indicator; twice per year Day 8 $50.00 $400

Parameter Analyses

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
assume 1 sample per well; twice per year Each 24 $1,093.44 $26,243

Data Evaluation and Reporting Twice per year HR 80 $90.00 $7,200
Monitoring Well Maintenance LS 1 NA $500
Subtotal $40,743

Annual Cost Subtotal: $40,743
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $41,883

10% Legal, administrative, engineering fees: $4,188
15% Contingencies: $6,911
Annual Cost Total: $52,982

30-Year Present Worth of Annual Costs: $230,000
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Table 4-7
OU2 - Alternative No. BG-2 - Institutional Controls
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Annual Costs
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 12 total wells - assume 3 
wells per day Day 4 $800.00 $3,200

Equipment Rental Groundwater level indicator Day 4 $50.00 $200

Parameter Analyses
Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness Each 12 $1,093.44 $13,121

Data Evaluation and Reporting HR 40 $90.00 $3,600
Monitoring Well Maintenance LS 1 NA $500
Subtotal $20,621

Annual Cost Subtotal: $20,621
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $21,199

10% Legal, administrative, engineering fees: $2,120
15% Contingencies: $3,498
Annual Cost Total: $26,816

30-Year Present Worth of Annual Costs: $378,000

Total Present Worth Cost: $631,000

Assumptions Abbreviations:
1. 30-year present worth of costs assumes 5% annual interest rate. LS = lump sum

HR = hour
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Table 4-8
OU2 - Alternative No. BG-3 - Bedrock Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Capital Costs
Construction Management (2.5% of total capital 
cost) Includes submittals, reporting, meetings LS 1 NA $29,488
Institutional Controls Each 1 $2,000.00 $2,000
Subtotal $31,488
Site Preparation
Surveying Crew 2-person crew @ $50/hr, 8hr/day Day 30 $800.00 $24,000
Subtotal $24,000
Health and Safety
Construct Decontamination Pad & Containment For equipment & personnel Setups 1 $1,000.00 $1,000

Community/Exclusion Zone Air Monitoring
Photoionization detector (Qty 1) & particulate meter 
rental (Qty 3) months 3 $3,300.00 $9,900

Site Safety Officer 8 hrs/day, 5days/wk, $55/hr manweeks 12 $2,200.00 $26,400

Personal Protective Equipment

Includes coveralls, hard hats, safety glasses, reusable 
boots, gloves; assume 10-persons on-site per day 
changing twice per day LS 1 NA $21,700.00

Subtotal $59,000
Extraction Well Installation
Pump Tests Per well Each 3 $9,170.00 $27,510
Treatibility Study LS 1 NA $10,000
Drill Rig Mob/Demob LS 1 NA $1,000
6" Bedrock Extraction Well Includes drilling and well construction Each 7 $18,500.00 $129,500

Pump and Controls (Bedrock Wells)
4" submersible pump; 2 HP; 21-32 gpm w/ controls; 
201' to 280' head Each 4 $2,599.30 $10,397

Pump and Controls (Bedrock Wells)
4" submersible pump; 5 HP; 21-32 gpm w/ controls; 
341' to 600' head Each 3 $4,643.10 $13,929

Subtotal $192,337
Transfer / Discharge Piping
Pavement Demolition (from Trench and Well to 
Treatment System)

Assumes to 6" depth with hydraulic hammer; based on 
1,030' of trenching SY 1,144 $10.20 $11,673

Transfer Pipe Trenching (from Wells to Treatment 
System)

Excavate trench 1'-4' deep w/ 3/8 CY 
tractor/loader/backhoe; Assume 1,180 LF of 
trenching/4' deep/2'width BCY 870 $5.75 $5,003
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Table 4-8
OU2 - Alternative No. BG-3 - Bedrock Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Transport Pavement/Soil to Stockpile

300 Horsepower Front End Loader w/ 300' haul; 
pavement/foundation w/ 40% and soil w/ 28% swell 
factor LCY 1,381 $1.23 $1,698

Transfer Pipe (Laterals)
6" PVC, Schedule 80 connection piping; includes 
material and installation; from wells to manifold LF 480 $15.83 $7,596

Transfer Pipe (Manifold to Treatment System)
8" PVC, Schedule 80 manifold piping; includes 
material and installation LF 550 $18.46 $10,154

Discharge Pipe (Treatment System to POTW)
8" PVC, Schedule 80 connection piping; includes 
material and installation LF 150 $20.66 $3,099

Gravel (Material only) Gravel @ 1.57 Ton/BCY and 13% swell factor Ton 1,163 $20.00 $23,260

Filter Fabric
Includes polypropylene fabric material and installation 
above gravel layer SY 1,049 $1.62 $1,699

Backfill (Material Only)
Assume 1' common earth backfill; based on 28% swell 
factor LCY 168 $6.00 $1,007

Placement of Gravel / Backfill Front End Loader w/ 100' haul LCY 909 $3.80 $3,453
Compaction of Gravel / Backfill Vibrating roller, 12" compacted lifts, 4 passes LCY 909 $0.33 $300
Electrical Distribution

Electrical Pole and Overhead Wire Installation
Assume power source is overhead electric from Royal 
Ave or 47th Street Each 2 $1,500.00 $3,000

Panel Board Each 1 $2,000.00 $2,000

Electrical & Telephone Connection Fee and Meter LS 1 NA $1,500
Subtotal $75,443
Treatment System
Delivery of Systems Assume 5 deliveries Each 5 $1,000.00 $5,000
Pre-Fabricated Enclosure (Approx 2,500 SF) Includes installation, insulation, piping, etc. LS 1 NA $20,000

Carbon Drums & Accessories
For collection trench; includes 2-55 gal carbon-filled 
drums, associated piping, and pre/post filter (bag-type) LS 1 NA $2,000

Equalization Tank
10,000 gal double walled fiberglass tank includes 
fittings and piping Each 1 $49,599.90 $49,600

Oil Water Seperator LS 1 $50,000.00 $50,000
Air Stripper and GAC treatment system LS 1 $200,000.00 $200,000
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Table 4-8
OU2 - Alternative No. BG-3 - Bedrock Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Settling Tank 10,000 gal double walled steel tank includes fittings Each 1 $16,407.20 $16,407

Effluent Holding Tank
10,000 gal double walled fiberglass tank includes 
fittings Each 1 $49,589.70 $49,590

Installation of Treatment Systems and Piping 3-man crew @ $50/hr, 8hr/day, 10 days HR 120 $150.00 $18,000
Connection to POTW LS 1 NA $2,500
Discharge to POTW Maximum discharge flow = 205 gpm MG 1 $2,000.00 $1,051
Subtotal $414,148

Capital Cost Subtotal: $796,416
Adjusted Capital Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $818,715

10% Legal, administrative, engineering fees, construction management: $81,872
25% Contingencies: $225,147
Total Capital Cost: $1,126,000

Annual Costs (First 5 Years)
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 12 total wells - assume 3 
wells per day; twice per year Day 8 $800.00 $6,400

Equipment Rental Groundwater level indicator; twice per year Day 8 $50.00 $400

Parameter Analyses

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
assume 1 sample per well Each 24 $1,093.44 $26,243

Data Evaluation and Reporting Twice per year HR 80 $90.00 $7,200
Monitoring Well Maintenance LS 1 NA $500

Groundwater Treatment System Monitoring 2-person crew @ $50/hr, 8 hr/day, 12 times per year Day 12 $800.00 $9,600
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Table 4-8
OU2 - Alternative No. BG-3 - Bedrock Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost

Groundwater Treatment System Sampling

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
influent and effluent; once per month Each 24 $1,093.44 $26,243

Groundwater Treatment System Maintenance Assume 12 per year Each 12 $500.00 $6,000

Carbon Replacement
Assume replacement of carbon once per 12 months; 
Includes removal of spent carbon and refill of new LB 400 $2.00 $800

Electricity Charge Based on pump usage Each 12 $1,099.84 $13,198
Telephone Charge Assume $50/month LS 1 NA $600
Subtotal $97,183

Annual Cost Subtotal: $97,183
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $99,904

10% Legal, administrative, engineering fees: $9,990
25% Contingencies: $27,474
Annual Cost Total: $137,368

30-Year Present Worth of Annual Costs: $595,000

Annual Costs
Groundwater Monitoring

Monitoring Well Sampling (Labor)
2-person @ $50/hr, 8hr/day; 12 total wells - assume 3 
wells per day Day 4 $800.00 $3,200

Equipment Rental Groundwater level indicator; twice per year Day 4 $50.00 $200

Parameter Analyses

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
assume 1 sample per well Each 12 $1,093.44 $13,121

Data Evaluation and Reporting HR 40 $90.00 $3,600
Monitoring Well Maintenance LS 1 NA $500

Groundwater Treatment System Monitoring 2-person crew @ $50/hr, 8 hr/day, 12 times per year Day 12 $800.00 $9,600

Groundwater Treatment System Sampling

Includes TCL VOCs, TCL SVOCs, TCL 
PCB/Pesticides, TAL Metals, Cyanide, hardness; 
influent and effluent; once per month Each 24 $1,093.44 $26,243
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Table 4-8
OU2 - Alternative No. BG-3 - Bedrock Groundwater Hydraulic Containment 
Former Frontier Chemical Waste Process Inc. Site

Item Description Comment Unit Quantity Unit Cost Cost
Groundwater Treatment System Maintenance Assume 12 per year Each 12 $500.00 $6,000

Carbon Replacement
Assume replacement of carbon once per 12 months; 
Includes removal of spent carbon and refill of new LB 400 $2.00 $800

Electricity Charge Based on pump usage Each 12 $1,099.84 $13,198
Telephone Charge Assume $50/month LS 1 NA $600
Subtotal $77,062

Annual Cost Subtotal: $77,062
Adjusted Annual Cost Subtotal for Niagara Falls, New York Location Factor (1.028): $79,220

10% Legal, administrative, engineering fees: $7,922
25% Contingencies: $21,785
Annual Cost Total: $108,927

30-Year Present Worth of Annual Costs: $1,536,000

Total Present Worth Cost: $3,257,000

Assumptions Abbreviations:
1. Assume survey crew will be on-site 50% total project duration. BCY = bank cubic yards
2. Assume no site clearing necessary. LCY = loose cubic yards
3. Assume common earth (moist) swell factor of 28% and 1.54 Tons/BCY; concrete swell factor of 40% and LS = lump sum

1.86 tons/BCY; gravel swell factor of 13% and 1.57 tons/BCY (Means Estimating Handbook. United States of LF = linear foot
America : Means Southern Construction Information Network, 1990). SY = square yard

4. 30-year present worth of costs assumes 5% annual interest rate. MGD=million gallons per day
5. Assume metals treatment will be done in the equilization tank (if needed).
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Comparative Evaluation of 
Alternatives�
 
 
 
 
5.1 Introduction 
This section presents a comparative analysis of remedial alternatives. The 
alternatives for each operable unit (by medium) are based on the seven evaluation 
criteria.  The comparative analysis is based on the evaluations provided in Section 
4. Section 6 discusses the alternatives relative to a site-wide remedy.  
 
5.2 OU-1 Overburden Soil Remedial Alternatives 
OU-1 overburden soil remedial alternatives consist of the following: 
 

 Alternative No. OS –1: No action.  
 

 Alternative No. OS-2: Institutional controls (i.e., access restrictions, deed 
restrictions).  

 
 Alternative No. OS-3: Cover (existing asphalt pavement or concrete would 

remain as cover and clean soil cover would be placed in the remaining un-
paved contaminated areas to limit the potential for direct contact with im-
pacted near-surface soil).  

 
 Alternative No. OS-4: Excavation and on-site treatment of soils (soils 

generally containing greater than 10 ppm total VOCs). 
 

 Alternative No. OS-5: Excavation and off-site treatment/disposal of soils 
(soils generally containing greater than 10 ppm total VOCs). 

 
Overall Protection of Human Health and the Environment 
Alternatives OS-2, OS-3, OS-4, and OS-5 provide varying degrees of long-term 
protection of human health and the environment. These alternatives depend on 
institutional controls as the primary method of protection of human health and the 
environment. Alternatives OS-3, OS-4, and OS-5 provide some additional protection 
because near-surface soils would be relocated and covered (OS-3) or treated (OS-4 
and OS-5) and on-site structures (where vapor could accumulate) would be 
demolished, thereby further limiting the potential for direct contact with 
contaminated soil or vapors. Excavation and treatment/disposal (OS-4 and OS-5) of 
source subsurface soils (above the water table) would result in a lower potential for 
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direct contact with highly contaminated soil and would therefore be more protective 
than the other soil alternatives.  OS-1 is not protective. 
 
Compliance with SCGs 
None of the alternatives would achieve complete compliance with the chemical-
specific SCGs.  Alternatives OS-4 and OS-5 would comply with SCGs in the 
excavated and treated soil areas (OS-4) or the replaced (OS-5) soil areas.  However, 
other contaminated soil would remain on-site above SCGs (but below 10 ppm total 
VOCs) in areas outside the excavation areas.  Additionally, no soil above SCGs 
(including source soils) would be removed below the water table for any of the 
alternatives. 
 
Alternatives OS-2, OS-3, OS-4, and OS-5 would comply with action-specific SCGs. 
 
Short-Term Impact and Effectiveness 
Alternatives OS-3, OS-4, and OS-5 involve intrusive work, which could cause 
releases of contamination during remedial activities.  VOC emissions may be 
difficult to control during excavation activities in Alternatives OS-4 and OS-5 and 
could result in potential impact on workers and the surrounding community. 
Alternative OS-4 (on-site treatment) would pose a slightly greater potential for 
impact on on-site workers and the surrounding community than would Alternative 
OS-5 (off-site treatment/disposal). Alternative OS-1 would not have any short-term 
impacts. 
 
Once complete, alternatives OS-2, OS-3, OS-4, and OS-5 would meet the RAO to 
limit (to the extent practicable) direct contact with on-site contaminated soil.  
Alternatives OS-3, OS-4, and OS-5 also meet the RAO to eliminate (to the extent 
practicable) the potential for human exposure to on-site organic vapors.  
Considering that source soils below the water table would not be removed or 
treated, none of the alternatives completely meets the RAO to reduce the risk of 
further contamination of groundwater by leaching of contaminants. Alternative 
OS-1 is not expected to be effective in meeting the RAOs.  
 
Each alternative that includes remedial action (OS-3, OS-4, and OS-5) can be 
completed in the same general timeframe of approximately 6 to 15 months. 
 
Long-term Effectiveness and Permanence 
Alternatives OS-3, OS-4, and OS-5 would provide some long-term effectiveness (in 
protecting human health) because the risk associated with directly contacting the 
contamination would be minimized through relocation and covering of contaminated 
soil (OS-3), removing structures where vapors could accumulate (OS-3, OS-4, and 
OS-5), and excavation and treatment/disposal of contaminated soil (OS-4 and OS-5). 
Alternatives OS-4 and OS-5 are the most effective and are the most permanent 
alternatives (in the long-term). Alternative OS-2 provides long-term effectiveness 
through institutional controls only.  Alternative OS-1 is not considered an adequate, 
reliable, or permanent long-term soil remedy. 
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In the long-term, OS-2, OS-3, OS-4, and OS-5 would offer some limited protection 
of human health and the environment.  Since subsurface contamination below the 
water table would remain in each of these alternatives, potential impacts on human 
health and the environment would be managed through some form of institutional 
control.  
 
Reduction in Toxicity, Mobility, or Volume 
Alternatives OS-4 and OS-5 provide for reduction of toxicity, mobility, and 
volume of site contaminants, as the alternatives would reduce contaminant 
concentrations in unsaturated soil. Alternatives OS-1, OS-2, and OS-3 would not 
reduce the toxicity, mobility, and volume of site contaminants, except as would 
occur through natural attenuation. 
 
Implementability 
Alternatives OS-1, OS-2, OS-3, OS-4, and OS-5 are technically implementable 
(with readily available methods, equipment, materials and services) and 
administratively implementable.  However, OS-4 is more difficult to implement than 
the other alternative because of issues associated with on-site treatment. 
 
Cost 
Alternative OS-1 calls for no action and thus incurs no cost.  Institutional controls 
are the only actions that would be implemented for Alternative OS-2; therefore its 
total present cost of $3,000 is the least expensive of the remaining alternatives.  
Although the cost for on-site demolition activities remains constant for 
Alternatives OS-3, OS-4, and OS-5, Alternative OS-3 has a lower total present 
cost of $1,100,00 because less soil excavation is required for this alternative.  
Alternatives OS-4 and OS-5 are the most expensive alternatives, with Alternative 
OS-4 being slightly more expensive ($11,600,000 versus $11,000,000), due to the 
lower cost of trucking and disposal compared with on-site treatment.   
 
5.3 OU-1 Overburden Groundwater Remedial Alternatives 
OU-1 overburden groundwater remedial alternatives consist of the following: 
 

 Alternative No. OG-1: No action. 
 

 Alternative No. OG-2: Institutional controls (i.e., access restrictions, deed 
restrictions, long-term groundwater monitoring). 

 
 Alternative No. OG-3: Hydraulic containment (collection trench with sand 

seam extraction well) and ex situ treatment of overburden groundwater with 
discharge to POTW. 

 
Overall Protection of Human Health and the Environment 
Although on-site overburden groundwater is not currently used, Alternative OG-1 
does not prevent potential future on-site exposures.  Alternative OG-2 includes 
institutional controls and a monitoring program to help ensure that there are no 
future exposures to on-site contaminants; therefore, this alternative is considered 
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protective of human health and the environment.  Alternative OG-3 employs 
active treatment to reduce overburden groundwater contamination and contain the 
remaining contamination on-site, providing the highest level of protection for the 
alternatives developed.   
 
Because overburden groundwater may be migrating off-site to the Falls Street 
tunnel, there is potential for off-site impacts on utility workers and the environ-
ment with Alternatives OG-1 and OG-2.  Alternative OG-3 would both reduce 
and contain on-site overburden groundwater contamination, therefore reducing 
the potential for impacts to human health and the environment. 
 
Compliance with SCGs 
Alternatives OG-1 and OG-2 do not comply with chemical-specific SCGs since 
overburden groundwater contamination would remain as is.  Alternative OG-3 
also does not comply with chemical-specific SCGs because it would not reduce 
overburden groundwater contamination to concentration levels below the 
groundwater standards in a reasonable and predicable timeframe (i.e., less than 30 
years) due to the presence of high concentrations of contamination and possible 
DNAPLs.  Alternative OG-3 would comply with action-specific SCGs by 
obtaining the necessary approvals/permits to discharge treated water to the local 
POTW. 
 
Short-Term Impacts and Effectiveness 
No short-term impacts are anticipated during implementation of Alternatives OG-
1 and OG-2.  Alternative OG-2 involves institutional controls and long-term 
monitoring of on-site wells.  Short-term impacts associated with Alternative OG-3 
such as possible VOC emissions, dust, and noise would be similar to those 
encountered during soil remedial construction activities.  
 
Long-term Effectiveness and Permanence 
Because Alternatives OG-1 and OG-2 do not involve the removal or treatment of 
contaminated overburden groundwater, contamination would remain essentially 
the same.  Institutional controls combined with long-term monitoring in 
Alternative OG-2 provide an effective long-term on-site mechanism in a 30-year 
timeframe to protect human health and the environment.  However, Alternative 
OG-3 provides an established technology to extract and treat the contaminated 
overburden groundwater that is known to control groundwater migration, thus 
increasing protection.  It is noted that OG-2 and OG-3 must be continued beyond 
the 30-year timeframe since contaminated groundwater is expected to exist on-site 
for an extended timeframe due to the low hydraulic conductivity of overburden soils, 
high levels of contamination and the possible presence of residual DNAPLs.  
 
Reduction in Toxicity, Mobility, or Volume 
Alternatives OG-1 and OG-2 do not involve removal or treatment of contami-
nated overburden groundwater, and therefore the toxicity, mobility, and volume 
of contamination would not be reduced.  Alternative OG-3 would reduce the 
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volume of contaminated overburden groundwater through extraction and 
treatment, thus reducing the toxicity and mobility of the groundwater. 
 
Implementability 
There are no actions to implement under Alternative OG-1.  Alternative OG-2 is 
readily implementable.  Although further groundwater investigations (i.e., pump 
tests and a treatability study) are needed before finalizing the extraction scheme 
for Alternative OG-3, no issues are anticipated with implementation of this 
alternative.  Additionally, no issues are anticipated related to acquiring approvals 
to discharge treated groundwater to the POTW or to discharge treated air.  
 
Cost 
Alternative OG-1 calls for no action and thus incurs no costs.  Alternative OG-2 is 
significantly less expensive than Alternative OG-3 at an estimated present worth 
cost of $330,000 for an assumed 30-year long-term monitoring program at the site 
and placement of institutional controls.  For extraction and treatment of 
contaminated overburden groundwater, Alternative OG-3 is estimated with a 
present worth cost of $800,000, most of which is due to the present worth of an 
assumed 30-year O & M cost. 
 
5.4 OU-2 Bedrock Groundwater Remedial Alternatives 
OU-2 (bedrock groundwater) remedial alternatives consist of the following: 
 

 Alternative No. BG-1: No action. 
 

 Alternative No. BG-2: Institutional controls (i.e., access restrictions, deed 
restrictions, long term monitoring).  

 
 Alternative No. BG-3: Hydraulic containment (groundwater extraction from 

wells placed across the A and B bedrock fracture zones) and ex situ treatment 
of groundwater with discharge to the POTW. 

 
The C-zone bedrock groundwater (OU-3) would be further assessed as part of 
future remedial activities and is not included in this report. 
 
Overall Protection of Human Health and the Environment 
Although on-site bedrock groundwater is not currently used, Alternative BG-1 
does not prevent potential future exposures to on-site bedrock groundwater and is 
therefore not protective.  Alternative BG-2 includes institutional controls and a 
monitoring program to limit the potential for future exposures to on-site 
contaminants; therefore, this alternative provides some protection of human health 
and the environment.  Alternative BG-3 employs active treatment to reduce 
bedrock groundwater contamination, providing the highest level of protection of 
the three alternatives developed. 
 
Because bedrock groundwater is expected to migrate off-site and to the Falls 
Street tunnel, there is a potential for off-site impacts on utility workers and the 
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environment with Alternatives BG-1 and BG-2.  Alternative BG-3 would both 
reduce and contain on-site bedrock groundwater contamination, therefore 
reducing the potential for impacts on human health and the environment. 
 
Compliance with SCGs 
Alternatives BG-1 and BG-2 do not comply with chemical-specific SCGs since 
bedrock groundwater contamination would remain as is.  Alternative BG-3 does 
not comply with chemical-specific SCGs because it would not reduce bedrock 
groundwater contamination to concentration levels below the groundwater 
standards in a reasonable and predictable timeframe (i.e., less than 30 years). 
Alternative BG-3 would comply with action-specific SCGs by obtaining the 
necessary approvals/permits to discharge treated water to the local POTW. 
 
Short-Term Effectiveness 
No short-term impacts are anticipated during implementation of Alternatives BG-
1 and BG-2.  Alternative BG-2 involves institutional controls and long-term 
monitoring of on-site wells.  Minimal short-term impacts are anticipated for BG-3 
during the installation of the bedrock extraction wells, treatment system, and 
associated piping. 
 
Long-term Effectiveness and Permanence 
Because Alternatives BG-1 and BG-2 do not involve the removal or treatment of 
contaminated bedrock groundwater, contamination would remain essentially the 
same.  Institutional controls combined with long-term monitoring in Alternative 
BG-2 provide some on-site long-term protection of human health.  However, 
Alternative BG-3 provides an established technology to extract and treat the 
contaminated bedrock groundwater, which is known to control groundwater 
migration, thus increasing protection.  It is noted that BG-1 and BG-2 would likely 
be required beyond the 30-year timeframe of evaluation because contaminated 
groundwater is expected to exist on-site for an extended period of time due to the 
possible presence of residual DNAPLs.  
 
Reduction in Toxicity, Mobility, or Volume 
Alternatives BG-1 and BG-2 do not involve removal or treatment of contaminated 
bedrock groundwater, and therefore the toxicity, mobility, and volume of 
contamination would not be reduced.  Alternative BG-3 would somewhat reduce 
the volume of contaminated bedrock groundwater through extraction and 
treatment, thus reducing the toxicity and mobility groundwater.  However, 
because of the DNAPLs and high contaminant concentrations, significant 
reductions are not likely. 
 
Implementability 
There are no actions to implement under Alternative BG-1.  Alternative BG-2 is 
readily implementable.  Although further groundwater investigations (i.e., pump 
tests and a treatability study) are needed before finalizing the extraction scheme, 
no issues are anticipated with implementation of Alternative BG-3. Additionally, 
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no issues are anticipated related to acquiring approvals to discharge treated 
groundwater to the POTW or to discharge treated air. 
 
Cost 
Alternative BG-1 calls for no action and thus incurs no costs.  Alternative BG-2 is 
significantly less expensive than Alternative BG-3 at an estimated present worth 
cost of $630,000 for an assumed 30-year long-term monitoring program at the site 
and placement of institutional controls.  For extraction and treatment of 
contaminated bedrock groundwater, Alternative BG-3 is estimated with a present 
worth cost of $10,700,000, most of which is due to the present worth of an 
assumed 30- year O & M cost. 
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Summary�
 
 
 
 
This report presents the results of the Frontier Chemical site feasibility study for 
OU-1 (overburden soil and groundwater) and OU-2 (bedrock groundwater zones A 
and B).  The third operable unit (OU-3) includes groundwater contamination in 
bedrock zone C and possible lower bedrock groundwater zones that may be 
impacted by site contamination.  OU-3 will be further assessed as part of future 
remedial activities and is not included in this report. This report is a companion 
document to the Supplemental Remedial Investigation Report (E & E February 
2003).  The SRI, along with the previous site investigations, characterized the 
nature and extent of on-site contamination and provided data to complete this FS.  
The history of industrial activities has revealed a variety of contamination in on-
site soil and groundwater.  Although various contaminants are present on-site 
(including metals and SVOCs) the primary contaminants of concern are VOCs: 
VOCs were found most frequently and in the highest concentrations and present the 
greatest risk to human health and the environment.  VOCs also pose the greatest 
risk of off-site migration due to their mobility.  The highest levels of contamina-
tion were found in the central and southwest parts of the site. 
 
6.1 Key Factors 
The following are key factors and/or unique conditions that exist on or near the site 
that required careful consideration during the completion of the FS.  
 

 Nearby sewer tunnels intercept most of the on-site overburden groundwater and 
the majority of the bedrock groundwater at the nearby and downgradient side of 
the site. 

 
 Water in the sewer tunnels is treated by the POTW before discharge to the 

Niagara River, except during certain high flow conditions. 
 

 Complete cleanup of the site is not considered feasible due to the high 
concentration of contamination and suspected presence of DNAPLs.  Complete 
DNAPL remediation is generally not considered practical in a reasonable or 
predictable timeframe and is further complicated by the unproven nature of 
remediating DNAPLs in fractured bedrock.  
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6.2 Remedial Action Objectives 
The RAOs were developed for contaminated on-site media (soil and groundwa-
ter).  The RAOs are described in Section 2.3.1 (Soils) and Section 2.3.2 
(Groundwater):  
 
The RAOs for site subsurface soils are: 
 

 Eliminate to the extent practicable the potential for direct human or animal 
contact with the contaminated subsurface soils;   

 
 Reduce the risk of further contamination of the groundwater by reducing the 

potential for leaching of contaminants into the groundwater; and 
 

 Eliminate to the extent practicable the potential for human exposures to 
organic vapors in site buildings, structures, and subsurface utilities. 

 
The RAOs for on-site groundwater are: 
 

 Prevent to the extent practicable the further off-site migration of contaminated 
groundwater;  

 
 Reduce, control, or eliminate to the extent practicable the groundwater 

contamination present within the overburden; 
 

 Reduce, control, or eliminate to the extent practicable the groundwater 
contamination present within the bedrock groundwater zones of concern; and  

 
 Eliminate to the extent practicable the potential for human exposures to 

contaminated groundwater. 
 
An overall cleanup goal for soil of 10 ppm total VOCs was established based 
upon NYSDEC soil cleanup guidance. 
 
6.3 Summary of Remedial Alternatives 
The following is a brief summary of the on-site remedial alternatives developed 
for soil and groundwater, followed by a discussion of the alternatives as they 
relate to an overall site remediation approach.  A detailed discussion of 
alternatives is included in Section 4 and each of the alternatives is discussed 
comparatively (by operable unit and medium) in Section 5. 
 
OU-1 Soil 
 

 Alternative No. OS-1: No action.  
 

 Alternative No. OS-2: Institutional controls (i.e., access/use restrictions, deed 
restrictions).  
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 Alternative No. OS-3: Cover (existing asphalt pavement or concrete would 
remain as cover and clean soil cover would be placed in the remaining un-
paved contaminated areas to limit potential for direct contact with impacted 
near-surface soil).   

 
 Alternative No. OS-4: Excavation and on-site treatment of soils (soils 

generally containing greater than 10 ppm total VOCs). 
 

 Alternative No. OS-5: Excavation and off-site treatment/disposal of soils 
(soils generally containing greater than 10 ppm total VOCs). 

 
OU-1 Overburden Groundwater 
 

 Alternative No. OG-1: No action. 
 

 Alternative No. OG-2: Institutional controls (i.e., access/use restrictions, deed 
restrictions, long-term groundwater monitoring). 

 
 Alternative No. OG-3: Hydraulic containment (collection trench with sand 

seam extraction well) and on-site ex situ treatment of overburden groundwater 
with discharge to a POTW. 

 
OU-2 Bedrock Groundwater 
 

 Alternative No. BG-1: No action. 
 

 Alternative No. BG-2: Institutional controls (i.e., access/use restrictions, deed 
restrictions, long-term groundwater monitoring).  

 
 Alternative No. BG-3: Hydraulic containment (groundwater extraction from 

wells placed across the A and B bedrock fracture zones) and ex situ treatment 
of groundwater with discharge to the POTW. 

 
6.4 Overall Site Remediation Approaches 
6.4.1 No Action 
Because soil and groundwater Alternatives OS-1, OG-1, and BG-1 employ no 
action, on-site contamination would remain essentially the same and the RAOs for 
the site would not be achieved in a reasonable or predictable timeframe.   
 
6.4.2 Institutional Controls 
Institutional controls of soil and groundwater (Alternatives OS-2, OG-2, and 
OG-3) are effective in protecting on-site human health over a 30-year time period 
but do not prevent off-site contaminant migration and as such do not fully prevent 
potential exposure to human health or the environment.  Only some of the RAOs 
would be achieved if institutional controls were used to mitigate/remedy soil and 
groundwater contamination. 
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6.4.3 Soil Remedial Alternatives 
Alternative OS-3 (which includes the excavation of near surface contaminated 
soil in unpaved areas) is the most cost-effective of the three soil remedial 
alternatives. The cover alternative and excavation and treatment alternatives 
would require additional institutional controls in order to limit potential direct 
human exposure pathways. Alternatives OS-4 and OS-5 would eliminate 
contaminated source soils in the unsaturated zone by on-site treatment/off-site 
disposal and achieve some soil RAOs, but contamination would remain in the 
saturated zone and, to a lesser degree in the unsaturated zone outside the 
excavation area.  In addition, the difficulty of controlling VOC emissions and 
potential worker and community risks associated with the areas to be excavated 
make OS-4 and OS-5 more problematic alternatives.  The cost of Alternatives 
OS-4 and OS-5 are an order of magnitude greater than Alternative OS-3 and do 
not provide a significant change in the overall time (in terms of a 30-year time 
frame) required to clean up the site.   
 
6.4.4 Groundwater Remedial Alternatives 
 
Overburden Groundwater 
Alternative OG-3 would provide on-site containment of contaminated overburden 
groundwater, which would limit uncontrolled overburden groundwater migrating 
to the sewer tunnel, thus providing a higher degree of overall protection of human 
health and the environment.  However, uncontrolled overburden groundwater 
migration is likely limited due to the strong downward influence of the Falls 
Street tunnel. 
 
Bedrock Groundwater 
Alternative BG-3 would provide on-site containment of contaminated bedrock 
groundwater, which would limit uncontrolled bedrock B zone contaminated 
groundwater migrating to the sewer tunnel, thus providing a high degree of 
protection of human health and the environment. However, considering that the 
current natural groundwater migration is to the sewer tunnel and an on-site 
containment system would only provide pretreatment before discharge to the 
same sewer tunnel, this alternative primarily only limits the potential for 
occasional discharge of untreated groundwater to the Niagara River (under high 
flow conditions) and the potential for a worker in the tunnel to contact the 
untreated contaminated groundwater.   
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