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Executive Summary

Ecology and Environment Engineering, P.C. (E & E), under contract to the New
York State Department of Environmental Conservation (NYSDEC) (Work As-
signment No. D003493-30) performed a Supplemental Remedial Investigation
(SRI) between October and December 2001 at the former Frontier Chemical
Waste Process, Inc., site (Frontier Chemical) on Royal Avenue in Niagara Falls,
New York (NYSDEC Site No. 9-32-110). The primary purpose of this investiga-
tion was to determine the nature, extent, and potential source areas of the wastes
previously identified at the site; and verify the pathways and determine the impact
of contaminant migration.

This 9-acre facility is currently abandoned and most of the buildings have been
demolished. It is bordered by Royal Avenue to the south and 47th Street to the
east, within the city of Niagara Falls. The Niagara River lies within 1 mile south
of this site.

The facility treated chemical wastes from 1974 until December 1992, when the
facility closed. When in operation, the active waste management units treated or
stored approximately 25,140 tons of chemical wastes each year. The waste,
which came from businesses located in the eastern United States and southeastern
Canada, can be classified as Resource Conservation and Recovery Act (RCRA)-
listed wastes, as well as RCRA-characteristic wastes.

SRI Field Activities

In May 2001, an initial site reconnaissance was performed by E & E and
NYSDEC. A work plan was developed by E & E and approved by NYSDEC in
September 2001. The SRI field work began in October and was completed in De-
cember 2001. The fieldwork included the following activities:

[ Site reconnaissance;
0 Record search;

0 Subsurface soil and groundwater investigation;

02:000699 NV05_02_02-B0899 1
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[ Utility investigation to determine potential pathways of contaminant migra-
tion; and

0 Development of a site base map.

Nature and Extent of Contamination

Results of sample analyses from the various sample media collected during the
SRI indicated that there were multiple source areas on site, as well as unidenti-
fied off-site sources to the north and northeast of the site. Because the site is in-
active and underwent several removal actions, there is no further contribution of
contaminants 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 volatile organic com-
pounds (VOCs). Significant semivolatile organic compound (SVOC) contamina-
tion (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. Groundwater occurs in both the over-
burden, and underlying Lockport Dolomite bedrock. Three distinct water bearing
zones occur in the upper bedrock (A-, B-, and C-fracture zones). Contamination
levels in groundwater decreases with depth (i.e., the highest levels of contami-
nants 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, and verti-
cal migration is downward. Overall contaminant concentrations in both overbur-
den and bedrock groundwater have declined since 1990, except for VOCs in one
of the C-fracture bedrock wells (MW-88-5C). In addition, most of the higher ar-
eas of groundwater contamination have migrated either vertically deeper into 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, as
well as groundwater from other properties in the vicinity of the tunnels.

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 con-
taminants detected at the site and the observed presence of chemicals in the vari-
ous media tested, the potential significant migration pathways include surface wa-
ter flow, groundwater (including infiltration), and volatilization.

Surface water flow may be a site mechanism that allows lateral migration of con-
taminants, if present, in surface soils or as residuals on demolition debris, decommis-
sioned tanks, etc. Although no surface soils were collected for analytical testing

02:000699 NV05_02_02-B0899 2
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during this study, the 20% of open ground space is not expected to be signifi-
cantly contaminated.

The overburden groundwater samples collected at the site include numerous VOC:s,
as well as select SVOCs (primarily phenols) and inorganic compounds, 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 natu-
ral 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 (approximately 6 feet per year). VOCs will also be attenuated in re-
sponse 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. This, along with groundwater elevation data
from the wells indicating a slight downward vertical gradient, indicates a hydrau-
lic connection between the overburden and bedrock groundwater bearing zones
and the discharge of overburden groundwater into the bedrock groundwater. The
contaminants in the fractured bedrock are expected to flow at rates less than
groundwater, which is estimated to be 90 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 deter-
mined.) In addition, the New Road and Falls Street tunnels are expected to inter-
cept the A-zone and B-zone bedrock groundwater. It is anticipated that some por-
tions of the bedrock groundwater flow may be impacting off-site properties prior
to 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) occurs 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 on-
site or off-site subsurface structures such as basements, manholes, or sumps. In addi-
tion, volatilization of VOCs may occur at groundwater discharge locations, such as
sumps, stormwater tunnels, and/or surface water features.

Qualitative Human Health Risk Evaluation

Chemicals of potential concern (COPCs) identified by the preliminary screening
in both soil and groundwater were evaluated along with current and potential fu-
ture exposure pathways with respect to potential human exposure. Since the
Frontier Chemical Site is currently an inactive industrial site, current human re-
ceptors would include site visitors and possibly trespassers. If the site were rede-
veloped, site workers could be exposed to soil contaminants by the same path-
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Executive Summary

ways that currently exist for visitors, but the magnitude of potential worker expo-
sures would be much greater due to the expected higher intake rates, greater ex-
posure frequency, and longer exposure duration. Comparisons of chemical con-
centrations in subsurface soils to risk-based concentrations developed for indus-
trial soil, indicate that the risks to future workers from long-term exposure to site
soil contamination will not exceed risk levels regarded as acceptable by the
United States Environmental Protection Agency (USEPA). Risk to current and
future visitors, whose potential exposures are considerably less than workers, are
well below levels of concern.

In addition, under existing site conditions, with no groundwater use, there is no
pathway for direct contact with contaminated groundwater. However, vapors
from volatile groundwater contaminants can migrate upward through the soil and
be released to ambient air through sewer manholes, cracks in pavement, or in un-
paved areas to ambient air, potentially exposing site visitors via the inhalation
route. Site visitors’ exposures are not likely to reach levels of concern because
the total exposure time from infrequent short-duration visits will be relatively
small. If the site were redeveloped for commercial or industrial use, the magni-
tude of water exposures would be expected to be greater due to higher frequency
and longer duration of exposure and possible exposures to higher vapor concen-
trations in indoor air. Inhalation of vapors from the highest concentrations of vi-
nyl chloride and TCE in groundwater could pose significant cancer risks to future
site workers. If groundwater was used in the plant processes, worker exposures
from incidental contact and vapor inhalation would be even greater and might
reach levels associated with unacceptably high cancer risks and other adverse
health effects.

During site redevelopment, construction workers involved in soil excavation and
installation of building foundations and subsurface utilities could be exposed via
direct contact with contaminated subsurface soils and inhalation of vapors within
excavations and manholes at levels that might pose health risks. Appropriate pro-
tective measures should be used during construction work to limit potential expo-
sures.
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Introduction

1.1 Purpose of the Supplemental Remedial Investigation
Ecology and Environment Engineering, P.C. (E & E) performed a Supplemental
Remedial Investigation (SRI) at the former Frontier Chemical Waste Process, Inc.
(Frontier Chemical) Site (Site No. 9-32-110) located in Niagara Falls, New York.
This work was performed under the State Superfund Contract Work Assignment
No. D003493-30 issued April 10, 2001, by the New York State Department of
Environmental Conservation (NYSDEC), Division of Environmental Remedia-
tion.

The purpose of this SRI was to:

0 Compare current groundwater quality with data obtained in previous investi-
gations;

[ Evaluate the degree and extent of subsurface soil contamination across the
site;

[ Evaluate the nature, extent, and location of potential source areas of the waste
previously identified at the site;

0 Further evaluate pathways of contaminant migration; and

[ Evaluate the off-site contaminant loading into the adjacent sewer tunnels.

1.2 Site Background

1.2.1 Site Description

The former Frontier Chemical facility occupied approximately 9 acres, bordered
by Royal Avenue to the south and 47th Street to the east, in the city of Niagara
Falls, New York (see Figure 1-1). The Niagara River lies within 1 mile south of
this site.

The facility treated chemical wastes from 1974 until December 1992, when the
facility closed. The solid waste management units (SWMUSs) at the facility in-
cluded:
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0 A treatment and pretreatment system for aqueous waste;
[ Synthetic fuel-blending system for waste solvents/oils;
0 A solvent recovery system;
0 Bulk and drummed material handling, storage, and transfer facilities; and

0 A hydrolysis process, tanks, old surface impoundments, an old waste pile, and
site trucks.

When in operation, the active waste management units treated or stored approxi-
mately 25,140 tons of chemical wastes each year. The waste, which came from
businesses located in the eastern United States and southeastern Canada, can be
classified as Resource Conservation and Recovery Act (RCRA)-listed wastes, as
well as RCRA-characteristic wastes.

There are three fractured bedrock aquifers present beneath this site in the upper
bedrock (A-fracture zone, B-fracture zone, and C-fracture zone). Groundwater
from both the overburden and upper bedrock aquifers flows generally in a south-
easterly direction. Although the flow is toward the Niagara River, it is intersected
by two unlined open rock tunnels: the New Road Tunnel (east of the site), and
the Falls Street Tunnel (south of the site). Water from the New Road Tunnel
empties into the Falls Street Tunnel at the intersection of 47" Street and Royal
Avenue, southeast of the site. During periods of no precipitation, water flowing
through these tunnels is treated by the city of Niagara Falls Sewage Treatment
Plant prior to discharge to the Niagara River. This is accomplished through the
diversion of water from the Falls Street Tunnel, by several diversion weirs adja-
cent to and further downstream of the Frontier Site, to the adjacent lined South-
side Interceptor Tunnel. The Southside Interceptor Tunnel conveys the water di-
rectly to the treatment plant for treatment. However, during periods of precipita-
tion, the potential exists for water in the Falls Street Tunnel to go over the diver-
sion weirs and continue to flow in an easterly direction in the Falls Street Tunnel
toward the South Gorge Interceptor. In order for water 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 treatment plant
uses the Southside Interceptor Tunnel for water storage prior to treatment under
high flow conditions. Water that bypasses the diversion weirs and remains in the
Falls Street Tunnel eventually travels through the South Gorge Interceptor where
it is diverted north to the Gorge Pumping Station. Water from the Gorge Pump-
ing Station is pumped back (in a southeast direction) to the treatment plant.
However, under periods of heavy precipitation (high flow in the system) water in
the South Gorge Interceptor may also overflow to the South Gorge Interceptor
outfall, allowing untreated water to empty into the Niagara River.
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The United States Environmental Protection Agency (USEPA) and NYSDEC
added Frontier Chemical to the list of sites that contribute a significant amount of
contaminants to the Niagara River after extensive groundwater investigation re-
vealed the following chemicals at the site: monochlorotoluene (MCT), methylene
chloride, chloroform, dichlorobenzene, tetrachloroethene (PCE) and other organic
contaminants. Based on the high concentration detected in groundwater (71% of
compound solubility), dense non-aqueous phase liquid (DNAPL) is believed to be
present at the northern and southern edge of the facility. During previous investi-
gations at the site, DNAPL was reported to be present in several site monitoring
wells (Golder 1986 and 1988; Ecco, Inc. 1990 and 1991).

Beginning in 1999, most of the site’s buildings were demolished, the rubble re-
mained on site, and several existing monitoring wells were damaged or destroyed.

1.2.2 Site History

The site, located at 4626 Royal Avenue in Niagara Falls, New York, was origi-
nally 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. Figure 1-2, dated 1954, illustrates site features prior to Frontier
Chemical's operations. In 1974 Frontier Chemical, which provided hazardous and
nonhazardous chemical treatment, moved their company to the site from Pendle-
ton, New York. Frontier Chemical expanded its operation, which included
wastewater treatment, fuels blending, and bulking chemicals for off-site disposal.
Figures 1-3, dated 1979, and 1-4, dated 1984, illustrate site features during Fron-
tier Chemical's operations.

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 (ROE) obtained 39% of ESA’s stock
and assumed operational control of ESA, which had operational control of the
site.

Several environmental investigations have been conducted at the site over the past
21 years. Table 1-1 provides a chronological history of activities conducted at the
site.

The first environmental investigation was conducted by Wehran Engineering
Corp. in 1981 (Wehran Engineering Corp. 1982). The purpose of this investiga-
tion was to define the nature of the subsurface geologic materials at the site; de-
termine the existence, direction, and rate of flow through groundwater; and estab-
lish a groundwater monitoring system for the Frontier Chemical facility.

In February 1985, Thomsen Associates (Empire Soils Investigations, Inc., [Em-
pire]) conducted a hydrogeologic investigation for Frontier Chemical to comply
with the NYSDEC requirements for groundwater monitoring at the facility
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(Thomsen Associates 1985a). In June 1985, Empire completed the report that
evaluated the Frontier site groundwater quality (Thomsen Associates 1985b). In
1986, Planning Research Corporation completed a preliminary assessment for
USEPA to comply with the 1984 RCRA Hazardous and Solid Waste Amend-
ments (PRC 1986). A regional and historic data review was later conducted by
Golder Associates for Frontier Chemical as part of a groundwater investigation at
the site (Golder 1986). In April 1988, Golder Associates then conducted a Phase
I and II hydrogeological investigation as part of the ongoing process of investiga-
tion to determine the sources and extent of groundwater contamination at the site
(Golder 1988). Ecco, Inc., followed these investigations with a Phase III hydro-
geologic investigation for Frontier Chemical in 1990 to evaluate the overburden
and bedrock stratigraphy to define potential migration pathways, off-site loading,
baseline cancer risk assessment, and potential remediation measures (Ecco, Inc.
1990). Using the data from this investigation, Ecco, Inc., submitted a Final In-
terim Remedial Measure Report to prevent further expansion of the areal and ver-
tical extent of groundwater contamination while a detailed site remediation pro-
gram was being developed (Ecco, Inc. 1991).

In August 1991, Eagle Vision Environmental (EVE) became the site’s new man-
agement. Most of the Frontier Chemical staff was terminated in August 1992 due
financial difficulties and the company went bankrupt in 1992. After the layoffs,
there were several reported releases of Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) hazardous substances from storage
drums. On December 4, 1992, NYSDEC closed the site with the execution of a
“Modification to Summary Abatement and Notice of Hearing” and issued an Or-
der of Consent requiring the owner to begin cleanup of the site by removing all
stored waste from the facility. When the company failed to meet the required
deadline for waste removal, the state requested that USEPA secure the site and
begin a Superfund Response Action to remove the waste. On December 22, 1992,
USEPA began removal activities with an Emergency Response Cleanup Service
(ERCS) and 24-hour security at the site. On September 30, 1993, a Phase I re-
moval was initiated by the Potentially Responsible Party (PRP) group to address
4,092 drums and 6,700 pounds of laboratory chemicals on site.

Phase I began in October 1993, after approximately five months of negotiations
with 430 PRPs. The PRPs hired a cleanup contractor to remove all laboratory
chemicals and drums from the site and send them to multiple disposal facilities.
This field work was completed in May 1994 and all wastes were subsequently
destroyed at off-site disposal facilities.

In September 1994, Blasland, Bouck and Lee, Inc. (BBL) completed a Removal
Action Plan to characterize the contents of the tanks addressed in the Phase I re-
moval. In August 1995, Conestoga-Rovers and Associates (CRA) submitted the
Phase I Drum Removal Action Completion Report to USEPA.
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A Phase Il removal action dealt with enforcement actions for the removal of all
wastes from the 45 tanks on site.

Phase II began in July 1994, after approximately three months of negotiations
with over 400 PRPs. A consultant hired by the PRPs sampled the tanks and pre-
pared a removal action plan that was approved by USEPA. Removal of the tank
wastes was completed in March 1995.

Sometime in 1999, 5335 River Road, Inc., the current site owner, began demoli-
tion of the site’s buildings. Demolition was completed in September 2001. Fig-
ure 1-5, dated 2001, illustrates current site conditions.

1.2.3 Conceptual Site Model

Although operations at the Frontier Chemical site ceased in 1994, residual con-
tamination exists in the underlying overburden and bedrock. The soils were not
analytically characterized in previous investigations, however groundwater con-
tamination was identified in both the overburden and underlying bedrock. The
investigations conducted to date have identified and characterized four water-
bearing zones beneath the site:

[ One water-bearing zone in the overburden consists of perched water in the
fill, glaciolacustrine deposits, and basal till deposits; and

0 Three water-bearing zones in the bedrock consist of the A-fracture zone,
B-fracture zone, and C-fracture zone.

The overburden ranges in thickness from approximately 12 to 18 feet. It is com-
posed of up to 8 feet of fill (topsoil, clayey silt, silt, sand, and gravel with some
cinder blocks, glass, wood, slag, bricks, crushed stone, concrete, asphalt, and
white lime residue) followed by 5 to 10 feet of glaciolacustrine deposits (inter-
bedded clays, silts, and sands) and a basal glacial till (gravel, sand, silt, and clay
mix) overlying the top of bedrock. The bedrock is Lockport Dolostone, which
consists of several hydraulic zones. The first zone (Zone 1) is a 2- to 5-foot-thick
weathered zone with a 1.5- to 2-foot-thick high-permeability zone near the top.
This zone is commonly referred to as the 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 referred to as the B-fracture zone. The B-fracture zone varies in thickness
from 1 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 zone and is not as distinct and perme-
able as the A- and B-fracture zones.

Groundwater beneath the site generally flows from northwest to southeast. Verti-
cal hydraulic gradient is slightly downward between the overburden and the A-
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and B-fracture zones; however, a slight upward gradient between the C and B-
fracture zones was reported in Ecco, Inc. 1990. In addition, the site is bordered
on the east and south by large-diameter unlined open rock storm sewer tunnels
(New Road and Falls Street tunnels, respectively) that intersect the B-fracture
zone. In previous investigations it was determined that groundwater from this
zone enters the sewer tunnels. Groundwater from the overburden and A-fracture
zone is also believed to enter the sewer tunnels through fractures created from
blasting during tunnel construction. During periods of no precipitation, water
flowing through these tunnels is treated by the city of Niagara Falls Sewage
Treatment Plant prior to discharge to the Niagara River. This is accomplished
through the diversion of water from the Falls Street Tunnel, by several diversion
weirs adjacent to and further downstream of the Frontier Site, to the adjacent
lined Southside Interceptor Tunnel. The Southside Interceptor Tunnel conveys
the water directly to the treatment plant for treatment. However, during periods
of precipitation, the potential exists for water in the Falls Street Tunnel to go over
the diversion weirs and continue to flow in an easterly direction in the Falls Street
Tunnel toward the South Gorge Interceptor. In order for water 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 treat-
ment plant uses the Southside Interceptor Tunnel for water storage prior to treat-
ment under high flow conditions. Water that bypasses the diversion weirs and
remains in the Falls Street Tunnel eventually travels through the South Gorge In-
terceptor where it is diverted north to the Gorge Pumping Station. Water from the
Gorge Pumping Station is pumped back (in a southeast direction) to the treatment
plant. However, under periods of heavy precipitation (high flow in the system)
water in the South Gorge Interceptor may also overflow to the South Gorge Inter-
ceptor outfall, allowing untreated water to empty into the Niagara River.
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Supplemental Remedial
Investigation Activities

2.1 Introduction

The SRI at the Frontier Chemical site consisted of several activities conducted to
identify the physical characteristics of the study area. These activities included:

a site reconnaissance; records search; subsurface soil and groundwater investiga-
tions and sampling; and development of a site base map. Field activities were
conducted between October 15 and December 5, 2001. During this effort, 11
Geoprobe piezometers, nine Geoprobe boreholes, and 11 monitoring wells were
drilled, installed, and sampled, and 46 existing wells were sampled. Four test pits
were also excavated along utility lines to investigate potential pathways of con-
taminant migration from the site.

Drilling, Geoprobing, and excavation activities were conducted by SJB Services,
Inc., under the supervision of an E & E and Watts Engineers, P.C. (Watts) field
team. The team consisted of one geologist and one environmental scientist, re-
spectively. In accordance with the Site-specific Health and Safety Plan (HASP),
a health and safety officer was on site throughout the field program to ensure that
personnel were protected from site hazards. Appropriate protective clothing was
worn by site workers while performing intrusive activities for protection against
contamination and to prevent cross-contamination between sample locations. An
organic vapor analyzer (OVA) was used to assess the concentration of volatile
organic compounds (VOCs) in the workers’ breathing zone, excavation trenches,
boreholes, and soil and water samples. VOC concentrations above background
levels were screened for methane content using a carbon filter (e.g., methane
passes through the carbon while most other hazardous VOCs are adsorbed). In
addition to these instruments, an oxygen/explosimeter was used during intrusive
activities to monitor potential explosive conditions.

The methodologies and specific goals of each of the aforementioned activities are
described below in Sections 2.2 through 2.6.

2.2 Site Reconnaissance

Prior to work plan development, a site reconnaissance was conducted at the Fron-
tier Chemical site on May 29, 2001, which included representatives from
NYSDEC, New York State Department of Health (NYSDOH), and E & E. It was
noted during the visit that 80 to 90% of the site structures (buildings and tanks)
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had been demolished and that the rubble was stockpiled across the entire central
portion of the site. Some of the remaining features included the truck scale and
associated building in the northeast corner of the site, tanks in the central portion
of the site, buildings on the west and southern portions of the site, and less than
10 drums containing solid materials were noted in the rubble of former Drum
Storage DS-3. Demolition began sometime in 1999. In June 2000, NYSDEC
Region 9 performed a well inventory at the site. Of the 76 wells installed on site,
five were abandoned under previous investigations, one was reported as destroyed
in 1985, 54 were found, and 15 were missing. Of the 54 wells that were found,
six were damaged, probably from demolition activities. The remaining 15 miss-
ing wells are believed to have been destroyed by the demolition activities. Three
of the missing wells (MW-88-90B, -9A, and -9B) were found on May 29, 2001,
but the casings were sheared off at ground surface. Appendix A contains photo-
graphs of the site from the May 29" reconnaissance.

During a subsequent site visit on September 7, 2001, the rubble had been moved
and stockpiled in the southeast corner of the site. All of the on-site roads were
cleared of debris allowing vehicle access, and 11 of the damaged well casings
were repaired. The debris removal and well repair was conducted by Ontario
Specialty. Figures 1-3 and 1-4 illustrate site conditions during Frontier Chemi-
cal’s operation, and Figure 1-5 illustrates current site conditions.

Prior to initiation of field activities, a final site inspection was conducted. The
purpose of this inspection was to record depth to groundwater and total well
depths in all wells, and replace all well locks. Based on these activities, it was
determined that of the 76 original site wells, 17 have been decommissioned or
destroyed, 11 were repaired, and 13 remain unusable (which includes five of the
repaired wells). Based on this information, the final determination was to replace
nine wells in key areas of the site. The key areas were chosen based on contami-
nants detected in the 1990 Ecco, Inc., investigation.

2.3 Record Search

E & E met with the NYSDEC Region 9 site representative on May 4, 2001. Per-
tinent historical site investigation reports were briefly reviewed and sent out to be
copied on that day. The copies were received by E & E on May 10, 2001. E & E
then performed a comprehensive review of the reports prior to developing the
work plan. A summary of historical events and available reports is presented in
Table 1-1.

In addition to reviewing NYSDEC files, the City of Niagara Falls Department of
Wastewater Facilities was contacted for utility drawings and Environmental Data
Resources, Inc., was contacted for a Sanborn map report. The following drawings
were obtained from the city of Niagara Falls:

0 1934: Diversion Sewer Drawings;
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0 1972: CDM Contract 3, Sheet 25.5;
0 1978: CDM-SSI Contract 3, Sheet 5 As-Built;
0 1982: CDM Figure A (FST Plant Profile);
0 1989: DeLeuw Cather Utility Sheet; and
0 1997: FST Obstruction Investigation Map.

The Sanborn map report included six insurance maps from 1950, 1955, 1958,
1965, 1979, and 1985. A copy of the Sanborn map report is provided in Appen-
dix B.

2.4 Subsurface Soil Investigation

Subsurface soil sampling was conducted during three investigative activities at
the site: drilling for monitoring well installations; geoprobing for piezometer in-
stallations; and test pit excavations. Each activity is described below.

2.4.1 Monitoring Well Drilling

Eleven monitoring wells were drilled and installed between October 15 and 25,
2001 (see Figure 2-1 [back pocket]). A truck-mounted CME-75 drill rig was used
to install six overburden, four shallow bedrock (A-fracture zone), and one inter-
mediate bedrock (B-fracture zone) wells on site.

The six overburden well boreholes were advanced through the overburden using
4.25-inch hollow stem augers with continuous split-spoon sampling in accordance
with the E & E July 2001 work plan. The five shallow bedrock well boreholes
were advanced through the overburden using 6.25-inch hollow stem augers. Con-
tinuous split-spoon sampling in the shallow bedrock boreholes only occurred at
MW-01-9A, in accordance with the July 2001 work plan. The 11 monitoring well
boring logs are presented in Appendix C. Table 2-1 summarizes the standard
penetration test data recorded during split-spoon sampling activities. At least one
subsurface soil sample was collected from each split-spooned borehole. How-
ever, due to the extensive nature of contamination on site, two soil samples were
collected from two well locations [MW-01-10B and BH87-4B(R)]. Table 2-2
provides a summary of the samples collected, including the sample number, date,
depth, instrument reading, analyses, and soil description.

In addition to the field samples, quality assurance/quality control (QA/QC) sam-
ples, including duplicate samples, trip blanks, and matrix spike/matrix spike du-
plicates (MS/MSDs), were also collected. All samples were submitted to E & E’s
Analytical Services Center (ASC) for analysis. Results of QA/QC samples are
discussed in Section 4, and subsurface soils results are discussed in Section 5.
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2.4.2 Geoprobe Survey

Twenty Geoprobe boreholes were drilled and 11 piezometers were installed be-
tween October 26 and 30, 2001 (see Figure 2-1). The boreholes were advanced
through the overburden using a truck-mounted Simco Geoprobe rig with continu-
ous subsurface soil sampling in accordance with the July 2001 work plan. Geo-
probe boring logs are presented in Appendix C. One subsurface soil sample was
collected from the most contaminated interval in each borehole. Table 2-2 pro-
vides a summary of the samples collected, including the sample number, date,
depth, instrument reading, analyses, and soil description.

2.4.3 Test Pit Excavations

Four test pits (TP-01-1 through TP-01-4) were excavated and backfilled on No-
vember 8, 2001 (see Figure 2-1). The purpose of the test pit excavations was to
determine if off-site contaminant is migrating along the bedding material sur-
rounding buried utilities. Test pit locations were selected based on physical site
features and the maps received from the Town of Niagara Falls Water and Sewer
Department. Test pits were excavated with a JCB 215 backhoe per the methodol-
ogy described in the work plan (E & E 2001). No soil samples were collected
from the test pits because no unusual soil conditions were encountered. Table 2-3
provides a summary of test pit excavation data including the date of excavation,
depth, length, air monitoring readings, and soil description.

2.5 Groundwater Investigation

2.5.1 Monitoring Well Installation and Development

As stated in Section 2.4.3, one groundwater monitoring well was installed in each
of the 11 boreholes drilled at the site (see Figure 2-1). All drill cuttings were
visually inspected for signs of contamination and screened with an OVA. Drill
cuttings suspected of containing contamination were placed in 55-gallon drums.
The drums were labeled and staged on site. All decontamination water and well-
development purge water was containerized in one of the two 1,500-gallon poly-
ethylene tanks. An inventory of all investigation-derived waste (IDW) is pre-
sented in Appendix D.

2.5.1.1 Overburden Monitoring Well Installation

One groundwater monitoring well was installed in each of the six overburden
monitoring well boreholes. As per the work plan (E & E 2001), all overburden
wells were constructed of 2-inch internal diameter (ID) polyvinyl chloride (PVC)
casing and 10-foot segments of 0.010-inch machine-slotted screen. A sand filter
pack was placed around each well screen from the bottom of the borehole to 2
feet above the top of the screen. The sand filter pack was followed by a 2-foot
thick bentonite chip seal. Following a minimum one half-hour wait that allowed
the chips to hydrate, bentonite/cement grout was installed from the top of the seal
to the ground surface. Tables 2-4 and 2-5 summarize the monitoring well drilling
and construction data, respectively, and the well borelogs are presented in Ap-
pendix C. Table 2-6 summarizes well construction data for existing site wells.
Note that some of the wells have been decommissioned, destroyed, damaged, and
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repaired. Nine of the 11 wells installed during this investigation replaced dam-
aged, destroyed, or unusable wells. The other two wells were installed to fill data
gaps. Only wells deemed critical in determining the nature and extent of con-
tamination (based on results of previous investigations) were replaced.

2.5.1.2 Shallow Bedrock Monitoring Well Installation

Four shallow bedrock (A-fracture zone) groundwater monitoring wells were in-
stalled using 4-inch carbon steel set into the top of bedrock to prevent cross-
contamination between the overburden and shallow bedrock aquifers. The over-
burden was drilled using 6.25-inch hollow stem augers. Continuous split-spoon
sampling was only performed in MW-01-9A to fill soil data gaps because the
other A-fracture wells were installed adjacent to newly installed overburden wells
which underwent continuous split-spoon sampling. The overburden was sealed
off with 4-inch outer diameter (OD) carbon steel casing set 1 to 2 feet below the
top of rock. The rock socket was drilled with a 57%-inch roller bit. Bedrock drill-
ing continued no sooner than 24 hours after the steel casing was grouted in place.
Bedrock drilling was performed using HQ rock coring (3-15/16 inch OD) meth-
ods 5 feet into the bedrock as per the work plan (E & E 2001). All bedrock wells
were completed as open-hole wells. Each of the four shallow bedrock wells lost
50 to 110 gallons of drill water during the rock core drilling. A summary of drill-
ing parameters including well number, date started and completed, total depth,
number of split-spoon samples, drilling type, and well type is presented in Table
2-4; and well boring logs are presented in Appendix C. A summary of the rock
quality designation (RQD) from the rock cores is provided in Table 2-7. RQD is
a quantitative index developed by Deere in 1963 to log cores. It provides a pre-
liminary estimate of the variation of the in situ rock mass properties from those of
the sound portion of the rock core. All rock cores were placed in wooden core
boxes and stored in the on-site shed located along the eastern edge of the site at
the completion of the investigation.

2.5.1.3 Intermediate Bedrock Monitoring Well Installation

One intermediate bedrock (B-fracture zone) groundwater monitoring well was
installed using a telescoping casing (i.e., 6-inch carbon steel and 4-inch carbon
steel casings) designed to prevent cross-contamination between the overburden
and shallow bedrock (A-fracture zone) aquifers. The overburden was drilled us-
ing 8.25-inch hollow stem augers and the overburden was sealed off with 6-inch
OD carbon steel casing set 1.5 feet below top of rock. The rock socket was
drilled with a 77s-inch roller bit. Bedrock drilling continued no sooner than 24
hours after the 6-inch steel casing was grouted in place. A 4-inch inch OD carbon
steel casing was set 10 feet below the 6-inch casing after a 57-inch roller bit was
drilled to 27 feet below ground surface (BGS). The second round of bedrock
drilling continued no sooner than 24 hours after the 4-inch steel casing was
grouted in place. Bedrock drilling was performed using HQ rock coring (3-15/16
inch OD) methods 5 feet into the bedrock as per the work plan (E & E 2001) and
completed as open-hole bedrock well. Approximately 85 gallons of drill water
was lost to the bedrock during the rock core drilling. A summary of drilling pa-
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rameters including well number, date started and completed, total depth, number
of split-spoon samples, drilling type, and well type is presented in Table 2-4; and
well boring logs are presented in Appendix C. A summary of the RQD from the
HQ cores is provided in Table 2-7. All rock cores were placed in wooden core
boxes and stored in the on-site shed located along the eastern edge of the site at
the completion of the investigation.

2.5.1.4 Monitoring Well Development

Monitoring well development was performed on all of the newly installed wells
between November 1 to 14, 2001 by the E & E and Watts field team. The devel-
opment was performed no sooner than 24 hours following grout placement using
dedicated polyethylene bailers and new nylon bailer cord as described in the work
plan (E & E 2001). Temperature, pH, conductivity, and turbidity readings were
recorded to monitor the progress of the development process. Appendix C con-
tains the well development records for each well.

2.5.2 Piezometer Installation

Upon completion of the 20 Geoprobe boreholes, 1-inch ID piezometers were in-
stalled in 11 of the direct-push boreholes to the top of bedrock. All 11 piezome-
ters were constructed with 5-foot long flush joint Schedule 40, 0.010-inch ma-
chine-slotted PVC screens with threaded bottom plugs and flush-threaded PVC
riser pipe to approximately 2 feet above ground surface. The formation was ini-
tially allowed to naturally collapse around the piezometer screen. However, the
collapse did not fully occur, so silica sand was installed to 1 foot BGS and the
annulus was sealed with granular bentonite. The piezometers were secured with a
locking cap. Piezometer construction is summarized in Table 2-8 and direct-push
borelogs are presented in Appendix C.

2.5.3 Groundwater Sampling

Groundwater samples were collected from the 11 newly installed monitoring
wells, 46 existing monitoring wells, and 11 piezometers (see Figure 2-1) on No-
vember 6 to December 5, 2001, by the E & E and Watts field team.

2.5.3.1 Monitoring Well Sampling

Prior to sampling of the monitoring wells, static water levels were measured in
each well. The volume of water in each well was then calculated, and at least
three volumes of water standing in the well casing were removed, or the well was
purged dry. The same dedicated polyethylene bailers and nylon cord used for the
new well development were also used for sampling. Temperature, pH, conductiv-
ity, and turbidity measurements were recorded throughout the well purging proc-
ess, and immediately prior to sampling. As with development water, all purge
water was placed in one of the two 1,500-gallon polyethylene tanks located on
site. An inventory of all IDW is presented in Appendix D. Table 2-9 presents
sample numbers, dates, well descriptions, analyses, and field chemistry readings
at the time of sampling.

02:000699 NV05_02_02-B0899 2-6
SRI_ Final Frontier Chemical.doc-12/8/2004



y

ecology and environment, inc.

2. Supplemental Remedial Investigation Activities

In addition to the field samples, QA/QC samples including trip blanks were also
collected. All samples were submitted to E & E’s ASC for analysis. Results of
QA/QC samples are discussed in Section 4, and well results are discussed in Sec-
tion 5.

2.5.3.2 Piezometer Sampling

One-inch dedicated polyethylene bailers and nylon cord were used to sample the
11 piezometers. The piezometers were not developed prior to sampling, however,
they were purged at least three well volumes.

In addition to the field samples, QA/QC samples including trip blanks were also
collected. All samples were submitted to E & E’s ASC for analysis. Results of
QA/QC samples are discussed in Section 4, and well results are discussed in Sec-
tion 5.

2.6 Base Map Development/Site Survey

A detailed topographic base map of the Frontier Chemical site and immediate vi-
cinity was developed by a McIntosh & MclIntosh, P.C. (Mclntosh) survey crew.
The fieldwork for this survey was performed from November 12 to 16, 2001. The
base map was prepared by performing a ground survey and using an existing site
base map. Horizontal control was established using a local magnetic azimuth,
and vertical control was established using a elevation of 581.24 feet assigned to
Bench Mark #1 (square cut on northwest corner of concrete footer at northwest
leg of transmission tower #LN 32 TWR97) and 572.86 assigned to Bench Mark
#2 (cut “X” on north-northeast bonnet bolt of hydrant on west side of 47" Street).
All relevant features on site and in adjacent areas (e.g., buildings, power poles,
manhole covers, etc.) were plotted on a scale of 1 inch equals 40 feet. Figure 2-1
illustrates the base map generated for this investigation.

02:000699 NV05_02_02-B0899 2-7
SRI_ Final Frontier Chemical.doc-12/8/2004



Physical Characteristics of Study
Area

3.1 Physiography and Topography

The study area is located in Niagara County, New York, approximately 1 mile
north of the Niagara River within the town of Niagara Falls. Niagara County lies
within the eastern part of the Central Lowland Province. The Central Lowland
Province in the vicinity of the site is composed of late Ordovician to Silurian
rocks formed over 400 million years ago. These rocks were formed in a variety
of shallow sea environments covering the area during the Silurian period (Isach-
sen et al. 1991). These Ordovician and Silurian sequences are comprised of lime-
stone, shale, siltstone, sandstone, and conglomerates formed during the advance
and retreat of shallow seas. The Frontier Chemical Site is located within the
Huron Plain, in an area dominated by the Lockport Group created from sediments
deposited in a shallow shelf to a carbonate flat environment.

3.2 Geology

3.2.1 Regional Geology

Niagara County is almost entirely covered by glacial sediments with minor
amounts of alluvial deposits along present day streams. Glacial deposits through-
out the county range in composition and morphology from deep layers of glacial
till, to outwash plains and lacustrine sediments formed in glacial lakes. Glacial
till, which was deposited directly by glacial ice, consists of a mixture of unsorted,
compacted boulders, gravel, sand and clay up to 10 feet thick. Lacustrine depos-
its, which were deposited in glacial lakes that formed along the margins of the ice
sheets, consist primarily of clay up to 20 feet thick, with lenses of silt and fine
sand. The lacustrine clays and silts that underlay the town of Niagara Falls were
the result of the Wisconsin ice sheet that covered the area 13,000 to 20,000 years
ago. The retreat of the Wisconsin ice sheet formed the glacial Lake Lundy, which
is responsible for most of the reddish sediments and soils in the area. In the Ni-
agara Falls area, overburden thickness ranges from less than 1 foot near the Niag-
ara Escarpment to more than 80 feet along Tonawanda Creek.

Niagara County is covered by parts of the Huron and Ontario Plains, with the On-
tario plain extending from the shores of Lake Ontario to the foot of the Niagara
Escarpment. The Huron Plain extends from the Niagara Escarpment southward
beyond the county line to the Onondaga Escarpment (Onondaga limestone expo-
sure). The Niagara Escarpment consists of a steep northward sloping Lockport
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dolomite exposure, with the crest elevation slightly more than 600 feet above
mean sea level (AMSL). The nearly level Ontario Plain topographically slopes
from the escarpment at a rate of 20 feet per mile towards Lake Ontario (8 miles
north of the escarpment). The topography is mostly uniform except for a few
shallow stream valleys that generally trend northeast-southwest. The nearly level
Huron Plain occupies approximately half of the county and gently slopes west-
ward from over 600 feet AMSL in the east (Dysinger) to 570 feet AMSL at the
mouth of Tonawanda Creek. The level topography is interrupted by narrow, ir-
regular ridges that trend in a northeast-southwest direction. These ridges demon-
strate 20 to 50 feet of relief and range from 1.4 to 2 miles in length (USDA SCS
1972).

Niagara County bedrock consists of Late Ordovician to Silurian age sedimentary
rocks including the Richmond, Medina, Clinton, and Lockport Groups (see Figure
3-1). These bedrock units are nearly flat, representing a homoclinal structure with
an east-west strike and dip to the south approximately 25 to 30 feet per mile

(E & E 1995). The Lockport Group, consisting of shale, dolostone, and limestone
deposited during the late Silurian period in shallow shelf environments, is the
most common bedrock unit found in and around the city of Niagara Falls. The
lower Lockport (Gasport Formation) is comprised of limestone and dolostone
formed in a shallow, warm, clear, shelf environment containing a variety of fossil
life, which is in stark contrast with the underlying lifeless limestone. The middle
Lockport (several formations) is comprised mostly of dolostone with some chert
and few fossils (mostly snails and clams) formed in a very shallow shelf to a car-
bonate flat environment (Isachsen et al. 1991). The Lockport Dolomite is the up-
permost bedrock unit and is defined as a coarse crystalline, thin to massive, bed-
ded dolomite, limestone, and shaly dolomite, with vugs containing primarily gyp-
sum and calcite (Tesmer 1981). The Lockport Dolomite is approximately 150
feet thick and is characterized by fractures caused by successive periods of tec-
tonic activity during the Paleozoic. Regional fracture (joint) orientations trend
northeast-southwest as a result of the Taconic Orogeny, and northwest-southeast
as a result of the Acadian Orogeny.

3.2.2 Site Geology

Overburden

The site exhibits little relief with elevations around 570 feet AMSL (USGS 1980).
The detailed Niagara County soil survey does not extend to the site location, but
two general soil types have been classified near the site (approximately 0.5 mile
north): Cut and Fill Land and Odessa Silt Clay Loam Series (Oda) (USDA SCS
1972). Cut and Fill Land represents areas where the original soil has been
stripped and removed or are covered with more than three feet of material. This
land type is a mixture of materials that have little or no profile development and is
the result of construction operations including borrow areas, fill areas, dikes, ca-
nal spoils, and dredgings (USDA SCS 1972).
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The Odessa Silty Clay Loam Series consists of deep, moderately fine textured,
poorly drained soils found on nearly level slopes (0 to 2%). These soils are found
south of the Niagara Escarpment and were formed in glacial lacustrine environ-
ments where calcareous clay is dominant. Glacial till is typically within 8 feet of
the surface in many areas. The general soil profile is firm brown to light reddish-
brown silty clay overlain by a dark grayish-brown silty clay loam surface layer 8
inches thick (USDA SCS 1972).

The nature of the overburden was characterized during this investigation through
test pit excavations and split-spoon sampling. The overburden thickness encoun-
tered during borehole investigations (split spooning) ranged from 14.7 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 as-
phalt) followed by 12 to 15 feet of silty clays overlying the bedrock (see Figures
3-2 and 3-3). The natural soils encountered generally consisted of brown to red to
green silty clays, or fine sand and silt, with trace gravel at most localities. Blow
counts recorded during split-spoon sampling indicate a loose to medium relative
density soils (see Table 2-1).

Bedrock

Based on this and previous investigations, the bedrock underneath the site is
Lockport Dolomite. The upper bedrock contains several hydraulic fracture zones
caused by the tectonic activity during the Paleozoic (see Figures 3-2 and 3-3).
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 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 marker bed and is not as distinct and permeable as the A and B
zones.

Rock cores were obtained from the five SRI bedrock monitoring well locations
via HQ coring. The shallow bedrock wells were cored 15 to 24 feet BGS and
intermediate bedrock well MW-88-7B(R) was cored from 27.5 to 32.5 feet BGS.
The cores exhibited a fair to excellent RQD (see Table 2-8), indicating competent,
massively bedded dolomite. The rock was medium to hard and ranged from po-
rous to pitted. The rock also exhibited slight to moderate weathering and very
close to moderately close spaced horizontal fractures, with some vertical fractures
near the top of rock.
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3.3 Hydrology

3.3.1 Regional Hydrology

Niagara County is surrounded on three sides by fresh water sources that include
Lake Ontario to the north, Niagara River to the west, and Tonawanda Creek to the
south. Drainage of the Ontario Plain, located north of the Niagara Escarpment
(Lockport dolomite exposure approximately 8 miles south of the lake), is north-
ward into Lake Ontario. Streams on the Ontario Plain are predominantly narrow,
crooked channels 10 to 30 feet deep that travel through narrow flood plains
(USDA SCS 1972). There are also several broad, basin-like areas with poorly
drained outlets. The Huron Plain, which includes the site, is located south of the
Niagara Escarpment. Streams on the Huron Plain drain southward into Tona-
wanda Creek and eventually empty into the Niagara River (USDA SCS 1972).

Based on previous groundwater investigations in the Niagara Falls area, ground-
water is transmitted in both overburden and bedrock aquifers. Due to the poor
water quality and availability of municipal water from the Niagara River, ground-
water is not extensively utilized as a potable water source in the Niagara Falls
area (Woodward-Clyde 1992). In the overburden, groundwater flows through fill,
glacial lacustrine, and basal till material. Groundwater flow direction is variable,
with the topography, proximity of discharge/recharge sources, and dip of the bed-
rock controlling the flow direction. Based on previous studies in the Niagara
Falls area, the overburden exhibits low transmissivity in comparison to the
bedrock. The low permeability lacustrine and basal till soils reduce vertical
infiltration of groundwater and tend to create localized perched water zones. The
flat surface slope and the networks of underground utilities in the overburden fur-
ther impede horizontal groundwater flow (Woodward-Clyde 1992). Wells
screened in these lacustrine deposits commonly exhibit hydraulic conductivities
on the order of 3 x 10™* feet per day (ft/day) or less (Woodward-Clyde 1992).

As stated in Section 3.2.1, the Lockport Group (composed of dolostone, shale and
limestone) is the most common bedrock unit in the Niagara Falls area. In general,
the regional groundwater flow through the Lockport Group is towards the Niagara
River and the Niagara Gorge. The hydraulic properties of the Lockport Group are
principally governed by secondary porosity caused by fractures and vugs (dissolu-
tion cavities) widened by mineral dissolution. Successive periods of tectonic ac-
tivity during the Paleozoic were responsible for stresses that caused fracturing of
the bedrock. The principle water-bearing zone in the Lockport Dolomite is the
upper 10 to 25 feet of the bedrock, which contains many closely spaced horizontal
fractures interconnected with high-angle (vertical) fractures (E & E 1995). Nine
laterally extensive horizontal fracture zones have been identified throughout the
formation, two of which are within the upper 25 feet. Each fracture zone is repre-
sented by a series of fractures that range in thickness from a few inches to ap-
proximately 5 feet in some areas. Aquifer tests performed in these horizontal
fracture zones indicate hydraulic conductivities of 0.2 to 200 feet per day, with a
median conductivity of 40 feet per day (E & E 1995). Generally, transmissivity
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decreases with depth due to the weight of the overlying rock and a decrease in
interconnection of horizontal and vertical fractures.

Recharge enters the weathered bedrock as infiltration of precipitation from the
overlying glacial sediments when vertical and horizontal fractures intersect the
bedrock surface. Recharge also enters as infiltration from the Niagara River, New
York Power Authority Reservoir, and unlined city storm sewers (E & E 1995).
Hydraulic monitoring of well clusters at various sites within the Niagara Falls
area have shown both upward and downward vertical gradients throughout the
Lockport Group (Woodward-Clyde 1992). Vertical gradients are downward in
recharge areas and are upward in discharge areas. Bedrock groundwater dis-
charges to man-made features, such as buried unlined storm sewers (Falls Street
Tunnel) and the drain system surrounding the buried twin Power Authority water
conduits, as well as the Niagara River.

3.3.2 Site Hydrology

3.3.2.1 Surface Water

The Frontier Chemical site is located in an industrial section of Niagara Falls,
where approximately 25% of the surface area at the site is covered by grass/ vege-
tation and the other 75% of the surface area covered by buildings, building foun-
dations, 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 and then west either to the
city of Niagara Falls sewage treatment facility or, during high-flow conditions,
directly into the Niagara River (approximately 1 mile to the west) through the
Falls Street Tunnel. Large areas of standing water were noted on the paved areas
of the site during the investigation activities between October 2001 and May
2002. It appears that some of the storm sewer outfalls, especially in the central
area of the site, are plugged from the demolition activities and are not draining
into the Niagara Falls sewer tunnels properly.

3.3.2.2 Overburden Groundwater

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 de-
pression in the central portion of the site resulting in flow to the northwest, west,
and southwest (see Figure 3-4 [back pocket]). Horizontal gradients were calcu-
lated by dividing the difference in head between the upgradient and downgradient
wells in a particular zone by the distance between the wells (see Table 3-1). The
horizontal gradient in the overburden is approximately 1.95 feet per 100 feet to-
wards the southeast, but ranges between 4.5 to 25 feet per 100 feet around the
groundwater depression. Vertical gradients were calculated by dividing the dif-
ference in head between well pairs by the vertical distance between the midpoints
of the screens of the two wells (see Table 3-1). The vertical gradient between the
overburden and A-fracture zone is 1.58 feet/foot towards the bedrock, signifying
recharge areas. In previous investigations, the groundwater depression in the cen-
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tral portion of the site was present with a horizontal gradient that ranged from 2.4
to 10 feet per 100 feet, but flow direction was ultimately towards the southeast.
The average overburden hydraulic conductivity is approximately 2.1 x 10 feet
per second based on slug and pump-test activities (Ecco, Inc. 1991).

3.3.2.3 Bedrock Groundwater

Previous investigations have identified three laterally extensive horizontal frac-
ture zones in the upper bedrock during drilling activities. The first fracture zone
(the A-fracture zone) consists of highly fractured and weathered Lockport dolo-
mite in the upper 3 to 5 feet of the bedrock. Groundwater flow in the A-fracture
zone is to the south/southeast, with a horizontal gradient of approximately 1.3 feet
per 100 feet (see Figure 3-5 [back pocket] and Table 3-1). The vertical gradient
between the A- and B-fracture zones is 1.04 feet per foot towards the B-fracture
zone, signifying recharge areas (see Table 3-1). Previous investigations estimated
horizontal flow within the A-fracture zone was 2.0 feet per 100 feet in a southerly
and easterly direction, with hydraulic conductivity ranging from 5.6 x 10 ft/sec
to 5.2 x 10” ft/sec based on slug and pump-test activities (Ecco, Inc. 1991). Al-
though this previous data appears 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