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EXECUTIVE SUMMARY

The Buffalo Avenue site consists of a 25.8 acre parcel of land located within
the City of Niagara Falls corporate limits, about 400 feet north of the Niagara River
and directly east of the City of Niagara Falls Water Treatment Plant (WTP). The
site is owned by the New York Power Authority (NYPA) and the New York State °
Office of General Services (NYSOGS). The site is currently classified as "2a" in the
1987 New York State Registry of Inactive Hazardous Waste Disposal Sites. This
classification signifies that sufficient data and information does not presently exist to
allow the New York State Department of Environmental Conservation (NYSDEC)
to make a determinatioh of whether or not the site poses a threat to public health,
and the environment.

A preliminary investigation was conducted by Malcolm Pirnie, Inc. in 1989 and
1990 to assess the potential suitability of the Buffalo Avenue site for construction of
a new City of Niagara Falls WTP. The preliminary site investigation identified an
area of approximately 10 acres in size for siting of a new WTP facility. The
New York State Department of Health (NYSDOH) and the Niagara County Health
Department (NCHD) have 'formally concurred with the selection of this 10-acre
portion of the site. However, the NYSDOH and NCHD also noted that their
concurrence was contingent upon further investigation of the 10-acre site to
"demonstrate that a water facility can be safely constructed on the site." The
NYSDEC has also endorsed this site subject to verification that it can be delisted/de-

classified.



The overall purpose of this site investigation is to identify whether the 10-acre
portion of the Buffalo Avenue site is environmentally suitable for construction of the
new WTP, as suggested by previous investigators, and to evaluate whether the
remaining 15.8 acres contains hazardous waste, as defined by 40 CFR Part 261
("hazardous waste"). This 15.8-acre parcel had not been previously investigated in
detail and is known to contain fill materials. Specific project objectives have been
defined as follows: confirm preliminary investigation results on the 10-acre site;
characterize the ground water beneath the site and assess the source of contaminants
detected, if any; identify surface contamination, if any, which may affect WTP
construction activities; and develop the data necessary to support a petition to delist
the 25.8 acre site, or a portion thereof, from the NYS Inactive Hazardous Waste Site
Registry.

This site investigation provides an evaluation of the nature and -extent of
contamination in gfound water, surficial lsoils and subsurface fill materials.
Investigatory tasks discussed herein include: completion of test borings and
installation of monitoring wells in overburden and bedrock water bearing zones;
hydraulic conductivity testing of the overburden and bedrock monitoring wells;
monthly monitoring of ground water levels for a minimum of four months; sampling
and analysis of surficial soils across the site; sampling and analysis of fill material;
and sampling and analysis of ground water in overburden and bedrock. At the
request of the NYPA, three additional soil borings (SB-38, SB-39, and SB-40) and
one additional monitoring well (MW-16S) were completed on the existing City of
Niagara Falls Water Treatment Plant property as part of this site investigation. The

completion of site investigations has resulted in the following conclusions:



Site geology is characterized by unconsolidated fill, silty sand, lacustrine clay,
and alluvium overlying a clayey glacial till deposit. These unconsolidated
deposits overlie dolostone bedrock. The fill material was differentiated as
either shot rock fill or miscellaneous waste fill.

Shallow unconfined ground water was present beneath the site at depths
ranging from less than 1 foot to about 17 feet below grade. Shallow ground
water movement was to the south towards the Niagara River at a velocity
estimated to be 0.72 ft/day.

Bedrock ground water movement is to the west-northwest under a hydraulic
gradient which became steeper on the western portion of the site in response
to increased surface water and ground water discharge into the NYPA water
intake conduits and the Falls Street tunnel.

Thirty-four surface soil samples were collected as part of this site investiga-
tion. No polynuclear aromatic hydrocarbons were detected above typical
Niagara Falls area background levels. Hexachlorobenzene and several
pesticide compounds were detected slightly above background in several
samples from the western portion of the site. Dibenzofuran was detected in
surface soils in the northwest corner of the site exclusively, at low concentra-
tions. Seven metals were detected above typical background concentrations
in several samples. EPTOX and TCLP analysc§ performed on a select sample
which had lead concentrations above background indicated this sample is not
a hazardous waste with respect to lead.

Soil boring .sample analyses from the 10-acre portion of site indicated no

volatile organic constituents at concentrations above 0.006 ppm. EPTOX and



TCLP analyses performed on a select sample which had lead concentrations
above background indicated this sample is not hazardous waste with respect
to lead.

Shot rock fill encountered in the soil borings completed on the 15.8 acre
portion of the site contained volatile organic compound concentrations of
0.025 ppm or less. Semivolatile compounds were detected in shot rock at
concentrations of 4.2 ppm or less, with the exception of SB-28 (2 to S ft). No
PCBs were detected in the shot rock fill. Several pesticide compounds were
detected at low concentrations of 0.037 ppm and less, with the exception of
SB-29 (4 to 7 ft) which contained beta-BHC (2.2 ppm). Cyanide was detected
exclusively in SB-29 (4 to 7 ft), located in the northwest corner of the site, at
a conceﬁtration of 3.8 ppm. Nine metals were detected above typical
background concentrations in several samples. EPTOX and TCLP analyses
performed on three select sample which had lead and chromium concentra-
tions above background indicated these samples are not hazardous waste with
respect to lead and chromium.

Shot rock fill was encountered in off-site soil boring SB-40 (2 to 5 ft), and
exhibited similar chemical characteristics to the on-site shot rock fill with the
following exceptions. Tetrachloroethene was the only volatile organic
detected in SB-40 (2 to 4 ft) at a concentration of 1.1 ppm. Chlorinated
hydrocarbon compounds detected in SB-40 include 1,4-dichlorobenzene (0.049
ppm), hexachloroethane (0.31 ppm), 1,2,4-trichlorobenzene (3.5 ppm),
hexachlorobutadiene (14 ppm), and hexachlorobenzene (18 ppm). SB-40

contained higher concentrations of pesticides such as beta-BHC (0.034 ppm),



aldrin (0.52 ppm), heptachlor epoxide (1.4 ppm), endosulfan I (0.42 ppm), 4,4-
DDD (2.7 ppm), and 4,4-DDT (2.2 ppm). The pesticide compounds detected
in SB-40 are above background concentrations.

Miscellaneous waste fill encountered in soil borings completed on the 15.8-
acre portion of the site contained volatile organic compound concentrations
of 0.034 ppm or less. Semivolatile compounds were detected in miscellaneous
waste at low concentrations, with few exceptions. The chlorinated hydrocar-
bon compounds were detected at a concentration of 0.71 ppm and less. PAH
concentrations were generally at background levels with the exception of SB-
15 (8 to 16 ft) and SB-33 (4 to 7 ft). Phenol was detected exclusively in SB-30
(11.5 to 12 ft) at a concentration of 4.7 ppm, which is above typical back-
ground levels. The PCB Aroclor-1242 was detected in the miscellaneous
waste fill exclusively at SB-27 (5 to 13.5 ft) at a concentration of 2.2 ppm.
This soil boring was on the west-central edge of the site and was the only
sample which contained PCBs. Pesticide compounds were detected at low
concentrations of 0.095 ppm and less, with the exception of SB-28 (5 to 11 ft)
which contained beta-BHC (2.9 ppm). Cyanide was detected in four samples
at concentrations ranging from 1.16 ppm to 2.4 ppm, and in SB-27 (5 to 13.5
ft) at a concentration of 9.87 ppm. Ten metals were detected above typical
background concentrations in several samples. EPTOX and TCLP results
presented in the preliminary Malcolm Pirnie study indicated that the
concentrations of metals in the sample extracts were low in all but the
EPTOX extract for lead generated from a soil composite from the northwest

corner of the site, which exceeded the 5 ppm level for a characteristic
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hazardous waste. The EPTOX and TCLP organic parameters were essentially
non-detectable in the EPTOX and TCLP extracts, respectively, which
indicates these samples are not hazardous waste. As part of this investigation,
EPTOX and TCLP analyses were performed on eleven select samples which
had lead, chromium, and mercury concentrations above background. Results
from these EPTOX and TCLP analyses indicated these samples are not
hazardous waste with respect to lead, chromium, and mercury, with the
exception of SB-33 (4 to 7 ft) which contained an EPTOX lead concentration
of 39.1 ppm. To evaluate the discrepancy between EPTOX and TCLP
analyses from SB-33, five additional soil samples were collected and analyzed
for total lead, EPTOX lead, and TCLP lead. The values obtained from the
EPTOX and TCLP analyses were considerably lower than the maximum
allowable limit of S ppm for lead, which indicates these soils are not
hazardous waste.

Miscellaneous waste fill was encountered in the three off-site soil borings and
exhibited similar chemical characteristics to the on-site miscellaneous waste
fill with the following exceptions. SB-40 (5 to 12 ft) contained higher levels
of the chlorinated hydrocarbons 1,24-trichlorobenzene (3.4 ppm), hexa-
chlorobutadiene (1.6 ppm), and hexachlorobenzene (1.9 ppm).

Ground water analyses indicate MW-7S contained the volatile organic
constituents chlorobenzene and benzene exceeding the Class GA ground
water standards during the first sampling round exclusively. Benzene was the
only volatile organic detected which exceeded a Class GA standard during the

second sampling event. Semivolatile organic compounds detected above the



Class GA standards include 1,3-dichlorobenzene and 1,4-dichlorobenzene,
which were both detected at a concentration of 6 ppb in MW-7S. These
chlorobenzene compounds were detected in adjacent soil boring samples and
have likely affected the ground water chemistry in MW-7S. Pesticides were
detected above the Class GA standards in four wells during the first sampling
round. During the second sampling event, only MW-7S and off-site well MW-
16S contained pesticides above the Class GA standards. These pesticide
compounds were also detected above background levels in subsurface soils
collected in close proximity to MW-7S and MW-16S. The pesticides in the fill
materials have likely affected the ground water chemistry in these wells.
Antimony was detected in MW-7S at levels above the Class GA guidance
value of 3 ppb in both the unfiltered and filtered samples. Manganese was
detected in several wells at concentrations above the Class GA Standard (300
ppb) in unfiltered samples, but the only filtered samples in exceedance were
MW-7S (415 ppb and 386 ppb) and off-site well MW-16S (552 ppb). Iron,
magnesium, and sodium exhibited concentrations in exceedance of the Class
GA standards and guidance values in both unfiltered and filtered samples.
These metals are likely characteristic of the background ground water
chemistry and are not likely affected by the chemistry of the on-site fill
materials. Chromium, mercury, lead, and zinc exceeded Class GA standards
in unfiltered samples, however, corresponding filtered samples were less than
the Class GA standards in all cases. Because sediment/ground water
interactions have the ability to dominate the ground water chemistry, the

filtered ground water samples are more likely to provide representative results
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of metals in solution. Cyanide was detected above the Class GA standard of
100 ppb only in the unfiltered sample from MW-7S (267 ppb). The cyanide
detected in SB-27 (5 to 13.5 ft) has likely affected the ground water chemistry
in this well.

The O’Brien & Gere site investigation results presented herein confirm the
preliminary Malcolm Pirnie investigation results and are consistent with the
validated Dames & Moore Phase II Investigation results. Based on the
information collected, the 10-acre portion of the site appears to be environ-
mentally suitable for construction of the new Water Treatment Plant, with no
evidence of surface contamination which may affect construction activities.
The remaining 15.8-acre portion of the site does not contain hazardous waste,
as defined by 40 CFR Part 261. The majority of the 15.8-acre site contains
surface soil, subsurface soil, and ground water which do not contravene
background levels or existing standards. However, a portion of the 15.8-acre
site in the vicinity of MW-7S contains fill materials which contain constituents
above typical background levels. The ground water from MW-7S exceeded

several Class GA standards and guidance values.



SECTION 1 - INTRODUCTION

1.01 Project Background

The City of Niagara Falls (City) drinking water treatment plant (WTP)
requires major capital improvements in order to continue reliable production of high
quality drinking water. In addition, the current water treatment plant property has
been contaminated by chemical wastes migrating from the adjacent Occidental
Chemical Company (OCC) "S-Area" site. A recent modification to a 1985 U.S.
District Court Consent Order (RRT Stipulation April 1991) has been approved which
requires construction of a new Water Treatment Plant (WTP) on the adjacent
Buffalo Avenue site owned by New York Power Authority (NYPA) and the New
York State Office of General Services (NYSOGS).

In 1989 a conceptual agreement was reached between OCC and the City,
which would compensate the City for the projected higher cost of constructing the
new facility. This development prompted the City to undertake a screening of
potential water treatment plant sites. Of six candidate sites, the New York Power
Authority’s (NYPA) Buffalo Avenue site (Figure 1) was identified as the best
available site for a new WTP based on existing/adjacent land use, proximity to
existing source of supply and transmission system, and available land area (Malcolm
Pirnie, 1990) among other site selection criteria.

The Buffalo Avenue site consists of a 25.8 acre parcel of land located within
the City of Niagara Falls corporate limits, about 400 feet north of the Niagara River
and directly east of the City of Niagara Falls Water Treatment Plant (Figure 2). The
Robert Moses Parkway is located to the south between the site and the Niagara

1



River. The area surrounding the site to the north, east, and west consists of
residential, commercial, and industrial properties.

The Buffalo Avenue site is currently classified as "2a" in the 1987 New York
State Registry of Inactive Hazardous Waste Disposal Sites. This classification
signifies that sufficient data and information does not presently exist to allow the
New York State Department of Environmental Conservation (NYSDEC) to make
a determination of whether or not the site poses a threat to public health, and the
environment. |

A preliminary field investigation was undertaken by Malcolm Pirnie, Inc. in
1989 and 1990 to assess the potenﬁal suitability of the NYPA - Buffalo Avenue site
for construction of a new water treatment plant (Malcolm Pirnie, 1990). The
investigation focused on the northern 14.3 acres of the 25.8-acre site because the
* northern portion was formerly residential in nature and available historic information
indicated fill activities had occurred on the southern portion of the site.

The preliminary site investigation identified an apparently uncontaminated
area of approximately 10 acres in size for siting of a new WTP facility. The
New York State Department of Health (NYSDOH) and Niagara County Health
Department (NCHD) have formally concurred with the selection of this 10-acre area
of the site (Appendix A). However, the NYSDOH and NCHD also noted Fhat their
concurrence was contingent upon further investigation of the 10-acre site to
"demonstrate that a water facility can be safely constructed on the site." The
NYSDEC has also endorsed this site subject to verification that it can be delisted/de-

classified (Appendix A).



1.02 Site History

As shown on Figure 2, the NYPA-Buffalo Avenue site is bordered on the west
by the existing City water treatment plant property, and is located between Buffalo
Avenue and the Robert Moses Parkway from 56th Street to beyond 61st Street. The
site is currently owned primarily by NYPA, although the NYSOGS retains title to
approximately 7.6 acres of the southern portion of the property.

A comparison of 1927 and 1980 City maps and construction surveys revealed
that the original shoreline has been extended as far as 700 feet to the south by fill
activities. The fill apparently progressed in three distinct phases (Dames & Moore,
1988):

(1) refuse, incinerator residue, and miscellaneous debris were alleged to

be disposed of on-site from the 1930s to the 1950s;

(2)  dredged material from the construction of the Niagara River Ice Canal

was disposed ‘of on-site by NYPA (date undocumented); and

3) ‘soil, rock (i.e. "shot rock") and other materials excavated by NYPA

during construction of the Niagara Power Project conduits were
disposed of on-site from 1958 to 1963.

A United States Department of Agriculture (USDA) aerial photograph taken
in 1958 (ARE-3U-85) verifies the southern site boundary at that time, and a
subsequent aerial photograph (AER-2GG-53) confirms that the Parkway was in place
by 1966. Residential and commercial structures on the site were apparently
demolished in the late 1950s, and all disposal activities are believed to have ceased

prior to 1963.



The alleged presence of soil contamination at the NYPA - Buffalo Ave. site
was initially reported in 1981 during a geotechnical foundation investigation by a
potential purchaser of the property. Subsequent studies carried out in 1983 by the
United States Environmental Protection Agency (USEPA) and NYSDEC confirmed
the presence of several organic compounds and concluded that "additional analyses
are required to confirm the extent of contaminant migration from this site" (Niagara
River Toxics Committee, 1984).

In 1985, NYPA entered into an Order on Consent with NYSDEC to
undertake a Phase II Investigation of the site, which was intended to establish the
extent of contamination and provide the data and information needed by NYSDEC
to classify the site. NYPA’s Phase II Investigation will be finalized by O’Brien &
Gere Engineers, Inc., at the request of both NYPA and NYSDEC, and will be

submitted to the NYSDEC under separate cover.

1.03 Previous Investigations

A brief summary of the previous investigations of the NYPA - Buffalo Avenue
site is presented below and the corresponding pertinent data are included in Exhibits
A, B, and C.

m 1981 - seven boreholes (B1-81 through B4-81, B6-81, B9-81, and
B10-81) were completed by Pittsburgh Testing Laboratories (PTL) on
behalf of Hysen Supplies, Inc. as part of a foundation related soil
investigation,;

» 1982 - five piezometers (OW1-82 through OWS5-82) were installed by

Conestoga-Rovers & Associates, Ltd. (CRA) on behalf of OCC in
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order to determine ground water levels in the overburden. To the best
of our knowledge, these piezometers have been abandoned;

1982 and 1983 - nine boreholes (1 through 9) were completed by the

U.S. Geological Survey (USGS) as part of the sampling program of
inactive hazardous waste disposal sites adjacent to the Niagara River;
and

1987 - eight clusters of overburden and bedrock wells (MW-1 through
MW-8), the completion of three (3) soil borings (B1-87 through
B3-87), a seismic survey, and a soil and ground water sampling and
analysis program were completed by Dames & Moore on behalf of the
NYPA (Draft Phase II investigation of the site). Upon review of the
draft report, the NYSDEC requested that a number of additional work
tasks be completed before the report would be approved. Included in
these tasks were collection of additional hydrogeologic and chemical
data in addition to reevaluation of the HRS document. This additional
data was collected as part of the Buffalo Avenue Site Investigation,
completed by O’Brien & Gere, based on agreement between the
NYSDEC, NYPA, and the City. Based on additional discussions
between O’Brien & Gere and the NYSDEC, it was agreed that this
report would be used to fulfill the requirements of a Phase II Investi-
gation. A detailed discussion of these additional work efforts, and a
summary of the data collected by O’Brien & Gere to complete the

NYPA Phase II Investigation are included as Exhibit C.



Figure 3 illustrates the locations of the above-referenced
borings/wells on the NYPA Buffalo Avenue site.
1989 - 35 soil borings (BH-1 to BH-35) were completed by Malcolm
Pirnie as part of a preliminary soil sampling program to define the
extent of contamination in the northern portion of the site. During
this investigation, areas designated with letters A through K were
delineated based on the location of borings completed in a single day.
These areas are identified on Figure 4. Soil gas and electromagnetic

surveys were also conducted in an effort to delineate localized areas

of contamination. Boring locations are shown on Figure 4.

The following presents a brief summary of the findings of the above investigations:

1.03.1 Overburden Soil/Fill

The soil samples collected during the 1981 PTL investigation were

analyzed onlyfortrichlorobenzenes, tetrachlorobenzenes, hexachlorobutadiene

(C-46), and hexachlorocyclopentadiene (C-56). These compounds were

apparently detected in the samples at the following concentration ranges:

trichlorobenzene 30 - 563 ppb
tetrachlorobenzene 21 - 626 ppb
hexachlorobutadiene 3- 43 ppb
hexachlorocyclopentadiene None detected

However, because the laboratory conducted the analysis using GC-EC

(Electron Capture) rather than GC-MS (Mass Spectroscopy), the validity of

this data is suspect. The report concluded that, with the exception of B-9-81,



the concentration appeared to decrease with increasing depth below the
surface. Inorganics were not analyzed during these investigations.

The analytical results of the soils samples collected between June 25,
1982 and May 28, 1983 by the USGS indicate the presence of organic
compounds in soil borings 1 and 2. In Soil Boring 1, PAHs were detected at
concentrations ranging from 750 ppb to 4,200 ppb; there were no PAHs
detected in Soil Boring 2. The only organic compound detected in Soil
Boring 2 was the pesticide 4,4-DDT, at a concentration of 25 ppb. It is
understood that this analysis was also conducted by GC-Electron Capture and
is, therefore, unconfirmable.

The findings of the soil sampling and analyses completed by Dames &
Moore during the Phase II investigation of the NYPA - Buffalo Avenue site
indicated that polynuclear aromatic hydrocarbons (PAHs) were detected in
soil samples at concentrations ranging from 68 ppb to 44,000 ppb. Volatile
organic compounds, including halogenated ethanes, were also detected in the
soil samples at concentrations ranging from 1 ppb to 143 ppb. Inorganics
(metals), including arsenic, chromium, copper, lead, and zinc were detected
in soil samples. Surficial soils near well location MW-1 apparently exceeded
the EPTOX limit for selenium. The volatile organic compounds acetone and
methylene chloride were detected in some of the method blanks as well as in
the soil samples, indicating possible laboratory contamination.

The results of the preliminary sampling program conducted by
Malcolm Pirnie are summarized in Exhibit A. A review of Exhibit A
indicated generally low to non-detectable concentrations of the organic TCL

7



and TCLP/EPTOX parameters. The principal organic parameters detected
in the soil samples during this study were fifteen PAHs at very low individual
concentrations of non-detectable to 57 ppb. Very low to non-detectable
concentrations of volatile organics were also observed in some of the soils.
The detection of volatile organic compounds methylene chloride and acetone
were attributed to laboratory contamination.

Concentrations of inorganics found in native soils and fill in the
preliminary study are generally of the same magnitude as the concentrations
that occur in natural soils, with the notable exception of lead in Areas
B/C/D, which are in the northwest corner of the site (Figure 4). Slightly
_elevated concentrations of calcium, magnesium, and mercury are also
apparent on-site, possibly due to the presence of fly ash in the fill previously
deposited at the site.

The EPTOX/TCLP results presented in the preliminary study shows
that the concentrations of metals in the sample extracts were low in all but
the EPTOX extract for lead generated from the B/C/D area soil composite,
which was collected in the northwest corner of the site. The EPTOX results
of this sample exceeded the level for a characteristic hazardous waste as
defined by 40 CFR Part 261. However, the TCLP extract for the same
sample was below the level for a characteristic hazardous waste.

1.03.2 Ground Water

Ground water samples were collected from shallow monitoring wells
on-site (MW 1S through 8S) and analyzed by Dames & Moore in late 1987.
Methylene chloride (13-400 ppb) and acetone (1.1-130 ppb) were reportedly

8



detected in these samples. However, acetone was also detected in the
laboratory blanks. Other volatile organic compounds such as benzene and
trichloroethylene were reportedly detected in three of the ground water
samples at concentrations less than 5 ppb.

The PAH compound naphthalene was reportedly detected in one of
the ground water samples at a concentration of 29 ppb. No other PAHs were
detected in the shallow ground water. In addition, four pesticides (aldrin,
delta-BHC, endosulfan I, and heptachlor epoxide) were reported in three of
the ground water samples. Inorganic parameters reportedly detected in
ground water included arsenic, barium, cadmium, chromium, iron, lead,

magnesium, manganese, selenium, silver, and zinc.

1.04 Site Investigation Purpose, Objectives, and Scope
The overall purpose of this site investigation is to identify whether the 10-acre
portion of the Buffalo Avenue site is environmentally suitable for construction of the
new WTP, as suggested by previous investigators, and to evaluate whether the
remaining 15.8 acres contains hazardous waste, as defined by 40 CFR Part 261
("hazardous waste"). This 15.8-acre parcel had not been previously investigated in
detail and was known to contain fill materials (Figure 2). The investigation results,
T in conjunction with the results of the previously completed investigations, will be used
to support a petition for site delisting by the NYSDEC.

Specific project objectives have been defined as follows:

1. Confirm preliminary investigation results on the 10-acre site;



SECTION 2 - FIELD INVESTIGATIONS

2.01 Introduction

The site investigations discussed below were completed in accordance with two
separate Work Plans. The Site Suitability Assessment Work Plan was prepared for
field investigations associated with the 10-acre portion of the site (O’Brien & Gere,
1991 a). The Site Acquisition Investigation Work Plan was prepared for data
collection efforts associated with investigation of the adjacent 15.8-acre parcel and
evaluating the possibility of delisting this portion of the property (O’Brien & Gere,
1991 b). These 10-acre and 15.8-acre portions of the property are illustraied on
Figure 2.

The scope of the investigatory tasks included surface soil sampling, subsurface
soil sampling, and installation and sampling of overburden and bedrock ground water
monitoring wells. The Work Plans were reviewed and approved by thé NYSDEC

prior to implementation by O’Brien & Gere Engineers, Inc. on behalf of the City.

2.02 Surface Soil Sampling

A total of thirty four surface soil samples were collected at the Buffalo
Avenue site at the locations shown on Figure 5. The sampling program was
completed to:

1. assess the presence of "hazardous waste" on the 10-acre site;

2. evaluate the selenium levels in the eastern portion of the site (Areas

1/J/K on Figure 4) that were tentatively identified during the previous
investigations; and

11



3. assess the presence of "hazardous waste” on the 15.8 acre area of the
NYPA property.

Surface soil sampling locations were selected at the grid nodes identified on
Figure 5. Soil samples were collected either by driving a split spoon sampler to the
required depth or by using stainless steel trowels. Surface soil sample descriptions
are included on Table 1.

Sample collection methods, container/preservation requirements, handling,
labeling, and documentation procedures were in accordance with the approved Work
Plans (O’Brien & Gere, 1991 a,b). Soil samples were submitted to Recra Environ-
mental, Inc. in Amherst, New York for the required analyses.

Surface soil samples SS-1 through SS-14 were collected from a depth of 0 to
2 feet on the 10-acre portion of the site and analyzed for base neutral/acid
extractable compounds, lead, chromium, and selenium. Samples SS-15 through SS-18
were collected from a depth of 0 to 6 inches and analyzed for selenium exclusively
for further horizontal definition of selenium in the soils which was identified during
the previous investigations. Surface soil samples SS-19 through SS-34 were collected
from a depth of 0 to 2 feet on the remainder of the site and analyzed for Target
Compound List (TCL) parameters excluding TCL volatiles.

Based on the results of the total lead analyses, SS-20 was also analyzed for
extractable lead using Extraction Procedure Toxicity (EPTOX) and Toxicity
Characteristic Leaching Procedure (TCLP) methods as the total lead level detected
in this sample was elevated. The purpose of this additional analysis was to evaluate
whether this sample met the criteria for a characteristic hazardous waste as defined
by 40 CFR, Part 261.
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Surface soil analytical sample results are summarized in Tables 2 through 5.
The Recra Environmental, Inc. laboratory data packages are being submitted to

NYSDEC under separate cover.

2.03 Subsurface Soil Sampling

A total of forty soil borings were completed at the Buffalo Avenue site at the
locations shown on Figure 6. The subsurface fill/soil sampling program was designed
to meet the following objectives:

1. confirm the absence of hazardous waste in the proposed new WTP

utility corridor and 10-acre site as indicated by the results of the
preliminary WTP site investigation (Malcolm Pirnie, 1990);

2. evaluate the distribution of the lead and chromium detected in Areas
B, C, and D (Figure 4) during the preliminary site investigation
(Malcolm Pirnie, 1990) as it relates to characterization of the material
as a "hazardous waste";

3. further characterize the fill in the B/C/D area (Figure 4); and

4. characterize the southern portion of the site, which has not been fully

investigated, with respect to the presence of "hazardous waste".

Soil boring locations were selected from the sampling grid as identified on
Figure 6. The borings were completed to the base of the fill material using hollow
stem auger drilling methods. If fill material was not present, the boring was
completed to approximately 5 feet below grade. Subsurface fill/soil samples were

collected continuously using split-barrel sampling per ASTM Method D-1586-84.
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Sample collection methods, container/preservation requirements, handling,
labeling, and documentation procedures were in accordance with the approved Work
Plans (O’Brien & Gere, 1991 a,b). Soil samples were submitted to Recra Environ-
mental, Inc. in Amherst, New York for the required analyses.

At soil boring locations SB-1 through SB-13, one fill sample was selected for
analysis of TCL volatiles using the criteria detailed in the approved Work Plan
(O’Brien & Gere, 1991 a). A fill composite was also collected from each boring and
submitted for analysis of total lead and chromium. Equal portions of each split
spoon sample through the full depth of fill, exclusive of the first 2 feet, were used for
compositing purposes. The compositing of fill samples was completed by Recra
Environmental, Inc. in accordance with the Work Plan protocols.

At soil boring locations SB-14 through SB-40, separate characterization and
analysis of the shot rock fill (rock and soil material removed during completion of
NYPA utility tunnels in the area) and miscellaneous waste fill were required
(O’Brien & Gere, 1991 b). At each borehole, one shot rock and one miscellaneous
waste sample were collected for analysis of TCL volatiles using the criteria detailed
in the approved Work Plan (O’Brien & Gere, 1991 b). A composite of each of the
two fill types was also collected for analysis of the remaining TCL parameters. Equal
portions of each split spoon sample collected of each fill type, exclusive of the first
two-feet, was used for compositing purpoges. The compositing of fill samples was
completed by Recra Environmental, Inc. in accordance with the Work Plan protocols.

Drill cuttings generated during the soil boring program were placed in labelled
NYSDOT-approved 55-gallon drums, and are temporarily being stored at a
designated location on the City’s property.
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Soil boring logs SB-1 through SB-40 are included as Appendix B. Subsurface
soil sample results are summarized in Tables 5 through 9. The Recra Environmental,
Inc. laboratory data packages are being submitted to the NYSDEC under separate
cover.

In accordance with the Work Plans (O’Brien & Gere, 1991 a,b), fifteen
composited samples were selected, based on the detection of elevated concentrations
of selected metals (Table 9), for analysis of select extractable metals using EPTOX
and TCLP methods (Table 5). The purpose of these analyses was to evaluate
whether the samples meet the criteria for characteristic hazardous waste based on

extractable metal concentrations, as set forth in 40 CFR Part 261.

2.04 Monitoring Well Installations

2.04.1 Overburden Monitoring Wells

Seven additional monitoring wells (MW-9S, MW-10S, MW-12S, MW-
13S, MW-14S, MW-15S, and MW-16S) were completed in the first-encoun-
tered, shallow water-bearing zone at the locations shown on Figure 7. These
wells augment the existing on-site shallow monitoring well network installed
by Dames & Moore which includes MW-1S through MW-8S. The new wells
were installed to further evaluate the geology, hydrology, and ground water
chemistry of the site and surrounding area.

Overburden monitoring wells were installed using a truck mounted drill
rig and 4 1/4-inch LD. hollow stem augers. Continuous split spoon soil
sampling was conducted, per ASTM D1586-84, to completion depths. Soil
samples were described and logged in detail by the on-site O’Brien & Gere
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Drill cuttings generated during monitoring well installations were
placed in labelled NYSDOT-approved 55-gallon drums, and are temporarily
being stored at a designated location on the City’s property.

2.04.2 Bedrock Monitoring Wells

Four additional upper bedrock monitoring wells (MW-10D, MW-11D,
MW-12D, and MW-13D) and five deep bedrock monitoring wells (MW-2DB,
MW-6DB, MW-8DB, MW-10DB, and MW-11DB) were completed in the
bedrock water-bearing zones at the locations shown on Figure 7. These wells
augment the existing on-site bedrock monitoring well network installed by
Dames & Moore, which includes upper bedrock wells MW-1D through MW-
8D. Additionally, MW-6D was replaced by O’Brien & Gere because the
integrity of this well was in question because it contained unusually high pH
ground water. The new upper bedrock wells were installed to further
evaluate the hydrogeology and ground water chemistry, and to provide early
detection of potential contaminant migration during intake tunnel construc-
tion. The deep bedrock wells were installed to evaluate ground water
chemistry at the depth of the proposed raw water intake tunnel.

Monitoring wells were installed in accordance with protocols outlined
in the approved Work Plan (O’Brien & Gere, 1991 a). The wells are
constructed of 2-inch I.D. PVC riser pipe and flush joint, threaded, 0.010-inch
PVC well screen. Drilling and sampling equipment were decontaminated
prior to their use at each well location in accordance with procedures

described in the approved Work Plans.
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Continuous split spoon soil sampling of the unconsolidated deposits
was conducted, per ASTM D1586-84, to the top of the bedrock. Bedrock
monitoring wells were installed using a truck mounted drill rig and advancing
4 1/4-inch L.D. hollow stem augers to the top of the clayey till deposit,
followed by wash and drive casing drilling methods to the top of bedrock.
The bedrock was then continuously sampled using an HQ wire-line coring
assembly. Soil samples and bedrock cores were described and logged in detail
by the on-site O’Brien & Gere hydrogeologist. Monitoring well logs and well
construction diagrams are included in Appendix C.

Upon completion, the newly installed monitoring wells were developed
by bailing: to remove fine-grained sediment that had accumulated in and
around the well screen during installation; and to enhance the hydraulic
connection between the well and the water-bearing unit. The effectiveness of
well 'development was monitored using portable turbidity, Ph, temperature,
and specific conductivity instruments. Development of each well continued
until the turbidity of the water removed was less than SO NTUs, or until the
Ph and specific conductivity stabilized.

After completion of the additional monitoring wells, a field instrument
survey was completed to determine the horizontal location and vertical
elevation of each well. Well construction specifications of each bedrock

monitoring well are presented in Table 10.
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2.05 Physical Soils Testing

Laboratory soil tests were performed on grab samples collected from the
screened interval of each shallow monitoring well. The testing included grain size
distribution per ASTM D422 and D1140, and Atterburg limits per ASTM D4318.

One shelby tube sample of the native clay was collected at MW-6DB (14 to
16 ft) and analyzed for vertical permeability, per the Corps of Engineers Method
EM-1110-2-1906. As outlined in the Work Plan (O’Brien & Gere, 1991 a), a shelby
tube of the glacial till was attempted. However, the physical characteristics of this
material prevented a sample from being collected. Physical testing results conducted
as part of this investigation are summarized in Table 11 and soils testing laboratory

reports are included in Appendix D.

2.06 Hydraulic Conductivity Testing

In situ hydraulic conductivity tests were completed on all monitoring wells
which contained a sufficient volume of water to evaluate the horizontal permeability
of the screened materials. The tests were completed in accordance with protocols
outlined in the Work Plan (O’Brien & Gere, 1991 a). Data were reduced and
hydraulic conductivity values were obtained using either the Hvorslev or Bouwer and
Rice methods (Hvorslev, 1951; Bouwer and Rice, 1976). Hydraulic conductivity data
are summarized on Table 10 and data sheets are included in Appendix E.

Following completion of coring at deep bedrock well locations MW-2DB,
MW-6DB, MW-8DB, and MW-10DB, packer permeability testing was conducted in
the open rock boreholes. The tests were conducted in accordance with protocols
outlined in the approved Work Plan and analyzed using the methods outlined in the
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Earth Manual (U.S. Bureau of Reclamation, 1974). The test method involved
isolating discrete 9- or 10-foot intervals of the bedrock borehole with an inflatable
packer assembly, and measuring the volume of water which could be pumped into
each interval using variable water pressures. The packer test results are summarized

on Table 12 and the field data sheets are included in Appendix E.

2.07 Ground Water Elevation Monitoring

Monthly ground water elevation measurements have been collected from all
of the monitoring wells from May 31, 1991 to September 16, 1991 (Table 13). The
measurements were collected to evaluate the site hydrology and to assess the
influence, if any, the Niagara River or buried building foundations may have on the
site ground water flow characteristics.

In addition to the monthly ground water elevation monitoring, ground water
elevations were measured hourly at all well locations for a twenty-four hour water
period between July 18 and 19, 1991. The purpose of this monitoring was to assess
the influence the fluctuating Niagara River stage, resulting from the NYPA water
intake conduits, is having on the daily site ground water flow characteristics.
Although the 24-hour monitoring was completed as part of the NYPA Phase II

Investigation, the results are shown on Table 14.

2.08 Ground Water Sampling

Ground water monitoring wells were sampled on two separate occasions
during this site investigation. A period of at least one week was allowed to elapse
between development and the first sampling event to allow the wells to equilibrate.
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A total of twenty seven monitoring wells were sampled during the first sampling
event between June 10 and 14, 1991. Monitoring well MW-9S was dry during the
first sampling event. The samples were collected in accordance with protocols
outlined in the Work Plans (O’Brien & Gere, 1991 a,b). The first round of ground
water samples was analyzed for TCL/TAL parameters using the 1989 New York
State Analytical Services Protocols (NYS ASP).

The second round of ground water samples was analyzed for an abbreviated
list of pérameters as outlined in a letter from the City of Niagara Falls to the
NYSDEC dated August 20, 1991, and further defined in a response letter from the
NYSDEC to the City of Niagara Falls dated September 13, 1991 (Appendix A). A
total of twenty five monitoring wells were sampled from September 18 to 20, 1991.
Monitoring wells MW-6S, MW-9S, and MW-10S were dry during the second sampling
event.

Prior to initiating each sampling event, a complete set of ground water
elevations were collected from the wells. These data were used to calculate the
volume of water present in each of the wells.

Prior to sampling, a minimum of three well volumes of water was purged from
each well. Bottom-loading stainless steel bailers attached to dedicated polypropylene
rope were used to evacuate and sample all wells. ‘Immediately after collection,
ground water samples were transferred to labeled and precleaned sample containers
as specified in the Work Plans.

Samples collected for volatile organic constituent analyses were collected first.
Ground water samples collected for inorganic analyses were filtered in the field
through a 0.45 micrometer pore size filter prior to preserving. Samples requiring pH
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adjustment for preservation were checked in the field using pH paper, and
appropriate quantities of preservative were added to the samples as needed.
Samples requiring refrigeration for preservation were immediately transferred to
coolers packed with ice or ice packs. Proper chain of custody documentation was
maintained as specified in the Work Plan (O’Brien & Gere, 1991 a)

During the June 1991 sampling round, unfiltered samples were collected for
inorganic analyses from all monitoring wells. Filtered samples were also collected
only from monitoring wells with ground water which exhibited turbidity values greater
than 50 NTUs. Because sediment was present in some of the ground water samples
which exhibited high turbidity, sediment/ground water interactions have the ability
to dominate the ground water chemistry. For this reason, filtered ground water
samples are more likely to provide representative results of metals in solution.
During the September 1991 sampling round, both unfiltered and filtered samples
were collected for inorganic analyses regardless of their turbidity values.

Field measurements for Ph, specific conductance, and temperature were
obtained from ground water grab samples prior to and during laboratory sample
collection. These data are contained on the ground water sampling logs presented
in Appendix F. Ground water analytical data are presented in Tables 15 through 18.

All sampling equipment was decontaminated in accordance with procedures
in the approved Work Plans. Water generated during monitoring well sampling was
placed in labelled NYSDOT-approved 55-gallon drums, which are temporarily being

stored at a designated location on the City’s property.
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SECTION 3 - SITE INVESTIGATION RESULTS

3.01 Hydrogeologic Assessment

3.01.1 Physiography

The Buffalo Avenue site is located within the Niagara Frontier Region
of western New York State (Fisher and Brett, 1981). This region is relatively
flat lying, with the exception of the Niagara Gorge and two prominent east-
west trending escarpments known as the Niagara Escarpment and Onondaga
Escarpment. Another prominent feature in this region is the Niagara River,
which has a relatively short course (31.6 miles), high flow (202,000 ft*/sec),
and serves as an outlet for four of the Great Lakes (Fisher, 1981).

The site consists of a 25.8 acre parcel of land located within the City
of Niagara Falls corporate limits, about 400 feet north of the Niagara River
and directly east of the City of Niagara Falls Water Treatment Plant (Figure
2). The Robert Moses Parkway is located to the south between the site and
the Niagara River. The area surrounding the site to the north, east, and west
consists of residential, commercial, and industrial properties.

The ground surface at the site is relatively flat-lying with a crowned
area in the center and a low-lying area in the southwest corner. Ground
elevations on site range from about 569 to 582 feet above mean sea level.
The site is predominantly grass covered or barren, with a cluster of trees in

the northwest corner.
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3.01.2 Regional Geology

The bedrock underlying the Niagara Frontier region is sedimentary in
origin and belongs to the Devonian, Silurian, Ordovician, and Cambrian
Systems (Rickard and Fisher, 1970). The Cambrian rock sequence overlies
older Precambrian rocks. In the Niagara Falls area, these sedimentary
sequences range in thickness from 1,980 to 3,000 feet (Fisher and Brett, 1981).

Unconsolidated surficial materials deposited during the Quaternary
Period overlie the sedimentary bedrock. These deposits consist of ground and
end moraines; ice-contact stratified drift; outwash terrace and delta gravel;
alluvial gravel, sand, and silt; beach sand and gravel; lacustrine sand, silt, and
clay; peat, marl, and muck; and aeolian sand (Muller, 1977).

3.01.3 Site Geology

The site geology has been characterized by soil borings and monitoring
well installations completed during this investigation. Data collected during
previous site investigations by Pittsburg Testing, 1981; Consetoga-Rovers,
1982; USGS, 1982 and 1983; Dames & Moore, 1988; and Malcolm Pirnie,
1989 and 1990 are also used.

Forty soil borings and sixteen monitoring wells were completed as part
of this investigation at the locations shown on Figures 6 and 7, respectively.
The primary bedrock and unconsolidated deposits identified during site
investigations from the base of the profile upward are: dolostone bedrock; till;
lacustrine clay; alluvium; silty sand deposits; miscellaneous waste fill; and shot
rock fill. One east-west and two north-south cross sections have been
developed which illustrate the subsurface geology aﬁd are included as Figures
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8,9, and 10. The cross sections were developed along the transects shown on
Figure 7.

The bedrock underlying the site is the Upper Silurian Lockport Group
(Rickard and Fisher, 1970). This Group is 150 to 200 feet thick and consists
of the Guelph, Oak Orchard, Eramosa, and Goat Island Dolostones, and the
Gasport Limestone. The bedrock unit beneath the site is the Oak Orchard
Formation. Wells which fully penetrate the Oak Orchard at the nearby
Occidental Chemical Company’s "S-Area" indicate this formation averages 90
to 95 feet thick in this area (Malcolm Pirnie, 1989).

The Oak Orchard Formation is brownish gray to dark gray dolostone
and contains stylolites, corals, carbonaceous partings, shale interbeds, and
vugs. The uppermost portion of the bedrock is highly fractured and contains
both horizontal bedding plane and vertical joint fractures. Bedrock cores
retrieved from MW-2DB, MW-6DB, MW-8DB, MW-10DB, and MW-11DB
revealed that fractures were commonly mineralized with calcite, gypsum,
pyrite, and sphalerite.

A bedrock topography map constructed from monitoring well and soil
boring data is included as Figure 11. The map illustrates a distinct linear
bedrock high extending in a northeast-southwest direction in the central
portion of the site. Less distinct linear bedrock lows were noted northwest
and southeast of this bedrock high.

A till unit deposited during Wisconsin glaciation directly overlies the
bedrock beneath the site. This unit is continuous across the site and thins on
the west side of the site. The till ranges in thickness from 5.2 feet at MW-SD
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to 14.5 feet at MW-4D and averages about 10.5 feet in thickness. The till is
predominantly reddish brown angular to rounded dolostone gravel in a
cohesive silty clay matrix. Interbedded silty sand and gravel lenses were noted
within the till unit.

The glacial till deposit is overlain by either lacustrine clay or alluvium
(Figures 8, 9, and 10). The lacustrine clay was encountered beneath the
entire site and consists of reddish brown and gray clay with silt laminations.
The alluvium, encountered only on the southérn half of the site, consists of
gray interbedded fine sand and silts.

A brown silty sand deposit was encountered above the lacustrine clay
north of the site (Figures 9 and 10). This native deposit is present beneath
fill materials and in areas where no fill material was encountered.

Miscellaneous waste fill, which was allegedly disposed of on-site from
the 1930s to the 1950s, collectively refers to all on-site fill materials with the
exception of the shot rock fill. Where present, this fill directly overlies the
lacustrine clay or alluvium (Figures 8, 9, and 10). This fill consists of refuse,
incinerator residue, and miscellaneous debris. The miscellaneous waste fill
is generally olive green, gray, black, or gray in color and consists of reworked
gravel, sand, silt, clay mixed with ash, brick, burnt wood, cinders, slag, shells,
layered lime deposits (previously defined as "filter cake"), glass, and granular
carbon. A review of a 1958 aerial photograph of the site indicate that a storm
sewer discharged water and sediments from nearby industries to the water
which previously covered a portion of the site. The filter cake and granular
carbon layers were likely deposited as a result of this activity.
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In general, the thickness of miscellaneous waste fill varies across the
site. The maximum thickness of this fill is 19 feet, encountered in SB-20 on
the south-central portion of the site. This fill type was not encountered in
nine borings in the northwest corner of the site or in SB-17, SB-21, and SB-22,
which are located in the south-central portion of the site.

The shot rock fill, which was disposed of on-site from 1958 to 1963,
consists of gravel-size angular dolostone in a matrix of reddish brown sand,
silt, and clay (Dames & Moore, 1988). The shot rock fill was not encountered
in the borings directly south of Buffalo Avenue. Where present, this fill
overlies either native materials or the miscellaneous waste fill. In general, the
shot rock fill averages 7.5 feet thick, and increases in thickness in the south
and central potions of the site. The maximum thickness of shot rock fill was
19.5 feet in SB-21, located in the south-central portion of the site.

Figure 12 illustrates the combined shot rock and miscellaneous waste
fill thickness on the site. The maximum thickness of fill is in the south-central
portion of the site, with an absence of fill materials in the northwest corner
of the site.

3.01.4 Regional Hydrogeology

The major hydrostratigraphic units identified in the Niagara Falls area
include a shallow unconsolidated water-bearing zone, an unconsolidated
aquitard, and a bedrock aquifer (Johnston, 1964; Miller and Kappel, 1987).
Ground water movement in the shallow water bearing zone is variable and
likely influenced by topography, proximity to local recharge or discharge
boundaries, man-made structures, and underground utility conduits.
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In the Niagara Falls area, the upper portions of the Lockport Dolomite
is the principal source of ground water. Ground water movement in the
Lockport Dolomite moves primarily along bedding plane fractures, which are
parallel to the natural bedding surface in the rock. Vertical joints also
transmit significant amount of ground water, particularly in the upper 10 to
25 feet of bedrock where significant dissolution and enlargement of fractures
has occurred. The major joint fractures identified in the upper part of the
Lockport Dolomite are oriented N70°E to N8O°E, are generally straight, and
are spaced 10 to 80 feet apart (Miller and Kappel, 1987). Where present,
solution cavities formed by the dissolution of gypsum by percolating ground
water can also transmit significant volumes of water in the bedrock.

Ground water flow through the bedrock aquifer is generally to the
southwest with ultimate discharge into the Niagara River. Local man-made
structures such as the NYPA water intake conduits and the Falls Street
Tunnel combined sewer have locally altered the predominant bedrock ground
water flow patterns (Miller and Kappel, 1987).

The NYPA water intake conduits, located about one-half mile west and
downstream of the site, divert water on a daily basis from the Niagara River
as part of the Niagara Power Project. During the tourist season (April 1
through October 31), NYPA is allowed to divert up to 110,000 cfs from the
river during non-peak hours and lesser quantities during peak hours. The
diversion of variable amounts of water each day continually lowers and raises

the elevation of the Niagara River. Dy}}ring the non-tourist season from
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November 1 to March 31, the NYPA is allowed to divert larger quantities of
water during each day.
3.01.5 Site Hydrogeology
An evaluation of the site hydrogeology has been completed using data
collected from the fifteen overburden monitoring wells, twelve upper bedrock
monitoring wells, and five deep bedrock monitoring wells (Figure 7). Ground
water level measurements were collected from the wells between May 31,
1991 and September 16, 1991 (Table 13). Additionally, water levels were
collected continuously for a 24-hour period on July 18 and 19, 1991 in
conjunction with completing the NYPA Phase II Investigatiqn (Table 14).
3.01.5.1 Overburden Hydrogeology
Shallow unconfined ground water was present beneath the site
at depths ranging from less than 1 foot at MW-3S to about 17 feet at
MW-4S. The shallow ground water zone pinched out in the northern
portion of the site during the summer months, as confirmed by the
absence of ground water in MW-6S, MW-9S, and MW-10S. The
limited areal extent of saturated overburden materials suggests that
ground water recharge to this unit is primarily from precipitation
infiltration. Shallow ground water contour maps were prepared for
high and low ground water conditions using data collected on June 10,
1991 and September 16, 1991, respectively (Figures 13 and 14).
In general, shallow ground water movement was to the south
towards the Niagara River under a hydraulic gradient which ranged
from 0.01 ft/ft to 0.05 ft/ft. A review of Figures 13 and 14 indicates

29



ground water mounding was present in the north-central portion of the
site. The mounding likely occurred when water readily infiltrates the
more permeable sediments in this area during the spring months and
slowly dissipates the ground water to the downgradient areas during
the low recharge fall months. Comparison of Figures 13 and 14
confirms this as the hydraulic gradient in the mounded area was higher
during high ground water conditions (0.05 ft/ft) than during the low
ground water conditions (0.013 ft/ft).

To evaluate if the shallow ground water responds to daily
Niagara River stage fluctuations, ground water data from the continu-
ous 24-hour monitoring event was compared to Niagara River
elevations recorded during the same time period. Monitoring well
MW-4S, and to a lesser extent MW-2S and MW-8S, were the only
shallow wells which showed instantaneous response to Niagara River
stage fluctuations as indicated by the 24-hour water level measure-
ments (Figure 15). The response of these wells occurred because of
their close proximity to the Niagara River, which is the likely discharge
boundary for the shallow ground water.

In situ hydraulic conductivity tests indicate the permeability of
the unconsolidated materials screened by the wells vary significantly
and range from 0.045 ft/day (1.6 x 10° cm/sec) at MW-15S to 127.6
ft/day (4.5 x 102 cm/sec) at MW-1S (Table 10). The geometric mean
hydraulic conductivity value is 8.4 ft/day (2.96 x 10 cm/sec).
Assuming a porosity value of 0.35 and a hydraulic gradient of 0.03 ft/ft
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for the unconsolidated materials, an estimate of ground water velocity
was calculated using the formula V = Ki/n, where:

V = horizontal ground water velocity in ft/day;

K = hydraulic conductivity in ft/day;

i = hydraulic gradient in ft/ft; and

n = porosity in %

The resultant ground water velocity of the shallow unconfined unit is
0.72 ft/day (263 ft/yr).

An evaluation of vertical flow potential between the shallow
overburden unit and the bedrock indicated a downward potential. The
glacial till deposit, and the lacustrine clay deposit in the northern
portion of the site, likely act as effective barriers to restrict the
downward migration of shallow ground water.

3.01.5.2 Bedrock Hydrogeology

The bedrock aquifer beneath the site is separated from the
unconsolidated deposits by the glacial till aquiclude. To evaluate the
bedrock hydrology, twelve upper bedrock wells and five deep bedrock
wells were installed (Figure 7). The upper bedrock well depths range
from 39 to 55 feet, whereas the deep bedrock wells are approximately
75 feet deep. The depth to bedrock is relatively consistent and ranges
from 33 feet at MW-8D to 43 feet at MW-4D.

The potentiometric surface of the upper bedrock and deep
bedrock wells showed little fluctuation over the 4 month water level
monitoring period (Table 13). To evaluate if the shallow ground water
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responds to daily Niagara River stage fluctuations, ground water data
from the continuous 24-hour monitoring event was compared to
Niagara River elevations recorded during the same time period (Table
14). The potentiometric surface during the 24-hour monitoring event
showed direct correlation to Niagara River stage fluctuations in all
bedrock monitoring wells except MW-6DB and MW-10DB, which
showed an inverse relationship (Figure 15).

Upper bedrock potentiometric surface maps were prepared for
high and low ground water elevation conditions using data collected
during the 24-hour monitoring event (Figures 16 and 17). Ground
water flow in the upper bedrock is to the west-northwest under a
hydraulic gradient which varied an order of magnitude from 0.0002
ft/ft to 0.002 ft/ft. The hydraulic gradient in the east and central
portion of the site was constant and low. The hydraulic gradient in the
west portion of the site was higher and fluctuates on a daily basis. The
higher hydraulic gradient on the western portion of the site in the
bedrock may occur because this area is closer to the NYPA water
intake conduits and the Falls Street combined sewer tunnel, where
bedrock ground water is constantly being discharged. The daily
response of the upper bedrock wells to river stage fluctuation was
uniform and ranged from 0.74 feet to 1.07 feet.

Deep bedrock potentiometric surface maps were prepared for
high and low ground water elevation conditions using data collected
during the 24-hour monitoring event (Figures 18 and 19). Ground
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water flow in the deep bedrock was to the west-northwest. The
hydraulic gradient during the high ground water condition was 0.003
ft/ft and uniform, whereas the hydraulic gradient during low ground
water conditions became steeper on the western portion of the site.
The hydraulic gradient during low conditions ranged from 0.0013 ft/ft
to 0.004 ft/ft. The daily response of thé deep bedrock wells to river
stage fluctuation ranged from 0.31 feet to 0.81 feet. The higher
hydraulic gradient on the western portion of the site in the bedrock
may occur because this area is closer to the NYPA water intake
conduits and the Falls Street combined sewer tunnel, where bedrock
ground water is constantly being discharged.

Packer hydraulic conductivity testing was conducted in the open
rock boreholes of MW-2DB, MW-6DB, MW-8DB, and MW-10DB
(Table 12). In general, the packer test data indicate that bedrock
hydraulic conductivity decreased with increasing depth. This correlates
to the rock quality designation (RQD) of the bedrock which increased
with increasing depth and was inversely related to the hydraulic
conductivity. The hydraulic conductivity of each tested interval
depended on the number, size, degree of connectivity, and extent of
mineralization of fractures and vugs within the bedrock.

In situ hydraulic conductivity tests indicated the permeability of
the bedrock screened by the upper bedrock wells ranged from 0.065
ft/day (2.3 x 10° cm/sec) in MW-10D to 42.5 ft/day (1.5 x 107
cm/sec) in MW-7D. The geometric mean hydraulic conductivity value
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of the upper bedrock was 10.3 ft/day (3.6 x 10 cm/sec). In situ tests
performed on the deep bedrock wells indicated a range of hydraulic
conductivity from 0.02 ft/day (8.8 x 10° cm/sec) to 4.3
ft/day (1.5 x 10° cm/sec). An evaluation of vertical flow potential
between the upper bedrock and deeper bedrock indicated a downward

flow potential.

3.02 Data Validation

The analytical data generated for the New York Power Authority (NYPA)
Buffalo Avenue Site in Niagara Falls, New York were validated based on QA/QC
criteria established by New York State Department of Environmental Conservation
Superfund-Contract Laboratory Program (CLP) (NYSDEC Analytical Services
Protocol, September 1989) and QA/QC criteria presented within the QAPP
developed for this investigation. A detailed data validation memorandum was
prepared and is included as Appendix G. Validation procedures were based on U.S.
EPA CLP data validation guidelines developed by U.S. EPA Region II. Rejected
data, which are considered unusable for either qualitative or quantitative purposes,
resulted when a major deficiency was noted in the data generation process. Minor
deficiencies in the data generation process resulted in approximation of sainple data.

Approximation of a data point indicates uncertainty in the reported concentration
of the chemical, but not its assigned identity. The conservative assumptions used in
the development of site investigation conclusions allow for the use of approximate
analytical data while still adhering to the project data quality objectives. This
approach to the use of analytical data is consistent with the guidance presented in
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for chromium and may be considered biased low based on low matrix spike and
CRDL standard recoveries. In addition, lead results were approximated in several
of the subsurface and surface soil samples due to excursions from MSA and matrix
spike analysis criteria.

Sample results for subsurface volatile analyses have been determined to be
useable. Sample detection limits were approximated in sample SB-7 (6-8) due to an
excursion from internal standards criteria. In addition, detection limits were raised
or results replaced with the CRDL for acetone, methylene chloride, and chloro-
benzene in several of the samples due to contamination of various laboratory and/or
field blank samples with those compounds. Approximately 94% of the surface soil
semivolatile sample results have been determined to be useable. Sample detection
limits were rejected in sample SS-1 due to an excursion from extraction holding time
requirements. Sample detection limits were raised or results replaced with the
CRDL for di-n-butylphthalate in several of the samples due to contamination of the
laboratory method blank sample with this compound. In addition, the pyrene result
in sample SS-8 was approximated due to an excursion from MS/MSD RPD criteria.
Phase IT - Site Acquisition Investigation

Thirty-eight subsurface and sixteen surface soil samples were collected
between May 5 and May 22, 1991 and analyzed for TCL inorganics, volatiles,
semivolatiles, PCB/Pesticides and selected TCLP and EPTOX metal analyses.

Approximately 93% of inorganic sample results have been determined to be
useable. The TCLP lead result in subsurface sample SB-27W(5-13.5) was rejected

due to an excursion from furnace MSA criteria. This may be attributed to sample
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matrix effects, since quality control results did not improve with laboratory reanalysis.
Sample results were rejected for selenium in subsurface and surface soil samples, and
for manganese in the surface soil samples based on matrix spike (MS) recoveries of
<1% in MS samples SB-17SR(2-10), SB-26SR(2-5), SB-26W(5-10), and SS-19.
Matrix spike recoveries of <1% in MS sample SB-17SR (2-10) also resulted in the
rejection of sample results for zinc and silver in the following subsurface soils: SB-
14SR(2-6), SB-14W(6-12), SB-15SR(2-8), SB-15W(8-16), SB-16SR(2-6), SB-16W(6-
16), SB-17SR(2-10), SB-18SR(2-4), SB-18W(4-22), SB-19W(10-12), SB-19SR(2-10),
SB-22SR(2-14), and BLDUP2. Based on recommendations from NYSDEC,
subsurface and surface soil samples will be reanalyzed for selenium. Reanalyses for
rejected manganese, silver, and zinc sample results are currently not required.
Surface soil sample results were approximated for the following analytes due to low
matrix spike recoveries: antimony, arsenic, barium, beryllium, cadmium, chromium,
cobalt, copper, nickel, silver, thallium, vanadium, and zinc. Low matrix spike
recovefies also resulted in approximation of subsurface soil results for arsenic,
antimony, barium, beryllium, cadmium, cobalt, copber, nickel, thallium, and
vanadium in the many of the samples. Detection limits were raised for sodium in the
majority of subsurface and surface soil samples; and for mercury in four of the
subsurface samples based on detected concentrations of these analytes in equipment
blank samples. Minor deficiencies in CRDL standard, calibration blank, ICP
interference check sample, laboratory and field duplicate RPD, matrix spike analysis,
ICP serial dilution, furnace analysis, and TCLP/EPTOX mercury holding time
criteria resulted in the approximation of sample results for metals in many of the
subsurface and surface soil samples.
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Volatile sample results have been determined to be useable. Volatile sample
results were approximated in initial and reanalyzed subsurface sample SB-29W(7-8)
due to excursions from surrogate and internal standards criteria. Detection limits
were raised or results replaced with the CRDL for acetone and methylene chloride
in the majority of the samples; and for chlorobenzene in two of the subsurface
samples due to detected concentrations of these compounds in various laboratory
and/or field blank samples. PCB/pesticide sample results have been determined to
be useable. Based on the initial documentation provided, TCL PCB/pesticide
compound identifications could not be verified. As a result, the laboratory was
requested to re-assess PCB/pesticide sample results and provide documentation of
standard retention time windows for primary and confirmation column analyses.
Revised sample results for seven surface and 21 subsurface soil samples and
supporting documentation were provided on November 19 and 21, 1991. Excursions
from extraction holding time requirements resulted in the approximation of TCL
PCB/pesticide results in samples SB-18SR(2-4), SB-20W(2-19), and SB-21SR(12-
19.5). Deficiencies from calibration and MS/MSD criteria resulted in approximation
of sample results for delta-BHC, 4.4-DDE, heptachlor epoxide, and gamma-BHC in
some of the samples. Excursions from standard retention time criteria resulted in
recalculation of retention time windows for the affected compounds and standards.
As a result, revisions were performed on PCB/pesticide data for several of the
samples.

Approximately 97% of semivolatile sample results have been determined to
be useable. Sample detection limits were rejected for the TCL semivolatile acid-
extractable compounds in the following samples based on excursions from surrogate
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recovery criteria: SB-19SR(2-10), SB-21SR(2-19.5), SB-25W(11-13), and SB-27W(5-
13.5). Excursions from extraction holding time requirements resulted in rejection of
detection limits and approximation of detected sample results for subsurface soil
sample SB-27W(5-13.5)DL; and the approximation of sample results in subsurface
sample SB-18SR(2-4). Detection limits were raised or results replaced with the
CRDL for di-n-butylphthalate and benzoic acid in the subsurface soil samples based
on detected concentrations of these compounds in laboratory blank samples. It
should be noted, that TCL semivolatile sample data received on November 19, 1991
replaced previously reported results for the following subsurface samples: SB-19SR(2-
10), SB-21SR(2-19.5), SB-25W(11-13), and SB-27W(5-13.5).

Ground Water Investigation

Two rounds of ground water samples were collected. The first round of
ground water samples, consisting of twenty-nine samples collected between June 9,
and June 13, 1991, were analyzed for TCL inorganics, volatiles, semivolatiles and
PCB/Pesticides.  Twenty-six ground water samples were collected between
September 18 and September 20, 1991 for the second round and analyzed for TCL
volatiles (EPA method 8010/8020) and pesticides (EPA 8080).

More than 98% of inorganic sample results have been determined to useable
for the ground water samples. Sample results were rejected for antimony in the
following ground water samples collected during the second round: MW-7D, MW-
7D-F, MW-7S, MW-7S-F, BLDUP3, BLDUP3-F, and equipment blank samples.
Antimony results were rejected due to 0% recovery in MS sample MW-7D. Based
on results of a preliminary data validation performed for the first round of ground
water samples, sample results were rejected for zinc in sample MW-2D-F, and for
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lead in the following samples: MW-10D, MW-2S-F, MW-7S-F, MW-6S-F, MW-5D,
BLDUP (6/13/91), and EQBLK (6/13/91). These samples were reanalyzed and
sample results were determined to be useable. Minor excursions from CRDL
standard recovery, calibration blank, ICP interference check sample, ICP serial
dilution, field duplicate RPD, and total-filtered analysis criterium resulted in the
approximation of metal results in many of the ground water samples. Detection limits
were raised for copper and zinc in many of the Round 1 ground water samples and
for total and filtered hexavalent chromium in the majority of the ground water
samples collected during Round 2.

Organic sample results for each round of ground water samples collected have
been determined to be useable. Detection limits were raised for gamma-BHC,
acetone, and chlorobenzene in the first round of ground water samples collected
based on detected concentrations of these compounds in various laboratory and/or
field blank samples. Detection limits for chlorobenzene were also raised for the
second round of ground water samples collected due to equipment blank contamina-
tion. As a result, the detection limit for MW-7S for the second round, exceeded New
York State ground water limit of S ppb. Deficiencies from continuing calibration
analyses resulted in the approximation of detected sample results for TCL volatiles
in the following Round 2 ground water samples: MW-13D, MW-13, MW-14S§,
BLDUP3 (9/20/91), and EQBLK2 (9/19/91). Semivolatile sample results are

useable without qualification.
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3.03 Surface Soil/Fill Characterization

3.03.1 Previous Results

Thirteen surface soil samples were collected on-site by Dames &
Moore and analyzed for organic and inorganic parameters (Dames & Moore,
1988). Volatile organic compounds including benzene, 2-butanone, vinyl
acetate, 1,1-dichloroethane, 1,1,1-trichloroethane, and trichloroethene wére
detected in select samples at low concentrations (<0702 ppm). These values
are considered to be estimates based on the data validation. Methylene
chloride and acetone were also detected in select samples at concentrations
up to 0.244 ppm; these compounds were also found in the laboratory blanks
at levels up to 0.048 ppm. The polynuclear aromatic hydrocarbon (PAH)
compounds phenanthrene, fluoranthene, and pyrene were detected in two soil
samples at concentrations up to 0.7 ppm. Zinc was detected in soil samples
at concentrations up to 0.83 ppm.

3.03.2 Investigation Results

To further characterize the Buffalo Avenue site’s surface soil, samples
SS-1 through SS-14 were analyzed for TCL BNAs and lead, chromium, and
selenium; samples SS-15 through SS-18 were analyzed for selenium; and
samples SS-19 through SS-34 were analyzed for TCL parameters, excluding
TCL volatiles. Sampling locations are illustrated on Figure S and analytical
results are included in Tables 2 through 5. Background concentrations
discussed herein were excerpted from a letter from the Niagara County

Health Department to the NYSDEC (Appendix A).
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(0.0042 ppm). BHC and related isomers are reported in Niagara Falls soils
at concentrations up to 1 ppm.

Inorganics analyses were compared to typical background concentra-
tions of soils from New York State using references by Bowen (1979),
Shacklette and Boerngen (1984), Shacklette et al (1971), and Walsh et al
(1977). Calcium and magnesium concentrations exceeded the background
ranges. These metals are primary constituents of dolostone bedrock, which
in turn is part of the shot rock fill materials. Lead was detected above
background levels at concentrations ranging from 15.1 ppm to 449 ppm. In
general, higher lead concentrations were found on the west half of the site.
Chromium was detected above background in the northwest corner of the site
at SS-14 (87.9 ppm) and SS-20 (75 ppm). Mercury was detected above
background levels along the west boundary of the site at SS-19, SS-20, SS-21,
S$S-23, SS-24, and SS-25. The mercury concentrations range from 0.11 ppm
to 3.0 ppm. Iron was detected above background levels at SS-33 (37,200
ppm). Copper was detected above background in most of the samples with
concentrations up to 37.3 ppm. Zinc was detected above background in all
samples and ranged from 81.1 ppm to 470 ppm.

Sample SS-20 was submitted for EPTOX lead and TCLP lead analysis
to evaluate if the sample exhibits hazardous waste characteristics. The sample
contained 0.26 ppm and 0.018 ppm of lead using the EPTOX and TCLP
methods, respectively (Table 5). These values are considerably lower than the

maximum allowable concentration level for extractable lead of 5.0 ppm, which
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indicates this soil does not exhibit hazardous waste characteristics with respect

to lead as defined by 40 CFR Part 261.

3.04 Subsurface Soil/Fill Characterization

3.04.1 Previous Results

In 1981, Pittsburg Testing Laboratories completed seven soil borings
on the western half of the Buffalo Avenue site (Figure 3). Nineteen soil
samples were analyzed Vfor OCC indicators trichlorobenzene, tetrachloro-
benzene, C-56 (hexachlorocyclopentadiene), and C-46 (hexachlorobutadiene).
In general, these compounds, with the eXception of C-56, were detected in the
soil samples at concentrations which decreased with increasing depth.
Because the laboratory analyzed the samples using gas chromatography/
electron capture (GC/EC) instrumentation rather than gas chromatography/
mass spectroscopy (GC/MS), the validity of these data could not be
confirmed.

In 1982 and 1983, the USGS completed nine borings on-site and
analyzed soils to evaluate potential contaminant migration into the Niagara
River. Organic compounds were detected only in soil borings 1 and 2, which
are located in the southwest corner of the site (Figure 3). In soil bdring 1,
PAHs were detected at concentrations ranging from 0.75 to 4.2 ppm; there
were no PAHs detected in soil boring 2. The only organic compound
detected in soil boring 2 was the pesticide 4,4-DDT at a concentration of
0.025 ppm. Because the laboratory analyzed the samples using GC/EC
instrumentation rather than GC/MS, the validity of these data could not be
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was detected in SB-5 at a concentration of 0.0002 ppm and 2-butanone was
detected in SB-1 at a concentration of 0.005 ppm.

Total lead and chromium values were compared to typical background
ranges of soil from New York State (Table 9). Lead was detected above
background in all but SB-10 (2 to 4 ft) with concentrations up to 156 ppm.
Chromium was detected above background only in SB-2 (2 to 13.9 ft) at a
concentration of 52.5 ppm.

Sample SB-1 (2 to 9.5 ft) was submitted for EPTOX lead and TCLP
lead analysis to evaluate if the sample exhibits hazardous waste characteristics
as defined by 40 CFR Part 261. The sample contained 0.45 ppm and 0.023
ppm of lead using the EPTOX and TCLP methods, respectively (Table 5).
These values are considerably lower than the maximum allowable concentra-
tion 1eyel for extractable lead of 5.0 ppm, which indicates this soil does not
exhibit hazardous waste characteristics with respect to lead.

To further evaluate the shot rock and miscellaneous waste fill materials
on the remaining 15.8 acres of the site, samples of each fill type were
collected from SB-14 through SB-40, if present, and analyzed for TCL/TAL
parameters. Soil borings SB-38, SB-39, and SB-40 were completed off-site on
the City of Niagara Falls property (Figure 6). Background concentrations
discussed herein were excerpted from a letter from the Niagara County
Health Department to the NYSDEC (Appendix A), in addition to other
documents referenced herein. The following two sections discuss the

characteristics of each fill type separately.
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bis(2-ethylhexyl)phthalate at a concentration of 32 ppm. Phthalate com-
pounds are common in all Niagara Falls soils.

Individual PAH compound concentrations ranged from non-detectable
to 4.2 ppm, with only SB-29 (4 to 7 ft) containing PAH compounds in the
ppm range. Background concentrations of individual PAH compounds in
Niagara Falls are up to 10 ppm. Sample SB-29 (4 to 7 ft) also contained
dibenzofuran at a concentration of 0.61 ppm. Phenol was detected exclusively
in SB-33 (2 to 4 ft) at a concentration of 0.017 ppm. Background lévels of
phenol in area soils are typically in the 0.5 to 1 ppm range. Benzoic acid was
detected in SB-24 (2 to 6 ft) and SB-25 (2 to 11 ft) at concentrations of 0.45
ppm and 0.25 ppm, respectively.

No PCBs were detected in the shot rock fill. Several pesticide
compounds were detected on-site at low concentrations of 0.037 ppm and less,
with the exception of SB-29 (4 to 7 ft) which contained beta-BHC at a
concentration of 2.2 ppm. Off-site soil boring SB-40 (2 to 5 ft) contained
higher concentrations of pesticides such as beta-BHC (0.034 ppm), aldrin
(0.52 ppm), heptachlor epoxide (1.4 ppm), endosulfan I (0.42 ppm), 4,4-DDD
(2.7 ppm), and 4,4-DDT (2.2 ppm). The pesticide compounds detected in SB-
40 are above background concentrations‘.

Inorganics analyses were compared to typical background concentra-
tions of soils from New York State using references by Bowen (1979),
Shacklette et al (1984), Shacklette et al (1971), and Walsh et al (1977).
Cadmium was detected above background levels in SB-17 (2 to 10 ft), SB-18
(2 to 4 ft), and SB-19 (2 to 10 ft) at concentrations of 8.8 ppm. 5.6 ppm, and
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6.6 ppm, respectively. Calcium and magnesium concentrations exceeded the
background ranges in most of the samples. These metals are primary
constituents of dolostone bedrock, which in turn is part of the shot rock fill
materials. Chromium was detected above background in SB-29 (4 to 7 ft),
SB-30 (2-11.5 ft) and SB-33 (2 to 4 ft) at concentrations of 57 ppm, 84.3 ppm,
and 126 ppm, respectively. Copper was detected above background levels in
most of the samples and ranges in concentration from 15.3 ppm to 69.5 ppm.
Lead was detected above background in all samples and ranges from 23.9
ppm to 243 ppm. Mercury was detected at concentrations from 0.1 ppm to
2.8 ppm, and was above background in most samples. Nickel was detected
above background in SB-29 (4 to 7 ft) at a concentration of 29.7 ppm. Zinc
was detected above background in most samples and concentrations range
from 65.7 ppm to 311 ppm. Cyanide was detected exclusively in SB-29 (4 to
7 ft), located in the northwest corner of the site, at a concentration of 3.8
ppm.

To evaluate if the shot rock fill exhibits hazardous waste characteristics,
three sample composites were selected for further analysis using EPTOX and
TCLP methods, respectively (Table 5). The values obtained from these
analyses indicate values which are considerably lower than the maximum
allowable concentration level for extractable lead (5.0 ppm) and chromium
(5.0 ppm), as defined by 40 CFR Part 261. The results indicate these soils do

not exhibit hazardous waste characteristics with respect to lead and chromium.
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Miscellaneous Waste Fill

Volatile organics were detected in miscellaneous waste fill samples at
low concentrations, with few exceptions. Toluene was the most prevalent
volatile organic detected in the miscellaneous waste with concentrations
ranging from 0.0001 ppm to 0.002 ppm. Other volatile organics which were
also detected at low concentrations include carbon disulfide, 1,2-dichloro-
ethene, 2-butanone, trichloroethene, chlorobenzene, chloroform, benzene,
ethylbenzene, xylenes, and tetrachloroethene. Background levels of toluene
and benzene are reported in area soil samples at concentrations up to 0.03
ppm. Individual volatile compound concentrations were 0.006 ppm and less,
with the exception of SB-27 (S to 6 feet), which contains chlorobenzene (0.019
ppm) and SB-30 (11.5 to 12 ft) which contains 2-butanone (0.034 ppm). Off-
site soil boring SB-39 (2 to 4 ft) contained tetrachloroethene (0.03 ppm) and
off-site boring SB-40 (6 to 8 ft) contained trichloroethene (0.013 ppm) and
tetrachloroethene (0.03 ppm).

Semivolatile compounds were detected in miscellaneous waste at low
concentrations, with few exceptions. The chlorinated hydrocarbon compounds
were detected at a maximum concentration of 0.71 ppm. Off-site soil boring
SB-40 (5 to 12 ft) contained 1,2,4-trichlorobenzene (3.4 ppm), hexachloro-
butadiene (1.6 ppm), and hexachlorobenzene (1.9 ppm). The majority of
miscellaneous waste samples contained individual PAH concentrations of 6.2
ppm and less, however, SB-15 (8 to 16 ft) and SB-33 (4 to 7 ft) contained
individual PAH concentrations up to 17 ppm and 62 ppm, respectively. PAH
compounds with concentrations up to 10 ppm each are common in surface
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concentration from 16.8 ppm to 164 ppm. Iron was detected above back-
ground with concentrations up to 77,200 ppm. Lead was detected above
background in all samples and ranges from 20.2 ppm to 1510 ppm. Mercury
was detected at concentrations from 0.26 ppm to 5.1 ppm, and was above
background in most samples. Nickel was detected above background levels
in six samples and ranges from 25.5 ppm to 68.9 ppm. Zinc was detected
above background in most samples and concentrations range from 108 ppm
to 449 ppm. The off-site soil borings contained zinc at concentrations ranging
from 202 ppm to 638 ppm. Cyanide was detected in four samples at
concentrations ranging from 1.16 ppm to 2.4 ppm, and in SB-27 (5 to 13.5 ft)
at a concentration of 9.87 ppm.

To evaluate if the miscellaneous waste fill exhibits hazardous waste
characteristics, eleven sample composites were selected for further analysis
using EPTOX and TCLP methods, respectively (Table 5). The values
obtained from these analyses indicate values which are considerably lower
than the maximum allowable concentration level for lead (5.0 ppm),
chromium (5.0 ppm), and mercury (0.2 ppm), as defined by 40 CFR Part 261.
The results indicate these soils do not exhibit hazardous waste characteristics
with respect to lead, chromium, and mercury, with one exception. The
EPTOX analysis from SB-33 (4 to 7 ft) indicated a lead concentration of 39.1
ppm, which exceeds the maximum allowable concentration.

To evaluate the discrepancy between the TCLP and EPTOX analyses
from SB-33 (4 to 7 ft), five additional soil borings were completed in the
vicinity of SB-33 (Appendix H). Miscellaneous waste fill samples from each
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of the five borings were analyzed for total lead, EPTOX lead, and TCLP lead.
The values obtained from the EPTOX and TCLP analyses indicate values
which are considerably lower than the maximum allowable concentration level
for lead (5.0 ppm), as defined by 40 CFR Part 261 (Appendix H). The results
indicate these soils do not exhibit hazardous waste characteristics with respect
to lead.

In addition to the analyses described above, three samples of the lime
layer or "filter cake" samples were collected from SB-23, SB-24, and SB-29
and were analyzed for lead and chromium to evaluate if this material
represents a concentrated source of lead and chromium. As stated in Section
3.01.3, the filter cake material represents a discontinuous lime layer first
identified by previous investigations. The results of these analyses indicate
lead concentrations from 9.3 ppm to 109 ppm, and chromium concentrations
from 11 ppm to 22 ppm (Appendix I). These concentrations do not appear

to represent a concentrated source of lead and chromium.

3.05 Ground Water Chemistry Assessment

3.05.1 Previous Results

Ground water samples were collected from shallow on-site monitoring
wells MW 1S through 8S and analyzed by Dames & Moore in late 1987.
Methylene chloride (13-400 ppb) and acetone (1.1-130 ppb) were reportedly
detected in these samples. However, acetone was also detected in the

laboratory blanks. Other volatile organic compounds such as benzene and
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trichloroethylene were reportedly detected in three of the ground water
samples at less than 5 ppb.

The polynuclear aromatic hydrocarbon (PAH) naphthalene was
reportedly detected in one of the ground water samples at a concentration of
29 ppb. No other PAH compounds were detected in the water-bearing
overburden unit. In addition, four pesticides (aldrin, delta-BHC, endosulfan

I, and heptachlor epoxide) were reported in three of the ground water
samples. Inorganic parameters reportedly detected in ground water included
barium, cadmium, chromium, iron, lead, magnesium, manganese, silver, and
zinc. The values reported are considered to be estimates based on the
findings of the data validation.

In September 1990, the NYSDEC collected ground water samples from
monitoring wells MW-2S, MW-7S, and MW-7D. The samples were analyzed
for TCL/TAL parameters using NYSDEC ASP. Methylene chloride and
acetone were detected in all three wells, but were also detected in the
associated laboratory blanks. The compound 2-butanone was detected in
MW-7D at a concentration of 3 ppb.

Semivolatiles detected in the three wells were chlorobenzenes at a
maximum individual concentration of 7 ppb. Di-n-butylphthalate was detected
in MW-2S and MW-7D at a concentration of 1 ppb. Pesticide compounds
detected in MW-7S include alpha-BHC (0.04 ppb) and gamma-BHC (0.16
ppb). Beta-BHC was detected in MW-2S at a concentration of 0.01 ppb.
Inorganics which exceeded the Class GA standard in at least one of these
wells include chromium, iron, lead, manganese, mercury, sodium, and zinc.
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It is understood that these samples were not filtered, and therefore some of
the inorganics detected in the ground water samples may be attributed to

suspended sediment in the sample.

3.05.2 Investigation Results

To further evaluate the ground water chemistry, twenty seven
monitoring wells were sampled between June 10 and 14, 1991. The samples
were analyzed for TCL/TAL parameters during the first sampling and an
abbreviated list of parameters during the second sampling round, which
occurred between September 18 and 20, 1991. Ground water analytical data
are presented in Tables 15 through 18.

During the June 1991 sampling round, unfiltered samples were
collected for inorganic analyses from all monitoring wells. Filtered samples
were also collected only from monitoring wells with ground water which
exhibited turbidity values greater than 50 NTUs. When sediment is present
in a ground water sample, such as that collected from monitoring wells with
high turbidity, sediment/ground water interactions have the ability to
dominate the ground water chemistry. For this reason, filtered ground water
samples are more likely to provide representative results of metals in solution.
During the second sampling round, both unfiltered and filtered samples were
analyzed for inorganic parameters. The ground water analytical results
discussed below were compared to the New York State Class GA Ground

Water Standards and Guidance Values. Class GA waters are defined as fresh
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ground waters found in the saturated zone of unconsolidated deposits and
bedrock which are best used as a source of potable water.

Monitoring well MW-7S was the only on-site well with detected volatile
organics above the Class GA ground water standard during the first sampling
round. MW-7S contained chlorobenzene and benzene at concentrations of 17
ppb and 0.8 ppb, respectively. However, ground water from MW-7S did not
exceed any Class GA standards during the second sampling round. Benzene
was the only volatile organic detected above the Class GA standard of 0.7 ppb
during the second sampling event. This compound was detected in MW-2D
during the second sampling round at a concentration of 0.99 ppb.

Semivolatile organic compounds detected above the Class GA
standards include 1,3-dichlorobenzene and 1,4-dichlorobenzene, which were
both detected at a concentration of 6 ppb in MW-7S. Semivolatile analyses |
were not completed during the second sampling round.

The pesticide compounds alpha-BHC and gamma-BHC were detected
in MW-7S at concentrations of 0.064 ppb and 0.33 ppb, respectively, during
the first sampling round. Beta-BHC was detected in on-site wells MW-6S
(0.09 ppb) and MW-13S (0.022 ppb), and in off-site well MW-16S (0.051 ppb).
No PCBs were detected in any monitoring wells. During the second sampling
round, MW-7S contained alpha-BHC (0.081 ppb), beta-BHC (0.093 ppb),
delta-BHC (0.017 ppb), aldrin (0.071 ppb), heptachlor epoxide (0.008 ppb),
and endrin (0.013 ppb). Alpha-BHC and beta-BHC were also detected in off-

site well MW-16S during the second round at concentrations of 0.008 ppb and
0.011 ppb, respectively.
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Antimony was detected in MW-7S at levels above the Class GA
guidance value of 3 ppb in both the unfiltered (340 ppb) and filtered samples
(46 ppb). Chromium was detected above the Class GA standard of SO ppb
in the unfiltered samples from six wells at concentrations from 53 ppb in MW-
4D to 1940 ppb in MW-7S. With the exception of MW-7S, chromium was
detected at concentrations of 94 ppb or less in the unfiltered samples, which
slightly exceed the Class GA ground water standard. All filtered samples
showed chromium concentrations below the Class GA standard for chromium,
which suggests that chromium is associated with suspended sediment in the
unfiltered samples.

Iron and magnesium values exceeded the Class GA standard and
guidance value, respectively, in most of the unfiltered and filtered ground
water samples, with lower values of each metal in the corresponding filtered
samples. Iron was detected in the unfiltered samples at concentrations up to
95,300 ppb in MW-6S, whereas magnesium values ranged up to 308,000 ppb
in the unfiltered sample from MW-8D. Sodium was detected above the Class
GA standard of 20,000 ppb in most of the wells. Unfiltered and filtered
samples contained almost identical sodium concentrations, which indicates
that essentially éll of the sodium is in solution.

Manganese was detected in several wells at concentrations above the
Class GA Standard (300 ppb) in unfiltered samples, but the only filtered
samples in exceedance were on-site well MW-7S (415 ppb and 386 ppb) and
off-site well MW-16S (552 ppb). Lead was detected in several unfiltered
samples above the Class GA standard, with the highest lead concentration at
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MW-7S (1040 ppb). The corresponding filtered samples all had lead values
below the Class GA standard of 25 ppb.

Mercury was detected above the Class GA standard of 2 ppb in
unfiltered samples from on-site well MW-7S (6 ppb) and off-site well MW-16S
(4.1 ppb). Mercury was not detected in the corresponding filtered samples
from these wells. Zinc was detected in five unfiltered samples above the
Class GA standard, with the highest zinc concentration at MW-78 (1540 ppb).
Zinc was also detected in the unfiltered sample from off-site well MW-16S
(595 ppm). The corresponding filtered samples all had zinc concentrations
below the Class GA standard of 300 ppb. Cyanide was detected above the
Class GA standard of 100 ppb in the unfiltered sample collected from MW-7S

(267 ppb).
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SECTION 4 - CONCLUSIONS

The completion of site investigations has resulted in the following conclusions:

1.

Site geology is characterized by unconsolidated fill, silty sand,
lacustrine clay, and alluvium overlying a clayey glacial till deposit.
These unconsolidated deposits overlie dolostone‘ bedrock. The fill
material was differentiated as either shot rock fill or miscellaneous
waste fill.

Shallow unconfined ground water was present beneath the site at
depths ranging from less than 1 foot to about 17 feet below grade.
Shallow ground water movement was to the south towards the Niagara
River at a velocity estimated to be 0.72 ft/day.

Bedrock ground water movement is to the west-northwest under a
hydraulic gradient which became steeper on the western portion of the
site in response to increased surface water and ground water discharge
into the NYPA water intake conduits and the Falls Street tunnel.
Thirty-four surface soil samples were collected as part of this site
investigation. No polynuclear aromatic hydrocarbons were detected
above typical Niagara Falls area background levels. Hexachloro-
benzene and several pesticide compounds were detected slightly above
background in several samples from the western portion of the site.
Dibenzofuran was detected in surface soils in the northwest corner of
the site exclusively, at low concentrations. Seven metals were detected
above typical background concentrations in several samples. EPTOX
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and TCLP analyses performed on a select sample which had lead
concentrations above background indicated this sample is not a
hazardous waste with respect to lead.

Soil boring sample analyses from the 10-acre portion of site indicated
no volatile organic constituents at concentrations above 0.006 ppm.
EPTOX and TCLP analyses performed on a select sample which had
lead concentrations above background indicated this sample is not
hazardous waste with respect to lead.

Shot rock fill encountered in the soil borings completed on the 15.8
acre portion of the site contained volatile organic compound concen-
trations of 0.025 ppm or less. Semivolatile compounds were detected
in shot rock at concentrations of 4.2 ppm or less, with the exception of
SB-28 (2 to 5 ft). No PCBs were detected in the shot rock fill.
Several pesticide compounds were detected at low concentrations of
0.037 ppm and less, with the exception of SB-29 (4 to 7 ft) which
contained beta-BHC (2.2 ppm). Cyanide was detected exclusively in
SB-29 (4 to 7 ft), located in the northwest corner of the site, at a
concentration of 3.8 ppm. Nine metals were detected above typical
background concentrations in several samples. EPTOX and TCLP
analyses performed on three select sample which had lead and
chromium concentrations above background indicated these samples
are not hazardous waste with respect to lead and chromium.

Shot rock fill was encountered in off-site soil boring SB-40 (2 to 5 ft),
and exhibited similar chemical characteristics to the on-site shot rock
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fill with the following exceptions. Tetrachloroethene was the only
volatile organic detected in SB-40 (2 to 4 ft) at a concentration of 1.1
ppm. Chlorinated hydrocarbon compounds detected in SB-40 include
1,4-dichlorobenzene (0.049 ppm), hexachloroethane (0.31 ppm), 1,2,4-
trichlorobenzene (3.5 ppm), hexachlorobutadiene (14 ppm), and
hexachlorobenzene (18 ppm). SB-40 contained higher concentrations
of pesticides such as beta-BHC (0.034 ppm), aldrin (0.52 ppm),
heptachlor epoxide (1.4 ppm), endosulfan I (0.42 ppm), 4,4-DDD (2.7
ppm), and 4,4-DDT (2.2 ppm). The pesticide compounds detected in
SB-40 are above background concentrations.

Miscellaneous waste fill encountered in soil borings completed on the
15.8-acre portion of the site contained volatile organic compound
concentrations of 0.034 ppm or less. Semivolatile compounds were
detected in miscellaneous waste at low concentrations, with few
exceptions. The chlorinated hydrocarbon compounds were detected at
a concentration of 0.71 ppm and less. PAH concentrations were
generally at background levels with the exception of SB-15 (8 to 16 ft)
and SB-33 (4 to 7 ft). Phenol was detected exclusively in SB-30 (11.5
to 12 ft) at a concentration of 4.7 ppm, which is above typical
background levels. The PCB Aroclor-1242 was detected in the
miscellaneous waste fill exclusively at SB-27 (5 to 13.5 ft) at a
concentration of 2.2 ppm. This soil boring was on the west-central
edge of the site and was the only sample which contained PCBs.
Pesticide compounds were detected at low concentrations of 0.095 ppm
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and less, with the exception of SB-28 (5 to 11 ft) which contained beta-
BHC (2.9 ppm). Cyanide was detected in four samples at concentra-
tions ranging from 1.16 ppm to 2.4 ppm, and in SB-27 (5 to 13.5 ft) at
a concentration of 9.87 ppm. Ten metals were detected above typical
background concentrations in several samples. EPTOX and TCLP
results presented in the preliminary Malcolm Pirnie study indicated
that the concentrations of metals in the sample extracts were low in all
but the EPT OX extract for lead generated from a soil composite from
the northwest corner of the site, which exceeded the S ppm level for
a characteristic hazardous waste. The EPTOX and TCLP organic
parameters were essentially non-detectable in the EPTOX and TCLP
extracts, respectively, which indicates these samples are not hazardous
waste. As part of this investigation, EPTOX and TCLP analyses were
performed on eleven select samples which had lead, chromium, and
mercury concentrations above background. Results from these
EPTOX and TCLP analyses indicated these samples are not hazardous
waste with respect to lead, chromium, and mercury, with the exception
of SB-33 (4 to 7 ft) which contained an EPTOX lead concentration of
39.1 ppm. To evaluate the discrepancy between EPT OX and TCLP
analyses from SB-33, five additional soil samples were collected and
analyzed for total lead, EPTOX lead, and TCLP lead. The values
obtained from the EPTOX and TCLP analyses were considerably
lower than the maximum allowable limit of 5 ppm for lead, which
indicates these soils are not hazardous waste.
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10.

Miscellaneous waste fill was encountered in the three off-site soil
borings and exhibited similar chemical characteristics to the on-site
miscellaneous waste fill with the following exceptions. SB-40 (5 to 12
ft) contained higher levels of the chlorinated hydrocarbons 1,2,4-
trichlorobenzene (3.4 ppm), hexachlorobutadiene (1.6 ppm), and
hexachlorobenzene (1.9 ppm). |
Ground water analyses indicate MW-7S contained the volatile organic
constituents chlorobenzene and benzene exceeding the Class GA
ground water standards during the first sampling round exclusively.
Benzene was the only volatile organic detected which exceeded a Class
GA standard during the second sampling event. Semivolatile organic
compounds detected above the Class GA standards include 1,3-
dichlorobenzene and 1,4-dichlorobenzene, which were both detected
at a concentration of 6 ppb in MW-7S. These chlorobenzene
compounds were detected in adjacent soil boring samples and have
likely affected the ground water chemistry in MW-7S. Pesticides were
detected above the Class GA standards in four wells during the first
sampling round. During the second sampling event, only MW-7S and
off-site well MW-16S contained pesticides above the Class GA
standards. These pesticide compounds were also detected above
background levels in subsurface soils collected in close proximity to
MW-7S and MW-16S. The pesticides in the fill materials have likely
affected the ground water chemistry in these wells. Antimony was
detected in MW-7S at levels above the Class GA guidance value of 3
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11.

ppb in both the unfiltered and filtered samples. Manganese was
detected in several wells at concentrations above the Class GA
Standard (300 ppb) in unfiltered samples, but the only filtered samples
in exceedance were MW-7S (415 ppb and 386 ppb) and off-site well
MW-16S (552 ppb). Iron, magnesium, and sodium exhibited concen-
trations in exceedance of the Class GA standards and guidance values
in both unfiltered and filtered samples. These metals are likely
characteristic of the background ground water chemistry and are not
likely affected by the chemistry of the on-site fill materials. Chromi-
um, mercury, lead, and zinc exceeded Class GA standards in unfiltered
samples, however, corresponding filtered samples were less than the
Class GA standards in all cases. Because sediment/ground water
interactions have the ability to dominate the ground water chemistry,
the filtered ground water samples are more likely to provide represen-
tative results of metals in solution. Cyanide was detected above the
Class GA standard of 100 ppb only in the unfiltered sample from MW-
7S (267 ppb). The cyanide detected in SB-27 (5 to 13.5 ft) has likely
affected the ground water chemistry in this well.

The O’Brien & Gere site investigation results presented herein confirm
the preliminary Malcolm Pirnie investigation results and are consistent
with the validated Dames & Moore Phase II Investigation results.
Based on the information collected, the 10-acre portion of the site
appears to be environmentally suitable for construction of the new
Water Treatment Plant, with no evidence of surface contamination
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which may affect construction activities. The remaining 15.8-acre
portion of the site does not contain hazardous waste, as defined by 40
CFR Part 261. The majority of the 15.8-acre site contains surface soil,
subsurface soil, and ground water which do not contravene background
levels or existing standards. However, a portion of the 15.8-acre site
in the vicinity of MW-7S contains fill materials which contain constitu-
ents above typical background levels. The ground water from MW-7S

exceeded several Class GA standards and guidance values.

Respectfully Subrnitted ‘
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TABLE 5
EPTOX/TCLP RESULTS
BUFFALO AVENUE SITE INVESTIGATION
NIAGARA FALLS, NEW YORK

TCLP LIMIT 5.00 5.00 0.20
§820 TCLP 0.018
EPTOX 0.260 N*
SB12-9.5 TCLP 0.023
EPTOX 0.450 N*
SB15 8-16'W TCLP 0.010
EPTOX 0.009 SN*
SB16 6-16'W TCLP 0.126 S 0.162
EPTOX 0.350 N* 0.025
SB18 4-22’W TCLP 0.015
EPTOX 0.590 N*
SB19 2-10°SR TCLP 0.014
EPTOX 0.200 N*
SB235-16'W TCLP 0.00094 *
EPTOX 0.00020
SB26 5-10'W TCLP 0.050 S
EPTOX 0.310 N*
S$B27 5-13.5'W TCLP 0.223 +
EPTOX 1.870 N*
SB28 5-11'W TCLP 0.160 0.024 0.00020 *
EPTOX 0.225 N* 0.024 0.00020
SB29 4-7'SR TCLP 0.079 S
EPTOX 0.885 N*
SB33 2-4'SR TCLP 0.018 0.017
EPTOX 0.160 N* 0.010
SB33 4-7'W TCLP 0.660
EPTOX 39.100 N*
SB38 2-6'W TCLP 0.138 8
EPTOX 0.020 N*
S$B39 2-11'W TCLP 0.458 S
EPTOX 0.320 N*
SB40 5-12'W TCLP 0.900
EPTOX 0.770 N*

NOTE: Results in ppm.
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TABLE 12
BEDROCK PACKER TESTING RESULTS
BUFFALO AVENUE SITE INVESTIGATION
NIAGARA FALLS, NEW YORK

Borehole No. Depth ROD (%) Average K (cm/sec)
2DB 35-44 ft 10 2.8 x 103
2DB 45-54 ft 22.5 2.13 x 10°
2DB 55-64 ft 31.7 1.08 x 103
2DB 65-75 ft 95.8 2.48 x 10°
6DB 36-45 ft 325 2.98 x 103
6DB 45-54 ft 45.8 2.89 x 10*
6DB 54-63 ft 85 NA

6DB 63-72 ft 975 4.76 x 10°¢
8DB 35-44 ft 50 2.26 x 103
8DB 45-54 ft 63.3 NA

8DB 55-64 ft 82.5 424 x 10*
8DB 64-74 ft 96.7 7.03 x 10*
10 DB 35-44 ft 51.7 453 x 10*
10 DB 44-53 ft 74.2 NA

10 DB 53-62 ft 85 NA

10 DB 62-71 ft 91.2 NA

NA = Water could not be pumped into bedrock at this interval.



TABLE 13
GROUND WATER ELEVATION DATA
BUFFALO AVENUE SITE INVESTIGATION
NIAGARA FALLS, NEW YORK

'-T—'
GROUND WATER ELEVATIONS
D 5/31/91 6/16/91 6/12/91. Cosmae 6/20/91 7/18/91 T8/15RL
MW-18 564.51 56439 56436 56433 564.24 564.00 563.86 563.65
MW-28 56339 563.27 56334 563.26 56320 563.23 56298 562.63
MW.3s NA 57525 57551 575.08 NA 57439 57091 568.82
MW4s 562.76 562.17 562.75 562.87 562.86 563.04 56296 562.89
MW.5S NA 6373 568.61 568.57 NA 566.83 DRY 565.01
MW-68 568.18 567.51 56739 567.19 56687 56531 DRY DRY
MW-7S 564.66 564.52 564.46 564.42 564.28 563.84 563.45 563.10
MW-8S 563.18 563.09 563.09 563.07 563.06 563.10 562.85 562.84
MW-9S* 56634 DRY DRY DRY DRY DRY DRY DRY
MW-10S* 568.03 567.22 567.07 567.10 566.72 DRY DRY DRY
MW-12S* 564.61 566.59 563.70 565.12 566.59 56633 56591 564.88
MW-13S* 575.12 573.70 573.16 572.82 57233 5N1.27 570.15 567.65
MW-14S* 568.11 567.12 567.02 566.71 56629 564.58 563.63 562.72
MW.158* 56798 567.63 56753 56736 567.15 566.69 566.16 56547
MW-165* 563.81 563.68 563.65 563.63 563.57 56337 56333 563.26
MW-1D 56254 56293 562.82 562.81 56292 562.89 56292 56265
MW-2D 562.51 562.82 56247 562.73 562.85 562.82 56290 562.63
MW3D 56239 562.52 562.25 56254 56246 562.66 562.79 56247
MW4D 562.25 56332 562.46 56255 56247 562.64 562.77 56247
MW-5D 562.45 56247 562.19 562.60 56242 562.62 56279 559.51
MW-6D* 561.82 561.93 561.73 561.95 56193 562.20 562.28 56211
MW-TD 561.50 561.69 561.46 561.70 561.67 561.95 562.06 56198
MW-8D 562.00 56236 562.02 56236 56232 56250 562.64 562.41
MW-10D* 562.18 562.63 56256 562.71 56259 561.88 562.71 56232
MW-11D* 563.05 56290 56258 562.84 56293 56290 56294 562.66
MW-12D* 56232 56245 562.15 56246 56238 56257 56256 562.48
MW-13D* 56239 562.58 56230 562.62 56249 562.68 5629 562.53
MW-2DB* S62.65 5629 56251 562.73 562.82 562.82 562.86 562.64
MW-6DB* 56040 558.73 55936 559.14 559.02 $59.73 559.81 55995
MW.8DB* 562.00 562.13 56195 562.14 562.13 56233 562.41 56228
MW-10DB 56237 561.89 562.05 561.99 561.85 562.16 562.26 56245
MW-11DB 562.73 562.48 56192 562.44 562.48 56256 562.64 56242

*Wells installed by O'Brien & Gere Engineers, Inc.
NA - Data Not Available

DRT:ers/N75




WELL G W ELEV
D 1230 PM_ 1330 hr 1430 hr 1600 hr 9730 hr 0830 hr 0930 hr 1030 hr 1130 hr CHANGE
MW-1S 564.00  564.00 1 563.99  564.01 564.00 564.00  564.00 0.03
MW-2S 563.23 56322 563.15  563:16 563.18: 563.20° 56322°  0.10
MW-3S 574.45  574.41 ‘a7 574.25 57424 57422 57422  574.21 0.24
MW-4S 563.04 56294 4. 562.77 ° '563.03 . 563.22 563.22.. 563.19 0.94
MW-5S 567.72  567.70  567.77  567.76 567.75  567.72  567.71 0.12
MW-6S 565.31  565:31" 5 . 56526 565.26 565.26°" 565.26  565.26 0.05
MW-7S 563.84  563.84 ‘84 56382 56382 56383 563.83  563.83 0.02
MW-8S 563.100 563:08-. ha 562.93 56295 563.00°7 563.05° 563.09. 0.18
* MW-9S DRY DRY DRY DRY DRY  DRY _DRY 0.00
* MW-10S DRY. DRY - v. DRY = DRY. DAY’ DRY  DRY" 0.00
* MW-128 566.33  566.33 .34 566.34  566.33 566.33 566.34  566.33 0.09
* MW-13S’ 571.27 = 571.27" ] g 571.24°  571.23:° 57124 571.28. 571.25 '0.05
* MW-14S 56458  564.58 564.56  564.55 564.55  564.54  564.55 0.04
.« MW-15S 566.69  566.69- ) 566.68. 566.68 56668 566.67. 566.67 0.02
+ MW-16S 563.37 563.43 563.42 56343 563.42 563.42 563.42 563.42 563.43 0.06
MW-1D 562.89 562.82 562.77 562.73 562.98 563.14 563.09 563.05 563.02 0.90
MW-2D 562.82 56276 - 56271 562.67 56289  563.0B. 56304 562.99: 562.96 0.93
MW-30 56266 56257 56253 56250 56264 56287 56286 56281  562.79 0.94
MW-4D 56264 56256 56252 56248 56268 56288 . 56285 56280 562.78°  0.94
MW-5D 562.62 56252 56250 562.46 06256 ~ 562.80 562.81 56277  562.76 0.93
* MWw-6D 562.20 56212 . 562,08 562,04 561.97  562:18° 562.33. 56231 56230 = 0.83
MW-70  561.95 561.89 561.85 561.82. 501.76 ~ 561.99  562.06  562.05 ~ 562.04 0.74
MW-8D . 56250 56241 56237  562:2 D6243 .562.74° s56271: 562.66: 56285  1.07
. MW-10D 56188 56282 56278 56273 56273 56291 56301  563.01 56300 075
. MW-11D 56280 56284 56379° 56275 56307 56320 . 563147 563.00. 56306  .0.95
* MW-12D 56257  562.49  562.45 52.41 56251 56279 56277  562.73  562.73 0.96
* MW-13D 562.68 . - 56260, 562.66 . 562:90 562.86.. 562:84:. 562.82. 0.93
* MW-2DB 56282 56276 56271  562.6¢ 6285 56302 56299  562.97  562.94 0.81
. MW-6DB-  559.73 559,82 '550.89  ‘559.9¢  509-56.. 55053 550.54' 559.69: .559.65..0  0.66
. MW-8DB " 562, . 56221 56244 56243 56242  562.41 0.70
« MW-10DB - - ' 562.08 . 562.07 562.08° 56209 56218 -~ 0.31
.« MW-11DB 562.66 56272 562.71 562.69  562.67 0.7
.- WELLS INSTALLED BY O’BRIEN & GERE DRT:bdm/H31
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