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1. INTRODUCTION

1.1 Purpose of Report

The purpose of this Remedial Investigation (RI) report is to
present, summarize, and provide interpretation and conclusions on data
gathered during the RI activities at the Gorick C&D Landfill, Town of
Kirkwood, Broome County, New York. RI activities, which began on July 26,
1990 (when the initial work authorization was received from NYSDEC), have
included preparation for field activities, completion of first and second
phase field activities, and report preparation. The first phase of field
activities, which were performed from September through December 1990,
included: site air and radiation monitoring; a soil gas survey;
geophysical surveys; installation of soil borings and monitoring wells;
monitoring of elevations of groundwater and surface water; sampling and
chemical analysis of surface water, groundwater, sediment, soil, and
waste; hydraulic conductivity testing; geotechnical analyses; and a
Habitat-Based Assessment. The second phase of field activities, which
were performed in June and July 1991, included: the installation of
piezometers and additional monitoring wells; a test trenching program;
sampling and chemical analysis of groundwater, surface water, sediment,
surface soil, and waste; and further monitoring of groundwater and surface
water elevations. The second phase was necessary in order to further
characterize the site, to clarify questions raised about the site after
the first phase, to provide enough information for completion of the RI,
and to allow recommendations to be made and supported in the Feasibility

Study (FS).

The RI provides information for characterization of the physical,
geological, hydrogeological, chemical, and environmental factors unique to
the Gorick Landfill site. This report presents data that help define the
source, nature, and extent of contamination, providing a basis for the FS.

The FS will identify and develop remedial alternatives, which, based on
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the potential risks identified in this RI, will be protective of human
health and the environment. These alternatives will then be evaluated to
lead to the selection of a preferred alternative and development of a

conceptual design for this alternative.

1.2 Background

1.2.1 Site Description

The Gorick Landfill is located on a 35-acre tract of land in the
Town of Kirkwood, Broome County, New York. The site lies approximately 5
miles southeast of Binghamton, off NY Route 11, near Fivemile Point. The
Gorick Landfill site location is shown in Figure 1-1; a site plan is

presented in Figure 1-2.

Although irregularly shaped, the site may be viewed as roughly
square, measuring about 1,000 feet per side. The original, gentle grade
was to the west, toward the Susquehanna River. Landfilling has been
carried out in a series of two distinct fill episodes. These have created
two stepped plateaus above the floodplain of the river. The floodplain of
the Susquehanna River, as used here, is simply the valley floor adjacent
to the river that is subject to periodic overflow, without specification
of a frequency-of-flooding 1limit (e.g., 100-year floodplain). The
floodplain is evident here from the type of surface soils and vegetation
present. During much of the year the floodplain lies only 3 to 5 feet
above the water surface. However, during the Phase II field activities
(June to July 1991) the floodplain lay approximately 7 feet above the
water surface, due to 1low river conditions. The 1lower plateau,
approximately 10 feet above the floodplain, extends around the north and
west sides of the site. The edge of this plateau is abrupt, but well
vegetated and of indeterminate composition. The upper plateau,
approximately 10 feet higher than the lower, covers over half the site,

and meets the grade of Route 11 along the eastern edge of the property.
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The edge of the upper plateau, except for the side facing Route 11, is
also abrupt, but unvegetated, and composed largely of construction and
demolition debris, including wood, concrete, assorted metal objects,

roofing paper, etc.

The surface of the landfill is sparsely vegetated in many areas,
with a large- quantity of demolition debris strewn about. These include a
crane, approximately 20 rusted storage tanks (with a capacity of several
thousand gallons each, and generally with at least one of their ends cut

open or removed), piles of hospital beds, I-beams, and other materials.

The site is bordered on the east by Conrail railroad tracks and on
the west by the Susquehanna River. Immediately north of the site is a
warehouse of the Link Flight Simulation Corporation, and four private
residences. To the south, across a small access road serving three water
wells belonging to the Town of Kirkwood, is the American Pipe and Plastics

(AP&P) factory, where PVC piping is manufactured.

The three Town of Kirkwood municipal water wells are located on a 5-
acre parcel owned by the Town on the floodplain adjacent to, and about 300
feet southwest of, the landfill. The well pumphouses are built upon an
embankment of clean fill, which elevates them about 15 feet above the
floodplain, and 3.5 feet above the 100-year flood elevation of the river
(approximately 853 to 854 feet above mean sea level, per the U.S. Army
Corps of Engineers). The wells have two discharge lines. One line runs
under the floodplain west of the landfill to a fire hydrant on an
adjoining property. The primary pipeline runs under and along the
southern boundary of the site to the Kirkwood Water Treatment Plant. The
treatment plant, from which water is pumped to customers in the Town of
Kirkwood'’s Water Districts No. 3 and 4, is located just outside the
southeast corner of the landfill. Supplemental water is purchased from
the City of Binghamton on an as-needed basis, primarily to maintain

adequate reservoir levels.
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The Susquehanna River Valley runs southeast-northwest in this area,
among hills that rise 700-800 feet above the river. The valley in the

region of the landfill is approximately one mile wide.

Landfill construction has displaced an intermittent stream (termed
the "drainage stream" in this report) to its present course along the
landfill’s southern and western borders. At the southwest corner of the
landfill, non-contact cooling water from the AP&P plant enters the stream.
Another surface water body, a small lake, is located in an abandoned
gravel mine approximately 200 feet south of the landfill (on property
owned by Five Mile Point Development Co., Inc.). The lake has no apparent
connection to any other surface water body. To the north of the Link

Warehouse, Park Creek runs into the Susquehanna.

Besides the Town of Kirkwood’'s well field, groundwater is withdrawn
from at least four locations near the landfill. Two hundred feet south of
the landfill, American Pipe and Plastics has a groundwater well for non-
contact cooling water (approximate capacity 300 gpm). Approximately one-
quarter of a mile to the west (across the Susquehanna) is one of the Town
of Conklin’s four drinking water wells (approximate capacity 250 gpm).
Also across the Susquehanna, approximately one-half mile to the west,
located on the Conklin Sports Park driving range (west of Route 7), is a
well used for watering of grass on the driving range (approximate capacity
350 gpm). Additionally, immediately north of the landfill and along the
Susquehanna behind the Link Warehouse, are two private residential wells
(Figure 1-3 or 1-4). The more southern of these two wells is not
presently in use. However, the more northern of these residential wells

is reportedly being used for domestic purposes (Ref. 30).

Known wells on the Conklin side of the Susquehanna River are
discussed above, but a community well survey was not done on that side of
the river. Such a survey was not considered necessary because the

presence of the river and the Kirkwood Town wells made it very unlikely
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that the landfill could impact residential wells, with their low pumping
rates, on the Conklin side of the river. Additionally, this contamination
possibility was checked by monitoring wells placed on the Conklin side of

the river.

1.2.2 Site History

Aerial photography shows that, as late as 1955, the Gorick site and
surrounding lands were cultivated. It is known that the Gorick Landfill
site was mined for gravel prior to its use as a dump, and that in 1964
Alfred and Stephanie Gorick purchased the land from L.G. DeFelice and Son,
Inc. Several engineering reports published for the Town indicate that
Gorick had begun dumping there in 1959. Aerial photography from April

1965, however, shows no evidence of dumping up to that time.

In March 1965, the Broome County Health Department issued a permit
to Alfred Gorick to establish a refuse disposal area at the site. Because
the site was to be for the use of Gorick’s construction company only, and
because the waste to be disposed of was purported to be mostly non-
decomposable demolition debris, the landfill was exempted from daily
compaction and cover requirements. The record indicates that Gorick
initially intended to reclaim the site by filling the gravel mine with

stable fill, and then to offer the property for commercial development.

In 1970, the Town of Kirkwood requested that its consulting
engineer, Vernon O. Shumaker, evaluate portions of the property, along
with several other properties within the town, as potential sites for
municipal water wells. Four wells were drilled at various locations on
the Gorick property. Only one, near the river, showed sufficient yield to
be worth further investigation. [None of these wells could be located
during the RI field activities.] 1In 1973, Shumaker reported that the
water at the Gorick site contained relatively high concentrations of

metals, and that treatment would be too expensive for the site to be
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economically developed. Shumaker recommended that the site no longer be

considered a potential potable water source.

In May 1975, after at least three reports of potential permit
violations, including the dumping of cinders and fly-ash (unidentified
source) and the placement of refuse on the floodplain between the landfill
and the Susquehanna River, Gorick's permit to operate the landfill was
revoked. A new permit application was requested by the Broome County
Department of Health (BCDOH). Among other requirements, the new permit
(December 1975) called for monthly cover, and prohibited dumping on the
intermediate regional floodplain of the Susquehanna River. [This
floodplain was described by the U.S. Army Corps of Engineers (USACE) in a

1969 report prepared for the Broome County legislature. ]

Due to industrial growth, Kirkwood'’s water supply in 1975 proved
incapable of meeting fire codes. Shumaker therefore recommended that a
new source of municipal water be developed at the Gorick site, and that
any necessary treatment facilities for the removal of iron and manganese
be constructed. 1In 1977, the Town purchased from Gorick approximately
five acres of land on which to construct two production wells. Town Wells
No. 1 and 2, and a pumping plant (with a greensand filter for the

oxidation and removal of metals) were completed in July 1977.

By 1980, iron and manganese deposits in the well screen and sandpack
had reduced the capacity of Town Well No. 2 to 10 percent of its original
capacity of 1,000 gpm, forcing the Town to consider installation of an
additional production well and development of treatment facilities for the
removal of metals from the existing wells. In December 1981, as part of
a pilot study of the Vyredox System for removal of excess metals from
groundwater, 5 monitoring wells (VOl to VO5) were installed. Groundwater
samples were taken from both the monitoring wells and the Town wells. 1In
May 1981, trichloroethene (TCE) and 1,2-dichloroethene (1,2-DCE) were
detected at 1.6 ppb and 1.3 ppb, respectively, in the distribution system
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for Town Wells No. 1 and 2. [It is not clear whether these detections
were made as part of the aforementioned study.] Although well below the
United States Environmental Protection Agency (USEPA) Maximum Contaminant
Levels (MCLs) in effect at that time (50 ppb for each of these compounds),
these concentrations caused the Town in 1982 to institute a program of

regular testing for volatile organic compounds (VOCs).

Concern grew among New York State and local officials that the
Gorick Landfill was the source of the VOC contamination in the Town wells.
Therefore, in 1983, NYSDEC requested that Gorick apply for a permit to
operate the landfill under Part 360 regulations for solid waste disposal
facilities. Gorick'’s application, in September 1983, was deemed
incomplete, and no subsequent addition of information to the application

proved to be acceptable to the agency.

Well No. 3, with twice the design capacity (2,000 gallons per
minute) of either Well No. 1 or No. 2, was constructed in February 1984,

adjacent to Wells No. 1 and 2.

In November 1984, at the suggestion of BCDOH, the New York State
Department of Health (NYSDOH) adopted 10 NYCRR 102.3 IIIA - rules and
regulations specifically prohibiting certain activities within the area of
the Town of Kirkwood’'s wells. [The regulations had been drafted by the
Town and submitted to NYSDOH via BCDOH.] These activities prohibited,
among other things, disposal of construction and demolition debris within
400 feet of the Town wells. Although in fact debris appears to have been
dumped within the 400-foot radius, monthly inspection reports from 1984 to
the present by the Town of Kirkwood have indicated that this law has not
been violated. A letter from BCDOH to NYSDEC, dated June 22, 1983, did
state that material was disposed of within the 400-foot limitation, but
this predated the rule adoption, and may have been partly responsible for

its drafting.
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After rejection of one of Gorick’s revised Part 360 applications in
April 1986, NYSDEC determined that the landfill lay over the Endicott-
Johnson City sole-source aquifer, causing the case to fall under the
NYSDEC Landfill and Sensitive Aquifers Policy. The State informed Gorick
that the stringent new requirements of Part 360 made granting of an
operating permit very unlikely. The State recommended, in correspondence

with Gorick, that the landfill be formally closed.

By late 1983, in cooperation with the Town of Kirkwood, the United
States Geological Survey (USGS) had installed 13 wells in the vicinity of
the landfill as part of a modeling study of groundwater flow in the area.
As part of the growing concern among State and local officials about the
effect of the Gorick site on groundwater quality, 8 of these wells were
transferred at the end of the study in 1985 to the ownership of the Town
for use in a quarterly sampling and analytical program. This study,
undertaken jointly by the Town and NYSDEC in late 1986 and early 1987,
included sampling the USGS wells and analysis of the samples for VOCs and
leachate indicator parameters. When NYSDEC personnel visited the site on
October 29, 1986, to begin sampling for this study, it was noted that
wells No. 11A and B could not be found, having been buried by fill, and
that Well No. 12 had been found partially buried. [Wells No. 1lA and B
were found and officially sealed March 17, 1988. Well No. 12 was exposed
and protected.] When finally sampled, on February 9, 1987, the first
round of analysis showed significant detections only in USGS Well No. 12

(45 ppb TCE and 48 ppb trans-1,2-DCE).

Because of these concentrations the landfill was, in November 1987,
classified by NYSDEC as a suspected inactive hazardous waste site (Class
2a). The State required that Gorick develop a Remedial Investigation and
Feasibility Study (RI/FS) for the site or become liable for all resultant
cleanup costs. In an August 1988 letter from his attorney to the State,
Gorick admitted to having allowed NYSDOT to dump a significant quantity of

yellow paint at the landfill, but was unable to remember any other sources
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of hazardous waste that might have been dumped there. However, in his
December 1988 deposition, Mr. Gorick did not admit to NYSDOT paint
dumping. When asked if containers of paint had been disposed of at the
landfill, Mr. Gorick replied, "No".

In 1988, 11 ppb TCE was detected in Town Well No. 3. This
contravened the interim NYSDOH standard of 10 ppb for TCE (prior to the
adoption of a stricter 5 ppb standard in 1989) and required that the well
be shut down. Well No. 1, which had been shut down since the installation
of Well No. 3, was re-activated, but soon its concentration of TCE also
appeared to increase. The Town therefore sought, and was granted (in May
1988) a New York State Pollution Discharge Elimination System (NYSPDES)
permit to pump Well No.3 into the SusquehannaRiver. This pumping served
as hydraulic protection to Well No. 1 from contaminants originating at the
landfill. The Town also began studies leading to the purchase and
installation later that year of an air stripper for emergency removal of
TCE. The air stripper, with a maximum flow rate of 1,000 gpm, and
designed to treat feed water with up to 100 ppb of TCE, was placed on line
to treat water from the Town wells. Upon installation of the stripper,
the discharge to the Susquehanna River was stopped. Well No. 3 then
resumed pumping at half capacity. The raw water was processed through the

air stripper into the Town'’s distribution system.

Gorick'’s ongoing noncompliance with NYSDEC regulations governing
solid waste disposal facilities led in 1987 and 1988 to the installation,
by the Town of Kirkwood, of 8 monitoring wells (designated as No. 20 and
Nos. 31-37), between the 1landfill and the Town wells, as part of
investigations designed to determine the effect of the landfill on
groundwater quality. The installation of Wells No. 31-37 and the first
round of sampling of all 8 of these wells was delayed due to difficulties
in obtaining an easement from Gorick for the sampling. When finally
collected and analyzed in August 1988, samples from Wells No. 35 and 36,
at the toe of the landfill, showed concentrations of 88 and 430 ppb,
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respectively, of TCE. Total VOC concentrations in these wells were 152

and 600 ppb, respectively.

In November 1988, Gorick was issued a cease-and-desist order to stop
all activities at the landfill. Dumping was stopped, but the owner
retained the right to enter the site to remove tanks and other objects on
the landfill surface. This activity continues intermittently to the

present.

In February 1989, based upon Gorick’s August 1988 admission of paint
dumping in the letter from his lawyer to NYSDEC, and on analyses of the
samples taken from Wells No. 35 and 36, the site was reclassified to a
"Class 2" inactive hazardous waste site, indicating that the disposal of
hazardous waste at the site had been confirmed. Gorick replied to the
State'’s requests for an RI work plan with one that was unacceptable to
NYSDEC. In ﬁay 1989, therefore, the site was referred to the New York
State Superfund for remediation, and in November 1989, URS Consultants was

awarded the contract to perform the RI/FS for the site.

1.2.3 Previous Investigations

The results of all previous analyses for organic groundwater
contamination, for which records could be obtained by URS, are summarized
in Appendix L. The results were obtained from the files of NYSDEC; the
Town of Kirkwood and its consulting engineer, Lake Engineering (since

1979); and BCDOH.

The earliest known investigation of the site was conducted by Vernon
0. Shumaker, consulting engineer, in 1970. This investigation was
initiated by the Town of Kirkwood as a part of its "Improvements to Water
District No. 3" program. The results of this study, and an additional one
by the same firm in 1973, were used in selecting the present location of

the Kirkwood water wells.
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In December 1981, as part of a demonstration of a proposed treatment
process for removal of iron and manganese from groundwater (the Vyredox
System), 5 observation wells (VOl through VO5) were installed around
Kirkwood Town Wells No. 1 and 2. These wells were then sampled for the
presence of various contaminants. Three of these wells, VOl, VO3, and

V04, remain intact.

As a result of the above detections, the Town of Kirkwood instituted
a program to monitor contamination of the Town well water (Ref. 6).
Although no regular series of lab reports or formal summary of results
exists at this time, those memos and reports that do exist indicate that
VOC concentrations in Wells No. 1 and 2 have remained below 5 ppb (except

when Well No. 3 was shut down, as noted below).

An investigation of the aquifer system that supplies water to the
well fields in the Towns of Kirkwood and Conklin was conducted by USGS in
1983. A total of 19 observation wells were installed as a part of the
investigation. Thirteen (13) of these wells were installed on or near the
Gorick Landfill. Only 6 of these 13 wells (GS7, 10, 12, 13, 15A and 15B)
remain (Figure 1-3). Well GS12 is intact but not safely accessible. It
was partially buried by fill, then uncovered and surrounded by a 5-foot
diameter concrete conduit. As new fill was placed around the conduit,
additional sections were added, so that the well now exists at the bottom
of a 15-foot deep manhole. Access to GS12 has been provided in the past
by two iron rungs in the mouth of the manhole; these reach to about 10
feet above the bottom. Groundwater samples were collected and analyzed
from wells G7, 10, 12, and 13 in 1986 and 1987 as part of an investigation
by the Town and NYSDEC of the landfill’s effect on groundwater in the
area. Results of this sampling led, in November 1987, to the
classification of the Gorick Landfill as a "suspected inactive hazardous

waste site."
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As concern for identifying the source of the contaminants in the
Town wells grew, attention shifted to the American Pipe and Plastics
factory. Investigations by NYSDEC of the AP&P discharge to the
Susquehanna, which flows via the drainage stream between the landfill and
the Town wells, occurred intermittently after 1983 when significant VOC
contamination of the effluent (over 300 ppb total VOCs) was first
detected. It was determined at that time that the source of the
contamination was process equipment within the factory. Waters from this
equipment have subsequently been both recycled within the factory and
discharged to the local treatment plant. Effluent discharged to the
Susquehanna is now restricted to non-contact cooling water. Analysis of
the effluent since that time has shown low levels of TCE, DCE, and
toluene. The current AP&P NYSPDES permit requires monitoring of flow,

temperature, and pH only, not of VOCs.

In 1987 and 1988, the Town of Kirkwood contracted Lake Engineering
of Binghamton, New York, to supervise the installation of 8 additional
monitoring wells (No. 20 and Nos. 31 through 37). The wells were
installed between the landfill and the Kirkwood well field at locations
and depths chosen by NYSDEC to determine the effect of the landfill on the
groundwater entering the wells. Four (4) of the monitoring wells (Nos.
31-34) were installed in a semicircle between the landfill and the well
field. The remaining wells were installed along the toe of the landfill.
These wells were sampled in August 1988. Wells No. 36 and 35 at the toe
of the landfill showed total VOC concentrations of 600 ppb and 152 ppb,
respectively, while Well No. 31, near the Town'wells, showed a total VOC
concentration of 146 ppb. These results led to the reclassification of
the site to a Class 2 "known"” inactive hazardous waste site, in February
1989. Code 6 NYCRR Part 375 defines a Class 2 site as "a site at which

hazardous waste constitutes a significant threat to the environment."

In early 1988, the level of TCE detected in Town Well No. 3 rose
from less than 8 ppb to 12 ppb. Since that level was greater than the
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current MCL of 10 ppb allowed by NYSDOH, the Town notified its water
customers and began a weekly monitoring program of TCE concentrations in
Wells No. 1 and No. 3. Well No. 3 was taken off line when TCE levels
reached 16 ppb, and was replaced with Well No. 1. TCE concentration in
the output of Well No. 1, which previously had remained at 3 ppb or below,
then rose to 8 ppb, suggesting that Well No. 3 had been providing
hydraulic protection from contamination for Well No. 1. To continue to
provide that protection, Well No. 3 was reactivated, but with its output

directed to the Susquehanna River.

In February 1989, an air stripping column was installed at the water
treatment plant (WIP) to remove TCE. Provision was made to pump from Well
No. 3 to the WTP, and Well No. 1 became a backup well. However, since the
WIP air stripper has a design capacity of only 1,000 gpm (currently
operated at 1,200 gpmt), the Town lost available capacity. 1In order to
replace that éapacity, a new stripping column, designed for 2,000 gpm, is
being installed to handle the output of Well No. 3. Upon startup of that
unit, expected in the fourth quarter of 1991, the Town will again have a
total capacity of 3,000 gpm. This will restore the flexibility that

existed prior to the discovery of TCE in the wells.

Sampling and analysis for TCE in the influent and effluent to the
Town'’s air stripper continues on a regular (bi-monthly) basis. Raw water
from Well No. 3 has shown a decrease in TCE concentration to single-digit

(ppb) levels since that time.

1.3 Report Organization

This RI report has been organized in a format consistent with
Chapter 3 of USEPA'’s Guidance for Conducting Remedial Investigations and

Feasibility Studies Under CERCLA (USEPA Interim Final, October 1988).

Appendices, as listed in the Table of Contents, are bound separately. The
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following descriptions summarize each section of the report. Sections 1

through 7 are part of this report (Volume I).

o Section 1: Introduction; site description and history;

previous investigations; report organization.

o Section 2: Description of the remedial investigation field
activities.
o Section 3: Description of site, climate, demography, regional

and site-specific hydrology, geology, and hydrogeology.

o Section 4: Nature and extent of contamination based on the

results of the site investigation.

o Section 5: New York State Standards, Criteria, and Guidance

Values (SCGs).

o Section 6: Baseline risk assessment, including both

environmental and public health evaluation.

o Section 7: Summary and conclusions.
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2. SUMMARY OF REMEDIAL INVESTIGATION FIELD ACTIVITIES

During the two phases of RI field activities at the Gorick Landfill
site, the approved project plans were completed except where deviations
were necessitated by site conditions. All significant deviations from
protocol or the sampling program were approved in advance by the NYSDEC
Project Manager or his representative. Applicable project plans developed
by URS for this investigation include the Work Plan, Field Sampling Plan
(FSP), Quality Assurance Project Plan (QAPP), Site-Specific Health and
Safety Plan (HASP), and Addendum to the Project Management Work Plan. The
field work for the first investigation phase of this project was performed
from August through December 1990. The second phase of field activities

was performed from June through July 1991.

2.1 Surveying and Mapping

A topographic map of the Gorick C&D Landfill was prepared for use as
a base map during the RI/FS. The map was drawn to a scale of 1 inch
equals 100 feet, with a contour interval of 2 feet. Mapping was performed
using aerial photography with surveyed ground control. Field surveys were
conducted to create a grid system for locational control during site
investigation activities (particularly surface geophysical studies and
air/soil screening), and to establish the exact locations and elevations
of all groundwater monitoring wells and other field data points. Vertical
control was set using the National Geodetic Vertical Datum of 1929, and
horizontal control was referenced to the New York State Plane Coordinate
System. Actual horizontal closure was 1:96,000 unadjusted, and primary
vertical control was +0.05 feet (allowable closure error of 0.078 feet).
All surveying was performed by URS under the supervision of a New York

State-Licensed Land Surveyor.
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2.2 Radiological and Air Survey

In August 1990, prior to the start of site activities, a survey for
airborne volatile organic contaminants and surface radiation levels was
performed by URS personnel at the site. The purpose of the survey was to
assess the minimum level of personal protection required by workers on

site, and to gather preliminary data on the extent of contamination.

Volatile organics concentrations were measured in the breathing zone
(approximately 3 feet above the ground surface) and at ground level using
a photoionization detector (HNu Model PI101). Radiation levels were
measured at the same heights and locations using a Ludlum survey meter.
Measurements were taken on a 100 x 100-foot grid over the site. No
readings above background levels for VOCs or radiation were found at any
point on site.

As part of the second phase investigation, all of the monitoring
wells to be sampled were also monitored for levels of VOCs (using a PID),
H,S, and methane or explosive gases (using an explosimeter). This was done
by immediately monitoring the air trapped in the well casing when the cap
was first removed. Results are shown in Table 2-1. All levels were at
background, except for 1 ppm volatiles recorded with the PID in wells 34
and 36. This indicates that the landfill does not appear to be generating
much gas (methane) or volatiles, at least in the zone immediately above

the water table which the shallow wells would best monitor.

2.3 Soil Gas Survey

A soil gas survey was performed during the period from September 11
through September 19, 1990, by a specialty subcontractor, Target
Environmental Services, under the direction of URS. The results of the
soil-gas survey are presented in Section 4.1.1. The report by Target

Environmental Services is presented in Appendix A.
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TABLE 2-1

GORICK LANDFILL
PHASE I

MONITORING WELL HEADSPACE DATA

LOCATION PID (1) H2S (1)

LEL (2)

MW-18

o
o

MW-28

MW-38

MW-4S

MW-41

MW-5S8

MW-51

MW-5D

MW-6S

MW-6I

MW-6D

MW-78

MW-8S

MW-9S§

MW-10S

MW-11S

MW-111

MW-128

MW-12D

MW-141

MW-14D

MW-31

MW-32

(=] =) o] ol Fol fo) [ o] o fo) o] fo) [ o] =] [o] o] o] o] o] f o] o] o) o] Fo)

MW-33

MW-34 1.0

MW-35 0

(=] I=lle] o] la] fo) o] fo] f o] [=] o) [« o) f o [ o [ o] [ o] [ o] o) [ o] f o] fo] fo] fo) fo) fo)

MW-36 1.0

[«li=lle] o] [e] ko) f«] o] fol ko] F o] fo] [ o] [o] f =) [ o] [« [ o] =] f o] o] o) [o) fo] f o) o] L]

Vent holes
S of MW-9 *
& MW-10

(=]

o

* — There was some slow HNU response at some

vent holes indicating moisture interference.

(1)~ All concentrations are expressed in ppm.
(2)- Concentrations expressed in percent of the lower

explosive limit.

gorair 28-Oct-91




Samples of soil gas were collected and analyzed for VOCs. The
purpose of the survey was to help delineate any organic contamination in
the groundwater beneath the site (since portions of the VOCs in
contaminated groundwater should volatilize into the soil air above the
groundwater, and thus be detectable in soil gas samples) and to assist in
optimizing the location for soil borings and monitoring wells placed to

monitor for contaminants.

Samples of soil gas were collected from the soil at a depth of 2 to
5 feet, depending upon the depth to which the steel drive rod could
penetrate. Five-foot depths were planned, but were not always possible
due to buried debris. Once the hole had been made with the drive rod, the
sampling probe was inserted to the full depth of the hole and sealed from
the atmosphere with putty. One volume of air was removed from the system
to eliminate ambient air from the sample, then a second volume, consisting
of the soil gas, was withdrawn from the hole and placed in a self-sealing
vial by injecting the sample through the rubberized cap. Samples were
then analyzed in the field trailer or in Target'’s Maryland laboratory
using a Photovac 10-S-70 gas chromatograph equipped with a photoionization
detector. These instruments were calibrated three times daily for TCE,

trans-1,2-dichloroethene, benzene, toluene, m- and p-xylene, and o-xylene.

The sampling locations were chosen in a two-stage process.
Initially, the framework of a 100 x 100-foot grid was laid out over the
site by URS surveyors. Target then located and sampled every second
point on the proposed grid for a total of 69 sample points. This scheme
was used at the suggestion of NYSDEC to reduce the number of locations for
sampling. Upon receiving the results of this sampling, additional
sampling locations were chosen to surround the points at which VOCs had
been detected. Additionally, all points in the 100 by 100-foot grid
between the toe of the landfill and the Susquehanna River, or the Kirkwood

well field, were sampled to attempt to delineate any VOCs flowing from
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beneath the landfill. This second stage consisted of 27 additional

points. Thus, a total of 96 locations were sampled.

2.4 Geophysical Survey

A geophysical survey was performed on September 12, 1990, by Weston
Geophysical- Corporation, under supervision of URS. The results of the
survey are presented in Section 3.7.3. The report issued by Weston

Geophysical is included as Appendix B.

The survey was performed to delineate the edge of fill on the
eastern side of the property where it was only imprecisely known from
surface topography. The survey used seismic refraction profiling and
terrain conductivity data to locate structural changes in the subsurface.
These changes may be interpreted to indicate boundaries between fill and

native materials.

Three geophysical traverses were laid out by URS approximately
perpendicular to the assumed landfill boundary. The traverses varied in
length from 250 to 400 feet. Seismic refraction profiling was performed
along these traverses using a Betsy "seisgun" to generate shock waves
(seismic energy). A series of 24-channel geophones was laid along each
traverse with spacings of 10 or 20 feet. These were then connected to a
digital seismic data-acquisition system (designed and manufactured by
Weston Geophysical) to record the shockwaves as they travelled through the
ground. Various characteristics of the recorded seismic waves are
interpreted to yield information about the structure of the ground through
which they have travelled. Of greatest importance to the interpretation
is the speed with which each type of wave arrives at each geophone. This
velocity has been shown to be positively related to the density of the

material through which the wave travels.
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Terrain conductivity data were also acquired along each traverse to
supplement the seismic refraction data. The conductivity measurements
were made with a Geonics EM-31 terrain conductivity meter. This
instrument senses the electrical conductivity of the ground, which may be

interpreted to indicate subsurface conditions.
The combination of the two subsurface investigation methods makes
possible a more confident assessment of subsurface conditions than either

method alone.

2.5 Subsurface Drilling Program/Monitoring Well Installation

2.5.1 Phase I

Soil borings and monitoring wells were constructed at the site
during the first phase of the RI to directly evaluate subsurface
conditions. Conditions evaluated include: stratigraphy, physical and
chemical soil properties, hydrogeologic properties, groundwater flow
direction and magnitude, and groundwater quality. Twenty (20) borings
were advanced at 13 locations. Fourteen (14) of these borings were
completed as stainless-steel monitoring wells. Shallow monitoring wells
were installed at 10 locations: 2 in assumed upgradient locations, 4
downgradient, and 4 within the 1landfill itself. Intermediate-depth
monitoring wells were installed at 3 downgradient locations, and a deep
monitoring well at one downgradient location. The intermediate and deep
monitoring wells were "nested"” with shallow wells at each location where
they were installed. Due to encountering zones where groundwater was
insufficient to install monitoring wells, 3 additional boreholes (B-3A, B-
10A, and B-11) were drilled, and then abandoned and grouted. Boring logs
for these borings may be found in Appendix C. Drilling difficulties
(e.g., obstructions which could not be drilled through [MW-7S and MW-9S],
or flooding [MW-5I]) forced the abandonment and relocation (by

approximately 10 to 20 feet) of three additional boreholes. These
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attempts were not included in Appendix C, since they were superseded by
the successful borings at the respective locations. All logged borings

and well locations are shown in Figures 1-3 and 1-4.

All borings and monitoring wells were installed in accordance with
the procedures specified in the FSP and QAPP, except where field

conditions necessitated alternative measures.

To make possible continuous sampling within the deep boring (MW-5D),
4-inch spin casing was used in place of hollow-stem augering for the last
10 feet of borehole advancement. [This helped to control the heaving
sands which were causing great difficulties while using the hollow-stem
augers.] This monitoring well was set through the spin casing after an
attempt was made, unsuccessfully, to drill to the planned well depth with
hollow-stem augers. In addition, due to difficulties in pumping the
originally planned "Pure Gold" bentonite slurry with the equipment
provided when it was mixed to manufacturer’'s specifications, a pure
bentonite slurry was used in place of the "Pure Gold" slurry after the

first two wells (MW-7S and MW-1S) were installed.

Monitoring well MW-7S was originally intended to be a sidegradient
or downgradient well situated in natural material north of the fill.
However, this boring penetrated 13 feet of fill before encountering
natural materials. Therefore, this well was placed beneath fill. It was
determined, that, contrary to what was initially believed, fill extends

all the way (or very near) to the northern property line of the site.

The remaining three wells located in fill (MW-8S, MW-9S and MW-10S)
were located for the following reasons: MW-8S was placed adjacent to soil
gas survey point No. 92, where 1.2 ppb TCE had been detected (Appendix A);
MW-9S was installed approximately midway between USGS Well No. 12 and Lake
Engineering wells No. 35 and 36 (all three of which had been found to

contain elevated levels of TCE and other volatile organic compounds in
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samples collected in 1987 and 1988); and MW-10S was initially placed east
of its ultimate location to obtain the widest distribution of wells on the
fill surface. MW-10S, however, ultimately had to be moved west of its
proposed location due to the presence of a till ridge encountered at
shallow depth during the boring at the initial location. [See Section
3.7.4.] The fill here was only 4 feet thick and no water-bearing
materials were found above the till. This first borehole was grouted

closed and is now labelled B-10A.

Wells MW-1S and MW-2S were intended to be upgradient wells.
Originally planned to be located on site, as close to the railroad tracks
as practicable, the location of MW-1S was moved, after consultation with
NYSDEC, to the east of Route 11 on the lawn of the Kirkwood Manor
Apartments. This location change was made because it was feared that the
railroad might have unduly altered the groundwater chemistry, and that the
initially planned location would not represent true upgradient conditions.
However, at the new MW-1S location, only 6 inches of water-bearing
material was encountered. Again, after consultation between NYSDEC and
URS, it was decided to install a well at this location. MW-2S was placed,
as originally intended, adjacent to the Town's water treatment plant.

Approximately 2 feet of saturated material was found at this location.

The location of MW-3S was moved when a till ridge, similar to that
later found at the initial location of MW-10S (see above), was encountered
at the planned location. This first borehole was advanced to 46 feet
below grade and no significant water-bearing materials were found. It was

then labelled B-3A and the hole was grouted closed.

Well cluster MW-4 was located approximately midway between Well No.
37 and the cluster of Wells No. 35 and 36 (Figure 1-3). This well cluster
was intended to provide an effective screening for any contaminant plume
leaving the main section of the landfill and travelling towards the

Kirkwood Town wells.
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Well clusters MW-5 and MW-6 are located along the toe of the
landfill between the landfill and the Susquehanna River to provide
additional contaminant plume delineation and groundwater elevation
measurements. MW-5 was located adjacent to soil-gas survey point No. 79,

where 2.1 ppb of toluene had been detected (Appendix A).

In an-attempt to locate a productive and representative upgradient
well location (due to the problems associated with MW-1S, above), one
final boring, B-11, was advanced. This hole was bored at the eastern
property boundary, close to the railroad tracks, but in undisturbed
material. Unfortunately, no water-bearing formation was encountered here

to a depth of 22 feet, so the boring was abandoned.

Continuous split-spoon samples were taken to the maximum depth of
drilling at each location. Soil samples from the split-spoons were
examined, described, and classified by the URS Geologist in accordance
with procedures described in the FSP. Subsequent borings at locations
where nested wells were installed (e.g., MW-5I and MW-5S) were not split-
spoon sampled. After installation, each of the monitoring wells was
developed by bailing or pumping (with a peristaltic, inertial, and/or
centrifugal pump) and surging. The wells were considered developed when
the groundwater indicator parameters of pH, specific conductance, and
temperature had stabilized, and consistent turbidity readings of less than
50 NTUs had been achieved. Attaining consistent turbidity values of less
than 50 NTUs was not possible for wells MW-1S, MW-2S, MW-4S, MW-4I, and
MW-5D, even after extended development (up to 700 gallons each from
several of them). Therefore, after NYSDEC concurrence was obtained for
each well, further development was halted when it was deemed possible to
obtain a sufficiently clear sample for metals and VOC analysis. The data
generated from the drilling program are included as Appendix C (soil
boring logs), Appendix D (monitoring well installation reports), Appendix
E (well development 1logs), and Appendix F (well 1locations and

elevations).
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In addition to these new wells, existing wells (see Section 1.2) were used
where possible. The remaining Vyredox wells (VOl, VO3, and VO4), USGS
wells (GS7, 10, 12, 13, 15A, and 15B) and the 8 monitoring wells installed
by the Town of Kirkwood (20 and 31 through 37) were used during this RI
for taking of water levels (to determine flow). Plus, those wells with

locking caps were sampled for water quality (Kirkwood Wells 31-36).

2.5.2 Phase II

During the second phase of field activities, 7 additional
groundwater monitoring wells and 3 water table piezometers were installed
to allow further evaluation of subsurface conditions and water quality
beneath and near the site. The 7 monitoring wells consisted of a shallow
and deep nested pair south of the site (No. 12), a shallow and
intermediate nested pair north of the site (No. 11), a deep well added to
the existing MW-6 cluster, and an intermediate and deep nested pair on the
opposite (west) side of the Susquehanna River from the landfill (No. 14).
Two piezometers were installed by themselves on the site, both upgradient
of the landfill area. The third piezometer was installed with the nested

well pair across the river (see Figure 1-3).

Monitoring well MW-6D was added to the MW-6I, -6S cluster. This
well was installed to monitor for deep migration of contaminants towards
the Susquehanna River from the site, similar to the function of MW-5D. A
till packer test was conducted at the bottom of the borehole, in an
attempt to determine the hydraulic conductivity of the till, to aid in
determining its competence as a confining layer against downward movement
of contaminants. The till packer test involved the positioning and
inflation of a packer (inflatable bladder) within the till unit. The
inflation of the packer within the borehole serves to segregate the till
from the overlying sand and gravel aquifer, in order to accurately test
the hydraulic conductivity of the till wunit. After the packer Iis

inflated, a metered amount of water is pumped down the borehole and into
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the till unit through the packer over a measured time interval. Results
of the packer test are discussed in Section 3.8.5. Similarly to the

Phase I drilling of MW-5D, 4-inch spin casing had to be used from 20 feet
to the bottom of MW-6D’s borehole to control severe sand blow-in

(heaving). The well was then set through the spin casing.

MW-11S and MW-11I were installed to provide additional groundwater
flow information, and to monitor for shallow and intermediate groundwater
contamination to the north of the site, in an attempt to bound the
contaminant plume to the north. The location of this pair was originally
planned to be more to the east, just behind the Link Warehouse, but was
moved approximately 100 feet to the west due to difficulties in gaining

access to the Link property.

MW-12S and MW-12D were installed to provide additional groundwater
flow information and water quality data to the south of the site; and yet
downgradient of the AP&P plant. This well pair was intended as an attempt

to bound the contaminant plume south of the landfill.

MW-141 and MW-14D were installed to provide monitoring points across
the Susquehanna River in the intermediate and deep aquifer zones, in order
to determine if landfill contaminants cross under the river towards the
Conklin municipal well in response to pumping. Piezometer P-14S was
nested with the MW-14 wells to monitor the relationship between the water
table and river level to help show whether flow is always toward the river
from the Conklin side, or whether it sometimes reverses towards the

Conklin municipal well under the influence of heavy pumping.

Piezometer P-13S5 was originally planned to be located off site to
the northeast along the railroad tracks to monitor the water table
configuration northeast of the landfill. However, since access was not
possible for the original location, the location of P-13S was moved

southeast approximately 200 feet to just inside the site boundary near the
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northeast corner of the landfill. This location provides necessary
information on the water table configuration in the area of the northeast

corner of the site.

Piezometer P-15S was installed on site in the till material, near
the eastern edge of the landfill, to monitor the water level east of the
landfill within the till. This location was selected to provide a better
transitional measurement of water elevation near the east side of the
landfill. [Only MW-1S and MW-2S, which have water elevations much higher
than the remaining wells, were located east of the landfill previously.)
P-15S was installed during the test trenching program. A 2-inch PVC
screen (10 feet in length) and riser were set in the open excavation of
trench No. 1. [See log of TP-1 in Appendix Q.] The trench was then
backfilled around the piezometer with a backhoe, using the material that

had been excavated from the trench.

Continuous split-spoon samples were taken to the maximum depth of
drilling for each nested group. MW-6D was only sampled below the maximum
depth of MW-6I, since it had been sampled and logged during Phase I.
However, continuous sampling below MW-6I's depth was not possible in this
borehole due to severe sand blow-in. In this instance, examination of
drill cuttings and rate of drilling were used to complete the boring log
where a suitable split-spoon sample could not be obtained. Soil samples
from the split-spoons were examined, described, and classified by the URS

geologist in accordance with the procedure described in the FSP.

After installation, each of the monitoring wells was developed by
pumping and surging and/or hand bailing. Wells were considered developed
when the groundwater indicator parameters of pH, specific conductance, and
temperature had stabilized, and turbidity readings of less than 50 NTUs
were achieved. Attaining consistent turbidity values of less than 50 NTUs
was not possible for MW-14D, MW-12D, and MW-6D, even after extended

development. Therefore, with NYSDEC concurrence, development of these
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wells was stopped after removal of 700 gallons of water. The data
generated from the second phase of the drilling program are included in
Appendix C (soil boring logs), Appendix D (monitoring well installation
reports), Appendix E (well development 1logs), and Appendix F (well

locations and elevations), along with the data from the first phase.

2.6 Geotechnical Sampling

As part of the field investigation, representative soil samples were
obtained for geotechnical analysis. The sample locations and analyses
performed are outlined in Table 3-3. All sampling was done in accordance
with the URS Work Plan (July 1990) and the URS Addendum to the Project
Management Work Plan (May 1991). The laboratory analyses were performed
by Empire Soils Investigations, Inc. The results of these analyses are

presented in Appendix I.

During the first phase of the investigation a total of 15
geotechnical samples were collected from selected boreholes at varying
depths in order to determine various physical properties of the materials
encountered during the drilling program (i.e., grain size distribution,
moisture content, and Atterberg limits). Factors governing sample
selection were: changes in material type; screened interval of monitoring
wells; and the geographic distribution of the borings. Due to the
granular nature and lack of cohesiveness of most materials encountered
during drilling, no undisturbed (Shelby tube) sample could be collected.
A Shelby tube sample was attempted in the till unit at location B-11, but
due to the high gravel content of this unit the sampler was distorted,
resulting in an unusable sample. Similar attempts were also made during
the second phase of the investigation at locations MW-6D, MW-12D, and P-

13, but with the same result.

The main goal of the second phase geotechnical sampling was to

evaluate the hydraulic conductivity of the till unit. However, since an
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undisturbed sample of the till could not be obtained with Shelby tubes, a
split-spoon sample was acquired at P-13 and subjected to laboratory
permeability testing. The results of these tests are discussed in Section
3.8.5. Additional grain size analysis was conducted on several till

samples, and results are included in Table 3-3.

2.7 Hydraulic Conductivity Testing

Hydraulic conductivity testing of water-bearing formations beneath
the Gorick Landfill consisted of slug-testing the monitoring wells
installed at the site. Slug-testing is performed by dropping a stainless-
steel "slug" (a bar on a cord) into the well to displace the water column
upwards by the volume of the slug, and electronically monitoring the
return of water to static conditions over time. Monitoring is done with
a pressure transducer to give a graph of water level versus time. This
rate of return to static water level is directly proportional to the
hydraulic conductivity of the formation screened. A second slug test is
performed when the slug is pulled out of the well, now depressing the
water level in the well relative to the static level. Again, the rate of
return to static water level is monitored with the pressure transducer.

The second test is used as a check on the first.

The aquifer, or water-bearing formation, in which all monitoring
wells at the Gorick Landfill are screened is unconfined. Therefore, all
slug test results were interpreted using the Bouwer and Rice method for
unconfined or leaky confined aquifers (1976). The method is valid for
wells that fully or partially penetrate such an aquifer. The results of

the slug tests are given in Appendix H and discussed in Section 3.8.4.
In-situ permeability testing (packer test) was performed in the till

at the bottom of the MW-6D borehole. Results of the packer test are

discussed in Section 3.8.5.
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2.8 Test Pitting/Trenching

Soil borings made within the fill area during the first phase of the
RI provided insufficient information concerning the nature and depth of
waste material disposed of at the site, particularly as concerns the
source of VOC contaminants in the groundwater beneath the landfill.
Therefore, test pits/trenches were excavated during the second phase in an
effort to more accurately characterize the fill material, check for the

presence of hazardous waste, and determine fill depth.

It was planned to excavate 3-5 pits in each of three areas at the
site. Two of these areas are in the fill (upper and lower plateaus) and
the third area was just east of the fill, downgradient of the railroad
near the center of the eastern boundary of the site, where approximately
20 rusted storage tanks are lying on the ground. Some of these tanks have
had their ends cut open or removed. During the second-phase field work,
however, time allowed for the number of test pits and area covered to be
expanded from what had been planned. Twenty eight (28) test pits/trenches
were dug using a CAT-215 (or CAT-225) backhoe. Figure 2-1 shows the

approximate locations of the test pits and trenches.

The actual test pit/trench locations were primarily selected by the
NYSDEC onsite representative. The test pits were dug down either to the
water table, the natural material, or to the full reach of the backhoe
(approximately 21 feet for the 215, and 23 feet for the 225), whichever
was reached first. [Each test pit was logged by a URS geologist for
stratigraphic and waste characterization purposes. In order to protect
the workers and to monitor for contaminants, constant volatile organics

screening was performed with a PID (HNu) during excavation.

The pits/trenches were monitored closely while excavating for
visible evidence of contamination. Where either visible contamination or

elevated PID readings were detected, samples were taken for volatile
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organics analysis. Three (3) waste samples were collected during the
trenching program. One groundwater sample was also collected from a sand
seam within the till materials, downgradient of the tank area, during
excavation of the trench in this area. This sample was taken to determine
whether any volatiles contamination could be found in the groundwater
immediately downgradient of the tank area. Samples collected during the

trenching program are discussed in Section 2.10.

During the course of the trenching program, 4 partially full or full
drums were encountered. They were overpacked into 5 containers (since one
drum split), labeled according to which trench they had been removed from,
and staged on site in the compound next to the decontamination pad area

for eventual disposal.
All material removed from each test pit/trench, except the drums
above, was backfilled into the test pit/trench as soon as the excavation

and screening of the pit/trench was completed.

2.9 Habitat-Based Assessment

An assessment of the landfill vicinity as habitat for flora and
fauna was performed during field activities in accordance with Step 1 of

the Division Technical and Administrative Guidance Document for Conducting

Environmental Risk Assessment at Hazardous Waste Sites (NYSDEC, December

28, 1989) (Ref. 19). Results of this assessment are presented in Section
3.5.

The purpose of the Habitat-Based Assessment is to identify potential
impacts of the landfill on non-human populations in the area. Step 1 of
this process includes identification of ecological communities and cover-
types within a one-half mile radius of the landfill, and characterization

of the area as habitat for fish and wildlife species. Special resources,
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including wetlands, critical habitats, and endangered or threatened

species must also be identified.

2.10 Environmental Sampling

The purpose of the environmental sampling program is to produce a
data base adequate to characterize the site and to assist in the
evaluation of its current impact upon public health and the environment.
To produce this data base, a number of environmental samples of the
various materials potentially affected were collected. These included
surface water, groundwater, soil, and sediments. Leachate and associated
waste samples were also obtained from two locations. The samples are
detailed below according to sampled media. Descriptions and other
information pertaining to the samples are presented in Appendix J. All

environmental sampling locations are shown in Figure 2-2.

(a) Soils: A total of 11 soil samples were collected during the
first phase, and 3 additional soil samples were collected

during second-phase activities.

Six (6) subsurface soil boring samples collected during the
first phase were submitted for chemical analysis. They were
collected from the 6 soil boring locations (i.e., well cluster
locations) that were located outside of the fill area. The
samples were selected at each location based on organic vapor
analysis (using the PID) and visual screening by the URS
geologist. The samples were obtained using split-spoon
samplers. Two of the locations (MW-1S and MW-2S) are
upgradient of the landfill, and the remaining four locations

(MW-3, 4, 5, and 6) are downgradient.

Five (5) shallow probe soil (SPS) samples collected during the

first phase were submitted for chemical analysis. Each was
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(b)

collected with a precleaned stainless-steel bucket auger.
Material was collected from the surface to a maximum depth of
10 inches. Three of the locations were selected based on
elevated soil gas measurements. The fourth location was at
the landfill entrance (for health risk assessment purposes).
The fifth location (SPS-1) was intended to represent

background soil conditions, unimpacted by the landfill.

An additional 3 shallow probe soil (SPS) samples were
submitted for chemical analysis during the second-phase
investigation. The locations of SPS-6, SPS-7 and SPS-8, all
in the vicinity of MW-7S and the first-phase sampling point
SPS-5, were selected during the second-phase field work by the
NYSDEC onsite representative in preference to the planned
locations (in the Second Phase Work Plan) near the tank area
(SPS-6), in the southern portion of the fill area (SPS-7), and
in the vicinity of the apartment complex across Route 11, east
of the site (SPS-8). The new locations were selected by
NYSDEC based on a recommendation from NYSDOH, since SPS-5 had
shown the greatest contamination (primarily with polyaromatic
hydrocarbons) of the first-phase shallow probe soil samples.
There had also been a soil gas hit for TCE in that area. At
the instruction of NYSDEC, analysis of these samples was
changed to TCL volatiles and semivolatiles only, rather than
the more extensive full TCL analysis scheduled in the Work

Plan.

Leachate: Two leachate samples were collected during the
first phase of this investigation and submitted for chemical
analysis. Waste samples (in this case the material in the
seep area through which the leachate is flowing) were also
taken at each of these seep locations. [These two sample

pairs, LS/WS-2 and LS/WS-3, were numbered in sequence with
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(e)

surface water/stream sediment sample pairs, as replacements
for samples SW/SS-2 and SW/SS-3, which were not taken.]
Because of the locations of these samples on tributaries to
the drainage stream, they are actually indicative of

background conditions of the stream (Figure 2-2).

Waste: Eight (8) waste samples were collected during the
first-phase investigation. Four (4) of these samples were
collected as a composite of the fill material in each of 4
individual borings through the fill material. These borings
were completed as monitoring wells (MW-7S, MW-8S, MW-9S, and
MW-10S). Two (2) samples were collected from the surface of
the landfill in areas of elevated PID readings or surface
discoloration (WS-1 and WS-2A). The remaining 2 samples (WS-
2, WS-3) were taken in conjunction with the leachate seep

samples, and are not actually samples of landfill waste. [See

Section (b) above.]

Only 7 of the 8 samples were considered as waste when
collected. The boring sample from MW-7S was collected and
submitted for chemical analysis as a soil sample. It was
subsequently included with waste samples in Table 4-3 (Section
4.2) after receipt of the analytical results, which confirmed
the boring log classification of the material as waste. For
this reason, waste indicator parameters (e.g., corrosivity and
ignitability) were neither requestéd nor obtained for this

sample.

Three (3) additional waste samples were submitted for volatile
analysis during the second round investigation. These samples
were collected during the trenching program, from two test
pits northwest of MW-8S. Three waste samples were taken from

test pit #11 (TP1l). One of these, TP2-11-1, was analyzed for
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(d)

Target Compound List volatiles (TCL VOCs). The other, TP2-11-
2, taken from resin traces found in TPll was analyzed for
toxicity characteristic leaching procedure volatiles (TCLP
VOCs). The third was composited from three drums from TP1l1l
and suspected of containing grease. It was analyzed using
infrared spectroscopy to confirm that these drums contained
grease. A fourth sample, TP2-24-1, was taken from a drum

found in TP24. This sample was analyzed for TCL VOCs.

Fewer waste samples were collected than had been outlined in
the second-phase work plan because these were the only areas
of obvious contamination or elevated PID readings that were

discovered during the trenching activities.

Surface Water/Stream Sediments: Surface water and stream
sediments were collected at 8 locations adjacent to the Gorick
Landfill during the first phase. Two (2) of the samples were
from the banks of the Susquehanna River: SW/SS-8 was upstream
of the site, and SW/S55-9 was located midway along the site,
opposite well cluster MW-5. The remaining samples, SW/SS-10,
SW/SS-6 and SW/SS-7, were taken at various locations along the
drainage stream and its tributaries. Samples SW/SS-4 and
LS/WS-2 (not included in these 8 samples) were collected on
the AP&P effluent stream. SW/SS-1 was collected on the
drainage stream across Route 11 from the site. LS/WS-3 (not
included in these 8 samples) was collected in the drainage
swale from the storm drain around the Kirkwood Water Treatment
Plant. The locations of these 4 sample pairs make them
representative of conditions upstream of the landfill. The
sediment samples were taken at the same locations as the
surface water samples. All first-phase surface water/sediment

samples were analyzed for the full TCL list of parameters.
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During the second phase of the investigation, 3 additional
surface water/stream sediment samples were collected, but for
VOC analysis only. One was a resample of first-round location
SW/SS-8. The other two, SW/SS-11 and SW/SS-12, were taken
downstream of the 1landfill to evaluate the quantity of

volatile contaminants reaching the river from the landfill.

(e) Groundwater: Groundwater samples from 20 monitoring wells
were collected and submitted for full TCL chemical analysis
during the first phase. These wells include the 14 first-
phase monitoring wells installed by URS, and six (6) existing
monitoring wells (Nos. 31 - 36, Lake Engineering series).
Town of Kirkwood Well No. 3 was also sampled (Sample ID: GL-
PW-1), but analyzed for TCL volatile organics only.

G;oundwater sampling during the second phase included a
resampling of all wells sampled in the first phase, and
initial sampling of the 7 monitoring wells installed during
the second phase. Second-phase groundwater samples were
analyzed for TCL volatiles only, except for MW-4S and MW-4I,
which were also analyzed for total phenols. [Elevated phenol
levels had been detected in these 2 wells in the first round

of sampling.]

All laboratory analyses were performed according to the latest
Analytical Services Protocol (ASP), by IEA ‘Laboratories of Monroe,
Connecticut, certified by NYSDOH under its Environmental Laboratory
Approval Program (ELAP). All quality assurance/quality control (QA/QC)
procedures specified in the QAPP (URS, July 1990) were followed. All data
were subjected to a rigorous QA review by URS before acceptance (Appendix
R). Environmental sample descriptions are given in Appendix J.

Analytical data are presented in Tables 4-1 through 4-7.
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3. PHYSICAL CHARACTERISTICS OF THE STUDY AREA

3.1 Physiographic Setting and Surface Drainage

The Gorick Landfill is located within the Susquehanna River Valley
of the Appalachian Plateau, a glaciated plateau (in this region) of
moderate relief. The glaciation has produced a landscape of well rounded,
rolling hills. Elevations range from 1,600 feet above mean sea level
(msl) on the hilltops along the river to 840 feet msl on the valley floor,
which is typically broad and flat.

A portion of the Gorick Landfill is located within the 100-year
floodplain of the Susquehanna River. In this vicinity the 100-year flood
plain is the area below an elevation of 853 to 854 feet msl (Ref. 27).
The approximate boundaries of the floodplain for the site are illustrated
in Figure l-é. Drainage from the highlands east of the site to the
Susquehanna River is handled by Park Creek to the north of the landfill
and by a drainage ditch on the south side of the landfill. This southern
drainage ditch is an unnamed natural, intermittent stream rerouted during
the excavation of sand and gravel that predated the landfill activities at
the site. The drainage ditch also receives discharge water from the
American Pipe and Plastics factory, as well as from the storm drains
around the Kirkwood Water Treatment Plant, making the stream nearly

perennial below this point.
3.2 Climate

Information on the climate of the Kirkwood/Binghamton area was
obtained from the National Oceanic and Atmospheric Administration report
(Ref. 14) for the Edwin A. Link Field (the local municipal airport), 10
miles north-northwest of, and 700 feet higher in elevation than
Binghamton. This airport, lying approximately 12 miles from the site, is

the nearest reporting weather station to the landfill. Climatological
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data for the period of 1950 to 1989, including monthly mean values for
precipitation, temperature, windspeed, and wind direction, are presented

in Table 3-1.

According to the NOAA report: "Most of the precipitation in the
Binghamton area derives from moisture laden air transported from the Gulf
of Mexico and cyclonic systems moving northward along the Atlantic Coast.
The annual rainfall is rather evenly distributed over the year... and
comes mostly in the form of thunderstorms. Annual snowfall is around 50
inches in Binghamton. Most of the snow falls during the normal winter
months. The area is subject to much cloudiness and winter snow flurries.
Furthermore, the combination of a valley location and surrounding hills
produces numerous advection fogs which also reduce the amount of sunshine
received." A completed tabulation of normal, mean, and extreme values of

climatologic data is presented in Appendix M.

3.3 Demography and Land Use

The Town of Kirkwood has changed in the past 50 years from a rural,
agricultural community to a more suburban, industrial one. Areal
photography from the 1930s to the 1950s shows the majority of the land
near the landfill site to be cultivated. Today, there is no cropland in
the area. Several large industries (IBM, Link Flight Simulation, Frito-
Lay, Endicott-Johnson Shoes, American Pipe and Plastics) are among the

major employers in the area.

Housing in Kirkwood comprises a mix of apartment complexes,
subdivisions, and single-family home development. The population of the
town has increased only marginally (7%) in the past 20 years from 5,687 in
1970 to 6,096 in 1990. The majority of the residents are middle income.

There is no evidence of any major new development occurring in the area.
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Two major highways, U.S. Interstate 81 and N.Y. Route 17, join in

the Binghamton area. They lie less than one mile east of the site.

Most commercial development has occurred in the portion of the town
north of the site. Automobile-related businesses, restaurants, hotels,
etc. have developed along the two miles of Route 11 between the City of
Binghamton and the site. The large industries exist on private tracts
scattered off the arterial and collector highways. To the south of the
landfill, the land is much less developed, with an abundance of single-

family homes and open fields.

3.4 Soils

Soils found in and around the Gorick Landfill were formed in glacial
material deposited during the Pleistocene glaciation. This material
consists of stratified and unstratified glacial drift. In addition to
these glacial deposits, recent flood plain deposits of silt and fine sand

exist along the western edge of the landfill.

The United States Department of Agriculture Soil Conservation
Service (USDA SCS) has mapped four different soil series at the site (Ref.
2). They are as follows:

Chenango gravelly loam, 5-15% slope
Howard gravelly loam, 5-15% slope
Middlebury silt loam, 0-5% slope
Tioga silt loam, 0-5% slope

The Chenango and Howard series consists of deep, well drained,
medium-textured gravelly soils. These soils are extensive on valley
floors and terraces and form a complex in the area. As reported in the
Soil Survey for Broome County, these soils are classified as GC, GM, or GW

using the Unified Soil Classification System (USCS). These soils may be
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found on the eastern edge of the landfill. The soils of this group are

the principal source of sand and gravel for Broome County.

The Middlebury silt loam series consists of deep, moderately well
drained silty soils formed in alluvium. These soils are on floodplains of
rivers and smaller streams throughout the county and generally are flooded

annually. The USCS classification for this series is ML.

The Tioga silt loam series consists of deep, well-drained, medium-
textured soils that formed in recent deposits on floodplains. The soils
are considered a good source of topsoil in the county. The USCS
classification of this soil is ML. This group may be found in the
vicinity of the Kirkwood well field and MW-3S. The Tioga and Middlebury
series are within the same soil category, with the Middlebury representing
the wetter sequence. Mottling occurs within the upper two feet of this

profile.

All soils described above are listed by USDA SCS (Ref. 2) as having
coefficients of permeability ranging from 4 x 10™* cm/sec. to 4 x 1073
cm/sec. In general, soils of medium to high permeability overlie the
regional aquifer (situated beneath the valley floor), while soils of low
permeability mantle the adjacent hillsides, promoting runoff to the valley
floor soils. Most runoff infiltrates the higher permeability soils of the

valley floor, contributing to aquifer recharge (Ref. 1).

The area classified on the USDA soil maps as "Gravel Pit" was most
likely Chenango and Howard soils previously, underlain by outwash and

gravel deposits.

3.5 Ecology

The landfill is surrounded by a variety of ecological communities.

Residential and commercial development has occurred primarily on the lower
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slopes of the valley walls--above the flood plains, but below the higher,
steeper slopes. Mature plant and animal communities remain at the higher

elevations and both within and near the Susquehanna River.

The community type names discussed below are based as closely as
possible on published NYSDEC references: "Ecological Communities of New
York State"  (Reschke, New York Natural Heritage Program, NYSDEC, 1990)

(Ref. 9), and "Freshwater Wetlands Maps and Classification Regulations",
6 NYCRR Part 664 (Ref. 7).

3.5.1 Covertypes

Covertypes identified during field activities within a one-half mile

radius of the site are identified on Figure 3-1, and described below.

1. Successional Communities - The entire surface of the landfill,

as well as the vacant lots and unused areas of industrial
properties nearby, is covered by growth of invasive plant
species. These species rapidly colonize abused and abandoned
land, have high light requirements, but are short-lived.
Canopy species of successional communities generally do not
replicate themselves, giving way to taller invasive species or
slower-growing, shade tolerant species of a more stable
community. The nature of a successional community is
dependent upon those species present prior to the disturbance,
and the length of time since the disturbance, among other

factors.

Such areas are "successional old field communities" (Ref. 9).
Herbaceous invasive species dominate these areas. Goldenrod,
teasel, and evening primrose are the most common identified.
Woody growth is infrequent, but, where present, meets the

criteria of invasive species presented above. Woody species
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identified include: eastern cottonwood (Populus deltoides),

black locust (Robinia pseudoaccacia), Ailanthus species (sp.),

paper birch (Betula papyrifera), big-tooth aspen (Populus
grandidentata), quaking aspen (Populus tremuloides) and
staghorn sumac (Rhus typhina).

Riparian Communities - The banks of the Susquehanna River are
dominated by two natural community types. Both appear stable
and relatively free of significant, recent disturbance. Some
small areas of cultural development also exist along the river

banks.

A. Silver Maple - Ash Swamp (Ref. 9): The floodplain of
the river, where not disturbed by man, contains
excellent examples of this community type. Silver maple

(Acer saccharinum) dominates, with over 80%

representation. Green and white ash (Fraxinus

pennsylvanica and F. americana, respectively) make up

the majority of the remainder. Along the toe of the
landfill, the community appears to have been disturbed.
The silver maples appear to be approximately 20 years
old. The remainder of the community on this side of the
river (especially north of Park Creek) has reached
maturity, the trees being uniformly greater than 100
feet tall, several feet in diameter, and widely spaced.
There is abundant standing and fallen deadwood.

Cinnamon fern (Osmunda cinnamomea) is a common

understory species in the moister areas, but where the
ground is higher and drier, goldenrod (Solidago sp.)
appears to dominate. A smaller area of this community

occurs on the western side of the river.
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The New York Natural Heritage Program'ranking of this
community type (G3G4 S2S3) (Ref. 9) indicates that it is
apparently not secure in New York State, although not in
immediate danger of extirpation. It is, however,

apparently secure on a world-wide basis.

‘B. Seasonally Wet Meadow: The second distinct riparian
community type in the landfill area occurs mostly south
and west of the landfill. This community lacks the
hydrophytic vegetation (e.g., cattails) and hummocky
growth that are characteristic of the "Wet Meadow" (Ref.
7) community type. It is here an open grassland that
extends from openings in the silver maple-ash swamp near
the landfill onto the property south of the site. It
also occurs on the western shore of the river. It
occurs on freely draining mineral soil that appears to
be seasonally flooded by the Susquehanna. Grasses and
goldenrod dominate, with 1isolated boxelder (Acer
negundo), red osier dogwood (Cornus stolonifera), grape
(Vitis sp.), and raspberry (Rubus sp.). The community
is accompanied by a uniform line of mature silver maples
along the river bank. As the river appears to be
meandering towards the town wells, it is not clear
whether they were planted as bank stabilization, or are
naturally occurring. In the area immediately east (in
front) of the Kirkwood town wells, this community is

kept mowed.

Riverine Communities - Three streams or rivers occur in the

landfill area: the drainage creek running south of the
landfill; Park Creek, north of the Link Flight Simulation Co.

warehouse; and the Susquehanna River.
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Ditch/Artificial Intermittent Stream (Ref. 9): The
drainage creek is apparently an intermittent stream as
it flows beneath Route 11 and around the southern
boundary of the landfill. It is frequently only a few
inches deep and no more than a few feet wide. The
stream bed 1is discolored orange and black in some
locations. Occasional reedgrass (Phragmites sp.) and
cattails (Typha sp.) occur on its banks. Submergent

vegetation is infrequent.

At the southwest corner of the landfill, the creek is
joined by the effluent stream of the AP&P plant. Prior
to this confluence, the effluent stream is rapidly
flowing, slightly deeper and narrower than the drainage
creek, warm, and crowded with submergent vegetation.
After the confluence, the channel widens as it flows
through a bend strewn with landfill debris. Submergent
and floating vegetation, including duckweed (Lemna
minor), is abundant, and the banks of the stream are
lined with muskrat dens. Small fish and at least two
species of snail exist in the stream, although fish are
able to enter the stream only when flooding of the
Susquehanna River impacts the channel. This is due to
the presence of a small fall in the stream (during
average flow conditions), just wupstream of its

confluence with the Susquehanna.

Midreach Stream (Ref. 9): Park Creek, in the vicinity
of the landfill, is slow-moving and cobble-bottomed. It
is a class "D" water body. The stream has a well
defined pattern of pool, riffle, and run sections in
this area, and erosion is lateral, affecting only the

stream banks and not the bed. There is no apparent
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emergent or submergent vegetation. The channel 1is

moderately well shaded.

Main Channel Stream (Ref. 9): The Susquehanna River is
the major riverine community in the area. Although a
broad river (250 to 350 feet wide in the vicinity of the
landfill), it is fast-moving and apparently shallow.
This class of stream is characterized by clearly defined
meanders (which are advancing towards the Town of
Kirkwood'’s well field, indicating erosion of the banks
in that direction) and an absence of distinct riffle
areas. In the vicinity of the landfill, the Susquehanna

River is a class "A" water body.

Fish surveys carried out on the Susquehanna by the
NYSDEC Bureau of Fish and Wildlife in 1989 and 1990,
several miles downstream of Binghamton in Tioga County,
give an indication of fish species likely to inhabit the
river near the landfill. Table 3-2 lists the species
captured in these surveys. It is possible that some
species are under represented, or not represented at
all, because they are not susceptible to
electroshocking, gillnetting or trapnetting, and thus
have not been collected in the surveys. There
are,therefore, potentially many more species of minnow
and darter and, perhaps other genera in the river than

are recorded here (Ref. 20).
These surveys indicate that the Susquehanna, despite

development along its banks, is a valuable habitat for

many species of fish.
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TABLE 3-2
SUMMARY OF FISH POPULATION SURVEY
SUSQUEHANNA RIVER, TIOGA COUNTY

SPECIES NAME NUMBER OF OBSERVATIONS
1989 1990
Walleye 9 6
Yellow perch 24 11
Black crappie 24 4
White crappie 20 3
Largemouth bass 2 0
Smallmouth bass 71 17
Longear sunfish 1 0
Bluegill 66 40
Pumpkinseed sunfish 41 16
Redbreast sunfish 14 8
Rock bass 115 43
Channel catfish 151 108
Brown bullhead 2 4
Yellow bullhead 2 3
Shorthead redhorse 6 1
Northern hogsucker 3 0
White sucker 5 8
Quillback 9 28
Fallfish 1 2
Carp 20 31
Tiger muskellunge 0 1
Northern pike 3 1

TOTAL: 589 335




Lacustrine Communities - Two manmade lakes and one natural

lake occur in the landfill area.

Both manmade lakes are "artificial ponds" (Ref. 9). The
gravel mine lake is oligotrophic, but, due to the fines
content of the bottom fill, does not have the characteristic
clarity of such a lake. It is also monomictic. This means
that stratification will occur only under ice cover in the
winter, the shallow depth and exposure to the wind preventing
it during warmer months. The 1likelihood of any fish
population existing in this lake, and the value of the lake as
habitat, is low due to its lack of connection to other surface
water. Canada geese were observed landing on it during their

fall migration.

The lake at the Carriage House Apartments is fed by runoff
from the adjacent hills. The entry point of this water to the
lake is a wetland of shrubs (e.g., red osier dogwood) and
sedges (Carex sp.) of a few thousand square feet. The water
of the 1lake is turbid. The banks are lined with an
intermittent band of hydrophytic vegetation, both herbaceous
and woody. This includes dogwood, staghorn sumac, grape,
young eastern cottonwood, cattails, and reedgrass. The lake
is frequented by a flock of ducks of two species (domestic and
mallard, as well as several mature, mixed offspring). Fish

populations are not likely, unless introduced.

The small natural lake, located across the Susquehanna River
from the site, appears to be an oxbow lake--a former meander
of the Susquehanna that was long ago cut off from the river.
As such, and because it is surrounded by significant tree
growth, it may be assumed to be subject to eutrophication,

with limited dissolved oxygen at certain times of the year.
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5. Cultural Communities - This category contains all areas

actively maintained by man, including roads and roadsides,
parking lots and buildings. The railroad right-of-way
bordering the site to the east was seen during RI field
activities to be maintained by spraying with herbicides. As
habitat, the most important of these communities are mowed
-lawns and residential yards. Though the area was once largely
agricultural (as late as the 1950s), there appear to be no
croplands there today. Fauna of these areas would be limited
to the smaller species which either tolerate the presence of,

or co-exist well with, man.

3.5.2 Regulated Wetlands

Three NYSDEC-regulated wetlands occur within a two-mile radius of
the site. These are shown in Figure 3-2. They are Class II or III
wetlands. According to the NYSDEC class}fication scheme, wetlands are
grouped in categories I, II, III, or IV based upon, among other factors,
ecological associations, hydrologic and pollution control features,
distribution, and location. Copies of the classification sheets of the
three wetlands in the landfill area are presented in Appendix O. None of
the wetlands shown in Figure 3-2 is connected by surface water to the

Gorick site.
No NYSDEC-regulated wetlands occur along the river for 9 miles
downstream of the site, nor are any other special resources known along

this stretch of the river

3.5.3 Rare Species

The longear sunfish (Lepomis megalotis), detected once in the fish

surveys summarized in Table 3-2 (several miles downstream of the site), is

a NYS Threatened Species, although it is not included on any federal
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lists. According to the NYSDEC Natural Heritage Program, no federal or
state endangered, threatened, or special-concern species is known to occur

in the vicinity of the landfill (Ref. 22).

3.6 Surface Water Hydrology and Water Usage

3.6.1 Site Drainage

Surface water features in the vicinity of the landfill are shown in

Figure 3-3.

All streams in the area are tributaries to the Susquehanna River.
To the north of the site, and the Link Flight Simulation Company
warehouses, is Park Creek. This is a flat-bottomed stream, approximately
30 feet wide and one to two feet deep, joining the Susquehanna from the

northeast, with a very low gradient. Its headwaters lie near the hamlet

of West Windsor, several miles northeast of the site.

Several small lakes and ponds lie on and above the floodplain of the
Susquehanna. In the vicinity of the landfill the most prominent is an
oxbow lake on the western side of the Susquehanna. It forms a "C"
approximately 50 feet wide and 500 feet long and is a stagnant waterbody,

without apparent connection to the Susquehanna.

Two hundred feet to the south of the site is an abandoned gravel pit
which has become ponded. Approximately 3 acres in size, but reportedly
only about 4 feet deep, this pond has no apparent connection to any
permanent surface water feature. It appears, since it is situated in a
low-lying area of the river’s floodplain, to be fed by groundwater and

surface runoff.

Across Route 11 from the site, near the Carriage House Apartments,

is another small pond, about 2.5 acres in size. This lake, which was
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created during construction of the apartment complex in the 1970s, is
apparently tributary to the small intermittent stream that runs under
Route 11 and along the south side of the landfill into the Susquehanna.
The depth of the lake is not known, but is probably less than 10 feet.

The intermittent stream, or "drainage stream", originates several
hundred yards to the south and east of the site. It flows north, parallel
to Route 11, before going under it (via culvert) towards the landfill.
The stream once flowed, according to aerial photography, through the area
now occupied by the American Pipe and Plastics plant. It appears,
however, to have been displaced by the construction of the plant, the
gravel pits, the access road to the town wells, and the landfill. It now
flows along the southern side of the landfill and is joined at the
southwest corner by a drainage ditch carrying cooling water effluent from
the AP&P plant. It then flows northwest in an initially wide, but then
increasinglygdeeper and narrower channel, into the Susquehanna. The
stream appears to drain about 100 acres of land east of the site and Route
11, including most of the area south and a little east of the Carriage

Hill Apartments. The area north of these apartments drains to Park Creek.

Apart from the drainage stream, the 1andfill site itself has no
pronounced drainage patterns, channels, or bodies of standing water. One
small marsh, about one-tenth of an acre in size and approximately a foot
deep, lies in an unfilled remnant of the former gravel excavation in the
site’s southeast corner. The pond appears permanent. Other than this
pond, incident precipitation appears to infiltrate the fill, or run off

over the surface to the surrounding areas.

The Susquehanna River periodically rises onto the floodplain on
which the toe of the landfill lies. The floodplain, in the area of the
landfill, is separated from the river by a 6- to 10-foot high berm. This
berm is presumed to be a natural levee, not a man-made feature (Ref. 29).

When the river floods, however, the water enters this area via the
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drainage stream outlet channel. When the river subsides, a large quantity
of ponded water is left behind on the floodplain to infiltrate or

evaporate.

3.6.2 Stream Hydrology

Data on the flow and discharge of the Susquehanna River near the
landfill have been obtained from the National Weather Service and USGS
gaging stations at Conklin. These are located adjacent to one another,
slightly more than 4 miles upstream of the landfill site. The river at
that point drains an area of 2,232 square miles. The average discharge,
as recorded by the USGS gage from 1914 to 1989, is 3,579 cubic feet per
second (CFS). The maximum discharge during that time, 61,600 cfs,
occurred in March 1936. The minimum discharge, 85 cfs, occurred in
October 1964 (Ref. 15). Figure 3-3.1 shows the elevatioﬁ of the river
surface at the Conklin gaging station during the first-phase RI
investigation activities at the landfill, as provided by the National

Weather Service.

During the first phase field activities (September through December,
1990) at the landfill, the river experienced one major and several minor
floods. The major flood occurred during the night of October 23, 1990.
That night, the Kirkwood area received over 2 inches of rain. By the
following morning, the river had risen more than 8 feet. All wells
located below the toe of the landfill were submerged. Water levels in all
monitoring wells (except MW-1S, MW-2S and GS-13) rose by a similar amount
(approximately 6-7 feet) within the next 24 hours. During the second
phase activities (June through July, 1991) the level of the river was

quite low. TIts level varied by less than 1.25 feet during this period.

Early in the first phase of the remedial investigation, a staff gage
was installed by URS on the Susquehanna River adjacent to Town Well No. 3.
It was destroyed by flooding on October 23 and 24, 1990, before it could
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be surveyed. The readings obtained from it are therefore meaningless
(since they cannot be referenced to a known elevation). A replacement
gage (SG-2) was later installed and surveyed, and several water surface
elevation readings were obtained from it during the first phase. The data
from this gage were utilized in the preparation of the water table contour
maps from the first-phase investigation (Figure 3-12, Section 3.8.3),
since river height is very important to an understanding of the

groundwater flow regime at this site.

In order to better determine the relationship between river
elevation and groundwater surface elevations, three additional stream
gages were installed during the second-phase investigation. Gage SG-2A
was installed to replace stream gage SG-2 (installed during the first
phase), because low-water conditions during the second phase of the RI
made SG-2 unusable. It was installed in the same area (behind Town Well
#3) as SG-2.A Stream gage SG-4 was installed just north of MW-6S, to
monitor how much the river elevation dropped across the site. However,
the river level dropped enough during the second phase to make SG-4
unusable. Therefore, stream gage SG-4B was installed further out in the
river from SG-4 to be used as a low-water gage. The stream gages were
read frequently during the second phase of the investigation to allow a
better understanding of the river-groundwater relationship. This will be

discussed further in the groundwater flow section (Section 3.8.3).

3.6.3 Water Usage

The City of Binghamton has water intakes on the Susquehanna River
approximately 4 miles downstream of the landfill at the Tomkins Street
bridge. These intakes draw 12 to 13 million gallons per day, providing
potable water for up to 100,000 people in the City of Binghamton and in

neighboring communities.
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The major groundwater user in the landfill area, though, is the Town
of Kirkwood, utilizing wells on the property immediately adjacent to the
landfill. These wells pumped an average of 1.1 million gallons per day in
1990, supplying water to 5,000 to 6,000 people, as well as numerous
industrial customers. Approximately three quarters of the town’s water is

used by industry (Ref. 24).

A number of other groundwater wells are located in the vicinity of
the landfill. The Town of Conklin, on the opposite side of the river from
the Town of Kirkwood, maintains one of its four municipal wells less then
one-quarter mile northwest of the landfill. The other three Conklin wells
are located at significant distances from the landfill elsewhere in the
town. This well (designated Well No. 2, Water District No. 2) pumps
approximately 160 gallons per minute (when active) from the alluvial
aquifer, but has a maximum capacity of approximately 250 gpm. The total
withdrawal avérages between 35,000 and 60,000 gallons per day when in use.
This well is infrequently used due to its high iron content and relatively
low yield. It serves as an auxiliary to the town'’s higher-yielding wells,
but may soon be used even less frequently because of improvements to the
rest of the well field (new air stripper). Approximately 2,500 people are
served by the town’s 4 wells (Ref. 23).

There are potentially one or two residences still using private
wells in the Town of Conklin within several thousand feet of the landfill,

but on the opposite side of the Susquehanna River (Ref. 23).

The American Pipe and Plastics (APP) plant maintains 2 groundwater
wells several hundred feet south of the Kirkwood wells. The water from
these wells is used for non-contact cooling water inside the plant. Only
one well (APP-N) is currently used (Figure 1-3). This well is the
ultimate source of the effluent stream of cooling water discharged by the

plant to the Susquehanna (Section 3.6.1). APP-N reportedly draws from 150
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to 190 gallons per minute nearly 24 hours a day, seven days per week. The

well is screened 30 to 50 feet below grade.

Although most of the residents in the landfill area are now on
municipal water, one residence immediately north of the landfill still
reportedly maintains a private groundwater well. BCDOH has no data on the
depth or water quality of this well. Two homes immediately north of the

landfill have switched from private wells to Town water since 1988.

3.7 Geology

Information presented in this section was obtained from a review of
available geological reports and from data gathered during the URS field
investigation. A large portion of the existing data for the site was

compiled by USGS through its hydrogeological study of the area (Ref. 4).

3.7.1 Regional Geology

The Gorick Landfill is situated within the Susquehanna River Valley
of the glaciated Appalachian Plateau. The valley was deepened and widened
by glacial erosion and subsequently partially filled with unconsolidated
valley-fill deposits, deposited by ice and meltwater streams flowing from
the receding ice margin. These outwash deposits of sands and gravels are
thickest along the valley axis, tapering to a negligible thickness toward
the valley walls. It is these thick deposits of sand and gravel that
constitute the Endicott-Johnson City Aquifer from which the majority of
the local communities’ water supplies are drawn. The Town of Kirkwood
well field is situated within this Endicott-Johnson City aquifer (Ref. 1).
Postglacial silts, sands, gravels and modern floodplain deposits now
partly cover these outwash sands and gravels in the low-lying areas

adjacent to the Susquehanna River.
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The outwash deposits in most places are underlain by glacial till,
a heterogeneous mixture of silt, sand, and gravel. Till also thinly
covers the top of the bedrock hills that form the valley walls, and may
reach a thickness of 100 feet in small mounds on the valley floor (Ref.
4). Discontinuous lacustrine deposits of sand and silt are found between
the outwash and till in this area, ranging from 20 to 100 feet thick. A
survey of over 2,000 wells in the Binghamton area revealed that the
average till thickness is 60 feet, with a maximum thickness of 250 feet
encountered three miles east of the landfill in West Windsor (Ref. 28).
These thick deposits of till are typically found on the south slopes of
hills that have substantial relief (greater than 300 feet). Terrain
composed of these thick deposits of till has been termed "till shadow
hills".

Bedrock wunderlying this area is predominantly shale of Upper
Devonian Age for at least the upper 400 feet. It has been uplifted, and
dips south with a gradient of approximately 40 feet per mile. The bedrock
has no significant primary permeability, but fractures and bedding planes
allow some storage and movement of water. In general, bedrock wells are
sufficiently productive only for individual households in the Kirkwood-

Conklin area (Ref. 4).

3.7.2 Previous Investigations

Previous investigations of the geologic character of the Gorick
Landfill site were conducted to assess groundwaﬁer hydrology and chemical
quality. Geological information obtained from these investigations were
incorporated with the geology data base established from the RI drilling
program to provide a comprehensive assessment of the site geology. A
synopsis of these previous studies is included below. Boring logs from
these investigations may be found in Appendix K. [Groundwater analytical

data from previous investigations may be found in Appendix L.]
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In 1970, the consulting engineering firm of Vernon 0. Shumaker
conducted an investigation adjacent to the site for the Town of Kirkwood,
as a part of the Town'’s Improvements to Water District No. 3 program (Ref.
10 and 11), looking for potential municipal well field sites. The results
of this study (4 wells drilled on the Gorick site) were used in selecting

the present location of the Kirkwood municipal water wells.

In December 1981, 5 observation wells were installed around Kirkwood
Town Wells No. 1 and No. 2 as part of the proposed treatment process to
remove iron and manganese from the groundwater. Four (4) of these wells
remain intact, and were utilized during the RI for water level monitoring

(VO series in Figure 1-3).

An investigation of the aquifer system that supplies water to the
well fields in the Towns of Kirkwood and Conklin was conducted by USGS in
1983 (Ref. 4)1 A total of 19 observation wells were installed as a part
of the investigation. Thirteen (13) of these wells were installed in the
vicinity of the landfill. Only 6 of these wells remain (GS series in
Figure 1-3), while the rest have been formally abandoned and plugged.
Boring logs from these wells have been used together with soil borings
completed during this investigation to prepare geologic cross-sections of
the site (Figures 3-6 through 3-11). The cross-section locations are

shown on Figure 3-5.

In 1988, the Town of Kirkwood contracted Lake Engineering, of
Binghamton, New York, to install 7 monitoring wélls (Nos. 31-37) adjacent
to the Gorick Landfill site (Ref. 6). The wells were installed between
the landfill and the Kirkwood well field to determine the direction and
extent of contaminant migration in the vicinity of the production wells.
Wells No. 31-36 from this series were sampled as a part of the RI
groundwater sampling program and as a means of gathering additional site

water table data.
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3.7.3 Geophysical Survey

The eastern edge of fill was estimated, by the geophysical survey,
to be as shown in Figure 4-2. Because of the nature of the fill material,
much of this determination was based upon a combination of terrain
conductivity and seismic refraction data. The fill material acted as an
insulator, preventing the geophones from sensing the reflected seismic
energy in the lower, denser layers. Seismic refraction techniques,
therefore, were unsuccessful in defining the depth and geometry of the
lower boundary between the fill and the underlying material. The terrain
conductivity and seismic refraction data correlated well, however, and
showed the edge of fill to be abrupt and distinct, except where the fill
area approaches the eastern edge of the property (GPT, Figure 4-2). Here
the signal is erratic, possibly due to the large quantity of surficial
scrap metal (abandoned tanks) nearby, and thus the edge is not well

determined.

3.7.4 Site Stratigraphy

During the RI, 18 soil borings were installed to various depths,
ranging from 12 to 82 feet, in and around the site. The boring logs are
presented in Appendix C. Boring logs from previous investigations

pertinent to the site are presented in Appendix K.

Figure 3-4 is a generalized stratigraphic column for the site,
constructed from the results of the boriﬁg program and previous
investigations. The principal stratigraphic units depicted in this figure
are; the fine sand and silt unit (floodplain deposits); the sand and
gravel, and sand units below the fill, which together constitute the
alluvial aquifer being studied; and the basal till unit. In addition to
these principle deposits, a kame terrace deposit, composed of gravel,
silt, sand and traces of clay was identified east of the site (MW-1 and

MW-2). This deposit can be termed a terrace (ice-contact), similar in
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composition to the basal till found on the valley floor. This deposit can
also be considered a till, but showing signs of some stratification,
draping the valley sidewalls. In places, this kame terrace has slumped
off the hillside, forming slump deposits of till materials on the south
and east sides of the landfill. These slump deposits occasionally overlay
the edges of the valley fill aquifer below. Across most of the site, fill
covers all of these strata. Results of grain size analysis of the
stratigraphic units encountered during the boring program are presented in
Table 3-3. All geotechnical laboratory analytical results, including
grain size distributions, moisture content, Atterberg 1limits, and
laboratory permeabilities, are presented in Appendix I. The results of
the field investigation, together with those of previous investigations,
were used to construct a series of ' 6 stratigraphic cross-sections
depicting site stratigraphy. Cross-section locations are shown on Figure
3-5. The cross-sections are shown on Figures 3-6, 3-7, 3-8, 3-9, 3-10,
and 3-11.

Each of the stratigraphic units encountered may be described as

follows (from shallowest to deepest):

(a) Fill: The fill at the Gorick Landfill site is the topmost

unit encountered in the borings. It is composed of typical construction
and demolition debris: wood, metal, concrete, bricks, plastic, etc. A
total of 6 borings, 4 of which were completed as monitoring wells (MW-7S,
MW-8S, MW-9S and MW-10S), were advanced through the fill material. One of
the borings (P-13) was completed as a piezometer to monitor the water
table in the northeast corner of the site. Only three (3) fill borings
were originally proposed for the Phase I drilling program. Due, however,
to the previously unknown northern extent of the fill material, MW-7S
(originally proposed as a downgradient well) also happened to be drilled
through the fill unit. The remaining fill boring, B-10A, was the original
location for MW-10S, but the boring encountered till very close beneath

the landfill (part of the till ridge that is discussed below) and thus did
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not reach a saturated zone suitable for completion of a monitoring well.
Therefore, the proposed fill well was moved approximately 400 feet

southwest to the present location of MW-10S,

The northern limit of the fill has now been shown to extend to the
northern property line. This has been verified by the boring program as
well as by field observations. The eastern 1limit of the fill was
determined by the surface geophysical survey (Section 3.7.3), and the
southern and western limits appear to be the steep slopes (escarpments) at
the edges of the fill "plateau." The fill unit may be divided into a
major, higher fill plateau-like feature (three-quarters of the fill area)
and a lower, less conspicuous plateau in the northern part of the site.
A boring in this northern portion of the fill (MW-7S) encountered 13 feet
of fill material. Phase II boring P-13, further north and east from MW-7S
and near the property line, verified the existence of fill material in the
northeast corner of the site, encountering 15 feet of fill. The 4 borings
advanced on the higher portion of the fill, MW-8S, MW-9S, MW-10S, and B-
10A, revealed fill thicknesses of 24, 22, 18, and 5 feet, respectively.
The elevations of the bottom of the fill (based on this and on previous
investigations) seem to indicate that the base of the gravel excavation
prior to filling was relatively flat across the northern and western
portions of the site, presumably due to downward excavation to the
approximate position of the water table. The base of fill is much higher
in the southeastern portion of the site. This probably is caused by the
till ridge (or mound) being closer to the surface in that area. For
comparison purposes, the borings at MW-7S, MW-8S, MW-9S, and MW-10S all
showed base of fill elevations between 835.7 and 838.4 feet msl, while B-
10A showed base of fill at 856 feet msl with a corresponding decrease in
fill thickness (Figures 3-7 and 3-8). The approximate extent of fill on

site is shown on Figure 4-2.

During the second-phase 1investigation, the fill was also

investigated by excavating test pits or trenches. Twenty eight (28) test
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pits/trenches were excavated as discussed in Section 2. The locations of
all test pits are shown on Figure 2-1 and their logs are given in Appendix
Q. The test pits ranged in depth from 11.5 to 23.5 feet. Fill was
excavated through to the base of fill in 11 of the test pits. Thickness
of fill in these pits ranged from 3 to 17 feet. Fill thickness from the

test pit/trenching program is shown on Figure 4-2.

The waste encountered during the test pit excavations was typically
construction-demolition debris, including: wood, rebar, concrete, metal,
cinderblock, tires, brick, wire, plastic sheeting, tree stumps, roofing,
pipes, asphalt, wallboard, bottles, etc. This debris was typically
embedded in a dark gray silty, fine sand soil matrix, but quantities of
material which was described as dark gray to black, cindery fine sand
(foundry-ash-like material) was also often found. Numerous crushed and
relatively intact drums were found in 9 of the test pits at varying
depths. [See logs in Appendix Q.] Samples were taken from some of these
drums for analysis (Section 4.2). Several logs also note evidence of

intermediate cover layers within the fill.

(b) Fine Sand and Silt Unit: The surficial unit outside of the

fill areas and closer to the Susquehanna River is a floodplain deposit.
It is described as a brown to gray, very soft to stiff, clayey or sandy
silt, with thin fine sand seams, and sometimes thin peat seams. It occurs
adjacent to the river at the lower elevations and lies directly over the
sand and gravel aquifer. These deposits, which are relatively recent in
origin, were deposited by floodwaters overtopping the river channel and
spreading onto the floodplain. This causes a decreased sediment-carrying
capacity in the water, so that relatively fine-grained sediments are
deposited. Thicknesses encountered ranged from 6 feet at MW-3S to 12 feet
at MW-12D on the landfill side of the river, but deposits were 14 feet
thick at MW-14D, across the Susquehanna. USCS classifications for this
unit are typically ML to SM. A grain size analysis of this unit from the

depth interval of 2 to 4 feet at MW-3S showed 5 percent sand, 71.9 percent
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silt, and 23.1 percent clay (Table 3-3), making this particular sample CL
(USCS classification). The floodplain unit is shown well in cross-section

on Figure 3-6.

(c) Sand and Gravel, and Sand Units: The highly permeable

sediments of the aquifer present beneath the landfill comprise two units:
a gray to brown, medium dense to dense, medium to coarse grained sand and
coarse gravel with some silt; and a brown to gray, loose to medium dense,
fine to medium grained sand with traces of silt, clay, and gravel. This
latter unit, described as a sand in Figure 3-4, occurs discontinuously
across the site. The deposit appears to rest either directly on or close
to the top of the till unit, and may be partially what USGS refers to as
"lacustrine sands and silts". Thicknesses encountered ranged from 8 to 46
feet. The sand unit appears to underlie the northern portion of the site
but is absent beneath the eastern and southern portion of the site, where

the till ridge (described below) is found.

Soil borings advanced during the second phase of the
investigation better defined the vertical extent of the sand unit. Over
38 feet of this material was encountered at MW-6D, and 46 feet was logged
at MW-14D.

The outwash sand and gravel is, however, the unit from which
the Town of Kirkwood wells principally draw water. This sand and gravel
unit also pinches out beneath the southeast and eastern portions of the
site, but was 54 feet thick at MW-5D on the western edge of the site. The
thickness of this unit on the Conklin side of the Susquehanna (at MW-14D)
was much less, only 14 feet thick, but overlay the sand unit discussed
above. This sand and gravel unit classifies as USCS GW-GM, GP, or GM
material, whereas, the sand unit classifies as SW-SM, SP-SM, or SM
material. The grain size analysis (Table 3-3) shows that the sand and
gravel unit is composed of an average 56.5 percent gravel, with a range of

45 to 80 percent; 32.3 percent sand, with a range of 18 to 38 percent; 8.7
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percent silt, with a range of 2 to 20 percent; and 2.5 percent clay, with
a range of 1 to 4 percent. The combined percentage of fines averages 11.2
percent, with a range of 3 to 23 percent. The sand unit is more
homogeneous, with gravel ranging from O to 27 percent, sand from 61 to 89
percent, silt from 7 to 9 percent, and clay from 3 to 4 percent. The

combined percentage of fines in the sand ranged from 11 to 13 percent.

Thin gravel and sand deposits, 2 to 3 feet thick, were
encountered during this investigation in deposits along the valley
sidewall (monitoring wells MW-1S and MW-2S). They are probably kame
deposits, or, in the case of MW-2, possibly a recent fluvial deposit in a
buried stream bed. They do not appear to be in good hydraulic connection

with the sand and gravel aquifer in the valley bottom (Figures 3-8, 3-9).

(d) Till: The outwash and "lacustrine sand and silts" deposits

are underlain by till. The till may be described as a light brown to
gray, medium dense to very dense, compact silt with some sand and gravel,
and a trace to some clay. The USCS classification for the till ranges
from SC or ML, to SC-SM, to GM. The grain size distribution for
representative samples (Table 3-3), showed an average of 20.6 percent
gravel, with a range of 4 to 45 percent; 29 percent sand, with a range of
16 to 38 percent, 37 percent silt, with a range of 17 to 56 percent; and
13 percent clay, with a range of 6 to 26 percent. The combined percentage
of fines averaged 50 percent, with a range of 28 to 75 percent. Thin sand

seams have been noted within this unit (e.g., MW-1S, B-11A, GS-3).

The till can be differentiated into two types based upon
structure: a basal till and a till "terrace". The basal till is situated
on the valley floor, underlying the aquifer. The till terrace (kame
terrace) occupies the valley sidewalls, east of the site.
Compositionally, the two types are similar, although the terrace deposits

contained more gravel in some instances. The till terrace is likely a
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ice-contact deposit, whereas the basal till was deposited directly beneath

the glacial tongue that once occupied the valley.

The boring program for this investigation confirmed the
presence of a till ridge, or mound, on the southern portion of the site
(Figure 3-9). This deposit appears to be the northern extension of the
till mound that exists south of the site. Excavation of a former north-
south trending sand and gravel terrace on the western half of the site
(approximately from MW-5 to MW-10) during the operation of the gravel pit,
exposed the till mound in the vicinity of B-3A as shown in Figure 3-9
(Ref. 4). A till thickness of at least 60 feet was shown east of the
site, at MW-1S on the valley sidewall (Figure 3-8). GS-1, shown on Figure
3-5, and located near the AP&P facility, found till from 10 feet to 76
feet below the surface, where it was then underlain by fine sands to 95
feet, and then till again to termination of the boring at 96 feet. This
latter boring indicates that the "till mound" south of the site may be
another type of glacial feature instead. Till mounds are typically
superposed over bedrock, not stratified deposits (glaciers typically
remove these deposits prior to till deposition). It is possible that this
"till mound" is instead a kame deposit or slump feature of the till

deposits draping the valley sidewall.

The depth to "till" varies considerably at the Gorick site. At MW-
1S, on the valley side wall, till was found at 5 feet below a sandy silt
topsoil unit. At MW-2S, in the southeastern corner of the site, till was
found at the surface, while MW-12D to the south found it at 40 feet. MW-
5D, west of the landfill near the river, found till at 69 feet. Boring
GS-14B, on the opposite side of the river, encountered till at 90 feet.
To the north of the site, at boring MW-11I, the probable top of till was
encountered at 50 feet, but this was not certain, as the boring was
terminated before confirmation of the till contact. A contour map of the

top of till elevations is presented as Figure 3-12.
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These depths to "till" seem to confirm the conceptual site picture
as being fill, or floodplain deposits close to the river, overlying a
valley-fill sand and gravel aquifer, which is thickest (60 feet plus)
close to the river, and pinches out to the east towards the valley
sidewall and to the southeast towards the "till ridge or mound." There
may be additional aquifer below portions of the "till ridge", which is

expected to be continuous with the valley-fill aquifer.

3.8 Hydrogeology

3.8.1 Previous Investigations

The most extensive previous investigation of the hydrogeological
character of the area of the Gorick Landfill site was conducted by USGS in
1983 and concluded in 1984 as part of an overall study of the aquifer
system in the Kirkwood-Conklin area. The study included installation of
19 observation wells, monitoring of groundwater temperatures and levels,
aquifer tests, and development of a simulation model (using MODFLOW) to

investigate the site.

Stated objectives of the study were to (1) quantify the hydraulic
properties that determine the rate of river infiltration to the aquifer,
(2) identify the sources of recharge to the aquifer, and (3) delineate the

well-field catchment areas (Ref. 4). Major conclusions of this study were

that:

1. Estimated well-field catchment area was 250 acres for the
Kirkwood well field.

2. Groundwater budgets (from steady-state simulations) showed 58

percent of the groundwater withdrawn by the Kirkwood well

field to be derived from the Susquehanna River (via induced
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infiltration) during periods of low river stage and low

recharge. At higher stages, this percentage would decrease.

3. Accuracy of estimates from 1 and 2 above, are very sensitive
to riverbed hydraulic conductivity. Study estimated from
piezometer testing that riverbed thickness was 2 feet, and the
hydraulic conductivity was 0.2 feet per day (7 x 107> cm/sec).
However, estimates of percentage of water derived from the
river can vary from 10 to 70 percent, depending on this
hydraulic conductivity value (letter to David Camp, of NYSDEC,
from Robin Brown, of USGS, November 7, 1990).

4. Horizontal and vertical hydraulic conductivities of the sand
and gravel in the calibrated model range from 50 to 10,000
feet per day (2 x 1072 to 3.5 cm/sec) and 1.0 to 80 feet per
day (4 x 107™* to 3 x 1072 cm/sec), respectively.

5. Groundwater levels change with river stage (responding within
a few days to river stage changes). Thus, they are highest in
late fall, winter and spring, and lowest in summer and early

fall.

6. During low river stage periods, the landfill’s contribution to
the Kirkwood well field was established to be 5 percent. The
river contributed 58 percent, and the Conklin and Kirkwood
sides of the river were contributing 32 percent and 5 percent

of the flow, respectively.

Subsequent additions to this study have been made by USGS at the
request of NYSDEC, 1990. A particle-tracking routine was added to the
computer code for tracking of particles originating in the landfill. The
result was that, based on steady-state, low-flow simulations, any

particles originating in the landfill flowed largely straight down to the
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water table, proceeded downwards to the intermediate zone of the aquifer,
and then were pulled directly toward the pumping well (Town Well #3). The
model thus showed that contamination due to prior activities would
predominate in the aquifer zone in which the Kirkwood production well was
screened, since the well dominates the flow in this area. Based on these
model results, URS changed the proposed locations of MW-3S and MW-4 just
prior to installation. The screened intervals for the intermediate depth

wells were also changed to better intersect the predicted flow paths.

3.8.2 Groundwater Monitoring Network

During the first phase of the field investigation, 14 monitoring
wells were installed to monitor water quality upgradient, within, and
downgradient of the landfill. Four (4) fill wells were installed, 2 wells
were installed upgradient, and 8 were installed downgradient at 4
locations. Seven (7) additional monitoring wells were installed during
the second phase. One well was added to an existing downgradient cluster;
4 sidegradient wells were installed, 2 to the north and 2 to the south of
the site; and 2 wells were installed on the opposite side of the
Susquehanna River from the landfill. Three (3) piezometers were also
installed during the second phase, two on site north and east of the
landfill and one on the opposite side of the river. Hydraulic
conductivity values were measured at each of these locations (with the
exception of MW-1S, MW-14D, P-13, and P-15), and water levels were
frequently taken during both phases to determine flow patterns beneath the
site. The existing wells at the site were also monitored in an attempt to

better define the site’s hydrogeology.

3.8.3 Groundwater Flow Patterns

Groundwater elevations were measured in the monitoring wells several
times weekly during the field activities, as well as at stream gages 2,

2A, 3, 3A, 4, and 4B to record water surface elevations in the Susquehanna
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River and the drainage stream (Figure 1-3). All data obtained from these

measurements are presented in Appendix N.

During the first phase of the RI (mid-September to mid-December,
1990), water level measurements in the new and existing monitoring wells
were taken at frequent intervals. During this period, water levels in
most of the wells fluctuated widely. [See hydrographs for representative
wells, in Figures 3-15 through 3-18.] Water levels in MW-1S, on the
valley sidewall, varied 2.52 feet during the period, while those in MW-2S
varied only 0.87 feet. Water levels at MW-5 and MW-6 varied 4 to 5 feet,
but were not measured for as long a period as the other wells due to their
later installation dates. MW-7S varied 9 feet, with a 7-foot fluctuation
occurring immediately following the flood event on October 23 and 24,
1990. During this same flood event, MW-1S rose only 0.60 feet and MW-2S
rose 0.66 feet. GS-15A and B, close to the river, varied nearly 9 feet
during the field program. The fluctuation in river stage during this

period can be seen in Figure 3-3.1 to be approximately 9 feet also.

Water table and surface water deviations were monitored closely
during the second phase of activities to provide a data base on the
dynamic relationship between the river stage and the water table. The
water table elevation data also served to illustrate the seasonal
variations in the flow beneath the site (by comparison to the first-phase
measurements taken in the late fall and early winter). All new and
existing monitoring wells, as well as previously existing wells on the
Conklin side of the river located during the second phase, were utilized
for water level measurements. Water levels (water table and river
surface) gradually dropped during the monitoring period, as would be
expected during this time of year due to dry weather. The amount of water
level variance in wells situated near the valley sidewalls (MW-2S and MW-
1S) was much less than in those set in the aquifer proper (closer to the
river), reaffirming that the wells on the valley sidewalls are not well

connected to the alluvial aquifer. The water table in the aquifer wells
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(e.g., MW-6S) declined over one foot during the second phase, while in MW-
2S it dropped by only 0.21 feet.

The magnitude of these water level fluctuations may be used to look
at aquifer response to stage changes in the river. The wells closer to
the river respond quickly to river stage changes and in similar amounts in
many cases (e.g., MW-7S, GS-15A & B). Also, the depth of the well does
not appear to have much effect, as MW-5S, MW-5I and MW-5D have almost
identical hydrographs (see Figure 3-16). This is as expected, however,
for highly permeable aquifers underlain by a confining layer (the till),
have predominantly horizontal flow, and consequently little vertical head
loss. The wells on the valley sidewall (MW-1S and MW-2S, probable kame
deposits) do not appear to respond readily to river stage. This also is
as expected, since the wells are located well above the river level and in

units which are not as well connected to the alluvial aquifer.

This interrelationship between the river stage and the aquifer
beneath the landfill shows that the water table frequently rises into the
fill wunit, partly due to increased river stage, and partly due to
increased recharge to the water table from precipitation percolating
through the relatively porous landfill surface (and its flat nature,
allowing little runoff). Indeed, a water balance using the HELP model
(Hydrologic Evaluation of Landfill Performance), shows approximately 35 to
40 percent of the annual precipitation on the landfill surface recharges
the aquifer. This amounts to approximately 12 to 15 inches of water per
year, or roughly 6 to 7.5 million gallons of recharge directly through the
landfill. This infiltrated water and water backing up into the fill
allows leaching of the "soluble" constituents in the landfill into the

groundwater.

Regional groundwater flow through the alluvial aquifer in this area
is from the valley sidewalls towards the Susquehanna River, but bending

towards the north, which is the direction of flow for the Susquehanna
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River in this area. The aquifer is part of the Endicott-Johnson City
aquifer system which is situated within the Susquehanna River Basin and
occupies the Susquehanna and Chenango River valleys. The glacial outwash
sand and gravel (valley-fill deposits) constituting the aquifer are
concentrated on the river valley floors, thinning as they meet the valley
sidewalls. Depths of as much as 200 feet of glacial drift are present
along the valley axis (Ref. 1). Superimposed on the regional groundwater
flow, are the withdrawal effects by the operation of the Town wells and
the American Pipe and Plastics well. These large-capacity wells create a

groundwater sink, and thus locally alter the regional flow pattern.

Table 3-4 summarizes the withdrawal of groundwater by Town Well No.
3. This well runs at, or very near, a constant rate of 1,000 gallons per
minute while pumping. The well usually runs nearly continuously, except
for scheduled maintenance periods (Ref. 29). However, this pattern varies
from year to year and the amount of water demand, particularly from
industrial clients. The well catchment area and ultimate source of water
for this well (well field) have been previously discussed in Section
3.8.1. The American Pipe and Plastics well reportedly runs nearly

continually, pumping from 150 to 190 gallons per minute.

A water table contour map was constructed with the groundwater
elevations obtained from the shallow monitoring wells on December 3, 1990,
This contour map is shown in Figure 3-13. At that time, both Town Well
No. 3 and the AP&P well were operating. The contours show that flow is
basically from east of the site towards the Susquehanna River, but that
once it proceeds approximately two-thirds of the way across the site, it
bends south and flows towards Town Well No. 3. Additionally, the
Susquehanna River is contributing flow (influent) or recharge to the well
as the cone of depression intersects the river. This is evidenced by MW-
33 having a lower water table elevation than is shown by the staff gage
(SG-2). Note that the drainage along the south side of the landfill lies

above the water table, since SG-3 shows a water surface elevation over 3
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TABLE 3-4

VOLUME OF WATER PUMPED BY TOWN OF KIRKWOOD WELL #3

Volume Water Pumped Time On

Month (gal) (%)
July 1991 41,960,000 NA
June 42,065,000 NA
May 41,696,000 NA
April 35,615,000 NA
March 36,267,000 NA
February 30,177,000 NA
January 1991 32,309,000 NA
December 1990 29,567,000 NA
November 28,860,000 67
October 32,191,000 72
September 28,059,000 65
August 33,890,000 76
July 35,500,000 80
June 39,170,000 91
May 37,475,000 84
April 36,505,000 85
March 35,800,000 80
February 31,460,000 78
January 1990 37,510,000 84
December 1989 37,580,000 84
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feet higher than MW-3S, and 2 feet higher than MW-10S. Percolation to the
water table from this perched drainage may cause a 1long, narrow
groundwater mound to form beneath this drainage, thereby inhibiting
shallow flow beneath the drainage channel (perpendicular to the channel).
It appears that some groundwater from the northern portions of the site
flows to the Susquehanna River, rather then being pulled into the Town
well.

A second-phase water table contour map was constructed with the
elevations obtained on July 10, 1991 (Figure 3-14). The configuration of
the water table is very similar to that shown for December 3, 1990, except
that general water levels near the river are approximately 3 feet lower.
Flow in the northwest corner of the site is towards the river and to the
aquifer under the river, but most flow is towards Town Well No. 3,
including the Susquehanna River. The river is again influent next to most
of the site. However, a comparison of water levels in MW-6S to the river
surface elevation adjacent (at Staff Gage 4/4A) shows that the groundwater
is higher than the river in this portion of the site (Table 3-4A).
Therefore, flow is from the northwest portion of the site to the river
(and to the aquifer under the river) for at least part of the year. A
comparison of river stage (SG 2/2A) versus MW-33 is also shown in Table 3-
4A. For this well, located close to Town Well No. 3, flow is consistently

towards the well from the river.

The Susquehanna River typically drops approximately 0.4 feet across
the site (between the two staff gages). This distance is approximately
800 feet. On July 10, 1991, the river dropped 0.46 feet between the two
staff gages. On the same day, MW-6's water level was 0.05 feet higher
than the river at SG4A. Assuming a uniform gradient in the river between
the staff gages, the river elevation would be equal to the groundwater
elevation in MW-6S approximately 90 feet south of MW-6S. From this point
south, the river is above the water table and thus influent to the site.

North of this point, the site is influent to the river. This situation,
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TABLE 3-4A

RIVER SURFACE vs. GROUNDWATER ELEVATIONS

DATE MW-6S vs. SG 4/4B (ft) MW-33 vs. SG 2A (ft)
6/5/91 0.02 -.93
6/7/91 -0.01 -1.03
6/12/91 0.09 ~1.00
6/13/91 0.07 -1.10
6/14/91 0.02 -1.30
6/17/91 0.17 -1.18
6/18/91 0.07
6,19/91 0.06 “1.19
6/21/91 0.01
6/25/91 0.16 -1.06
6/28/91 0.07 -1.09
7/2/91 0.29 -1.12
7/10/91 0.05 -1.19
9,/4/91 0.01 )

- Negative numbers indicate that the river surface elevation is higher
than the groundwater surface elevation.

SG - Staff gage

35232A/TAB-3-4A



however, is slightly complicated by the fact that the groundwater table
slopes towards Town Well No. 3., thus reducing this 90 foot distance to
some smaller value. Basically, though, the portion of the site north of
MW-6S appears to have groundwater flow to the river, for at least a
portion of the year. The portion of the site south of MW-6S does not
contribute flow to the river for much of the year (because of the Town

wells), but takes water from the river instead.

Flow Gradients

Horizontal flow gradients were calculated for several areas of the
site based on the water-table contour map for December 3, 1990. The

gradients are as follows:

MW-1S to MW-7S
MW-7S to MW-6S
MW-2S to MW-3S 0.0150 ft/ft
MW-6S to #35 0.0008 ft/ft
MW-10S to MW-4S = 0.0061 ft/ft
(Projected Horizontally)

0.0410 ft/ft
0.0025 ft/ft

These figures indicate that fairly steep flow gradients characterize
flow off the valley sidewall (MW-1S to MW-7S), and across the till ridge
(MW-2S to MW-3S), but the gradients flatten out considerably in the
aquifer (e.g., MW-7S to MW-6S and MW-10S to MW-4S). This is expected,
however, since the highly permeable aquifer needs only a low gradient to
flow, whereas much higher gradients are needed to allow flow in the finer-
grained tills. Additionally, note that gradients steepen closer to Town
Well No. 3 (as the cone of depression steepens), and that flow through the
aquifer seems to occur more readily parallel to the river than
perpendicular to it. This latter statement comes from the observation
that the gradient from MW-6S to MW-35 is much lower than the gradients

perpendicular to the river.
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Vertical flow gradients, which were calculated for most of the
nested wells at the site, are shown in Table 3-5. The gradients are all
very low and range from a maximum downward gradient of 0.08 ft/ft to a
maximum upward gradient of 0.02 ft/ft, both of which occur in MW-6S/61.
Note that gradients seem to oscillate back and forth between upwards and
downwards, apparently adjusting to changes in river stage. However, the
low vertical flow gradients in these wells at the site seem to indicate
that flow is predominantly horizontal in this aquifer. Also of note is
the pattern of vertical gradients in well nests MW-5 and MW-6, both of
which are triple well nests. The water level in the intermediate well is
typically lowest of the three nested wells, thus showing downward flow
from above and upward flow from below into the intermediate zone. This
helps to confirm that the Town pumping wells take most water from the

intermediate zones of the aquifer.
No well nests are installed on the side of the landfill away from
the river to monitor vertical gradients. It is expected, however, that.

the flow is downwards (a recharge area) on the valley sidewalls.

3.8.4 Hydraulic Conductivity

Hydraulic conductivity values for each of the monitoring wells
installed, plus wells 33 through 36, GS-15A, and GS-15B were obtained by
slug tests. These hydraulic conductivity values correspond to the
horizontal conductivity of the aquifer in the screened interval. Values
of hydraulic conductivity, K, obtained are présented in Table 3-6. 1In
general, the hydraulic conductivity of the aquifer materials tested was
high. The calculated values varied from a low of 4.6 x 107* to over 6 x
1072 cm/sec, with the majority of values falling within the 1072 cm/sec
range. Several monitoring wells had such a high hydraulic conductivity
that the rate of water level recovery was too fast for the datalogger to
record. A hydraulic conductivity value of greater than 6.0 x 1072 cm/sec

is assumed for these wells.
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TABLE 3-5

VERTICAL GRADIENTS IN GROUNDWATER

AT WELL CLUSTERS
Phase |
SCREEN
WELL #: MIDPOINT
ELEVATION
MW-4S 828.1
MW-41 810.1
MW-58 828.7
MW-5I 809.6
MW-5D 777.9
MW-6S 827.5
MW-61 814.1
GS-15A 823.5
GS-15B 791.0
BETWEEN WELLS #: 45-41 55-51 5I-5D 55-5D 6S-61 15A-15B
ELEVATION DIFFERENCE
BETWEEN SCREEN MIDPOINTS (FT) 18.0 19.1 31.7 50.8 134 32.5
DATE: sept. 25 0.0025
Sept. 28 0.0012
Oct. 1 0.0018
Oct. 3 0.0018
Oct. 4 0.0022
Oct. 8 0.0015
Oct. 9 -0.0037
Oct. 11 0.0012
Oct. 12 0.0799 0.0009
Oct. 15 0.0388 0.0003
Oct. 16 0.0142 0.0012
Oct. 17 0.0157 0.0009
Oct. 18 -0.0045 0.0015
Oct. 25 0.0003
Oct. 29 -0.0127 0.0065
Oct. 30 -0.0124 -0.0104 0.0040
Oct. 31 -0.0045 -0.0134 0.0034
Nov. 1 -0.0047 -0.0142 0.0028
Nov. 2 -0.0120 0.0035 -0.0024 -0.0216 -0.0006
Nov. 5 -0.0110 0.0035 -0.0020 -0.0172 0.0006
Nov. 7 -0.0006 -0.0035 -0.0022 -0.0104
Nov. 8 0.0089 -0.0079 0.0009 -0.0024 0.0030 -0.0003
Nov. 13 0.0050
Nov. 14 0.0128 -0.0021 -0.0091 -0.0065 0.0025
Nov. 16 0.0006 0.0006
Nov. 17 0.0006 -0.0016 -0.0013 -0.0014 -0.0030 0.0025
Dec. 3 -0.0006 -0.0016 0.0003 -0.0004 -0.0037 0.0031
Dec. 18 0.0006 0.0147 -0.0028 0.0037 0.0030 0.0022

glvgrads

NOTE: DOWNWARD GRADIENTS ARE CALCULATED AS POSITIVE




TABLE 3-5 (Continued)

VERTICAL GRADIENTS IN GROUNDWATER

AT WELL CLUSTERS
Phase Il
SCREEN
WELL #: MIDPOINT
ELEVATION
MW-48 828.1
MW-4] 810.1
MW-5S 828.7
MW-5I 809.6
MW-5D 777.9
MW-6S 827.5
MW-6I 814.1
MW-6D 784.7
GS-15A 823.5
GS-15B 791.0
BETWEEN WELLS #: 45-41 58-51 5I-5D 55-5D 6S-61 61-6D 65-6D 15A-15B
ELEVATION DIFFERENCE
BETWEEN SCREEN MIDPOINTS (FT) 18.0 19.1 317 50.8 13.4 29.4 42.8 32.5
DATE: Juncs 0.0013 -0.0009 -0.0041 -0.0028 0.0045 -0.0278 0.0037
June 7 0.0013 | -0.0009| -0.0041 -0.0028 0.0052 -0.0024 0.0000 0.0025
June 12 0.0014 | -0.0009| -0.0041 -0.0028 0.0045 -0.0020 0.0000 0.0025
June 13 0.0269 | -0.0105 0.0012
June 14 0.0201 -0.0020 0.0049
June 17 0.0142 |  -0.0065 0.0000
June 18 0.0164 |  -0.0061 0.0009
June 19 0.0009| -0.0009| -0.0035 -0.0025 0.0067 |  -0.0061 -0.0021 0.0015
June 20
June 21 0.0067 [ -0.0010 0.0014
June 24
June 25 0.0014 0.0157 [ -0.0017 0.0037 0.0025
June 26
June 27 0.0005 0.0004 | -0.0050 |  -0.0029 0.0005 0.0017 0.0013
June 28 0.0014 0.0089 | -0.0066 |  -0.0002 0.0000 0.0027 0.0017 0.0022
July 1
Tuly 2 -0.0042 0.0341 -0.0101 0.0088 0.0114 0.0048 0.0073
July 10 0.0009 0.0009 [ -0.0035| -0.0017 0.0049 | -0.0010 0.0013 0.0018

glvgrads

NOTE: DOWNWARD GRADIENTS ARE CALCULATED AS POSITIVE




TABLE 3-5 (Continued)

VERTICAL GRADIENTS IN GROUNDWATER

AT WELL CLUSTERS
Phase Il
SCREEN
WELL #: MIDPOINT
ELEVATION
MW-118 833.5
MW-111 815.7
MW-128 831.0
MW-12D 813.2
P-148 833.0
MW14-1 808.3
MW14-D TI4.1
BETWEEN WELLS # 118-111 128-12D P-14S - 141 141-14D P-148 - 14D
ELEVATION DIFFERENCE
BETWEEN SCREEN MIDPOINTS (FT) 17.8 17.8 24.7 34.2 58.9
DATE: June §
June 7
June 12 0.0041 0.0067 0.0056
June 13
June 14 0.0097 =0.0009 0.0036
June 17 0.0102 -0.0111 0.0085 0.0003
June 18 0.0062 -0.0045 0.0117 0.0049
June 19 0.0062 0.0020
June 20 0.0119 0.0070
June 21 0.0338 0.0041 0.0012 0.0024
June 24 -0.0093 0.0341 0.0050 0.0038 0.0043
June 25 0.0063 0.0050 0.0038 0.0043
June 26 0.0068
June 27 0.0035
Junc 28 -0.0021 0.0096 0.0020 0.0052
July 1
July 2 -0.0012 0.0506 0.0042 0.0056 0.0050
July 10 0.0018 -0.0011 0.0062 0.0032 0.0045

glvgrads

NOTE: DOWNWARD GRADIENTS ARE CALCULATED AS POSITIVE
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Specific properties of each unit are discussed below:

(a)

(b)

(e)

Fill: The hydrogeologic characteristics of this unit are not

known, since fill is typically very heterogeneous. Often,
fill is loosely compacted and thus very permeable as would be
expected for construction and demolition-type fill material.
Varying hydraulic conductivities in the fill is probable, but
based upon the type of fill materials present, a relatively

high K value could be expected.

Fine Sand and Silt: This floodplain deposit lies directly
over the sand and gravel unit in low-lying areas along the
Susquehanna River. The water table frequently lies within
this unit. Therefore, the water table wells, such as MW-5§
and MW-6S, are screened across the contact between the
fioodplain deposits and the underlying sand and gravel unit.
Slug tests done in these wells will largely reflect the
hydraulic conductivity of the coarser sand and gravel unit,
rather than in the finer-grained floodplain deposit.
Hydraulic conductivity in this unit is probably on the order
of 10™* cm/sec (Ref. 3).

Sand and Gravel: This unit represents the majority of water

bearing sediments (the valley-fill aquifer) present beneath
the Gorick Landfill site. The hydraulic conductivity of this
unit ranged from 4.6 x 107* cm/sec'to greater than 6 x 1072
cm/sec. The medium value was 1.4 x 102 cm/sec, and the

geometric mean is 1.2 x 1072 cm/sec.
The porosity of these materials may be estimated from the

porosity of similar well sorted sands and gravels, which has

been found to range from 20-35 percent (Ref. 25).
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(d) Kame Terrace Sand: Measurements of hydraulic conductivity of
this unit at MW-2S showed 1.2 x 10™%2 cm/sec. The porosity of
similar sands has been found to range from 25-50 percent (Ref.

3).

(e) Till: No wells were completed in this unit to allow hydraulic
-conductivity testing. However, the vertical hydraulic
conductivity was estimated to be on the order of 1077 cm/sec,
based on laboratory analysis of a sample obtained during the
second phase of the investigation. It is expected that this
unit will provide good protection from contamination to the
underlying shale bedrock. A further discussion of the-

hydraulic conductivity of the till unit is included below.

3.8.5 Glacial Till Hydraulic Conductivity

One of the objectives of the second phase of field activities was to
determine the hydraulic conductivity of the till unit underlying the sand
and gravel aquifer. This information was sought to determine the

suitability of the till unit as an aquitard.

Attempts to quantify the hydraulic conductivity of the till unit
included sampling of the unit during drilling (utilizing Shelby tubes, 3-
inch split-spoon samplers, and till core barrel samplers) and an in-situ

hydraulic conductivity test (packer test) within the till unit.

The till packer test was conducted at MW-6D. Due to a sand heave
problem at this location, spin casing was used in place of hollow-stem
augering. The spin casing was advanced to 61.6 feet, 5.2 feet into the
till unit. In an attempt to retrieve an undisturbed sample of the till
(after unsuccessful Shelby-tube attempts) a 3-inch core till barrel was
advanced to 63.5 feet. The packer test was conducted within the core hole

(62.5-63.5 feet). The results of the test indicated a material of

3-37



relatively high horizontal hydraulic conductivity (1073 cm/sec). However,
this value is probably not reasonable for the hydraulic conductivity of
the till. The washing action of the spin casing and core barrel may have
disrupted the in-place density of materials by dislodging the fines from
the till matrix, exposing a coarse gravel which was present in the till at
this location (as observed in the core sample). Another possible scenario
for this high a value could be a hydraulic connection between the drill
casing and the overlaying highly productive aquifer along the outside of

the casing.

An undisturbed sample of till was obtained from boring P-13 at the
23- to 25-foot interval by means of a 3-inch split-spoon sampler. This
material physically resembled the till that was observed beneath the sand
and gravel aquifer at MW-5D and MW-6D. Laboratory permeability testing on

this sample indicated a value of 1.26 x 1077 cm/sec [See Appendix I.]

Based on the laboratory permeability of the till sample, on the high
content of fine-grained material in the till samples analyzed (Table 3-3),
on its density, on the probable thickness of the unit (based on regional
information), and on the fact that it is everywhere present beneath the
site, the till unit should provide a good barrier to downward vertical
movement of contaminants beneath the landfill. The till unit is assisted
in this by the predominantly horizontal nature of flow in the sand and

gravel aquifer above this till unit.
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4, NATURE AND EXTENT OF CONTAMINATION

4.1 Soils

The evaluation of the soil matrix at the Gorick Landfill utilized
data gathered from the soil gas survey and from the analysis of surficial
and subsurface soil samples collected as part of the environmental

sampling program.

4.1.1 Soil Gas Survey

The results of the soil gas survey are shown in Figure 4-1; the
report of the specialty subcontractor, Target Environmental, of Columbia,
Maryland, is included as in Appendix A. The soil gas survey was largely
ineffective in identifying contamination beneath the site, however.
Although a few areas did show elevated VOC levels in the soil gas, many
areas of contaminated groundwater (identified by groundwater monitoring)
did not show elevated soil gas concentrations. This may be due to the
limited depth of sampling (2-5 feet) versus the depth to water (usually
over 15 feet).

One area of elevated soil gas concentrations was found between MW-7S
and MW-8S (Figure 2-2). TCE was detected here at concentrations of up to
1.7 ppb at 4 grid locations. TCE was also found at 1.3 ppb at two other
locations along the southern and southeastern borders of the fill (Figure

4-1).

Toluene was the only other contaminant detected during the soil gas
survey, being detected at concentrations of up to 2.1 ppb in four samples

collected at widely spaced locations across the property.

Several vent holes were noted on the surface of the landfill at the

onset of winter (i.e., at the end of the first phase of the field
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investigation), when the warm, humid vapors emitting from them condensed
and became visible. High, erratic PID readings were noted, but were
largely discounted because of the high humidity of the vapors and their
lack of correlation with the soil gas survey, which had detected no
organics in these areas. When monitored again during the second phase,
there was some slow HNu response, but this was discounted as moisture
interference due to the high humidity. The vent holes did not register on
the explosimeter, which can be used to detect methane. However, the
sensitivity of this instrument is much less than for the PID (i.e., 50 ppm
of methane would register as only one percent of the lower explosive

limit).

The results of the soil gas survey were used as the basis for
choosing the locations for several environmental samples and monitoring
wells. Surface soil samples SPS-3, SPS-4, and SPS-5 were taken at soil
gas grid locations No. 92, 11, and 86, respectively. Surface water/stream
sediment sample pair SW/SS-5 was collected near grid location No. 18.
Monitoring wells MW-5, MW-7S, and MW-8S were installed near locations No.
79, 86, and 92, respectively (Figure 2-2 and 4-1).

4.1.2 Subsurface Soil Sampling

Subsurface soil samples were taken from the borings made at MW-1S,
- MW-2S, MW-3S, MW-4S, MW-5D, and MW-6S (Figure 2-2). All six samples were
collected from borings placed outside the fill. MW-1S and MW-2S are
upgradient of the landfill, based on the groundwater flow, while the
remainder are downgradient. Analytical results are shown in Table 4-1.
[Note that all tables in this chapter are presented at the end of the

chapter for the convenience of the reader. ]

Volatile organics were detected at trace levels in three samples,
MW-2S, MW-4S, and MW-5D. The compounds detected and their maximum

concentrations were chloroform (1 ppb), 2-butanone (2 ppb), 1,1,1-
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trichloroethane (7 ppb), TCE (3 ppb), toluene (0.6 ppb), styrene (1 ppb),
and total xylenes (5 ppb). All compounds but total xylenes were found at
only a single location. The borings for downgradient well MW-4S and
upgradient well MW-2S had the greatest number of verified detections

(three VOCs detected in each soil sample).

No semivolatile compounds were found in any of the samples, except
at MW-6S where three semivolatile compounds were detected at low levels:
pyrene (47 ppb), di-n-octylphthalate (48 ppb), and di-n-butylphthalate (54
ppb). Pesticides and PCBs were also not detected in any of the samples,

except at MW-5D where one pesticide, delta-BHC (5.5 ppb), was found.

Subsurface soil samples were analyzed for twenty-three (23) metals.
Twenty (20) of these were detected at various levels in the soil samples,
while three (3) metals were not detected in any of the samples. Those not
detected were antimony, mercury, and thallium. Concentrations of the other
metals fall within the ranges considered normal in eastern U.S. soils
(Ref. 5). No soil sample appeared to be significantly higher in metals

concentrations than any other.

Cyanide was not detected in any of the soil boring samples. Phenols
were detected in four of the six samples, the highest concentration (total

phenols) being 1.53 ppb at MW-6S.

From these results, it appears that there has been no significant
contamination of the subsoil downgradient of the fill. Low levels of
semivolatiles are, however, present near MW-6. These compounds are
assumed to be derived from the fill and to have migrated to this vicinity
over time, probably via groundwater. This sample also showed higher than
normal levels of phenols, ammonia, Total Kjeldahl Nitrogen (TKN) and Total
Organic Carbon (TOC). At least part of these higher than average

concentrations, especially the ammonia, TKN, and TOC, may be due to the

4-3



floodplain origin of this sample, with its high content of silt and

organic matter, rather than to any landfill contamination.

4.,1.3 Surface Soil Sampling

Five (5) surface soil samples were collected during the first phase.
Material was collected from a depth of 2 to 10 inches using a stainless-
steel bucket auger. Sample SPS-1 was collected off site, uphill of the
landfill across Route 11, to serve as a background sample. The other four
samples were collected on site (Figure 2-2). Samples SPS-3, SPS-4, and
SPS-5 were collected at locations where VOC soil gas detections for
toluene or TCE had occurred. SPS-2 was collected near the entrance to the
landfill for health risk assessment purposes. Three additional surface
soil samples were collected during the second phase using a stainless-
steel trowel. SPS-6, SPS-7, and SPS-8 were collected in the area near
SPS-5 (which had the highest concentration of semivolatiles of the five
first-phase SPS samples). The locations of SPS-6, SPS-7, and SPS-8 were
selected during the second-phase fieldwork, with the concurrence of the
NYSDEC onsite representative, to change the locations proposed in the work
plan. The parameters for which the second-phase surface soil samples were
analyzed were reduced to the TCL volatiles and TCL semivolatiles (from the
full TCL) at the instruction of NYSDEC. Analytical results for all

surface soil samples are shown in Table 4-2.

No significant VOC contamination was detected in any of the first-
phase surface soil samples, although trace concentrations of one or two
compounds were detected in two of the five samples (TCE at SPS-3 [5 ppb],
and total xylenes at SPS-2 [2 ppb] and SPS-3 [4 ppb]). Up to four
volatiles were detected in the second-phase surface soil samples. Toluene
was detected in all 3 of the samples: 3 ppb in SPS-6; 8 ppb in SPS-7; and
97 ppb in SPS-8. Chlorobenzene was detected in SPS-6 at 0.7 ppb and SPS-8
at 9 ppb. Methylene chloride and carbon tetrachloride were detected in

SPS-8 only, at concentrations of 11 ppb and 43 ppb, respectively. The
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concentrations of VOCs at SP-8 are higher than would be expected, given
the shallow depth at which the sample was taken, and the volatile nature

of the contaminants.

Semivolatile organic compounds were detected in all first and
second-phase samples at widely varying concentrations. 0f the 21
semivolatiles detected, most were polycyclic aromatic hydrocarbons (PAHs),
with phthalates being the remainder of the detected semivolatiles.
Concentrations of semivolatiles were highest at SPS-7, in the northern
part of the landfill, adjacent to the location of MW-7S, where the highest
concentrations of semivolatiles in the subsurface waste samples were also
found. SPS-5, 6, and 8, which also had high concentrations of PAHs, were
located in the northern part of the landfill near SPS-7. These PAHs are
likely derived from foundry wastes (combustion by-products) characteristic
of the northern portion of the site (the usual matrix material for wastes

in this portion).

Twenty (20) semivolatiles were detected at SPS-7, with a total
concentration of 288,000 ppb. However, due to the high concentrations
found, several compounds showed concentrations which exceeded the linear
range of calibration (for analysis). The sample was, therefore, diluted
and reanalyzed. Upon reanalysis, the same 20 compounds were detected
(one was rejected by URS, however) with a total concentration of 384,000
ppb. Twenty-one (21) semivolatiles were also detected in SPS-5, with an
aggregate concentration of approximately 24,000 ppb. SPS-6 was found to
contain 19 semivolatiles, totaling 22,000 ppb. SPS-8 had 15 semivolatile
compounds detected, with a total concentration of 56,000 ppb. The
background sample, SPS-1, had 7 detections of semivolatiles with a total
concentration of 256 ppb. The cleanest sample for semivolatiles was SPS-
2, taken by the entrance gate. This sample contained only two
semivolatiles totaling only 13 ppb. The remaining two samples (SPS-3 and
SPS-4), taken from soil gas "hot spots", showed up to 16 different

compounds, but the total concentration in each was less than 2,000 ppb.
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Pesticides were detected in three of the five (5) first-phase
surface soil samples, with the highest pesticide levels found in the
background sample, SPS-1. This is probably due to spraying on the
Kirkwood Manor Apartments property over the years. The sample taken at
the entrance to the landfill also showed the presence of pesticides, as
did SPS-5. 4,4'-DDE was found at SPS-1 (380 ppb), SPS-2 (33 ppb), and
SPS-5 (15 ppb). &,4’'-DDT was found at SPS-1 (150 ppb). At SPS-5, &4,4'-
DDD, 4,4'-DDT, and alpha-chlordane were also detected at low concen-
trations. No PCBs were detected in any of the first-phase samples.

Pesticides and PCBs were not analyzed for in the second-phase samples.

Metals detected at onsite locations in the first-phase shallow soil
samples were at levels essentially equal to levels detected off site, with
the exception of zinc and lead at SPS-5. Zinc was detected at 177,000
ppb, and lead was detected at 136,000 ppb. These levels are roughly two
and four times higher, respectively, than the background sample for the
same elements. Note, however, that of the four remaining samples, the
background sample, SPS-1, had the highest zinc and lead concentrations.

Second-phase samples were not analyzed for metals.

These results show that the surface soil sample collected near the
entrance gate (SPS-2), in relatively undisturbed material, was less
contaminated than the sample collected as background from across Route 11
(SPS-1). The remaining seven samples all reveal some contamination of the
onsite surface soils, with the greatest amount of contamination found at
SPS-7, in the northern part of the landfill. This contamination on the
surface of the landfill is likely due to inadequate and/or poorly placed

intermediate cover, allowing fill to appear at the surface.

4,2 Waste Sampling

A map delineating the approximate fill area of the site is presented
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