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HYDROGEOLOGIC INVESTIGATION REPORT
Mill Seat Landfill — Potential Soil Borrow Area
Town of Riga, New York

1.0 INTRODUCTION

Monroe County (“the County”) is the owner and permittee of the Mill Seat Landfill. The
currently permitted landfill and associated operations will be referred to hereafter as the “Mill
Seat Facility” or the “facility” and the land on which the currently permitted Mill Seat Landfill is
located will be referred to as the “landfill site” or the “site”. The Mill Seat Landfill is operated by
Waste Management of New York, LLC (WMNY) under a lease agreement with Monroe
County.

AMEC Geomatrix (AMEC) was retained by WMNY to conduct a hydrogeologic investigation of
undeveloped property contiguous to the Mill Seat Landfill southern landfill footprint and WMNY
acquired land contiguous to the County owned property located in the Town of Riga, New
York. Investigation of the property was conducted in separate phases between 2006 and
2008. The NYSDEC reviewed the investigation data and requested the investigation to
include property east of Brew Road (correspondence dated March 30, 2010). In August 2010,
AMEC Geomatrix conducted the additional investigation activities and those data are compiled
into this hydrogeologic report.

The landfill location is presented on Figure 1 and the investigation area is shown on Figure 2.
The goal of the investigation was to assess hydrogeologic conditions of the property and
suitability of the investigation area for potential soil borrow material for landfill operations. The
proposed extent of the soil borrow area is shown on Figure 3. Primary objectives of the site
investigation of the property included the assessment of the following:

Overburden thickness

Soil type

Soil permeability

Bedrock topography

Depth to groundwater

Shallow groundwater flow direction
Groundwater/surface water interaction

This report presents property-specific geologic and hydrogeologic conditions encountered in
the investigation area of the County and WMNY-owned property. For the purpose of this
report, the two undeveloped properties are collectively referred to as the “Bovee Road
Property” or “investigation area”.
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The presentation of investigation findings have been organized into four sections in this report.
The remainder of Section 1.0 describes the property south of the operating landfill, identifies
previous hydrogeologic investigations at the Mill Seat Landfill completed in support of the
original BNYCRR Part 360 permit application, and summarizes regional geology and
hydrogeology. The hydrogeologic investigation scope of work completed at the Bovee Road
Property is described in Section 2.0. Section 3.0 summarizes the geology and hydrogeology
of the investigation area. Section 4.0 provides a summary of findings. Section 5.0 presents
conclusions.

1.1 SITE DESCRIPTION

The area of investigation is focused on approximately 300 acres of contiguous land, south of
the existing landfill footprint (investigation area). The investigation area consists primarily of a
stockpile area, low relief cultivated farm lands, heavily treed wetland areas, low lying brush,
and treed fence-rows.

The majority of the ground surface of the investigation area slopes gently in a southward
direction toward Hotel Creek. An abrupt slope change occurs in the eastern central portion of
the investigation area as the ground surface drops rapidly toward Hotel Creek. Excluding the
soil stockpile, the highest ground surface elevations in the investigation area occur near the
landfill and at the intersection of Bovee and Brew Roads on the western flank of the Science
Hill drumlin. Elevations are approximately 680 feet above mean sea level (msl) and 700 feet
above msl, respectively. The lowest ground surface elevations occur in thé area of Hotel
Creek as the creek flows east past Brew Road. Elevations near the creek at Brew Road are
approximately 650 feet above msl.

A New York State Department of Environmental Conservation (NYSDEC) regulated wetland
(RG-6) is situated in the north-central portion of the investigation area. The RG-6 wetland is
currently drained by a south-flowing shallow swale. Surface water in the swale flows south
approximately 500 feet beyond the landfill property perimeter fence to its confluence with
eastward flowing Hotel Creek. Wetland areas bordering Hotel Creek are currently unmapped.
Other wetlands on the landfill property include regulated wetland areas RG-5 and RG-7
located respectively west and east of the investigation area. Figure 2 identifies significant
property features within the investigation area.

1.2 PREVIOUS HYDROGEOLOGIC INVESTIGATIONS
Seven subsurface exploration programs were conducted at the Mill Seat Facility in support of
landfill siting and permitting during the time-period from 1980 to 1989. The investigations are

documented in the following reports:
AMEC Geomatrix, Inc.
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Todd Giddings Associates, Inc. (TGA) - June 1980

TGA — September through October 1982

TGA and Erdman, Anthony Associates (EAA) — April through November 1984
Dunn Geoscience Corporation (Dunn)— October through December 1986
H&A of New York — September 1988

H&A of New York — February through March 1989

H&A of New York — May 1989 through July 1989

NoosMwN-=

Geomatrix incorporated investigation findings from reports 1 through 7 above into a single
comprehensive hydrogeologic investigation summary report (Geomatrix 2006). The report
was submitted to NYSDEC Region 8 on September 29, 2006.

1.3 REGIONAL GEOLOGY AND HYDROGEOLOGY

. A synopsis of the regional geologic and hydrogeologic conditions is presented below. More
detailed information can be found in the previously submitted hydrogeologic investigation
reports. _

1.3.1 Regional Geologic Setting

Monroe County is located within the Erie-Ontario Lowlands physiographic province. The
region is typified by broad plains of relatively low relief, underlain by gently south-
southwestward dipping (50 to 80 ft/mile) sedimentary bedrock of the early Paleozoic age.
Land surface elevations in the lowlands province vary between 245 feet above sea level (fasl)
at the Lake Ontario Shore, to nearly 1600 fasl in the Southern Tier of New York State, at the
boundary of the Allegheny Plateau (Appalachian Uplands province). The regional bedrock is
covered by a veneer of glacially derived sediments that exhibit four distinct glacial
successions.

Bedrock Geology

The surficial bedrock strata in the western New York region range in age from the uppermost
Ordovician age Queenston Formation (Richmond Group) along the southern shore of Lake
Ontario to the Upper Devonian age shales of the Allegheny Plateau in the Southern Tier.
These bedrock strata consist dominantly of interbedded shales, sandstones, siltstones and
limestones, with more resistant dolostone units forming east-west trending escarpments to the
north (Niagara Escarpment) and south (Onondaga Escarpment). The Paleozoic bedrock
section thickness varies between 2,000 feet along the southern shore of Lake Ontario to over
9,000 feet in the southern tier unconformably overlying the crystalline Precambrian basement
complex.

AMEC Geomatrix, Inc.
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The primary structural feature associated with the regional bedrock is the Clarendon-Linden
fault complex. The fault complex is located approximately 5 miles west of the landfill property
and trends approximately northeast-southwest. Several uniquely oriented fracture sets are
superimposed upon the bedrock surface, reflecting several distinct stress conditions. The
most dominant northwest-trending fracture set is attributed to stresses arising from
deformation associated with the late Paleozoic Appalachian Orogeny. A more detailed
description of these structural bedrock features can be found in the Mill Seat Landfill
Hydrogeologic Report Permit Application (H&A, 1989).

Overburden Geology

The glacial sediments in the Erie-Ontario Lowlands were deposited between 25,000 and
10,000 years ago during the Wisconsinan Stage of the Pleistocene Era. These deposits
generally include a mantle of glacial lodgement till which locally was transformed into
elongated ridges (drumlins) indicating the general direction of ice-sheet advancement. A
variety of sand, gravel, silt and clay deposits reflect variable depositional environments
associated with the glaciation, including glacial melt water, ice marginal or glacial lacustrine
(lake) regimes. Topographic highs in the region are generally composed of till deposited
under the basal ice flow near the margins of the continental ice sheet, with lower areas
generally exhibiting sequences of silt and clay deposited in pro-glacial lakes. Glacial outwash
deposits throughout the area consist of poorly sorted sand and gravel, often reflecting the
trend of melt water streams flowing southward from the ice margin. Well defined beach ridges
reflect several lake elevation stages across the region, the most prominent being the ridge
along Route 104 in the northern portion of Monroe County.

1.3.2 Regional Hydrogeologic Setting

The Town of Riga is situated within the Genesee River Basin. The Genesee River watershed
encompasses approximately 2,500 square miles composed predominantly of agricultural
areas. The Genesee River originates in the uplands of Pennsylvania and flows northward to
Lake Ontario. The 125 square mile Black Creek watershed is a sub-watershed of the
Genesee River and its drainage area includes the Mill Seat site and nearby towns of Riga,
Chili, Wheatland, Sweden, and Ogden in Monroe County, as well as a large portion of eastern
Genesee County. The Bergen Swamp in Genesee County is located in the extreme upper
reach of the watershed, and acts as one of the major sources of Black Creek. Hotel Creek is a
sub-watershed of Black Creek, and is the watershed that includes the investigation area. The
Hotel Creek watershed encompasses approximately 7.5 square miles from its origin in the
village of Bergen to the confluence with Black Creek northeast of the site.

AMEC Geomatrix, Inc.
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Groundwater flow across the region occurs both within the fractured bedrock units and, to a
lesser extent, the overlying unconsolidated glacial deposits. The fine grained nature of the
overburden sediments generally confines groundwater within the lower overburden units, and
groundwater occurrence within a few feet of the ground surface may often exist as water table
or perched conditions. Discharge points for overburden groundwater include streams and
seeps, springs, or wetlands where the overburden-bedrock interface intersects the land
surface. Precipitation which infiltrates through the glacial overburden, combined with
numerous streams and wetlands, act to recharge bedrock groundwater throughout the region.
Groundwater flow within the bedrock units occurs principally within the interconnected network
of horizontal and vertical fractures. Typically, this fracture frequency increases toward the
bedrock surface, resulting from both weathering and erosional stress relief. As fracture
frequency and interconnections decrease with depth, the rate of groundwater flow
correspondingly decreases. Although several small-scale bedrock groundwater divides occur
throughout the region, the dominant bedrock groundwater flow direction is northward to Lake
Ontario.

AMEC Geomatrix, Inc.
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The geologic and hydrogeologic investigations conducted on property south of the landfill were
completed during three separate investigation phases: Phase | was conducted between
December 5, 2006 and March 29, 2007; Phase |l was conducted between March 17, 2008 and
April 10, 2008; and Phase Il was conducted between August 5 and August 19, 2010. The
investigations included the following:

2.0 INVESTIGATION METHODS

e electromagnetic geophysical survey
e test pit excavations
e completion of soil borings to the top of bedrock

¢ installation of temporary piezometers to monitor groundwater elevations
in the glacial overburden

¢ installation of monitoring wells screened in the till and weathered
bedrock

¢ hydraulic conductivity testing

¢ physical testing of site soil

e groundwater and surface water elevation monitoring
Investigation methods are described below.

21 ELECTROMAGNETIC GEOPHYSICAL SURVEY

Soil borings and test pit excavations completed during the 2006 Phase | investigation identified
surficial, loose sand and gravel deposits having a thickness of more than 10 feet in the
southeastern portion of the property. The deposits bordered the WMNY-acquired property
and, based on site topography, were suspected to extend in a southward direction. An
electromaghetic (EM) geophysical survey using an EM-31 terrain conductivity meter was
conducted on open areas of the County and WMNY-owned property during the Phase Il and
Phase il investigation to map the extent of the sand and gravel deposits identified in the area
of Brew Road , south of O’Brien Road and north of Hotel Creek. The EM geophysical survey
mapped electrical conductivity contrasts between soil types such as conductive silt and clays
and resistive sands and gravels to assess the extent of sand and gravel deposits. The EM
surveys were conducted in March 2008 (Phase Il investigation) and in August 2010 (Phase Ili
investigation).

AMEC Geomatrix, Inc.
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Conductivity readings were recorded at 3 to 4 foot intervals along parallel transects nominally
spaced 50-feet apart using a data logger. A Trimble Global Positioning System (GPS) field
located data acquisition stations during the survey. The mapped area and color contoured
conductivity readings are included in Appendix A. Shades of purple and blue in Appendix A
identify resistive soil types representing sand and gravel. Test pit excavations and soil borings
were used to confirm the extent of the deposits during the Phase Il investigation on the WMNY
property. Findings are discussed in Section 3.0.

2.2 TEST PIT EXCAVATIONS

Fourteen deep exploratory test pits were excavated within the investigation area. Four test
pits were excavated in 2006 (Phase 1) and 10 test pits were excavated in 2008 (Phase ).

Test pit locations are shown on Figure 3. The goal of the test pit excavations was to obtain a
comprehensive view of the bulk soil profile, which may not be achievable in discrete soil
samples collected from split-spoon sampling during soil boring advancement. The test pits
were excavated using a track-mounted excavator operated by WMNY personnel. Each test pit
was excavated to the maximum depth-reach of the excavator (approximately 20 feet) or
competent bedrock surface, whichever was encountered first. Exceptions included test pits
where loose sand and gravel was present and did not allow the test pit to remain open for
observation. The soil profile was examined in two foot lifts directly from the excavator bucket,
and was logged by a Geomatrix hydrogeologist. The presence of a weathered bedrock zone
and saturated conditions were carefully noted when encountered. Test pits were backfilled
and compacted in two foot lifts to ground surface at the completion of each excavation. Test pit
excavation logs are provided in Appendix B.

2.3 SOIL BORINGS

A total of 31 soils boring were completed during the investigations. During Phase I, 10 borings
(SB-1 through SB-10 {2006}) were advanced. Seventeen soil borings (SBO1 through SB17
{2008}) were advanced on WMNY property north of Bovee Road during Phase Il. Four soil
borings (SB-01-2010 through SB-03-2010 and PZ-01 {2010}) were completed on August 10
and 11, 2010 on County-owned property east of Brew Road during Phase Ill. Boring locations
shown on Figure 3. Soil borings were advanced using 2 1/4 inch or 4 1/4 inside diameter
hollow stem augers driven by a CME 850 all terrain track mounted drill rig. The overburden
soils were continuously sampled in two foot increments using a split spoon sampler, and
logged according to the Unified Soil Classification System (USCS) by a Geomatrix
hydrogeologist. Soil boring logs are included in Appendix B. Where sufficient recovery was
present, a representative sample of each split spoon sample was placed in an 8 oz. glass jar
and labeled with the boring location, sample depth and date for archive at the landfill facility.

AMEC Geomatrix, Inc.
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Soil borings were advanced to the competent bedrock surface or auger refusal, whichever was
encountered first. The weathered bedrock zone, where present, was closely examined for
degree of weathering and was noted on the drilling logs. At the completion of each soil
boring, the borehole was grouted to within one foot of ground surface by tremie method with a
grout composed of Portland-type cement and bentonite powder. The remaining one foot was
backfilled with native soil cuttings to ground surface. Soil boring logs are provided in Appendix
B.

24 TEMPORARY PIEZOMETER INSTALLATION

Piezometers were installed in the investigation area. Four borings were completed and
converted into temporary piezometers (PZ-1 through PZ-4) and six piezometers (PZ-01
through PZ-06(2008)) were completed on the County-owned property. Additionally, a
temporary piezometer PZ-01-2010 was installed on County-owned property East of Brew
Road during the Phase lll investigation on August 11, 2010. Piezometer locations are shown
on Figure 3. Piezometer construction consisted of a 1 or 2-inch diameter, 10-foot length PVC
well screen (0.010” slot) and associated PVC riser. Each temporary piezometer was installed
to screen the bottom 10 feet of overburden. Filter sand (#00N) was placed in the borehole to a
depth of approximately 2 feet above the top of the well screen. Each borehole was backfilled
to within one foot of ground surface with soil cuttings. Bentonite pellets were placed in the
remaining annulus to preclude surface-water from entering the borehole. Passero Associates
provided survey location coordinates and elevations for borings and piezometers. Soil boring
logs and piezometer completion details are provided in Appendix B.

25 MONITORING WELL INSTALLATION

Three permanent monitoring wells, MW-1S (2006), MW-1D (2006) and MW-2 (2006) were
installed along the southern edge of the investigation area to monitor groundwater elevations
near the property boundary, and to obtain estimates of hydraulic conductivity for the glacial
overburden and the overburden/bedrock interface which included the weathered portion of the
bedrock. Monitoring well construction was consistent with the requirements outlined in
6NYCRR Part 360 2.11(a)(8)ii) “Construction of Monitoring Wells and Piezometers”. An
overburden monitoring well was not installed at the MW-2 (2006) location due to comparatively
shallow bedrock (depth to bedrock was six feet) and unsaturated overburden. Each boring
was advanced using 4 Y-inch inside diameter hollow stem augers. The soil profile was
continuously sampled using 2-inch diameter split spoon sampler, and logged according to the
USCS classification system by a qualified Geomatrix hydrogeologist. A ten-foot length of
continuous wire-wrap PVC well screen was installed in each borehole, and #00N sand was
added as a filter pack to a depth of approximately 2-feet above the top of the well screen. A

AMEC Geomatrix, Inc.
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six-inch layer of fine silica choke sand was placed above the filter pack to eliminate bentonite
and/or grout intrusion into the screened interval. A minimum of three feet of %/s-inch diameter
bentonite pellets was placed in the borehole annulus to form the monitoring well seal. Potable
water was introduced to hydrate the bentonite pellets prior to grout addition. An additional six
inch layer of fine choke sand was added to the top of the hydrated pellet seal. A slurry of
portland cement and bentonite powder was added to each borehole via tremie method to
within two feet of ground surface. Surface completions consisted of 36-inch diameter
concrete pads with lockable protective surface casings. Each monitoring well was
appropriately labeled for survey by Passero Associates, which was completed in January
2007. Soil boring logs and well completion details are provided in Appendix B.

2.6 HYDRAULIC TESTING

Estimates of horizontal hydraulic conductivity were provided through slug tests conducted in
the 2006 monitoring wells. Slug test analyses are provided in Appendix C.

2.7 STAFF GAUGE INSTALLATION

Four staff gauges were installed during the investigations. Staff gauges SG-2 and SG-3 were
installed to monitor elevations in wetland areas RG-6 and RG-5, respectively. Staff gauges
SG-1 and SG-4 were installed to monitor surface water elevations in Hotel Creek. The ground
surface elevation was surveyed at each staff gauge by Passero Associates.

2.8 PHYSICAL TESTING OF SOIL

Representative soil samples were collected during the Phase | and Phase Il investigations for
geotechnical analysis. Geotechnical analysis was performed by Third Rock LLC in East
Aurora, New York. Soil samples were collected from 12 soil boring locations, 3 piezometer
locations, and 8 test pit locations. Samples considered representative of laterally extensive
soil types were collected and analyzed for the following parameters:

e Atterberg limits — ASTM D4767
e Grain Size Gradation (grain size distribution sieve and hydrometer analysis — ASTM
D422)

During the Phase | investigation, a Shelby tube sample was collected from the 4 to 6 foot
interval below ground surface interval at location SB-7 for in-situ permeability testing by
method ASTM D1587. Collection of Shelby tube samples was attempted at other boring
locations during the Phase | and Phase Il investigations but soil densities caused the Shelby

AMEC Geomatrix, Inc.
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tube to bend, precluding sample collection and analysis. The soils laboratory analytical data
are provided in Appendix D and summarized in Table 1.

2.9 GROUNDWATER AND SURFACE WATER ELEVATION MONITORING

Groundwater and surface water elevations were measured on January 4, 2007 and March 29,
2007 in monitoring wells and temporary piezometers installed during the Phase | investigation.
Elevations were measured at the same locations and newly installed piezometers during
Phase Il investigation on April 10, 2008. Detection monitoring well groundwater elevations
were provided by TestAmerica for the first quarter 2008 sampling event (April 3, 2008) at well
locations: M1A, M1B, M1Z, M2A, M2B, M2Z, M7A, M7B, MW14A and MW14B. Groundwater
elevations obtained from accessible monitoring wells and piezometers were also measured on
August 19, 2010 following the completion of the Phase lil investigation. Water level data are
summarized in Table 2.

AMEC Geomatrix, Inc.
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The geology and hydrogeology of the investigation area were characterized through the
implementation of investigation methods described in Section 2.0. The investigation
characterized site stratigraphy, overburden thickness, physical properties of overburden
material, degree of weathering of the shallow bedrock, depth to groundwater and hydraulic
properties, groundwater flow direction, and established the relationship between groundwater
and surface water in and near the investigation area. Geologic and hydrogeologic data
provided by detection monitoring wells installed on the south side of the active landfill during
previous investigations support the interpretation of geologic and hydrogeologic conditions in.
the investigation area. The following subsections describe the geologic and hydrogeologic
conditions in the investigation area.

3.0 GEOLOGY AND HYDROGEOLOGY

3.1 GEOLOGY

Glacially-derived materials cover sedimentary bedrock in the investigation area. Remnants of
a drumlin are located in the northwestern portion of the investigation area. The drumlin has
been partially excavated and used as a source of borrow material for the active landfill. On the
southern and eastern drumlin slope, soil consisting of re-worked till has been stockpiled to a
height of approximately 40 feet in the western portion of the investigation area. East of the
stockpile, glacial till is present at the ground surface and covers sedimentary bedrock. The
western flank of a drumlin known as Science Hill occurs on the extreme southeastern portion
of the investigation area at the corner of Brew and Bovee Roads. Isolated areas of sand and
gravel deposits were also encountered in the eastern portion of the investigation area.
Principal geologic units encountered in the investigation area include:

¢ Sand and gravel deposits

e Coarse Grained Till

e Dense Lodgement Till

e Shale bedrock
Geologic units identified along the cross-section lines shown on Figure 4 are depicted on the
geologic cross-sections presented on Figures 5 through 8. Lacustrine deposits identified in

previous investigations conducted by others prior to landfill construction were not present in
borings or test pits completed in the investigation area. ‘

AMEC Geomatrix, Inc.
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3.1.1 Overburden

The thickness of the overburden materials encountered in borings completed across the
investigation area ranges from being absent (TP-9 2008) to 37 feet (SB02 2008). Excluding
Science Hill, the greatest natural thickness of unconsolidated materials occurs in the central
eastern portion of the investigation area near Brew Road. Areas having no or a thin cover of
unconsolidated material occur in the southwestern portion of the investigation area in the
wetland area of Hotel Creek and along Bovee Road west of the Science Hill drumlin. An
isopach map displaying the total thickness of unconsolidated deposits across the investigation
area is presented in Figure 9.

The overburden materials identified in the investigation area include: 1. two glacial till units: - a
coarse-grained till and a dense lodgement till; and 2. a surficial deposit of sand and gravel.
Table 3 presents a stratigraphic thickness summary of the geologic units encountered in
borings and test pits completed during Phase | and Phase Il in the investigation area.
Overburden materials are described below:

Dense Lodgement Till: The dense lodgment till is laterally extensive in the northern portion
of the investigation area. The till was found to directly T Wy
overly bedrock in each boring on the property (with the ¥ OF
exception of monitoring well MW-2 (2006)) and was
encountered beneath the sand and gravel unit (discusséd
below) in the eastern portion of the WMNY-owned
property. Where encountered, the dense lodgment till
ranged in thickness between 3.6 feet (SB-2) and 28.8feet
(SB-02-2010 ) and was characterized as a dense to very
dense red-brown to purple-red till composed of generally
more than 50% fines (silt and clay fraction), with fine sand
and trace to little gravel. The till exposed in test pits had a
massive, blocky form, low moisture content, and was very
hard. The till in several test pit exposures exhibited
moderate plasticity. It was often difficult to excavate with
the large track-mounted excavator. Typical N-values
obtained from Standard Penetration Testing (SPT) were in e
a range of 20 to 30 blows per foot. The high density of the till precluded Shelby tube sample
collection for permeability measurement. However, based on the fine-grained nature of the till
(15 to 20% clay), the permeability is expected to be very low.
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Coarse-Grained Till: The coarse-grained till is also laterally extensive and was found to cover
the dense lodgement till across most of the property except in the south-central portion of the
investigation area at soil borings SB-4 (2006) and SB-5 (2006) and in the eastern portion of
the investigation area at TP-2 (2006), SB-02-2010, SB-03- 2010and MW-1D (2008). In the
southern portion of the investigation area (WMNY-owned property), the coarse-grained till unit
was present at each boring location where overburden was present except boring location SB-
09(2008) and test pit TP-01(2008). The coarse-grained till unit was present at its greatest
thickness at boring SB-11(2008) located on the northwestern flank of the Science Hill Drumlin.
Where present and excluding boring SB-11(2008), the coarse-grained till varied in thickness
between one foot at SB13 (2008), SB15 (2008), and TP-04(2008)) and 21.7 feet at SBO8
(2008); The till is a dark brown to reddish brown sandy, clayey silt with little fine sand.
Frequent large cobbles and small boulders were encountered within the coarse-grained till
during the test pit investigation
program and grain size analysis
indicate the coarse-grained till
frequently has higher percentages
of gravel than the lodgement till.
The coarse-grained till is less
dense than the lodgement till as
indicated by Standard Penetration
Testing (SPT) N-values which are
typically less than 20 blows per
foot. The density and composition
difference between the two tills
was readily apparent during the
test pit program and most split
spoon samples. The coarse-
grained till was generally easier to
excavate than the lodgement till and included cobble and boulder size material. The photo
above shows the approximate contact (yellow line) between the coarse-grained till unit and the
dense lodgement till unit. The permeability of the unit is expected to be low based on the high
percentage of fines. Where the till density was sufficient to obtain a Shelby tube (SB-7 — 2006
investigation), the permeability of the unsaturated till was 1.6x107 cm/s (see Table 1).
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Sand and Gravel Deposits: Sand and gravel deposits were encountered beneath the ground
surface in the central-eastern portion of the investigation area near Brew Road and a few
isolated areas in the western and
southern portion of the
investigation area. The sand and
gravel unit is described as loose
to firm, well graded sand with
medium to coarse subangular
gravel. Substantial quantities of
cobble size materials were
observed in each of the test pit
excavations. The lithology of the
gravel and cobbles is generally
shale and limestone. The
subangular shape of the gravel
and cobbles and compact nature
of the sand and silt matrix suggests glacial deposition (non-fluvial or non-lacustrine).

The geophysical survey proved successful in mapping the extent of sand and gravel of
surveyed areas during the Phase Il and Phase Il investigations. The geophysical survey
results were field verified through test pit excavation and/or soil boring completions in areas
where sand and gravel presence/absence was inferred from the survey. The sand and gravel
deposits encountered at the investigation area are isolated and discontinuous. Figure 10
depicts the extent and thickness of sand and gravel deposits identified on the investigation
area. The most expansive area of surficial sand and gravel deposits occurs in the central-
eastern portion of the investigation area. The sand and gravel deposits in that portion of the
investigation area cover approximately 18 acres of the property. Smaller areas covered by
sand and gravel deposits (less than 3 acres) were encountered at test pit TP-03 (2008) and
soil borings SB-06 (2008),SB8 (2006) and SB-01-2010. The maximum thickness of sand and
gravel encountered was 17 feet at soil boring SB-01-2010 (Figure 10) in the southeastern
portion of the proposed Eastern Soil Borrow area. Saturated conditions were noted in the
bottom 1 to 2 feet of the sand and gravel deposits during the Phase Il investigation.

3.1.2 Bedrock

The bedrock in the area of the Mill Seat Facility is the Vernon Formation which has been
extensively evaluated during previous investigations. The bedrock is composed of an
interbedded shale and limestone that frequently exhibits a high degree of weathering near its

top and where shale is more prevalent than limestone. In most areas, the weathered bedrock
AMEC Geomaitrix, Inc.
P:\Project\012625 Mill Seat Landfill\2010 soil borrow investigation\Updated Hydrogeologic Report January 2011\Text\Mill Seat Potential Soil Borrow

Investigation Report_1-11.doc 14




amecY

is sufficiently soft to be recovered by a split-spoon sampler and was excavated during test pit
excavation. The weathered bedrock is described as a gray to olive brown shale with
interbedded clay and resistant layers of limestone. The weathered bedrock zone was typically
1 to 3 feet thick and as much as 10 feet thick at well MW-02D (2006) and 14 feet thick at TP09
(2008).

Figure 11 depicts the bedrock topography across the investigation area. The bedrock surface
generally slopes from west to east with its highest elevation occurring at detection monitoring
well M-1B/1A (663.6 feet msl) and its lowest elevation occurring east of Brew Road at SB-02-
2010 (632.1feet msl). The bedrock occurs closest to the ground surface below the south-
central portion of the investigation area (6 feet to bedrock at MW-2D {2006} and 5 feet to
bedrock at PZ-02 {2008}), beneath the RG-5 wetland area located west, and the wetland area
paralleling Hotel Creek where it is exposed at the ground surface.

3.2 HYDROGEOLOGY

Previous hydrogeologic investigations defined the Critical Stratigraphic Section (CSS) for the
landfill site as “groundwater flow in the unconsolidated glacial deposits and upper 30 to 40 feet
of bedrock.” The detection monitoring well network at the landfill site monitors two distinct
sections of the CSS:

e A Zone wells — screened to monitor the lower portion of the CSS, generally
between 15 to 30 feet below the top of bedrock; and

e B Zone wells — screened to monitor the upper portion of the CSS that includes the
overburden/bedrock interface and the upper 5 to 15 feet of bedrock.

Groundwater which occurs under unconfined conditions in the investigation area
(predominantly in the coarse-grained till and dense lodgement till) is referred to in this report
as the “upper water-bearing zone”. This zone is not considered to be equivalent to the B Zone
hydrostratigraphic unit described in previous hydrogeologic investigation reports. The B Zone,
defined above, has much higher hydraulic conductivity and is semi-confined. The thicker
section of saturated, low permeability glacial material in the investigation area allows water
table conditions to occur typically within 7 to 10 feet of the ground surface. The saturated
thickness of the upper water-bearing zone is variable ranging from approximately 15 to 20 feet
within the low hydraulically conductive soil located in the central portion of the investigation
area and thins to only 1 to 2 feet in a southerly direction toward Hotel Creek. The upper water-
bearing zone at the investigation area presents an additional flow zone at the landfill site,

albeit a zone with very slow groundwater flow velocity. The remainder of this section
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describes hydrogeologic characteristics of the upper water-bearing zone in the investigation
area.

The sand and gravel deposits encountered in the central-eastern portion of the investigation
area are generally unsaturated. Piezometer PZ-06 (2008) and monitoring well MW-1S (2006)
were installed to monitor saturation in the thickest areas of the sand and gravel unit.
Groundwater elevation data show the sand and gravel unit is unsaturated at well MW-1S
(2006) and 0.8 feet of saturation at PZ-06 (2008). Test pit excavation at TP-01 (2008) reported
1 to 2 feet of saturation on March 24, 2008. Groundwater is expected to drain quickly from the
sand and gravel unit toward Hotel Creek. Based on grain size data from TP-01 and using
Hazen’'s Approximation (Hazen, 1911) where:

K = C (d1o)* and
K is the hydraulic conductivity (cm/sec)
dqo is the effective grain size (cm)
C is a coefficient based on the following table

Very fine sand, poorly sorted 40-80
Fine sand with appreciable fines 40-80
Medium sand, well sorted 80-120
Coarse sand, poorly sorted 80-120
Coarse sand, well sorted, clean 120-150

K = 100 X (0.043)*

The hydraulic conductivity of the saturated sand and gravel deposits at TP-01 (2008) is
approximately 1.8 x 10" cm/sec. Following dissipation of seasonal recharge (late winter —
early spring snow melt and rainfall), the sand and gravel unit is likely to become entirely
unsaturated.

Groundwater elevation data for the water level monitoring event recorded in April 2008 and
August 2010 for wells and piezometers screened in the upper water-bearing zone in the
investigation area are contoured on Figures 12A and 12B, respectively. The August 2010
water levels are similar to those measured in March 2007 and April 2008. As shown on
Figures 12A and B, groundwater flow in the upper water-bearing zone is radial from the north-
central portion of the investigation area. Groundwater flows in an easterly direction toward
wetland RG-7 (horizontal hydraulic gradient is approximately 0.012), in a southerly direction
toward Hotel Creek (horizontal hydraulic gradient is approximately 0.008), and in a westerly
direction toward wetland RG-5 (horizontal hydraulic gradient is approximately 0.002).
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Below the till, groundwater generally occurs in shallow bedrock under confined or semi-
confined conditions (B Zone). The exception occurs in the south-central portion of the
investigation area where the overburden is thin and unsaturated and groundwater is present in
the weathered bedrock (MW06-2D); Deeper groundwater flow conditions were investigated
during studies conducted in support of original landfill siting and permitting (A Zone and Z
Zone). Deeper groundwater flows in a northeast direction through bedding plane fractures and
vertical joint sets.

Groundwater elevation data for the January 2007 monitoring event indicate the low
permeability overburden soils produce confining conditions exhibited by a vertically upward
hydraulic gradient between wells MW-1S (2006) (screened in the overburden) and MW-1D
(2006) (screened in the weathered bedrock). Upward vertical gradients were also noted at
existing landfill monitoring wells located east and northeast of the landfill footprint. These data
indicate shallow bedrock groundwater discharges to Wetland RG-7 east of the investigation
area. In the wetland, the topography is low and the thickness of the overburden is presurhed
to be thin (based on boring data for borings and wells completed northeast of the existing
landfill). The vertical hydraulic gradient reversed to downward during seasonal high water
table conditions (March 2007 and April 2008) as water levels in the upper bedrock did not
substantially change and water levels in the upper water-bearing zone rose during temporal
recharge from the percolation of precipitation and snow meit.

Table 4 summarizes horizontal hydraulic conductivity values estimated from rising head slug
tests performed in the monitoring wells. The horizontal hydraulic conductivity of the saturated
lodgement till (upper water-bearing zone) at well MW-1S (2008) in the southeastern portion of
property is 7.92 x 10° cm/s. The horizontal hydraulic conductivity estimated for MWO06-1S is
similar to a geometric mean value of 3.35 x 10® cm/s reported for wells installed in dense
lodgement till at the landfill (Geomatrix 2006). The permeability value analyzed from the
Shelby tube sample collected from boring SB-7 is 1.6 x 107 cm/s.

Horizontal hydraulic conductivity values of 6.40x1 0 em/s (MW-1D (2006)) and 9.73x10° cm/s
(MW-2 (2006)) were estimated for wells having screens monitoring the overburden/weathered
bedrock interface (B Zone). These horizontal hydraulic conductivity values are higher than the
geometric mean hydraulic conductivity value of 3.08 x 10™ cm/s for overburden/bedrock
interface monitoring wells previously tested at the landfill but within the range of 8.3 x 10° cm/s
to 6.6 x 102 cm/s previously identified by Geomatrix (2006). Hydraulic conductivity values for
the weathered bedrock are substantially higher than till which suggests that nearly all shallow
bedrock groundwater recharge occurs in areas beyond the limits of the investigation area.
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Surface water is present in the investigation area at Wetland RG-6 and the drainage swale
that flows south to Hotel Creek. Surface water is also present west of the investigation area at
Wetland RG-5 and east of the investigation area at Wetland RG-7. The wetlands serve as
temporal recharge/discharge areas of overburden and, in the case of wetlands RG-5 and RG-
7, upper bedrock groundwater. Wetland RG-6 is uniquely different from RG-5 and RG-7 in
that RG-6 is comparatively small and isolated, lies in an elevated area of thicker till deposits,
and is recharged solely by on-site precipitation and groundwater discharge.

3.3 GROUNDWATER/SURFACE WATER INTERACTION

The surface water elevation in Wetland RG-6 (SG-2) varied by less than 0.4 feet during each
of the three monitoring events. H&A (1989) also noted a near static head in the wetland
during the hydrogeologic investigation of the landfill property. It would appear that the head is
held relatively constant through surface water discharge to the drainage swale that flows south
across the investigation area to Hotel Creek. Heads in wells located in close proximity to the
wetland (M-7B and PZ-2) were higher than the wetland surface water elevations recorded in
2007; however, the head at well M-7B was lower in 2008. These data indicate that Wetland
RG-6 is an area of both groundwater discharge and groundwater recharge within the
investigation area of the property.

Precipitation that falls on Wetland RG-6 and precipitation that falls on the land surface near the
wetland and on the south side of the capped landfill flow overland (runoff) and recharges
surface water in Wetland RG-6. As mentioned previously, groundwater temporally recharges
the wetland. However, the volume of recharge from groundwater is substantially lower
compared to the volume of recharge from precipitation and runoff. This is due to the low
hydraulic conductivity of the saturated till and the small hydraulic gradients in the area of the
wetland that effectively constrain the volume of groundwater that discharges to the wetland.

Appendix E provides a calculation that estimates recharge to Wetland RG-6 from
precipitation/runoff and groundwater discharge. As shown in Appendix E, the volume of
precipitation that annually falls in the area of Wetland RG-6 that could flow overland into the
wetland is estimated to be 9,900 cubic feet per day. During hydraulic conditions that favor
groundwater discharge to the wetland, the volume of groundwater discharging to the wetland
is conservatively estimated to be 20 cubic feet per day. Precipitation and runoff is the
dominant mechanism of recharge to Wetland RG-6, with groundwater discharge accounting
for less than % -percent of the total flow to the wetland.

Surface water elevations measured in Wetland RG-5 (SG-3) are nearly 10 feet lower than

Wetland RG-6. In fact, the surface water elevation in Wetland RG-5 is similar to the elevation
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of the bedrock surface and bedrock groundwater elevations measured in well M-1A. These
data support a conclusion that Wetland RG-5 is a receptor of overburden and shallow bedrock
groundwater (B-zone groundwater flow) west of the investigation area in addition to
precipitation and surface water runoff. Similar conditions are anticipated for Wetland RG-7
which is located more than 1,000 feet east of the investigation area. The ground surface
topography drops rapidly into the wetland area east of Brew Road and the overburden
thickness is presumed to thin allowing bedrock groundwater to discharge to the wetland.
Precipitation and surface water runoff are the primary mechanisms of recharge to these
wetland areas.

The surface water elevation of Hotel Creek near Brew Road was approximately 651 feet msl
during each of the three monitoring events. The creek is located in a topographic low
approximately 3,500 feet south of the landfill. Aerial photography shows wooded areas of
Wetland RG-5 extending to the south toward treed areas surrounding Hotel Creek. As
observed in test pit excavations completed immediately north of the Creek, bedrock outcrops
in the topographically low area near the Creek. The shallow bedrock in this area would allow
bedrock groundwater to discharge into Hotel Creek. The Creek is also recharged by the
temporal presence of groundwater in the sand and gravel deposits in the vicinity of Brew
Road.
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A hydrogeologic investigation was conducted of the investigation area shown on Figure 2 in
2006 , 2008 and 2010 to supplement existing site characterization data obtained during
investigations of landfill property to support landfill siting and the original BNYCRR Part 360
permit application to construct and operate the Mill Seat landfill. The data collected during the
Phase |, Phase II, and Phase Il investigations addressed specific geologic and hydrogeologic
data for the suitability of the property for soil borrow material and calculation of soil volumes for
landfill operations. Findings are presented in summary for each of the following in the
investigation area:

4.0 CHARACTERIZATION SUMMARY

Overburden thickness

Soil type

Soil permeability

Bedrock topography

Depth to groundwater _
Shallow groundwater flow direction

Overburden Thickness

North of Hotel Creek, the natural overburden thickness (excluding stockpiled soil) of the
investigation area ranges from 1 foot (areas north and south of Hotel Creek) to 37 feet.
Overburden soils are absent in a portion of the wetland area paralleling Hotel Creek.
Stratigraphic information from boring and test pits show that the overburden thickness across
a majority of the investigation area north of Hotel Creek is greater than 10 feet. However, a
northeast-southwest trending rise in the bedrock surface was identified near the border of the
property in the central-western portion of the investigation area. The rise of the bedrock

~ surface causes the overburden thickness to become less than 10 feet in a localized area.

Soil Type and Permeability

The soils in the investigation area consist predominantly of coarse-grained till and dense
lodgement till. Sand and gravel deposits occur as discontinuous, surficial deposits and were
encountered primarily in the eastern portion of the investigation area near Brew Road. A few
isolated areas of sand and gravel were identified in central and western portion of the WMNY-
owned property and County-owned property in the area of the proposed soil borrow area. The
till units have silt and clay as the dominant particle size with the coarse-grained till having a
larger percentage of gravel and larger size particles. The horizontal hydraulic conductivity of
the saturated lodgement till in the southeastern portion of property is approximately 7.9 x 10°®
cm/s (as demonstrated at well MW-1S (2006)). This value is similar to a low permeability
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value measured in an unsaturated coarse-grained till sample analyzed from a Shelby tube
collected from boring SB-7 (1.6x107 cm/s). A geometric mean value of 3.3 x 10 cm/s was
reported for wells installed in dense lodgement till at the existing landfill area (Geomatrix,
2006). The low permeability values for till in the investigation area suggest excavation and re-
compaction for use as landfill cover soil (i.e., daily, intermediate, and final cover) is a viable
alternative for till in the investigation area. The more permeable sand and gravel deposits
could be excavated for use as daily cover or provide alternative uses at the landfill (i.e., haul
road base material).

Shallow Bedrock Composition and Bedrock Topography

Materials comprising the bedrock surface were examined during test pit excavation and the
collection of split-spoon soil samples. Mapping of the bedrock surface shows bedrock sloping
in an eastward direction. The bedrock is composed of an interbedded shale and limestone.
Weathered bedrock in the investigation area was defined as material that could be excavated
or sampled with a split spoon sampler. The thickness of the weathered bedrock ranged from
0.1 to 14 feet. The limestone appeared to be much more resistant to weathering than the
shale and frequently could not be penetrated with hollow stem augers. The limestone was
typically hard and when retrieved in a split spoon sampler, it was present as angular,
laminated limestone gravel with no soil. The weathered shale was typically encountered as a
laminated silt and clay with platy, fissile fabric. Occasional soft shale gravel was present
which was interbedded with less resistant fissile shale partings among stratified silt and clay.
At each boring and test pit completed in the investigation area, the top of weathered bedrock
was identified with a high degree of confidence.

Depth to Groundwater

Groundwater occurs under unconfined conditions at depths five feet below the ground surface
or deeper in the eastern portion of the investigation area. In the vicinity of Wetland Area RG-6
(north-central) and in the southern portion of the investigation area, the groundwater occurs
within five feet of the ground surface.

Upper Water-Bearing Zone Flow Direction

The groundwater flow direction of the upper water-bearing zone in the investigation area is
radial from the current soil borrow and soil stockpile area near the existing landfill.
Groundwater flow occurs in a westward direction toward wetland RG-5, in a southward
direction toward Hotel Creek, and in an eastward direction toward wetland RG-7.
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Wetland RG-6 Surface Water/Groundwater Interaction

Precipitation on and surface water runoff to Wetland RG-6 recharges the wetland.
Groundwater temporally recharges the wetland during seasonally wet periods. Water balance
calculations show that groundwater recharge accounts for less than one percent of the total
flow to the wetland. Soil excavations in the area of Wetland RG-6 would have little impact on

recharge to the wetland. Soil excavations would minimally affect recharge to RG-5, RG-7, and
Hotel Creek.
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5.0 CONCLUSION

The hydrogeologic investigations conducted at the investigation area have shown that soil on
the property is suitable for use as borrow material for current Mill Seat Landfill operations. The
voiume of soil that could be available for borrow material decreases in a southward direction
toward Hotel Creek. Soil borrow area excavation design should consider surface water
recharge to Wetland RG-6. Since the design should not significantly divert surface water flow
that currently recharges the wetland, surrounding wetland areas (RG-5 and RG-7) would be
minimally affected by soil excavations in the investigation area.
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Clark Engineers & Associates, October 10, 1989, Revised: November 22, 1989, September
14, 1990, November 16, 1990, and December 18, 1990. Environmental Monitoring
Plan for the Mill Seat Landfill.
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