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Geohydrology of the Stratified-Drift Aquifer System in
the Lower Sixmile Creek and Willseyville Creek Trough,

Tompkins County, New York

By Todd S. Miller and Daniel E. Karig'

Abstract

In 2002, the U.S. Geological Survey, in cooperation with
the Tompkins County Planning Department began a series of
studies of the stratified-drift aquifers in Tompkins County to
provide geohydrologic data for planners to develop a strategy
to manage and protect their water resources. This aquifer
study in lower Sixmile Creek and Willseyville Creek trough is
the second in a series of aquifer studies in Tompkins County.
The study area is within the northern area of the Appalachian
Plateau and extends about 9 miles from the boundary between
Tompkins County and Tioga County in the south to just south
of the City of Ithaca in the north. In lower Sixmile Creek and
Willseyville Creek trough, confined sand and gravel aquifers
comprise the major water-bearing units while less extensive
unconfined units form minor aquifers.

About 600 people who live in lower Sixmile Creek
and Willseyville Creek trough rely on groundwater from
the stratified-drift aquifer system. In addition, water is used
by non-permanent residents such as staff at commercial
facilities. The estimated total groundwater withdrawn for
domestic use is about 45,000 gallons per day (gal/d) or
0.07 cubic foot per second (ft*/s) based on an average water
use of 75 gal/d per person for self-supplied water systems in
New York.

Scouring of bedrock in the preglacial lower Sixmile
Creek and Willseyville Creek valleys by glaciers and
subglacial meltwaters truncated hillside spurs, formed
U-shaped, transverse valley profiles, smoothed valley walls,
and deepened the valleys by as much as 300 feet (ft), forming
a continuous trough. The unconsolidated deposits in the study
area consist mostly of glacial drift, both unstratified drift (till)
and stratified drift (laminated lake, deltaic, and glaciofluvial
sediments), as well as some post-glacial stratified sediments
(lake-bottom sediments that were deposited in reservoirs,

'Daniel E. Karig, Cornell University, Ithaca, NY

peat and muck that were deposited in wetlands, and alluvium
deposited by streams). Multiple advances and retreats of the
ice in the study area resulted in several sequences of various
types of glacial deposits. A large moraine (Valley Heads
Moraine) dominates the southern part of the study area, a
large delta dominates the central part, and ground moraine
(mostly till) dominates the northern part. Glacial sediments in
the center of the lower Sixmile Creek and Willseyville Creek
trough typically range from 150 to 200 ft but can be greater
than 300 ft in some places. Where the sediments are composed
of sand and gravel they form aquifers.

In most parts of the lower Sixmile Creek and Willseyville
Creek trough, there is an upper and a basal confined aquifer.
However, underlying the central parts of the Brooktondale
delta, there are as many as four confined aquifers, whereas in
the northern part of the study area, only one extensive confined
aquifer is present. The major sources of recharge to these
confined aquifers are (1) direct infiltration of precipitation
where confined aquifers crop out at land surface (mostly along
the western trough wall in the southern and central parts of
the study area and, to a lesser degree, along the eastern trough
wall); (2) unchanneled surface and subsurface runoff from
adjacent upland areas that seeps into the aquifer along the
western trough walls; (3) subsurface flow from underlying till
or bedrock at the lateral contacts at trough walls; (4) adjacent
fine-grained stratified drift, especially when the aquifer is
pumped; and (5) discharge from bedrock at the bottom and
sides of the trough.

In the central part of the study area, the surficial
coarse-grained sediments (sand and gravel) comprise a delta
near Brooktondale and form a small unconfined aquifer
(0.3 square mile). Although much of the upper part of the delta
has been removed by several aggregate mining operations,
sufficient amounts of sand and gravel remain in most places
to form a thin unconfined aquifer. The major sources of
recharge to the unconfined aquifer are (1) direct infiltration
of precipitation where water moves predominantly in a
downward direction through the unsaturated zone toward the
water table and (2) unchanneled surface and subsurface runoff
from adjacent upland areas that seep into the aquifer along the
trough walls.
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Groundwater in the southern part of the Brooktondale
delta flows to the west and discharges into Beaver Creek.
Groundwater in the northern part of the deltaic aquifer flows
to the northwest where some of the groundwater discharges to
springs along the northeastern margin of the delta and flows
into lower Sixmile Creek and some groundwater discharges
to springs along the northwestern margin of the delta and
flows into Beaver Creek. Just north of the surface-water
divide in the southern part of the study area groundwater in
the confined aquifers on the west side of the trough initially
flows eastward from the west valley wall to the center of the
valley where it then changes course and flows northward. In
the northern part of the central area of the trough, the upper
confined aquifer either pinches out at depth or has been eroded
by Sixmile Creek and is exposed beneath the floodplain where
groundwater discharges directly into Sixmile Creek. In the
northern part of the study area, groundwater in the confined
aquifer ultimately discharges into Sixmile Creek and to the
Ithaca Reservoir.

An initial assessment of the groundwater quality of
the confined aquifer system near the central portion of the
study area, where most of the wells are located, was made by
collecting water samples from six wells (two test wells and
four residential wells) from December 2006 through August
2007 and analyzing the samples to characterize the quality of
groundwater. Common ions, nutrients, and trace metals were
sampled and field properties of pH, specific conductance, and
temperature were measured. All common ions were below
U.S. Environmental Protection Agency Drinking Water
Advisory limits. These results indicate that water in the sand
and gravel aquifers is predominantly calcium-bicarbonate,
and groundwater used for drinking supply is generally of
acceptable quality.

Nitrate was not detected in any of the samples above
the detection limit of 0.06 mg/L (milligram per liter). Nitrite
was not detected in five of the six samples and was negligible
(0.001 mg/L) in the sixth sample. The most commonly
detected trace elements were aluminum, arsenic, barium,
boron, iron, lithium, manganese, nickel, and strontium,
all of which were detected in every sample. The elements
detected in the highest concentrations were barium, boron,
iron, lithium, manganese, strontium, and uranium. Aluminum
concentrations ranged from 0.9 to 95.5 micrograms per
liter (pug/L); one sample exceeded the Secondary Maximum
Contaminant Level of 50 pg/L. Arsenic concentrations ranged
from 1.3 to 20.4 ug/L; two samples exceeded the Federal
Maximum Contaminant Level for arsenic of 10 pg/L.

Introduction

In 2002, the U.S. Geological Survey (USGS), in
cooperation with the Tompkins County Planning Department
began a series of studies of the stratified-drift aquifers in
Tompkins County to provide geohydrologic data for planners

to develop a strategy to manage and protect their water
resources. A reconnaissance-level USGS aquifer map report
“Unconsolidated Aquifers in Tompkins County, New York”
(Miller, 2000) was used as a guide to delineate 17 reaches
of stratified-drift aquifers (fig. 1) to be investigated in more
detail over a 20-year period. The aquifer reaches were
based mostly on natural hydrologic boundaries, but in some
cases political boundaries were also considered. Aquifer
reach lengths were limited to about 3 to 10 miles each to be
logistically manageable.

Tompkins County lies within the northern area of the
Appalachian Uplands in central New York (fig. 2). The
northern part of the county is within the glacially eroded
Finger Lakes region with rounded hills of low-to-moderate
relief, whereas the southern part of the county lies within the
Appalachian Plateau region of moderately high relief (fig. 2).
The stratified-drift aquifers in the lower Sixmile Creek and
Willseyville Creek trough, described in this report, lie within
the moderately high relief portion of the Appalachian Plateau
region (fig. 2).

The geologic history of Sixmile Creek Basin, discussed
in detail in the “Geology and Glacial Geology” section in
a report by Miller (2009), has resulted in the creation of
two distinct hydrophysiographic settings, which allowed
the division of Sixmile Creek valley into two study areas—
upper Sixmile Creek valley, including the headwaters of
West Branch Owego Creek valley (Miller, 2009), and
lower Sixmile Creek valley, including the headwaters of
Willseyville Creek valley (fig. 3) (this study). In the upper
Sixmile Creek and West Branch Owego Creek valleys study
area (1) upper Sixmile Creek and East Branch Owego Creek
valleys are higher in altitude, (2) the valleys were oriented
perpendicular to the predominantly north to south flow of
glacial ice undergoing less erosion by ice, which resulted
in a hanging valley, and (3) the valleys were dominated by
depositional environments that included subglacial (deposition
of'till), glaciofluvial, glaciolacustrine, and post-glacial
fluvial processes. In contrast, in the lower Sixmile Creek
and Willseyville Creek trough study area; (1) the valleys are
lower in altitude; (2) were oriented roughly parallel to the
direction of glacial ice flow, and therefore, were extensively
scoured by ice that formed a trough; and (3) were dominated
by depositional environments that included subglacial, deltaic,
ice-contact, and glaciolacustrine processes.

Preglacial valleys that were oriented along the primary
direction of ice movement, such as those valleys presently
occupied by Cayuga Lake and lower Sixmile Creek valley
(fig. 1), were extensively widened and deepened by flowing
ice and subglacial meltwater. Erosion by ice had truncated
bedrock hillsides (spurs), which resulted in creation of nearly
straight, U-shaped bedrock troughs. Bedrock troughs in
central New York are common along the northern rim of the
Appalachian Plateau; many of these troughs are in the Finger
Lakes region. Clayton (1965) referred to the Finger Lakes
valleys as “intrusive troughs” that were carved when ice that
flowed south from the Lake Ontario Lowlands encountered
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a landmass of higher altitude, in this case the Appalachian
Plateau, and flowed uphill, against the regional slope. Bedrock
troughs are often referred to as having U-shaped profiles
although many are asymmetrical with one valley wall steeper
than the other. However, the more valleys and troughs intrude
southward into the Appalachian Plateau (fig. 2), the more
widths decrease and the valley profiles transition from broad
U-shaped, to narrow U-shaped profiles. Since extensive
scouring by ice of lower Sixmile Creek valley and the
headwaters of Willseyville Creek valley formed a single deep
trough, the study area in this report is referred to as the “lower
Sixmile Creek and Willseyville Creek trough” (throughout this
report as the “trough”) (fig. 4).

Purpose and Scope

The Town of Caroline and Tompkins County need
geohydrologic data regarding the major stratified-drift aquifers
within the town to develop a strategy to manage and protect
their water resources. Interest in the interaction between
groundwater and surface water has increased in recent years
as a result of widespread concerns related to water supply
and water quality. This report describes the geohydrology
of the stratified-drift aquifer system in the lower Sixmile
Creek and Willseyville Creek trough including (1) the aquifer
framework; (2) the groundwater-flow system, including
water levels, groundwater and surface-water interaction, and
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Location of stratified-drift aquifers extending across the lower Sixmile Creek and Willseyville Creek Basins and across the

upper Sixmile Creek and West Branch Owego Creek Basins, Tompkins County, New York.

recharge and discharge conditions; and (3) water quality,
including concentrations of common ions, trace metals, and
nutrients. To aid in these descriptions, the following have
also been included: (1) geohydrologic sections; (2) maps
and diagrams depicting well locations, geology, groundwater
levels, and direction of groundwater flow; and (3) tables of
well records and water-quality data.

Description of Study Area

The study area is within the northern area of the
Appalachian Plateau (fig. 2) and is almost 10 miles (mi) long

and 0.5 to 1.0 mi wide and covers an area of 7.0 square miles
(mi?), extending northward from the Tompkins County-Tioga
County border to less than 1 mi south of the City of Ithaca

in the north (fig. 4). In the southern part of the study area,
relief between hilltops and the valley floor range from 600 to
800 ft with hilltop altitudes generally less than 1,900 ft. In the
northern part of the study area, relief between hilltops and the
valley floor vary from 500 to 700 ft. Hilltops are higher in the
southern part of the study area (ranging from 1,600 to 1,870 ft
in altitude) than in the northern part of the study area (ranging
from 1,280 to 1,600 ft in altitude) (fig. 4).
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Tompkins County, New York.



Previous Studies

The USGS conducted a groundwater investigation of the
Western Oswego River Basin (Crain, 1974) that included the
present study area. The investigation by Crain included a well
inventory and information on (1) geologic and hydrologic
conditions that control the occurrence of groundwater in
the basin, (2) quantity of groundwater available, (3) areal
distribution of available groundwater, and (4) influence of
groundwater discharge on streamflow. Additional well records
were collected by Miller (2000) for a general countywide
aquifer study of Tompkins County. The results of this study
were used to produce a map report, which delineates the extent
of unconsolidated aquifers in Tompkins County.

Bedrock geology was mapped by H.S. Williams and
surficial geology was mapped by R.S. Tarr at a scale of
1:62,500 (Williams and others, 1909). Surficial geology also
was mapped at the scale of 1:250,000 by Muller and Cadwell
(1986) for a statewide reconnaissance mapping study and by
Miller (2009). The bedrock gorges in the northern part of the
study area were mapped by Rich and Filmer (1915). Also,
several outcrops in the northern part of the study area were
described by Schmidt (1947).

Data Collection

The USGS collected geologic data and stratigraphic
records by reviewing well drilling records and drilling test
wells at selected locations. Additionally, seismic-refraction
surveys were conducted along with water-level measurements
and groundwater-quality sampling.

Geologic Data

Geologic data were collected by seismic-refraction and
horizontal-to-vertical (H/V) ambient-noise seismic surveys,
field reconnaissance for geologic mapping, interpretation from
topographic maps and orthophoto interpretation, and review
of available geologic reports, soils maps, and well-drilling
records. Soils data that were used in geologic interpretation
were mapped at a scale of 1:20,000 (Neeley, 1961).

Seismic Surveys

Estimating sediment thickness and the geometry of the
bedrock surface is a key component of many hydrogeologic
studies. Seismic-refraction and horizontal-to-vertical (H/V)
ambient-noise seismic methods were used to estimate the
depth to bedrock at several selected locations. The seismic-
refraction survey method measures refracted compressional
waves of seismic energy and is based on the time for energy
generated at a point, such as a small explosive charge, to travel
through the ground to receivers (geophones). The velocity of

Data Collection 7

sound traveling through unsaturated unconsolidated deposits,
saturated unconsolidated deposits, and bedrock can be
calculated and used to predict the depth to bedrock. Seismic-
refraction techniques used in this study are described by
Haeni (1988).

Seismic-refraction surveys were conducted at three
sites to supplement data from test drilling using a 12-channel
signal-enhancement seismograph (Haeni, 1988). A series
of 12 geophones spaced 100 ft apart were inserted into the
ground, and arrival times of compressional waves generated
by explosives buried 4 to 5 ft below land surface were
recorded and plotted as a function of “source-to-geophone”
distances. Although the water table was relatively shallow
(generally less than 5 ft below land surface), the unsaturated
zone was modeled, and a three-layer (unsaturated, saturated
unconsolidated sediments, and the top of bedrock) boundary-
formula, computer analysis (Scott and others, 1972) was used
to calculate depths to the water table and to bedrock.

The H/V ambient-noise seismic method was also used
to estimate unconsolidated sediment thickness and map
the bedrock surface where the use of seismic refraction
was logistically not feasible. The H/V ambient-noise
seismic method uses a single, broad-band three-component
seismometer to record ambient seismic noise. The ratio of
the averaged horizontal-to-vertical frequency spectrum is
used to determine the fundamental site resonance frequency,
which can be interpreted using regression equations to
estimate sediment thickness and depth to bedrock (Lane and
others, 2008).

Well Inventory, Test Drilling, and
Water-Level Measurements

Ninety-nine well records were collected and compiled
for this report (Appendix 1). Fifty well records were obtained
from water-well driller’s reports that were submitted during
the years 2000—09 to the New York State Department of
Environmental Conservation Water Well Completion Report
program. The remaining well records were from either existing
data in USGS files or collected from inventorying individual
wells during this study. Data from the well drillers’ reports
include lithologic logs, water levels, estimated well yields, and
well construction information (well and casing depths, casing
diameter, and length of casing sticking up above land surface).
The well inventory data were augmented by test drilling in
which two wells were installed at one site in the central part
of the study area using air-rotary drilling methods to obtain
data on stratigraphy and water levels in this part of the aquifer
where data were lacking. All records collected for this study
were entered into the USGS Groundwater Site Inventory
(GWSI) computer database and are accessible at http://
waterdata.usgs.gov/ny/nwis/inventory.

Levels were run to selected wells to determine the
altitudes of the water-level-measuring point, (typically the top
of the casing) and land surface at the well. The altitudes of
land surface and measuring points of the remaining wells were
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estimated from USGS 1:24,000 scale topographic contour
maps and from Light Detection and Ranging (LIDAR) data.
LIDAR is a remote sensing system used to collect topographic
data. When possible, depth to water in wells was measured
using an electric tape. Where measured, depths were converted
to altitudes, plotted on a map, and contoured to depict the
water table in unconfined aquifers and potentiometric surfaces
in the confined aquifers. Historic water levels were used

to help determine the potentiometric surfaces depicted for

this report because of the paucity in some areas of available
wells to measure. Because the contour interval used to depict
groundwater surfaces was greater than any historic or modern
seasonal fluctuations, their use was justified.

Water Sampling and Analysis

Groundwater samples were collected from six wells
during 200607 and sent to the USGS National Water
Quality Laboratory (NWQL) in Denver, Colorado, to be
analyzed for common ions, trace metals, and nutrients. Field
measurements were made for pH, specific conductance, and
water temperature. The samples were collected and processed
by methods described in the USGS manual for the collection
of water-quality data (U.S. Geological Survey, 2004).
Analytical results for selected constituents are compared
with Federal drinking-water standards. The standards include
Maximum Contaminant Levels (MCLs), Secondary Maximum
Contaminant Levels (SMCLs), and Health Advisories (HAs)
established by the U. S. Environmental Protection Agency
(USEPA, 2006).

All six samples were collected from wells finished in
sand and gravel. Of the six samples, four were from domestic
wells, and two were from test wells installed during this
study. For domestic wells, the well pump was run for about
20 minutes (or until at least three casing volumes of well water
had been purged from the casing) then a raw-water spigot
between the well and the pressure tank was opened, and the
water was allowed to run for several more minutes to flush the
spigot. Finally, the samples were collected from the raw-water
spigot to avoid all influences from water-treatment systems
and to ensure that the water collected was representative of
the water in the aquifer. In unused test wells, a stainless-steel
submersible pump was used to purge the well of from 5-to-10
casing volumes of water before collecting the water samples.

Geology

Geologic materials in the study area include
sedimentary bedrock, unstratified drift (till), and stratified
drift (glaciolacustrine and glaciofluvial deposits), and recent
alluvium. Bedrock that underlies the study area consists of
shale, siltstone, and fine-grained sandstone that were deposited
in seas during the Devonian Period (416-359.2 million
years ago). The rocks were uplifted during the Alleghanian

Orogeny in the Late Paleozoic time (about 330 to 250 million
years ago) and subsequently have undergone dissection by
streams (Isachsen and others, 1991) and scouring by glaciers.
Bedrock is overlain by unstratified drift (till) and stratified
drift (unconsolidated sediments) except locally where bedrock
crops out at land surface. These outcrop areas are present in
ditches along roads, and in stream channels that are high up on
the trough walls, and in interglacial and interstadial gorges that
had been re-excavated by post-glacial streams.

Glacial History

The study area has undergone several major glaciations
during the Pleistocene Epoch (table 1), commonly referred to
as the Ice Age, which began 2.6 million years ago and ended
11,850 years before present (BP), with the end date expressed
in radiocarbon years (Fullerton, 1980). Each subsequent
glaciation effectively obliterated most of the previously
deposited sediments; therefore, most of the sediments
were deposited during and after the last glacial episode
(Wisconsinan glaciation).

During the Wisconsinan glaciation, the Laurentide Ice
Sheet expanded southward from northeastern Canada. As the
main sheet ice encountered the Adirondack Mountains, a lobe
(Ontario Lobe) flowed into the Lake Ontario Basin (fig. 2)
where it then spread southward and covered central New York.
The maximum extent of the ice reached northern Pennsylvania
about 23,000 to 24,000 years before present (Muller and
Calkin, 1993). Most of the geologic history in this study
area reflects the events that occurred when the Ontario Lobe
advanced into and retreated from central New York.

During the Wisconsinan glaciation, the climate had
undergone several cycles of climate cooling and warming
resulting in oscillations of the ice front. A cold period that
caused the glacier to expand is called a stadial, and a warm
period that caused the glacier to retreat is called an interstadial
(table 1). Stadials and interstadials are of insufficient duration
or intensity to be considered a glacial period, however. Some
oscillations of the ice were regional and may have reflected
major changes in climate, whereas other oscillations were of
a local extent and may have reflected changes to ice dynamics
and interaction of ice with proglacial lakes. In this study
area, most sediment was deposited during Nissouri and Port
Bruce Stades, Erie Interstade, and post-glacial time (table 1).
However, in some places, Middle Wisconsinan sediments
had escaped erosion by the last glacial episode because these
sediments were in settings protected from scouring by Late
Wisconsinan ice. Schmidt (1947) and Ashworth and others
(1997) found detrital wood of Middle Wisconsinan age in
sediments at bluffs of Sixmile Creek that was dated from
27,000 to greater than 41,900 radiocarbon years BP.

During the Erie Interstade (about 15,500 to
16,500 years BP, table 1), the ice retreated northward from
Pennsylvania and is believed to have melted back north of
the study area, but the location of the ice margin during the
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retreat is uncertain (Muller and Calkin, 1993) because there
are no radiocarbon data in New York for this period. Instead,
evidence for the Erie Interstade is based on circumstantial
data (Dyke and others, 2002). Ice readvanced into the study
area during the Port Bruce Stade (about 15,500 years BP,
table 1) and deposited a massive moraine (Valley Heads
Moraine) extending from Brooktondale in the north to the
boundary between Tompkins and Tioga Counties in the south
(fig. 5). During this period, the ice likely surged back and
forth in some places as evidenced by multiple till layers and
disturbed deposits. The glacier retreated rapidly north from
the Valley Heads ice starting around 14,400 years BP (Muller
and Calkin, 1993) and probably took several hundred years to
retreat north of the study area (Fullerton, 1980). The multiple
advances and retreats of the ice during stadial and interstadial
periods, the minor surges of ice, and remnants of older pre-late
Wisconsinan deposits that survived the last glacial episode
resulted in a complex array of multiple sequences of deposits
in the study area that, in some places, make it difficult to
correlate and map continuous geologic units.

Scouring by Ice

Scouring by flowing ice and subglacial meltwaters played
a major role in modifying the preglacial landscape in the study
area. In the uplands, scouring by ice extensively smoothed
bedrock hillsides and slightly lowered hilltops. In the lower
Sixmile Creek and Willseyville Creek valleys, extensive
scouring by ice and erosion by subglacial meltwaters truncated
hillside spurs, formed U-shaped transverse valley profiles,
smoothed valley walls, and deepened the valleys by as much
as 300 ft, all of which resulted in a continuous trough (fig. 6).
Lower Sixmile Creek and Willseyville Creek valleys were
extensively deepened and widened because they were aligned
with the direction of ice flow (roughly north to south). In
north—south oriented valleys, the ice was a greater erosional
agent because it was thicker and flowed faster than in the
uplands and in east—west oriented valleys. The east—west
oriented upper Sixmile Creek valley (fig. 3) was perpendicular
to the direction of ice movement and, consequently,
underwent less scouring than lower Sixmile Creek valley.
Upper Sixmile Creek valley is known as a “hanging valley”
because it has a bedrock floor that is several hundred feet
higher than the bedrock floor in the lower Sixmile Creek
and Willseyville Creek trough. At Brooktondale, Sixmile
Creek exits the hanging valley by plunging down a series of
waterfalls and cascades in a bedrock gorge (fig. 3), and where
it enters the trough, it flows back onto a thick sequence of
unconsolidated deposits.

In some areas, the trough may be asymmetrical with
one side steeper than the other, whereas in other areas, the
trough walls are symmetrical. As the trough intrudes further
southward into the Appalachian Plateau (fig. 2), the width
of the trough decreases and the transverse valley profile

transitions from a broad U-shaped profile in the north to a
narrow U-shaped profile in the south.

Scouring by ice was also responsible for removing
the former (preglacial) bedrock col (a high, narrow pass or
depression in upland areas, generally across a ridge or through
a divide, or between two adjacent hills) in the southern part
of the study area (fig. 6) that once formed the major surface-
water divide between the St. Lawrence River Basin and the
Susquehanna River Basin. The bedrock col that had formed
the divide has been replaced by an accumulation of more than
200 ft of glacial drift that is mantled in some places by 10 to
30 ft of recent alluvial sand and gravel. The present divide
between the St. Lawrence River Basin and the Susquehanna
River Basin is coincident with an upland tributary that has
built an alluvial fan on the thick glacial-drift deposits at Belle
School Road in the southern part of the study area (fig. 3).

Wisconsinan Deposits in the Study Area

The drift in the study area consists of unstratified
glacial drift (till), stratified glacial drift (glaciolacustrine
and glaciofluvial deposits), and some post-glacial stratified
sediments (lake-bottom sediments that were deposited in
reservoirs, peat and muck that were deposited in wetlands, and
alluvium deposited by recent streams). The surficial geology
of the study area is shown in figure 5. Most of the drift in the
study area consists of fine-grained sediments such as till and
glaciolacustrine fine sand, silt, and clay that are interlayered
with lesser amounts of coarse-grained sediments such as
sand and gravel. Although coarse-grained sediment (sand and
gravel) is usually a minor component of the valley fill, it is
present in sufficient amounts in most places within the trough
to form the aquifers that most residents use for their water
supply. Locally, the sand and gravel deposits can be as much
as 100 ft thick, such as at the delta near Brooktondale in the
central part of the study area, but in most places the sand and
gravel deposits range in thickness from 10 to 20 ft.

The thickness of drift ranges from zero where bedrock
crops out at land surface, such as in gorges and along the
trough walls, to more than 300 ft in the middle of the trough
in the central and southern parts of the study area. The drift
progressively thins northward where Sixmile Creek enters the
trough near Brooktondale because the stream progressively
cuts deeper and deeper into the drift as it flows northward.
Eventually, Sixmile Creek erodes through all of the drift and
flows on top of the bedrock north of the Ithaca Reservoir.

The unstratified glacial drift in the study area consists of
till, which is an unsorted mixture of clay, silt, sand, gravel,
and rocks that were deposited directly by glacial ice, rather
than by meltwater. The larger gravel and rock clasts, which
are typically embedded in a fine-grained matrix consisting
of clay, silt, and very fine sand, range in size from pebbles
to boulders. In most places in the uplands, a layer of till that
directly overlies bedrock is the sole unconsolidated deposit,
whereas, in the trough, there are typically two or more till
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units that are interlayered with stratified drift. In general, till
comprises a large portion of the drift in the study area, and in
the northern part of the trough (north of the delta just west of
Brooktondale), till is the prevalent type of deposit, especially
in the upper portion of the valley fill where it typically crops
out at land surface (fig. 5).

The stratified glacial drift (glaciolacustrine and
glaciofluvial deposits) consists of layered and sorted sediment.
Glaciolacustrine deposits include deltas and lake-bottom
sediments. One example of a glaciolacustrine deposit is
the large delta west of Brooktondale in the central part
of the study area (fig. 5). Deltas typically consist of three
components: (1) topset beds—coarse-grained sediments (sand
and gravel) that were deposited on the upper part of the delta
in near-shore subaerial environments, (2) foreset beds—
relatively steeply dipping, medium-coarse sediments (mostly
sand and pebbly sand) deposited in shallow water at the front
of the delta shore, and (3) bottomset beds—relatively flat-
lying beds of fine-grained sediments (fine sand, silt, and clay)
deposited in deep water at distal parts of the delta.

Glaciofluvial deposits consist of layered coarse-grained
sediments (sand and gravel) that were deposited by meltwaters
that flowed on top, within, and below the glacier. Meltwater
that flowed through an internal network of openings and
on top of the ice discharged at the ice front and deposited
heads of outwash and outwash plains. Meltwaters deposited
sediments on top and within the ice and these sediments were
laid down as the ice disintegrated and formed kame deposits.
Meltwaters that were routed through tunnels at the base of
glacier deposited subglacial features, such as eskers and
subglacial outwash fans.

Southern Part of Study Area

The prominent geologic feature in the southern part of
the study area is a large moraine that was deposited at the
terminus of a stagnant ice lobe that extended several miles
south from the main ice massif and into the study area (fig. 5).
The moraine is part of the most extensive moraine system in
New York State—the Valley Heads Moraine system that forms
a roughly 240-mi-long discontinuous ridge across central and
western New York (fig. 2).

The Valley Heads Moraine system was formed during
a readvance of ice during the Port Bruce Stade about
15,500 years ago (Muller and Calkin, 1993). In this study area,
the moraine extends 4 mi from just south of Brooktondale
to the southern border of Tompkins County (fig. 5). Randall
(2001) identified the Valley Heads Moraine and the area on the
backside of the moraine as one of the regions where multiple
drift layers are widespread and hydrologically important.
Evidence for multiple readvances and retreats includes the
presence of multiple till units and disturbed sediments (caused
by thrust faults, folds, or erosion by ice) within, or on top of,
previously deposited glacial sediments. Evidence for the Erie
Interstade also comes from the fine-grained matrix of the till
that was originally sediment deposited in proglacial lakes,

which became incorporated into advancing ice and included in
the till. Because the ice was thin at the terminus of the glacier,
it probably did not completely erode the previously deposited
sediments down to bedrock. Instead, the relatively thin ice
overrode and partially eroded previously deposited sediments
and deposited another sequence of till and glaciofluvial
sediment over the older deposits.

The topography of the moraine includes hummocky
kames and kettles, kame terraces, and a large channel, carved
by water that was an outlet to a post-glacial lake in the trough.
The kame and kettle ice-disintegration landforms and the
absence of ridges are topographic evidence that indicate that
the margin of Valley Heads ice melted under stagnant ice
conditions. The moraine is composed of sediments that were
transported by the ice and by meltwaters that flowed beneath,
within, and on top of the ice, as well as local sediments
(alluvial inwash), transported by upland streams, that were
deposited on or between the ice and adjacent trough walls.
Records of wells finished in the morainal deposits indicate
that the types of sediments that may be penetrated are till,
glaciofluvial sand and gravel, and glaciolacustrine fine sand,
silt, and clay. The actual contact of stratigraphic units between
wells is difficult to predict due to the collapse and continual
movement of sediment laid down as the ice melted. Hence,
due to the chaotic depositional environment and relatively
sparse geologic data in the moraine, little is known about the
stratigraphy of the deposits that comprise it.

Although there is little data on the extent and thickness
of stratigraphic units at the moraine, the total thickness of
the drift at the Valley Heads Moraine where Ridgeway Road
traverses the trough in the southern part of the study area was
determined using refraction and horizontal-to-vertical (H/V)
ambient-noise ratio seismic methods (figs. 5, 6, and 7). The
results of the seismic surveys indicate that the drift is as much
as 300 ft thick in the center of the trough and that the part
of the trough where depths to bedrock are between 200 and
300 ft may represent an extension interglacial "600 ft gorge"
(fig. 7).

In the low area of the trough, there is a 4-mi-long wetland
that represents the vestige of a small shallow proglacial lake
and its outlet channel that formed in a basin between the front
of the retreating ice and the crest of the moraine (fig. 5). The
altitude of the surface of the lake was controlled by the outlet
channel on the moraine (fig. 5) that initially was at an altitude
of about 1,010 ft before the outlet began to incise into the
moraine. Then, as the outlet channel was lowered by incision,
the lake level gradually dropped about 60 ft and (altitude about
950 NVGD 88), as indicated by the present altitude of the
bottom of the abandoned outlet channel in the southern part of
the study area.

Central Part of the Study Area

Glaciolacustrine processes were responsible for
the prominent geologic features in the central part of the
study area. In the proglacial lakes that formed during the
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comprised of medium to coarse sand; forms semi-confining
units where composed of very fine to sand
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compact, dense

Well and well number—Number is assigned by U.S. Geological Survey.
Well data are in Appendix at end of report

~——TM 560 IEI

Water level marker

|:| Alluvium—Recent alluvial deposits

Figure 8. Geohydrologic section B—B’in the lower Sixmile Creek and Willseyville Creek trough, Town of Caroline, New York.

advance and retreat of ice in the central part of the trough, Willseyville trough retreated north of the mouth of upper
glaciolacustrine sediments accumulated (fig. 8) between the Sixmile Creek valley, thereby unblocking upper Sixmile Creek
retreating ice and the morainal deposits that plugged the valley  valley and permitting sediments transported by Sixmile Creek
in the south part of the study area. Fine-grained sediments to be disgorged into the proglacial lake in the trough. Most of
(lake-bottom fine sand, silt, and clay) were deposited in deep the sediment was deposited into standing water, but at times,
water, and coarse-grained sediments (deltaic sand and gravel) some may have been deposited against and on top of the ice
accumulated at the water’s edge and in shallow water. during surge(s) of the glacier back into the Brooktondale area.
A large delta (Brooktondale Delta) was deposited The delta extends from its apex at the east side of the trough to

west of Brooktondale when ice in lower Sixmile Creek and the central part of the trough to the west (fig. 9).
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— TM 560

Figure 9. Geohydrologic section C—C’in the lower Sixmile Creek and Willseyville Creek trough, Town of Caroline, New York.

The delta consists of medium-to-coarse sand to pebbly
sand (foreset beds) in the lower part of the delta and coarse
gravel on top of the delta (topset beds). Presently, the delta
is mined for aggregate; subsequently most of the upper part
of the delta has been removed by this process. Before sand
and gravel mining began, the delta was as much as 80 to
100 ft thick. The results of drilling at an USGS test-well site
(TM1008, fig. 8) in the bottom of one of the sand and gravel
pits indicted that there was 24 ft of surficial sand and gravel
remaining below the bottom of the pit at that site. The deltaic
sediments are thickest (as much as 100 ft thick) and coarsest at
the apex of the delta in the east side of the trough and become

thinner and finer-grained towards its edges. At well TM2367
(fig. 8), and near the southern boundary of the delta, the
deposits are only 25 ft thick.

Northern Part of the Study Area

The three major geologic processes that have been
instrumental in forming the geologic framework in the
northern part of the study area are (1) erosion by streams
during interglacial and post-glacial periods, (2) deposition in
the upper zones of the drift that was dominated by subglacial
environment (till and subglacial meltwater deposits),
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and (3) deposition in the lower zone of the drift that was
dominated by glaciolacustrine (lake-bottom) and subglacial
environments. Deposition of coarse-grained sediments

(sand and gravel) was subordinate in the northern part of

the trough, and there is a conspicuous absence of substantial
amounts of glaciolacustrine sediments and sand and gravel

at land surface. Surficial glaciolacustrine sediments and sand
and gravel also are absent in other valleys that are crossed

by the Valley Heads Moraine in central New York, (Miller
and Randall, 1991). The lack of glaciolacustrine sediments

at land surface is likely attributed to the absence of a major
proglacial lake in the northern part of the study area; instead
of a lake, there probably was highly disintegrated stagnant

ice in the trough during the late phases of ice retreat in which
meltwater had reversed direction in flow (from south to north)
and moved back under the disintegrating ice through crevasses
and tunnels and drained out to a lower outlet in another

valley (Miller and Randall, 1991; Cadwell and others, 1988;
Cadwell, 1972).

There are scant subsurface data in the trough north of
German Crossroad because much of the area is composed of
dams and reservoirs and most residents that live in this area
are supplied by a public-water system (City of Ithaca) rather
than by individual wells. Most geohydrologic information
about this area is from test holes drilled near the Ithaca
Reservoir and observations of outcrops exposed in bluffs
along Sixmile Creek and in gullies cut by tributaries that drain
the steep walls of the trough. Schmidt (1947) describes several
varved glaciolacustrine units in the lower parts of eroded
bluffs that were exposed by down cutting by Sixmile Creek
just south of the Silt Dam; the units are interlayered with thin
sand and gravel units in the lower parts of the drift. These
deposits are overlain by a thin sand and gravel unit which, in
turn, is overlain by till (fig. 10).

Till comprises most of the upper portion of drift between
German Crossroad and Banks Road. Mostly till and disturbed
lacustrine deposits (lake deposits that became overridden by
ice or have undergone mass slumping) consisting of silt and
clay, and some lenses of sand and gravel comprise the lower
portion of the drift (fig. 11). Well TM 1002 was reported to be
cased to 88 ft below land surface and is finished in a confined
sand and gravel aquifer that is probably on top or close to
bedrock (fig. 10). Results of a seismic-refraction survey
(fig. 10) indicate that the buried “600 ft gorge” extends at least
this far south in the trough.

Since intervals of interglacial periods have been
longer than the present post-glacial period, the ancestral
streams in lower Sixmile Creek valley had a longer time to
erode previously deposited sediments. In some places, the
interglacial stream had fully penetrated (completely incised)
the drift and had cut a gorge into the underlying bedrock.

An interglacial gorge (called the “600 ft gorge” by Rich and
Filmer, 1915) extends from Van Natta’s Dam in the north to

at least German Crossroad. Some well records indicate that it
probably underlies the central part of the study area (figs. 6,
10, 11, and 12) and could possibly extend beneath the southern

part of the study area. Another buried gorge (called the “200 ft
interstadial gorge” by Rich and Filmer, 1915) extends north
from Van Natta’s Dam beyond the northern part of the study
area (fig. 12). The “200 ft interstadial gorge” contains little or
no unconsolidated sediments, and consequently, no sand and
gravel aquifer is present in this area.

In the northern part of the study area just north of the
Brooktondale delta, the drift in areas not incised by streams
is more than 200 ft thick and progressively thins northward to
less than 100 ft at the northern end of the study area (fig. 11).
However, the thickness of the drift is much less in the northern
part of the study area where streams have eroded much of
the drift during post-glacial time. During the post-glacial
period, Sixmile Creek and many of the tributaries that drain
the trough walls have deeply incised channels creating ravines
and gullies, some that are cut more than 100 ft deep into the
drift. Near the silt dam (figs. 3 and 6), Sixmile Creek has cut
a channel over 100 ft deep and 1,000 ft wide that penetrates
most of the drift and is close to the top of bedrock in the
U-shaped trough floor (fig. 11). North of the “60 ft Dam,” at
the outlet of the Ithaca Reservoir (fig. 6), Sixmile Creek has
fully penetrated the drift and has entered the “600 ft gorge”.

Hydrology of the Stratified-Drift
Aquifer System

Characterization of the stratified-drift aquifer system
in the lower Sixmile Creek and Willseyville Creek trough
included describing the (1) aquifer type (confined or
unconfined); (2) aquifer framework; (3) groundwater-flow
system, including water levels and recharge and discharge
conditions; and (4) water quality, including concentrations of
inorganic chemical constituents and nutrients. Because drilling
is expensive and access to desired locations is sometimes
not possible, most data used to characterize the geologic
framework of the aquifers are obtained from existing well
records. Many of the wells used in this study are within the
central portion of the study area; however, attempts were
made to characterize the southern and northern portions of
the aquifer system using available well logs, water-level data,
and correlations made from seismic data. The locations of
wells used to characterize the stratified-drift aquifer system
are shown in figure 13, and well records are presented in
Appendix 1.

There are three types of aquifers in the lower Sixmile
Creek and Willseyville Creek trough — confined, unconfined,
and a combination of both (fig. 14). Based on aquifer type,
the distribution of aquifers is summarized as follows: (1) an
unconfined aquifer aquifer in the southern area of the trough,
(2) an unconfined deltaic aquifer (underlain by a confined
aquifer) in the central part, and (3) confined aquifers at
various depths throughout the trough (locally overlain by
discontinuous unconfined aquifer material).
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Figure 14. Aquifer types in lower Sixmile Creek and Willseyville Creek trough, Tompkins County, New York.



Aquifer Types

The lower Sixmile Creek and Willseyville Creek
trough contains unconfined and confined sand and gravel
aquifers that overlie the bedrock aquifers throughout the
trough (however, the bedrock aquifers are not the main focus
of this report and are considered here as the base of the
stratified-drift aquifer system). An unconfined aquifer has
an upper surface (water table) that is open to the atmosphere
through permeable material and in which the water level is
free to rise and decline. Unconfined aquifers are typically
closer to land surface than confined aquifers. In contrast, an
unconsolidated confined aquifer (also known as an artesian
aquifer) is a permeable deposit located between confining
layers. Confining layers are made up of geologic material
with lower permeability (low hydraulic conductivity) than the
surrounding deposits that impedes the flow of groundwater. In
this study area, the confining layers consist of till, or lacustrine
very fine sand, silt, and clay. In a confined aquifer, the
potentiometric surface is always above the top of the aquifer
unit in which the water is stored. When a well is drilled into
a confined aquifer, water in the well casing is forced up to
its potentiometric surface, and if the pressure in the confined
aquifer is great enough, it may cause the water in the well to
flow above land surface, in which case the well is referred to
as a flowing-artesian well.

Aquifer Geometry

The aquifer geometry in the study area is complex
as a result of glacial processes, previously deposited
sediments that were eroded, or redeposition of sediment
on top of older sediment, resulting in multiple sequences
of unconsolidated deposits in the study area. Additionally,
interglacial, interstadial, and post-glacial erosion modified
the unconsolidated deposits—in some places, streams have
cut gorges down to the bedrock floor of the trough breaching
or entirely eroding the aquifers. Unconfined aquifers are
present only locally, such as at the Brooktondale Delta in
the central part and near the terminal moraine in the extreme
southern part of the trough. In the study area, there is one
continuous uppermost confined aquifer throughout the central
and southern parts—one continuous basal-confined aquifer
throughout the entire trough, and locally, only multiple
intermediate confined aquifers such as in the central portion of
the trough beneath the Brooktondale Delta.

Sufficient well records were available to characterize
some parts of the stratified drift in the trough, but there are
also large areas where data were insufficient, such as in the
southern part of the trough. More subsurface data are available
for the shallower parts of the trough than the deeper parts
because water-well drillers typically stop at the first major
water-bearing unit that is penetrated.
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Unconfined Headwater Aquifer

Headwater aquifers typically are present in through
valleys where drift forms a drainage divide (in this case the
divide between the Susquehanna River Basin and the St.
Lawrence River Basin shown in figure 3). Kame, alluvial, and
a small amount of outwash sand and gravel deposits at the
terminus of the Valley Heads Moraine in the southern part of
the study area (figs. 2 and 5) form an unconfined headwater
aquifer that begins at the southern boundary of Tompkins
County and extends south into Tioga County (fig. 14). The
part of the unconfined aquifer that is within Tompkins County
is only 0.3 square mile (mi?) and consists mostly of coarse-
grained sand and gravel in the upper part of the aquifer, but
the total thickness is unknown. Drilling data indicate that the
aquifer is at least 25 ft thick, based on (1) the record for a well
(TM1260, 26 ft deep) sited along the edge of the trough, which
shows that sand and gravel extends from 0 to 26 ft below
land surface (with a reported yield of 4.5 gallons per minute
(gal/min) and (2) visual inspection of a sand and gravel mine
in Tioga County (0.6 mi south of the Tompkins and Tioga
Counties border, fig. 5), which has been excavated into coarse
sand and gravel to about 30 ft below land surface. However,
results from a seismic-refraction survey in the southern part
of the study area indicate that the unconsolidated deposits are
more than 200 ft thick in the center of the trough. At other
locations in central New York, the crest of the Valley Heads
Moraine and the outwash in front of it contain large aquifers
that are typically 80 to 140 ft thick (Miller, 2009; Miller and
others, 1998; Kappel and Miller, 2003; Kappel and others,
2001; and Randall and others, 1988). This condition may exist
in this study area, too, but no wells are drilled deep enough to
confirm this.

Unconfined Deltaic Aquifer

The sand and gravel that comprises the delta near
Brooktondale (figs. 5 and 9) forms a small unconfined aquifer
(0.3 mi? in area) in the central part of the study area. Although
much of the upper part of the delta has been removed (up
to 65 ft in places) by several aggregate mining operators,
there remain sufficient amounts of sand and gravel in most
places to form a thin aquifer that is relatively unused. The
deltaic aquifer is wedge shaped and thickest near its apex near
Brooktondale on the east side of the trough and thins radially
to the west, north, and south as it fans out across the trough.
The edge of the delta on the west side of the trough is at an
altitude of about 1,010 ft, where it terminates by lapping onto
till and kame moraine deposits (fig. 5). In 2008, the altitudes
of land surface at the bottom of the aggregate mines ranged
from 940 ft to 960 ft.

Three well records (fig. 13, appendix 1) in the delta area
were used to define the thickness and bottom of the deltaic
aquifer. The well record for test well TM 1008, (figs. 9 and
13, appendix 1), drilled for this study in the bottom of one of
the aggregate mines (altitude of land surface is 945 NVGD
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88), indicates that the well penetrated 24 ft of sand and gravel
overlying clay (bottom of aquifer at altitude 920 ft NVGD 88)
below the floor of the pit. Data from a commercial well
(TM2128, figs. 9 and 13, appendix 1) drilled by an aggregate-
mining company and used for washing gravel indicate that
there is at least 33 ft of sand and gravel below the floor of

the pit, which puts the altitude of the bottom of the deltaic
unconfined aquifer at less than 915 ft. At well TM2367 (figs. 8
and 13, appendix 1) near the southern edge of the delta and
outside of the gravel pit in an area that has not been mined,

25 ft of sand and gravel remains that overlies a lacustrine silty
sand unit, indicating that the bottom altitude of the unconfined
deltaic aquifer is 953 ft.

Confined and Locally Unconfined Aquifers

The most areally extensive aquifers in the study area are
confined sand and gravel aquifers, which are relatively thin
compared to the till and glaciolacustrine clay, silt, and very
fine sand that confine these aquifers throughout the lower
Sixmile Creek and Willseyville Creek trough. As an exception,
locally, such as in the Brooktondale delta area (fig. 9) and at
the southernmost area of the trough where the Valley Heads
Moraine is present, sand and gravel deposits are thicker and
comprise a larger part of the stratified-drift sediments.

In the southern part of the study area, which has the
lowest population density, there are few well data that could be
used to characterize aquifers in the trough (fig. 7). However,
it is reasonable to assume that there may exist at least a basal
confined aquifer on top of bedrock similar to the central part
of the trough (fig. 7) and similar to other glaciated valleys in
central New York, but no wells are drilled deep enough in the
southern part of the study area to confirm this.

In the central part of the trough, there are typically two
continuous and extensive confined aquifers (an upper confined
aquifer and a basal confined aquifer) but locally there can be
up to four confined aquifers. Wells that are along the sides of
the trough (TM1671, TM2360, and TM2315; fig. 13) indicate
there is likely only one confined aquifer along the flanks of the
trough because these wells penetrated one sand and gravel unit
and are likely finished close to bedrock, based on information
extrapolated from surrounding wells. It isn’t until near Belle
School Road that there is sufficient well data to characterize
the aquifers in the central part of the study area. Well records
for two adjacent wells along Belle School Road (TM 1983
and TM2005, fig. 13) in the central part of the trough indicate
that there is at least one confined aquifer unit and possibly a
second (basal confined aquifer) that hadn’t been penetrated
by drilling. Well TM1983 (fig. 13) was cased to 220 ft and
finished in a sand unit that heaved up the casing 40 ft, causing
the well to be abandoned. Nearby, well TM2005 (fig. 13)
was drilled to a depth of 30 ft and finished in sand and gravel
underlying till (bottom of till at 27 ft).

In the central part of the study area, south of the
Brooktondale Delta, well records indicate that there are at least
two continuous confined aquifers in the central part of the

trough (fig. 8). Wells TM 50, TM 51, TM 588, and TM 1698,
(figs. 8 and 13) are finished in a confined aquifer 90 to 105
ft below land surface and are either flowing artesian or have
water levels 2 to 3 ft below land surface. Wells TM2367 and
TM1019 (figs. 8 and 13), 207 and 304 ft deep, respectively,
are finished in confined sand and gravel units that are likely
on top, or close to, bedrock, based on seismic refraction data
nearby. The depth to water in well TM2367 was 40 ft (altitude
water level was 938 ft) on May 21, 2007, which is several
tens of feet lower than levels of wells finished in the upper
confined aquifer that were either under flowing conditions
or had water levels several feet deep (altitudes ranging from
968 to greater than 975 ft). Well TM 1019 is the deepest well
(304 ft) in the study area that is in a sand and gravel aquifer.

Underlying the unconfined deltaic aquifer near
Brooktondale in the central part of the study area are four
confined sand and gravel aquifers (fig. 9). The uppermost
confined aquifer (fig. 9) probably correlates to the continuous
upper confined aquifer found at depths 90 to 105 ft in
geohydrologic section B—B’ (fig. 8). Test well TM 1008
(figs. 9 and 15) was drilled to a depth 187 ft and finished in
a continuous, basal confined sand and gravel aquifer that
directly overlies bedrock. Test well TM1009 was drilled to
a depth 130 ft, and the casing was perforated from 122 to
126 ft. It is finished in one of the discontinuous confined
sand and gravel aquifers in the middle section of the trough
(figs. 9 and 15). Water levels differed by 4 to 5 ft in test wells
TM1008 and TM1009 (fig. 15), indicating that the confining
unit between the aquifers impedes groundwater movement
between the two aquifers. The relatively large amounts of
sand and gravel that form the confined aquifers that underlie
the Brooktondale Delta make this area potentially one of the
most favorable parts of the study area for large amounts of
groundwater withdrawal.

About 0.6 mi north of the Brooktondale delta (fig. 13),
wells TM 65, TM 1309, and TM 1503 in the western part of
the valley were drilled deeper (from 94 to 197 ft) than wells
TM 550, TM 551, and TM 1532 in the lower Sixmile Creek
floodplain in the eastern part of the trough (from 70 to 95 ft).
Wells TM 544 and TM 552, on a terrace 50 to 60 ft higher in
altitude than the floodplain in the eastern part of the trough,
were finished in a confined sand and gravel unit 163 and
180 ft deep, respectively. These well records suggest that
there are two confined sand and gravel aquifers in most places
in the eastern part of the trough but probably only one deep
confined aquifer in the western part. Two of the deep wells in
the western part of the trough (TM1503 and TM1309) were
finished in sandy deposits. In the eastern part of the trough,
well TM1532 (fig. 13) was drilled to a depth of 95 ft and
had the largest reported yield (greater than 50 gal/min) for a
domestic well in the study area.

The farthest north in the trough that domestic wells tap
the upper confined sand and gravel aquifer is near German
Crossroad (figs. 11 and 13). From German Crossroad to the
north, Sixmile Creek and other streams have removed large
amounts of the upper unconsolidated deposits, some of which
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U. S. Geological Survey test wells TM1008 and TM1009

Town of Caroline gravel pit, Perkins Road, Town of Caroline, NY

Site name: TM1008 (well depth = 187 feet)
Site identifier: 422236076240401

Latitude: 42° 22" 35.80"

Longitude: 076° 24' 03.50"

Date completed: 12/12/2006
6-inch-diameter steel casing

Casing above ground = 5.2 feet

Latitude and longitude measurement made by GPS (NAD83)

Site name: TM1009 (well depth = 130 feet)
Site identifier: 422236076240402

Latitude: 42° 22' 35.77"

Longitude: 076° 24' 03.52"

Date completed: 12/12/2006
6-inch-diameter steel casing

Casing above ground = 5.3 feet

Drilling contractor: Randolph Drilling, McLean, N.Y. . TM1009
TM1008 Altitude of top of
) ) Altitude of top of six-inch casin
Altitude of land surface is 946.6 feet Altitude relative six-inch cas?ng ~951.92 feetg
l above NVGD 29 to NVGD 29 i = 951.76 feet P~ —( Artesian
0 Q4. flow
Sand and gravel, brown, subround-round pebbles
(unconfined aquifer) Water level .
=1.3feet Water flowing
above land above top of
24 923 surface, casing,
Clay, grey 1/3/2007 1/3/2007
36 911 .
Coarse sand and gravel, fine to coarse pebbles, Altitude of Altitude of
fine to coarse sand, subround to round clasts,
— 50 contains water,water level is 6 feet (confined aquifer) _ Water Level = Water Level =
i o 897 947.82 feet >952 feet
L
= 65 862
I.Ij Till, grey, stones embedded in sand and silt matrix
=
L
oc
7] soat
A
o 100 PO PN SV NVNIUN
= Clay, grey, soft [ — — — — —
< ==
— =
o 122 825—f=—= S
| Coarse sand and gravel, fine to coarse pebbles, F< o —> <«
[NN] fine to coarse sand, produces 30 gallons per minute o T
— 133 Till, grey, stony, with silt matrix o _A
T 138 809—=— Water from sand
= Coarse sand and gravel, fine to coarse pebbles, [ o _—35 o8 and gravel aquifer
o fine to coarse sand, subround-round clasts [= ===, 5= .
Lt (confined aquifer) FO = 0 enters perforations
e 157 90— O between 122-126 feet
Fine sand, heaves up casing : : : and_ bottom of
casing at 130 feet
174 Bottom of
Coarse sand and gravel, fine to coarse pebbles, fine casing =187 feet
to coarse sand, subround-round clasts, produces
196 20 gallons per minute (confined aquifer)
200 Shale, dark grey, makes little or no water Water from sand

I

Bottom of hole at -200 feet

Figure 15. Well log and construction details of USGS test wells TM1008 and TM1009, Perkins Road, Town of Caroline, New York.

Developed well TM1008 for 0.5 hour at rate of 20 gallons per minute.
Developed well TM1009 for 1.0 hour at rate of 30 gallons per minute.

and gravel aquifer
enters open-end
6-inch casing at 187 feet

27
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may have included aquifer material (figs. 10 and 11). Wells
TM1002 and TM 62 (88 and 172 ft deep, respectively) are
finished in the basal confined aquifer on top of the inner
glacial U-shaped trough (fig. 10). A buried bedrock gorge
(likely an extension of the interglacial “600 ft buried gorge”)
was detected using seismic-refraction surveys in the central
part of the trough (fig. 10).

North of the Silt Dam, Near Burns Road (fig.13), Sixmile
Creek has incised through all of the valley fill and is at or
near bedrock that forms the bottom of the inner glacial trough
except in areas where the “600 ft buried gorge” underlies the
trough north of the Silt Dam (fig. 11). From this area and to
the north, Sixmile Creek and some major tributaries have fully
penetrated the valley fill and sand and gravel aquifers that
are exposed in the remaining bluffs, allowing groundwater to
discharge from the aquifers. These exposed sand and gravel
aquifers may not be viable as a year-round water resource
because they may be marginally, or only seasonally, saturated.

North of the Silt Dam and underlying the Ithaca
Reservoir the only major sand and gravel aquifer remaining
is within the interglacial “600 ft buried gorge”. North of the
northern end of Ithaca Reservoir, Sixmile Creek has reentered
the interglacial “600 ft buried gorge” and has eroded most of
the unconsolidated deposits that previously filled the gorge.
Presently (2010) the stream is restricted by the bedrock floor
and walls of the gorge. The absence of all unconsolidated
deposits from the gorge just downstream from the Ithaca
Reservoir marks the northern boundary of the sand and gravel
aquifers in the trough (figs. 4 and 14).

Bedrock Aquifers

While the focus of this study is not on water derived
from bedrock, bedrock aquifers are important water sources
in the region because they underlie the entire area. Yields
available from individual wells completed in bedrock are
generally much less than yields from wells in sand and gravel.
In most cases, bedrock aquifers are the only source of water
in the uplands. The lower Sixmile Creek Basin is underlain by
Devonian-age sedimentary rocks consisting mostly of shales
and siltstones. Water movement is controlled by secondary
permeability in the joints or fractures in the rock and typically
predominates along bedding planes in sedimentary bedrock.
The density, width of opening, and connectivity of water-
bearing fractures decrease with depth due to the diminishing
effects of weathering and the increasing weight of overlying
rock with increasing depth that result in fewer, less-open,
and less-connected fractures. Therefore, most water that is
available to wells is generally in the upper 200 ft of bedrock;
however, there is indication that, in some areas, salty water
is present in the bedrock (TM2717, appendix 1). Therefore,
water from the bedrock may not be potable in certain places.
In the lower Sixmile Creek and Willseyville Creek Basins,
well yields typically range from 2 to 5 gal/min, but in some
wells yields are less than 1 gal/min and others yield up to
30 gal/min.

Groundwater Levels and Flowpaths

Natural changes in aquifer storage, exhibited by
fluctuations in groundwater levels, generally follow seasonal
patterns in the study area. Changes in aquifer storage between
any two points in time are calculated as the difference in
water levels between the two times multiplied by the storage
coefficient. For unconfined aquifers, gravity drainage and
filling of pores is the dominant mechanism for storage change,
and generally the storage coefficient (specific yield) ranges
from about 0.02 for fine-grained sediments to 0.35 for very
coarse-grained sediments (Freeze and Cherry, 1979). Storage
changes for confined aquifers are dominated by water and
sediment compression and expansion, and storage coefficient
values are much less. Storage coefficients reported for
confined stratified-drift aquifers in the glaciated Northeast
range from 102 to 10* (Kontis and others, 2004; Crain, 1966;
and Randall, 1979). Values of storage coefficient are best
determined with aquifer tests that affect a fairly large part of
the aquifer.

Changes in storage in an aquifer include short, relatively
well-defined periods of increased storage in the spring and late
fall, when recharge to the aquifer exceeds discharge from the
aquifer, and longer periods of decreased storage in the summer
and winter, when discharge generally exceeds recharge. Also,
a regional drought that reduces recharge over a large area over
multiple seasons can result in reduced storage and yield from
sand and gravel aquifers.

A generalized depiction of the water table in the
unconfined aquifer (Brooktondale delta) is shown in
figure 16 and was constructed using water-level measurements
made during this investigation from 2005 to 2007 and from
locations of springs at the lower flanks of bluffs along the
north and west margins of the delta. Groundwater flows
roughly perpendicular to water-table contours in unconfined
aquifers or to potentiometric-surface contours in confined
aquifers. Groundwater in the southern part of the unconfined
aquifer flows to the west and discharges into Beaver Creek.
Groundwater in the northern part of the unconfined aquifer
flows to the northwest where some of the groundwater
discharges to springs along the northern margin of the delta
ending up in downstream reaches of Sixmile Creek while
some groundwater discharges to springs along the western
margin of the delta and flows into Beaver Creek.

Groundwater in the uppermost confined aquifer in the
trough flows predominantly to the north from the surface-
water divide that separates drainage that flows northward
into the St. Lawrence River Basin and southward into
the Susquehanna River Basin (fig. 17). Just north of the
surface-water divide in the southern part of the study area,
groundwater in the morainal deposits in the western side of
the trough initially flows eastward from the west valley wall
to the center of the valley where it changes course and flows
northward (fig. 17). Direction of groundwater flow to the south
of the surface-water divide is unknown because of lack of
water-level data.
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Base from U.S. Geological Survey, Seamless Data Distribution System,
d in 2008 at http://: less.usgs.gov/
Universal Transverse Mercator projection, Zone 18
EXPLANATION

I:l Boundary of unconfined aquifer—Approximate boundary of the unconfined aquifer Brooktondale Delta area
I:l Boundary of confined aquifer—Approximate boundary of the confined aquifer

== == 93()= = Generalized water-table altitude—Shows approximate altitude of the water level in the unconfined aquifer near
Brooktondale derived from measurements made from 2005 to 2007, from historic data over several decades and
during all seasons, and from stream- and river-surface altitudes as indicated on 1:24,000-scale topographic
maps; therefore, the contours are an approximation and reflect a generalized conception of the water-table in this
area. Contour interval 10 feet. Datum is National Geodetic Vertical Datum of 1929

< Direction of groundwater flow—Blue arrows show direction of flow in unconfined aquifer

938 ‘ Well with water-level measurement—Blue number is altitude of water level in the unconfined aquifer

Figure 16. Water table in the unconfined aquifer (Brooktondale Delta) in lower Sixmile Creek and Willseyville
Creek trough, Tompkins County, New York.
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The groundwater in the uppermost confined aquifer is
artesian in most places and flowing artesian in some low areas
in the trough. However, in some places along the margins of
the trough walls where the confined aquifer and the associated
confining unit lap up higher on the valley walls, the water
level is below the bottom of the confining unit (till), and a
small portion of the aquifer is unconfined. In areas above
altitude of 1,050 ft, such as along the margins of the trough,
the depth to water in wells finished in the upper confined
aquifer is as much as 95 ft below land surface. In low-lying
areas, the depth to water is either only several feet below land
surface or above land surface (flowing artesian conditions).
North of Banks Road (fig. 17), the uppermost confined aquifer,
which is composed of kame deposits of the Valley Heads
Moraine, is absent because these deposits pinch out.

Groundwater-flow patterns in the basal confined aquifer
are similar to those in the uppermost confined aquifer although
water levels in some areas can differ greatly. Groundwater
in the basal confined aquifer flows predominantly northward
from the surface-water divide (fig. 18). Just north of the
surface-water divide, groundwater in the morainal deposits on
the western side of the trough initially flows eastward from the
west valley wall to the center of the valley turning northward
in the central part of the aquifer and northwestward in the
northern part of the aquifer (fig. 18). Groundwater eventually
discharges to lower Sixmile Creek and to the Ithaca Reservoir
near the northern terminus of the basal confined aquifer
(fig. 18).

Most wells in the basal confined aquifer in low-lying
areas are under flowing-artesian conditions with hydraulic
heads 10 to 40 ft above land surface, such as well TM1002.
However, wells in areas that are located 50 to 100 ft above
the floodplain, such as on terraces and kames along the
trough walls, have heads that are below land surface and do
not flow, for example well TM2367. The existence of a basal
confined aquifer in the Willseyville Creek part of the trough is
unverifiable because of a lack of detailed well data; however,
it is likely that one exists based on the fact that basal aquifers
that extend throughout entire valleys are common in other
major troughs in central New York.

In some areas, multiple confined aquifers are present in
the trough, such as at the Town of Caroline sand and gravel
pit about 0.5 mi west of Brooktondale (fig. 9). At the bottom
of the pit, a nested pair of test wells were drilled (fig. 13).
Well TM1008 (well depth 187 ft) was finished in the basal
confined aquifer and well TM 1009 (well depth 130 ft) was
finished in one of the intermediate-depth, confined sand and
gravel aquifers (figs. 9 and 15). Bedrock was penetrated at
196 ft. Water levels were measured in the wells from January
1, 2007, to February 11, 2009, to determine the head relations
between the two aquifers units (fig. 19). Heads were found to
be consistently 4 to 5 ft higher in well TM1009 (finished in a
shallower confined aquifer) than in well TM1008 (finished in
a deeper confined aquifer), which indicates that the vertical
component of the hydraulic gradient is downward in this area.

Heads in both wells were above land surface in the bottom of
the sand and gravel pit in which they were drilled. The similar
water-level trends and consistent magnitude of head changes
between the two aquifers, shown in the hydrograph in figure
19, suggest that the aquifers may have the same recharge area
and are somewhat hydraulically connected.

Sources of Recharge

The amount of recharge to stratified-drift aquifers is a
key determinant of the long-term availability of water. More
recharge is available to unconfined aquifers than to confined
aquifers. In general, there are a number of sources of recharge
to stratified-drift aquifers (fig. 20). Four principal sources
are: (1) direct infiltration of precipitation (rain and snow
melt) where the aquifer crops out at land surface, (2) surface
runoff and subsurface flow from adjacent unchanneled upland
areas, (3) leakage from tributary streams where flow is over an
unconfined aquifer, and (4) upward leakage from the bedrock
and leakage from adjacent fine-grained confining units,
especially during pumping. Sources of recharge to the aquifers
in the lower Sixmile Creek and Willseyville Creek trough vary
from place to place, and in some areas they are unknown as
a result of the complex geohydrologic conditions present in
the study area.Three distinct hydrologic settings that receive
recharge are present in the study area (fig. 20)—the isolated
basal aquifer, the unconfined delta and confined aquifers, and
confined aquifers, which correspond to the northern, central,
and southern parts of the trough respectively.

Unconfined Aquifers

The major sources of recharge to the unconfined
aquifers (Brooktondale Delta in the central part and the
headwater aquifer at the crest of the Valley Heads Moraine
in the southern part of the study area) in the lower Sixmile
Creek and Willseyville Creek trough are (1) direct infiltration
of precipitation where water moves predominantly in a
downward direction through the unsaturated zone toward the
water table and (2) unchanneled surface runoff and subsurface
inflow from adjacent upland areas that seep into the aquifer
along the trough walls (figs. 20B and 20C). Over areas of
sand and gravel, runoff is generally negligible so that all
precipitation that is not lost to evapotranspiration recharges
the unconfined aquifer. Unchanneled upland runoff typically
contributes about 18 to 23 percent of the total recharge to
unconfined stratified-drift aquifers in central New York (Miller
and others, 1998; Kontis and others, 2004; Miller and others,
2008). Seepage losses from upland tributary streams comprise
a relatively small amount of recharge to the aquifers in this
study area because (1) the area of unconfined aquifers is small
(most of the major aquifers are confined), (2) no streams cross
the Brooktondale Delta (an unconfined aquifer), and (3) the
area where confined aquifers crop out at land surface along the
trough walls is relatively small.



Confined Aquifers

The major sources of recharge to the confined aquifers
in the southern part of the study area are (1) direct infiltration
of precipitation where confined aquifers crop out at land
surface—mostly along the west trough wall and to a lesser
degree along the east trough wall; (2) unchanneled surface and
subsurface runoff from adjacent upland areas that seeps into
the aquifer along the west trough walls; (3) subsurface inflow
from underlying till or bedrock at the lateral contacts at trough
walls, (4) adjacent fine-grained stratified drift, especially when
the aquifer is pumped; and (5) bedrock at the bottom of the
trough (fig. 20C).

Wells finished in the kame moraine along the western
margin of the trough in the central part of the stratified-drift
aquifer area have water levels several tens of feet higher in
altitude than wells finished in the confined aquifers in the
middle of the trough. This hydraulic-head relation is consistent
with the concept that recharge from unchanneled runoff from
adjacent hillsides and smaller amounts from precipitation and
discharge from streams is entering the aquifers along the west
trough wall (figs. 17 and 18). Due to relatively small amounts
of kame moraine deposits along the eastern part of the trough
(fig. 5), there is less recharge from that side of the trough.
Little or no recharge from surface sources occurs in the middle
of the trough because fine-grained deposits (till and lacustrine
fine sand, silt, and clay) crop out at, or near, land surface,
impeding movement of water into the confined aquifers
(fig. 20C).

In the northern part of the study area (fig. 4), the basal
confined aquifer is completely surrounded by confining units
and is isolated (fig. 20A) from major sources of recharge
such as (1) precipitation that falls directly over the valley,

(2) streams flowing across the valley, and (3) runoff from
adjacent hillsides. Therefore, the amount of recharge to the
confined aquifer in this area is relatively small. In general,
relatively little recharge may occur through subsurface flow
from the bedrock and from overlying fine-grained sediments
(fig. 20A).

The hydrograph depicted in figure 19 shows the period
when the confined aquifers in the central part of the study are
recharged. The recharge period (when groundwater storage
in the aquifer is increasing) is represented when groundwater
levels are rising, which occurs mostly during late fall, winter,
and early spring, particularly just before and just after the
growing season (fig. 19). Little recharge occurs during the
growing season from late spring to early fall when the rate of
evapotranspiration typically exceeds the rate of precipitation.

Groundwater Discharge

In the northern and central extents of the stratified-drift
aquifer (fig. 4), most groundwater ultimately discharges
into lower Sixmile Creek. Lesser amounts of groundwater
discharge to pumping wells. Transpiration limits recharge
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when water vapor escapes from living vegetation back into the
atmosphere, and in some cases even induces discharge directly
from the aquifer where roots extend below the water table
mostly during the spring when the ground can be saturated
and close to, or at, land surface. In the southeastern part of
Tompkins County, evapotranspiration is estimated to range
between 19 to 20 inches per year or roughly half of the annual
precipitation in this area (Kontis and others, 2004, plate 1).
Due to lack of well and water-level data in the southern part of
the study area, the groundwater flow patterns and location of
groundwater discharge are unknown.

Unconfined Aquifer at the Brooktondale Delta

Most of the recharge from precipitation directly over the
delta and from runoff from adjacent hillsides on the east side
of the trough enters the unconfined aquifer at the Brooktondale
Delta and flows westward and northwestward discharging
at springs along the western and northern edges of the delta
(fig. 16). Groundwater in the southern part of the deltaic
aquifer flows to the west and discharges into Beaver Creek.
Groundwater in the northern part of the deltaic aquifer flows
to the northwest where some of the groundwater discharges
via springs along the northern margin of the delta to Sixmile
Creek, and some discharges to springs along the western
margin of the delta and then to Beaver Creek. Groundwater
also discharges to ponds that have been created where gravel
mining has extended below the water table. Groundwater is
also withdrawn for washing the aggregate at the gravel pits,
but there is little consumptive loss of water because most of
the water is allowed to return to the aquifer.

Confined Aquifers

In the northern and central extents of the stratified-drift
aquifer of the study area, groundwater in the confined aquifers
discharges mostly to Sixmile Creek, to the Ithaca Reservoir,
and to pumped wells. Since the confined aquifers are at depths
greater than 10 ft below land surface, there is negligible loss
through evapotranspiration.

Groundwater in the basal confined aquifer flows
predominantly north and northwestward and discharges to
Sixmile Creek and to the Ithaca Reservoir. At the Ithaca
Reservoir, Sixmile Creek has down cut and removed the layer
that confines the basal aquifer, allowing water from the basal
aquifer to discharge directly into Sixmile Creek and the Ithaca
Reservoir. North of the Ithaca Reservoir, Sixmile Creek has
fully penetrated the valley-fill in both the U-shaped valley and
in the interglacial gorge (fig. 12) and the aquifer is absent.

Groundwater in the upper confined aquifer also
discharges to Sixmile Creek. The northern extent of the upper
confined aquifer ends near Banks Road (fig. 17) where the
aquifer pinches out at depth or where it has been penetrated by
Sixmile Creek.
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Figure 19. Hydrograph showing altitude of groundwater levels from January 1, 2007 to February 11, 2009 in test wells TM1008
and TM1009 at Town of Caroline sand and gravel pit, Perkins Road, Brooktondale, New York.

The base-flow and storm-runoff components (fig. 21) of
total streamflow at Sixmile Creek at Brooktondale streamgage
station (upper Sixmile Creek Basin) and at Sixmile Creek at
Bethel Grove streamgage station (lower Sixmile Creek Basin,)
(fig. 3) were calculated by using a hydrograph-separation,
computer program HYSEP (Sloto and Crouse, 1996) and
continuous discharge data for 2003—07. HYSEP calculates
base flow as a percentage of total mean annual flow. The two
Sixmile Creek streamgage stations meet the recommended
requirements for using the HY SEP program because they are
not regulated by dams or flood-control reservoirs upstream,
which could cause a decrease in stormflow and an increase
in base flow after a storm. These streamflow records span
a relatively short period (5 years); therefore, the accuracy
of these estimates is not as great as would be with at least
30 years of record.

Results of the hydrograph-separation analyses for
2003—-07 indicate that base flow constitutes about 64 and
56 percent of total annual discharge at Sixmile Creek at

Brooktondale and Sixmile Creek at Bethel Grove, respectively
(fig. 21). The results of the hydrograph-separation analyses
indicate that the flow past Brooktondale has a greater
component that is base flow (groundwater) than at Bethel
Grove, which suggests that greater amounts of groundwater
discharge to streams from aquifers in the upper Sixmile Creek
valley than in the lower Sixmile Creek valley.

The greater percentage of base flow in the upper part
compared to the lower part of Sixmile Creek Basin is due
to several factors. First, at the Brooktondale streamgage
station, the stream has eroded and fully penetrated the
valley fill deposits, including the aquifers, resulting in little
or no groundwater underflow past the streamgage because
the groundwater in the stratified-drift deposits is forced to
discharge to the stream at this point. At the Bethel Grove
streamgage station, the stream has only partially penetrated
the stratified-drift deposits, allowing a significant portion
of the groundwater to flow beneath the streamgage station
as underflow mostly through the basal confined aquifer and
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A Northern part of study area—isolated basal aquifer

@ O

Figure 20. Sources of recharge in aquifers A, the northern part of the lower Sixmile Creek and Willseyville Creek trough,

B, the central part, and C, the southern part, Tompkins County, New York.
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EXPLANATION

Drainage divide: a boundary between adjacent
drainage basins. Groundwater and surface water
divides in uplands are coincident.

Edge of valley-fill deposits.

Some water may recharge the buried aquifer from
precipitation where the sand and gravel aquifer
crops out at land surface along the edges of the
valley.

Lateral contact between fine-grained stratified drift
and till or bedrock. Flow across this contact is small.

Some water may recharge the buried aquifer as
subsurface flow from underlying till or bedrock.

Little or no water recharges the buried aquifer from
streams flowing across the fine-grained deposits in
the main valley.

Some water may recharge the buried aquifer as
subsurface flow from adjacent fine-grained sediments,
especially when the aquifer is pumped.

Precipitation on surficial alluvial fan, kame moraine,
and deltaic deposits.

Some subsurface flow and unchanneled runoff from
upland areas recharge deltaic deposits that then may
recharge the buried aquifer.

LITHOLOGY

Sand and gravel

000 @

Hatched where aquifer is confined by an
overlying confining unit.

Deltaic sand, pebbly sand and gravel

Fine-grained sediments (lacustrine
fine sand, silt and clay; and till)

Till

Shale and siltstone
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64 percent base flow
(groundwater)

36 percent
storm runoff

Sixmile Creek at Brooktondale
(upper Sixmile Creek Basin)

56 percent base flow
(groundwater)

44 percent
storm runoff

Sixmile Creek at Bethel Grove
(lower Sixmile Creek Basin)

Figure 21.

Graphs showing results of hydrograph separation analyses for Sixmile Creek at Brooktondale (upper

Sixmile Creek Basin) and Sixmile Creek at Bethel Grove streamgages (lower Sixmile Creek Basin) for the period

2002-07. Locations of streamgages are shown in figure 3.

to enter the stream further down valley where the channel

has fully penetrated the stratified-drift deposits and flows on
bedrock in the “600 ft gorge.” Second, the volume of surficial
sand and gravel is greater in upper Sixmile Creek Basin than
in lower Sixmile Creek Basin, allowing more groundwater to
be transmitted through the aquifers to the stream in the upper
part of the basin. Because the presence of surficial sand and
gravel deposits reduces rapid runoff, precipitation is stored as
groundwater that is gradually released to streams. In valleys
with relatively large amounts of surficial sand and gravel, there
is proportionally more infiltration of precipitation and storage
capacity; therefore, more groundwater discharges to streams
than in valleys that contain mostly till and lacustrine deposits,
which have poor infiltration capacity and rapid runoff.

Pumping Withdrawals

Most groundwater withdrawals from confined sand and
gravel aquifers in the lower Sixmile Creek and Willseyville
Creek trough are from open-ended, 6-inch (in.) diameter
domestic wells, with other minor amounts from farm and
commercial wells that tap the confined aquifers. No large

municipal pumping wells are in the study area. Some
groundwater is withdrawn seasonally from the unconfined
aquifer (Brooktondale Delta) by an aggregate-mining
operation for washing purposes. Domestic water use is water
used for indoor and outdoor household purposes. In lower
Sixmile Creek and Willseyville Creek trough an estimated
600 people rely solely on groundwater from the stratified-drift
aquifer system. Homeowner wells that were just within the
areal extent of the aquifer’s boundaries, but were finished in
bedrock, were not included as users of the sand and gravel
aquifers. Additionally, water is used by non-permanent
residents such as staff at commercial facilities. The estimated
total groundwater use for human consumption is estimated

to be about 45,000 gal/d or 0.07 cubic feet per second (ft*/s)
based on an average water use of 75 gal/d per person for self-
supplied water systems in New York (Hutson and others, 2000,
table 6) times the estimated 600 people that pump from the
stratified-drift aquifers. However, unknown quantities of water
are also withdrawn from wells in the stratified-drift aquifers
from (1) several small crop farms, (2) an unknown number of
flowing artesian wells that continually discharge water from
the aquifer, and (3) about six small commercial facilities.



Groundwater Quality

Because all drinking water is derived solely from the
confined aquifers, water-quality samples were collected only
from those wells. Water samples were collected from six wells
— two test wells (TM1008 and TM1009) and four private
residential wells (TM 1002, TM1503, TM1532, and TM2355)
from December 2006 through August 2007 to characterize the
chemical quality of groundwater. Field measurements were
made for pH, specific conductance, and water temperature.
The concentrations of 42 constituents that included nutrients,
major inorganic ions, and trace elements were determined
by the USGS National Water Quality Laboratory (NWQL)
in Denver, Colorado. Wells that were sampled are shown
in figure 13. Analytical results for selected constituents
are compared with Federal drinking-water standards. The
standards include Maximum Contaminant Levels (MCLs),
Secondary Maximum Contaminant Levels (SMCLs), and
Health Advisories (HAs) established by the USEPA (2006).

Physical Properties

Wells that were sampled ranged from 88 to 197 ft deep.
The pH of the samples (table 2) ranged from 7.6 to 8.1; no pH
measurement was outside the accepted SMCL range of 6.5 to
8.5. Specific conductances of the samples ranged from 291 to
492 microsiemens per centimeter (uS/cm) (table 2).

Maijor Inorganic lons

The cation that was detected in the greatest concentration
was calcium, ranging from 30.5 to 63.6 mg/L (table 2).
Sodium values ranged from 9.47 to 28.8 mg/L. No samples
exceeded the USEPA Drinking Water Health Advisory (HA)
for sodium, which recommends sodium concentrations in
drinking water do not exceed 60 mg/L on the basis of taste.
This health advisory is intended as a guideline for users.
Silica values ranged from 7.46 to 13.2 mg/L. Calcium and
magnesium contribute to water hardness and one of the six
sampled wells yielded water with a hardness greater than
180 mg/L, which is classified as “very hard” (Hem, 1985).

The anion that was detected in the greatest concentration
was bicarbonate, while chloride and sulfate were detected
in generally lesser concentrations. Bicarbonate (as CaCO,)
ranged from 173 to 199 mg/L (table 2). Bicarbonate values
were calculated from the alkalinity concentrations, which are
given in milligrams per liter of CaCO,. Chloride values ranged
from 0.67 to 35.6 mg/L, not exceeding the SMCL of 250 mg/L
(table 3). Sulfate values ranged from 8.08 to 47.1 mg/L and
did not exceed the SMCL of 250 mg/L.

Groundwater Quality 39

Nutrients

Groundwater samples were analyzed for several nitrogen
and phosphorous species (table 2). Ammonia concentrations
ranged from 0.019 to 0.377 mg/L as nitrogen (N). Organic
nitrogen concentrations were negligible in four samples,
but in two samples (TM 1008 and TM1009) the organic
nitrogen concentrations were more than 50 percent of the
reduced nitrogen. Nitrate was not detected in any of the
samples above the detection limit of 0.06 mg/L. Confined
aquifers are less susceptible to contamination than unconfined
aquifers because confining units prevent chemicals that are
applied on the land surface from easily infiltrating through
the confining material and into the confined aquifers. Nitrite
was not detected in five of the six samples and was negligible
in only one. Orthophosphate was detected in five of the six
samples, but concentrations were typically low; the maximum
concentration was 0.031 mg/L (as phosphorus).

Trace Elements

The most commonly detected trace elements were
aluminum, arsenic, barium, boron, iron, lithium, manganese,
nickel, molybdenum, uranium, zinc, and strontium, all of
which were detected in every sample (table 3). The trace
elements detected in the greatest concentrations were
barium, boron, iron, lithium, manganese, and strontium.
Aluminum concentrations ranged from 0.9 to 95.5 pg/L; one
sample (TM1532) exceeded the SMCL (50 pg/L). Arsenic
concentrations ranged from 1.3 to 20.4 pg/L; two samples
(TM1002 and TM1532) exceeded the MCL for arsenic of
10 pg/L. Barium concentrations ranged from 120 to 408 pg/L,
but the MCL for barium (2,000 pg/L) was not exceeded.
Boron concentrations ranged from 9 to 174 pg/L; MCLs
have not been established for boron. Iron concentrations
ranged from 165 to 528 pg/L; two samples (TM 1503 and
TM2355) exceeded the SMCL for iron (300 pg/L). Lead
was detected in two samples, but neither sample exceeded
the MCL (15 pg/L). Lithium concentrations ranged from 4.7
to 53.5 pg/L; MCLs have not been established for lithium.
Manganese concentrations ranged from 58.0 to 93.2 pg/L;
the Federal SMCL for manganese (50 pg/L) was exceeded in
all six samples, but the New York State MCL (300 ug/L) was
not exceeded in any sample. Strontium concentrations ranged
from 122 to 567 pg/L, but no MCLs have been established
for strontium. Uranium concentrations ranged from 0.05 to
1.75 pg/L; no samples exceeded the Federal MCL of 30 pg/L.
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Comparison to Other Stratified-Drift Aquifers in
Tompkins County

Calcium dominates the cation composition and
bicarbonate dominates the anion composition in samples
from this study area and most samples from the three other
areas (fig. 22). The exceptions are two samples collected in
Upper Buttermilk Creek and Danby Creek valleys and two
samples collected in Upper Sixmile Creek and West Branch
Owego Creek valleys, which were sodium bicarbonate-to-
sodium chloride type waters (fig. 22). The chemistry of water
from two wells in upper Sixmile Creek valley that were of a
sodium bicarbonate-to-sodium chloride type water (fig. 22)
was due to enrichment from brackish water in bedrock that
locally discharges to the valley fill (Miller, 2009). One sample
(TM1009) in this study area was a mix of calcium-bicarbonate
and calcium-sulfate water (fig. 22). Similar water chemistry in
stratified-drift aquifers in all four study areas is not surprising
because the geologic settings of the areas are similar—Valley
Heads drift and Devonian shales and siltstones.

Summary

In 2002, the U.S. Geological Survey, in cooperation with
the Tompkins County Planning Department, began a series of
studies of the stratified-drift aquifers in Tompkins County to
provide geohydrologic data for planners to develop a strategy
to manage and protect their water resources. This aquifer
study, in lower Sixmile Creek and Willseyville Creek trough,
is the second in that series of aquifer studies. This study area
is within the northern area of the Appalachian Plateau and
extends 9.7 mi from the boundary between Tompkins County
and Tioga County in the south, northward to just south of the
City of Ithaca. In lower Sixmile Creek and Willseyville Creek
trough, the major aquifers are confined, but there also is at
least one unconfined aquifer in the Brooktondale Delta area
that is relatively unused.

Scouring of bedrock in the preglacial lower Sixmile
Creek and Willseyville Creek valleys by glaciers and
subglacial meltwaters has truncated hillside spurs, formed
U-shaped transverse valley profiles, smoothed valley walls,
and deepened the valleys by as much as 300 ft, forming
a continuous trough, which was subsequently filled with
unconsolidated deposits. The unconsolidated deposits in the
study area consist mostly of glacial drift, both unstratified
drift (till) and stratified drift (laminated lake, deltaic, and
glaciofluvial sediments), as well as some post-glacial stratified
sediments (lake-bottom sediments deposited in reservoirs,
peat and muck deposited in wetlands, and alluvium deposited
by streams). The multiple advance and retreat of the ice in the
study area resulted in multiple sequences of various glacial
deposits. A large moraine (Valley Heads Moraine) dominates
the southern part of the study area; a large delta dominates the
central part, and ground moraine (mostly till) dominates the
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northern part. Glacial sediments in the center of the trough
typically range from 150 to 200 ft but can be greater than
300 ft in some places.

The surficial, coarse-grained sediments (sand and gravel)
that comprise the delta near Brooktondale form a small
unconfined aquifer (0.3 mi? in area) in the central part of the
study area, which is relatively unused as a water supply. Much
of the upper part of the delta has been removed by several
aggregate mining operations, but there remain sufficient
amounts of sand and gravel in most places to form a thin
aquifer. The major sources of recharge to the unconfined
aquifer are direct infiltration of precipitation where water
moves predominantly in a downward direction through the
unsaturated zone toward the water table and unchanneled
surface and subsurface runoff from adjacent upland areas that
seep into the aquifer along the trough walls.

In most parts of the study area, two confined aquifers are
present—an upper confined and a basal confined. However,
underlying the central part of the Brooktondale Delta, there
are as many as four confined aquifers. The major sources of
recharge to the confined aquifers are (1) direct infiltration
of precipitation where the aquifers crop out at land surface,
mostly along the west trough wall in the south and central
parts of the study area, and to a lesser degree, along the east
trough wall; (2) unchanneled surface and subsurface runoff
from adjacent upland areas that seeps into the aquifer along
the west trough walls; (3) subsurface flow from underlying till
or bedrock at the lateral contacts between the aquifers and the
trough walls; and (4) from bedrock adjacent to the aquifers in
the bottom and sides of the trough.

Groundwater in the southern part of the deltaic
aquifer flows to the west and discharges into Beaver Creek.
Groundwater in the northern part of the deltaic aquifer flows
to the northwest where some of the groundwater discharges
to springs along the northern margin of the delta to Sixmile
Creek, and some discharges to springs along the western
margin of the delta and then to Beaver Creek. Groundwater
also discharges to ponds that have been created where gravel
mining extends below the water table.

Just north of a major surface-water divide in the southern
part of the study area, groundwater in the confined aquifers on
the west side of the trough initially flows eastward from the
west valley wall to the center of the valley, changing course
and flowing northward. The upper confined aquifer at the
northern edge of the central area of the trough either pinches
out at depth or has been penetrated by Sixmile Creek and is
exposed beneath the floodplain where groundwater discharges
into Sixmile Creek. Groundwater in the basal confined aquifer
ultimately discharges into Sixmile Creek and to the Ithaca
Reservoir in the northern part of the study area.

In lower Sixmile Creek and Willseyville Creek trough
about 600 people rely on groundwater from the stratified-
drift aquifer system. In addition, water is used by non-
permanent residents such as staff at commercial facilities. The
estimated total groundwater use for the estimated 600 persons
withdrawing water from the stratified-drift aquifers for human
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consumption is about 45,000 gal/d or 0.07 {t*/s based on an
average water use of 75 gal/d per person (for self-supplied
water systems in New York) .

Water samples were collected from six wells (two test
wells and four private residential wells) from December
2006 through August 2007 and analyzed to characterize
the chemical quality of groundwater in the confined
aquifers. Results indicate that groundwater used for human
consumption is generally of acceptable quality, although
concentrations of some constituents exceeded at least one
drinking-water standard at three of the six wells.

Water in the sand-and-gravel aquifers is predominantly
a calcium-bicarbonate type. The cation that was detected in
the largest concentration was calcium, ranging from 30.5 to
63.6 mg/L. Sodium values ranged from 9.47 to 28.8 mg/L;
no samples exceeded the USEPA Drinking Water Advisory
for sodium. The anion that was detected in the greatest
concentration was bicarbonate, while chloride and sulfate
were detected in generally lesser concentrations. Bicarbonate
values (as CaCO,) ranged from 173 to 199 mg/L. Chloride
values ranged from 0.67 to 35.6 mg/L and did not exceed the
Secondary Maximum Contaminant Level of 250 mg/L. Sulfate
values ranged from 8.08 to 47.1 mg/L and did not exceed the
Secondary Maximum Contaminant Level of 250 mg/L. Nitrate
was not detected in any of the samples above the detection
limit of 0.06 mg/L. Nitrite was not detected in five of the six
samples and was negligible in the other sample.

The most commonly detected trace elements were
aluminum, arsenic, barium, boron, iron, lithium, manganese,
nickel, and strontium, all of which were detected in every
sample. The elements detected in the largest concentrations
were barium, boron, iron, lithium, manganese, strontium,
and uranium. Aluminum concentrations ranged from 0.9 to
95.5 ug/L; one sample exceeded the Secondary Maximum
Contaminant Level of 50 pg/L. Arsenic concentrations ranged
from 1.3 to 20.4 pg/L; two samples exceeded the USEPA
Maximum Contaminant Level of 10 pg/L for arsenic.

Selected References

Ashworth, A.C., Miller, N.G., Schmidt, V.E., and Willenbring,
Jane, 1997: The Sixmile Creek site, Ithaca, New York,
and potential problems with mid-Wisconsin regional
paleoclimatic interpretations: GSA annual meeting with
abstracts, Salt Lake City, v. 29(6), p. 37.

Cadwell, D.H., 1972, Late Wisconsinan deglaciation
chronology of the Chenango River valley and vicinity, New
York: Binghamton, State University of New York, Ph.D.
dissertation, 102 p.

Cadwell, D.H., Fleisher, P.J., and Muller, E.H., 1988,
Stagnant ice conditions during retreat in western New York:
Geological Society of American Abstracts, v. 20, p. 11.

Selected References 45

Clayton, K.M., 1965, Glacial erosion in the Finger
Lakes region (New York State, USA): Zeitschrift fur
Geomorphologie, NF9, p. 50-62.

Crain, L.J., 1966, Ground-water resources of the Jamestown
area, New York, with emphasis on the hydrology of the
major stream valleys: New York State Water Resources
Commission Bulletin 58. 167 p.

Crain, L.J., 1974, Ground-water resources of the western
Oswego River basin, New York: New York State
Department of Environmental Conservation Basin Planning
Report ORB-5, 137 p.

Cressey, G.B., 1966, Land forms. in J.H. Thompson, editor.
Geography of New York State, Syracuse University Press,
Syracuse, New York, 543 p.

Freeze, R.A. and Cherry, J.A., 1979, Groundwater, Prentice-
Hall, Inc. Englewood Cliffs, NJ., 604 p.

Fullerton, D.S., 1980, Preliminary correlation of post-Erie
interstadial events (16 000—10 000 radiocarbon years
before present) central and eastern Great Lakes region, and
Hudson, Champlain, and St. Lawrence lowlands, United
States and Canada: U.S. Geological Survey Professional
Paper 1089, 52 p.

Haeni, F.P., 1988, Application of seismic-refraction techniques
to hydrologic studies: U.S. Geological Survey Techniques
of Water-Resources Investigations, book 2, chap. D2, 86 p.

Hem, J.D., 1985, Study and interpretation of the chemical
characteristics of natural water (3rd ed.): U.S. Geological
Survey Water Supply Paper 2254, 264 p.

Isachsen, Y.W., Landing E., Lauber, J.M., Rickard, L.V., and
Rogers, W.B., Editors, 1991, Geology of New York— A
Simplified Account: New York State Museum Educational
Leaflet no. 28, 284 p.

Kappel, WM., Miller, T.S., 2003, Hydrogeology of the
Tully Trough— Southern Onondaga County and Northern
Cortland County, New York: U.S. Geological Survey
Water-Resources Investigations Report 03—4112, 16 p.

Kappel, W.M., Miller, T.S., and Hetcher, K.K., 2001,
Hydrogeology of the Tully Lakes area in southern
Onondaga and northern Cortland Counties, New York:
U.S. Geological Survey Water-Resources Investigations
Report 01-4166, 16 p.

Kontis, A.L., Randall, A.D., and Mazzaferro, D.L. 2004,
Regional hydrology and simulation of flow of stratified-drift
aquifers in the glaciated northeastern United States: U.S.
Geological Survey Professional Paper 1415-C, 156 p.



46 Geohydrology of the Stratified-Drift Aquifer System, Tompkins County, New York

Lane, J.W., Jr., White, E.A., Steele, G.V., and Cannia, J.C.,
2008, Estimation of bedrock depth using the horizontal-
to-vertical (H/V) ambient-noise seismic method, in
Symposium on the Application of Geophysics to
Engineering and Environmental Problems, April 6-10,
2008, Philadelphia, Pennsylvania, Proceedings: Denver,
Colorado, Environmental and Engineering Geophysical
Society, 13 p.

Miller, T.S., 2009, Geohydrology and Water Quality of the
Valley-Fill Aquifer System in the Upper Sixmile Creek and
West Branch Owego Creek Valleys in the Town of Caroline,
Tompkins County, New York: U.S. Geological Science
Investigations Report 2009-5173, 56 p.

Miller, T.S., 2000, Unconsolidated Aquifers in Tompkins
County, New York: U.S. geological Survey Water-
Resources Investigation Report 004211, 1 plate.

Miller, T.S., Bugliosi, E.F., and Reddy, J.E., 2008,
Geohydrology of the unconsolidated valley-fill aquifer in
the Meads Creek valley, Schuyler and Steuben Counties,
New York: U.S. Geological Survey Scientific Investigations
Report 2008-5122, 32 p

Miller, T.S., and Randall, A.D., 1991, Hydrogeology of
glacial drift in through valleys near Dryden and Cortland,
New York, in Ebert, J.R, ed., Guidebook for field trips,
63rd Annual Meeting, New York Geological Association:
Oneonta, State University of New York, p. 463—488.

Miller, T.S., Sherwood, D.A., Jeffers, P.M., Mueller, Nancy,
1998, Hydrology, water-quality, and simulation of ground-
water flow in a glacial aquifer system, Cortland County,
New York: Water-Resources Investigations Report WRI
964255, 84 p.

Muller, E.H. and Cadwell, D.H., 1986, Surficial geologic map
of New York, Finger Lakes sheet: New York State Museum
and Chart Series 40, scale 1:250,000.

Mullins, H.T., and Hinchey, E.J., 1989. Erosion and infill of
New York Finger Lakes—Implications for Laurentide ice
sheet deglaciation: Geology, v. 17, p. 622—625.

Mullins, H.T., Wellner, RW., Petruccione, J.L., Hinchey, K.J.,
and Wanzer, S., 1991, Subsurface geology of the Finger
Lakes region, in Ebert, J.R, ed., Field trip guidebook,
New York Geological Association, 63rd Annual Meeting:
Oneonta, State University of New York, Department of
Earth Sciences, p. 1-54.

Neeley, J.A., 1961, Soil Survey of Tomkins County, New
York: U.S. Department of Agriculture in cooperation with
Cornell University Agricultural Experiment Station, series
1961, no. 25, 241 p.

Randall, A.D, 1979, Ground water in Dale Valley, New York:
U.S. Geological Survey Water Resources Investigations
Report 78-120, 85 p.

Randall, A.D., 2001, Hydrogeologic framework of stratified-
drift aquifers in the glaciated northeastern United States:
U.S. Geological Survey Professional Paper 1415-B, 179 p.

Randall, A.D., Snavely, D.S., Holecek, T.P., Waller, R. M.,
1988, Alternative sources of large seasonal ground-water
supplies in the headwaters of the Susquehanna River
basin, New York: Water-Resources Investigations Report
85-4127, 121 p.

Rich, J.L. and Filmer, E.A., 1915, The Interglacial Gorges of
Six Mile Creek at Ithaca, New York: Journal of Geology,
v. 23. p. 59-80.

Scott, J.H., Tibbetts, B.L., and Burdick, R.G., 1972, Computer
analysis of seismic refraction data: U.S. Bureau of Mines
Report of Investigation 7595, 95 p.

Sloto, R.A., and Crouse, M.Y., 1996, HYSEP: A computer
program for streamflow hydrograph separation and analysis:
U.S. Geological Survey Water-Resources Investigations
Report 964040, 46 p.

U.S. Environmental Protection Agency, 2006, Drinking water
standards and health advisories: Washington, D.C., Office
of Water, EPA 822-R-06-013, Oct. 1996, 12 p.

U.S. Geological Survey, 2004, Field methods, accessed
October, 2004, at http://water.usgs.gov/owq.

U.S. Geological Survey, variously dated, National field manual
for the collection of water-quality data: U.S. Geological
Survey Techniques of Water-Resources Investigations, book
9, chaps. A1-A9, at http://pubs.water.usgs.gov/twri9A.

Williams, H.S., Tarr, R.S., and Kindle, E.M., 1909,
Description of the Watkins Glen-Catatonk District, New
York: U.S. Geological Survey Geologic Atlas, Folio 169.



47

Selected References

- - ov8 09 - - - deys 006 9 09 L91 I1S61 S6 INL
- - SS6 Sl -- -- - dleys 0L6 9 Sl 051 961 €6 INL
(pouyuoo)
- - - - - - - D®S 0¢C6 S CLl Ll LS61/S1/9  T6INL
) 8T ¥e doIpag € 01°1 8¢ S961/1/11 060°T oy dleys 0€T°T 9 8¢ 90¢C S961 98 IN.L
.Oﬁmﬂm
¥ +01-2h TIB Th—0 01 816 (44 S961/1/11 996 144 deys 066 9 144 701 S961 8 INL
(pauyuod)
‘uoir pue Injng "SMO[{ -- -- -- -- -- SMO[] D®S 898 9 Il idl 8661 S9 NL
.uﬁmﬂm
¥ 101-6T ‘O¥S 670 0¢ 906 6T 9961/CT/8 - SMO[A dleys Se6 S 6C 101 9961/C7/8 09 INL
1Y ST9
‘DS 9-( SuLioq IS, - - - - - - [ILL 006 - - Y4 1961 8S IN.L
(pouguoo)
I0po Ingng - - - S961/1/11 896 € D®S 1L6 9 6 Y6 0561 IS AL
(pauyuod)
“I0pO Jnyng - - -- S961 696 C D®S 1L6 9 SOl SOl S961 0S INL
“(1m) s Kokepo
pue A1qqad £a13 13
[L—16 “Kejd pue ‘)[s
‘pues ‘[oArI3 AIp
parake[Ivyul 16—7¢
‘[oaeIs Aunp £6-87
WIS 8791 ‘(wnranyye)
J[1s Apues A1qqad
91-0 "Surioq 183} SOSN - - - 0861/6/01 986 6 D®S 986 - - €L 0861/6/01 o INL
Sl Y
§'LL—LL ‘(poyeururey)
Kepo //—1L ‘pues
Ais 1/—€6 ‘Toaeid
A1s €6—¢¢ ‘ToarI3
€€-91 “(¢11) so[qqad
TIM IS 9—9 I[IS
9—0 "3ur10q 383} SOSN -- -- -- 0861/L/01 896 Sl D®S 886 -- -- LL 0861/L/01 CENL
¥ 05—0t dop
[[oMm surodar 1oumQ - - - - - - D®S 186 9 Sy Sy 7961 ITINL
(W
(unw/je6) v_un_h_wg v_un_h_wg uw““MMwE _%NW._ owﬂ.“"_m comm:m (u) m:ﬁvmo (¥ pajjup 13qunu
S)Heway praA adAy sayinby 1ajawelp : ypdap y
jo do) 0) 19jem 19)em Mojaq pue| jo ajeq 118M
pauoday buisen 113M
apmny ydaq ajeq apmujy 13A3] apmny ydaq
1918 A

[uey 1018013 ‘< fonIp “op ‘your arenbs 10d spunod ‘1sd ooy 10d suofed ‘y/[e3 onurw Jod suo[[es ‘urwy/[esd (Soyoul Ul JJOUIRIP ‘(Ul) "BIP $99J ‘Y ‘eIEp OU ‘-- {[9ARIS pue pues ‘D¥S]

oA Map ‘sanunog ebolj pue supjdwo] ‘yBnoty yoalg a||IAASS||IAN PUB 48817 B[IWXIS J9MO] Ul S||8M Pa1Ja|as JO SpJoday

‘L xipuaddy



48

Appendix 1

Geohydrology of the Stratified-Drift Aquifer System, Tompkins County, New York

48

DY Th-S¢€
‘Ke[do G¢—6 M 60

"Sur10q 1593 93pLIg - - - 900T/LT/L 118 14 L S18 - - [4% 900T/LT/L  ¥00TIANL
"DXS 0€1-0CI
“Ae1o 0ZT1-001 ‘DWS
001-08 ‘pues Ais
08-0¢€ ‘1M 0€-0C (pauyuoo)
‘DS 0701 “Ae[o 010 - - - €661/51/6 0€6 S D®S 33 9 0¢€l o€l €661/ST/6  €00TINL
(pouyuoo)
- 14 - - 900¢/1/11 L18 ov+ D%S LLL 9 38 38 - CTOOTAL
001paq
0T} QT PRIIHP T19OM - 9¢L ¥6 $00T/9/9 r'ves 9 oreys ¥'0€8 9 ¥6 ¥01 - TOOTINL
(pouyuoo)
- - - - - - - D®S SS0°1 0 of or - L86INL
"D Ul papud (pauyuoo)
[1°M 'Y $§—0 S0] ONl 0¢ - - €002/91/9  9€°800°1  ¥1'CI D®S S0T0°1 9 0S 0S €661/97/9 86 NL
"D Ul pIpud (pouyuoo)
[1oM Y §S—0 "So[ ON §T - - €002/91/9  60°900°1 €l D®S 1'610°1 9 S¢S S¢S €661/81/9 €86 NL
(pauguoo)
- - - - 190°I<  smo[q D®S 190°1 9 L6 L6 - 88SINL
- - ST0°1 0¢ - - - oreys SS0°1 9 0¢ €8 1661/S1/4 L9S INL
- - YL6 (0% - - - oreys vl 9 (014 061 - 09§ INL
- - 810°1 8¢ - - - oreys 910°1 9 8¢ 001 - SSSINL
(pauguoo)
- - - - - - - D®S 206 9 081 081 - TSSINL
(pouyuoo)
- - - - - - - D%®S $98 9 0L 0L - ISSINL
(pauguoo)
- - - - - - - D®S €98 9 YL YL = 0SSINL
(pouyuoo)
- - - - - - - D®S L16 9 €91 €91 - PPSINL
- [4 £es L9 - - - oreys 006 9 L9 %4 §961 €01 WL
- [4 L16 81 - - - oeys S€6 9 [44 96 7961 T0T AL
()
(uru/jeB) v_u%_wm._ v_u%_wm._ aw“w_””_o ! _“ﬁ_ owﬂﬂ"_m cumm:m (u) m:@mo W) pajjup Jaqunu
s)Meway praA adAy sayinby 1ajawelp : ypdap :
jodoy 0} 1a1em 1a1em mojaq pue| jo ajeq TET
pauoday Buisey TEIM
apmy ydaq ajeq apmily  |9A3] apmy ydag
19187

[uey 1018013 ‘< fonIp “op ‘your arenbs 10d spunod ‘1sd ooy 10d suofed ‘y/[e3 onurw Jod suo[[es ‘urwy/[esd (Soyoul Ul JJOUIRIP ‘(Ul) "BIP $99J ‘Y ‘eIEp OU ‘-- {[9ARIS pue pues ‘D¥S]

oA Map ‘sanunog ebolj pue supjdwo] ‘yBnoty yoalg a||IAASS||IAN PUB 48817 B[IWXIS J9MO] Ul S||8M Pa1Ja|as JO SpJoday

‘L xipuaddy



49

Selected References

Geohydrology of the Stratified-Drift Aquifer System, Tompkins County, New York

49

00Ipaq
vL—9 ‘Ae[o yrm
pues i $9—L¢ ‘Ae[o
Apues L¢—T¢ ‘DPS
L11s 1¢-8 ‘DS 80

“[-H{ Toquunu [2207] - €'LY9 9 - - - - €IIL - - YL 8€61/¢/1T  SEOTIAL
‘DFS
Y LE-LT ‘Ke|d pue (pauyuoo)
WIS LT-61 ‘DS m%o - - - S00T/8/F 79996 SISt 0%s SI0°T S 69 69 S00T/8/%  6TOTALL
‘ToARI

¥ $0€-20¢ “Aepo
T0€-00€ ‘T 00€—€8C
‘pues ouy £87-CTT
‘Ke[d 7TT—TLT ‘pues
ouy 7L1-¢ST1 ‘Kepd
€S1-8L ‘DS §L—PL
‘Ke1o ,—(€ ‘pues (pouyuoo)
auy 0¢—01 I3 01-0 0T - - - - - 0%S $86 9 ¥0¢ ¥0€ 6L61/S1/9 610TINL
Y 9z1-CCl
Suiseo pajeroyrod
‘D%S 0€1-CC1
Ke[d 7z 1-001 ‘I
001-59 ‘Pues 90§
‘D2%S 05-9¢ ‘Ae[o (pauguoo)
96T ‘DS T ST - - 8007/7/CT 69156  SMO[] 0%S 96 9 0€1 0ST  900T/t1/21 600TIALL
"deys ¥ 007961
‘DS 961-—HL] ‘pues
uy ¢/ 1-LS1 ‘D®S
LST—8€ET ‘TN 8ET—€€1
‘DPS €€1-TCl
Ke[d ZZ1-00T “TIB
001-59 ‘Pues $9—0¢
‘DS 05-9¢ ‘Ae[o (pauguoo)
9¢—+27 ‘DS +7-0 0T 0SL 961  900T/91/C1  9S'Lv6  SMO[] 0%S 96 9 L8] L8T  9007/T1/T1 SO00TINL

|
o

(u)

() () painseaw ) aoepns () (u) (u) )
yooipaq  20ipaq [ELE] |ana| Ul ik sopnby aoeyns soraueip Buises pdap pajjup  Jaqunu
jo doy 0} 13)em 1slem  mojaq pue| 10 ajeq eI

buise) 13M
%a:&..aan 2.5 %__._.E_uz_ %__EE ._aan

SEITYY

(unw/jeb)
S)leway RIS
pauoday

[uey 1018013 ‘< fonIp “op ‘your arenbs 10d spunod ‘1sd ooy 10d suofed ‘y/[e3 onurw Jod suo[[es ‘urwy/[esd (Soyoul Ul JJOUIRIP ‘(Ul) "BIP $99J ‘Y ‘eIEp OU ‘-- {[9ARIS pue pues ‘D¥S]

oA Map ‘sanunog ebol] pue supjdwo) ‘ybBnoty yoa1g a||IAMASS||IAN PUB Y8819 B[IWXIS J8MO| Ul S||8M Pa1aa|as Jo spJoday ‘| Xipuaddy



50

Appendix 1

Geohydrology of the Stratified-Drift Aquifer System, Tompkins County, New York

50

N00Ipaq Y § ‘[oARI3
pue pues AJjis §—(
S[0Ipaq Y Ty
‘M Th—C€ ‘pues auy
Ais Jo speq ze—91
‘s19p[noq pue [2ARI3
‘pues YIS ‘[oArI3
pue pues [elAn[[e ¢°9—(
ALl
Y $8-0T ‘“DFS 070

‘6—H{ Ioquinu [820]
00Ipaq
Y 8 ‘DRSS LIS 80
‘9—H( Ioqunu [B0]
00Ipaq
YTy I e
‘pues J KIS 7€—91
‘s19p[noq pue [9ABI3
pues Y1s ‘DS §'9-0
"S—H({ Ioqunu [B07]
ol
68-0T ‘D®S 070
‘t—HJ Iequunu [8d07]
00Ipaq
6 ‘I #6-C8 ‘pues
78-8L ‘[0ARIS %9 )18
Im pues g/—0¢ ‘[0
0€-01 ‘“D®S 010
‘€—HJ Iequunu [8d07]
“d[eys 1 oF “(2s00f)
D®S PUB IS 01
‘pues J pueis -1
‘Ke[o umolq 11—(
‘C—HJ Iequunu [8207]

3

80L

€L0L

1'699

€L0L

1'699

¥SI9

0IL

£y -

[4% -

0 -

0€L

€CIL

V1L

LTyL

€CIL

VIIL

LTyL

¥'60L

0SL

0 0 ¢cl

- - szl

- - ot

8EO1/L/TT

8€61/9/11

8€61/T/11

8¢€61/¢/1
8€61/6/11

8€61/9/11

8E61/T/11

8¢€61/¢/1

8€61/S/11

8C61/1/11

SYOTAL

PYOTINL

EVOTNLL

CYOTINL
IYOTINL

O0¥OTINL

6€0TINL

8COTINL

LEOTINL

9C€0TIN.L

sHJeway

(u1w/jeb)
(R
pauoday

)

)901paq
jo do)

apmily

M) painseaw
)204paq [ELE]]
0) lajem
ydag ajeq

)
[ELE]]

131em
apmuy

(u)
aoepuns

puej
mojaq

|ana|
SEITYY

adAy sayinby

(u)
aoepns

puej

apmijy

()
Buisea

(ug) )

1ajawelp ypdap
1Ism

jo

buisen pdeg

pajjup
ajeq

1aquinu
112Mm

oA Map ‘sanunog ebolj pue supjdwo] ‘yBnoty yoalg a||IAASS||IAN PUB 48817 B[IWXIS J9MO] Ul S||8M Pa1Ja|as JO SpJoday

[uey 1018013 ‘< fonIp “op ‘your arenbs 10d spunod ‘1sd ooy 10d suofed ‘y/[e3 onurw Jod suo[[es ‘urwy/[esd (Soyoul Ul JJOUIRIP ‘(Ul) "BIP $99J ‘Y ‘eIEp OU ‘-- {[9ARIS pue pues ‘D¥S]

‘L xipuaddy



51

Selected References

Geohydrology of the Stratified-Drift Aquifer System, Tompkins County, New York

51

‘D®S
Y L61-961 ‘pues
pue £e[0 961-LT1
‘pues LZ[—C[]pues
pue Ae[d Z11—pL
‘T8 ¥L-79 ‘[oARIS

79-8S ‘1D 85-0T (pauguoo)
‘Ke1d 0Z—L ‘I L0 8 - - - - SMO[]  [9ABIS ApueS 63 S L61 L61 7002/1€/S  €OSTINL
.oﬁ.m:m
Y €LI-LT ‘Ke]d LT0 ¢ ¥'LY8 LT 900T/L1/1T  8%°658 8¥'¥I oreys vyLY 9 8T €L1 1002/21/21  €THINL
‘Y 16 18 )[001pdg 8 LEOT 16 - - - {O%S 8TI°1 9 06 06 €00T/L/S SOPTINL
.oﬁ.m:m
¥ 661-9T II1 970 ¢ 680°1 9T - - - sreys SIT°I 9 0€ 661 1002/9/6 08STAL
"oreys i 88119
TB $9—C¢ ‘[oAeI3
T€-0€ NN 0€—¢€1
‘D®S €1-01 ‘[IB 010 S 100°1 9 2002/€/9 $66 0L oreys $90°1 9 L9 881 7007/€/9 SSETNL
"9reys K213
Y OST-LT ‘T LT—61
‘DYS 61-L1 NB LI-0 Sy €81°1 LT 1002/ST/S S61°1 SI sreys 01C°1 S ¢ 0ST 1002/ST/S 0TETANL
.oﬁ.m:m
¥ 007—€S ‘[oARIS £6—0 4 $86 €S 100T/€1/L $66 (9% o[eys 8€0°1 9 SS 002 100T/€1/L 61STAL
‘pues Y 6 ‘pues Sur
-moy pue Ae[d -7t
‘DS /M Ke[d 7H—0 (pauguoo)
“unw/[e3 §7°( SMO[] I - - 100T/71/F  0ST98<  Smo[] pueg 868 S ¥6 76 1002/71/ 60STIAL
‘urwy/[e3
S ® ¥ 0g =ad oreys
¥ 0TI-01 ‘1B 010 S STI°T 01 1002/62/1 €80°T Sy Sreys 8TI°1 9 4 0Z1 1002/67/T  S6TTNL
Oeys Y GL-1¢
‘(¢1m) uedpiey 16— 01 166 s 0002/TT/11 020°1 w o[eys o'l S IS SL 0002/CT/11 96TTNL
"oleys Y 8€€—6T TN
ST-0 uruy/[e3 GTOPRIA  STO 0S0°1 ST 000T/91/11 TLOT € Sreys SLOT 9 9T 8€¢  000T/91/1T ISTINL
(pauyuooun)
“[oARI3 pue pues i 97— Sy - 0 0002/L/01 SE0°1 01 D®S SN S 9T 9T 000Z/L/0T 09CTIAL
o[eys
Y 6L1—t ‘[oARIS jom
¥r—0p ‘19ARIS AIp 040 ¢ €50°1 44 0007/81/8 LSOT (V14 s[eys L60°T 9 9t 6L1 0002/81/8 TSTINL
(M)
E_E\_mg v_u.m_*—wma v_u.m_*—wma tw““MMWE _%NW_ wu”_ﬂ"_m @umw.w:m A—_: m__A_u“vmo AE pajjup Jaquinu
S)Heway praA adAy sayinby 1ajawelp : ypdap y
jo do) 0 1ajem 131em Mojaq pue| jo ajeq 118M
pauoday buisen 113M
apmn|y ydaq ajeq apmy  |9A3| apmn|y ydag
131epA

oA Map ‘sanunog ebolj pue supjdwo] ‘yBnoty yoalg a||IAASS||IAN PUB 48817 B[IWXIS J9MO] Ul S||8M Pa1Ja|as JO SpJoday

[uey 1018013 ‘< fonIp “op ‘your arenbs 10d spunod ‘1sd ooy 10d suofed ‘y/[e3 onurw Jod suo[[es ‘urwy/[esd (Soyoul Ul JJOUIRIP ‘(Ul) "BIP $99J ‘Y ‘eIEp OU ‘-- {[9ARIS pue pues ‘D¥S]

‘L xipuaddy



52

Appendix 1

Geohydrology of the Stratified-Drift Aquifer System, Tompkins County, New York

(pouyuoo)
- 01 - - - - - D%S 0L0°1 9 99 99 ¥00T/S/8 968TIN.L
‘DS Y BL0L
‘pues K11s 0L-0S
‘DPS 050 ‘Aejo (pauyuoo)
Apues 0p—01 ‘I 01-0 S1 - - ¥00T/€T/€ L98 S DS TL8 9 8L 8L ¥00T/€7/€  09LTIAL
‘[oAeI3
Y 001-08 ‘pues
9SIB0J ()8—(09 ‘TOARIS (pouguooun)
A1p 09-0€ ‘I 00 01 - - £00T/€T/L S00°1 08 D®S S80°1 9 10T 101 €00T/€T/L TELTNL
‘[oA®I3
Y 8L-9L ‘pues 9/-81
‘Ke[o §1—¢ ‘uedprey (pauyuod)
€0 "MOp UBISIY S¢ - - €00T/€/9 - SMOT] D®S vL6 9 8L 8L €007/€/9 869TINL
9leys Y 081-8¢
‘1B 850t ‘[oAwI3
A11p 0p—0€ T 0€0 4 L60°1 8¢ €002/0T/S SLOT 08 S[eys SS1°1 9 6S 081 €002/07/S  €891INL
“oreys
Y 0¥T—TT N 2T Sl SS0°1 [44 - - - oreys LLO 9 6¢ 0ve €007/8¢/t  LLITINL
"oleys Y
SE1-9C1 ‘pues or|q
9Z1-001 ‘1M 001—0 S 986 9¢I €002/6¢/Y T50°1 09 SICE N 418 9 9Tl cel €00T/6C/y  TL9TINL
‘[oA®I3
Y 1€-9¢ ‘[oaeid (pouyuoo)
awos pue Ke[d 97—( 0T - - €002/8/1 990°1 1 D®S 0L0°1 S 53 Ie €007/8/1  SYITINL
"9[eys Y 0878 ‘1IN 8—0 [4 vLO'T 8 2002/6/01 LSO1 94 SIEE N T80°1 9 IC 08¢ 002/6/01  TI9TIALL
‘oleys
Y 0zI-6v NIH 6¥—0 01 To°l 6y 2002/9/6 650°1 [43 oleys 160°1 9 49 02l 2002/9/6  06STINL
‘[oA®IS 9318 I 8G—/S (pauyuod)
“(¢11) uedprey £6—0 0l - - <002/8¢2/9 S66 (1% D®S SE0°l 9 8¢ 8¢ 00T/8T/9  €ESTINL
‘[oA®I3
¥ 00156 “(lm) £epo
pue uedprey 6691
‘1oARIZ 91T ‘I (pouguoo)
[1-0 "MOf UBISIY 0S - - - - SMOT] D®S S8 9 S6 S6 00T/T/L TESTINL
‘oleys
Y Ere-I1€ T 160 S0 6v1°1 13 - - - o[eys 081°1 9 53 (343 200T/¥7/9 90STIN.L
)
(uru/jeB) xuhw_wma xuhw_wma uw‘__“MM_oE _%W_ cwﬂ.“"_m cumw.w:m (u) m:A_u“.vmo W) pajjup Jaqunu
s)Meway praA adAy sayinby 1ajawelp : ypdap :
jodoy ()] lajem lajem mojaq puej jo ajeq 119
pauoday Buises 112M
apmny ydaq aleq apmuy |33 apmny ydag
1a)epy

52

[uey 1018013 ‘< fonIp “op ‘your arenbs 10d spunod ‘1sd ooy 10d suofed ‘y/[e3 onurw Jod suo[[es ‘urwy/[esd (Soyoul Ul J)OURIp ‘(Ul) "BIP $99J ‘Y ‘BIBp OU ‘-- {[9ARIS puR pues ‘D¥S]

oA Map ‘sanunog ebol] pue supjdwo) ‘ybBnoty yoa1g a||IAMASS||IAN PUB Y8819 B[IWXIS J8MO| Ul S||8M Pa1aa|as Jo spJoday ‘| Xipuaddy



53

Selected References

‘oreys AeId
Y 0ST-61 TIB 61-0 3 990°1 61 900T/t/y SSO°1 0€ s[eys S80°1 9 4 0S1 900C/v/y 881TINL
(pouyuooun)
"DWS Y €60 01 - - S002/7/11 e 81 D%S 096 9 €¢ €¢ S007/7/1T  STITINL
.oﬁwam
Y 0TT-8T NI 8T—S1
‘Ke[do G1—9 ‘[ARIS 9—( € L66 8T $00T/62/6 $66 0€ s[eys ST0°1 9 €¢ 022 $002/82/6 001TIAL
‘DS ¥ P8¢
‘(1) ToARIS UM (pauguoo)
Ke[d 8667 ‘DPS $T-0 ST - - $002/9/8 S00°1 SI 0%S 0201 9 S Sy S00Z7/9/8 ¥90TINL
"3[eys ¥ 0T1-911
‘(¢1m) [oARIS 29 Kepo (DS
911-L6 %% L60 ST 9'I€EL 911 900Z/1/11 8T'L6L  0¥0S pue) oeyS  9°Lp8 9 0zl 0Z1 S00T/ST/L  6S0TNL
y/1es ¢ =
Kyoeded oyroadg ruru
/IE3 71 18 I { = umop
-meld DS Y 0€-LT (pouguoo)
M LT+1 ‘DO%S 10 4! - - S00T/TTy 066 4! D%S Z00°1 9 0€ 0€ S002/2¢/t  SOOTINLL
“pues ¥ 07—+0T
‘pues 07681
‘Ke[o G816 ‘pues
suy 6-0L ‘DFS
0L-S9 ‘T §9-9¢
‘D%S 9291 I 910 9 - - S00T/ST/Y 266 01 pues Z00°T 9 0Tz 0TT S00T/S1/F €861NL
"oreys 1Y 0001
‘D%S v01-08 T1
08-LT ‘pues % Ae[o
LT-01 ‘O®S01-0 STO v'126 01 S00T/8/r  L'L¥6  0S'LL oreys ¥'$T0°1 9 01 00€ S00Z/91/€ 6L6TINL
.oﬂmam
Y 001-LS ‘[oARIS pa
-JUdWRd £ 68T ‘I8 810 4 0S8 LS Y00T/L1/6 68 €l s[eys L06 9 8¢ 001 Y00T/L1/6 ¥16TINL
‘[oA®I3
Y SEI-0¢T ‘pues duy
0€1-S01 ‘[oAeIS Ais
SOT-001 is pue (pauyuoo)
AB[0 001-5T “Ae[0 $7—0 3 - - Y00T/P1/8 9¢8 4 D%S 8¢8 9 Sl Sel ¥002/€1/8  868TAL
(b1}
AEE\_QQ v_u%‘_u_wua_ v_u%‘_u_wua_ —._u.__“w,“w—: _M,_W_ @u”--”_ﬂ"-m oum“:m ?: m—_A_u“vuu C: pajjup Jaquinu
S)leway piaik adAy sayinby 1ajawelp : ypdap §
powodoy jo do) 0 1ajem 1ajem Mmojaq pue| Buisey jo 11om ajeq 118M
apmn|y ydaq ajeq apmply  |3n3) apmn|y yidaq
191 A

“JI0A Ma ‘sanuno? ebol] pue supydwo) ‘ybnouy ¥aaig a|INAaS||IAA PUB %8817 8|IWXIS JBMO] Ul S||aM Pa19a|as 0 SPJ0daYy

[uey) 1918013 ‘< ‘onip “op ‘your arenbs 1od spunod ‘1sd 9ooj 1od suojes ‘y/es onurw 19d suojes ‘urw/[es (sayour ur JJoWeIp ‘(ur) “eIp 99) Y ‘eep ou ‘-- {[oArI3 pue pues ‘DS

'| xipuaddy



54

Appendix 1

Geohydrology of the Stratified-Drift Aquifer System, Tompkins County, New York

54

‘oreys £o13
Y 0¥T-8T ‘I 820 0€
‘D®S Y LOT-S0T
‘Ked 607961 ‘DFS
961-981 ‘Ae[d 98]
—9L1 ‘DWS 9L1-€L]
‘Ke[o €610, ‘pues
KIS 0L—ST ‘OWS ST
'D%S Y 801-501
‘loAeI3 dwos pue ued
-prey g0 181 ‘[oALI3
81—¢1 ‘uedprey ¢
"D%S SHI-¢HT ‘pues
SurAedy ¢y 1-0€1
‘pues SurAedy pue
DS 0€1-911 Ked
piey 91108 Ae[d yos
08—, T L—0 “(1sd 81)
:o>> Eﬁwutm wﬁ_goﬁm
.uﬂmam
K218 Y 091-+T ‘1B ¥T0 ot
Y Op—L§ pdrerograd
Suise) Ke|d i $8-T¥
‘D®S Th—¢€ ‘pues
auy $¢—(T ‘[oALIS 070 0S -
"Oleys Y 006 MBS0 ST 002’1
“Y/1e3 90°0
= "deo oodg -oreys
Y v6—¢ ToARIS pue
pues 471 ‘18 S1-0 ov
"o[eys
091—STT TIM STI-00T
‘Kepo Ky1s GT1-6¢
‘DS Se—p¢ ‘pues
Suy g0 ‘PABIZ 010 S0

0L81°1

|
(=)

0TI -

!
(=]
=)
~

'

i

02001

0206

8¢

124

STI

LO0T/YT/S

L00T/1T/S

LO0T/YT/Y

LO0T/v /Y

L00T/TT/1

900¢/91/11
900¢/C1/T1

900¢/1¢/6

900¢/0¢/8

0591°1 00¢ S[eys

(pauyuod)

08€6 00t D®S

(pauyuoo)

06001 008 D®S

(pauguoo)

D®S

06€8 SMO[]

0601°1 0ZL S[eys

(pouyuooun)
%S

I[BYS

0066 09¢
01Tl 0¢l

00101 091 Seys

0LT6 006 o[eys

SIT1

8L6

680°1

6C8

I181°1

910°1
STTL

970°1

L10°T

9 6¢ 0vc

9 LOT L0T

9 801 801

9 Svl 94!

9 14 0¥c

9 0T 00€

9 911 091

L00T/STY/S

L00T/1T/S

LO0T/YTIY

LO0T/Y /Y

L00¢/TT/1

900C/91/11
900C/01/T1

9002/12/6

9002/0¢/8

69€CINL

L9ETINL

09€CINL

SSECNL

CECTNL

SIETAL
ITETINL

C8TCINL

69TTIN.L

()
y901paq
jo do)
apmnjy

(u1wy/jeb)
plai
pauoday

sy leway

o)
)904paq
0
ypdag

painseaw
[ELE]]
13)1em
ajeq

()
[in aoepns
|ana| pue|
la)lem  mojaq
apmuly  |9na)
13)epA

adAy sayinby

(u)
aoepns

puej
apmuy

()
Buisea

jo
ypdag

)
yidap
113Mm

(ug)
lajawelp
Buisen

pajup
ajeq

laquinu
1I°M

[uey) 1918013 ‘< ‘onip “op ‘your arenbs 1od spunod ‘1sd 9ooj 1od suojes ‘y/es onurw 19d suojes ‘urw/[es (sayour ur JJoWeIp ‘(ur) "eIp 99J Y ‘eIep ou ‘-- {[oArI3 pue pues ‘DS

“JI0A Ma ‘sanuno? ebol] pue supydwo) ‘ybnouy ¥aaig a|INAaS||IAA PUB %8819 8|IWXIS JBMO] Ul S||aM Pa19a|as 0 SPJ0daYy

'| xipuaddy



55

Selected References

[9ARIS
00 00 0 - 0€S6 0S pue pues 866 9 0¢ 0¢ 8CGL 1L
(pouyuooun)
Ayumo)) eS01L, ur oM - - - - - - 0%S 896 9 0¢€ 0¢ = LSLIL
[oAeI3

LTIV—S8 IAM 00 00 0 - 00 pue pueg S66 S €8 €8 9961/91/9 0SLIL
Ayes—ad (urwy[es ¢°)
AeYS 917961 ‘I[N 10
AeIS AuIp 96 1T 1
‘Ke[orgS TH1-011
‘SEOIT-001°T1 10
DS LIS 001-88
‘(uruy[es o) sw—
88—CL s} 2 AvIS
TL—6S Ke]d 65-Sp
‘I S0t “OFS
0F—8¢€ ¢l Aepd
8¢—8 ‘D¥S 810

"Y18-7L J1od Suise) 00T 0SL9 961 600C/61/11 0ILS8 00 pues 1L8 9 L61 I8 600¢/Cl/IT  LILTINL

- 09 0610°T € 800¢/S1/C1 02001 009 deys 790°1 9 [ 34 00¢C 800¢/S1/CT  LI9TINL

(pouyuooun)

‘DS 9010 08 - - 800¢7/91/8 0110°1 0S6 D®S 9011 9 901 901 8007/91/8 89STINL
d[eYS I 0TT-SS
“Ae[o pue [[1 poppaq

WL 0p—0T TIB 070 0 0971°1 ss 800T/11/8 S'ITI‘T 008 Jreys $10T°1 9 8¢ 07T 800T/11/8  €9STINL
‘[oAeIS
951809 3J 89—(09
‘DS 09-TS ‘pues

9SI80O 0} AUY 76—t (pouguoo)

‘DS 07—0¢€ T 0€—0 00¢ - - L00T/01/L 0r10°T 00¢ D®S 701 9 89 89 LOOT/OT/L 66ECTINL
-oreys £oi3
Y 0¥1-09 ‘DS AMIp
09-0% ‘T 0v—S¢

‘DS STHT T 70 001 0800°T 09 L00T/11/9 08€0°T 00€ deys 890°T 9 09 hi4! LOOT/T1/9 T18ETINL

(M)
ainseaw aoepns
(urui/jeb) v_o%_v.o._ v_o%_..o._ P |9A9] _%NW._ _E_“_ ouﬁ":m (u) m__AMvmo (¥ pajjup Jaqunu
S)leway piaik adAy 1apinby 1ajawelp : ypdap y
jodoy 0} 1ajem 1a)em mojaq pue| jo ajeq 113M
pauoday Buisen 112M
apmnjy ydag ajeq apmily  [9A3] apmijy ydag
1a)epy

[uey 1018013 ‘< fonIp “op ‘your arenbs 10d spunod ‘1sd ooy 10d suofed ‘y/[e3 onurw Jod suo[[es ‘urwy/[esd (Soyoul Ul JJOUIRIP ‘(Ul) "BIP $99J ‘Y ‘eIEp OU ‘-- {[9ARIS pue pues ‘D¥S]

oA Map ‘sanunog ebol] pue supjdwo) ‘ybBnoty yoa1g a||IAMASS||IAN PUB Y8819 B[IWXIS J8MO| Ul S||8M Pa1aa|as Jo spJoday ‘| Xipuaddy



This page has been left blank intentionally.



Prepared by the Pembroke and West Trenton
Publishing Service Centers.

For additional information write to:

New York Water Science Center
U.S. Geological Survey

30 Brown Road

Ithaca, NY 14850

Information requests:
(518) 285-5602

or visit our Web site at:
http://ny.water.usgs.gov
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