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Abstract
Water levels in the unconsolidated aquifer in the Town of Wawarsing are influenced by
the leaking Rondout West-Branch (RWB) water tunnel. In July-August 2012, USGS personnel
collected single-well volume displacement tests (slug tests), single-well pump tests and used the
distance-drawdown method to estimate the hydraulic conductivity of the unconsolidated aquifer
near select wells in the Town of Wawarsing, New York. Samples of geologic material
potentially representing the screened formation of each well were analyzed. The purpose of this
study was to determine the types of deposits unconsolidated aquifer wells were screened in and
which wells are the best candidates for future monitoring of RWB Tunnel influence on water
levels.
Estimated hydraulic conductivity values ranged from 0.00041 (U-1662) to 190 (U-1627)
feet per day (ft/day) with an average of 15.7 ft/d and a median of 0.2 ft/day. Based on order of
magnitude the hydraulic conductivity values were categorized into the following groups: Very
Low: 0.0001 to 0.009 ft/day; Low: 0.01 to 0.9 ft/day; Moderate: 1 to 99 ft/day; and High: 100
ft/day and higher. The Very Low hydraulic conductivity wells are screened in fine-grained
glaciolacustrine sediments. The Low hydraulic conductivity wells are screened in either till,
glacial outwash or modern alluvium. The sand and gravel aquifer deposits described by Frimpter
(1972), Bartosik (2005), and Reynolds (2007) are present in portions of the study area. These
transmissive aquifer deposits correspond with the Moderate and High hydraulic conductivity
wells.
On the basis of an analysis of the available data, it appears that the following wells are
the best candidates for the deployment of a pressure-based digital recorder: U-1635(72 feet per
day), U-1639(61 feet per day), and U-1681(20 feet per day). This new deployment strategy will
focus future studies regarding the mapping of RWB Tunnel influence in the unconsolidated
aquifer.

Table of Contents
Introduction ................................................................................................................................. 1
Purpose and Scope ................................................................................................................... 7
Geologic Setting ...................................................................................................................... 7
Methods ..................................................................................................................................... 11
Drilling and Installation of Wells .......................................................................................... 11
Analysis of Sediment Samples .............................................................................................. 12
Groundwater Elevation .......................................................................................................... 12
Estimation of Hydraulic Conductivity................................................................................... 13
Results ....................................................................................................................................... 19
Very Low Hydraulic Conductivity Wells .............................................................................. 23
Low Hydraulic Conductivity Wells ....................................................................................... 23
Moderate Hydraulic Conductivity Wells ............................................................................... 23
High Hydraulic Conductivity Wells ...................................................................................... 24
Water-table Elevation ............................................................................................................ 24
Discussion ................................................................................................................................. 26
Conclusion................................................................................................................................. 27
References Cited ....................................................................................................................... 28
Appendix 1 – Hydraulic test data and inputs ................................................................................ 31
Appendix 2 – Hydraulic test graphs.............................................................................................. 56

List of Figures and Tables
Figure 1: Map showing location of the Town of Wawarsing…………………………….……....2
Figure 2: Map of topography and locations of wells and surface water sites within the Town of
Wawarsing……..…………..…………………………………………………………………..….3
Figure 3: Map of maximum water-level response to influence of tunnel leakage on the bedrock
aquifer in the Town of Wawarsing………….…………...….…………………………………….4
Figure 4: Map of maximum water-level response to influence of tunnel leakage on the
unconsolidated aquifer in the Town of Wawarsing ……………………………….………...........5
Figure 5: Cross section of geology observed during New York City Board of Water Supply test
borings and Rondout West-Branch Tunnel construction within the Town of Wawarsing..............9
Figure 6: Cross sections showing geologic composition of unconsolidated aquifer material south
of the Town of Wawarsing…………………………..…………………………………..……....10
Figure 7: Graph of y/y0 plotted log-linearly as a function of time for well U-1663. Initial linear
segment (A) and a subsequence linear segment (B) indicated on graph………………………...15
Figure 8: Map showing location of supply wells and unconsolidated aquifer wells used for
distance-drawdown test in the Town of Wawarsing………………………………..….……...…18
Figure 9: Map showing hydraulic conductivity values for unconsolidated-aquifer wells within
the Town of Wawarsing…………..………………………………..………………………….....22

List of Figures and Tables - Continued
Figure 10: Map showing the elevation of the water table in the unconsolidated aquifer within the
Town of Wawarsing, June 2012…..……………………………………………………………..25
Table 1: Site information for groundwater wells and selected surface water sites within the
Town of Wawarsing, Ulster County, New York…………………….……………………………6
Table 2: Information for slugs used for single-well aquifer tests in the Town of Wawarsing, New
York…………………………………………………….………………………………………..13
Table 3: Hydraulic and geologic results for groundwater wells, Town of Wawarsing, Ulster
County, New York: A, Very Low hydraulic conductivity; B, Low hydraulic conductivity; C,
Moderate hydraulic conductivity; D, High hydraulic conductivity..........................................20-21

Introduction
Elevated groundwater levels and increased precipitation have frequently led to the
flooding of streets and basements in the Town of Wawarsing, Ulster County, New York (Fig. 1).
The Town of Wawarsing is located in the Rondout Valley portion of the Port Jervis Trough
(Figs. 1 and 2). The Rondout West-Branch (RWB) Tunnel, at a depth of approximately 710 feet
beneath the surface of the unconsolidated aquifer of the valley, carries water from the Rondout
Reservoir to the Kensico Reservoir and ultimately to New York City (Fig. 1). It is estimated that
the RWB Tunnel is leaking 15 to 35 million gallons per day (DiNapoli, 2007).
A cooperative program between the United States Geological Survey (USGS) and the
New York City Department of Environmental Protection (NYCDEP) began in 2008 to determine
the extent of the tunnel’s influence on the local groundwater system. The hydrologic effects of
temporary shutdowns of the RWB Tunnel on the groundwater-flow system were analyzed for the
bedrock and unconsolidated aquifers in 2012 (Stumm and others, 2012). Depressurization of the
RWB Tunnel caused water levels to drop as much as 10 feet in bedrock wells (Fig. 3; Stumm
and others, 2012). Water levels in the bedrock were influenced in wells at distances up to 7,000
feet from the RWB Tunnel (Fig. 3; Stumm and others, 2012). A decrease of water levels of up to
12 feet in the bedrock aquifer caused water levels to drop in unconsolidated aquifer as much as
2.5 feet (Fig. 4; Stumm and others, 2012).
Groundwater from the unconsolidated aquifer and fractured-bedrock aquifer is the source
of drinking water in the Town of Wawarsing. The unconsolidated aquifer contains discontinuous
deposits of sand and gravel (Frimpter, 1972; Bartosik, 2005; Reynolds, 2007), which are
considered to be the best sources of large quantities of groundwater in Ulster County (Frimpter,
1972).
Although the analysis of the tunnel depressurization in 2012 determined the distribution
of tunnel-leakage effects and the general hydrology of the area, more information regarding the
unconsolidated aquifer material is needed to better understand the extent of the discontinuous
sand and gravel aquifer deposits within the unconsolidated aquifer and to identify which wells
are the best candidates for further RWB Tunnel shutdowns analyses. A total of 27 wells and 2
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surface-water sites (lake level gages) were monitored for water levels and the hydraulic
conductivity (Darcy, 1856) of 24 wells was estimated in this study (Fig. 2; Table 1).
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Table 1. Site information for groundwater wells and selected surface water sites within the Town
of Wawarsing, Ulster County, New York. [NYDEC, New York State Department of
Environmental Conservation; USGS, United States Geological Survey; NAVD88, North
American Vertical Datum of 1988]

Elevation
(feet above NAVD88)

Well Identifier
NYSDEC
U-1626
U-1627
U-1635
U-1637
U-1639
U-1640
U-1641
U-1646
U-1650
U-1652
U-1655
U-1656
U-1657
U-1659
U-1660
U-1662
U-1663
U-1664
U-1673
*U-1674
U-1678
U-1680
U-1681
U-1682
U-1683
U-1684
U-1685
U-4862
NA

USGS
414534074205001
414543074205501
414435074213601
414506074210801
414441074212601
414546074201001
414506074210802
414518074212202
414553074203201
414518074212201
414421074222801
414527074210402
414458074205401
414546074201002
414458074205402
414610074201201
414545074205201
414535074211601
414443074212101
414414074221801
414546074200201
414541074211501
414504074214601
414535074212002
414545074212301
414546074200202
414534074205502
414616074190601
*1366807

Owner
Private
Private
NYSDOC
USGS
NYSDOC
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
USGS
Private
NYSDOC
NYSDOC
USGS
USGS
USGS
USGS
USGS
USGS
USGS
Private
NA

Latitude
41.75971
41.76198
41.74327
41.75178
41.74492
41.76298
41.75176
41.75503
41.76493
41.75505
41.73943
41.75754
41.74959
41.76300
41.74958
41.76957
41.76252
41.75983
41.74529
41.73724
41.76285
41.76147
41.75118
41.75973
41.76251
41.76283
41.75945
41.77133
41.76391

Longitude
-74.34739
-74.34886
-74.36005
-74.35234
-74.35733
-74.33628
-74.35230
-74.35635
-74.34225
-74.35632
-74.37452
-74.35138
-74.34850
-74.33627
-74.34849
-74.33674
-74.34781
-74.35472
-74.35573
-74.37155
-74.33393
-74.35425
-74.36283
-74.35566
-74.35626
-74.33393
-74.34859
-74.31850
-74.35311

Measuring
point
276.45
279.26
278.46
264.27
276.44
253.55
264.37
266.57
263.47
267.12
297.6
323.52
275.29
253.09
275.63
276.27
274.79
300.09
280.41
254.6
297.65
377.35
299.44
302.22
254.83
277.21
270.79
302.6

Land
surface
275.7
279.3
276.5
264.5
275.6
253.6
264.5
266.9
263.9
267
298.1
324
276.1
253.6
276.1
276.7
275.2
297.4

254.7
298
374.6
299.8
302.5
254.9
277.6
269

Depth
(ft)
10
15
27
184
22
134
75
45
24
47
123
20
146
146
142
52
40
35
145
35
70
100
20
400
-

6

Purpose and Scope
Two areas within the unconsolidated aquifer were found to be influenced by RWB
Tunnel shutdowns (Fig. 4; Stumm and others, 2012). The areas of the unconsolidated aquifer
affected by RWB Tunnel shutdowns corresponded with where bedrock aquifer was influenced
by the Tunnel (Figs. 3 and 4; Stumm and others, 2012). To better understand the extent of the
discontinuous sand and gravel aquifer and identify those wells most likely to be effected by
future RWB Tunnel shutdowns, more information regarding the hydraulic conductivity of the
unconsolidated aquifer material was needed.
My study applied both single-well and multi-well aquifer tests to determine the hydraulic
conductivity of the unconsolidated aquifer in Wawarsing, New York. The single-well aquifer
tests included single-well displacement tests (slug tests) and single-well pump tests (Bouwer and
Rice, 1976; Cooper-Jacob, 1946). The multi-well aquifer test used was the distance-drawdown
method (Cooper-Jacob, 1946). Although multi-well aquifer tests are preferred over single-well
aquifer tests, they are not always possible logistically, and can be cost prohibitive (Halford and
others, 2006). Single-well aquifer tests make it possible to acquire hydraulic conductivity data in
areas such as this one, where the density of wells is low. A multi-well aquifer test was only
possible in the vicinity of The Ulster County Correctional Facility and The Eastern New York
Correctional Facility where a large pumping center and two nearby observation wells were
located (U-1635 and U-1639; Fig. 2).
Geologic Setting
The Town of Wawarsing is located in the Rondout Valley portion of the Port Jervis
Trough (Fig. 1). The local geologic setting consists of a sequence of unconsolidated Pleistocene
and Holocene sediments overlying bedrock (Frimpter, 1972; Bartosik, 2005; Reynolds, 2007;
Figs. 5 and 6).
The bedrock aquifer is composed of Ordovician to Devonian limestone, shale and
sandstone (Fisher and others, 1970). The bedrock dips to northwest and strikes northeast to
southwest. The units making up the bedrock, from youngest to oldest, include the Marcellus
Shale, Onondaga Limestone, Esopus-Schoharie Shale, Helderberg Limestones, Manlius
Limestone, Binnewater Limestone and Sandstone, High Falls Shale and Limestone, Wawarsing

7

Wedge (shale and limestone), the Shawangunk Sandstone, and the Hudson River Shale (Berkey
and Fluhr, 1936; Dibbel, 1944; New York City Board of Water Supply, 1940; Fig. 5).
Overlying the bedrock is a sequence of unconsolidated sediments ranging in size from
clay to coarse gravel (Figs. 5 and 6). Many of the deposits are Pleistocene in age (Cadwell,
1989). Holocene deposits are also present near modern streams (Cadwell, 1989). South of the
study area geologic cross sections of the unconsolidated aquifer show that the materials in the
unconsolidated aquifer include alluvium, outwash sand and gravel, kame deposits, lacustrine silt
and clay, and till (Reynolds, 2007; Fig. 6).
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Methods
To determine the hydraulic conductivity of wells screened in the unconsolidated aquifer
and to map the water-table within the Town of Wawarsing, New York the author and other
USGS personnel used the following methods:
1) Drilling and installation of wells
2) Analysis of sediment samples
3) Monitoring of groundwater levels
4) Estimation of hydraulic conductivity using slug, pump and distance-drawdown testing
Drilling and Installation of Wells
Twenty-four wells screened in the unconsolidated aquifer were used for this study. Of
the 24 unconsolidated-aquifer monitoring wells measured in this study 20 were drilled and
installed by USGS personnel during the summers of 2009, 2010 and 2011. The other four wells
were drilled or dug prior to the USGS study.
USGS observation wells were drilled using the hollow-stem auger method because it
allowed one to drill and case a hole simultaneously to eliminate hole caving problems (Shuter
and Teasdale, 1989). The 5-foot auger flights were six inches in diameter with a four-inch inner
stem and two-inch outer fins. A plug was inserted into the lead auger to prevent sediment from
entering the auger during drilling. Upon reaching the target depth, casings were inserted into the
hollow stem; these consisted of threaded two inch diameter, schedule 40 polyvinyl chloride
(PVC) pipe with 20-slot, two inch, schedule 40 PVC screen. In many cases, a sump was
installed beneath the screen to collect any sediment that falls into a well or seeps in through the
screen. The bottom of the casing was capped with a well-point which was driven through the
plug in the lead auger. The auger flights were then back-spun and removed.
Sediment samples were recovered during the drilling process by collecting the spin-up,
the removal of material from auger flights, and split-spoon sampling. The degree to which one
can accurately determine the source depth of a sediment sample is dependent on the sediment
recovery method used. Spin-up is considered to be the least accurate means of sediment
collection because the drilling cuttings that are produced at any given time are not representative
of the current drilled depth. For instance, if the drill bit is at a depth of 20 feet, the source of the
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cuttings being produced could be anywhere from 15 to 20 feet. Sediment samples removed from
the outside of an auger flight are most likely representative of the depth at which the auger flight
reached. Split-spoon samples were taken at discrete depths directly at the depth of the drill bit.
Analysis of Sediment Samples
Samples were photographed, analyzed and described. These analyses included the use of
a geotechnical gauge and Munsell color chart (Kollmorgan Instrument Corporation, 1994). A
geotechnical gauge and hand lens were used to determine the grain size or range of grain sizes.
Hydrochloric acid was applied to samples to test for the presence of calcium carbonate.
Groundwater Elevation
Groundwater elevations were monitored in wells screened in the unconsolidated-aquifer.
An electric water-level tape was used to measure the depth to water in a well. The water level
elevation above the North American Vertical Datum of 1988 (NAVD 88) was determined by
subtracting the depth to water from the measuring point elevation. Measuring point elevations
were determined at each well using precision Global Position System (GPS) and differential
optical leveling techniques.
Long-term (2 to 4 hours) static GPS observations were run at each site. The GPS unit
was set up directly on the well or, if necessary, on a temporary benchmark. Data collected
during these observations were post-processed using the National Geodetic Survey (NGS)
Online Positioning User Service (OPUS). Soler and others (2006) determined that two hours of
GPS data collection and OPUS post-processing yield experimental root mean square errors of
0.026, 0.069, and 0.112 feet in the X, Y, and Z directions respectively.
When the GPS unit was set up on a temporary benchmark, differential leveling was used
to determine the elevation of the nearby well measuring point. Both optical and digital leveling
provide a precision of 0.001 feet (Kenney, 2010). In the cases when the temporary benchmark
was set at a large distance from the well, multiple leveling circuits were required, providing a
precision better than 0.003 feet.
Selected wells were instrumented with pressure-based digital data recorders to take water
level measurement each hour. These recorders were calibrated to 0.01 feet using an electric
water-level tape. If the displayed water level on the recorder differed 0.03 feet or more from the
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measured water level, an appropriate adjustment was applied to the data set and the unit was
recalibrated.
Estimation of Hydraulic Conductivity
Hydraulic conductivity values were estimated in 24 unconsolidated-aquifer wells, using
the slug test method, pump tests and a distance-drawdown test.
Slug Tests

Single-well volume displacement tests (slug tests) were conducted in 20 wells. Eleven
different “slugs” were used for the testing (Table 2).

Table 2. Information for slugs used for single-well aquifer
tests in the Town of Wawarsing, New York.
Slug

Length

Outside Diameter

Volume

identifier

(ft)

(in)

(in3)

A

7.07

1.07

76.3

2

7.07

1.07

76.3

3

7.07

1.07

76.3

4

7.07

1.07

76.3

2A

6.07

1.07

65.5

3A

6.07

1.07

65.5

4A

6.07

1.07

65.5

5A

6.07

1.07

65.5

5

5.1

1.07

55.0

1A

10.06

0.83

65.3

LD1

5.28

4.47

994.0

Four of the slugs (A,2,3, and 4) had an outside diameter of 1.07 inches, were 7.07 feet
long, with a volume of 76.3 cubic inches. Four of the slugs (2A, 3A, 4A and 5A) had an outside
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diameter of 1.07 inches, were 6.07 feet long, with a volume of 65.5 cubic inches. One slug (5)
had an outside diameter of 1.07 inches, was 5.10 feet long, with a volume of 55.0 cubic inches.
One slug (1A) had an outside diameter of 0.83 inches, was 10.06 feet long, with a volume of
65.3 cubic inches. The largest slug (LD1), used for the six-inch diameter wells, had an outside
diameter of 4.47 inches, was 5.28 feet long, with a volume of 994 cubic inches. Due to the
buoyancy of the slug LD1, 5.14 feet of the slug was submerged during slug testing, giving the
slug an effective volume of 968 cubic inches.
The change in water levels in the boreholes was recorded by pressure-based digital data
recorders to 0.001 feet. These recorders were calibrated to 0.01 feet using an electric water level
tape. Prior to initiating each slug test, data were collected every minute to verify that water levels
were stable. The data were recorded every 0.24 seconds at the start of the slug test, and then at
intervals of one minute after 17 minutes. Immediately after initiating the digital data recorder,
the slug was lowered into the water column. Care was taken to minimize splashing. The tests
were conducted for at least 10 minutes and as long as several days. The standard for stopping a
test was a change in water level of less than 0.01 feet over a 5 minute interval.
Screen zone conditions varied at the observation wells. Ten of the 20 wells tested had
fully open screen zones of known lengths. Three of the wells tested had partially open screen
zones of a known length. One of the wells tested, U-1639, had a screen of unknown length that
was assumed to be open (Fig. 2, Table 1). The screen length was assumed to be 10 feet for the
calculations. Six of the wells tested had screen zones that were completely clogged with
sediment. Screen lengths of one foot were used for the calculations for these wells and any
results from these wells are considered to be at best estimates of hydraulic conductivity.
For the interpretation of the slug test data, the ratio of the change in water level to the
initial change in water level after the insertion of the slug (y/y0) was plotted log-linearly as a
function of time. A trend line was fit graphically to the data points. The data collected from
certain wells showed two distinct straight-line segments (Fig. 7). These straight-line segments
were the result of the following conditions: 1) an initial rapid linear decrease, resulting from
water draining into the formation surrounding the well that was disturbed during drilling and, 2)
a subsequence more gradual linear decrease when the drainage effect no longer influenced the
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test (Fetter, 2001). Using the slope of this later time segment and screen length, hydraulic
conductivity was calculated using the methods of Bouwer and Rice (1976) with the spreadsheets
developed by Halford and Kuniansky (2002).

Figure 7: Graph of y/y0 plotted log-linearly as a function of time for well U-1663. Initial linear
segment (A) and a subsequence linear segment (B) indicated on graph.
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Pump Tests
Pump tests were done in three wells (U-1626, U-1627 and U-1678) in order to estimate
values of transmissivity in the unconsolidated aquifer (Fig. 2 and Table 1). Static water levels
were recorded prior to pumping. Submersible pumps were then inserted into the wells and
drawdown was measured during pumping. Unless otherwise noted, a constant pump rate was
used throughout each test.
The change in water levels in the boreholes was recorded both manually and by pressurebased, digital data recorders. These recorders were calibrated to 0.01 feet using an electronic
water-level tape. The data were recorded every 0.24 seconds at the start of the test, and then at
intervals of one minute after 17 minutes. Manual water-level measurements were taken
frequently throughout the tests.

To help determine when a pumping equilibrium had been

reached, a handheld water quality meter was used to measure the temperature and specific
conductivity of the discharging water. The tests lasted between two and 4.75 hours.
Spreadsheets developed by Halford and Kuniansky (2002) were used to analyze the collected
data using the Cooper-Jacob (1946) method for the analysis of data f from a single pumping
well.
Distance Drawdown
A distance-drawdown test was completed at two wells (U-1635 and U-1639) located near
a major pumping center (Fig. 2 and Table 1). The Ulster County Correctional Facility and
Eastern New York Correctional Facility are supplied with water from two pumping wells (U1670 and U-1673; Fig. 6).
Water-level decreases were monitored in two nearby observation wells (U-1635 and U1639) by pressure-based digital data recorders, and recorded level data to 0.001 feet (Fig. 8 and
Table 1). These recorders were calibrated to 0.01 feet using an electric water level tape. Each
well recorded data every minute for two complete pumping cycles over the course of two days.
The maximum drawdown for each well was determined from the recorded water level
data. Distances of the observation wells from the pumping centered were determined using
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Geographical Information System (GIS) software. The aquifer thickness was estimated from
information reported by the New York State Department of Corrections.
The observed unconfined aquifer drawdowns were converted to equivalent confined
aquifer drawdowns using equation 1 (Schwartz and Zhang, 2003).

௦మ

 ݏᇱ =  ݏ− ଶ

[1]

Where b is the aquifer thickness, s is the observed drawdown in an unconfined aquifer and  ݏᇱ is
the drawdown in an equivalent confined aquifer
A modified version of the Cooper-Jacob (1946) equation was to determine the
transmissivity of an unconfined aquifer from the distance-drawdown data (Schwartz and Zhang,
2003) using equation 2.
ଶ.ଷொ

ோ

ܶ = ଶగ(௦ᇲ ି௦ᇲ ) ݈ ݃ோమ
భ

మ

[2]

భ

Where T is transmissivity, Q is the pumping rate of the supply well, ݏଵᇱ and ݏଶᇱ are equivalent
drawdowns at distances ܴଵ and ܴଶ respectively.
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Results
In July-August 2012, USGS personnel Michael Como and Peter Joesten collected singlewell volume displacement tests (slug tests), single-well pump tests and used the distancedrawdown method to estimate the hydraulic conductivity of the unconsolidated aquifer near
select wells. Groundwater levels in this area have been measured in wells and surface water sites
since October 2008 (Stumm and others, 2012). Hydraulic head data collected in June 2012 was
contoured to determine the distribution of groundwater levels and the direction of flow in the
unconsolidated aquifer near the time of the July-August 2012 hydraulic testing field effort.
Hydraulic conductivity values were estimated in the unconsolidated aquifer at 24 wells
based upon the slug, pump, and distance-drawdown testing (Table 3). The data and graphs from
the 24 hydraulic tests are included as appendices 1 and 2 respectively.
Hydraulic conductivity values ranged from 0.00041 (U-1662) to 190 (U-1627) feet per
day (ft/day) with an average of 15.7 ft/d and a median of 0.2 ft/day (Table 3). Based on order of
magnitude the hydraulic conductivity values were categorized into the following groups: Very
Low: 0.0001 to 0.009 ft/day; Low: 0.01 to 0.9 ft/day; Moderate: 1 to 99 ft/day; and High: 100
ft/day and higher. The spatial distribution of hydraulic conductivity values was mapped using
this grouping system (Fig. 9).
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Table 3. Hydraulic and geologic results for groundwater wells, Town of Wawarsing,
Ulster County, New York: A, Very Low hydraulic conductivity; B, Low hydraulic
conductivity; C, Moderate hydraulic conductivity; D, High hydraulic conductivity.
[NYDEC, New York State Department of Environmental Conservation; K, Hydraulic
conductivity; HCl, Hydrochloric acid; BLS, Below land surface; ND, No data; *,
Screen clogged]

A) Very Low hydraulic
conductivity
NYSDEC
K
Well
(ft/day)
Identifier

Type
of test

Screened Formation(s)
Description

U-1662

0.00041

Slug
in*

U-1657

0.00068

Slug in

U-1660

0.0047

Slug
in*

U-1659

0.0058

Slug
in*

Clay, some silt
Clay, some silt. Contains
trace fine to coarse gravel
Sandy fine to medium silt
with trace fine gravel
Clay, some silt and trace
fine gravel

U-1650

0.0084

Slug
in*

Clay, trace silt

Reacts
w/ HCl

Screen
depth
(ft BLS)

YES

122 to 142

YES

10 to 20

YES

126 to 141

YES

126 to 146

YES

32 to 47

Reacts
w/ HCl

Screen
depth
(ft BLS)

NO

5 to 20

YES

80 to 90

NO

32 to 42

Dark yellowish
brown (10YR 4/4)

NO

37 to 47

Dark olive gray
(5Y 3/2)

YES

NA

NA

55 to 60
16.5 to 26.5

Dark Brown
(10YR 3/3)

NO

NA

NA

Munsell Color

Dark gray (10YR
4/1)
Dark gray (10YR
4/1)
Very dark gray
(10YR 3/1)
Dark gray (10YR
4/1)
Dark gray (10YR
4/1)

B) Low hydraulic conductivity
NYSDEC
Well
Identifier

U-1680

K
(ft/day)

0.016

Type of
test

Screened Formation(s)
Description

Slug in

Silt with fine to coarse sand
and fine to coarse gravel
and silty clay
Medium to coarse sand,
fine to coarse gravel in a
clay matrix

U-1684

0.036

Slug in*

U-1655

0.037

Slug in

U-1663

0.039

Slug in

U-1683
U-1637

U-1682
U-1656

0.039
0.09

0.12
0.37

Slug in*

Silt
Clayey silt with some fine
to coarse sand and find
gravel
Clayey silt with trace coarse
sand and coarse gravel

Slug in

NA

Slug out

Slug in

Clayey silt and fine to
coarse sand and abundant
fine to coarse gravel
NA - NO SAMPLES

Munsell Color

Olive Brown
(2.5Y 4/4)
Dark grayish
brown (10YR 4/2)
Dark yellowish
brown (10YR 4/4)

20 to 30
103 to 118
20

U-1678
U-1685

Pump

Silty fine to medium sand
with some fine to crs gravel

Brown (10YR
5/3)

NO

25 to 35

Slug in

Silt with some coarse sand
and fine to coarse gravel

Olive Brown
(2.5Y 4/3)

NO

0 to 15

Type of
test

Screened Formation(s)
Description

Munsell Color

Reacts
w/ HCl

Screen
depth
(ft BLS)

Slug in

NA - NO SAMPLES

NA

NA

Brown (10YR 4/3)
Very dark grayish
brown (10YR 3/2)
Brown (10YR 4/3)

NO

NA

NA

Brown (10YR 4/3)

NO

NA - NO SAMPLES

NA

NA

129 to 139
ND

NA - NO SAMPLES

NA

NA

ND

0.56
0.67

C) Moderate hydraulic
conductivity
NYSDEC
Well
Identifier

K
(ft/d
ay)

U-1641
U-1640

1.6
4.6

Slug out

U-1652

5.3

Slug in

U-1646

8.1

Slug in

U-1626

12

Pump

U-1681

20

Slug out

U-1639

61

U-1635

72

Slug in
Distancedrawdown

Silty fine sand
Fine to coarse sand with
trace fine to coarse gravel
Fine to medium sand
NA - NO SAMPLES

Silty fine to coarse sand
with some fine to coarse
gravel

NO
NO

107 to 117
9 to 19
17 to 22
65.5 to 75.5
0 to 10

D) High hydraulic conductivity
NYSDEC
Well
Identifier

K
(ft/d
ay)

Type of
test

Screened Formation(s)
Description

Munsell Color

Reacts
w/ HCl

Screen
depth
(ft BLS)

U-1627

190

Pump

NA - NO SAMPLES

NA

NA

0 to 15
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Very Low Hydraulic Conductivity Wells
The wells with Very Low hydraulic conductivity (U-1650, U-1657, U-1659, U-1660, and
U-1662) had values of hydraulic conductivity ranging from 0.0001 to 0.009 ft/day (Fig. 9 and
Table 3). Fetter (1985) determined the hydraulic conductivity values for fine-grained
glaciolacustrine sediments which ranged from 0.000008 to 0.009 ft/day and correspond to the
Very Low hydraulic conductivity range in this report. All of the sediment samples collected for
these five wells reacted with 10% HCl indicating the presence of carbonate minerals. All of the
samples were dark gray (10YR 4/1) or very dark gray (10YR 3/1) and were composed of silt and
clay. Trace amount of gravel were present in three of the samples. Although deformed by the
drilling process, samples recovered from U-1659 and U-1662 exhibit alternating bands of silt and
clay (Fig. 2 and Table 3). The Very Low hydraulic conductivity values and geologic samples
collected from these wells indicate that they are screened in fine-grained glaciolacustrine
sediments.
Low Hydraulic Conductivity Wells
Ten wells had measured hydraulic conductivity values ranging from 0.01 to 0.9 ft/day
(Fig. 9 and Table 3). Herzog and Morse (1984) had determined the hydraulic conductivity of
different types of till from the Vandalia Till in Illinois. The mean hydraulic conductivity of the
till ranged from 0.0004 to 0.1 ft/day. Fetter (2001) describes the hydraulic conductivity of
glacial outwash ranging from 0.028 to 2.8 ft/day. Herzog and Morse (1984) and Fetter’s (2001)
ranges correspond with the Low hydraulic conductivity range in this report. Most wells
therefore, appeared to be screened in tills. Samples from two (U-1683 and U-1684) of the ten
Low hydraulic conductivity wells reacted with 10% HCl. The samples were various shades of
brown (10YR 5/3) and had grain sizes ranging from clay to coarse gravel. The hydraulic
conductivity and geologic samples collected at the Low hydraulic conductivity wells indicate
that these wells are screened in either till, glacial outwash or modern alluvium. The geology of
wells U-1637 and U-1656 are not known because no samples of screened formation were
available (Fig. 2 and Table 3).
Moderate Hydraulic Conductivity Wells
Moderate hydraulic conductivity wells had measured hydraulic conductivity values
ranging from 1 to 99 ft/day (Fig. 9 and Table 3). These hydraulic conductivity values all fall
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within the range reported for glacial outwash (Fetter, 2001). No samples from this group reacted
with HCl indicating a lack of carbonate minerals. The colors of the samples were brown (10YR
4/3) and very dark grayish brown (10YR 3/2) with grain sizes ranging from silt to coarse gravel.
The hydraulic conductivity and geologic samples collected at the Moderate hydraulic
conductivity wells indicate that these wells are screened in glacial outwash or modern alluvium.
The geology of wells U-1626, U-1635 and U-1639 is not known because no samples of screened
formation were available (Fig. 2 and Table 3).
High Hydraulic Conductivity Wells
One well (U-1627) was included in the High hydraulic conductivity group with an
estimated hydraulic conductivity of 190 ft/day (Fig. 9 and Table 3). It had the highest hydraulic
conductivity for any well tested. U-1627 is a dug residential supply well. No geologic samples
were available for this well.
Water-table Elevation
Hydraulic head (water-table elevation) data collected at 21 unconsolidated aquifer wells
and 2 surface-water sites in June 2012 were mapped and equipotential lines were contoured (Fig.
10). The two surface-water sites measured included a potential sinkhole (U-1674) and a manmade lake (01366807). The elevation of the water table in the study area during June 2012
ranged from 239.50 (U-4862) to 292.22 (01366807) feet above NAVD 88.
The equipotential lines of the water table indicate groundwater in the unconsolidated
aquifer recharged from the Catskill Mountains to the northwest and the Shawangunk Ridge to the
southwest. These mountains are bedrock ridges that form a boundary for the unconsolidated
aquifer. Groundwater in the unconsolidated aquifer flows from the surrounding mountains
southeast and northwest into the valley and ultimately to the northeast towards the Rondout
Creek. The contour lines indicate that the aquifers contribution to the Rondout Creeks base flow
increases to the northeast.
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Discussion
Estimated hydraulic conductivity values at wells throughout the study area ranged from
0.00041 (U-1662) to 190 (U-1627) feet per day (ft/day) with an average of 15.7 ft/d and a
median of 0.2 ft/day (Table 3).
Estimated hydraulic conductivity values and geologic sample analyses indicate what
types of deposits are present near unconsolidated aquifer wells. The hydraulic conductivity
results also indicate which wells (U-1635, U-1639 and U-1681) are the best candidates for future
tunnel depressurization analyses.
The influence of RWB Tunnel shutdowns was determined for wells in the unconsolidated
and bedrock aquifers. The tunnel, built in bedrock, was found to have the largest effect on water
levels in the bedrock aquifer (Fig. 3; Stumm and others, 2012). Rondout West Branch Tunnel
depressurizations did not influence water levels in all unconsolidated aquifer wells. Two areas
within the unconsolidated aquifer directly east and west of the tunnel were found to be
influenced by RWB Tunnel shutdowns (Fig. 4; Stumm and others, 2012). In order for
unconsolidated aquifer wells to be influenced by the RWB Tunnel the following conditions must
be met: 1) The bedrock near the unconsolidated aquifer well must contain a transmissive network
of fractures in hydraulic connection with the RWB Tunnel and, 2) The unconsolidated aquifer
material above the fractured bedrock must been hydraulically conductive enough to be effected
by changes in bedrock head values (Stumm and others, 2012). An unconsolidated well screened
in hydraulically conductive material that does not show water levels influenced by the tunnel
indicates that the bedrock beneath the well is not fractured, which is also valuable information.
The hydraulic conductivity results indicate that wells U-1635, U-1639 and U-1681 are
the best candidates for future tunnel depressurization analyses. Moving forward researchers can
now focus digital recorder deployment on Moderate and High hydraulic conductivity wells
where tunnel influence is unknown. Low hydraulic conductivity wells are also capable of
showing a water level response to the RWB tunnel and can also be considered for pressure-based
digital deployment.
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Conclusion
The following wells would be the best candidates for the deployment of a pressure-based
digital recorder: U-1635(72 feet per day), U-1639(61 feet per day), and U-1681(20 feet per day).
These wells are 6000, 5000 and 4000 ft from the RWB Tunnel and 2000, 1200 and 1300 ft from
the current mapped extent of Tunnel influence in the unconsolidated aquifer respectively (Fig.
4). This new deployment strategy will focus future studies regarding the mapping of RWB
Tunnel influence in the unconsolidated aquifer.

27

References Cited

Bartosik, H.J., 2005, Water: The Rondout Valley: Wawarsing. Net Magazine, issue 34,
September 2005, p. 20

Berkey, C.P., and Fluhr, T.W., 1936, The geologic formations of the new Rondout-West Branch
Tunnel of the Delaware Aqueduct with generalized geological sections: New York City Board of
Water Supply, p. 59

Bouwer, H., and Rice, R.C., 1976, A slug test for determining hydraulic conductivity of
unconfined aquifers with completely or partially penetrating wells; Water Resources Research, v.
12, no. 3, p. 423-428.

Cadwell, D.H., 1989, Surficial geologic map of New York: Lower Hudson Sheet, New York
State Museum and Science Service, Map and Chart Series No. 40, 5 sheets, 1:250,000.

Cooper, H.H., and Jacob, C.E., 1946, A generalized graphical method for evaluating formation
constants and summarizing well field history, American Geophysical Union Transactions, v. 27,
p. 526-534.

Darcy, H., 1856, Les fontaines publiques de la ville de Dijon, Paris: Victor Dalmont.

Dibbel, H.A., 1944, Delaware Aqueduct, Rondout-West Branch Tunnel record drawing: New
York City Board of Water Supply, 96 sheets.

DiNapoli, T.D., 2007, Delaware Aqueduct System—Water leak detection and repair program:
New York City Department of Environmental Protection, Office of the New York State
Comptroller, Division of State Government Accountability, Report 2005-N-7, p. 19

Fetter, C.W., 2001, Applied Hydrogeology. Upper Saddle River, N.J., Prentice-Hall, Inc., p. 598
28

Fetter, C.W. Jr., 1985, Final hydrogeologic report, Seymour Recycling Corporation hazardous
waste site, Seymour, Indiana. Report to United States Environmental Protection Agency

Fisher, D.W., Isachsen, Y.W., and Richard, L.V., 1970, Geologic Map of New York: Lower
Hudson Sheet, New York State Museum and Science Service, Map and Chart Series No. 15,
1:250,000

Frimpter, M.H., 1972, Ground-water resources of Orange and Ulster Counties, New York: U.S.
Geological Survey Water Supply Paper 1985, p. 80

Halford, K.J., W.D. Weight, and R.P. Schreiber. 2006. Interpretation of transmissivity estimates
from single-well pumping aquifer tests. Ground Water 44, no. 3: p. 467–471.

Halford, K.J., and Kuniansky, E.L., 2002, Documentation of spreadsheets for the analysis of
aquifer-test and slug-test data: U.S. Geological Survey Open File Report 02-197, p. 51

Kenney, T.A., 2010, Levels at gaging stations: U.S. Geological Survey Techniques and Methods
3-A19, p. 60

Herzog, B.L., and Morse, W.J., 1984, A comparison of laboratory and field determined values of
hydraulic conductivity at a waste disposal site: Proceedings of the Seventh Annual Madison
Waste Conference, Madison, University of Wisconsin-Madison Extension, p. 30-52

Kenney, T.A., 2010, Levels at gaging stations: U.S. Geological Survey Techniques and Methods
3-A19, p. 60

29

Kollmorgan Instruments Corporation, 1994, Munsell soil color charts: New Windsor, N.Y.,
Kollmorgan Instruments Corporation (unpaginated)

New York City Board of Water Supply, 1940, Geology as interpreted by borings: Station
283+00 to Station 288+59.5, plate 1.

Reynolds, R.J., 2007, Hydrogeologic appraisal of the valley-fill aquifer in the Port Jervis Trough,
Sullivan and Ulster Counties, New York: U.S. Geological Survey Scientific Investigations Map
2960, 5 sheets, accessed May 2013, at http://pubs.usgs.gov/sim/2007/2960/.

Schwartz, F.W and Zhang, H., 2003, Fundamentals of Ground Water. New York, N.Y.: John
Wiley and Sons, Inc., p. 583

Shuter, E., and Teasdale W.E., 1989, Application of drilling, coring and sampling techniques to
test holes and wells: U.S. Geological Survey Techniques of Water-Resource Investigations 2-F1,
p. 97

Soler, T., Michalak, P., Weston, N.D., Snay, R.A., and Foote, R.H., 2006, Accuracy of OPUS
solutions for 1- to 4-h observing sessions. GPS Solutions 10: p. 40-55

Stumm, F., Chu, A., Como, M.D., and Noll, M.L., 2012, Preliminary analysis of the hydrologic
effects of temporary shutdowns of the Rondout-West Branch Water Tunnel on the groundwaterflow system in Wawarsing, New York: U.S. Geological Survey Investigations Report 20125015, 45 p., at http://pubs.usgs.gov/sir/2012/5015/

30

Appendix 1 – Hydraulic test data and inputs
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Appendix 2 – Hydraulic test graphs
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