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CONVERSION FACTORS AND VERTICAL DATUM

 

 

 

AND ABBREVIATED WATER-QUALITY UNITS

 

     

 

     Vertical Datum: 

 

 In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived 
from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.  

 

     Water-quality units: 

 

Chemical concentration is reported in milligrams per liter (mg/L) or micrograms per liter (

 

µ

 

g/L). 
Milligrams per liter is a unit expressing the concentration of chemical constituents in solution as weight (milligrams) of solute per 
volume (liter) of water.  One thousand micrograms per liter is equivalent to one milligram per liter.  For concentrations less than 
7,000 mg/L the numerical value is the same as for concentrations in parts per million.  Specific electrical conductance of water is 
reported in microsiemens per centimeter at 25 degrees Celsius (

 

µ

 

S/cm).  Temperature in degree Celsius (

 

o

 

C) can be converted to 
degrees Farenheight (

 

o

 

F) by the following equation:

 

o

 

F=1.8X(

 

o

 

C)+32

 

Multiply By To obtain

 

Length

 

inch (in.)

 

25.4

 

millimeter 

foot (ft)

 

0.3048

 

meter

mile (mi)

 

1.609

 

kilometer

square mile (mi

 

2

 

)

 

2.590

 

square kilometer

 

Precipitation

 

inch per year (in/yr) 25.40 millimeter per year (mm/y)

 

Flow

 

gallon per minute (gal/min) 0.06309  liter per second (L/s)

cubic foot per second (ft

 

3

 

/s) 0.02832 cubic meter per second

 

Hydraulic Conductivity

 

foot squared per day (ft

 

2

 

 /d) 0.09290 meter squared per day (m

 

2

 

/d)
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Figure  4.

 

 Map showing location of major physiographic provinces and glacial recessional moraines.
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 Streams

 

 The Wallkill River flows northeastward through 
Orange County from its head-waters in northern New 
Jersey (fig. 4) to its confluence with the Hudson River 
near Kingston, NY. The USGS has operated two 
streamflow gaging stations on this river—one near the 

Town of Pellets Island (station no.1370000) for 48 
years (1921-68), and one near Phillipsburg (station no. 
1370500) for 23 years (1937- 59) (fig. 2). 

A plot of the mean monthly discharges at the two 
stations for 1937-59 is shown in figure 5. The drainage 
area of the Phillipsburg station is 406 mi

 

2

 

, and the sta-
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tion is about 5 mi downstream from the Pellets Island 
station (drainage area 380 mi

 

2

 

). The mean annual flow 
for the period of record (1937-59) at Pellets Island is 
590 ft

 

3

 

/s, and that at Phillipsburg is 652 ft

 

3

 

/s (U.S. 
Geological Survey, 1959); this constitutes an increase 
in flow of 62 ft

 

3

 

/s within this 5-mi reach. The median 
annual base flow for Pellets Island and Phillipsburg is 
297 and 330 ft

 

3

 

/s, respectively, which indicates a 
downstream increase of 33 ft

 

3

 

/s in that reach.
 A series of stream-discharge measurements on 

February 11, 1988, documented a net gain in the flow 
of the Wallkill River as a result of discharge from the 
unconsolidated and bedrock aquifers (fig. 6). The few 
days preceding the measurements were exceptionally 

cold (below freezing), so that there was probably little 
overland runoff to the river on February 11.   There-
fore, the flow in the Wallkill River and Monhagen 
Brook during the measurements on February 11, 1988, 
was considered to be at or below the average flow for 
that time of year and probably represents the upper 
limit of base flow for that period.

 The data in the table in figure 6 indicate a total gain 
in flow of about 152 ft

 

3

 

/s between Pellets Island and 
Phillipsburg (near the Route 17 bridge). Part of the 
increase in flow (17 ft

 

3

 

/s) is from Monhagen Brook 
(fig. 6), and a reported 2.5 ft

 

3

 

/s (1.62 Mgal/d) is dis-
charged by the Wallkill Sewage-Treatment facility, 
0.25 mi north of the river (E. Smith, plant operator, 
oral commun., 1986). The net increase in flow minus 

the discharge from Monhagen Brook and the sewage-
treatment plant is about 127 ft

 

3

 

/s. The measured net 
increase in flow (127 ft

 

3

 

/s) is almost 4 times larger 
than the calculated median annual base-flow discharge 
of the Wallkill River at Phillipsburg  (33 ft

 

3

 

/s), and 
thus possibly represents additional discharge to the 
river from streambank storage and limited amounts of 
snowmelt and overland runoff.

 

 Aquifers

 

 The irregular deposition of glacial sediments on 
the undulating preglacial bedrock surface in the 
Wallkill River valley has produced laterally discontin-
uous outwash sand and gravel aquifers at differing 
positions within the till and locally adjacent to, and 
mixed with, lake-clay deposits (fig. 3). Neither logs 
from test holes and observation wells drilled for this 
study, nor logs from commercial drillers’ or consult-
ants’ reports, indicate a major, continuous deposit of 
sand and gravel extending laterally for more than a 
few thousand feet (fig. 7).

 

Composition and Thickness

 

 The only unconsolidated aquifer material that can 
be mapped continuously for more than about 1,000 ft 
is alluvium that lies adjacent to the Wallkill River and 
consists primarily of sand with some gravel. The allu-
vium represents locally reworked glacial deposits from 
which most of the fine sediment has been removed; 
thickness averages about 30 ft but may be greater 
locally (appendix 1, table 1, well 2168). Several com-
mercial and public water supplies are obtained from 
shallow wells drilled in this deposit, such as 2080, 
2083, and 1366 (fig. 2 and appendix 1).

 Till generally is considered to be poor aquifer 
material in most of southeastern New York because it 
typically contains large amounts of silt and clay and 
yields generally less than 10 gal/min to wells 
(Wolcott, 1987). Till in the study area is extremely 
sandy and is relatively permeable, possibly because it 
was deposited by glaciers that advanced into this area 
from the northeast and east, where the bedrock is 
mainly silica-rich metamorphic rock. For the purposes 
of this study, the till was considered to be part of the 
unconsolidated-aquifer system because (1) it is rela-
tively permeable and (2) it contains individual sand 
and gravel units that could not be mapped.

The study area was delineated into five different  
“hydrogeologic zones” on the basis of aquifer thick-

 

Figure  5.

 

 Graphs showing mean monthly discharge at 
Pellets Island and Phillipsburg gaging stations for the period 
1937-39
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Figure  6.

 

 Map showing locations of stream measurement sites measured on February 11, 
1988, measured discharges at each station, and change in flow in the Wallkill River
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B. PRECIPITATION

A. WATER LEVELS

 

Recharge

 

 Recharge to the unconsolidated aquifer in the 
study area was estimated to be equivalent to the aver-
age daily precipitation at the Wallkill 2-NW station 
(National Oceanic and Atmospheric Administration, 
1952-85) for the period of record,  minus estimated 
amounts of direct runoff and evapotranspiration. The 
computed average annual precipitation at the station 
was about 45 in. About 20 in/yr is lost as total annual 
runoff in the area, and 15 in/yr is lost through evapo-
transpiration (Lyford and others,1987); subtracting 
these values from the average annual precipitation (45 
in) gives about 10 in/yr as direct recharge to the 

ground-water system from precipitation, which is sim-
ilar to estimates made by Lyford and others (1987). 

Ground-water discharge to streams (base flow) is 
an indicator of recharge to a ground-water system; a 
computer program (R.A. Sloto, U.S. Geological Sur-
vey, written commun., 1988) was used in this investi-
gation to facilitate the separation of streamflow 
hydrographs by estimating the ground-water (base-
flow) component of streamflow through the techniques 
of Pettyjohn and Henning (1979). Therefore, the base-
flow component of total flow in the Wallkill River was 
calculated from data from the Pellets Island and Phil-
lipsburg gaging stations as a check on the recharge rate 
(10 in/yr) estimated above. The annual median base-
flow calculated was 10.18 in/yr at Pellets Island 
(drainage area 380 mi

 

2

 

) and 11.05 in/yr downstream at 
Phillipsburg (drainage area 406 mi

 

2

 

); these values 
compare favorably with the 10 in/yr calculated from 
Lyford’s estimates.

 Other recharge to the unconsolidated aquifer in the 
study area comes as underflow (ground water flowing 
in at the edges of the study area through the saturated 
unconsolidated deposits). For example, the possible 
amount of underflow along the western edge of the 
study area was calculated as the product of four 
terms—(1) the estimated water table gradient of 
0.0189 (100 ft/mi), which roughly corresponds to the 
land-surface gradient along the study-area boundary, 
(2) about 500 ft of boundary having a more than  20-ft 
thickness of unconsolidated deposits and with a simi-
lar gradient, (3) an average saturated thickness of 
20 ft, and (4) hydraulic conductivity values between 
200 and 800 ft/d, estimated from well and aquifer tests 
(table 2), as defined by Darcy’s law. The resulting esti-
mates of ground-water underflow into the study area 
through the western boundary ranged from 37,000 to 
150,000 ft

 

3

 

/d. 

 

Q = KIA, 

 

(1)                                                 

where: 

 

Q

 

 = volumetric flux (

 

L 

 

x

 

 t

 

), 

 

K

 

 = horizontal hydraulic conductivity 
(

 

L

 

 x 

 

t

 

), 

 

I

 

 = water-table gradient (dimension-
less), and 

 

A 

 

= saturated cross-sectional area of 
unconsolidated deposits (

 

L

 

).

 

Figure  10

 

. Graphs showing seasonal fluctuations of water 
levels in selected wells representing sand and gravel, till, 
and shale in relation to total daily precipitation at 
meteorological station Wallkill 2-NW.
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Figure  11A.

 

  Map showing the water table in unconsolidated deposits and shallow bedrock.
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Figure  11B. 

 

Map showing the potentiometric surface in bedrock.
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Ground Water Flow Patterns

 

The water table is within unconsolidated deposits 
in most places and in bedrock where the rock is near, 
or at, land surface. Flow directions within the uncon-
solidated deposits were difficult to discern from water-
level data except at a regional scale because (1) the 
fine-grained confining layers and discontinuity of the 
sand and gravel deposits impart flow patterns within 
larger generalized water-level patterns, and (2) data 
were insufficient to determine the local flow paths.   
Generalized (regional) directions of ground-water flow 
depicting directions of flow in the unconsolidated 
deposits and shallow bedrock were plotted, however, 
and are shown in figure 11A.  Local gradients and 
directions may depart  however, from those shown on 
the map.

 In general, the water levels indicate that ground-
water flow is toward the Wallkill River from recharge 
areas at the higher altitudes east and west of the 
Wallkill River valley. The stream-discharge measure-
ments made on February 11, 1988, which indicated a 
downstream increase in river discharge during a freez-
ing period, when surface runoff was minimal, support 
this conclusion. The thick sequence of clay in the 
southeastern part of the study area, beneath the peat 
and muck (“black dirt”) area (fig. 3), may cause deep 
ground-water flow in the unconsolidated deposits 
entering the valley from the east and west to be 
diverted upward into the peat and muck deposits.

 The potentiometric surface of the bedrock aquifer 
in the study area indicates regional flow from east and 
west toward the Wallkill River (fig. 11B). Although 
data from the extreme northeastern part of the area 
were sparse, the generalized potentiometric contours 
are considered reasonable. The potentiometric surface 
in the southeastern part of the study area is not shown 
because no data on wells drilled into the bedrock in 
this area were found, probably because the bedrock is 
a somewhat metamorphosed dolomite—almost mar-
ble—that would yield little, if any, water to wells. 
Regional gradients from the west side of the study area 
(fig. 11B) are about 50 ft/mi (0.0009 ft/ft).

 A downward-flow component from the unconsoli-
dated material to the underlying bedrock was indicated 
locally on ridges and hilltops (fig. 12) and probably 
can be inferred in other areas where unconsolidated 
deposits overlie bedrock hills. As altitude decreases 
toward the river, local hydraulic gradients between the 
shale and overlying unconsolidated deposits may 
change and result in a small upward component of 

flow from the bedrock into the overlying unconsoli-
dated deposits (Wehran Engineering, written com-
mun., 1988). The bedrock aquifer also is inferred to 
discharge to the river where it crops out in the river 
(fig. 11B); many residents whose wells were invento-
ried in this study reported areas of “cooler” river water 
during summer at locations near bedrock exposures in 
the Wallkill River.

 

WATER QUALITY

 Waters from the Wallkill River, the shale aquifer, 
and the unconsolidated deposits were analyzed, and 
chemical compositions were compared, to help define 
the relation between surface water and ground water in 
the study area.

Surface Water

 The chemical quality of surface water is deter-
mined by: (1) the chemical composition of precipita-
tion and dryfall, (2) the chemical composition and 
amount of ground water discharging into streams, (3) 
land use and soil type in the area that drains to the sur-
face-water body, and (4) other human related influ-
ences. The quality of surface water  fluctuates 
seasonally; for example, during periods of precipita-
tion and snowmelt, when the soil is saturated and run-
off is the source of much of the streamflow, stream 

Figure  12. Graphs comparing water levels in wells at the 
same location (and land surface altitude) completed in 
unconsolidated deposits and bedrock
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A. Wallkill River

B. Ground Water
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water chemically resembles surface runoff more 
closely than during periods of little or no precipitation 
or during freezing temperatures, when streamflow 
consists mostly of ground water (base flow).

 The Wallkill River was sampled at five locations 
on September 9, 1986 (a low-flow period) in a 2.5-mi 

reach between Pellets Island and a point below the 
mouth of Monhagen Brook (fig. 6). Results of the 
analyses are summarized in appendix 2A. A trilinear 
plot (fig. 13a) indicates that calcium and bicarbonate 
were the predominant cation and anion species, 
respectively, during the sampling period. The sample 
from station (WK-5) indicated downstream increases 
in concentrations of chloride, sodium, and potassium  
that probably are due to the inflow of water from Mon-
hagen Brook, which drains the southeastern section of 
Middletown and receives the outflow from a municipal 
waste-water-treatment facility.

Ground Water

 Ground-water quality is dependent on several fac-
tors, including residence time in the aquifer, land use 
in the recharge area of the aquifer, the mineral makeup 
of the aquifer material through which the water flows, 
temperature, and precipitation amount. The residence 
time of the ground-water, which depends on the length 
of the flow-path and rate of movement through the 
unconsolidated material and bedrock, largely deter-
mines the extent to which the water will react with the 
aquifer material.

 Water samples were collected at 33 wells during 
July 7-10, 1987 and August 26-27, 1987. Sixteen of 
the wells are screened or cased in bedrock; the remain-
ing 17 are screened in unconsolidated materials. Some 
are observation wells installed by the USGS, some are 
privately owned, and others are monitoring wells 
drilled by consulting firms. 

Results of the chemical analyses of the water sam-
ples are listed in appendix 2B; the trilinear plot in fig-
ure 13b depicts the chemical composition of samples 
during July 7-10, 1987.  Most of the water samples 
from the unconsolidated deposits and the bedrock 
aquifer can be classified as calcium-bicarbonate types, 
whereas others are mixed types. The tight clustering of 
data (fig. 13b) indicates a fairly uniform chemical 
makeup among most of the samples. Samples from the 
unconsolidated deposits show slightly more scatter 
than do those from the bedrock, but some can be clas-
sified as calcium-bicarbonate water, others indicate 
mixed waters. The large degree of scatter among the 
data for water from the unconsolidated aquifer is 
attributed to the diversity of materials that form those 
deposits and to varying residence times of water in 
those aquifers.

Figure  13. Trilinear plots of major cations and anions in 
water samples from:  A. Wallkill River, September 9, 1986. 
B. Selected wells in unconsolidated deposits and bedrock.

Water Quality
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deposits and water from bedrock.
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 The elevated concentrations of copper (8 samples), 
lead (6 samples), and zinc (6 samples) (appendix 2B,) 
may result from heavy metals associated with bedrock 
10 mi west of the study area. These trace metals also 
have been found in the water and bottom materials of 
streams west of the study area and in deposits mined 
near Otisville, in the early 1900’s (Moxham, 1972). 
The proximity of the study area to these deposits could 
account for the elevated concentrations of trace metals 
in water from these wells. Alternatively, the elevated 
concentrations could indicate that leachate from 
nearby landfills is entering the Wallkill River at some 
point upstream from the sampling sites, either directly 
or by way of ground-water discharge from the uncon-
solidated aquifer.

Concentrations of some metal ions were elevated 
above normal levels for ground water in this area.  Ele-
vated concentrations of manganese (greater than 500 
µg/l) were found in samples from seven wells (1351, 
1352, 1356, 1358, 1360, 1365, and 2109), and elevated 
concentrations of iron (greater than 200 µg/l), were 
found in four wells (1353, 1356, 1360, and 2139).  The 
concentration of copper was 1,500 mg/l in well 2139 
(section B, appendix 2).

 Generally the water from both aquifers ranges 
from hard to very hard. Dissolved solids concentra-
tions in samples from bedrock ranged from 100 to 720 
mg/L, and those in samples from the unconsolidated 
aquifers ranged from 70 to 520 mg/L. Box plots of 
selected constituents (fig. 14) indicate that the ranges 
and concentrations of these constituents in the two 
aquifers are similar, probably because the unconsoli-
dated aquifer is derived from local bedrock and, thus, 
consists of similar materials. 

 Some minerals that are derived from the shale may 
have been incorporated into the unconsolidated 
deposits locally through glacial transport and may 
cause the ground water within these deposits to differ 
somewhat from that of bedrock (Rogers, 1989), but 
the difference in this study area is not apparent. The 
data indicate that water from the bedrock and the 
unconsolidated aquifers also is similar to that in the 
Wallkill River, indicating that the Wallkill River 
receives water from these aquifers.

 SUMMARY

 The hydrogeology of the 66-mi2 area of the 
Wallkill River valley between Middletown and Gos-
hen, N.Y. was studied in 1987-88 to define the aquifer 

geometry, water levels in the unconsolidated deposits 
and the shale bedrock aquifer, and directions of 
ground-water flow.  The hydraulic relationship 
between the Wallkill River and the two aquifers also 
was investigated, and water-quality data were col-
lected from both aquifers and from the Wallkill River.

 The unconsolidated aquifer lies between the bed-
rock highs and consists of complex, laterally discon-
tinuous deposits of outwash and till interspersed with 
lake deposits of silt and clay. No continuous sand and 
gravel deposits could be stratigraphically correlated 
for more than a few hundred feet owing to their iso-
lated, lens-like form. Sandy till overlies most of the 
area and, near the center of the valley, is interspersed 
at depth with sand and gravel. The till is relatively per-
meable and, therefore, was considered to be part of the 
unconsolidated aquifer, especially in areas where the 
unconsolidated deposits are more than 20 ft thick.

 The bedrock aquifer consists of fractured shale. A 
seismic-refraction survey and test drilling confirmed 
that the bedrock surface as undulating and modified by 
glacial scouring, and that glacial-lake deposits under-
lying the “black dirt” area in the extreme southeastern 
part of the study area are as much as 110 ft thick and 
divert the flow of ground water northward from the 
west and east.

 The generalized water-table configuration in areas 
where the unconsolidated aquifer is more than 20 ft 
thick indicates that flow is toward the Wallkill River 
from higher elevations to the east and west. Flow 
directions may depart from this regional trend locally, 
however, as a result of the topography. Recharge to the 
unconsolidated aquifer is derived from precipitation 
and, additionally at lower elevations near the Wallkill 
River, from the bedrock aquifer as well.

 The shale aquifer is highly fractured and exposed 
locally and is overlain by less than 5 ft of glacial 
deposits on most of the ridges throughout the study 
area. Its high degree of fracturing makes it a fairly pro-
ductive aquifer, especially for water needs of individ-
ual households. Wells completed in the upper, highly 
fractured zone typically yield 10 gal/min or more. The 
regional flow pattern in the shale is similar to that in 
the unconsolidated aquifer— generally from the east 
and west toward the Wallkill River.

 A series of stream-discharge measurements on the 
Wallkill River on February 11, 1988, indicated that 
discharge increased by about 127 ft3/s in the 5.5-mi 
reach between Pellets Island and the Route 17 bridge. 
This supports the conclusion, based on water levels in 

Summary
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the bedrock and unconsolidated aquifers, that the 
Wallkill River is a  discharge boundary for both aqui-
fers and therefore is a major hydrologic boundary in 
the area.

 Some of the water in the shale aquifer is similar to 
water in the unconsolidated aquifer with respect to 
major cations and anions and selected trace metals and 
is a calcium-bicarbonate type; other waters are mixed 
types. The water in the Wallkill River is similar to 
water in the aquifers, presumably because it receives 
substantial ground-water discharge. Elevated concen-
trations of copper (in 8 samples), and of lead, and zinc 
in some of the samples may reflect proximity to ore-
bearing deposits 10-mi to the west, or possibly a dis-
charge of leachate from landfills in the study area to 
the Wallkill River.
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