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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By to obtain
Length
inch (in.) 2.54 centimeter
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
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square foot (ft2) 0.09294 square meter
square mile (mi2) 2.59 square kilometer
Volume
gallon (gal) 3.785 liter
million gallons (Mgal) cubic meters
Flow
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gallon per day (gal/d) 0.003785 cubic meter per day

million gallons per day (Mgal/d) 0.04381

cubic meter per second

Sea level:

In this report “sea level” refers to the National Geodetic Vertical Datum of 1929

(NGVD 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.

ABBREVIATIONS
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LOCAL POINT SOURCES THAT AFFECT GROUND-WATER QUALITY IN THE
EAST MEADOW AREA, LONG ISLAND, NEW YORK

By Paul M. Heisig

ABSTRACT

The extent and chemical characteristics of ground water affected by three local point
sources—a stormwater basin, uncovered road-salt-storage piles, and an abandoned
sewage-treatment plant—were delineated during a 3-year study of the chemical charac-
teristics and migration of a body of reclaimed wastewater that was applied to the water-
table aquifer during recharge experiments from October 1982 through January 1984 in
East Meadow. The timing, magnitude, and chemical quality of recharge from these point
sources is highly variable, and all sources have the potential to skew determinations of
the quality of ambient ground-water and of the reclaimed-wastewater plume if they are
not taken into account.

Ground water affected by recharge from the stormwater basin is characterized by low
concentrations of nitrate + nitrite (less than 5 mg/L [milligrams per liter] as N) and
sulfate (less than 40 mg/L) and is almost entirely within the upper glacial aquifer. The
plume derived from road-salt piles is narrow, has high concentrations of chloride (greater
than 50 mg/L) and sodium (greater than 75 mg/L), and also is limited to the upper glacial
aquifer. The sodium, in high concentrations, could react with aquifer material and
exchange for sorbed cations such as calcium, potassium, and magnesium. Water affected
by secondary-treated sewage from the abandoned treatment plant extends 152 feet below

land surface into the upper part of the Magothy aquifer and longitudinally beyond the
southern edge of the study area, 7,750 feet south of the recharge site. Ground water
affected by secondary-treated sewage within the study area typically contains elevated
concentrations of reactive chemical constituents, such as potassium and ammonium, and
low concentrations of dissolved oxygen. Conservative or minimally reactive constituents
such as chloride and sodium have been transported out of the study area in the upper
glacial aquifer and the intermediate (transitional) zone but remain in the less permeable

upper part of the Magothy aquifer.

Identification of the three point sources and delineation of their areas of influence
improved definition of ambient ground-water quality and delineation of the reclaimed-

wastewater plume.

INTRODUCTION

Rapid population growth and development
on Long Island since World War II have been
accompanied by an increase in the amount of
dissolved solids reaching the aquifer system from
land surface. Sources of dissolved solids include
sewage from domestic cesspools and sewage-
treatment facilities, storm runoff from paved
surfaces, lawn and agricultural fertilizers,
landfill leachate, industrial wastes, and road-
deicing salts. The degradation of shallow-
ground-water quality in western and central
Long Island from point and nonpoint (diffuse)
sources has rendered much of the upper glacial

aquifer unfit for public supply. The susceptibil-
ity of production wells in the underlying
Magothy aquifer to contamination by drawdown
of shallow ground water (Eckhardt and Pearsall,
1989) has raised concern and created a need for
information on factors that affect shallow
ground-water quality.

An important step in the protection of
ground-water quality in Nassau and western
Suffolk counties (fig. 1) has been the installation
of sanitary-sewer systems, which prevent most
septic effluent from reaching the water table by
diverting it to treatment plants that treat and



discharge it to the bays and ocean. The use of
sanitary sewers also has decreased recharge to
the aquifer system, however, by preventing the
return of the wastewater to the ground. This, in
turn, has caused a lowering of ground-water
levels and decreases in streamflow (Reilly and
Buxton, 1985). One potential means of replenish-
ing the ground-water system is artificial re-
charge with reclaimed wastewater. This proce-
dure was tested at East Meadow in Nassau
County (fig. 1) from October 1982 through
January 1984 to ascertain the maximum rates of
recharge that could be sustained and the amount
of ground-water mounding that would result.
Results are summarized in Schneider and others
(1987).

In 1985, the U.S. Geological Survey (USGS),
in cooperation with the Nassau County Depart-
ment of Public Works, began a follow-up study of
water quality in the shallow aquifer system at
the same site (fig. 2) to determine the fate of the
nearly 720 Mgal of reclaimed water that had
been applied to the ground-water system
through recharge basins during the 1982-84
study. Analysis of water samples from wells
throughout the surrounding 1.5-mi? area enabled
delineation of the recharge plume (Heisig and
Prince, 1993) and identification of three other
local point sources that have affected shallow
ground-water quality in the area: (1) storm

runoff from Nassau County stormwater basin 62,
(2) leachate from two salt-storage piles, and (3)
secondary-treated sewage that was discharged to
recharge basins at the Meadowbrook sewage-
treatment plant before it was abandoned in
1979. (Locations are shown in fig. 7, p. 12.) The
effects of point sources on water quality range
from beneficial to detrimental, depending on the
source and site conditions. Delineation of the
areas of influence from these sources was essen-
tial for delineation of the recharge plume. In
this report, “shallow” ground water refers to water
extending from the water table to 90 ft below it.

Purpose and Scope

This report (1) briefly summarizes the
history of ground-water development on Long
Island and the hydrogeology, ambient water
quality, and suburban development in the East
Meadow area; and (2) discusses the effect of the
three local point sources on ground-water quality
in the study area. Stiff and trilinear diagrams
based on chemical analyses of water samples
from point sources and observation wells illus-
trate chemical differences among the three point
sources, ambient ground-water, and reclaimed
water used in the 1982-84 artificial-recharge
experiments, and several maps delineate the
extent of selected constituents.
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EXPLANATION

«45AB  WELL SITE AND NUMBER--Number identifies a
well site; letters denote individual wells at each site;
for example, site 45 contains wells 45A and 45B.
By convention, the "A" well is the deepest well at
each site.

Previous Investigations

Aronson and others (1983) made the first
geohydrologic assessments at the East Meadow
site, and Katz and Mallard (1980) made the first
water-quality assessment. Schneider and
Oaksford (1986) and Schneider and others (1987)
reported details of the artificial-recharge opera-
tions; Prince and Schneider (1989) conducted
pumping tests near the site; and Heisig and
Prince (1993) provide a more recent evaluation of
geohydrology and water quality at the site. Ku
and Simmons (1986) investigated the chemical
quality of storm runoff in and beneath five
recharge basins in Nassau and Suffolk Counties
as part of the USGS Nationwide Urban Runoff
Program. LeBlanc (1984) reported on the effects
of infiltration of secondary-treated sewage on
ground water at Cape Cod, Mass. Thurman
(1987) presented a conceptual model for sewage
contamination, and Ceazan and others (1987)
documented the importance of cation exchange
in the distribution of ammonium and potassium
at the Cape Cod site.
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Methods of Investigation

The original observation-well network within
the study area contained 22 wells and was
designed to monitor the local hydraulic and
chemical effects of the 1982-84 artificial-recharge
operations. A total of 102 new observation wells

Figure 2.—Locations of observation wells in the
study area. (From Heisig and Prince,
1993, fig. 2. Location is shown in fig. 1.)



were installed in three drilling periods during
1985-87; their locations were selected on the
basis of water-quality data from previous sam-
pling. The deepest well is screened about 164 ft
below the water table, and the shallowest is at
the water table, but most are screened within 90
ft of the water table. Well locations are shown in
figure 2. Water samples were collected in
November-December 1985, March-April 1986,
August 1986, and March-April 1987. All water-
quality data presented herein are from March-
April 1987 unless otherwise specified.

Water samples were obtained by submersible
pump in accordance with standard USGS sam-
pling procedures and analyzed for major inor-
ganic constituents by the USGS laboratory in
Arvada, Colo. (Fishman and Friedman, 1989).
About 10 percent of the samples collected in the
study were sent to the Nassau County laboratory
at the Cedar Creek water-pollution-control plant
(fig. 1) and analyzed for the same constituents.
Both laboratories participate in the standard
reference water-sample program administered
by the USGS.

HYDROGEOLOGY AND DEVELOPMENT OF GROUND-WATER
RESOURCES OF LONG ISLAND

The hydrogeology of Long Island is discussed
in detail in Suter, DeLaguna, and Perlmutter
(1949), Cohen and others (1968), McClymonds
and Franke (1972), and Franke and Cohen
(1972), and the historic development of the
ground-water resources of Long Island is dis-
cussed in Cohen and others (1968). Both topics
are summarized below.

Hydrogeology

Long Island is underlain by a sequence of
unconsolidated deposits of sand, gravel, and clay
of Quaternary and Late Cretaceous age that
unconformably overlie schist, gneiss, and gra-
nitic bedrock of Precambrian age (fig. 3). Overly-
ing the bedrock is the Raritan Formation of Late
Cretaceous age, which consists of the Lloyd Sand
Member (Lloyd aquifer) and the overlying clay
member (Raritan clay), which is an effective
confining unit,

Overlying the Raritan Formation is the
Magothy Formation and Matawan Group,
undifferentiated (Magothy aquifer), also of Late
Cretaceous age (fig. 3). These deposits, which
are as much as 1,000 ft thick, consist of clayey
and silty fine-to-medium quartzose sand, some
gravel, and clay layers. The upper surface of the
Magothy aquifer is an erosional surface in
Nassau County and is in hydraulic contact with
the overlying Pleistocene deposits.

Pleistocene sediments are described as lower
and upper deposits by Suter and others (1949).
The lower Pleistocene deposits are pre-Wisconsin
in age and consist of two principal units: the
Jameco Gravel and the Gardiners Clay. The
Jameco Gravel (Jameco aquifer) is an outwash
deposit that reaches a maximum thickness of
about 150 ft; it directly overlies the Magothy
aquifer in much of Brooklyn and Queens and in
the southwestern corner of Nassau County. Itis
among the oldest Pleistocene deposits on Long
Island. The Gardiners Clay, which overlies and
locally confines the Jameco or Magothy aquifers,
is present along much of the south shore of Long
Island. This unit is of marine origin and repre-
sents interglacial conditions of high sea level.
The upper Pleistocene deposits, which are
predominantly outwash sand and gravel and
terminal-moraine sediments, cover most of Long
Island. Outwash covers most of the southern
half of the island, except the shore area and
parts of the northern half; morainal sediments
cover much of the northern half and the eastern
forks (fig. 1 inset), where they reach a maximum
thickness of about 300 ft. The saturated part of
the upper Pleistocene deposits, referred to as the
upper glacial aquifer, is unconfined and covers
much of Long Island.

Holocene, or recent, swamp, alluvium,
lagoonal, beach, and dune deposits overlie the
Pleistocene deposits along the margins of Long
Island and are generally less than 20 ft thick.



Development of Ground-Water Resources

Cohen and others (1968) described three
stages of ground-water development on Long
Island. The earliest stage, before 1900, was
characterized by extraction of water from the
upper glacial aquifer through domestic and,
later, public-supply wells, and the return of
wastewater to the aquifer system through
cesspools. The introduction of wastewater to the
shallow ground-water system had little effect on
water quality because the population was the
small and scattered. The second stage of devel-
opment, from 1900 to the early 1950’s, was
characterized by rapid population growth with
corresponding increases in ground-water
pumpage and entry of cesspool leachate to the
ground-water system. The increased loading of
cesspool wastes to the upper glacial aquifer
forced the abandonment of many shallow wells
and the installation of deeper wells that could
extract uncontaminated water from the Magothy
aquifer. The most important effect on the
ground-water system during this stage was the
increase in the volume of ground-water flow into
the Magothy aquifer from the overlying upper

glacial aquifer as a result of gradients induced
by deep pumping.

The third stage extends from the early 1950’s
to the present. During this period the population
has continued to expand, and pumpage from the
Magothy aquifer has increased. The movement
of contaminated water from the upper glacial
aquifer into the upper part of the Magothy has
continued where pumping stresses are great and
where geologic conditions are favorable. New
public-supply wells in these areas are installed
at greater depths as a result. The most impor-
tant effect on the ground-water system during
this stage has been the installation of sanitary
sewers over much of Nassau County and south-
western Suffolk County to prevent sewage from
reaching the water table from cesspools. These
sewers route the sewage to treatment plants that
treat and discharge it to the ocean and bays. The
resulting loss of wastewater recharge to the
ground-water system has decreased the dis-
solved-solids loading to the upper glacial aquifer
by diverting wastewater to treatment plants but
also has resulted in a lowering of the water table
and a corresponding decrease in streamflow
(Reilly and others, 1983).
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major aquifers. (Modified from Franke and McClymonds, 1972, fig. 3.)



HYDROGEOLOGY, AMBIENT GROUND-WATER QUALITY, AND SUBURBAN
DEVELOPMENT IN THE EAST MEADOW AREA

The hydrogeology and chemical quality of
ambient ground water in the study area are
discussed briefly below and in detail in Heisig
and Prince (1993); suburban development in
East Meadow is described below in terms of
population growth, land use, sewage disposal,
and ground-water resources.

Hydrogeology

The deposits of primary interest within the
study area are the Pleistocene and uppermost
Cretaceous deposits. The Pleistocene deposits
consist of fairly homogeneous, medium-to-very-
coarse, brownish-orange (iron oxyhydroxide
coated) sand and gravel containing interbedded
lenses of fine-to-medium silty sand and thin beds
of sandy clay. The thickness of the unsaturated
zone ranges from about 40 ft at the northern
edge of the study area to 24 ft at the southern
edge. The saturated part of this unit forms the
upper glacial aquifer (unconfined), which ranges
between 13 and 36 ft in thickness (Heisig and
Prince, 1993). Prince and Schneider (1989)
estimated a horizontal hydraulic conductivity of
380 ft/d and a ratio of horizontal to vertical
hydraulic conductivity of 2.5 for this aquifer from
the results of an aquifer test within the study
area. Estimates of local ground-water velocity
range from 2.0 to 3.5 ft/d (Prince and Schneider,
1989; Heisig and Prince, 1993).

The Cretaceous deposits directly below the
upper glacial aquifer are part of the Magothy
aquifer. The uppermost 30 to 60 ft of the 500-ft
thickness of the Magothy aquifer constitutes the
lower part of the zone of interest in this study
and is characterized by gray to white fine sand
with higher percentages of silt and clay than
those in the upper glacial deposits; this sand is
interbedded with discontinuous silt-and-clay
lenses. Natural-gamma logs (Heisig and Prince,
1993) indicate local variation in clay-silt content
within this zone. Horizontal hydraulic conduc-
tivity of the upper part of the Magothy aquifer in
the study area has been estimated to be 100 ft/d,
with a ratio of horizontal to vertical hydraulic
conductivity of 5 (Prince and Schneider, 1989).
Heisig and Prince (1993) estimated the velocity

of water in the upper Magothy aquifer to be 0.8
ft/d from the movement of reclaimed water after
the 1982-84 recharge tests. The Magothy aquifer
is unconfined to semiconfined, depending on silt-
clay content.

For convenience, the upper glacial aquifer
and the Magothy aquifer material within the
upper 90 ft of saturated thickness are referenced
herein as “zones” or “aquifer zones” because the
boundaries discussed here are different from
aquifer boundaries described in the literature
and because the Magothy zone represents only a
small fraction of the Magothy aquifer thickness.
The boundary between the upper glacial and
Magothy zones is transitional rather than abrupt
and was determined by Heisig and Prince (1993)
from water-quality, natural gamma-log, and
geologic data to range from 24 to 47 ft thick.
This intermediate or transition zone has hydrau-
lic characteristics of both aquifer zones, For
example, the local variability of clay and silt
content in the intermediate zone corresponds to
the Magothy zone (Heisig and Prince, 1993), and
the persistence of chloride (derived from the
artificial-recharge experiments) in the interme-
diate and Magothy zones and the absence of
chloride in the upper glacial zone below the
recharge site in 1987, suggest that
permeabilities in the intermediate and Magothy
zones are similar. In contrast, the maximum
downgradient extent of chloride in the interme-
diate zone matches that in the upper glacial zone
rather than that in the Magothy zone. Thus, the
ground-water velocity attributed to the interme-
diate zone (3.4 ft/d, Heisig and Prince, 1993) is
similar to that of the upper glacial zone, al-
though water in areas of low permeability will
have much lower velocity. A detailed discussion
of hydrogeology within the study area is given in
Heisig and Prince (1993). The part of the
ground-water system that was of interest in this
study was the top 90 ft of the zone of saturation,
which includes all of the upper glacial aquifer
and the intermediate (transition) zone, and the
uppermost part of the Magothy aquifer.

Ground-water flow in the three depth zones
in the study area is predominantly southward
and horizontal. The horizontal gradient is about





































































