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DESIGN, OPERATION, AND MONITORING CAPABILITY OF AN
EXPERIMENTAL ARTIFICIAL-RECHARGE FACILITY AT EAST

MEADOW, LONG ISLAND, NEW YORK

By Brian J. Schneider and Edward T. Oaksford

ABSTRACT

Artificial recharge with tertiary-treated sewage is being
tested at East Meadow to evaluate the physical and chemical effects on
the ground-water system. The recharge facility contains 11 recharge
basins and 5 injection wells and is designed to accept 4 million
gallons of reclaimed water per day. Of the 11 basins, 7 are recently
constructed and will accept 0.5 million gallons per day each. An
observation manhole (12-foot inside diameter and extending 16 feet
below the basin floor) was installed in each of two basins to enable
monitoring and sampling of percolating reclaimed water in the
unsaturated zone with instruments such as tensiometers, gravity
lysimeters, thermocouples, and soil-gas samplers.

Five shallow (100-feet deep) injection wells will each return 0.5
million gallons per day to the ground-water reservoir. Three types of
injection-well design are being tested; the differences are in the
type of gravel pack around the well screen. When clogging at the well
screen 'occurs, redevelopment should restore the injection capability.

Flow to the basins and wells is regulated by automatic flow
controllers in which a desired flow rate is maintained by electronic
sensors. Basins can also operate in a constant-head mode in which a
specified head is maintained in the basin automatically.

An observation-well network consisting of 2-inch—- and 6-inch-
diameter wells was installed within a l-square-mile area at the
recharge facility to monitor aquifer response to recharge.

During 48 days of operation within a 17-week period (October
1982 through January 1983), 88.5 million gallons of reclaimed water
was applied to the shallow water—-table aquifer through the recharge
basins. A 4.29-foot-high ground-water mound developed during a l4-day
test; some water-level increase associated with the mound was detected
1,000 £t from the basins. Preliminary water—quality data from wells
affected by reclaimed water show evidence that mechanisms of mixing,
dilution, and dispersion are affecting chemical concentrations of
certain constituents, such as nitrogen and trichloroethane, in the
shallow aquifer beneath the recharge area.

INTRODUCTION

Ground water derived from precipitation is the sole source of drinking
water in Long Island's two largest counties--Nassau and Suffolk (fig. 1). The
ground water is plentiful and generally suitable for most uses.



During Long Island's early period of dLvelopment, the primary method of
waste disposal from households and commercial establishments was through
shallow cesspools. With population growth,ihowever, especially in Nassau
County, this practice caused a widespread degradation in chemical quality of
shallow ground water. To prevent further contamination, centralized sewer
systems have been constructed in densely populated areas. The water collected
by these sewer systems is piped to wastewater-treatment plants, where it is
treated and discharged to the ocean. Although this process protects the
ground-water reservoir from sewage contamination, it does not return water to
the aquifers as cesspools did and therefore decreases the ground-water supply.
This, in turn, could cause ground-water levels to decline and streamflow to
decrease or cease.

Artificial recharge of aquifers is one potential means of replenishing
Long Island's ground-water supply. Stormwater basins have been used on the
island since 1934 to recharge the shallow aquifer with storm runoff that would
otherwise have been diverted to streams. Another method is through the
reclamation of wastewater, which is done by filtration and purification at the
sewage—-treatment plants, then injection or dnfiltration of this water to the
aquifer. This method not only can provide a large and continuous supply of
reclaimed water to replenish the ground-water reservoir, but may also improve
the degraded water of the shallow aquifer by dilution.

The need for potable ground water will increase in the near future as
municipal consumption increases from the growth of industry and population.
Reclaimed wastewater could help meet that demand. The artificial-recharge
program described herein was designed to explore the physical and chemical
effects of using tertiary-treated wastewater for this purpose. A successfully
managed and monitored artificial-recharge program could serve as a model for
other geologically similar areas that are experiencing water—supply shortages.
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The recharge facilities at East Meadow were designed and built to (1)
enable study of the injection and infiltration processes and their effect on
the shallow aquifer system, and (2) develop management practices that would
most efficiently dispense the water provided to the site. The U.S. Geological
Survey, in cooperation with Nassau County, began a series of investigations in
1975 to meet these objectives. The purpose of the study described herein was
to observe the hydrologic and chemical effects of reclaimed water on the
unsaturated—zone material and on shallow ground water beneath.

Purpose and Scope

This report describes the construction and instrumentation of the East
Meadow artificial-recharge facility and gives examples of the kinds of data
that were obtained from several recharge experiments during the first 17 weeks
of operation (October 6, 1982 through January 31, 1983). Attention is given
to the degree of ground-water mounding and to changes in ground-water quality
after the addition of reclaimed water through recharge basins. (Injection
wells were not operated during this period.) Statistical summaries of water
quality of. the shallow aquifer, reclaimed water, and ground water affected by
reclaimed water are presented in tables, and the degree of ground-water
mounding beneath the recharge area is shown on regional contour maps.

Examples of data collected from the unsaturated zone during nonrecharge
conditions are also presented; these provide a background data base for future
studies. Also included is a description of the design and layout of
instrumentation to evaluate recharge tests.

Previous Studies

The concept of artificial recharge has long been a part of Long Island's
water—management strategy, and many reports have been published on the history
and the physical and chemical aspects of this procedure on Long Island.

The history of artificial-recharge technology and considerations for its
application on Long Island are described in Greely and Hansen (1963) and
Holzmacher, McLendon, and Murrell (1980). The disposal of ground water pumped
for cooling purposes through shallow diffusion basins or through diffusion
wells is described in Leggette and Brashears (1938) and Sandford (1938).

The use of stormwater basins on Long Island to intercept storm runoff
that would otherwise flow to streams and tidewater is discussed in several
reports, for example, Brice and others (1956), Seaburn (1969, 1970, 1971),
Prill and Aaronson (1973), Seaburn and Aronson (1974), and Aronson and Seaburn
(1974).

The first experiments in deep—well injection of tertiary-treated
wastewater were done at Bay Park on Long Island's south shore to directly
recharge the Magothy aquifer and thereby impede the inland advance of
saltwater into the aquifer. The design of the injection system is described
by Koch and others (1973); the microbiological and water—quality aspects of
deep—well injection are discussed in Vecchioli (1970, 1976), Ragone (1977),
and Ku and others (1975); overall hydraulic effects of deep—well injection are
discussed in Vecchioli and others (1980).



The role of the unsaturated zone during

recharge through a small test

basin at Medford, in Suffolk County, was studied by Prill and others (1979);

the instrumentation used in that study is d

Knowledge gained in the studies mentio

escribed by Oaksford (1983).

ned above has culminated in the

large-scale pilot recharge study in East Meadow, the design, instrumentation,
and preliminary results of which are described herein.
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LOCATION AND HYDROGEOLOGY
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Table 6.--Selected chemical and physical data on ground water before ingjection,
reclaimed water, and ground water after ingjection.

{Ground-water samples from well 11C]

Nitrogen,
Nitrogen, NH; +
Nitrogen, Nitrogen, Nitrogen, Nitrogen, Nitrogen, ammonia + organic
Nitrogen, ammonia ammonia nitrite nitrite nitrate organic auspended
dissolved dissolved total dissolved total dissolved dissolved total
(mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L
as N) as N) as N) as N) as N) as N) as N) as N)
Ground water before
injection
Background |
Median 16.0 0.04 0,330 0.020 0.02 16.0 0. 30 0.85
Mean 15.15 .20 .302 .038 .02 16.3 .43 .85
Minimum 2.6 .03 .010 .010 .01 14,0 .10 «20
Maximum 26.0 .85 .830 .150 .11 26.0 .80 1.50
No. of samples 4 5 23 21 . 22 19 S 2
Reclaimed water
Median 1.53 .04 .020 - .01 - <95 .30
Mean 1.53 .04 .020 - .01 - .95 .30
Minimum .95 .03 .020 - .01 - .50 +20
Maximum 2.10 .05 .020 - .01 -— 1.40 .40
No. of samples 2 2 2 0 2 0 2 2
Ground water after
injection
10-22-82 5.8 1.6 1.5 - .02 - 3.60 .80
1-25-83 2.6 .85 .83 - - - .80 .0
|
—+
Nitrogen,
Nitrogen, ammonia + Nitrogen,
NO2 + NO3 organic NO2 + NO3 Color
dissolved total total Temper+ (platinum— Specific Oxygen,
(mg/L (mg/L (mg/L ature Turbidity cobalt conductance dissolved
as N) as N) as N) (°c) (NTU) units) (umhos) (mg/L)
|
Ground water before
injection i
Background
Madian 16.0 .430 16.0 14,0 4.00 1.00 350 3.70
Mean 15.4 .453 15.6 14,2 4,00 1.00 396 3.54
Minioum 1.8 .080 1.7 13.0 4.00 1.00 340 1.50
Maximum 26.0 2,20 28 16.0 4.00 1.00 1,175 5.60
No. of samples 23 23 23 23 1 1 22 8
Reclaimed water
Median .585 1.25 .60 17.0 1.00 5.50 990 5.75
Mean .585 1.25 .60 17.0 | 1.00 5.50 990 5.75
Minimum .450 .900 .50 15.0 ! 1.00 5.00 940 4.90
Maximum .720 1.60 .70 19.0 1.00 6.00 1,040 +6.60
No. of samples 2 2 2 2 2 2 2 2
Ground water after
injection
10-22-82 2.2 2.9 2.2 20.0 2.5 5 1,160 6.1
1-25-83 1.8 .7 1.7 14.0 1.0 5 940 -
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Table 6.--Selected chemical and physical data on ground water before ingjection,
reclaimed water, and ground water after injection (continued)

[Ground-water samples from well 1IC]

01l and
grease,
Solids, Solids, total Phosphorus,
residue residue recov. Phosphorus, ortho,
pH pH at 105°C, at 105°C gravi- Phosphorus, dissolved dissolved
field lab dissolved suspended metric total (mg/L (mg/L
(units) (units) (mg/L) (mg/L) (mg/L) (mg/L as P) as P) as P
Ground water before
injection
Background
Median 4,70 5.00 251 7.0 1.00 0.015 0.020 0.010
Mean 262 10.1 1.00 .021 .026 .012
Minimum 4,30 4,80 239 5.0 1.00 .010 .010 .010
Maximum 11.2 5.30 420 42.0 1.00 .080 .060 .040
No. of samples 23 19 16 15 1 22 5 16
Reclaimed water
Median 6.45 6.30 -- - 1.00 460 2450 -
Mean -— - 1.00 460 .450 -
Minimum 6.30 5. 20 - - 1.00 .340 .330 -
Maximum 6. 60 7.40 - - 1.00 .580 .570 -
No. of samples 2 2 0 0 2 2 2 0
Ground water after
injection
10-22-82 4.6 5.9 - - <1.0 .04 .05 -—
1-25-83 6.9 7.3 - -- <1.0 .01 .03 et
Carbon,
Carbon, Carbon, Carbon, organic Carbon,
organic organic inorganic, suspended inorganic, Calcium, Magnesium, Sodium,
total dissolved total total dissolved dissolved dissolved dissolved
(omg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L (mg/L
as C) as C) as C) as C) as C) as Ca) as Mg) as Na)
Ground water before
injection
Background
Median 1.30 2,20 7.10 0.150 1.00 26.0 3.10 30.0
Mean 2.59 2,23 8.03 . 167 7.80 42.6 2.98 29.4
Minimum .80 1.00 2.00 . 100 .50 21.0 .50 22.0
Maximum 12.0 5.10 15.0 .300 6.90 170. 4.10 36.0
No. of samples 17 7 3 6 3 9 9 9
Reclaimed water
Median 2.75 -- - - - 54.5 12.5 155
Mean 2,75 -- - - - 54.5 12.5 155
Minimum 2.00 - - - - 53.0 12.0 150
Maximum 3.50 - - - -- 56.0 13.0 160
No. of samples 2 0 ] 0 0 2 2 2
Ground water after
injection
10-22-82 2.7 - - - - 41 11 200
1-25-83 - -- -- - - 53 9.5 110
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Table 6.--Selected chemical and physical data on ground water before injectionm,
reclaimed water, and ground water after injection (continued)
|

[Ground-water samples from well 11C]

Potassium, Chloride, Sulfate Fluoride, Silica, Arsenic, Barium,
dissolved dissolved dissolved dissolved dissolved total total
(mg/L (mg/L (mg/L (mg/L (mg/L (ug/L recoverable
as K) as C1) as S0;) as F) as SI03) as As) (ug/L as Ba)
L
Ground water before
injection
Background
Median 6.10 29.0 38.0 0.250 14.0 1.00 100
Mean 6.46 30.7 39.0 .262 14.0 1.40 162
Minimum 5.6 23.0 36.0 .100 8.70 1.00 10.0
Maximum 8.90 39.0 43.0 .500 16.0 3.00 500
No. of samples 9 9 9 '8 9 5 5
Reclaimed water l
Median 12,5 170 87.0 .350 13.5 1.50 150
Mean 12.5 170 87.0 .350 13.5 1.50 150
Minimum 12.0 160 76.0 I .200 13.0 1.00 100
Maximum 13.0 180 98.0 .500 14.0 2.00 200
No. of samples 2 2 2 2 2 2 2
Ground water after
injection
10-22-82 8.3 240 140 .2 3.6 1.0 300
1-25-83 12 170 80 .2 8.1 1.0 100
Beryllium, Cadmium Chromium, Cobalt, Copper, Iron, Iron,
total total total total total suspended total
recov-— recov- recov- recov- recov- recov- recov-
erable erable erable prable erable erable erable
(ug/L (ug/L (ug/L (ug/L (ug/L (ug/L (vg/L
as Be) as Cd) as Cr) as Co) as Cu) as Fe as Fe)
Ground water before
injection
Background
Median 10.0 1.00 10.0 2.00 15.0 160 175
Mean 10.0 2.67 8.89 2,67 14.4 346 320
Minimum 10.0 1.00 2.00 1.00 3.00 10.0 20.0
Maximum 10.0 10.0 20.0 5.00 43.0 2,000 2,000
No. of samples 2 6 9 3 9 19 24
Reclaimed water
Median 10.0 1.00 20.0 1.50 - 40.0 45
Mean 10.0 1.00 20,0 . 1.50 - 40.0 45
Minimum 10.0 1.00 10.0 ! 1.00 - 40.0 40
Maximum 10.0 1.00 30.0 2,00 - 40.0 50
No. of samples 2 2 2 2 0 1 2
Ground water after
injection
10-22-82 <10 <1 10 2 - 120 130
1-25-83 <10 2 10 1 - 60 70

— 4 A
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Table 6.--Selected chemical and physical data on ground water before injection,
reclaimed water, and ground water after injection (continued)

fGround—water samples from well 11C]

Lead, Manganese, Nickel, “Silver,
total total Molybdenum, total totsl
Iron, recov- recov~- Manganese, total recov- recov-
dissolved erable erable dissolved recoverable erable erable
(ug/L (ug/L (ug/L (ug/L (ug/L (ug/L (ug/L
as Fe) as Pb as Mn) as Mn) as Mo) as Ni) as Ag)
Ground water before .
injection
Background
Medisn 20.0 4.50 815 900 1.00 7.00 1.00
Mean 18.0 53.2 783 886 1.00 9.40 1.00
Minimum 10.0 1.0 90 800 1.00 1.00 1.00
Maximum 40.0 300 1,200 940 1.00 22.0 1.00
No. of samples 23 6 24 15 3 5 4
Reclaimed water
Median 4,00 2.50 10 -- - 9.00 2.50
Mean 4.00 2.50 10 - - 9.00 2.50
Minimum 3.00 2.00 10 - - 8.00 1.00
Maximum 5. 00 3.00 10 - - 10.0 4.00
No. of samples 2 2 2 0 0 2 2
Ground water after
injection
10-22-82 6 1 60 11 5 - <1
1-25-83 11 3 10 915 7 - <1
Aluminum, Aluminum, Lithium Mercury,
Zine, total suspended total total
total recov- Aluminum, recov- recov- Selenium, recov=
recoverable erable dissolved erable erable total erable
(ug/L (ug/L (vg/L (ug/L (ug/L (ng/L (ug/L
as Zn) as Al) as Al) as Al) as L1) as Se) as Hg)
Ground water before
injection
Background
Median 50.0 1,300 100 1,200 10.0 1.00 «200
Mean 64.4 1,309 303 1,400 10.0 1.00 »200
Minimum 10.0 200 80 200 10.0 1.00 . 100
Maximum 130.0 4,400 1,200 4,300 10.0 1.00 .300
No. of samples 9 23 15 14 3 4 2
Reclaimed water
Median 80.0 - - - - 1.00 .200
Mean 80.0 i - - -- 1.00 . 200
Minimum 50.0 - - - - 1.00 .100
Maximum 110.0 - - - - 1.00 .300
No. of samples 2 0 0 0 0 2 2
Ground water after
injection
10-22-82 40 - - - - <l .8
1-25-83 20 -- -- -~ - <1 .5
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Table 7.--Mean, median, and range of organic compounds exceeding 1 ug/L
in storage tank and ground water before and after injection.

Di- Chloro-
chloro~ 1,2-Di- di-
bromo- chloro- Bromo- bromo~ Chloro- Bis~- Ethyl-
methsne ethane form methane form Toluene Benzene ether benzene
total total total total total total total total total
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (vg/)
N 9198
Background (pre-recharge)
Median <1 <1 <1 <1 <1 <1 <1 6 <1
Mean 2.92 <1 13.6 9. 44 1.92 7.57 170 6 <1
Minimum <1 <1 <1 <1 <1 <1 <1 6 <1
Maximum 7.4 <1 45.2 32.2 4.3 30.0 1,180 6 1
No. of Samples 5 3 5 5 5 7 7 1 5
Storage Tank I
Median 1.15 <1 39.5 16.6 . <1 <1 1 <1
Mean 8.13 <1 30.5 22.7 3. 5.29 6. 14 1 5.71
Minioum <1 <1 <1 <1 <. <1 <1 1 <1
Maximum 39.3 2.1 87.0 62.8 12. >25 >30 1 >28
No. of Samples 7 7 7 7 7 7 7 1 7
|
Ground water (post-recharge) ‘
N 9198
1-25-83 5 <1 19 20 <1 <1 <1 1 <1
N 9689
1-25-83 <1 <1 14 13 <1 2 <1 -— <1
N 9690
1-25-83 <1 <1 14 13 <a 3 <1 - <1
|
Methyl-  Tetra- 1,1-1- Di-N- Tri-
ene chloro~ 1,1-Di~ tri- Chloro- butyl- chloro-
chlo- ethyl- chloro- chloro- ethyl- phthal- ethyl 1,2-
ride ene ethane ethane en ate ene Dichloro- dichloro-
total total total total total total total wmethane ethene
(ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L) (ug/L)
N 9198
Background (pre-recharge) |
Medisen 1 2.5 1 50 1 \ 2 3 .8 <1
Mean 480 4.68 14.6 51.4 6 ' 2 4.35 .93 <1
Minimum 1 4 <1 .8 <1 2 <1 <1 <1
Maximum 1,440 20 50.2 165 30 2 10 2.0 1
No. of Samples 3 14 5 27 7 1 14 3 3
Storage Tank
Median 1 .9 <1 <1 <1 1 <1 1.1 <1
Mean 1 .61 .3 .54 <1 1 <1 8.98 <1
Minimum 1 <0.4 <1 <1 <1 1 <1 <1 <1
Maximum 1 1 1.2 1.8 1 1 <1 39.3 1.8
No. of Samples 1 7 7 7 7 2 7 6 6
|
Ground water (post-recharge) '
N 9198
1-25-83 <1 <1 <1 <1 <1 8 <1 - <1
N 9689
1-25-83 <1 - <1 <1 - 7 <1 - <1
N 9690
1-25-83 <1 <l <1 <1 12 <1 - <1
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