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Detection of Contaminant Plumes in Ground Water of Long Island,
New York, by Electromagnetic Terrain-Conductivity Surveys

by Thomas J. Mack and Paul E. Maus

Abstract

Electromagnetic terrain-conductivity surveys were conducted at
four landfills in Suffolk County and at an artificial-recharge site
in Nassau County to assess the feasibility of this technique for
detecting contaminant plumes. The technique was successful at three
of the landfills; results compared closely with those indicated by
specific conductance of water from observation wells on the sites.

Data from the three sites for which the technique was success-
ful--the Horseblock Road landfill, the Manorville scavenger-waste-
disposal facility, and the Riverhead landfill--revealed pronounced
terrain-conductivity anomalies that reflect known contaminant
plumes. Plumes at the other two sites--Blydenburgh landfill and the
East Meadow artificial-recharge site--could not be detected because
cultural interferences were too great and, at the Blydenburgh site,
depth to water was too great. The interferences included pipelines,
utility cables, and traffic.

Given favorable conditions, such as high plume conductivity,
lack of cultural interferences, and a depth of less than 100 feet to
the plume, electromagnetic surveying can provide a rapid means of
locating contaminant plumes.

INTRODUCTION

Plumes of contaminated ground water from waste-disposal sites can pose
health risks to the local populace if the ground water is the sole source of
supply for the area. Typically, a plume is identified through chemical
analysis of water samples from several wells at the area of concern. This
method can be costly in terms of the drilling, sampling, and analyses, and, in
addition, the sites chosen for observation wells may miss the contaminant
plume entirely.

Electromagnetic techniques have been effective in detecting contaminant
plumes where the electrical conductivity of the plume differs significantly
from that of the ambient ground water (Duran and Haeni, 1982). These
techniques are relatively inexpensive, the equipment is portable and simple to
operate, and the results are easily interpreted. Although these methods
cannot determine the chemical composition of the plume, they can often
delineate its extent and thereby facilitate monitoring-well placement, which.y
minimizes the number of wells needed.

In 1983, the U.S. Geological Survey began a study in cooperation with the
Suffolk County Department of Health Services, Suffolk County Water Authority,
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Nassau County Department of Public Works, and the Town of Brookhaven, to
assess the utility of electromagnetic-terrain-conductivity surveying for
detecting contaminant plumes on Long Island. Long Island is appropriate for
this technique because the ground water generally has a low conductivity, and
the aquifer material is highly permeable.

Five sites with varying geohydrologic and contaminant characteristics
were selected for testing. The East Meadow artificial-recharge site is in
central Nassau County; Blydenburgh landfill is in the center of western
Suffolk County; the Horseblock Road landfill and the Manorville scavenger-
waste-disposal facility are in south-central Suffolk County; and the Riverhead
landfill is in northeastern Suffolk County. Site locations are shown in
figure 1.

Purpose and Scope

This report presents the results of a study to assess the usefulness of
the electromagnetic terrain-conductivity surveying technique for detecting and
delineating contaminant plumes in ground water on Long Island and to determine
the types of sites to which the technique may be applicable. The five sites
were chosen to represent a variety of cultural, geohydrologic, and contamina-
tion settings typical of Long Island. Specific conductance of ground water at
each site was measured for comparison with the electromagnetic terrain-conduc-
tivity data. This report describes the principles of electromagnetic-terrain-
conductivity surveying and discusses results of the survey at each site.

Geohydrologic Setting
Geology

Long Island consists of a sequence of unconsolidated sedimentary deposits
that rest unconformably on Precambrian to Paleozoic crystalline bedrock
(fig. 2). The major units overlying the basement bedrock are, in ascending
order, the Raritan Formation, the Magothy Formation and Matawan Group,
undifferentiated, and Pleistocene deposits. The geology of Long Island is
well documented; comprehensive reports include those by Cohen, Franke, and
Foxworthy (1968) and Jensen and Soren (1974).

Only the surficial Pleistocene deposits were of concern in this study
because the equipment’s depth range extends to only about 100 ft below land
surface. The upper Pleistocene deposits consist of till and outwash deposits
of clay, sand, gravel, and boulders; the lower Pleistocene deposits consist of
the Gardiners Clay along parts of the south shore, and an unnamed clay along
the north shore (fig. 2). Matawan and Magothy deposits, consisting of fine to
medium sand and gravel with interbedded silt and clay, occur locally within
100 ft of the land surface.

Hydrology

Fresh ground water on Long Island is stored in aquifers, which are the
sole source of water supply for Nassau and Suffolk Counties (fig. 1).



Comprehensive descriptions of the hydrology of Long Island are provided by
Franke and McClymonds (1972) and McClymonds and Franke (1972). The primary
aquifers are the Lloyd, the Magothy, and the upper glacial (fig. 2). The
Lloyd aquifer is confined by the Raritan clay. The Magothy aquifer is a major
source of freshwater and the principal aquifer for most public-supply wells.
Layers within this aquifer are poorly to moderately permeable and, locally,
are highly permeable. The upper glacial aquifier, which is used for some water
supplies in Suffolk County, ranges in composition from poorly permeable till
to highly permeable outwash deposits. This aquifer is under water-table
conditions and, in some areas of the north and south forks of Long Island, is
the only source of fresh ground water.

Fresh ground water originates as precipitation that has percolated
through the soil to the water table. Maximum ground-water recharge to the
deeper aquifers occurs in a zone along the watier-table divide, which runs
east-west along the center of the island and the center of both forks
(fig. 1). In this zone, the hydraulic gradient is predominantly downward.
Ground water generally flows away from the divide toward the north and south
shores, which represent areas of ground-water |discharge.
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Figure 2.--Generalized geologic section of Long Island showing relative
positions of the major stratigraphic units. (Modified from
Cohen, Franke, and Foxworthy, 1968, p. 19.)




ELECTROMAGNETIC TERRAIN-CONDUCTIVITY TECHNIQUE

Electromagnetic techniques have been used widely for mineral exploration
since the 1930’s. Other uses have been developed recently--for example,
Stewart (1982) has shown the usefulness of electromagnetic techniques to map
the position of the saltwater interface along the Florida coast. Other
investigators have applied this technique to detect contaminant plumes from
various sources in several regions (McNeill, 1980a; Duran and Haeni, 1982;
Greenhouse and Slaine, 1982; and Grady and Haeni 1984).

The equipment used in this survey was the EM34-3!, manufactured by
Geonics Ltd., of Mississauga, Canada. The EM34-3 consists of a transmitter
and transmitter coil held by one person, and a receiver and receiver coil held
by a second person. The two components are connected by a specified length of
cable. Physical contact with the ground is not necessary, and the coils are
simply held up or set on the ground when a reading is taken.

Principle and Methods

Electromagnetic, or inductive, techniques measure the electrical
conductivity of the subsurface materials. (Conductivity is the inverse of
resistivity.) Distilled water has a specific conductance of approximately 1.0
pS/cem (microsiemens per centimeter) (Hem, 1970). Ambient ground water in the
upper glacial aquifer has a specific conductance of roughly 60 #S/cm in Islip
and Babylon (Kimmel and Braids, 1980) and 45 fiS/cm in Brookhaven (E. J.
Wexler, U.S. Geological Survey, written commun., 1984). The specific
conductance of water increases with the addition of ions.

Water passing through a landfill or other contaminant source typically
dissolves some materials, which increases the specific conductance of the
ground water. In such cases, specific conductance may become a reliable
indicator of ground-water contamination. Leachate from Long Island landfills
may have a conductance of more than 1,000 sS/cm (Kimmel and Braids, 19803
Wexler, in press). The sharp contrast between specific conductance of a
leachate plume and that of uncontaminated ambient ground water allows the use
of electromagnetic techniques in the detection of conductive plumes.

Electromagetic methods measure collectively the conductivity of the soil
matrix, including any ground water or other fluid present. Air and dry sand
are resistant, a given soil is more conductive saturated than unsaturated, and
clay is conductive (McNeill, 1980b). The measurement of terrain conductivity
is similar to measurement of specific conductance of ground water, but the two
techniques measure different substances and can be compared only quali-
tatively and are not directly related. Conductive minerals such as magnetite,
hematite, and graphite also raise the conductivity of a soil.

In inductive electromagnetic techniques, an alternating current is passed
through a coil to generate a magnetic field that penetrates the earth. This

1 Use of trade names in this report is for identification purposes only
and does not constitute endorsement by the U.S. Geological Survey.



magnetic field induces a small current in the
secondary magnetic field out of phase with the
placed a specific distance (the intercoil spac
and receives the secondary magnetic field. At
ratio of the secondary to primary magnetic fie
the terrain’s conductivity. The terrain condu
McNeill (1980a) as:

Farth, which generates a

first. A receiver coil is

ing) from the transmitter coil
low transmission frequency, the
lds is linearly proportional to
ctivity is thus described by

(1)

Tens per centimeter (S/cm);

1d; and

1.2 Hy
a'o = —
2
wus Hp
where:
0, = terrain conductivity, in microsie
w = 20 ° frequency, in hertz (Hz);
u = permeability of free space;
s = intercoil spacing, in feet (ft);
H, = strength of secondary magnetic fi
Hp = strength of primary magnetic-field.

The instrument’s depth of penetration--that is, the depth to which

conductive material can be detected--depends
spacing, its transmission frequency, and the
to the ground surface. (See table 1.)
penetration depth and are discussed further o
considerations.

n the instrument’s intercoil
rientation of the coils relative

Hydrogeologic factors may affect the

in the section on field

Two coil orientations are used (fig. 3); the vertical dipole

position has both coils flat on the ground and the horizontal dipole position

has both coils upright.

The terrain-conductivity reading is a weighted measurement of the

conductivity of the entire geologic column do
instrument’s response to a layer of material

the layer divided by the intercoil spacing, i
figure 3. (Note that the vertical dipole posi
horizontal position to material at depth. To
layer at depth, the column is resolved into a
With the six settings listed in table 1, the ¢
differentiated into four layers. To investig

to the penetration depth. The
t depth z, where z is depth to
described by the two curves in
tion 1s more sensitive than the
determine the contribution of a
serlies of geoelectric layers.
olumn theoretically can be
te four layers may not be

practical or realistic, however, and the apprdach taken in this investigation

was to consider the simplest or most logical r

two-layer geoelectric column in which the uppe
unsaturated zone, and the lower layer is the «

Table 1.--EM84-8 exploration depths at
[Data from McNeill,

epresentation--that of a
r layer is the resistant
onductive saturated zone.

three intercoil spacings.

1980a]}

Intercoil Exploration depth (feet)
spacing
(feet) Horizontal dipoles Vertical dipoles
33 25 49
66 49 98
131 98 197
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The contribution of the upper layer to the apparent conductivity is
(McNeill, 1980a):

where Ry and Ry are functions of the curves in figure 3, and 0,, 0,, and 0,,
(defined below) are the terrain conductivity and the values for the upper and
lower layers, respectively. Subscripts V and H designate vertical and
horizontal dipole orientations. Similarly, the contribution of the lower
layer to the apparent conductivity is:

The terrain conductivity of the geoelectric column is the sum of the
components

The conductivity of the lower layer (the saturated zone) becomes:

= (3a)
Ry

0’2v

g, -0, [1 - Ryl
oH 1 H (3b)

Ry



Algebraic expressions of the relative contribution functions, the curves of

figure 3, are given by McNeill (1980a) as:
Ry = (422 + 1) 71
RH = [(422 + 1) 1/2]

The conductivity of the lower layer, ther
from equations 3 and 4, given the z depth, the
conductivity of the upper layer. For example,
a hypothetical station is 20 ft, and the inter
The z depth is then 20 ft divided by 66 ft or
the 2z depth into equation 4a gives a vertical
function of 0.86. If the measured vertical di
5.00 mmho/m and the unsaturated zone conductiwv
conductivity of the saturated zone given by eq
Equations 3 and 4 can be incorporated intc a
large amounts of data rapidly. This procedurj
investigation, and all electromagnetic-survey
saturated-zone conductivity. The conductivity
layer 1s most easily determined from the avera
depth to water exceeds the instrument’s depth
conditions can be assumed consistent over the

Parts of the above discussion are paraphr

gives a more complete explanation of the theor
netic terrain-conductivity surveying and the G

Field Consideratijn
Wi

A thorough terrain-conductivity survey
orthogonally oriented stations spanning the e
surface and water-table altitude at each stat
corrections can be made for the unsaturated z
distance between stations should not exceed h
plume to ensure that the plume is not passed
not always practical, however; traverse lines
survey, and the distance between stations is

Measurements at each station are made in
dipole position to give an indication of the
Interpretation should be made with caution wh
depth limit of either dipole measurement.

Before a terrain survey is begun, the in
both the natural field conditions and cultura
conductance. Natural factors include the geo
and geophysical logs should be referred to if
unsaturated zone must also be known because t
the EM34-3 used in this survey 1s about 100 £
significant effect; for example, a highly con
contaminant plume beneath that zone. Therefo
desirable. The cultural features that may af

(4a)

22z

- (4b)
efore, is readily calculated
terrain conductivity, and the
the depth to the water table at
coil spacing used was 66 ft.

a dimensionless 0.30. Placing
dipole relative contribution
pole terrain conductivity was
ity was 1.00 mmho/m, the

uaticn 3a is 5.65 mmho/m.

imple computer routine to handle
was followed in this

results are expressed as

of the upper (unsaturated)

ge of several readings where the
of exploration, if the

study area.

ased from McNeill (1980a), which
y and application of electromag-
eonics EM34-3.

S

uld require a grid of

tire study area. The land-

on must be known so that

ne’s contribution. Ideally, the
1f the width of the suspected
ver undetected. This plan is
commonly replace the grid

ften set at a convenient value.

both the vertical and horizontal
ertical cohductivity contrast.
n the depth to water is near the

estigator should be aware of
features that may affect the

cgic and hydrologic conditions,

available. The thickness of the

e maximum exploration depth of

Geclogic factors may have a

uctive zone can mask a

e, a resistant upper zone is

ect conductivity readings
































































































