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ELECTROKINETIC REMEDIATION
PREFIELD TEST METHODS

This application claims benefit of Provisional application
Ser. No. 60/057,207 filed Aug. 26, 1997.

This invention was made with government support under
contract NAS10-12266 awarded by NASA. The government
has certain rights in this invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for determining
electrode spacing and operating conditions for in situ elec-
trokinetic soil remediation and/or soil treatment.

2. Background of the Related Art

Electrokinetic remediation of contaminated soil is an
emerging in situ technology for soil cleanup, which is based
on the electrically induced transport of contaminants in soil.
An electric field applied between electrodes positioned in
the soil induces electrokinetic phenomena in soil including
electromigration, electroosmosis and electrophoresis. The
electrical transport induced in soil is utilized for controlling
the horizontal and/or vertical removal of contaminants from
soils of variable hydraulic permeability and moisture
content, or the introduction and distribution of reagents into
the soil which allow in situ contaminant degradation
enhancement of the contaminant solubility, immobilization
of contaminants or attainment of an optimum pH in soil
during the treatment process. Electrokinetic remediation
processes have a number of attractive features including the
ability to control the movement of charged, anionic and
cationic, as well as non-charged species. Furthermore elec-
trokinetic remediation is able to operate successfully in
different soil types, including low hydraulic permeability,
clay containing soils. Electrokinetic remediation finds many
applications for treatment of soil, such as soils polluted by
heavy metals, radionuclides, organic contaminants, or a
combination of several pollutants.

Application of an in situ technology for soil cleanup
requires knowledge of hydrogeological and the chemical
and physical parameters of both the soil and the contami-
nants at the treatment site. To simplify the design of the
electrokinetic remediation process and determine a working
amount of chemicals and their concentrations needed for an
in situ cleanup process a short bench-scale treatability study
is usually performed using contaminated soil from the site.
Such treatability studies are well known in bioremediation
and in situ soil flushing technologies.

In electrokinetics, data from these types of studies allows
the determination of the type and quantity of additives
needed to be added to the soil to enhance the electrokinetic
remediation process as well as to determine whether the
direction of contaminant movement is toward the anode or
cathode. However, several operational parameters are
strictly dependent on soil conductivity, which is difficult to
simulate in a bench-scale experiment due to different
packing, porosity of the soil and chemical properties of the
pore fluid/soil interface encountered in the field. Thus, not
all the design parameters can be accurately determined at the
bench scale and used in the scale-up for the electrokinetic
remediation process design in the field.

Establishing electroosmotic flow is important in some
processes, such as removing organic contaminants and
enhancing metal or radionuclide removal from soil. Because
the electroosmotic flow depends on the surface properties of
soil and the voltage applied between the electrodes, results
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2

obtained using only mathematical models or laboratory
studies are inconsistent with results obtained in the field.
Both the surface properties of soil and the voltage applied
between the electrodes are dependent on the voltage or
current which can be applied through the soil having par-
ticular resistance.

Because the spacing and configuration of the electrode
wells directly affects the cost of cleaning the soil as well as
the efficiency and uniformity of the soil cleanup, it would be
very useful to have a method for determining an efficient or
required spacing and configuration of the electrode wells for
successful electrokinetic soil processing in the field.

SUMMARY OF THE INVENTION

The present invention provides a method for determining
relative positioning for a plurality of working electrodes and
a suitable operational current between the working elec-
trodes for efficient in-situ electrokinetic remediation, also
referred to herein as a pre-field test. “Efficient” is used herein
to mean well spacing, pH, and current values that remediate
a site leaving no regions unremediated, in a reasonable
amount of time without excessive expense and equipment.
‘What constitutes a reasonable amount of time is dictated by
the particular site, environmental, and/or regulatory condi-
tions. The method includes measuring the electric field
distribution in a region of soil between a plurality of test
electrodes positioned in the soil. A “region of soil” as used
herein refers to a portion of the actual site to be remediated.
An operational current between the test electrodes is deter-
mined as an amount of electrical current that provides a
sufficient electric field to drive the electrokinetic remedia-
tion without exceeding given soil and well temperatures. A
sufficient electric field to drive the electrokinetic remedia-
tion is from about 10 Volts/meter to about 300 Volts/meter,
preferably between about 50 Volts/meter and about 100
Volts/meter. The electric field in the soil is measured around
or in the vicinity of at least one test electrode.

In a preferred embodiment, the pre-field test is carried out
using a plurality of test electrodes that are positioned in-situ
in a region of soil, where at least one test electrode is an
anode and at least one test electrode is a cathode. A plurality
of voltage probes are positioned in the soil in a known
spaced relationship or array relative to a test electrode and
an electric current is applied between the test electrodes. The
voltage drop across the soil area is measured by the plurality
of voltage probes, which provides information about the
voltage distribution across the soil. The electric field is
defined as the voltage drop per unit of distance, i.e., the
voltage difference between adjacent voltage probes divided
by the distance between the two probes. Regions of the soil
where the electric field of adjacent test electrodes overlap
are determined so that effective distances between working
electrodes may be determined.

The working electrodes having opposite charges are posi-
tioned so that their respective electric fields overlap, pref-
erably so that the voltage measured at the point where the
electric fields overlap is between about 10% and about 20%
of the voltage measured near each electrode, such as in the
soil adjacent the electrode well wall. However, it should be
noted that the electrodes having opposite charges could be
positioned at greater or smaller distances depending on how
much time the operator has to remediate a given site.

The working electrodes having like charges are positioned
so that their electric fields overlap, preferably so that the
voltage measured where the electric field lines overlap is
between 10% and 20% of the voltage measured near each
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electrode, such as in the soil adjacent the electrode well wall.
The temperature of the soil between the test electrodes, and
the temperature of the well can be monitored, perhaps as a
function of the applied current. The voltage drop between
the voltage probes and an earth ground can be measured or
the voltage drop between individual probes can be measured
to determine the voltage distribution in the soil. The voltage
probes may be positioned in a generally rectangular or
circular pattern or coordinate system around each test elec-
trode. The voltage drop may also be measured across a well
wall surrounding each of the test electrodes to determine the
optimum well wall material for a particular soil condition.

The voltage probes are preferably positioned between the
test electrodes and the voltage distribution across the soil is
determined based on the voltage drop measured between the
voltage probes. Preferably, the three-dimensional voltage
distribution in the soil is measured using voltage probes
positioned at different depths in the soil region to be reme-
diated.

The volume of fluid in the wells surrounding the cathodes
can be measured over time to determine an electroosmotic
flow rate through the soil. It may be useful to track elec-
troosmotic flow rate as a function of the voltage applied
between the electrodes. In addition, the volume of fluid in
the wells surrounding the anodes may be monitored over
time.

Preferably, an amount of pH adjusting solution needed per
electrode well to efficiently remove contaminants from the
soil is determined. One way of determining the amount of
pH solution needed by each electrode well is to measure the
pH of the soil in an area surrounding the test electrodes, add
a solution to the area surrounding the electrodes, and then
measure the pH of the soil in the area surrounding the test
electrodes. Typically, each test electrode is disposed in an
electrode well and the pH adjusting solution may be added
to the electrode wells for electrokinetic delivery into the soil.
The amount of pH adjusting solution required to reach the
desired pH is determined and may be automatically added to
the electrode well over time.

Working electrodes having opposite charges are prefer-
ably positioned so that there is a sufficient electric field
between the working electrodes to drive the electrokinetic
remediation. Preferably, an electrode well wall having a
higher resistance than the soil, low porosity, and high
electroosmotic permeability is provided for a soil region
having high porosity, such as sand. Likewise, an electrode
well wall having a lower resistance than the soil can be
provided for a soil region having low porosity, such as clay.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the above recited features and advantages of the
present invention can be understood in detail, a more par-
ticular description of the invention, briefly summarized
above, may be had by reference to the embodiments thereof
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not
to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIG. 1 is a schematic drawing of test electrodes used in
the present invention.

FIG. 2 is a graph of the voltage measurements taken when
12V was applied between cathode 4 and anode 6.

FIG. 3 is a graph of the voltage measurements taken when
24V was applied between cathode 4 and anode 6.

FIG. 4 is a graph of the voltage measurements taken when
current was applied between cathodes 2 and 4 and anodes 8

and 10.
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FIG. 5 is a schematic view of the electric field around an
anode and a cathode.

FIG. 6 is a schematic representation of the electrode array
based on the results of the pre-field test.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention describes in situ methods for deter-
mining efficient values for each of the parameters that are
central to an electrokinetic soil remediation process includ-
ing electrode well spacing, operating current/voltage, elec-
troosmotic flow rate, electrode well wall design, and the
amount of buffering or neutralizing solution needed in the
electrode wells at operating conditions. These methods are
preferably performed prior to initiating a full scale electro-
kinetic remediation process in order to obtain efficient
remediation of contaminants or other targeted compounds.

One aspect of the invention provides a prefield test for
determining the configuration and spacing of an array of
electrode wells throughout a contaminated region of soil.
This method involves measuring the electric field distribu-
tion in the soil between various points throughout the site.
The electric field as referred to herein is defined as the
voltage drop divided by the distance between two probes.
The electric field in the soil may vary throughout the
contaminated region due to the non-homogeneous nature of
soil. For example, the electric field may be affected by the
looseness of the soil, cracks or cavities in the soil, rocks, and
other compositional characteristics.

The pre-field test involves: (i) installing several opera-
tional test electrode wells; (ii) installing a number of voltage
probes in the soil between and around the electrode wells;
(iii) applying an electric field between the test electrode
wells and determining an operational voltage/current for the
electrokinetic remediation process; (iv) determining the
electric field distribution in soil between and around the
electrodes by measuring the voltage drop between the volt-
age probes to determine a suitable distance between the
electrode wells, (v) determining the electroosmotic flow rate
through the soil by measuring the volume changes in the
well fluid under an applied electric field, and (vi) determin-
ing the volume of neutralizing or buffering solution required
by the electrode wells to maintain a certain pH range.

The voltage probes used during the prefield test may be
spaced at any known distance, but preferably are equidistant,
such as positioning the probes at the comers or vertexes of
same size rectangles, preferably having sides measuring
about two feet. Then the voltage drop can be easily deter-
mined throughout the soil region at each voltage probe, e.g.,
2 feet, 4 feet or 6 feet from each well. The electric field
distribution reflects the soil and soil pore fluid resistance and
provides a map of the voltages surrounding and/or between
the electrode wells. By comparing the voltages measured at
a particular voltage probe with voltage measurements at the
same relative location around other wells, the uniformity of
the electric field distribution around each well can be
analyzed. Electric field distribution data is useful for sites
that have an uneven electric field distribution and allows the
operator to design specific electrode wells to compensate for
the uneven electric field and provide efficient contaminant
removal throughout the site. Additional voltage probe dis-
tances may be used if the voltage in the soil is high and
easily measurable.

In the example shown below, 12 or 24 Volts was applied
between the electrodes spaced 14 feet apart because the soil
was highly conductive. In such conductive soil, the current
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