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ELECTROKINETICS

1. INTRODUCTION

The electrokinetic remediation (ER) process removes metals and organic contaminants from low-
permeability soil, mud, sludge, and marine dredging. ER uses electrochemical and electrokinetic
processes to desorb, and then remove, metals and polar organics. This in situ soil-processing
technology is primarily a separation and removal technique for extracting contaminants from
soils (Figure 1-1).
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Figure 1-1. Dimensions of an electrokinetic system.

2.  APPLICABILITY

Targeted contaminants for electrokinetics are heavy metals, anions, and polar organics in soil,
mud, sludge, and marine dredging. Contaminant concentrations that can be treated range from a
few parts per million (ppm) to tens of thousands ppm.

Electrokinetics is most applicable in low-permeability soils. Such soils are typically saturated and
partially saturated clays and silt-clay mixtures and are not readily drained. The principle of
electrokinetic remediation relies upon application of a low-intensity direct current through the
soil between ceramic electrodes that are divided into a cathode array and an anode array. This
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mobilizes charged species, causing ions and water to move toward the electrodes. Metal ions,
ammonium ions, and positively charged organic compounds move toward the cathode. Anions
such as chloride, cyanide, fluoride, nitrate, and negatively charged organic compounds move
toward the anode. The current creates an acid front at the anode and a base front at the cathode.
This generation of acidic condition in situ may help to mobilize sorbed metal contaminants for
transport to the collection system at the cathode (see USEPA 1997).

3.  ADVANTAGES

Some advantages are as follows:

can remove dissolved and sorbed contaminants from low permeability matrix
applied in situ with little surface disturbance
wide range of contaminant concentration can be treated

4.  LIMITATIONS

Factors that may limit the applicability and effectiveness of this process are as follows:

e Effectiveness is sharply reduced for wastes with a moisture content of less than 10%. Optimal
effectiveness occurs if the moisture content is between 14% and 18%.

e The presence of buried metallic or insulating material can induce variability in the electrical
conductivity of the soil; therefore, the natural geologic spatial variability should be
delineated. Additionally, deposits that exhibit very high electrical conductivity, such as ore
deposits, cause the technique to be inefficient.

e Inert electrodes, such as carbon, graphite, or platinum, must be used so that no residue will be
introduced into the treated soil mass. Metallic electrodes may dissolve as a result of
electrolysis and introduce corrosive products into the soil mass.

e Electrokinetics is most effective in clays because of the negative surface charge of clay
particles. However, the surface charge of the clay is altered by both charges in the pH of the
pore fluid and the adsorption of contaminants. Extreme pH at the electrodes and oxidation-
reduction changes, induced by the process electrode reactions, many inhibit ER’s
effectiveness, although acidic conditions (i.e., low pH) may help to remove metals.

e Oxidation/reduction reactions can form undesirable products (e.g., chlorine gas).
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5.  PERFORMANCE

There have been few, if any, commercial applications of electrokinetic remediation in the United
States. The electrokinetic technology has been operated for test and demonstration purposes at
the pilot scale and at full scale at the following sites:

e Louisiana State University

e Electrokinetics, Inc.

e Geokinetics International, Inc.

e Battelle Memorial Institute. Geokinetics International, Inc. has successfully demonstrated the
in situ electrokinetic remediation process in five field sites in Europe.

In 1996, a comprehensive demonstration study of lead extraction at a U.S. Army firing range in
Louisiana was conducted by the Department of Defense’s Small Business Innovative Research
Program and Electrokinetics, Inc. EPA, taking part in independent assessments of the results,
found pilot-scale studies have demonstrated that concentrations of lead decreased to less than
300 mg/kg in 30 weeks of electrokinetic processing when the soils where originally contaminated
as high as 4500 mg/kg of lead.

6. COSTS

Costs vary with the amount of soil to be treated, the conductivity of the soil, the type of
contaminant, the spacing of electrodes, and the type of process design employed. Ongoing pilot-
scale studies using “real-world” soils indicate that the energy expenditures in extraction of metals
from soils may be 500 kWh/m?® or more at electrode spacing of 1.0-1.5 m. Direct costs estimates
of about $15/m? for a suggested energy expenditure of $0.03 per kilowatt hours, together with the
cost of enhancement, could result in direct costs of $50/m® or more. A recent study estimated
full-scale costs at $117/m°.

7. REGULATORY CONSIDERATIONS

None reported.

8. STAKEHOLDER CONSIDERATIONS

None reported.

9. LESSONS LEARNED

None reported.
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10. CASE STUDIES

Table 10-1. Case studies including electrokinetics treatment

Case Study Name Case Study Location

Electrokinetic Remediation at http://costperformance.org/profile.cfm?ID=5&CaselD=5
Alameda Point, Alameda, CA

Electrokinetic Extraction at the | http://costperformance.org/profile.cfm?ID=246&CaselD=246
Unlined Chromic Acid Pit,
Sandia National Laboratories,
NM

Electrokinetics at Site 5, Naval | http://costperformance.org/profile.cfm?1D=189&CaselD=189
Air Weapons Station Point
Mugu, CA

In Situ Electrokinetics http://costperformance.org/profile.cfm?1D=188&CaselD=188
Remediation at the Naval Air
Weapons Station, Point Mugu,
CA
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