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Abstract 

Department of Energy sites with contaminated soils that are likely to be responsive to 
electrokinetic remediation are identified, and conditions at 31 of these sites are summarized in a 
table. Features that make the soils good candidates for electroremediation include low hydraulic 
permeability and the presence of water-soluble contaminants. Included in the table are brief 
descriptions of site geology/hydrology; the types and approximate concentrations of contami- 
nants; and telephone numbers of individuals having responsibility for the sites. 0 1997 Elsevier 
Science B.V. 
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1. Introduction 

The US Department of Energy (DOE) is responsible for a number of sites that are 
known to have soils contaminated with radioactive and non-radioactive heavy metals, or 
waste materials from metal processing operations (including organic solvents), or wastes 
of unknown type, amount, or origin that have accumulated during 50 years of nuclear 
weapons and energy production. Over 3700 buried waste sites are known, with sizes 
varying from a few acres to several hundred acres. There are over 5000 sites of uranium 
mill tailings; several hundred thousand drums containing transuranic (TRU) waste; and 
several hundred tanks containing millions of gallons of high-level waste (HLW). 

Because of the wide diversity of site conditions, contaminant identities and concentra- 
tions, and intended use of the reclaimed site, DOE has to have a variety of remediation 

* Corresponding author. 
I Material in this paper was first presented at the Industrial and Engineering Chemistry Special Symposium 

on Emerging Technologies in Hazardous Waste Management (VII), Atlanta, GA, USA, 17-20 September 
1995. 
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technologies to choose from, and these technologies need to be well understood in terms 
of their applicability, effectiveness, and cost. DOE is interested in technologies that will 
economically and effectively clean up waste sites in such a manner that these problems 
will not have to be revisited. 

An emerging remediation technology that may be useful at certain DOE sites 
involves application of direct current between electrodes inserted in the soil, and the 
consequent effects on soil contaminants. These ‘electrokinetic’ effects include electroos- 
mosis (the movement of pore water through the soil by virtue of the applied electric 
field); electrolytic conduction of ions (‘electromigration’); and the generation of chemi- 
cal species by the electrode reactions, particularly H+(aq.) or OH-(aq.), that can affect 
the solubility and speciation of contaminants and other soil constituents. 

The technology is particularly well suited for removing contaminants from soils of 
low hydraulic conductivity, e.g. clay and silty clay. Electroosmosis and electromigration 
are properties that are independent of hydraulic conductivity; these mechanisms can 
therefore transport water and ions through soils that are practically impermeable to 
hydraulic transport. Conversely, the electric field will have a negligible impact on water 
flow through coarse sand where hydraulic resistance is low; highly permeable media are 
more efficiently cleaned by hydraulic flushing than by electrokinetics, and the electric 
field will not be able to control hydraulic leakage of contaminants from very permeable 
media to regions outside the treatment zone. 

Soils that may be responsive to in-situ cleanup by electrokinetics have the following 
characteristics: 
- low hydraulic conductivity; 
. water-soluble contaminants (poorly soluble contaminants may require addition of 

reagents to enhance solubility, e.g., carbonate for uranium, or surfactants for free- 
phase organic& 

. relatively low concentrations of ionic materials in the water (essential for electroos- 
mosis; needed for good efficiency of power use for electromigration). 
DOE sites and contaminants have been identified in a database from which a 

candidate list of sites for electrokinetic remediation can be inferred. Characterization of 
these sites is often incomplete, however, and further evaluation of site geology as well 
as contaminant distributions and concentrations will often be required. This is especially 
true for sites having heterogeneous media and/or multiple contaminants. 

Soils of low permeability are prevalent at the following DOE locations: Femald, OH; 
Kansas City, MO; Mound, OH; Oak Ridge, TN; Portsmouth, OH; and Paducah, KY. 

Discrete layers or isolated pockets of low-permeability soil can be found at DOE sites 
near: Albuquerque, NM; Idaho Falls, ID; Berkeley, CA; West Valley, NY; Livermore, 
CA; Savannah River (Aiken), SC; Los Alamos, NM; and Pantex (Amarillo), TX. 

Notably absent from these lists is the Hanford site near Richland, WA. High 
transmissivity and permeability characterize the soil and subsurface in all but a few rare 
(and small) locales of the Hanford site. Soil washing (an ex-situ process) would 
presumably clean soil faster and more cost effectively than electrokinetics, and without 
risk of spreading the contamination through hydraulic leakage. 

Information is compiled in Table 1 for DOE sites that appear to be good candidates 
for in-situ electrokinetic remediation. The data include brief descriptions of site geology 
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and hydrology, the types and approximate concentrations of contaminants, the extent of 
pollution, and telephone numbers of individuals having responsibility for that site. Some 
sites may have remediation plans already in place, or are under regulatory pressure to 
finalize their choice of cleanup technology and schedule. 

Innovative technologies such as electrokinetics have to be backed by convincing cost 
and performance data in order to compete effectively in the remediation marketplace. 
DOE has sponsored a number of technology development projects in electrokinetic 
remediation, and two different in-situ field demonstrations took place at DOE sites in 
1996: 
- Paducah, KY, gaseous diffusion plant: LASAGNA’” remediation of TCE plume 

(Monsanto, DuPont, and General Electric); 
- Sandia chemical waste landfill, Albuquerque, NM: chromate plume in arid soil 

(Sandia National Laboratory). 
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