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    Abstract

        
            A field demonstration of in situ radio frequency heating was performed at the Savannah River Site (SRS) as part of the US Department of Energy-Office of Technology Development`s Integrated Demonstration. The objective of the demonstration was to investigate the effectiveness of in situ radio frequency (RF) heating as an enhancement to vacuum extraction of residual solvents (primarily trichloroethylene and perchloroethylene) held in vadose zone clay deposits. Conventional soil vacuum extraction techniques are mass transfer limited because of the low permeabilities of the clays. By selectively heating the clays to temperatures at or above 100{degrees}C, the release or transport of the solvent vapors will be enhanced as a result of several factors including an increase in the contaminant vapor pressure and diffusivity and an increase in the effective permeability of the formation with the release of water vapor.
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                    In-situ demonstration of radio-frequency enhanced chlorinated hydrocarbon remediation

                    
                        Conference
                            Kasevich, R; Price, S; Faust, D; ... 
                            

                    This paper discusses the results of a successful demonstration of radio frequency (RF) heating for enhanced chlorinated hydrocarbon remediation at the M-Area Seepage Basin of the Department of Energy`s Savannah River Site. RF heating was integrated with soil vapor extraction (SVE) to enhance the release of residual volatile chlorinated hydrocarbons which are concentrated in low permeable clay lenses in the unsaturated zone. Participants in this effort consisted of the Westinghouse Savannah River Technology Center; the Westinghouse Science and Technology Center (Pittsburgh, PA); and KAI Technologies, Inc. which provided the RF technology. Additionally, a better understanding of RF heating technology ismore » gained through a description of the RF heating system.« less
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                    In situ electrical heating for the decontamination of soil

                    
                        Conference
                            Dev, H; Phelan, J
                            

                    Clean up of soil contaminated with hazardous organic substances is a common challenge faced by the environmental engineering profession. Two broad categories of organic chemicals are found in soil: low boiling volatile chemicals many of which are chlorinated solvents; heavier boiling hydrocarbons of various types that include fuels, manufactured gas plant (MGP) site wastes comprising of creosote, phenols, and polyaromatic hydrocarbons. Traditional methods of clean up have involved excavation of the contaminated soil followed by reburial in an approved landfill or high temperature incineration. In recent years new technologies have been developed for the in situ treatment of the contaminatedmore » soil with minimal or no excavation. One process is called the in situ radio frequency (RF) heating process which utilizes electromagnetic energy in the 2 to 13 MHz frequency range to heat soil to a temperature of 100 to 300 C. A second process utilizes 60 Hz ac power to heat soil up to the boiling point of water. The low frequency process is called the in situ EM heating process. The RF process is aimed at the removal of high boiling chemicals in the unsaturated soil zone (the vadose zone), above the water table. The EM process is suitable when the soil contains VOCs in the vadose zone. Both processes can be used to increase the effective permeability of the soil to the flow of air. Thus, both can be used to enhance air flow rates through soils with low native permeability to air. The above processes were tested in a field experiment in which the Thermal Enhanced Vapor Extraction System (TEVES) was implemented at a chemical waste landfill located at Sandia National Laboratory, Albuquerque. The purpose of this test was to measure the enhancement of in situ soil vapor extraction as a result of heating arid sandy silt. In this paper the Thermal Enhanced vapor Extraction System is described along with the results of its field demonstration.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Six-phase soil heating for enhanced removal of contaminants: Volatile organic compounds in non-arid soils integrated demonstration, Savannah River Site

                    
                        Technical Report
                            Gauglitz, P; Bergsman, T; Caley, S
                            

                    In November 1993, Pacific Northwest Laboratory (PNL) and Savannah River Site (SRS) personnel conducted a demonstration of six-phase soil heating (SPSH) at the Savannah River Site (SRS) in Aiken, South Carolina. The demonstration was part of the Volatile Organic Compounds in Non-Arid Soils Integrated Demonstration being conducted near the M-Area operations at the SRS, along a corridor that once contained a process sewer leading to the M-Area seepage basin. In the early 1980s, this sewer line was discovered to be leaking process wastes into the subsurface and contributing to groundwater contamination in the vicinity of M-Area seepage basin. Although usemore » of the sewer line has been discontinued, the slow release of chlorinated solvents such as trichloroethylene (TCE) and perchloroethylene (PCE) from the heterogeneous vadose zone soil continues to be a source of potential groundwater contamination. A significant portion of the VOCs at the demonstration site are retained in low-permeability clay zones. Previous studies have shown that the rate of conventional SVE remediation of the SRS clays is quite slow. The permeability of the clay is of order 10{sup {minus}12} cm{sup 2}, which makes this a particularly difficult interval to remediate. Thus, the challenge for SPSH is to effectively remediate this clay zone by accelerating the removal of TCE and PCE.« less
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                    Characterization of the geology, geochemistry, and microbiology of the radio frequency heating demonstration site at the Savannah River Site

                    
                        Technical Report
                            Eddy Dilek, C; Jarosch, T; Fliermans, C; ... 
                            

                    The overall objective of the Integrated Demonstration Project for the Remediation of Organics at Nonarid Sites at the Savannah River Site (SRS) is to evaluate innovative remediation, characterization, and monitoring systems to facilitate restoration of contaminated sites. The first phase of the demonstration focused on the application and development of in situ air stripping technologies to remediate sediments and groundwater contaminated with volatile organic compounds (VOCs). The second phase focused on the enhancement of the in situ air stripping process by adding selected nutrients to stimulate naturally occurring microorganisms that degrade VOCs. The purpose of the third phase was tomore » evaluate the use of heating technologies [radio frequency (rf) and ohmic heating] to enhance the removal of contamination from clay layers where mass transfer is limited. The objective of this report is to document pretest and post-test data collected in support of the rf heating demonstration. The following data are discussed in this report: (1) a general description of the site including piezometers and sensors installed to monitor the remedial process; (2) stratigraphy, lithology, and a detailed geologic cross section of the study site; (3) tabulations of pretest and post-test moisture and VOC content of the sediments; (4) sampling and analysis procedures for sediment samples; (5) microbial abundance and diversity; (6) three-dimensional images of pretest and post-test contaminant distribution; (7) volumetric calculations.« less
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                    VOCs in Non-Arid Soils Integrated Demonstration: Technology summary

                    
                        Technical Report

                    The Volatile Organic Compounds (VOCs) in Non-Arid Soils Integrated Demonstration (ID) was initiated in 1989. Objectives for the ID were to test the integrated demonstration concept, demonstrate and evaluate innovative technologies/systems for the remediation of VOC contamination in soils and groundwater, and to transfer technologies and systems to internal and external customers for use in fullscale remediation programs. The demonstration brought together technologies from DOE laboratories, other government agencies, and industry for demonstration at a single test bed. The Savannah River Site was chosen as the location for this ID as the result of having soil and groundwater contaminated withmore » VOCS. The primary contaminants, trichlorethylene and tetrachloroethylene, originated from an underground process sewer line servicing a metal fabrication facility at the M-Area. Some of the major technical accomplishments for the ID include the successful demonstration of the following: In situ air stripping coupled with horizontal wells to remediate sites through air injection and vacuum extraction; Crosshole geophysical tomography for mapping moisture content and lithologic properties of the contaminated media; In situ radio frequency and ohmic heating to increase mobility, of the contaminants, thereby speeding recovery and the remedial process; High-energy corona destruction of VOCs in the off-gas of vapor recovery wells; Application of a Brayton cycle heat pump to regenerate carbon adsorption media used to trap VOCs from the offgas of recovery wells; In situ permeable flow sensors and the colloidal borescope to determine groundwater flow; Chemical sensors to rapidly quantify chlorinated solvent contamination in the subsurface; In situ bioremediation through methane/nutrient injection to enhance degradation of contaminants by methanotrophic bateria.« less
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