
skip to main content





    
        
            
                
    
        	 Sign In
	Create Account


    
		


            

            
                
                    
                        
                            Show search

                            Show menu
                        

                        
                            [image: OSTI.GOV title logo]

                            U.S. Department of Energy
Office of Scientific and Technical Information
                        

                    

                    
                        
    
    
    
    
    
    
    
    

    
        
            
                Search terms:
                
                Advanced search options
                

                
                    
                        
                            
                        

                        Advanced Search OptionsAdvanced Search queries use a traditional Term Search.  For more info, see our FAQ.
                    

                        
                            All Fields: 
                            
                        

                        
                            Title: 
                            
                        

                        
                            Author / Contributor: 
                            
                        

                        
                            Digital Object Identifier (DOI): 
                            
                        

                        
                            Identifier Numbers: 
                            
                        

                        
                            Publication Date: 
                            
                                
                                to
                                
                            

                        

                


                
                     More Options ...
                    
                        
                            Full Text: 
                            
                        

                        
                            Resource Type: 
                            
                                
                                
                            

                            
                                
                                    
                                        
                                            
                                                Journal Article
                                                    

                                                
                                                Technical Report
                                                    

                                                
                                                Data
                                                    

                                                
                                                Software
                                                    

                                                
                                                Patent
                                                    

                                                
                                                Conference / Event
                                                    

                                                
                                            

                                            
                                                Book / Monograph
                                                    

                                                
                                                Program Document
                                                    

                                                
                                                Thesis / Dissertation
                                                    

                                                
                                                Video / Audio
                                                    

                                                
                                                Miscellaneous
                                                    

                                                
                                            

                                        

                                    


                                
                                
                            

                        

                        
                        
                            Subject: 
                            
                        

                        
                            Site: 
                            All


                        

                        
                            Research Org: 
                            
                        

                        
                            Sponsoring Org: 
                            
                        

                        
                            Update Date: 
                            
                                
                                to
                                
                            

                        

                        
                            Limit to INIS / NSA records only 
                                

                            
                        

                        
                            Limit to Nobel Prize winning researchers only 
                                

                            
                        

                        
                        

                    

                


                
                     Search
                


                

            

        

        
            Submit
        


    






    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    



                    

                

            

        

        
            
                
                    
                        	 Submit Research Results
	 Search Tools
	 Public Access Policy
	 PIDs Services & Dev Tools
	 About
	 FAQs
	 News
	 Sign In
	Create Account


                    
		
                
            

        

    




    
    
        OSTI.GOV
Technical Report: Design, demonstration and evaluation of a thermal enhanced vapor extraction system
                
        

        
            
            Title: Design, demonstration and evaluation of a thermal enhanced vapor extraction system

        


        
            
            	Full Record
	Other Related Research


        


        
                
            
            
                
                    
                        
                        
                        
                        
    
    Abstract

        
            The Thermal Enhanced Vapor Extraction System (TEVES), which combines powerline frequency heating (PLF) and radio frequency (RF) heating with vacuum soil vapor extraction, was used to effectively remove volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs) from a pit in the chemical waste landfill (CWL) at Sandia National Laboratories (SNL) within a two month heating period. Volume average temperatures of 83{degrees}C and 112{degrees}C were reached for the PLF and RF heating periods, respectively, within the 15 ft x 45 ft x 18.5 ft deep treated volume. This resulted in the removal of 243 lb of measured toxic organic compounds (VOCs and SVOCs), 55 gallons of oil, and 11,000 gallons of water from the site. Reductions of up to 99% in total chromatographic organics (TCO) was achieved in the heated zone. Energy balance calculations for the PLF heating period showed that 36.4% of the heat added went to heating the soil, 38.5% went to evaporating water and organics, 4.2% went to sensible heat in the water, 7.1% went to heating the extracted air, and 6.6% was lost. For the RF heating period went to heating the soil, 23.5% went to evaporating water and organics, 2.4% went to sensible heat inmore » the water, 7.5% went to heating extracted air, and 9.7% went to losses. Energy balance closure was 92.8% for the PLF heating and 98% for the RF heating. The energy input requirement per unit soil volume heated per unit temperature increase was 1.63 kWH/yd{sup 3}-{degrees}C for PLF heating and 0.73 kWH/yd{sup 3}{degrees}C for RF heating.« less
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                    Cost studies of thermally enhanced in situ soil remediation technologies

                    
                        Technical Report
                            Bremser, J; Booth, S
                            

                    This report describes five thermally enhanced technologies that may be used to remediate contaminated soil and water resources. The standard methods of treating these contaminated areas are Soil Vapor Extraction (SVE), Excavate & Treat (E&T), and Pump & Treat (P&T). Depending on the conditions at a given site, one or more of these conventional alternatives may be employed; however, several new thermally enhanced technologies for soil decontamination are emerging. These technologies are still in demonstration programs which generally are showing great success at achieving the expected remediation results. The cost savings reported in this work assume that the technologies willmore » ultimately perform as anticipated by their developers in a normal environmental restoration work environment. The five technologies analyzed in this report are Low Frequency Heating (LF or Ohmic, both 3 and 6 phase AC), Dynamic Underground Stripping (DUS), Radio Frequency Heating (RF), Radio Frequency Heating using Dipole Antennae (RFD), and Thermally Enhanced Vapor Extraction System (TEVES). In all of these technologies the introduction of heat to the formation raises vapor pressures accelerating contaminant evaporation rates and increases soil permeability raising diffusion rates of contaminants. The physical process enhancements resulting from temperature elevations permit a greater percentage of volatile organic compound (VOC) or semi- volatile organic compound (SVOC) contaminants to be driven out of the soils for treatment or capture in a much shorter time period. This report presents the results of cost-comparative studies between these new thermally enhanced technologies and the conventional technologies, as applied to five specific scenarios.« less
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                    Low-temperature soil treatment

                    
                        Conference
                            Rico, N; Campbell, K; Secovich, S
                            

                    Remedial technologies were reviewed and a pilot test was completed to address soil and groundwater contamination at a former chemical recycling/recovery facility. Results from the remedial investigation indicated that the site soils and groundwater were impacted by chlorinated and non-chlorinated volatile organic compounds (VOCs) and semivolatile organic compounds (SVOCs) from former site operations. ABB-ES evaluated three applicable remedial technologies against the two threshold criteria and seven balancing criteria suggested by the USEPA. The three technologies were in situ soil vapor extraction (SVE), exsitu SVE, and low-temperature thermal desorption. The pilot test was performed using a combination of thermal and vapormore » extraction technology, referred to as thermally enhanced vapor extraction (TEVE). The onsite pilot test included construction of a soil stack with 700 cubic yards (1,000 tons) of impacted soil excavated from the site. The base of the 9-foot soil stack was 93 feet by 35 feet, with the top of the stack was 72 feet by 32 feet. Ducting was laid throughout the stack to introduce a heated air stream and to collect the contaminants entrained in the effluent air stream. The stack was covered to provide a closed system and to prevent short-circuiting of the air flow. Air temperatures ranged from 300 F to 375 F (149 C--191 C) while soil temperatures ranged from 111 C to 356 F (44 C--180 C) during the test period. The test period lasted for 161 hours (approximately four days). Pre-treatment soil concentrations of total VOCs ranged from 30-50,000 g/kg. Post-treatment concentrations of total VOCs ranged from 10-14,000 g/kg. Results from the pilot test indicated that the optimum treatment period to reach regulatory limits during full-scale treatment was four days.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Autonomous gas chromatograph system for Thermal Enhanced Vapor Extraction System (TEVES) proof of concept demonstration

                    
                        Technical Report
                            Peter, F; Laguna, G
                            

                    An autonomous gas chromatograph system was designed and built to support the Thermal Enhanced Vapor Extraction System (TEVES) demonstration. TEVES is a remediation demonstration that seeks to enhance an existing technology (vacuum extraction) by adding a new technology (soil heating). A pilot scale unit was set up at one of the organic waste disposal pits at the Sandia National Laboratories Chemical Waste Landfill (CWL) in Tech Area 3. The responsibility for engineering a major part of the process instrumentation for TEVES belonged to the Manufacturing Control Subsystems Department. The primary mission of the one-of-a-kind hardware/software system is to perform on-sitemore » gas sampling and analysis to quantify a variety of volatile organic compounds (VOCs) from various sources during TEVES operations. The secondary mission is to monitor a variety of TEVES process physical parameters such as extraction manifold temperature, pressure, humidity, and flow rate, and various subsurface pressures. The system began operation in September 1994 and was still in use on follow-on projects when this report was published.« 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

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Demonstration, testing, & evaluation of in situ heating of soil. Draft final report, Volume I

                    
                        Technical Report
                            Dev, H; Enk, J; Jones, D; ... 
                            

                    This document is a draft final report (Volume 1) for US DOE contract entitled, {open_quotes}Demonstration Testing and Evaluation of In Situ Soil Heating,{close_quotes} Contract No. DE-AC05-93OR22160, IITRI Project No. C06787. This report is presented in two volumes. Volume I contains the technical report and Volume II contains appendices with background information and data. In this project approximately 300 cu. yd. of clayey soil containing a low concentration plume of volatile organic chemicals was heated in situ by the application of electrical energy. It was shown that as a result of heating the effective permeability of soil to air flow wasmore » increased such that in situ soil vapor extraction could be performed. The initial permeability of soil was so low that the soil gas flow rate was immeasurably small even at high vacuum levels. When scaled up, this process can be used for the environmental clean up and restoration of DOE sites contaminated with VOCs and other organic chemicals boiling up to 120{degrees} to 130{degrees}C in the vadose zone. Although it may applied to many types of soil formations, it is particularly attractive for low permeability clayey soil where conventional in situ venting techniques are limited by low air flow.« less
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