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We have developed an in-situ process that combines RF/microwave energy application with soil vapor 
extraction to help mobilize and efiiciently remove soil contaminants. We have conducted a number of benchtop 
experiments involving RF/microwave energy deposition and vapor extraction on controlled contaminated soil 
samples with successful removal of the DNAPL contaminants. This paper will describe the experiments 
performed and present results. 

INTRODUCTION 

Contaminant plumes are significant waste problems that require remediation in both the government and private 
sectors. We have developed an in situ process that uses RF/microwave stimulation to remove pollutants from 
contaminated sols. This process is more efficient than existing technologies, creates less secondary pollution, and is 
applicable to situations that are not amenable to treatment by existing technologies. Currently the most commonl used 
process is soil vapor extraction However, even when it is successful, this technology is energy inefficient.” Our 
objective is to combine RF/microwave energy application with soil vapor extraction to help mobilize and efficiently 
remove the soil contaminants, specifically demonstrating the viability of RF/microwave induced, in situ, soil 
remediation of “light and dense non-aqueous phase liquids” (LNAPL, DNAPL) contaminants. This concept is depicted 
in figure 1. We have conducted a number of benchtop experiments involving RFImicrowave energy deposition a d  
vapor extraction on controlled contaminated soil samples with successful removal of the contaminan ts. 

V e n t  

V a c u u m  A p p a r a t u s  M i c r o w a v e  S o u r c e  , 

K a o c k o a  t D r u m  

M i c r o w  a v e  

Figure 1. Artist’s rendition of vapor extraction soil remediation enhanced with RF/microwave energy deposition. 

Two different sets of experiments were performed. The main difference between the two is related to applicator 
design. For the first set of experiments, a portion of coaxial transmission line was isolated using gas barriers and filled 
with contaminated soil; the output end was short-circuited. This portion was the phase 1 microwave “chamber.” RF 
energy was applied through the coax to the soil contaminated with a controlled amount of DNAPL (carbon tetrachloride, 
or l,l,l-trichloroethane). The next phase entailed designing a larger experimental chamber (2.5 gallons) with an antenna 
applicator to introduce the RF/microwave energy to the chamber. This setup more closely represents the envisioned 
application of W/microwaves in situ in conjunction with vapor extraction. Although figure 1 depicts a horn antenna, 
the second set of experiments utilized a monopole antenna. Several different soils were used in the experiments. The 
soils originally examined included volcanic tuff, peat moss, indigenous dirt from Los Alamos National Laboratory and 
soil from an air force base (a possible end-user of the technology). The air force soil was utilized as the primary testing 
sample throughout the laboratory experiments. For all of the soils, initial characteristics were calculated through 
permittivity measurements, as described in reference 3. 

EXPERIMENTAL 



In both cases the RF source was a 125 MHz 200 W, continuous-wave amplifier, connected to the test chamber 
through a coaxial transmission line. A double stub tuner was used to minimize the reflected power throughout all 
experiments. Rate-monitored inlet air flowed through the contaminated soil and exited through an outlet port to various 
collection apparatus. In the first phase, a portion of the coaxial transmission line was isolated using gas barriers and 
filled with contaminated soil; the output end was short-circuited. This portion was the phase 1 microwave “chamber.” 
In the second phase of the experiment, a 2.5 gallon can placed inside an 8 gallon drum was the contaminated soil 
chamber. Figure 2 shows the phase 2 microwave test chamber as well as the type of collection apparatus utilized to 
determine the amount of the contaminant removed. 

For this second set of experiments the RF power was 
transmitted to the can chamber via a coaxial 
transmission line, then delivered through an antenna to 
the soil. The antenna was encased in a Teflon tube 
(1.5” inside diameter). The temperature of the soil was 
measured using thermocouples inserted 114” into the 
soil’s outer surface, placed at different locations on the 
can chamber. Measurements performed on both sets of 
experiments consisted of recording the amount of soil 
used, the original amount of contaminant injected, the 
starting temperatures, and the amount of water 
introduced (for saturated soil measurements). After 
turning on the RF source, the power delivered, 
temperature at the thermocouples, amount of 
contaminant collected, and time elapsed wex 

Figure 2. Phase 2 chamber and collection 

monitored. A detailed description of all of the esperiments can be found in reference 4. 

RESULTS 

The type of data recorded is shown in figure 3. The bottomline is that for the first set of the experiments, 99.6% of 
the carbon tetrachloride and 97% of the 1,lJ-trichloroethane was recovered from the dry soil. In the water saturated soil 
experiments, as the amount of water was increased, the amount of contaminant recovered decreased. In order to maintain 
the same level of contaminant removal, the amount of applied RF power had to be increased. 

A baseline experiment was also performed with air 
stripping alone, no RF heating. In this esperiment, 
only 16.6% of the carbon tetrachloride was recovered 
from the soil. The temperature of the chamber did not 
exceed 24.6OC, the initial temperature of the chamber. 
This baseline experiment verified our premise that 
application of RF energy enhances vapor extraction. 

zl 40 m m 100 of the 1,1,1-trichloroethane was recovered from the dry 
soil. This decrease in contaminant amount removed 
was attributed to the larger volume of soil and 
differences in collection apparatus. Reference 4 goes 
into much more detail regarding this effort. 
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Figure 3. Phase 1 results: dried air force base soil 
contaminated with l,l,l-trichlomethane. 
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