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Foreword

The purpose of this document is to describe recent field demonstrations, commercial
applications, and research on technologies that either treat soil and ground water in
place or increase the solubility and mobility of contaminants to improve their removal by
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consideration of new, less costly, and more effective technologies to address the
problems associated with hazardous waste sites and petroleum contamination.
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Introduction

Purpose and Process

This document describes the development and application of in situ thermal enhancement as
a technology to remove contaminants from soils and ground water at waste disposal and
spill sites. The activities described include research, demonstrations, and field

applications of the technology.

Information in this report was found in computerized databases such as the Environmental
Protection Agency’s (EPA) Vendor Information System for Innovative Treatment
Technologies (VISITT) and Alternative Treatment Technologies Information Center (ATTIC)
and the Dialog Information Services; and in publications such as the Hazardous Substance
Research Center Annual Reports, the Superfund Innovative Technology Evaluation
Technology Profiles and the Department of Energy's Office of Technology Development
Program Summary. The review also included conference summaries, proceedings and
compendiums. It was supplemented with personal interviews and discussions with
representatives of other federal agencies, academic research centers and hazardous waste
remediation consulting firms. In some cases, the data concerning the performance of the
technology were provided by the technology vendor.

Technology Needs

Numerous hazardous waste sites have significant concentrations of organic contaminants
in saturated and unsaturated soils. In a permeable matrix, soil vapor extraction (SVE) in
the unsaturated zone, and air sparging in the saturated zone, appear to be successful in
removing some of the volatile phase of the contaminant. However, limiting factors to the
success of these two techniques include the rate of phase transformation between solid
and vapor and the limited permeability of clays and organic soils which restrict removal

of the volatile contaminants. With these limitations, substantial removal of

contaminants by soil vacuum extraction may be long and costly. By selectively heating the
soils, the rate of volatilization is increased and the release of contaminants from the

soil can be improved significantly.

Technology Descriptions

Both radio frequency (RF) and electrical resistance (alternating current or AC) heating
are effective in expelling organic contaminants from soil even in low permeability, clay-
rich zones. The electrical properties of the clay zones have been shown to preferentially
capture the RF or AC energy, focusing the power in the target zones. By selectively
heating the clays to temperatures at or abové@0the release and transport of organics
can be enhanced by: (1) an increase in the contaminant vapor pressure and diffusivity; (2)
an increase in the effective permeability of the clay with the release of water vapor and
contaminant; (3) an increase in the volatility of the contaminant from in situ steam
stripping by the water vapor; and, (4) a decrease in the viscosity which improves
mobility. The technology is self limiting; as the clays heat and dry, current will stop
flowing.



In sandy, more permeable formations, steam can be injected. The advancing pressure front
displaces soil, water, and contaminants by vaporization. The organics are transported in

the vapor-phase to the condensation front where they condense and can be removed by
pumping. The injection of moderately hot water(G)in a contaminated zone can increase

the solubility of many free-phase organics which improves their removal by pumping.

However, a more important mechanism may be the reduction of viscosity of these free-phase
liquids allowing the hot water to displace them. Hot water does not create as harsh an
environment as other heating methods and the biomass may be enhanced to remove residuals.



Ongoing or Future Demonstrations and Commercial Applications

Steam Heating with SVE and Bioremediation
AT&T

Description of Demonstration: The demonstration is taking place at a site in the
Midwest—not RCRA or CERCLA. The site has moderately tight soil configuration with
undissolved or dense non-aqueous phase liquids. Steam is injected into areas of highest
contamination to volatilize and mobilize the volatile components. A shallow SVE system is
designed and installed to capture the volatiles. Extraction wells collect and control the
mobilized contaminants. At the outer fringes of the contaminant zone, where
concentrations were lowest, enhanced biotransformation was performed using an injected
nutrient slurry. The nutrient slurry was heated to promote the biotransformation and
maintained between 2C€ and 40C for optimal growth of bacteria.

Wastes Treated:TCE and TCA

Status: The facility began using the technology in early 1991 and, as of early 1994, is
still in full operation with the median concentration in the ground water reduced to below
cleanup criteria.

Preliminary Results: Initially, to determine the effectiveness of biotransformation,
ratios of the “daughter” and “parent” compounds were compared. Biotransformation rates
have been observed to be highly temperature and concentration dependent. Maintaining
optimal temperatures has been observed to promote the ground-water cleanup.

Greater than 18,000 pounds of solvent have been removed in 3%z years through vapor and
ground water extraction.

Quarterly sampling of the ground water shows that the plume has been reduced in size.
Utilizing the technology concepts and final tuning of the system have shown to expedite
removal from the remaining source areas indicated by the data.

Monitoring for cleanup at one location for six months shows that where cleanup has been
attained for all chlorinated aliphatic compounds, concentration rebound was not
observed.

Contacts:

Angelo F. Basile

AT&T

Corporate Environmental Engineering
Basking Ridge, NJ 07920
908-204-8259

Fax: 908-204-8217

References:
Basile, A.J. and Smith, G. “Innovative Treatment Combination Rings Bell for ATER&zMat
World March 1994, p 52-53.



Brodhead Creek Superfund Site, Stroudsburg, PA
Steam Heating and Hot Water Displacement
(Contained Recovery of Oily Wastes (CROW ™))
Western Research Institute

Description of Demonstration: Hot water displacement is used to move accumulated oily
wastes and water to production wells for above-ground treatment. Hot water is injected
through six wells below and in the contaminants in the ground water to dislodge them from
the soil matrix. The wells at this site were placed at a depth of 27 feet to 35 feet and hot
water was injected at a total rate of 100 gallons per minute. The mobilized wastes are then
displaced toward two pumping wells by the hot water. The residues then may be treated by
bioremediation.

Wastes Treated:PAHSs (coal tars, pentachlorophenol, creosote, and petroleum by-
products)

Status: The technology was tested both in the laboratory and pilot-scale and is being
demonstrated and used as a remediation technology at the Pennsylvania Power and Light
Brodhead Creek Superfund site. The demonstration should be completed in August 1995.

Demonstration Results:None yet.

Contact:

Lyle Johnston

Western Research Institute
365 North 9th

Laramie, WY 82070-3380
307-721-2281

Fax: 307-721-2233

Bell Lumber and Pole, New Brighton, MN
Steam Heating and Hot Water Displacement (CROW™)
Western Research Institute

Description of Demonstration: Hot water displacement is used to move accumulated oily
wastes and water to production wells for above-ground treatment. Hot water is injected
and withdrawn at three groupings of four injection wells and one production well. The
groupings or “patterns” are operated one at time. The injection rate for one pattern is 25
gallons per minute. Hot water is injected below and in the contaminants in the ground
water to dislodge them from the soil matrix. The mobilized wastes are then displaced



toward a pumping well by the hot water. The residues then may be treated by
bioremediation.

Wastes Treated:Pentachlorophenol, creosote, and petroleum by-products

Status: Construction for full-scale demonstration began in early 1994. As of April 1995,
the system is in operation and is scheduled to operate for 18 months.

Preliminary Results: Over 80% of the nonaqueous phase liquids were removed in the pilot
test. A 500 fold decrease in pentachlorophenol also was noted in the pilot.

Contact:

Lyle Johnston

Western Research Institute
365 North 9th

Laramie, WY 82070-3380
307-721-2281

Fax: 307-721-2233

Rocky Flats (DOE), CO
Electrical Resistance Heating with SVE

Description of Demonstration: Researchers are planning to use the Six Phase Array very
similar to the Savannah River demonstration. The demonstration may extend to the water
table which is less than 30 feet from the surface. The target contaminants are in the free
phase.

Wastes Treated:TCE, PCE and mixed oils
Status: The demonstration is scheduled for the summer of 1995.

Contact:

Theresa Bergsman

MS P1-41

Pacific Northwest Laboratory
Battelle Boulevard

Richland, WA 99352
509-376-0554 or 376-3638

Hill Air Force Base, Utah
In Situ Thermal Extraction Process
Praxis Environmental Technologies, Inc.

Description of Demonstration: The in situ thermal extraction process enhances other
processes such as pump-and-treat and soil vapor extraction. Steam is introduced to the
soil through injection wells screened in contaminated zones both above and below the
water table. The steam flow sweeps contaminants to extraction wells. The extracted vapors
and liquids are treated above ground.



Wastes Treated:VOCs and SVOCs such as gasoline, diesel and jet fuel, and solvents such as
TCE and PCE

Status: The technology is scheduled to be demonstrated under the SITE program in the
summer of 1995 at Hill Air Force Base in Utah.

Demonstration Results:None yet.

Contact:

Dr. Lloyd Stewart

Praxis Environmental Technologies, Inc.
1440 Rollins Road

Burlingame, CA 94010

415-548-9288

Fax: 415-548-9287

References:

Stewart, L.D. and Udell, K.S. “The Effects of Gravity and Multiphase Flow on the Stability
of Steam Condensation Fronts in Porous Medltiphase Transport in Porous MediaSME
HTD, 127, December 1989.

Stewart, L.D. and Udell, K.S. “Mechanisms of Residual Oil Displacement by Steam
Injection,” SPE Reservoir Engineering, November 1988, p 1233-1242.

Udell, K.S. and Stewart, L.Orield Study of In Situ Steam Injection and Vacuum Extraction
for Recovery of Volatile Organic Solven8anitary Engineering and Environmental Health
Research Laboratory, University of California at Berkeley, UCB-SEEHRL Report No. 89-2,
1989.

Udell, K.S. and Stewart, L.D. “Mechanisms of In Situ Remediation of Soil and Groundwater
Contamination by Combined Steam Injection and Vacuum Extraction,” Paper No. 119d
presented at the Symposium on Thermal Treatment of Radioactive and Hazardous Waste at the
AIChE Annual Meeting, San Francisco, November 1989.



Completed Demonstrations and Commercial Applications

ANNEX Terminal, San Pedro, CA
Steam Heating with Soil Vapor Extraction
NOVATERRA, Inc.

Description of the Demonstration: The ANNEX terminal site was an industrial chemical
storage facility where soil, clay, and harborfill are contaminated with volatile

organics. The process includes two counter-rotating hollow-stem drills capable of
operating up to 30 feet deep. Each drill stem contains two pipes, one inside the other,
connected to five-foot cutting bits. The inner pipe delivers steam; the outer pipe heated
air. The steam and air volatilize the contaminants which then migrate to the surface along
a specially created pathway next to each drill Kelly (drill stem). A shroud seals the
process area above the drilling area to prevent escape of vapors. At this site, the
contaminants were treated in the vadose and saturation zones down to 10 feet.

Wastes Treated:Volatile organic compounds (VOCs) and semivolatile organic compounds
(SVOCs)

Status: An EPA SITE demonstration was conducted at the ANNEX Terminal in 1989 and a final
report published in June 1991. Small-scale field and laboratory tests have been conducted
since then and two demonstrations have been scheduled for the summer of 1994.

Demonstration Results:At the ANNEX Terminal, more than 85% of the VOCs and 55% of the
SVOCs were removed at a rate of three cubic yards of soil per hour. Fugitive air emissions
were very low and no downward migration of contaminants was detected. At the completion of
the project the Responsible Party received written notification from the state that the

soil cleanup objective had been met by the process.

Contact:

Phillip LaMori
NOVATERRA, Inc.

1801 Avenue of the Stars
Suite 640

Los Angeles, CA 90067
310-843-3190

Fax: 310-843-3195

References:
U.S. Environmental Protection Agendyoxic Treatments (USA), In Situ Steam/Hot Air
Stripping Applications Analysis ReppEPA/540/A5-90/008, 1990.




Huntington Beach, CA
Steam Heating with Soil Vapor Extraction
Hughes Environmental Systems, Inc.

Description of Demonstration: The technology was applied to the site (2.3 acres) with 35
steam injection wells and 38 liquid/vapor extraction wells. The wells were placed in a
repeating pattern of four injection wells surrounding each extraction well. The distance
between adjacent well/extraction well pairs was approximately 45 feet; between adjacent
wells of the same type, the spacing was approximately 60 feet. The wells were
approximately 40 feet deep. The steam pressure was approximately 15 psi.

Wastes Treated:BTEX

Status: The demonstration began in September 1991, and ended in September 1993. Hughes
Environmental Systems, Inc., operated the technology, however, they are no longer in the
environmental remediation business. Since the technology requires commonly available
process equipment, the technology can be designed and operated by other consultants
knowledgeable of the process.

Demonstration Results:The removal of contamination was less successful than originally
anticipated. Forty-five% of the post-treatment soil samples were above cleanup criteria
(1,000 ppm TPH). Approximately 16,000 gallons of diesel were removed of an estimated
spill volume of 70,000 to 135,000 gallons. The recovery represents a reduction of
approximately 12% to 24%.

All major equipment systems experienced problems, often leading to downtime. The
demonstration had an on-line factor of 50% but subsequent applications of the technology
are expected to be higher since this was the first full-scale application. Heating the

soil took much longer than predicted and high soil temperatures were not maintained in
many areas. This may have been due to the way the process was operated initially (16 hours
per day, five days per week) and to excessive operational downtime. The heating rate
improved later in the application when the process operation went to a 24-hour per day, 6-
day per week cycle. These factors may have contributed to the technology not achieving the
cleanup criteria.

Operating costs were relatively low. Actual costs were estimated to be $46/cubic yard,
assuming a 50% on-line factor. Under idealized conditions, which assumes a 100% on-line
factor, the technology could have cost as little as $29/cubic yard.

Contact:

Ron Van Sickle

Hughes Environmental
Building A20, MS 2N206

PO Box 10011

1240 Rosencrantz Avenue
Manhattan Beach, CA 90266
310-536-6547



References:

U.S. Environmental Protection Agency, Risk Reduction Engineering Laborltdsitu
Steam Enhanced Recovery Process, Innovative Technology Evaluation Reparary
1994.

Solvent Service, Inc., CA
Steam Heating with SVE
Berkeley Environmental Restoration Center

Description of Demonstration: This study was conducted in unsaturated sediments within
20 feet from the surface. One recovery well was surrounded by six injection wells within a
13 by 13 foot plot. The first phase obtained information from vacuum extraction alone, the
second phase used injected steam to volatilize and mobilize organic contaminants.

Wastes Treated:VOCs and SVOCs

Status: The demonstration was conducted in August 1988, by the Sanitary Engineering and
Environmental Health Research Laboratory, University of California, Berkeley.

Demonstration Results:Vacuum extraction alone removed 72% of the recovered
contaminants. After five days of steam injection, four contaminants (acetone, 2-
butanone, 1,2-dichloroethene and xylene) were reduced by 90% to 99.9% in laboratory
studies. Contaminant concentrations remained high in areas with high water content and
low mass transfer rates. Although some of the more volatile compounds were showing a
decrease in concentration by the end of the field demonstration, most of the contaminant
concentrations were holding steady or increasing at the time the demonstration was
terminated. Thus, a longer treatment time may have reduced the remaining contaminants
even more.

Contact:

Kent Udell

Berkeley Environmental Restoration Center
6165 Etcheverry Hall

University of California

Berkeley, CA 94720

510-642-2928

Kelly AFB, TX
Radio Frequency (RF) Heating with SVE
KAI Technologies, Inc. and IIT Research Institute

Description of Demonstration: Radio Frequency technology is used for the removal and
reclamation of petroleum-oil-lubricant (POL) hydrocarbon components, mainly from soils
and other kinds of geological formations above the water table. It is particularly



attractive to engineers needing a rapid, in situ treatment technology to avoid expensive
excavation and treatment methods to meet near-term regulatory requirements. Much like a
microwave oven heating approach, an electrical field is created at an ISM (industrial,
scientific, medicine) frequency of 6.68, 13.56, 27.12, or 40.68 megahertz. Specially
designed electrode rods can be placed in vertical or directionally drilled holes for

optimal “excitation” of the contaminated treatment zone, vaporizing hydrocarbons beyond
their boiling points for capture in a vacuum extraction system. POLs and other
contaminants which have been vaporized are then transported to condensate and vapor
treatment systems on- or off-site.

This demonstration was conducted at a site that was used for temporary storage of waste
oils and industrial solvents prior to off-base disposal. Ground water was relatively
shallow. Dewatering wells were used continuously to attempt to minimize water intrusion
into the test. About 115 cubic yards of clayey soil were heated teC1fed over 60 days.

Soil vapor was collected at the surface by trenches and pipes placed beneath a shroud of
heavy, moisture-proof metallic ground cloth that prevents the vapors from escaping.

Wastes Treated:BTEX, VOCs

Status: The use of radio frequency for the thermal desorption of hydrocarbons first came
to the attention of Air Force site restoration R&D project engineering management about
ten years ago. At that time, the technology was found to have been previously tried by the
lllinois Institute of Technology Research Institute (IITRI) to remove crude oil fairly
successfully from shale oil rock formations in eastern Utah.

The Air Force Civil Engineering Laboratory at Tyndall AFB, Florida, followed up with
further investigations of different IITRI system applications to remove POL

contaminants: first from a contaminated sandy soil matrix in a fire training pit at Volk

Field, Wisconsin, and the other a clay soil matrix contaminated with fuels and solvents at
an abandoned storage site at Kelly AFB, Texas. While at Kelly, another RF design by KAI
Technologies of Woburn, Massachusetts, was tested for comparison purposes at the same
site.

Demonstration Results:The latest demonstrations were concluded in July 1993 for the

IITRI Tri-Plate Capacitor System (TPCS) and June 1994 for the KAI Dipole Antenna System.
Preliminary results indicated that both systems reached desirable operational

temperatures necessary to remove volatiles and semi-volatiles in clay. The 1993-94 IITRI
and KAl field tests at Kelly are still being analyzed. Vapor extraction analysis

confirmed the extraction of chlorinated and nonchlorinated hydrocarbons common in the
fuels and solvents known to be in the test volumes from previous soil and water sampling;
however, total contaminant removal efficiency is still under investigation. A partial
remediation of the Kelly contaminated site was achieved after some 100 tons of clay soll
were thermally desorbed and vapor extracted. On-site destruction of vacuum extracted
vapors was accomplished by flare. Contaminated water from the dewatering system and vapor
steam moisture condensate was drummed for later treatment at a nearby industrial
wastewater treatment plant. These investigations have prompted further consideration by
Air Force engineers to use an ultraviolet-catalytic treatment system for integration

into future RF emissions treatment for on-site destruction of chlorinated and

10



nonchlorinated hydrocarbons. One UV/Catalytic system already was used successfully for
treatment of vapor stream emissions on air stripper at Dover AFB, Delaware.

Contact:

Ray Kasevich

KAI Technologies Inc.

175 North New Boston Street
Woburn, MA 01801
617-932-3328

Guggilam Sresty

IIT Research Institute
10 West 35th Street
Chicago, IL 60616-3799
312-567-4232

Clifton Blanchard

Project Manager

Brown & Root

800 Oak Ridge Turnpike
Jackson Plaza, Suite A-600
Oak Ridge, TN 37830
615-483-9900

Paul Carpenter

Armstrong Laboratory
AL/EQW-OL

139 Barnes Drive, Suite 2
Tyndall AFB, FL 32403-5323
904-283-6187

References:

Marley, M.C.; Kasevich, R.; and Price, S.L. “Enhancing Site Remediation Through Radio
Frequency Heating” American Institute of Chemical Engineers 1993 Annual Meeting, St.
Louis, Missouri, November 1993, p 7-12.

“Radio Frequency Heating Process Heats Organic Materi&laste Treatment Technology
News 6 (3) January 1992, p 3.

Savannah River, GA (DOE)
Radio Frequency Heating with SVE
KAl Technologies, Inc.

Description of Demonstration: A field demonstration of in-situ radio frequency heating
was performed at the Savannah River Site (SRS) as part of the U.S. 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 techniques of residual solvents held in

11



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°@Qhe 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.

The in situ heating demonstration at the Savannah River site integrated RF applicator
technology and vacuum extraction from a single, horizontal well. The horizontal well was
drilled through a shallow, contaminated, subsurface clay layer at a depth of

approximately 40 feet and was continuously screened over a 300 foot horizontal section.
The applicator, approximately 17 feet long, operated at a maximum power output of 25 kW
and a frequency of 13.56 MHz. The applicator was inserted to a location approximately 100
feet from the start of the screened zone to heat one section of the well. The vacuum
extraction system consisted of a rotary lobe blower capable of providing a flow of
approximately 150 cfm at 6" Hg vacuum. Offgases drawn from the well were destroyed with a
skid-mounted, thermal-catalytic oxidation system. Several vertical boreholes were

placed both in and adjacent to the expected heated zone and in a “cold” control zone to
monitor temperatures, pressures, and soil gas concentrations.

Wastes Treated:TCE and PCE

Status: The demonstration was conducted in March and April, 1993. A similar demonstration
was conducted in May and June, 1994 at Kelly AFB in conjunction with the SITE program.

Demonstration Results:The heating stage of the test was conducted over a 34-day period
with approximately 27 days of operation. Offgas concentrations from the well rose

steadily during the initial stage (first 15 days) to levels ranging from 150 to 200 ppm of
perchloroethylene and from 20 to 30 ppmv of trichloroethylene. These levels were
sustained over the latter half of the heating stage and appeared to correlate directly

with periods of applicator power output. The maximum soil temperature at approximately 6
feet from the center of the applicator reacheti®Bom an initial ambient temperature

slightly below 20C. The RF power output was controlled using commercial fiber optic
temperature sensors located on the applicator and at the screen wall. The control
temperatures ranged from 10 130°C. Power output was cycled to maintain temperatures
within these control values established by the limitations of the well casing material
(fiberglass reinforced epoxy). The maximum RF output per cycle ranged from 10 to 25 kW.

The radio frequency energy was coupled efficiently to the targeted clay layer from a
horizontal borehole. The single RF applicator delivered over 95% of its available power

to the surrounding contaminated clayey sediments. The entire RF system was estimated to
operate with an 80% delivered energy efficiency to the clay. During the demonstration
period, greater than 11,000 kilowatt-hours of RF energy were successfully coupled to the
subsurface sediments and heated a soil volume of approximately 2000 cubic feet to
temperatures greater than°@Q

Over 170 kilograms of chlorinated solvents were successfully extracted from the

sediments over the course of the demonstration. The thermal catalytic oxidation system
destroyed the contaminants with an efficiency ranging from 80 to 95%. All discharges to

12



the environment were well within the permissible guidelines required by the state of
South Carolina.

Due to the problems encountered with the integration of RF heating using a borehole
applicator combined with vacuum extraction from a single horizontal well, the results of
the demonstration did not provide enough data to adequately assess the feasibility of
applying the technology for thermally enhanced remediation of contaminated clays in the
unsaturated zone. The demonstration provided a greater understanding of the important
component and system designs, the critical operating parameters, and the essential site
characterization requirements for in situ RF heating applications. The results and
insights from this demonstration also have led to selecting specific solutions to address
the problems encountered. The primary limitations resulted from the use of a relatively
long, single horizontal well design screened within a low-permeable clay formation. A
horizontal borehole application is advantageous for vadose zone remediation as the
applicator can be moved through the well, heating a progressively larger volume of the
contaminated tabular clays. However, such an application must consider the proper choice
of well completion materials that are compatible with the installation technique, and the
expected temperatures.

Contacts:

Raymond S. Kasevich
KAI Technologies, Inc.
175 N. New Boston Street
Woburn, MA 01801
617-932-3328

Tim Jarosch

Principal Investigator

Westinghouse Savannah River Company
Box 616

Aiken, SC 29802

803-725-5189

References:
Final Report: In Situ Radio Frequency Heating Demonstratibestinghouse Savannah River
Company Technical Report, WSRC-TR-93-673, Rev. 0.

Rocky Mountain Arsenal Basin F
Radio Frequency Heating with SVE
[IT Research Institute

Description of Demonstration: This was a pilot-scale demonstration to test the ability of
RF heating to heat clayey soils to over 26@and, in the process, reduce organochloro
pesticide (OCP) concentrations. Researchers used the Triplate Array on 50 cubic yards at
a maximum depth of 16 feet.

Wastes Treated:Organochloro pesticides (aldrin, dieldrin, endrin)

13



Status: The demonstration was held in the summer of 1992 and lasted one month.

Demonstration Results:Destruction efficiencies in the soil heated to 256@r higher
were 97% to 99%, from initial concentrations which were up to 5,000 mg/kg.

Contacts:

Guggilam Sresty

ITT Research Institute
10 W. 35th Street
Chicago, IL 60616
312-567-4232

References:

Snow, R.H.; Sresty, G.C.; Conroy, C.; Collins, R.; and Kilgannon, T. “Test of Radio
Frequency In Situ Heating for Treatment of Soil at RMRrbceedings of the XIV Superfund
ConferenceHMCRI, 1993.

Volk Air National Guard Base, WI
Radio Frequency Heating with SVE
IIT Research Institute

Description of Demonstration: The field test took place at a former fire training pit
contaminated with JP-4 jet fuel spilled during routine fire training exercises. The soll

was 98% silica sand. The ITT Research Institute used the Triplate Array at this field

test. Nineteen cubic yard$ sandy soil were heated to an average depth of seven feet. The
area of the heated zone was 72 square feet. The soil was heated to a temperature range of
150° to 160°C in eight days with a 40 kW RF power source. The treatment temperature was
maintained for four days.

Wastes Treated:BTEX

Status: This field experiment was held in 1987 and the test completed in 12 days. IITRI has
subsequently demonstrated the Triplate Array at other sites (Kelly AFB, Rocky Mountain
Arsenal).

Demonstration Results:At least 99% of the volatile hydrocarbons and 94% to 99% of the
semivolatile hydrocarbons were removed from the site. Hexadecane, with a normal boiling
point of 289 C, was used as a target compound to represent the semi-volatile aliphatic
compounds. On the average, 83% removal of hexadecane was achieved.

A tracer injection study was performed to determine the flow of soil fluids.
Approximately 2.6 grams of Halon 2402 were injected at a depth of six feet and at a
distance of four feet outside the heated zone. The hot gases leaving the treatment zone
were sampled and analyzed for the tracer. The tracer was detected in the hot gases
approximately 100 minutes after the tracer was injected.

Soil samples obtained from the immediate surrounding vicinity of the heated zone
indicated a net loss of contaminants. Together with the results of the tracer study, it
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was concluded that no net outward migration of the contaminants occurred during the
experiment.

Contact:

Guggilam Sresty

ITT Research Institute
10 West 35th Street
Chicago, IL 60616
312-567-4232

References:

Dev, H.; Sresty, G.C.; and Bridges, J.E.; Downey, D. “Field Test of the Radio Frequency In
Situ Soil Decontamination ProcesStperfund 1988: 9th National Conference and

Exhibition on Hazardous Wasté/ashington, DC, November 28-30 1988. Hazardous Materials
Control Research Institute, p 498-502.

Dev, H.; Enk, J;, Sresty, G.; Bridges, J.; and Downeyn[Zitu Soil Decontamination by
Radio-Frequency Heating-Field Test Final Repdgnuary 1987—April 1988. IIT Research
Institute, Chicago, lllinois, September 1989, p 190.

Sresty, G., Dev, H., and Houthoofd]d.Situ Soil Decontamination by Radio Frequency
Heating
Report Number: EPA/600/A-93/273, 1993, 9p.

Kirkland AFB
Radio Frequency/Electrical Resistance Heating with SVE
[IT Research Institute

Description of Demonstration: The demonstration used the Triplate Array which is similar
to the one used at Kelly AFB. However, at Kirkland, researchers used low frequency
alternating current initially to heat the soil t0°8@ 90° and then used radio frequency
heating to heat it to 15€. The treatment zone was approximately 550 cubic yards of silty
soil containing solvents, petroleum hydrocarbons, and heat transfer fluids at maximum
depth of 25 feet. The system was in operation 24 hours a day, seven days a week. The
concentration of hydrocarbons in the soil effluent was monitored continuously.

Wastes Treated:A mixture of VOCs and SVOCs

Status: The demonstration was completed in April 1995 after operating for approximately
90 days.

Preliminary Results: The concentration of the hydrocarbons, as measured by the area
counts of the chromatograms, increased by about two orders of magnitude after the
application of the radio frequency heating. After the soil has cooled, the rate of removal
of individual target compounds and the residual soil concentrations will be quantified.
Results are expected during the summer of 1995.

Contacts:
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Guggilam Sresty

IIT Research Institute
10 West 35th Street
Chicago, IL 60616
312-567-4232

James Phelan (MS 0719)
Sandia National Laboratories
Box 5800

Albuquerque, NM 87185-5800
505-845-9892

References:

Tyler, L.D.; Phelan, J.M.; Prindle, N.K.; Purvis, S.T.; and Stormont,Sa@dia

National Laboratories Mixed Waste Landfill Integrated Demonstrat8andia National
Laboratories, Albuquerque, New Mexico, Department of Energy, Washington, DC, 1992, p 5.
NTIS# DE92015005.

Savannah River, GA (DOE)
Electrical Resistance Heating with SVE

Description of Demonstration: Researchers used the Six Phase Array in which six
electrodes were placed around a central vent. Each electrode is equipped with a separate
transformer wired to provide each electrode with a separate phase. This ensures a more
uniform distribution of electrical current in the soil. Because the key to resistive

heating is to maintain a small amount of moisture in the zone to conduct the electricity,
splitting the current into six phases prevents overheating and excessive drying around
the electrodes. Resistive heating dissipates the electrical energy in the contaminated
zone and vapor is withdrawn from the central vent.

The Six Phase heating process does not require large energy resources compared to
incineration and other thermal treatment methods, as the need to heat soils pass 100
unnecessary.

The target contaminated zone was a 10 foot thick clay layer approximately 40 feet below
the surface. The electrode array was circular with a 30 foot diameter.

Wastes Treated:Dissolved TCE and PCE
Status: The demonstration was conducted in November 1993.
Demonstration Results:The demonstration lasted 25 days. Of this, it took 10 days to reach

the treatment temperature of Z@which was maintained for the following 15 days. The
demonstration was 99.99% successful reducing contaminants from 100-200 ppm to less than 1

ppm.
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Contacts:

Theresa Bergsman

MS P1-41

Pacific Northwest Laboratory
Battelle Boulevard

Richland, WA 99352
509-376-0554

Lawrence Livermore National Laboratory
Steam and SVE with Electrical Resistance Heating
Berkeley Environmental Restoration Center

Description of Demonstration: The contaminant plume was surrounded by six injection
wells, with three extraction wells located in the center. The injection wells located in

the areas of more permeable soil are screened for steam injection. The wells in the less
permeable areas are equipped with conductive packing material and a stainless steel
electrode to provide electrical current. Remediation begins with pumping the extraction
wells followed by steam injection in the permeable zones.

The steam creates a pressure front where the organics are distilled into the vapor phase
and transported to the steam condensation front where they are condensed. The advancing
steam zone displaces the condensed liquids, moving them toward a recovery well.

As steam input stops, the electrode assemblies heat up the clays and cause water and
contaminants trapped there to vaporize and be forced into the steam zones where vacuum
extraction removes them.

Wastes Treated:BTEX

Status: A full-scale demonstration on a gasoline spill was completed in the summer of
1993.

Demonstration Results:Researchers expected to reclaim about 6,200 gallons of spilled
gasoline, but they actually recovered 8,000 gallons. The steam distribution was
controlled well. The special needs of the project (such as the harsh environment for the
pneumatic pumps) led to the development of new high-tech, low cost monitoring tools.

There is preliminary evidence that soil bacteria capable of biodegrading residual
contaminants survived the steam treatment. Researchers are monitoring the population to
see if it rebounds.

Contacts:

Kent Udell

Berkeley Environmental Restoration Center
6165 Etcheverry Hall

University of California

Berkeley, CA 94720

510-642-2928
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Roger Aines

P.O. Box 808, L-219

Lawrence Livermore National Laboratory
Livermore, CA 94550

510-423-7184

References:
Aines, R.D., et aDynamic Underground Stripping Demonstration Projeawrence
Livermore National Laboratory, March 1992.

Naval Air Station, Lemoore, California
Steam Injection and Vacuum Extraction (SIVE)
Naval Facilities Engineering Service Center

Description of Demonstration: The soil and ground water on the three-acre test site were
contaminated with approximately 200,000 gallons of JP-5. The average water table was at
16 feet below the ground surface. A clay layer acts as a lower bound to the permeable
layers containing the jet fuel. The SIVE system consisted of eight dual vapor/ground-
water extraction wells, two steam injection wells and 14 temperature monitoring wells
were installed at the site in June 1994.

This demonstration is being conducted under an interagency agreement with the U.S.
Environmental Protection Agency. The University of California (Udell Tech) and OHM are
the contractors responsible for the SIVE system design and operation.

Wastes Treated:BTEX
Status: The system was in operation from July to September 1994,

Demonstration Results:Preliminary results show 94,000 gallons of JP-5 free product has
been recovered from the test site.

Contacts:

Dr. D.B. Chan

Code ESC411

NFESC

560 Center Drive

Port Hueneme, CA 93043
805-982-4191
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Current Research

Rutgers University

Description of Research:Ahlert is conducting laboratory-column and pilot-scale tests to
determine the effects of humidity on the recovery of VOCs during vapor extraction. The
injection of heated, humidified air enhances VOC vapor recovery by decreasing surface
tensions of coexisting water/DNAPL phases, shifting the vapor-liquid equilibria in favor
of the vapor phase, and yielding agueous condensate to displace formerly trapped pure
organics. Injecting energetic steam with a high heat capacity and controlling the
humidity level to prevent excessive condensation should further enhance VOC vapor
recovery. Ahlert's current research is aimed at explaining why some chlorinated solvents
(methylethyl ketone, for example) are easily mobilized with this technology and why
others (such as chloroform) are not. He is looking for a site on the East Coast that is
willing to support a demonstration.

Wastes Treated:VOCs

Contact:

Robert Ahlert

Rutgers University

Chemical & Biochemical Engineering
Box 909

Piscataway, NJ 08855-0909

(908) 445-3399

Fax: (908) 445-4963

R.S. Kerr Environmental Research Laboratory

Description of Research:The purpose of this research is to demonstrate the use of
moderately hot water to lower the viscosity of oil and increase its mobility to improve

the remediation of subsurface contamination. Experimental results have shown that as the
temperature increases, the oil recovery also increases, reducing the oil saturation by

33% after the injection of 10 pore volumes of water.

Although the use of hot water produced a significant reduction in the amount of residual
oil in the pores, the remaining residual is still likely to be above cleanup goals. Thus,

it is likely that additional treatment, such as biodegradation, will be required.

However, this substantial reduction should significantly reduce the time and expense
required for bioremediation, and the overall time for cleanup.

One of the advantages of the hot water process over processes such as surfactant and
cosolvent flooding is that hot water does not require the injection of potentially

harmful chemicals. When compared to steam injection, the advantages include the
significantly lower temperatures and pressures which are easier to produce and handle in
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the injection equipment and wells. In contrast to the high temperatures used for steam
injection which are very detrimental to the microorganisms commonly found in the
subsurface, the moderate temperatures of Davis's hot water process may be beneficial to
subsequent bioremediation.

Wastes Treated:BTEX

Contact:

Eva L. Davis

Research Hydrologist

R.S. Kerr Environmental Research Laboratory
Box 1198

Ada, OK 74820

References:

Davis, E.L. and Lien, B.KLaboratory Study on the Use of Hot Water to Recover Light Oily
Wastes From SandEPA/600/R-93/021, February 1993.

20



General References

Adomait, M. and Wiffin, B. “In-situ Volatilization Technologies R, D and D (Research,
Development and Demonstration) Scoping Stu@ydceedings of the First Annual

Groundwater and Soil Remediation R, D and D (Research, Development and Demonstration)
SymposiumEnvironment Canada, Environmental Protection Service, 30 January 1991, p
1-27, Paper 11. Available from Environment Canada, Departmental Library, Ottawa, ON, CAN
K1A OH3.

Davis, E.L. and Lien, B.KLaboratory Study on the Use of Hot Water to Recover Light Oily
Wastes from SandRobert S. Kerr Environmental Research Laboratory, Ada, Oklahoma.
Report Number EPA/600/R-93/021, PB93-167906/XAB, February 1993, 70p.

Dev, Harsh; Bridges, Jack E.; and Sresty, Guggilam C. “Decontamination of Hazardous Waste
Substances from Spills and Uncontrolled Waste Sites by Radio Frequency In Situ Heating”

in 1984 Hazardous Material Spills Conference Proceedings: Prevention, Behavior, Control
and Cleanup of Spills and Waste Sifdashville, Tennessee, 9-12 April 1984, p 57-64.

Dev, H.; Sresty, G.C.; Bridges, J.E.; and Downey, D. “Field Test of the Radio Frequency In
Situ Soil Decontamination Process"$uiperfund '88: 9th National Conference and

Exhibition on Hazardous Wasté/ashington, DC, 28-30 November 1988, Hazardous Materials
Control Research Institute, p 498-502.

Dev, H.; Bridges, J.E.; Sresty, G.C.; and Rogers, C. “In-Situ Decontamination of Spills
and Landfills by Radio Frequency Heating."Rmoceedings of the American Chemical
Society, 190th National Meetin@hicago, lllinois, 8-13 September 1985, 25 (2) p 253-
254,

Dev, H.; Condorelli, P.; Bridges, J.; Rogers, C.; and Downey, D. “In Situ Radio Frequency
Heating Process for Decontamination of Sddlving Hazardous Waste Problems: Learning
from Dioxins Developed from a Symposium at the 191st Meeting of the American Chemical
Society, New York, NY, 13-18 April 1986, ACS Symposium Series 338. Published by ACS,
Washington, DC, 1987 p 332-339.

Dev, H.; Enk, J.; Sresty, G.; Bridges, J.; DowneylrDSitu Soil Decontamination by
Radio-Frequency Heating-Field Test (Final Report January 1987-April 1888jorce

Engineering and Services Center, Tyndall AFB, Florida. Engineering and Services

Laboratory. Report Number AFESC/ESL-TR-88-62, NTIS PB94-122561, September 1989, 190p.

Dev, H.; Bridges, J.; Sresty, G.; Enk, J.; and MshaieR&dio Frequency Enhanced
Decontamination of Soils Contaminated with Halogenated Hydrocarliesort Number
EPA/600/2-89/008 PB89-161764/XAB, February 1989, 175p. Sponsored by Environmental
Protection Agency, Risk Reduction Engineering Laboratory.

Eddy Dilek, C.A.; Jarosch, T.R.; Fliermans, C.B.; Looney, B.B.; and Parker, W.H.
Characterization of the Geology, Geochemistry, and Microbiology of the Radio Frequency
Heating Demonstration Site at the Savannah River Blastinghouse Savannah River

Company, Department of Energy, Report Number WSRC-TR-93-459, NTIS DE94003819, August
1993, 189p.

21



George, Clifford E.; Lightsey, George R.; Jun, Inchul; and Fan, Jiayi. “Soil
Decontamination Via Microwave and Radio Frequency Co-Volatilizatienvironmental
Progressll (3) August 1992, p 216-219.

Johnson, P.C.; Otermat, A.L.; and Chou, GrCSitu Decontamination of Spills and

Landfills by Focused Microwave/Radio Frequency Heating and Closed-Loop Vapor Flushing
and Vacuum Recovery Systdmatent No.: US 5076727 A, Shell Oil Co., Houston, Texas, 31
December 1991.

Kasevich, R.SElectromagnetic Method and Apparatus for the Decontamination of Hazardous
Material-Containing VolumedPatent Number: US 5152341 A, 6 October 1992, 10p.

“Radio Frequency Heating Process Heats Organic MatelM#éste Treatment Technology
News 6 (3) January 1992, p 3.

Sresty, G.; Dev, H.; and Houthoofd |d.Situ Soil Decontamination by Radio Frequency
Heating Report Number: EPA/600/A-93/273, PB94-122561, 1993, 9p. Publisheditu
Treatment of Contaminated Soil and Wategbruary 4-6, 1992, p356-369. Sponsored by
Environmental Protection Agency, Cincinnati, Ohio, Risk Reduction Engineering
Laboratory.

Sresty, G.; Dev, H.; Chang, J.; and Houthoofd, J. “In Situ Treatment of Soil Contaminated
with PAHs and Phenol€ighteenth Annual Risk Reduction Engineering Laboratory Research
Symposium

14-16 April 1992, p 62-66.

Sresty, G.; Dev, H.; Carpenter, P.; and Blanchard, C. “Radio Frequency Heating” in
Proceedings of the Fifth Forum on Innovative Hazardous Waste Treatment Technologies:
Domestic and InternationaChicago, lllinois, 3-5 May 1994, p 1-5.

Tyler, L.D.; Phelan, J.M.; Prindle, N.K.; Purvis, S.T.; and Stormont,Sa@dia

National Laboratories Mixed Waste Landfill Integrated Demonstrat8andia National
Laboratories, Albuquerque, New Mexico, Department of Energy, Washington, DC, 1992, 5p,
NTIS#: DE92015005. I$pectrum '92: Nuclear and Hazardous Waste Management International
Topical Meeting, Boise, I[23-27 August 1992.

USDOE, Office of Environmental Restoration and Waste Management, Office of Technology

DevelopmentVOCs in Non-Arid Soils Integrated Demonstration: Technology Summary
February 1994, 86p, Report Number(s): DOE/EM-0135P, NTIS Number DE94008863.

22



