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A b s t r a c t

This paper summarizes the facilities and past, current, and future research
efforts at the Georgia Institute of Technology Plasma Arc Research Facility established
in 1992. This research facility was established specifically to develop and test
applications related to waste management and various remediation concepts. The
results of research programs in the vitrification of asbestos materials, municipal
incinerator ash, and in situ testing programs, including soil remediVion, waste to
energy research, landfill remediation and capacity management. The presentation will
also include conference and symposium announcements and invitations.

1 . INTRODUCTION

In environmental applications, plasma is a new kind of energy for the work of
industry and is a potential source of solutions to some of the most challenging
pollution problems. This paper describes in some detail the work being done in this old,
but newly discovered, technology at the Georgia Institute of Technology Plasma Arc
Research Facility (PARF) in Atlanta, Georgia USA.

Research related to plasma torch treatment and destruction of waste
materials and contaminated media has been conducted at the PARF since 1990. Two
plasma heating systems rated at 100 kW and 240 kW are used in experimental
programs including ex situ destruction of various types of waste materials and in
situ remediation of buried contaminants. The torches are stainless steel cylinders
that integrate copper electrodes, insulators, gas injectors, and water dividers. Each
device is a non-transferred, reverse-polarity "Camacho" design torch. We have the
capability to video monitor the reaction vessel and instrument the systems to
measure physical and chemical parameters.

While we are working on a variety of plasma torch applications, our most
intensive efforts are being directed toward in situ applications. In the process of
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attempting to help successfully accomplish the movement of this technology from
bench scale through pilot scale to full-field demonstration, we have encountered a fair
degree of opposition and skepticism related to the plasma arc. The contentions are
based upon, previously held biases related to cost-effectiveness and some failures in
the past, but a simple, and often compelling resistance to change, both in the
regulatory and consulting communities is perhaps the most prevalent problem - one
very difficult to overcome.

None the less, the plasma arc technology possess characteristics that offer a
very attractive array of operating characteristics (Table I). These attributes make
the plasma arc a plausible option in environmental applications because every
contaminated site is unique. Differing in significance and magnitude, depending upon
the specific conditions, sites having such diversity lend themselves to solutions offered
by flexible technologies.

2. GEORGIA TECH PARF: CURRENT RESEARCH INITIATIVES

Today, the PARF is involved in a broad array of research enterprises including:

Characteristics of Vitrified Geomaterials

Asbestos-containing Materials Destruction
Waste Materials Vitrification
Plasma Remediation of In Situ Materials (PRISM)
In Situ Landfill Remediation
Municipal Solid Waste Pyrolysis & Cogeneration of Energy
Incinerator Ash Vitrification

In each general area, our experiments involve testing and development of
techniques and protocols for valorizing/destroying wastes. Georgia Tech researchers
[1] have conducted a series of fourteen experiments using a 100 kW and a 240 kW
reverse-polarity, nontransferred plasma torches to investigate the melt
characteristics of soils having a wide variety of minerologies and grain-size
distribution. Several types of igneous rocks were produced that had properties,
including dynamic moduli and compressive strengths, much improved over the parent
soils. In these experiments water content had no apparent influence on the
vitrification process, and, using a unit cost rate of $0.05 per kW, the resulting
operating costs were calculated at about $0.12 to $0.26/kg ($308 to $695/m3 or
$107 to $241/ton). Such cost ranges are comparable to several of methods
traditionally used in soil improvement.

One highly successful, well known incinerator ash vitrification project, completed
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during 1993. involved our collaboration with the French firm of Europlasma in
Bordeaux, France. The goal was to vitrify incinerator ash into glassy residue thereby
immobilizing heavy-metal contaminants. Four, two-hour tests vitrifying 100 kg of
incinerator ash were conducted. Off-gas production problems experienced were
solved through modifications of the scrubber. Ultimately, tap design/composition
changes and operational modifications resulted in a system whose gases and a
vitrified material fully complied with both French and U.S. emission and leaching
standards. Europlasma and the City of Bordeaux are building a system near their
CENON municipal incinerator plant.

Among the special-waste treatment research projects we have carried out are
the vitrification of asbestos-containing wastes, as well as treatment of other wastes
and materials such as circuit boards, soils contaminated with organic liquids and
sludges, TyvekTM filter paper, HEPA filters, and composite debris tested surrogate
mixed-waste materials to encapsulate of radioactive wastes (2). The results of this
project, funded by the Savannah River Technology Center, U.S. Dept. of Energy, Office
of Technology Development (SRTC/DOE/OTD), showed strong indications that plasma
processing has considerable promise for vitrifying soils, circuit boards and HEPA
filters, as well as treating heterogeneous drummed wastes.

We feel that in situ stabilization options using plasma torch systems could
include:

Slopes and Landslides
Vertical Cuts and Excavations
Soil Subject to Liquefaction
Structures Subject to Excessive Settlement
Artificial Fills: landfills, sludge beds, dredged materials, and mine tailings
Foundations for Structures

Successful research and demonstration could lead to basic improvements in the
field of foundation engineering, where conditions limiting construction operations might
be overcome or at least at some level made less restrictive, and other situations
where effective soil stabilization might result in important benefits. For instance,
preliminary cost estimates, depending on what percentage of the soil is completely
melted, range between $30-$80/ton. An important research goal is the verification of
cost-benefits for applications in an array of diverse settings.

3. PLASMA REMEDIATION OF IN SITU MATERIALS: PRISM

The next major breakthrough area for environmental applications, we believe, is
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in the in situ use of plasma arc systems. The variety of potential uses and benefits
is truly impressive. As mentioned previously, PRISM is the principal area of research
concentration for the Georgia Tech PARF. Hazardous/radioactive waste stabilization,
landfill waste destruction and capacity conservation, as well as slope stabilization,
foundation enhancement, and erosion control are the main interests at this time. Slope
stability and erosion control can be important ways of preserving and protecting
people as well as certain environmentally sensitive areas and valuable real estate.
Table II lists many of the advantages that may accrue from PRISM, hopefully making it
a technology that is cost-competitive which more traditional approaches. In situ
uses of plasma arc technology decrease movement and disturbance of wastes and
contaminated media. Thus, exposure to toxics are often lessened.

The primary issues surrounding PRISM that require research and development
involve a host of factors associated with the physicochemical nature of the melt,
contaminant behavior, and cost-effectiveness (see Table III).

Tables IV, V, VI, and VII summarize some of the available information on the
characteristics of various vitrified soils, their leachability, and treatment effectiveness.
While there is much to be learned, more to be verified, and a great deal of field
demonstration to be accomplished, these data and supporting information bode well
for significant economies that may be achieved in environmental improvement and
protection utilizing plasma arc technology.

In the U. S., one of the most pressing environmental problems (see Table VIII) is
the presence of leaking and potentially leaking landfills. While a great deal of progress
is being made in the area of pollution prevention and improved waste management,
planners predict that landfills will continue to be constructed, even if at a slower pace.
Typical costs cited in Table VIII are tipping fees, not plasma remediation. Of course, in
Europe, particularly France, a much higher percentage of municipal waste is
incinerated. Thus, the need for additional municipal landfill capacity is anticipated for
the foreseeable future. PRISM may have the facility, through in situ remediation, to
positively impact many difficulties associated with landfills including:

Complete Remediation
Eliminates Leaching
Creation of Fuels (Gases)
Nearly Impermeable, Rock-Like Bottom
Recovery of a 60 to 90% of Landfill Volume
Reuse/Remediate Landfill Until Full
Stable Foundation for Construction
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According to Dr. Lou Circeo, PARF Director, costs, not including potential sale of fuel
gases, are approximately $50 /ton of landfill material vitrified in situ; whereas, ex
situ plasma remediation is estimated at about $75/ton-not including sales income
from fuel gases resulting from the process.

Finally, plasma applications to the most recalcitrant of hazardous wastes may be tne
most urgent use for this technology. Table IX. shows a projection of costs
associated with a theoretical hazardous waste contamination site.
For comparison, radioactive wastes would probably be around 2 to 3 times the cost
($250 to $4007ton) of hazardous chemical waste contamination, and municipal landfih
remediation is -$50 /ton. Another cost variable relates to simple, non-waste
treatment soil stabilization operations which are estimated to cost be between $30
to $80/ton depending on whether the soil/waste requires complete or only partially
melting.

In conclusion, PARF engineers and scientists are enthusiastic proponents of the
proposition that plasma arc deserves a series of well-defined, research-based proofs
of concept, because of its promise and the existence of diverse, difficult, and costly
contamination problems We are in the midst of finalizing further research
demonstrations, including:

An in situ solid waste treatment research project, funded by a special
appropriation of the State of Georgia Legislature

A research program to evaluate the feasibility of environmentally safe and
cost-effective plasma arc technology applied to the disposal of wastes from
the pulp and paper industry

The SRTC/DOE, OTD at the Savannah River Site has acquired a Russian Hybrid
Plasma Induction-Cold-crucible Melter. The system, currently being located at
the Georgia Tech PARF, will be used to perform research for the optimization
of heterogeneous waste vitrification.

Testing is planned to address concerns of off-gas composition and final-
product chemistry and segregation of individual components in the vitrification.
of Thorium nitrate, the stored chemical form of 232Th [3]. Stored by the
Defense National Stockpile Center. 232Th is being phased out as a fuel to be
used in breeder style nuclear reactors. This research is part of the program tc
assure proper long-term storage of this long-lived radionuclide.
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We welcome your comments, and would be happy to explore joint participation
research projects centering upon environmental applications of plasma arc
technology, particularly in situ applications.
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TABLES

TABLE I. PLASMA ARC TECHNOLOGY CHARACTERISTICS

Power Levels - 100 kW to 10mW

Plasma Temperatures - 4,000 C to 7,000 C +
No Air Required
Torch Operates with Any Gas

Note: No air required means that the torches can be operated in subterranean boreholes.

TABLE II. POTENTIAL ADVANTAGES OF PRISM ~

Remediation of a variety of mixed wastes

Minimum exposure to buried contaminants
High thermal coupling with soil
Operates well under varying ground (subsurface) conditions and
materials
Process proceeds from the bottom of the hole to the surface
High rate of vitrification & remediation
Significant cost reduction of remediation

Cost ~= $130/ton for hazardous and toxic wastes

TABLE III. TECHNICAL FEASIBILITY ISSUES.

Melt Behavior and Effects

Radii and Properties of Melt and Adjacent Zones
Specific Energy Requirements -- KWH/ton
Formation of Contiguous Melts
Volatility of Contaminants
Composition of Off-gases
Adaptability of Existing Off-gas Treatment Technology
Transport of Volatiles into Surrounding Media
Comparative Cost Effectiveness
Hazardous and Mixed Wastes
Non-hazardous Wastes
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TABLE IV. PROPERTIES OF VITRIFIED SOILS.

Density: >150 lbs per cubic ft
Compressive Strength (PSI): 35K - 40K (Concrete 3 - 8K)
Splitting Tensile Strength (PSI): 4K - 8K (Concrete 0.4 - 0.6 K)
Wet and dry Cycles: Unaffected
Freeze and Thaw Cycles: Unaffected
Leachability: 5 times Less Leachable than Bottle Glass
Physically & Chemically Analogous to Natural Obsidian

TABLE V. LEACHABILITY (U.S. TCLP) OF VITRIFIED MUNICIPAL WASTE
RESIDUES.

Permissible Measured
Heavy Metal Concentration (mo/l) Concentration (ma/h

Arsenic - As
Barium - Ba
Cadmium - Cd
Chromium - Cr
Lead - Pb
Mercury - Hg
Selenium - Se
Silver - Ag

5.0
100.0

1.0
5.0
5.0
0.2
1.0
5.0

<0.1
<0.5
<0.02
<0.2
<0.2

<0.01
<0.1
<0.5

TABLE VI. IN SITU VITRIFICATION OFF-GAS TREATMENT: TYPICAL
INORGANIC REMOVAL EFFICIENCY.

Inorganic Contaminant Removal (%)

Pb, As, Cd, Ba, Cr, Ni 99.9
Hg 97.99
Ra, U, Th, Pu 99.9

Source: [4]
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TABLE VII. IN SITU VITRIFICATION OFF-GAS TREATMENT: TYPICAL ORGANIC
REMOVAL EFFICIENCY.

Organic Contaminant

MEK, Glycol, Fuel Oil

DDD, DDE, DDT, Chlordane,
Dieldrin, Aldrin

PCB's and Dioxins

Removal (%)

>99.9

>99.9

>99.9

Source: [4]

TABLE VIII. MUNICIPAL SOLID WASTE DISPOSAL: THE PROBLEM

The U.S. Generates >200 million tons/yr
67% Landfilled
16% Incinerated
17% Recycled

Number of Landfills
1993: 6,000
2000: 2,150 (Capacity shortage = 64 million tons)

Typical Disposal Costs (per ton)
Ohio: $30
New York: $130

Source: Dr. Lou Circeo, Georgia Institute of Technology
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TABLE IX. PROJECTED REMEDIATION COSTS: HAZARDOUS/TOXIC WASTE
CONTAMINATION

Scenario: 1.0 acre contaminated to a depth of 10ft with a 5 MW
Mobile System

Capital Cost (10 yr life; 6 mo. project) $0.5M
2 feet of Overburden & 400 boreholes 0.5M
Electric Power (SER = 500 KWH/ton) 0.6M
Labor (5-person shift, 2 shifts) 0.9M
Maintenance ($100/hr of operation) Q.3M

Total Cost (Cost Per Ton = $130) $2.8M

Source: Dr. Lou Circeo, Georgia Institute of Technology
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