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0.1 second. Data from the mass spectrometer can be
directed to the process controller so that any increase
in undesirable organic compounds either alters the
rate of waste or reaction gas input or, in the extreme
case, halts the input of waste and alerts the operator
that the system has been shut down.

Figure 3-2 is a schematic of the reactor vessel
designed to accommodate thermochemical reduc-
tion. A mixture of preheated waste and hydrogen is
injected through nozzles mounted tangentially near
the top of the reactor. The mixture swirls around a
central ceramic tube past glo-bar heaters, which heat
the waste to 850 ‘C by the time it exits the ports at
the bottom of the ceramic tube. Particulate matter up
to 5 mm in diameter not entrained in the gas stream
impacts the hot refractory walls of the vessel,
thereby volatilizing any organic matter associated
with the particulate. Larger particulate exit from the
reactor bottom into a quench tank. Finer particulate
entrained in the gas stream flow up the ceramic tube
and through the retention zone. The reduction
reaction takes place within the ceramic tube and
requires less than 1 second to come to completion.

Figure 3-3 presents a complete process schematic
of the field demonstration unit. In this unit, waste
liquid and suspended solids are pumped from a small
storage tank to a heat exchanger vessel for preheat-
ing to 150°C by a small boiler. The hot liquid and
steam from the watery waste are metered continu-
ously by use of special metering valves and are
injected into the reactor by use of atomizing nozzles.
A mixture of hydrogen and recirculation gas also
enters the reactor near the top after passage through
a gas-fired heat exchanger. Heavy particulate exit
as grit from the bottom to a quench tank. Fine
particulate matter passes up the ceramic tube (shown
in figure 3-2) where gas-phase reduction takes place.
Additional residence time is provided by the reten-
tion zone elbow and extension pipe. On exiting the
reaction zone, gases enter the scrubber where they
are quenched by direct injection of scrubber water
spray. Hydrogen chloride and fine particulate matter
are removed by contact with scrubber water as the
gases pass through carbon steel scrubber media on
the down leg and polypropylene on the scrubber up
leg. Scrubber water is collected in a tank by means
of a large water-sealed vent, which also acts as an
emergency pressure relief duct. Scrubber water is
cooled to 35 °C by using a heat exchanger fed by
cooling water from an evaporative cooler. Sludge
and decant water represent the two effluent streams

Figure 3-2—Reactor Used for Thermochemical
Treatment in Eco Logic Process
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SOURCE: ELI-Eco Logic International, Inc., Ann Arbor, MI, 1991.

from the scrubber. Both of these effluents are held in
tanks for batch analysis prior to disposal.

Gases that exit the scrubber consist of excess
hydrogen, reduction products (e.g., methane and
ethylene), and a small amount of water vapor.
Approximately 95 percent of this gas is recirculated
to the reactor after being reheated to 500 ‘C. The
remaining 5 percent of the hydrocarbon-rich gas is
used as supplementary fuel for the boiler. The boiler
uses propane gas as its main fuel to produce steam
for use in the heat exchanger. The only air emissions
are from the boiler in the form of stack gas. Because
the fuel going into the boiler is very clean (i.e., no
chlorine content), emissions from the boiler to the air
are insignificant.

In the event of a process upset in which total
destruction of hazardous organic compounds is
incomplete, the online mass spectrometer automati-
cally diverts all gases into the recirculation mode.
No sidestream gas is sent to the boiler, and the waste
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Figure 3-3-Schematic Flow Diagram of the Thermal Gas-Phase Reductive Dechlorination Process
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feed is stopped. Recirculation continues until analy-
sis indicates that the reaction is again occurring
optimally. Because 95 percent of the gas stream is
recirculated under normal conditions, this procedure
does not represent a drastic action.

The entire Eco Logic technology is contained on
two 45-foot drop-deck flatbed trailers and thus is
mobile. An additional trailer, housing the online
mass spectrometer, the process control unit, and
other analytical equipment, completes the array of
equipment necessary for waste destruction. Onsite,
the space required for processing waste is little more
than the size of the three trailers. Setup time for this
system is a matter of a few days, and the minimum
run with this device may be less than a single unit's
daily capacity. On the other end of the spectrum, the
continuous throughput process is well suited to
high-volume, long-run waste destruction. Through-
put capacity can be varied at will by attaching
additional reactor units to a single ancillary support
and control system, thereby allowing flexibility of
operation and redundancy of design.

Some of the largest and most serious contaminant
remediation requirements involve soil and sediment
having high water content. Incineration technologies
consume very large amounts of energy to heat up the
water component to combustion temperature. Addi-
tionally, because these technologies utilize air (79
percent nitrogen) for combustion and must combust
all the organic matter, they often require 10 times the
volume of the Eco Logic process for the same
residence time of reaction. Other dechlorination
technologies (e.g., APEG, KPEG, APEG-PLUS) are
much less efficient in treating water-bearing waste
because of consumption of the reagent by water, and
a potential for explosive reaction exists. By contrast,
in dealing with soil and sediment having a high
water content, the Eco Logic process employs
typical sediment/water mixtures in a range of 30 to
50 percent as optimal for this unit. Treatment
material containing less than 30 percent solids is
possible, but the economy of the destruction process
begins to diminish below this level.
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Testing and Availability of Thermal Gas-Phase
Reductive Dechlorination Process—At the time of
preparation of this paper, the Eco Logic technology
has been successfully tested by the Canadian Federal
Government and the government of the Province of
Ontario in a site demonstration in Hamilton, On-
tario, Canada. The site demonstration began on
April 8, 1991 and took about 4 months to complete.
The demonstration consisted of the destruction of
contaminated sediments (not dioxin) from Hamilton
Harbor in Lake Ontario under the auspices and
supervision of Environment Canada’'s Contami-
nated Sediments Treatment Program and the Prov-
ince of Ontario’s Technologies Program. Prelimi-
nary results show thermal gas-phase reductive
dechlorination to be highly effective in the treatment
and volume reduction of contaminated harbor sedi-
ments.

A single full-scale reactor vessel has been de-
signed to process 12 kilograms (26 pounds) of waste
per minute under normal operating conditions. This
throughput is, of course, dependent on the nature of
the contaminant of concern, its degree of chlorina-
tion, and its water content. The range of throughput
values lies between 15 and 20 tons per day. Present
design planning calls for the construction of a
50-ton-per-day unit in early 1992. Because it is
possible to use multiples of the reactor vessels with
a single process control entity, treatment capacity
can be increased easily. With the present configura-
tion, as many as three reactors may be grouped per
control unit, enabling 45 to 60 tons of waste to be
treated daily. A new design would handle up to 150
tons per day.

Cost Estimates for Thermal Gas-Phase Reduc-
tive Dechlorination Process—The combination of
equipment requirements and process characteristics
suggests a relatively lower capital cost for the Eco
Logic system compared to incineration. Operating
economies to treat water-bearing waste are expected
to be three to five times lower than incineration
technologies of comparable capacities. Cost esti-
mates for the destruction of waste are a function of
both the chlorine content of the contaminant of

concern and its concentration in the environmental
matrix. For sedimentary materials containing resis-
tant chlorine compounds (e.g., PCBs, polychlo-
rinated dibenzofurans (PCDFs), and polychlorinated
dibenzo-p-dioxins (PCDDs)) in a concentration up
to 1,000 milligrams per kilogram, costs can be
expected to fall in a price category of $350 to $500
per ton of waste processed. According to company
officials, this range represents the total cost of
processing the waste, because no residually contam-
inated materials remain to be transported or treated
elsewhere.

Thermal Desorption/UV Destruction (Photolysis)

Thermal desorption/ultra violet (UV) radiation
destruction technology consists of three main opera-
tions: 1) resorption, which involves heating the soil
matrix to volatize the dioxin present; 2) scrubbing or
collection of dioxin into a solvent suitable for
subsequent treatment; and 3) UV treatment or
exposure of the dioxin-solvent mixture to UV
radiation to decompose the dioxin molecules
through photochemical reactions (photolysis).”

Within a reactor system, dioxin-contaminated
soils are continuously passed through a heating unit
(rotary drum or desorber) and heated to temperatures
up to 560°C to volatize the dioxin molecules present
in soil particles. Once removed, the dioxin vapors,
along with soil moisture, small soil particles, and air,
are scrubbed with a solvent, and subsequently
cooled. Prior to its release into the atmosphere, the
scrubbed off-gas is passed through pollution control
equipment (e.g., carbon adsorption; scrubber) to
remove solvent vapors and any dioxin that may have
been left untreated.” Following separation or filtra-
tion, the scrubber solvent is cooled and recirculated
to the scrubber. The water remaining is treated (e.g.,
filtration, carbon adsorption) and discharged. The
faltered soil particles are either recycled to the rotary
drum or desorber for additional treatment or pack-
aged for disposal (see figure 3-4).”

The developers of this technology (International
Technologies Corp., Knoxville, Tennessee) claim
that it reduces the volume of soils requiring treat-

55R.Helsel et al., ‘“Technology Demonstration of a Thermal Resorption-W Photolysis Process for Decontaminding Soils Containing Herbicide
Orange,” J.H. Exner, Solving Hazardous Waste Problems: Learning From Dioxins, American Chemical Society Symposium Series338 (Washington,

DC: American Chemical Society, 1987), pp. 319-322.

Ibid.; R.D. Fox, International Technology Corp., “ Experience With Treatment Alternatives fOr Organohalogen Contamitistion,”” paper presented

at Dioxin '90 Conference, Bayreuth, Germany, Sept. 14, 1990.
5THelsel et al., O. Cit., footnote 55, pp. 319-322.
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Figure 3-4—Low-Temperature Thermal Resorption Process
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ment, producing a concentrate that is easier and
more cost-effective to treat. They also claim that this
process will achieve cleanup goals similar to those
of thermal treatment but without a high-temperature
incinerator.

Testing and Availability of Thermal Resorption/
UV Destruction

Although thermal resorption/UV destruction proc-
ess has been tested on soils containing highly
volatile solvents, testing on soils contaminated with
low volatile chemicals, such as dioxins, is limited.

Of the tests performed by International Technol-
ogy Corp., only those conducted at the Department
of Defense’s Naval Construction Batallion Center
(Gulfport, Mississippi) in 1985 and at Johnston
Island in 1986 are relevant to dioxin-contaminated
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soils .58 59 These pilot-scale tests resulted in reducing
dioxin concentrations in soil from over 200 ppb to
below detection limits (0.1 ppb).”

The researchers who participated in the two tests
concluded that “. . . additional technical informat-
ion [was] needed for a complete evaluation of the
process and to provide the basis for design of a
full-scale system for on-site remedial action.”
Since 1986, however, little additional work related
to dioxin-treatment has been done on this process.
The developers claim that lack of funds and markets
are the major factors inhibiting further develop-
ment.”

This system, however, is being applied to remedi-
ate a PCB-contaminated site in Massachusetts.”
Also, EPA has proposed this technology as a
remedial option for cleaning up nearly 40,000 cubic

58The contaminant of concern at these Sites was Herbicide Orange known to contain 2,4-D, 2,4,5-T, and dioxin.

59Helsel et rd., op. cit., footnote 55, p. 320.

%Tbid., pp. 322-330; Paul E. des Rosiers, ‘* Advances in Dioxin Risk Management and Control Technologies,” Chemosphere, vol.18, Nos. 1-6.1989,

p, 41; Fuhr and des Rosiers, op. cit., footnote 30, p. 33.
61Helsel €t al., Op. cit., footnote 55, p. 336.

62Robert D. FOX, Director, Technology Development, International Technology Corp., personal communication, Sept. 17, 1991.
63Robert D. Fox, International Technology Corp., personal communication, Sept. 3, 1991.
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yards of PCB-contaminated soil and debris at the
Carter Industrial Superfund site in Detroit, Michi-

been reported in Germany on the biodegradation
potential of the bacteria Pseudomonas sp.”

gan.”One site With dioxin contamination at which
thermal resorption/UV destruction is being con-
sidered for application is Baird & McGuire
(Holbrook, Massachusetts).” Cost estimates for its
application at any of these sites, however, are not
available.

In general, bioremediation refers to the transfor-
mation of contaminants into less complex and
probably less toxic molecules by naturally occurring
microbes, by enzyme systems, or by genetically
engineered microorganisms. This process can be
carried out in situ or in a reaction vessel, under
anaerobic or aerobic conditions, and alone or in
combination with other treatment methods; several
months or years may be required to achieve com-
plete contaminant removal. Understanding the mi-
crobial population to be used, as well as the
characteristics that ensure their survival, is key to
any bioremediation project; these include, among
other factors, moisture and oxygen levels, organic
content, temperature, pH, food source availability,
and possible degradation pathways. Although con-
siderable laboratory and field work has been re-
ported in each of these major areas,”few studies
exist in which contaminants have been destroyed or
removed at levels higher than 90 percent.”

BIOREMEDIATION

The use of microorganisms to break down and
metabolize organic pollutants has been studied for
many years, particularly for treating industrial waste-
water and domestic sewage. Since the early 1970s,
several organisms have been identified as having the
ability to break down chlorinated substances (in-
cluding dioxin species such as 2,3,7,8-TCDD in soil
and in water);” however, neither the level of
decomposition nor the products that result are
known precisely. Of the different strains studied to
date, the white rot fungus (Phanerochaete chryso-
sporium) is the most promising because of its ability
to degrade halocarbons such as lindane, DDT,
4,5,6-trichlorophenol, 2,4,6-trichlorophenol, and di-
chlorophenol.”® Encouraging results have also

Dioxins are known to degrade naturally in the
presence of sunlight (ultraviolet radiation) or with
the help of microorganisms. The time that dioxins

“’Thermal DeSorption Fix Offered inDetroit,” Superfund, May 3, 1991, p. 5.
65u.s. Environmental Protection Agency, Region |, Superfund Program, “Fact Sheets-Treatment Technologies,”* July 1991.

66M. Philippi et al., “A Microbial Metabolize of TCDD,” Experiential, vol. 38,1982, p. 659; S. Banerjee, S. Duttagupta, and A.M. Chakrabarti,
“Production of Emulsifying Agent During Growth of Pseudomonas cepacia With 2,4,5-Trichlorophenoxyacetic Acid,” Arch. Microbiology, 1983 vol.
135, p. 110; j.J. Kilbane, D K. Chatterjee, and A.M. Chakrabarty, ‘‘Detoxification Of 2,4,5-Trichlorophenoxyacetic Acid From Contaminated Soil by
Pseudomonas cepacia,“ Applied& Environmental Microbiology, vol. 45, No. 5, March 1983, p. 169; D.Ghosal, L.S. Y ou, D.K. Chatterjee, and A.M.
Chakrabarty, ‘Microbial Degradation of Halogenated Compounds,” Science, vol. 228, No. 4696, Apr. 12,1985, p. 135; Mary L. Krumme and Stephen
A. Boyd, “Reductive Dechlorination of Chlorinated Phenols in Anagrobic Upflow Bioreactors,” Water Resources, vol. 22, No. 2, 1988, p. 171; and
Gary M. Klecka and D.T. Gibson, “ Metabolism of Dibenzo-p-dioxin and Chlorinated Dibenzo-p-dioxins Dy a Beijenrinckia Species, " Applied &
Environmental Microbiology, vol. 39, No. 2, February 1980, p. 288.

6701.S. Environmental protection Agency, op. cit., footnote 3, p. 5.38; des Rosiers, op. cit., footnote 60, p. 53.

‘Rudy Baum, “Degradation Path for Dichlorophenol Found,” Chemical & Engineering News, vol. 69, No. 1, Jan. 7,1991, pp. 22-23; Harry M.
Freeman andR.A. Olexey, ‘‘A Review of Treatment Alternatives for Dioxin Wastes,” Jnl. Air Pollution Control Assoc., vol. 36, No. 1, Jan. 1986, p.
74.

9Hauke Harms et al., ‘‘Transformation of Dibenzo-p-Dioxin Dy Pseudomonas sp. Strain HH69,” Applied & Environmental Microbiology, vol. 56,
No. 4, 1990, pp. 1157-1159.

™Sanjoy K. Bhattachayia, Tulane University, «|nnovative Biological Processes for Treatment of Hazardous Wastes;” William R. Mahatfey and G.
Compeau, ECOVA Corp., “Biodegradation of Aromatic Compounds;”” Michael J.X. Nelson, J.A, Cioffi, and H.S. Borow, “In Situ Bioremediation of
TCE and Other Solvents;”” Proceedings of the HMCRI’s 1 1th Annual National Conference and Exhibition SUPERFUND ’ 90 (Silver Spring, MD:
Hazardous Materials Control Research Institute, 1990), pp. 776-787; 800-806; 847-852. Harlan S. Borow and J.V. Kinsella, ECOVA Corp.,
“Bioremediation of Pesticides and Chlorinated Phenolic Herbicides—Above Ground and In Situ: Case Studies;”’ Richard A. Brown and J.R. Crosbie,
“Oxygen Sources for In Situ Bioremediation,”” Proceedings of the HMCRI’s 10th Annual National Conference and Exhibition SUPERFUND ' 89 (Silver
Spring, MD: Hazardous Materials Control Researchingtitute, 1989), pp. 325-331; 338-344; C. Cemilia, ‘* Microbial Metabolism of Polycyctic Aromatic
Hydrocarbons,” Adv. Appl. Microbic/., vol, 30, 1984, pp. 30-70; J.w. Falco, Pacific Northwest Laboratory, “Technologiesto Remediate Hazardous
Waste Sites” (PNL-SA-18030; DE90-011946), paper presented at the Mixed Waste Regulation Conference, Washington, DC, Apr. 17-18, 1990; D.T.
Gibson and V. Subramanian, “Microbial Degradation of Hydrocarbons” D.T. Gibson (cd.), Microbial Degradation of Organic Compounds (New York,
NY: Marcel Dekker, 1984); Harmut S, Fubr and J. Paul E. desRosiers, op. cit., footnote 30, P. 32; Ronald Sims, “ Soil Remediation Techniques at
Uncontrolled Hazardous Waste Sites-A Critical Review,” Jnl. Air Waste Manag. Assoc., 1990, pp. 720-722; Eugene L. Madsen, ““Determining In Situ
Biodegration: Facts and Challenges, Environ. Sci. Technol., vol. 25, No. 10, 1991, pp. 1663-1673.

TINaval Civil Engineering Laboratory, op. cit., footnote 36, p. 10; U.S. Environmental Protection Agency, Op. cit., footnote 3, Pp. 5.3*5.35.
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remain in soil, however, has been particularly
difficult to assess because they are present in low
concentrations (the lower the concentration, the
more difficult it is for microorganisms to find and
break down dioxins) and tightly bound to soil
particles and organic matter. One laboratory study
shows that even after a year of treatment, more than
50 percent of the dioxin remained in test soil.”
Equally significant is the fact that researchers
identified half-lives of more than 10 years for
dioxins at the site in Seveso, Italy and at certain U.S.
Air Force bases in which defoliant use has been
reported.”

Although information from field work is limited,
some potential advantages of future bioremediation
methods at dioxin-contaminated sites include the
following:

1. byproducts of biodegradation may be non-
toxic;
2. bioremediation could be used in combination

with other remedial methods (eg., treatment
trains); and

3. treatment of dioxins in subsurface soil and
groundwater might not require extensive re-
moval of overlying soil.”

One bioremediation technique being evaluated by
EPA is in-situ microbial filters. This technology
involves the injection of naturally occurring (indige-
nous) microbes, cultured bacteria, nutrients, and
oxygen into the soil column or groundwater to form
zones of microbial activity. These zones are estab-
lished in close proximity to contaminant plumes to
facilitate the availability of the latter to injected
microbes. The bioremediation of chlorinated and
nonchlorinated pollutants has asS end products:

At present, in situ microbial technology has been
tested only in the laboratory; consequently, its
effectiveness in subsurface soil degradation is un-
known (microbes may opt to metabolize injected
nutrients instead of contaminants). Cost data are also
nonexistent. A field demonstration planned at the
Goose Farm Superfund site, Plumstead Township,
New Jersey, was canceled in April 1990; efforts to
select a new demonstration site are under way.”
Prior to its utilization on dioxin-contaminated sites,
researchers will be required to determine factors
such as:

1. the level of chemical reaction that can be
achieved,

2. the role of injected nutrients, and

3. the growth rate of microbes in the subsurface.

Testing and Availability of
Bioremediation Technology

Although bioremediation is theoretically attrac-
tive for cleaning up dioxin-contaminated sites, its
real applicability and effectiveness continue to be
highly questionable. Comparisons of dioxin re-
search efforts with 2,4,5-trichlorophenol and Agent
Orange reveal that only a fraction of the vast amount
of laboratory work has been targeted toward dioxin
and demonstrated in the field.” Furthermore, the
current bioremediation literature lacks any reports
documenting the success of this technology in
treating dioxin-contaminated soil, sludge, or sew-
age.”

Major obstacles in researching dioxin include:

1. its high acute toxicity and low volubility, such
that it cannot be found in the aqueous environ-
ments in which most microorganisms live;

carbon dioxide, water, and bacterial biomass.” 2. the high cost of treatment; and

72philip C. Kearney etal,  Persistence and Metabolism of Chlorodioxins in Sails,” Environ. Sci. Technol., vol. 6, No. 12, November 1972, p. 1017.
73U.S. Environmental Protection Agency, op. cit., footnote 3, p. 5.35; A. DiDominico et al, “ Accidental Rel eases 0f2,3,7,8-Tetrachlorodibenzo-p-dioxin
(TCDD) at Seveso, |taly,” Ecotoxicology & Environmental Safety, vol. 4, No. 3,1980, pp. 282-356; PaulE. des Rosier% *‘Remedial Measures for wastes
Containing Polychlorinated Dibenzo-p-dioxins (PCDDs) and Dibenzofurans (PCDFs): Destruction, Containment or Process Modification,”” Ann.
Occup. Hyg, vol. 27, No. 1, 1983, pp. 59-60; Ronald Sims, op. cit., footnote 70; Dermis J. Paustenbach, “ Recent Developments on the Hazards Posed

by 2,3,7,8-tetrachlorodibenzo-p-dioxin in Soil: Implications for Setting Risk-Based Cleanup Levels at Residential and Industrial Sites,” paper submitted
for publication toJ. Texicol. Environ. Health, June 1991.

74U.S. Environmental Protection Agency, op. cit., footnote 3, p,5.48;11.S. Environment Protection Agency, Office of Research and Development
Risk Reduction Engineering Laboratory, Technology Profiles, EPA/540/5-90/006 (Cincinnati, OH: November 1990), p. 40.

T5bid.

61bid., p. 41.

T7U.S. Environmental Protection Agency, op. cit., footnote 3, p. 5.44; AM. Chakrabarty, Department of Microbiology and Immunology, University
of Illinois, Chicago, personal communication Jan. 9, 1991, and Aug. 23, 1991.

78Fyhr and des Rosiers, Op. Cit., footnote 30, p. 2.
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3. its presence at concentrations so low that
microorganisms in the natural environment do
not consider it food (i.e., an important source
of carbon).

The complex nature of the soil environment found at
contaminated hazardous waste sites is also a major
obstacle because it prevents researchers from devel-
oping models useful for predicting bioremediation
results accurately.

Experts also criticize the fact that basic environ-
mental research is not well funded. This is due
primarily to the fact that the health effects of
exposure often are not visible for a long time and
companies do not consider environmental bioreme-
diation research to have a market value. Another
reason for the lack of research on dioxin at the
academic level is that 4 years of biodegradation
research produces very little information that could
be used by a graduate student to fulfill dissertation
requirements. According to A.M. Chakrabarty of the
Department of Microbiology and Immunology, Uni-
versity of Illinois, Chicago, ‘‘There is no credible
report on bacterial removal of dioxin at the present
time. ' "

Judging from the review performed at the U.S.
Navy site in Guam for the selection of a remedial
technology, bioremediation techniques must be
studied further before they can be applied.*The
long time required by bioremediation processes,
coupled with their undocumented ability to reduce

risks to human health and the environment, were
considered by technology reviewers as sufficient
reasons for not recommending soil bioremediation
at that site.

In the view of most experts, bioremediation
processes for dioxin are not ready for field demon-
stration at this time. However, they may become
cleanup options in the future, aided by scientific
achievements in the fields of biochemistry and
genetic engineering of microorganisms, and of the
chemistry of TCDD surrogates (e.g., chlorophenols,
chlorobenzenes, and the herbicides 2,4,D- and
2,4,5-T).

Cost Estimates for Bioremediation

Cost figures for bioremediation of dioxins do not
exist at present. One reason is that treatment of
chlorinated dibenzo-p-dioxin and chlorinated diben-
zofurans has not been proved beyond the analysis
performed on a bench scale in 1985; no field testing
has been conducted to date. According to projections
based on laboratory work, in situ bioremediation
might be the most economical treatment because it
does not require excavation of soil. Nevertheless, in
the long term, the costs of in situ bioremediation
could increase considerably because tilling, fertiliz-
ing, and irrigation practices may be required.”
Current figures, however, do not illustrate the costs
involved in actual bioremediation treatment.

79Chakrabany, op. cit., footnote 77.

80Naval Civil Engineering Laboratory, op. cit., footnote 36, p. 10.
81y, Environmental Protection Agency, op. Cit.,footnote 3, p. 5.46.



Chapter 4

Other Remediation Technologies

To complete the discussion of remediation alter-
natives for dioxin-contaminated sites, this chapter
presents techniques that, rather than treating or
destroying dioxins, are used to concentrate, stabi-
lize, or store the contaminated material. Such
approaches may be used either in conjunction with
treatment or as a simpler alternative.

ONSITE SOIL WASHING
TECHNOLOGIES

Soil can be washed with solvents or “soaps’
(surfactants) to extract contaminants into the liquid
stream, thus reducing the volume to be treated. Soil
washing, though relatively new in the remediation
field (as in aquifer restoration), is commonly used in
mining operations. At present, however, there are no
full-scale soil washing systems for treating dioxin-
contaminated soil commercially available in the
United States.’

Testing and Availability of Sail
Washing Technology

One soil washing technique currently available,
which may be applicable to dioxin-contaminated
soil, is offered by Westinghouse Electric Corp.
(WEC). According to WEC, this method has been
proved effective in the treatment of soil contami-
nated with organic chemicals, heavy metals, and
even radionuclides. Another technique is expected
to be offered soon by BioTrol, Inc. (Chaska,
Minnesota), for the treatment of soil contaminated
with organic pollutants, including polychlorinated
biphenyls (PCBs) and pesticides.

No information from full-scale studies on the
efficacy of soil washing for dioxins in full-scale
studies exists at the present time. A 1990 review of
available technologies best equipped for cleaning up
the U.S. Navy site in Guam found soil washing
incapable of treating the highly PCB-contaminated
soil present at the site.”That review, however, did
not consider the WEC and BioTrol soil washing
methods.

Westinghouse Electric Soil
Washing Technology

The WEC process shown in figure 4-1 consists of
several interconnected treatment units, including a
particle separator (by size and density) and chemical
extractors containing soaps to cleanup the soil. One
advantage of this process is that because contami-
nated soil is treated in a slurry, air emissions and
water discharges are eliminated. After being
washed, soil is returned to the site and the concen-
trated residuals are processed through incineration,
recycling, or stabilization techniques.

Figure 4-l—Westinghouse Soil Washing Process
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1John Sheldon, BioTrel, Inc., personal cOmmunication, Apr. 1, 1991.

2Naval Civil Engineering Laboratory, “Engineering Evaluation/Cost Analysis (BE/CA) for the Removal and Treatment of PCB-Contaminated Soils
at Building 3009 Site, ' Naval Civil Engineering Laboratory, Port Hueneme, CA, July 3, 1990, p. 7.
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The chemical composition of the soaps (leach
solutions) can be modified to address specific site
needs. Processes used by Westinghouse have been
employed in Europe. They were used in Germany to
remove 98 percent of the polynuclear aromatics
from soil (at HWZ Bodenmsanering), and more than
90 percent of the heavy metals and organics (at a site
in Hamburg).

The process can be varied to address specific site
conditions because studies have indicated that:

1. organics concentrate in clay, silt, and humic
materials;

2. PCBs and other organic components can be
leached out with caustic agents (sodium hy-
droxide, sodium carbonate) and surfactants;

3. the abrasive nature of soil particles can be used
to improve the efficiency of the technology;
and

4. heavy metals and radionuclides are usually
more dense than soil.

The major steps in the WEC soil washing
technique include the excavation of soil and the
removal of large rocks and debris; sorting of soils by
placing them in a rotating drum/vibrating screen
device for size separation; and washing of the large,
and probably uncontaminated, soil particles and
debris (greater than 2 millimeters) with soap solu-
tion. This phase is completed by rinsing and
returning large soil particles to the site.

During the second phase, the remaining contami-
nated soil and debris are passed through a mineral
processing unit where they are exposed to soap
solution and the fries present are separated. Proc-
essed soils are then washed, monitored, and finally
returned to the site. The metal frees and soap (mixed
with organic contaminants removed from the soil)
from the mineral processor are passed through a
precipitation tank, where they are exposed to precip-
itation agents to induce chemical separation. The
clean soap solution is sent to make-up tanks for
recycling; metal frees, if cleaned, are shipped for

recycling, and organic concentrates are sent to
biotreatment or incineration units.’

BioTrol Soil Washing Technology

The BioTrol technology-a patented process
initially designed to treat soils-contaminated with
wood preserving waste-can be used to wash soil
containing hydrocarbons, pentachlorophenol, and
pesticides. The BioTrol system (see figure 4-2) uses
a high-intensity, countercurrent scrubber to separate
freer soil particles containing the pollutants of
concern from coarser soil material, contaminants
that adhere to coarser materials are freed by the
abrasive scouring action of the soil particles. The
efficiency of the soil washing solution may be
improved by: 1) adding detergents, surfactants, or
chelating agents; or 2) adjusting pH and tempera-
ture. Effluents from the BioTrol system are clean
soil (which can be redisposed), process water (which
can be recycled or biologically treated), and contam-
inated soil fines. Depending on the type of pollutants
present, these soil frees may be landfilled, inciner-
ated, stabilized, or treated biologically.’

Preliminary results from a 1989 EPA-sponsored
demonstration at the MacGillis & Gibbs Superfund
site in New Brighton, Minnesota show the ability of
the BioTrol technology to reduce the pentachloro-
phenol concentration in soil by 91 to 94 percent. The
bench-scale unit tested had a treatment capacity of
12,000 pounds per day.’

SOLIDIFICATION AND
STABILIZATION TECHNOLOGIES

Solidification and stabilization (S/S) technologies
have been employed in the United States for more
than 20 years to treat certain liquid industrial
chemical wastes; more recently, however, their use
has been expanded to treat contaminated soil and
incineration residues.’S/S techniques focus primar-
ily on limiting the volubility or mobility of contami-

3A full-scale remediation project with WEC process is being carried Out at a uranium mining site in Bruni, TX. Westinghouse Electric Corp., “ Soil
Washing Applicability and Treatability Studies,” undated, D.C. Grant, E.J. Lahoda, and A.D. Dietrich, *‘Remediation of Uranium and Radium
Contaminted Soil Using the Westinghouse Soil Washing Process,” paper presented at the Seventh Annual DOE Model Conference, Oak Ridge, TN,

Oct. 14-17,1991.

4U.S. Environmental Protection Agency, Office Of Research and Development, Risk Reduction Engineering L aboratory, Technology Profiles,
EPA/540/5-90/006 (Cincinnati, OH: November 1990), pp. 26-27; John K. Sheldon, BioTrol, Inc., personal communication, July 23,1991,

“Ibid., p. 27.

6U.S. Environmental Protection Agency, Office Of Research and Development, Risk Reduction Engineering Laboratory, Immobilization Technology

Seminar, CERI-89-222 (Cincingati, OH: October 1989), pp. 1-3.
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Figure 4-2—Soil Washing System Offered by BioTrol, Inc.

Excavate Multistage
contami- |»| Screen | 5| Slurry washing [» Was’zl;‘ed
nated soil circuit
l A |
Debris Contami= Contami-
nated water natedl fines
A
Water T ’- ]
treat ment Dewater
system
Recycle
 yRecycle
Options:
Clean 1. Off-site disposal
Make-up water ——  Water 2. Incineration
3. Stabilization
\iBlodegradatlon
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EPA/540/5-90/006 (Cincinnati, OH: November 1990).

nants present in the medium, generally by physical
means rather than by chemical reaction. This goal is
achieved by one or more of the following: improving
the handling and physical characteristics of the
waste; decreasing the surface area of the waste mass;
converting the contaminated medium into a solid
block; limiting the volubility of hazardous constitu-
ents; or detoxifying the centaminants present in the
waste to be treated.’

Historically, the physical and chemical bonding
involved in complex stabilization reactions has not
been rigorously researched and understood by most
practitioners. Many view S/S treatments as “low
tech, no-tech, or pseudo-tech.” More damaging,
however, is the fact that claims by certain vendors on
the successful application of their particular tech-
niques are largely unsubstantiated.’

The long-term effectiveness of S/S treatment has
always been surrounded by uncertainty. Among the
factors contributing to this are: the difficulty of
determining what actually occurs under field condi-
tions; the difficulty of reproducing in the laboratory
the role played by S/S materials in soil and waste; the
potential for cement bonding to be retarded by
contaminants; and the varying nature and size of soil
particles at contaminated sites. Heat produced by the
reaction between S/S chemicals and the waste may
also induce the volatilization of organic com-
pounds.”As a consequence, it is extremely impor-
tant that bench tests be performed prior to S/S
treatment to determine: 1) proper type and amount of
additive, 2) applicable mixing and curing condi-
tions, and 3) the type of long-term monitoring
needed."” Attention to effluent treatment is not

7U.S. Environmental Protection Agency, Office of Resear ch and Development, Risk Reduction Engineering Laboratory, International Waste
Technolgies/Geo-Con |n Situ Stabilization/Solidification—Applications Analysis Report, a Superfund I nnovative Technology Evaluation (SI TE) report,

EPA/540/A5-89/004 (Cincinnati, OH: August 1990), p. 6.

$Jeffrey P. Newton, The DErivation o Relevant Chemically Reactive Structures for the Fixation of Organics and Inorganics, International Waste

Technologies, Wichita, KS, January 1991, p. 2.

9effrey P. Newton, President, International Waste Technologies, personal communication Apr. 19,1991.

10y.s. Environment Protection Agency, op. cit., footnote 7, p. 16.
H1bid., pp. 22-23.
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necessary because all of the water consumed is used
for processing purposes.”

According to the U.S. Environmental Protection
Agency (EPA), based on the type of additive and
processes used, stabilization methods can be orga-
nized into at least six different categories:

1. cement;

2. lime plus pozzolans (fly ash, kiln dust, hy-
drated silicic acid, etc.);

3. thermoplastic (asphalt, bitumen, polyethylene,
etc.);

4. thermosetting organic polymers (ureas, phe-
nols, epoxies, etc.);

5. vitrification; and

6. miscellaneous.

Of these groups, only cement-based, quicklime, and
vitrification are being researched for their potential
application to dioxin-contaminated soil.

Although traditional S/S treatment has been
conducted simply by mixing two or more products
from the above categories, increasing research has

resulted in a series of new products that use additives

(e.g., proprietary dispersants and organophilic com-
pounds) mixed with setting agents; these mixtures
seem to have a greater potential to bind organics
(PCBs, petroleum hydrocarbons, coal tars, and
probably dioxin) than most commercially available
mixtures. ” For now, the challenge, some vendors
claim, is being able to determine the extent to which
these techniques are effective and, where appropri-
ate mechanisms of evaluation exist, to determine
whether these techniques can in fact detoxify
dioxins. ™"

EPA has selected S/S as the preferred treatment at
several Superfund sites. Selection has occurred most
commonly at sites with contaminated soil and acidic
sediments known to contain heavy metals, for

example, Sapp Battery (Florida), Marathon Battery
(New York), and Independent Nail (South Carolina).
EPA has also called for the application of S/S
treatment to organic wastes, including PCBs, found
at Pepper Steel & Alloys, Inc. (Florida),”York Oil
(New York), Fields Brook (Ohio), and Liquid
Disposal Landfill (Michigan) .17 At the majority of
these sites, S/S has been conducted by bulk mixing
in a pit or by treatment of waste in a tank following
excavation. *

Testing and Availability of S/S Technology

In 1987, a laboratory study was conducted at three
dioxin-contaminated eastern Missouri sites to iden-
t@ and evaluate S/S technologies capable of elimi-
nating the transport of dioxin from soil due to wind
and water erosion. The selected sites were Minker
site (a residential area known to have soil with
2,3,7,8-tetrachlorodibenzo-p-dioxin  (2,3,7,8-TCDD)
at 700-ppb (parts per billion) levels, and which could
contaminate a nearby creek); Piazza Road (2,3,7,8-
TCDD was detected at the 640-ppb level); and
Sontag Road (characterized by very fine soil con-
taining 2,3,7,8 -TCDD at 32-ppb levels) .19

As part of the experiment, soil samples from the
sites were mixed with varying amounts of Portland

cement, emulsified asphalt, and/or lime. The cement/

soil mixture was found ineffective because signifi-
cant amounts of cement became loose after exposure
to laboratory conditions that mimicked weathering.
Emulsified asphalt, on the other hand, was found to
be an effective stabilizer but only after calcitic lime
had been added (about 15 percent) to the mixture.
Mixing asphalt, lime, and native soil was found to be
the most successful S/S technique, allowing dioxin
migration only at concentrations below the detection
limits.” (Estimated treatment costs ranged from $5
to $10 per cubic meter [emulsified asphalt] to$11 to
$13 per cubic meter [Portland cement]. An estimated

121bid., pp. 29-30.
BIbid., p. 7.

14 Although the second factor should not be construed ag @ primary purpose Of §/s technologies, SOME treatment companies claim that in addition to
the cementing action, their processes al'so affect organic contaminants through chemical interaction.

1575, Environmental protection Agency, op. cit., footnote 7, p. 6;Newton, Op. cit., footnote 8, p. 1.
16CIeanup at this Site consisted of digging up contamingey o1 senarating it fromdebris, mixing it with Portland cement, and returning it to its original

site.
17U.S. Environmental Protection Agency, op. cit., footnote 7, p. 7.
18]bid.

19Payl E. desRosiers, “ Evaluation of Technology for Wastes and SoilsContamina ted With Dioxins, Furans, and Related Substances,’ Journal of

Hazardous Materials, vol. 14, No. 1, 1987, pp. 121-122.
‘lbid., p. 123.
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$4 to $8 per cubic meter should be added to these
amounts when health and safety costs are consid-
ered.) Although these results highlight the potential
applicability of asphalt/lime as a temporary remedial
measure, additional in depth studies on the long-term
performance of these or other more advanced S/S
technologies have yet to be conducted.

More recently, the EPA Superfund Innovative
Technology Evaluation (SITE) program has under-
taken the evaluation of at least seven S/S techniques.
Among the methods under consideration, in addition
to the quicklime process, are those designed and
developed by International Waste Technologies,
Inc. (Wichita, Kansas); Silicate Technology, Inc.
(Scottsdale, Arizona); Separation & Recovery Sys-
tems, Inc. (Irvine, California); Soliditech, Inc. (Hous-
ton, Texas); Chemfix Technologies, Inc. (Metairie,
Louisiana); and HAZCON, Inc. (Brookshire, Texas) .21

At present, some S/S techniques have proved
effective for stabilizing residues resulting from
chemical or thermal treatment of dioxin-contamin-
ated material.

Although no S/S treatment offered to date is
considered by EPA to be an “alternative disposal
method to incineration, ' *the future of this treat-
ment has some promise. The increasing application
of incineration to contaminated materials could also
increase the use of stabilization techniques, particu-
larly in those situations in which incinerated ash is
prohibited from land disposal because of the hazard-
ous constituents remaining.

EPA QUICKLIME TREATMENT

EPA’s interest in evaluating certain mixtures of
lime and other alkaline stabilizers originated after
observing reductions in PCB levels at those sites in
which S/S techniques have been employed. In order
to understand the processes involved, EPA's Risk
Reduction Engineering Laboratory in Cincinnati,
Ohio, contracted with RMC Environmental of West
Plains, Missouri, to conduct laboratory research.
Although preliminary results show decreases in

PCB levels, EPA scientists who reviewed the report
recommended additional evaluation because the
method of reduction is still unknown.

I nsummary, experiments were conducted on
synthetic soil by using three specific PCB congeners
in an open vessel containing calcium oxide (CaO)
and in a closed vessel containing:

. CaO,
. cement kiln dust, or
. a combination of CaO and kiln dust.

Testing in an open vessel in a glove box indicated
that significant removal of all three congeners
occurred within the first 5 hours at 180 to 200 ‘C.
However, most of the disappearance was attributed
to atmospheric releases through dusting, vaporiza-
tion, and steam stripping. From these results, re-
searchers expected that field demonstrations would
result in slower rates of removal than experienced in
the laboratory because they would be carried out at
much lower temperature. The closed-vessel experi-
ments, on the other hand, were conducted at lower
temperature and had significantly lower rates of
volatilization and steam stripping. Chemical dechlori-
nation and destruction were found to account for less
than 7 percent of the measured removal.”

EPA plans to support further laboratory investiga-
tions to examine the decomposition and volatiliza-
tion process attributed to quicklime. Field examina-
tions are also planned.”

INTERNATIONAL WASTE
TECHNOLOGIES TREATMENT

The International Waste Technologies (IWT)
process, advanced chemical fixation, is a cement-
based process that uses proprietary additives (organ-
ophilic clays) to solidify and stabilize waste, and to
promote chemical bonding between the contamin-
ants in the waste and the cement matrix.” The
ability to alter the molecular structure of organic
pollutants, including PCBs, has encouraged com-
pany officials to conclude that the IWT fixation

21y.S. Bnvironmental Protection Agency, op. cit., footnote 6,pp-1-3.

22y5,5, Environmental Protection Agency, op. cit., footnote 7, p. 20.

23y.S. Environmental Protection Agency, Office Of Research and Development, Risk Reduction Engineering Laboratory, Status Report: Quicklime

Treatment of PCBs (Cincinnati, OH: May 1991).

24 etter from John Convery, Deputy Director, U.S. EPA Risk Reduction Engineering Laboratory to German Reyes, Office of Technology Assessment,

June 11, 1991.
25y.S. Environmental Protection Agency, op. Cit., footnote 7, p. 21.
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process “sufficiently bonds and prevents the leach-
ing of the PCB decomposition products, substituted
benzenes and phenol compounds.’ "*

As opposed to all competing S/S techniques,
which require excavation, treatment, and redisposal
of soil, the IWT process calls for the use of in situ
treatment only, thus eliminating the costs of soil
excavation, sizing, handling, and redisposal.” This
treatment may be tailored to address the specific
types of chemicals requiring treatment.

Of the evaluations performed on the IWT process,
the most extensive to date has been the bench-scale
demonstration conducted in April 1988, under
EPA's SITE program at a General Electric site in
Miami, Florida. In addition to evaluating the form of
treatment, which consisted of injecting IWT's chem-
ical fixation material into PCB-contaminated soil by
use of mixing drills,” EPA engineers studied all
possible reaction mechanisms and the extent of
chemical fixation.

Some of the results from chemical analyses
performed on samples taken during the first 2 weeks
following the test included: 1) a 5- to 10-percent
increase in volume of treated soil; 2) the potential
long-term durability, low permeability and porosity,
and high integrity of the solidified material; and 3)
the probable immobilization of PCBs and heavy
metals.” Although the reduction of volatile organic
compounds was shown to occur, data limitations
prohibited EPA from confrming the extent to which
the IWT process immobilized these chemicals in the
solidified soil. As a consequence, EPA considered

the results of the evaluation inconclusive,” stating
that “since very limited bench-scale studies have
been performed, it is recommended that treatability
studies-site specific leaching, permeability, and
physical tests—be performed on each specific site to
be treated . . . whether low or high in organic
content. ' ¥

More successful data have been gathered in the
Netherlands from bench-scale tests of soil and
sludge containing heavy metals, pesticides, and
other organic compounds, such as pentachlorophe-
nol.” Results obtained from bench-scale tests dem-
onstrated that the maximum concentration of diox-
in“detectable after treatment with the IWT process
was 10.4 parts per trillion (ppt). Tetrachlorodibenzo-
p-dioxin, the same dioxin species of concern at
Times Beach, was found at only the 3.0-ppt level.”

More recently, several studies of the IWT process
conducted by both IWT and EPA have provided
more optimistic results. IWT researchers, for exam-
ple, have conducted various studies to prove that
their fixation process bonds or destroys the organic
contaminants present in waste. Results of these
studies, however, have not been incorporated into
the EPA demonstration process.” Despite the addi-
tional research required, EPA estimates that the IWT
process has the potential to “meet many of the
current or potential regulations for both organics and
metals [particularly] where reductions in the con-
taminant concentration in the wastes are [required to
be] measured.™

26Newton, op. Cit., footnote 8, P- 2-

27yy.§. Bovironmental protection Agency, Op. Cit., footnote 7, pp. 34-35.

2Newton, 0p. cit., footnote 8, p. 9.

29y.5. Environmental Protection Agency, op. cit., footnote 7, pp. v, 2, 3, 9.

307bid., pp. 12-13.

31y.8. Environmental Protection Agency, op. cit., footnote 7, pp. 2, 10.

32According 10 a company official, the BPA conclusion is considered inadequate becalise: 1) EPA failed t0 apply the type of chemical analysis that
would identify the extent and relevance of chemical bonding that occurs; 2) the SITE evaluation team lacked experts on organic/inorganic chemistry,
clay chemistry, and physics; and 3) EPA failed to test whether freezing temperatures affected the ability of the additive to prevent leaching of chemicals
(only physical structure was tested). Sources: Jeffrey P. Newton, President, International Waste Technologies, personal communication, Apr. 19, 1991,

and U.S. Environmental Protection Agency, op. cit., footnote 7, pp. 46-48.

33Newton, op. Cit., foomote 8, P- 16.
34heptachlorodibenzo-p-dioxin

35Jeffrey P, Newton, President, Interational \Waste Technologies, personal communication, Apr. 5>19910

36y1.S. Environmental Protection Agency, op. cit.,footnote 7, P. 13.

37{.S. Environmental Protection Agency, Office of Research and Development, op. cit., footnote 7, p. 13; U.S. Environmental protection Agency,

Office of Research and Development Risk Reduction Engineering Laboratory, Technology Demonstration Summary. International Waste
Technolgies/Geo-Con | n Situ Stabilization/Solidification: Update Report, EPA/540/S5-89/004a (Cincinnati, OH: January 1991).
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UNDERGROUND MINE STORAGE

The use of underground mines as a method for
storing hazardous waste is more common in Europe
than in the United States. In Germany, for example,
the increasing unavailability of storage capacity has
prompted the storage of highly contaminated dioxin
waste in underground mines. With the exception of
packaging and labeling, this waste undergoes no
special pretreatment. According to reports, efforts
by the public and private sectors are focused
primarily on searching for ways in which to store
other dioxin-containing wastes such as fly ash and
dust.”

Unlike Europe, research and evaluation efforts in
the United States on underground mine storage of
dioxin-contaminated materials are limited. One
research project was conducted in 1985 under the
auspices of the Missouri Department of Natural
Resources, EPA Region VII, and the University of
Missouri School of Mines.

The main purpose of the Missouri study was to
evaluate the feasibility of shallow underground
mines as repository sites for soil originating from
cleanup activities at some of the 44 dioxin-
contaminated sites in the State. In its scope, the study
covered 29 existing mines on the basis of dryness,
structural stability, potential size, location, accessi-
bility, packaging devices,”and costs. At its culmi-
nation, the project showed that shallow underground
limestone and dolomite mines are most suitable for
storing dioxin-centaining soil, followed by sand-
stone, lead-zinc, iron, and coal mines.”

Another conclusion of the study was that the costs
of developing a dioxin repository are affected
significantly by the type of container (steel vault,
steel drum, woven polypropylene sacks), as well as

the packaging arrangement selected. With regard to
capital costs, researchers estimated that costs of
handling”and storing dioxin-contaminated soil at
existing underground mines were lower ($225 to
$275) than those of excavating, bagging, and tempo-
rarily storing soil from three Missouri sites in
steel-sided storage structures ($754 to $1,008)."

After the Missouri study, researchers began to
assess the feasibility of digging new underground
depots to store contaminated soil.” Constructing
new mines instead of using existing ones is being
considered because storage costs may be reduced
through eliminating the expense of rehabilitating
existing, inactive mines. In addition, efforts to
identify and evaluate permitting, packaging, moni-
toring, and transportation issues are planned.”

ABOVEGROUND, ELEVATED
STORAGE BUILDINGS

Aboveground, elevated storage buildings are
large, permanent buildings constructed of pre-
stressed concrete in which dioxin-contaminated
materials might be stored temporarily in drums or
containers. Although none has been constructed to
date, aboveground storage proponents claim that
once built, these facilities would reduce the cost of
shipping contaminated materials overlong distances
for treatment; reduce potential of groundwater
contamination from landfills due to leaching of
certain toxic components of the materials stored; and
reduce potential air contamination by volatile emis-
sions. According to proponents, another significant
advantage of this approach is that it would facilitate
subfloor, walk-through inspections because the drums
will be stacked about 10 feet above the floor (see
figure 4-3). In addition, this type of storage facility

38Harmut S. Fuhr and J. Paul E. des Rosiers, “Methods of Degradation Destruction, Detoxification, and Disposal of Dioxins and Related
Compounds, " Pilot Study on International Information Exchange and Related Compounds (North Atlantic Treaty Organization, Committee on the

Challenges of Modem Society, report No. 174, August 1988), p. 21.

39Among the packaging options assessed were rectangular steel vaults, steel drums, and woven polypropylene Sacks. The last tyPe of containment,
also called““supersacks,’’ was the |east expensive and had the largest storage capacity.

@alesRosiers, op. cit., footnote 19, pp. 124-125.

4!Handling costs were found to represent about one-third of theoverall costs.

42des Rosiers, Op. Cit., footnote 19, p. 126.
43Fuhr and des Rosiers, 0. Cit., footnote 38, pp. 21-22.
44des Rosiers, op. Cit., footnote 19, p.126.
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Figure 4-3—Example of Proposed Design for
Aboveground Storage Facility
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SOURCE: James V. Walters, University of Alabama, “Use of Elevated,
Concrete Buildings for Sanitary Landfills, Hazardous-Waste
Landfill, Monofill, and Cogenerator Facilities,” Journal of Re-
source Management & Technology, vol. 17, No. 2, April 1989.

would allow time for the development of better
technologies for treating contaminated soil.”

Although aboveground storage is considered a
viable alternative in hazardous waste management,
particularly for long-term storage of waste or resi-
dues of waste treatment, only the New Jersey
Hazardous Waste Facility Siting Commission has
attempted to evaluate this system.

In May 1987, the Commission issued a report of
its investigation on the technical, managerial, and
regulatory experience of nine selected European
nations with aboveground storage. In the report, the
Commission calls for aboveground storage to be
considered as a feasible alternative solution to the
State’s “residues management” problem because it
may help to:

1. mitigate the decreasing storage capacity result-
ing from the promulgation of regulations
barming hazardous waste disposal on land;

2. ease the capacity shortage created by the recent
increase in the number of landfill closures; and

3. allow additional time for replacing current
treatment, storage, and disposal facilities with
newer, environmentally sound ones.”

In November 1989, the Commission issued a report
detailing design and operating criteria for above-
-ground storage buildings.” At this time, the Com-
mission is considering design and construction plans
for four different facilities in New Jersey .48

45James v. Walters, University Of Alabama, personal communation, June 28, 1991; J.V. Walter, ‘‘Use of Elevated, Concrete Buildings for Sanitary
Landfills, Hazardous-WasteL andfill, Monofill, and Cogenerator Facilities,‘* Journal of Resource Management & Technology, vol. 17, No. 2, April 1989,
pp. 124-130; 1.Vv. Walters et d., “Elevated, Concrete Buildings for Long-Term Management of Hazardous Wastes,” Environmental Progress, vol. 7,

No. 4, November 1988, pp. 224-229.

4Design Criteria Task Force, Design Criteria for Above Grade Land Emplacement Facility, report prepared for the New Jersey Hazardous Waste

Facility Siting Commission, November 1989.

47B W. Plasecki and D-W. Ditz, American Hazardous Control Group, Above Ground Land Emplacements for pretreated Hazardous Waste: The
European Expen-ence, submitted to the New Jersey Hazardous Waste Facility Siting Commission, contract No. 491 O-1 00-237030-50-NM-758; project

activity No. 758, May 1987.

“48susan Boyle, Executive Director, New Jersey Hazardous \Waste Facility Siting Commis sjon, personal communication, July 3, 1991.
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Technology and Cost Summary

The foregoing analysis by the Office of Technol-
ogy Assessment (OTA) has covered two fundamen-
tal categories of dioxin treatment technologies-
thermal and nonthermal. In addition to these, how-
ever, OTA has also considered other approaches
such as stabilization or storage (where the technique
is aimed at preventing migration rather than destroy-
ing the contaminants) and technologies that combine
two or more techniques. The following summarizes
the overall conclusions concerning each technology,
based on OTA's technical analyses.

THERMAL TREATMENT
TECHNOLOGIES

Several incineration techniques have been devel-
oped in the last decade for treating dioxin-contami-
nated soil and debris. They include rotary kiln
incineration, liquid injection incineration, fluidized
bed/circulating fluidized bed, high-temperature fluid
wall destruction (advanced electric reactor), infrared
destruction, plasma arc pyrolysis, supercritical water
oxidation, and in situ vitrification."Of these, only
rotary kiln incineration has been fully demonstrated,
is commercially available, and is permitted for
cleaning up dioxin in soil such as that found at Times
Beach, Missouri. This technology has the ability to
treat containerized and noncontainerized solid and
liquid wastes, individually or simultaneously. It has
been used in at least three successful dioxin cleanup
projects and appears to be able to perform in other
situations (e.g., Times Beach) within current regula-
tory requirements.

Rotary kiln incinerators are divided into two types
based on their specific design features: 1) land based
(or stationary) and 2) mobile (or transportable). In
addition to the obvious difference between the two
types, mobile incinerators have been specifically
designed with features to meet special requirements
for dioxin treatment, whereas the stationary inciner-
ators have not.

Commercially available mobile incineration fa-
cilities have participated in cleanup of various

dioxin-contaminated sites. One firm offers three
mobile incineration units capable of treating dioxin-
contaminated soil at a maximum estimated rate of
5 tons per hour’with setup times of 24 hours and
decontamination/demobilization times of about 72
hours. These systems have been successfully em-
ployed to treat dioxin contamination at the American
Cross Arms Site (Chehalis, Washington); Fort A.P.
Hill (Bowling Green, Virginia); Rocky Boy Post &
Pole Site (Rocky Boy, Montana); and Black Feet
Post & Pole Site (Browning, Montana). Another
firm also has three mobile incinerators, two of which
are operating on related cleanup work.

Today, there are four land-based rotary kiln
incinerator units operating in the United States with
the potential to treat dioxin-contaminated materials.
Thus far, however, they have been permitted to treat
only polychlorinated biphenyls (PCBs) under the
authority of the Toxic Substances Control Act
(TSCA). None of these facilities has treated dioxins
because of the lack of appropriate operating permits
under the Resource Conservation and Recovery Act

(RCRA),

In addition to the above developed or operating
technologies for thermal treatment of dioxins, sev-
eral other options are in various stages of develop-
ment. None of these, however, are available com-
mercially as full-scale, tested systems.

Liquid incineration (L1) technology is em-
ployed in many industrial and manufacturing sectors
for treatment of hazardous organic and inorganic
waste. Regardless of their design (vertical LI units
are preferred for treating waste that generates
extensive ash; horizontal LI units are generally used
for low ash-generating waste), LI incinerators are
applicable only to combustible liquid wastes and
thin slurries. To date, the only documented use of LI
technology for dioxin destruction involves Environ-
mental Protection Agency (EPA) -sponsored tests
aboard the ocean incinerator M/T Vulcanus in 1977.
Of the operating LI incinerator facilities in the
United States today, only three have been shown to
meet the criteria required to treat dioxin; however,

1Although in situ vitrification is traditionally regarded as a solidification/stabilization technology, for the purpose of this paper it was included waler

thermal treatment technol ogies because of the high temperature required.

2Patrick Phillips, Executive Vice-president, VVesta Technologies, L td., personal communication, Mar. 25, 1991.
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their operators have yet to apply for permits that
would allow them to incinerate dioxin-contaminated
liquid waste.

Traditionally, fluidized-bed combustion incin-
eration (FBC) has been used for treatment of waste
and sludge generated by municipal wastewater
treatment plants, oil refineries, pulp and paper mills,
and pharmaceutical plants. Of the approximately 25
FBC facilities built in the traditional design, only a
few are employed today for treating hazardous
waste. None of these facilities is permitted to treat
dioxins.

Process modifications recently developed by two
different firms have given FBC technology the
capability of treating dioxin-contaminated materi-
als. One firm, for example, modified the system to
use a granular bed composed of a mixture of
combustion catalyst and limestone rather than sand.
This system has been tested successfully with
dioxins; developers, however, plan to request a
permit that would allow the application of the FBC
unit now available only to PCB-bearing waste.

A second modification of FBC technology in-
volves the use of a high-velocity air flow to suspend
bed particles and attain more effective thermal
treatment. The particle bed in this system is made up
of the waste to be treated. Pilot-scale testing has
demonstrated the ability of this modified FBC unit,
known as the circulating-bed combustion inciner-
ator, to meet the performance criteria required for
successful dioxin destruction. Developers of the
circulating-bed combustion facility are currently
permitted to burn PCB-bearing waste; and even
though two additional units are under construction,
no plans exist at this time for requesting a permit to
burn dioxins.

High-temperature fluid wall destruction ad-
vanced electric reactor (AER) technology consists
of a porous tube or reactor enclosed in a hollow
cylinder through which heat is radiated for waste
treatment. Although originally designed by Thagard
Research (California), the AER technology is known
as the Huber Process because of proprietary modifi-
cations incorporated into the original design by J.M.
Huber Corp. (Texas). Two of the most relevant
advantages of AER with respect to dioxin treatment
are: 1) the destruction of dioxins is accomplished by

pyrolysis rather than oxidation as in most thermal
treatment; and 2) the absence of oxygen and low
gasflow rates allow for longer residence times, thus
reducing the production of toxic off-gases.

The only two AER reactors available today, one
stationary and one transportable, have proved suc-
cessful in treating dioxin-contaminated materials,
including soil at Times Beach. The developer
obtained a permit to use its stationary AER unit for
dioxin treatment in 1986. The firm, however, has not
applied this technology since 1987, opting instead to
invest in other treatment processes with greater
market potential. This decision, a company official
points out, would not have been made if a program
to aid R&D of dioxin treatment technologies had
been available.

Infrared radiation incineration was developed
by Shirco Infrared Systems, Inc. (Dallas, Texas).
The process involves exposing dioxin-contaminated
materials to electrically heated silicon carbide ele-
ments, followed by the treatment of off-gases and
the removal of ashes. A transportable pilot-scale unit
was tested at Times Beach for the treatment of
dioxin-contaminated soil in 1985. Test results
showed that the Shirco system was able to treat
dioxin-containing soil to levels exceeding those
established by EPA for thermal treatment. Consider-
ably larger treatment units (100 tons per day) have
also been tested with varying degrees of success at
several contaminated sites.’Most of the success
associated with infrared incineration comes from
Europe, particularly Germany, and there are no
permitted facilities operating in the United States.

Plasma arc pyrolysis (PAP) incineration works
much the same as incineration at high temperature
by exposing the waste to a thermal plasma field.
Bench-scale units developed thus far can process
nearly 10 pounds per minute of contaminated solids
or 55 gallons per hour of centaminated liquid waste.
PAP technology is applicable only to liquid waste
and contaminated soil or sludge with viscosity,
similar to or lesser than 30- to 40-weight motor oil.
Only one firm offers this technology today. Al-
though the process has not been tested specifically
with dioxins, certain wastes containing PCB diox-
ins, furans, and other chlorinated contaminants have
been successfully treated to part-per-trillion levels

3Although the testing of a full-scale unit at Peak Oil Site (Florida) and a pilot-scale unit at Township-Demode Road (Michigan) Was successful, results
of an EPA-funded field demonstration test of a full-scale unit were discouraging.



Chapter 5-Technology and Cost Summary « 61

on bench-scale tests. Although promising for the
treatment of liquid waste contaminated with dioxins,
the real applicability of PAP to dioxin-containing
waste is still questionable because additional re-
search on a much larger scale is required.

Supercritical water oxidation (SCWO) technol-
ogy is based on the oxidizing effect of water on
organic compounds (which become extremely solu-
ble) and inorganic substances (which become spar-
ingly soluble) at high temperature (350 to 450 ‘C)
and pressure (more than 218 atmospheres). A major
limitation of SCWO is its ability to treat only
dioxin-contamin ated liquid waste or slurries/sludges
with small-sized particles. One possibility suggested
by developers to address dioxins in soil is to grind
and pulverize the soils and make them into a slurry
that can then be treated by the SCWO process. This
practice, however, needs to be successfully demon-
strated in larger units. Laboratory- and bench-scale
test results from liquid waste contaminated with
dioxins have met the criteria required for dioxin
treatment. Development plans for commercializing
SCWO technology began in 1989; today, its vendor
offers two engineering packages for small (5,000
gallons per day) and medium-sized plants (20,000
gallons per day).

In situ vitrification (ISV) units now exist on a
variety of scales: bench, engineering, pilot, and
large. ISV has been tested in the United States and
Canada on various soil types, some of which contain
dioxins. In bench-scale tests, ISV has been able to
treat dioxin-contaminated soil to levels exceeding
EPA’s performance requirement (99.9999 destruc-
tion and removal efficiency (DRE)). Additional
research is required, particularly on pilot and large
scales, for gathering the data needed to further
understand this technology and fully demonstrate its
effectiveness in treating dioxin-contaminated ma-
terials. Support by the U.S. Department of Energy
and the EPA have been essential to the development
of this technology.

NONTHERMAL TREATMENT
TECHNOLOGIES

The study and application of dechlorination
dates back more than 70 years when it was first used
for the commercial production of phenols. Only
recently have scientists begun to look at dechlorina-

tion as a viable technology for treating dioxin-
contaminated materials. Five of the dechlorination
methods developed thus far are highly promising for
dioxin destruction: KPEG*, APEG-PLUS, base-
catalyzed decomposition, thermal resorption/UV
destruction, and thermal gas-phase reductive dechlori-
nation, which combine dechlorination and inciner-
ation.

Pilot-scale tests with KPEG and APEG-PLUS
have shown, with a certain degree of success, the
ability of these processes to attain the cleanup levels
required for dioxin-contaminated soil. Still, ‘most
pilot-scale applications of the KPEG technique have
involved remediation of PCB-contaminated sites.
The APEG-PLUS system, on the other hand, is
currently available through full-scale mobile units
capable of treating 40 tons of contaminated soil
daily; several additional units are being constructed.
Despite these developments, both KPEG and APEG-
PLUS dechlorination treatment technologies have
yet to be fully demonstrated for remediating dioxin-
contaminated sites.

Base-catalyzed decomposition (BCD), is a dechlori-
nation process developed by EPA’'s Risk Reduction
Engineering Laboratory as an alternative to KPEG
and APEG-PLUS. The BCD process seems promis-
ing, not only in terms of dioxin destruction but also
in terms of cost-effectiveness, because the costs of
the reagents required are minimal compared to those
of most dechlorination techniques. Early results
from laboratory tests on dioxin-containing chlorin-
ated materials indicate that BCD is a promising
technology for the cleanup of dioxin-contaminated
sites. Field demonstration tests are currently under-
way.

Thermal gas-phase reductive dechlorination
was designed as a thermochemical reduction tech-
nology to treat a variety of contaminated matrices
including harbor sediment, landfill leachate, and
lagoon sludge. A full-scale reactor capable of
treating 15 to 20 tons per day is now available, and
a 50-ton-capacity unit is planned for 1992. Thus far,
bench scale and laboratory-scale tests with various
chlorinated compounds have been successful. Pre-
liminary results from field tests in Canada also
demonstrate the effectiveness of this technology in
treating contaminated harbor sediments. Some con-
sider this technology highly promising because of its

4Potassium Polyethylene Glicolate.
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ability to chemically/thermally treat soil, liquid, and
more importantly, sediment and sludge, which are
considered by many to be the largest sources of
dioxin contamination in the United States. At
present, however, relatively few data to support this
claim exist.

The thermal desorption/UV destruction (pho-
tolysis) process involves the use of heat to remove
the dioxin from soil particles into a solvent solution
for treatment. Once in the solvent, dioxin is exposed
to ultra violet radiation and decomposed. In spite of
its wide range of other uses, this technology has only
been tested on a few military sites with dioxin-
contaminated soils. Additional field testing and
development is required before this technology
could be selected for full-scale cleanup of dioxin-
contaminated soils.

Bioremediation continues to be a promising
technology over the long term for cleaning up
dioxin-contamin ated sites. However, because of the
limited research to date, most experts think that
considerable work is required before bioremediation
techniques can be applied successfully. A number of
technical obstacles continue to limit the application
of bioremediation: 1) only very specialized biologi-
cal systems may be effective against the high
toxicity, low volubility, and high absorptivity of
dioxin; 2) a very stringent cleanup standard must be
met; and 3) it may be difficult to find a microorgan-
ism that can effectively deactivate dioxins under the
different conditions present at existing dioxin-
contaminated sites. Experts still believe that these
obstacles will be overcome by future achievements
in biochemistry, the development of genetically
engineered microorganisms, and increased knowl-
edge of the chemistry of dioxin surrogates. Right
now, bioremediation is regarded as an attractive
possibility for cleaning up dioxin-contaminated soil,
but its real applicability and effectiveness is un-
known.

Soil washing is also considered an attractive
approach because it can be employed to extract
dioxin from soil and other contaminated materials
for subsequent treatment by other technologies.
Despite its recent introduction to the remediation
field, at least two firms already offer soil washing
techniques for the treatment of soils contaminated

with organics, heavy metals, and even radionuclides.
Soil washing promises to make remediation more
cost-effective because its application would result in
the need to chemically or thermally treat smaller
volumes of contaminated materials. Unfortunately,
data on the efficacy of this technique on dioxin-
contaminated soil are scarce; and no full-scale soil
washing system is currently available in the United
States on a commercial basis for dioxin treatment.

Solidification and stabilization (S/S) techniques
have been employed in the United States for more
than two decades to treat certain liquid industrial
chemical wastes. Earlier S/S techniques consisted of
mixing two or more products (e.g., cement, lime,
kiln dust, asphalt) to limit the volubility or mobility
of contaminants in the medium, sometimes irrespec-
tive of the level of chemical reaction achieved. More
recently, the application of S/S techniques has been
expanded to include treatment of contaminated soil
and incineration residues. Today, researchers are
focusing on developing proprietary additives to
increase the strength of the mixture; enhance the
interaction between cement particles and contami-
nants; and alter the chemical structure of the
contaminants.

Selection of S/S processes as the remediation
treatment has occurred at several Superfund sites
contaminated with organic waste and heavy metals.
SIS techniques are commonly employed for stabili-
zation of residues that result from the treatment of
dioxin-contamin ated waste. Little information is
available on the actual effectiveness of S/S technol-
ogy for dioxin-contaminated material. In addition,
none of the processes now available are considered
by EPA to be an “alternative disposal method to
incineration. If current research efforts continue,
however, the future of S/S treatment may be more
promising.

COST ESTIMATES OF DIOXIN
TREATMENT

Developing reliable cost estimates for comparing
technologies to treat dioxin-contaminated materials
is difficult. Cleanup technology experts point out the
following reasons for this: the limited number of
proven technologies now available; the limited

5U.S. Environmental Protection Agency, office of Research and Development, Risk Reduction Engineering Laboratory, International Waste
Technolgies/Geo-Con | n Situ Stabilization/Solidi ification—Applications Analysis Report, a Superfund | nnovative Technology Evaluation (S| TE) report,

EPA/540/A5-89/004 (Cincinnati, OH: August 1990), p. 20.
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number of applications to date; the varying nature of
contaminated materials and sites; and the different
types of dioxins/furans found in these materials.

Experts also argue that in addition to operational
factors, cost estimation of thermal and nonthermal
technologies may be further complicated by the
various regulatory (permitting) and technical factors
that must be considered during site remediation. The
most relevant examples of operational conditions
that make cost estimation of thermal technologies
difficult include the following:

1. throughput of the incineration system;

2. handling capacity required (the lower the
handling capacity, the lower the labor costs);

3. term or duration of cleanup (the longer the
term, the higher the cost);

4. caloric and moisture contents of the material to
be treated, because these characteristics deter-
mine how much waste can be treated per day
(the higher the heat and moisture contents, the
higher the costs);

5. degree of contamination present in the waste,
coupled with level of cleanup required (highly
halogenated wastes are more costly because
they are difficult to treat and require additional
treatment and pollution control equipment);

6. costs incurred from purchasing electric power,
fuel, oxygen, or reagents that are essential for
operating the chosen technology; and

7. interruption of operations due to equipment
malfunctioning, inclement weather, or lack of
appropriate personnel.

Another important factor affecting dioxin inciner-
ation costs is the amount of reagent required to treat
off-gases and residues resulting from the combus-
tion of dioxin-contaminated materials. Costs in-
curred from improving incineration processes,’
developing engineering designs for cleanup, trans-
porting and setting up the equipment at a given
location, and obtaining the necessary operating

permits also make cost estimation of thermal tech-
nologies difficult.” Treatment depth (the deeper, the
less costly because more soil can be treated) also
affects the treatment costs for in situ vitrification.’

Although cost estimates are available for some of
the thermal technologies examined in this paper,
limited application of the technologies continues to
hamper the development of more accurate cost
figures. For example, the operating and maintenance
costs of mobile rotary kiln incinerators, on the
average, range from $400 to $600 per ton of
dioxin-contaminated Soil.” This range, however,
does not include costs incurred in transporting and
setting up equipment, excavating soil, and disposing
of treated material and residue. After these costs
have been factored in, the total cost of mobile
incineration could reach $1,500 per ton or more. No
treatment costs exist for land-based rotary kiln
incinerators because no stationary kiln has yet been
permitted to incinerate dioxins.

The lack of meaningful and reliable cost estimates
for rotary kiln incineration is also typical of most
other thermal treatment technologies. In liquid
injection incineration, for example, EPA reported in
1986 that treatment costs ranged from $200 per ton
for halogenated solvents to $500 per ton for PCB-
containing oils; the cost for dioxin-contaminated
material was expected to be similar to that of
PCBs.” More recent estimates, however, seem to
indicate that the cost of treating dioxin-contami-
nated liquid waste could now exceed $1,500 per
ton.”

The search for reliable, up-to-date dioxin treat-
ment cost estimates for the remaining thermal
technologies addressed in this paper yielded even
more discouraging results. For instance, in the
different applications of fluidized-bed incineration
technology conducted to date, cost figures were
available only for the treatment of chlorinated
sludge and PCB-contaminated soil ($27 to $60 and

SENSCO, for example, reported that improving the handiing and particle removal capability of its mobile incinerators resulteia higher treatment

Costs.

74.S. Environmental Protection Agency, Hazardous Waste Engineering Research Laboratory, Treatment Technologies for Dioxin-Containing

Wastes, EPA/600/2-86/096 (Cincinnati, OH: USEPA, October 1986), p. 4.1.

8Geosafe Corp., “Application and Evaluation Considerations for In SituVitrification Technology: A Treatment Process for Destruction and/or
Permanent |mmobilization of Hazardous Materials,” April 1989, pp. 13,28-29.

9Phillips, op. cit., footnote 2.
10U S. Environmental Protection Agency, op. cit., footnote 7, p. 4.38.

1paul E. desRosiers, Chairman, Dioxin Disposal Advisory Group, U.S. Environmental Protection Agency, personal communication, June 10,1991
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$100 to $300 per ton, respectively”). Treatment
costs of $365 to $565 per ton"were suggested for
advanced electric reactor technology even though
it has not been used since 1987. Preliminary
estimates of treatment costs using infrared inciner-
ation technology are roughly $200 per ton of treated
waste. “ Relatively lower estimates ($60 to $225 per
ton”) were estimated for supercritical water oxi-
dation soil treatment; however, these calculations
were made on the basis of bench-scale units. Finaly,
cost data for in situ vitrification of soil contami-
nated with dioxins do not exist at this time."

The conditions that most commonly determine
soil remediation costs for nonthermal treatment
methods, such as chemical dechlorination, include:

1. the level of cleanup required;

2. the organic carbon content, moisture content,
and particle size distribution of the soil;

3. the chemical forms (isomers) of chlorinated
compounds present in the soil;

4. the temperature and duration of the chemical

reaction;

the type of reagent formulation used; and

6. the length of time during which contaminated
soil is exposed to the reagents.

o

These factors, as well as the recyclability of reagents
and the cleanup level required, greatly affect total
remediation costs.”

Of the dechlorination methods addressed, only the
KPEG and APEG-PLUS processes seems to offer
cost information, although with the same degree of
uncertainty as thermal technologies.

Based on hypothetical scenarios developed by
Galson Remediation Corp. and EPA, KPEG treat-
ment costs are estimated to range from $91 in batch
systems to about $300 for in situ applications.
More recently, based on the dechlorination of
PCB-contaminated soil at the Wide Beach Super-
fund site, New York, Canonie Environmental offi-
cials suggested that treatment costs for dioxin-
contaminated soil may range from $250 to $350 per
ton.*

According to existing data, the processing costs of
PCB-contamin ated soil using APEG-PLUS have
been estimated to be about $800 per ton. Based on
the similarities between PCB and dioxins, experts
suggest that the costs of APEG-PLUS treatment of
dioxins may be somewhat higher.

Developers of base-catalyzed decomposition
claim that dioxin treatment costs for this technology
will be lower than those of alcohol-based dechlori-
nation processes (KPEG, APEG-PLUS) because
this technology employs cheaper reagents and elimi-
nates the need to use costly polyethylene glycol as
a component. The developer has estimated that the
application of base-catalyzed decomposition to dioxin-
contaminated soil would cost about $245 per ton.”

Developers of thermal gas-phase reductive
dechlorination claim that operating costs associated
with this technology will be three to five times
cheaper than incineration. If proven, such processing
costs for dioxin-contaminated soil or sediment could
range between $350 and $500 per ton. No post-
treatment and transportation costs need to be added

12,8, Environmental protection Agency, op. cit., footnote 7, p. 4.51; Brenda M. Anderson and Robert G. Wilbourn, Ogden Environmental Services,

“ Contaminated Soil Remediation by Circulating Bed Combustion: Demonstration Test Results,” November 1989, p. 7; Sharin Sexton, Ogden
Environmental Services, Inc., San Diego, CA, persona communication, Jan. 25, 1991.

135im BoOyd, .M. Huber Corp., Huber, TX, personal communication, Jan. 25,1991.

14y S, Environmental Protection Agency, op. Cit., footnote 7, p. 4.64.

15Brian G. Evans, P.E., Development Manager, ABB Lummus Crest, Inc., personal communication, Apr. 2, 1991; Terry B. Thomason et d., *‘The

MODAR Supercritical Water Oxidation Process,” paper submitted for publication to Innovative Hazardous Waste Treatment Technology Series, Nov.
3,1988, p. 22. This paper was found in MODAR, Inc., MODAR Information, an undated company report.

16Geosafe Corp., op. cit., footnote 8, pp. 13,28-29.

1Paul E. des ROSI€rS, «“Chemical Detoxification of Dioxin-Contaminated Wastes Using Potassium Polyethylene Glycolate,” Chemosphere, vol. 18,
No. 1-6, 1989, p. 351; and U.S. Environmental Protection Agency, op. cit., footnote 1, p, 5.12.

18,5, Environmental protection Agency, op. cit., footnote 7, pp. 5.12-5.13.
19Alister Montgomery, Canonie Environmental me., personal communication, Mar. 20, 1991.
2Charles Rogers, US- Environmental Protection Agency, Risk Reduction Engineering Laboratory, personal communication, Dec. 17, 1990.
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because no contaminated residues remain after
processing.”

In addition to conditions affecting soil remedia-
tion costs for the chemical dechlorination methods
described earlier, treatment costs for bioremedia-
tion methods are also affected by the nature (high
acute toxicity, low volubility) and distribution (gen-
erally very low concentrations) of dioxins in soils.
At present, no cost data are available for bioremedi-
ation of dioxin-centaminated soil. One significant
reason for this is that no field testing has been
conducted to date; treatment of chlorinated dibenzo-
p-dioxins was demonstrated only on a bench scale in

1985.

At present, no cost data are available for dioxin
treatment by soil washing. The relatively recent
introduction of soil washing techniques to the
hazardous waste remediation field is the primary
reason for the unavailability of cost estimates, as
well as for the lack of information on the perform-
ance of this technology on a large scale. Developing

such information may take some time because the
processes now available have yet to be considered
for evaluation at a dioxin-contaminated site.

Developing cost estimates for solidification/
stabilization technologies has thus far been ex-
tremely difficult because their application has been
limited to a few laboratory studies or sites. The few
data available on dioxin treatment also make cost
comparisons between batch processes (which re-
quire excavation, treatment, and redisposal of soil)
and in situ processes difficult. For instance, a study
conducted in 1987 identified and evaluated” the
potential applicability and costs of several S/S
technologies at three dioxin-contaminated sites in
eastern Missouri;”however, additional in-depth
studies on their long-term performance were sug-
gested.” Although not specifically developed for
treatment of dioxin or its residues, costs for the
application of certain S/S methods are projected to
range somewhere between $110 and $200 per ton of
soil.

21p. 3, Hallett and K.R. Campbell, “Therma Gas-Phase Reduction of Organic Hazardous Wastes in Aqueous Matrices,” U.S. Environmental
Protection Agency Abstract Proceedings: Second Forum on Innovative Hazardous Waste Treatment Technologies: Domestic and International—Philadelphia,
PA, May 15-17, 1990, Superfund EPA/500/2-90/009; D.J. Hallett and K.R. Campbell, “Demonstration Testing of a Thermal Gas Phase Reduction
Process,” U.S. Environmental Protection Agency, proceedings of the Third Forum on Innovative Hazardous Waste Treatment Technologies: Domestic

and International, June 11-13, 1991, Dallas, TX, in press.

2Treatment cons estimated during this study ranged from $5 to $10 per cubic meter for emulsified asphalt to $11 to $13 per cubic meter for Portland

cement.

Z3paul E. des Rosiers, *‘ Evaluation of Technology for Wastes and Soils Contaminated With Dioxins, Furans, and Related Substances,’ Journal of

Hazardous Materials, vol. 14, No. 1, 1987, pp. 121-122.



Appendix A

Summary of the Cleanup at Times Beach

Thereare 27 contaminated residential and farming
areas in eastern Missouri, of which Times Beach is the
largest. At all sites, including Times Beach, the cleanup
process selected consists of the removal of contaminated
soil to a thermal treatment facility at Times Beach.
Removal of contaminated soil has already been accom-
plished at sites (excluding Times Beach) posing the
highest health risks. Removal operations consisted of
digging, bagging’, and storing the dioxin-contaminated
soil in nearby steel-sided storage structures. The Missouri
Department of Natural Resour ces (MDNR) established a
monitoring program to inspect these stor age ar eas period-
ically.

Contaminated soil still remains in place at Times
Beach. In 1983, the Environmental Protection Agency
(EPA) and MDNR purchased Times Beach and perma-
nently relocated itsresidents because of: 1) the unavaila-
bility of demonstrated technologies to clean up the
contaminated soilswhen the Centersfor Disease Control
recommended the evaluation of residents health; and 2)
the uncertainty about how long Times Beach residents
would have to be temporarily relocated. The title to the
land now held by a trustee of the State of Missouri will be
transferred to the State once all land has been purchased.

The decision to employ incineration as a remedial
technology stipulated in EPA’s Record of Decision of
September 1988 is based on the Agency’s Feasibility
Study.’In response to the limited knowledge available on
incineration (no facilities in the United States were
permitted to incinerate dioxin), EPA carried out a research
project at Denney Farm in southwest Missouri (see ch. 2).
The mobile, rotary kiln incinerator facility used for the
test was successful in destroying the dioxin-contaminated
liquids and soils taken from 8 of the 48 dioxin-contam-
inated sites identified in the State. EPA now requires that
incineration of dioxin-containing soil at Times Beach be
consistent with the engineering and performance parame-
tersand emission levels obtained at Denney Farm (at least
99.9999 percent 2,3,7,8-tetrachlor odibenzo-p-dioxin de-
struction and removal efficiency (DRE)).

The MDNR has also been an active participant in the
cleanup process by providing opportunities for the
proponents of alternative dioxin treatment methods to

demonstrate the effectiveness of their techniques. Among
the technologies reviewed wer e bioremediation, reactive
dechlorination, shipment of soil out of State (this option
was found to cost at least $22 million more than
incineration), and rotary kiln incineration under two
scenarios (treatment at a central area or at five different
locations). Only incineration was found to be suitable.
After evaluating incineration treatment at five different
locations, MDNR concluded that such an option would:

1. cost nearly $40 million morethan incineration at a
central location,

2. requirelarge open areasfor siting the incinerator (a
requirement impossible to satisfy at many small
dioxin-contaminated sites), and

3. probably expose alarger portion of the population
to dioxin.

As a result of these findings, MDNR supported the EPA
decision to locate the incinerator at Tim&-Beach, as long
as it was a nonpermanent facility used to treat only
dioxin-contaminated soil from the State of Missouri.

On July 20, 1990, as a result of a lawsuit filed against
it by EPA and the State of Missouri, Syntex Agribusiness
Inc. signed a Consent Order with EPA and two State
agencies, the Attorney General’s Office and the Depart-
ment of Natural Resources.’In the agreement approved
by the Court, Syntex Agribusiness Inc. is a responsible
party for the Times Beach cleanup because it owned the
Verona, Missouri, chemical manufacturing plant from
which the dioxin-contaminated oilsused at Times Beach
originated. Under the signed agreement, Syntex Agribusi-
nessisresponsible for paying and carrying out the cleanup
(soil excavation, incineration) at Times Beach aswell for
incineration of the dioxin-contaminated soil from 26 other
Eastern Missouri sites. EPA isresponsible for over seeing
and financing the excavation and transport of soil from
these sites, 23 of which are located within a 30-mile-
radius of Times Beach. Upon satisfactory treatment, the
nonhazardousresidues or ash will be buried at the site and
covered with topsoil. Although the incinerator is expected
to bein operation at the site for 3to 5 years, 7 to 10 years
will be required for the Times Beach site to be considered
adequate for public recreational use. Construction of

1Sils Were poured into 1.3 cubic yard double-ply, woven, polypropylene sacks (called *‘Supersacks”’) o'bags.
2(.S. Environmental Protection Agency, Office of Emergency and Remedial Response, Superfund Record of Decision: Times Beach, MO,

EPA/ROD/R07-88/015 (Washington, DC: September 1988).

3A standard TOI the thermal treatment Of all highly t0XiC COMpOUNdS regulated under the Resource Conservation and Recovery Act.
4United States V. Bliss €t al., Civil Action No. 84-200 C (i), et al. ®.D. Mo.), consent decree entered July 20,1990,
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houses, however, isnot practical because Times Beach is
located in a floodplain.’

Of the $118 million estimated for the Times Beach
cleanup, Syntex Agribusinessis expected to pay about
$100 million and the State of Missouri nearly $1 million.
The remaining $17 million will be provided by EPA.’°
Before incinerating any dioxin-contaminated soil, how-
ever, Syntex will have to apply for an operating permit
under the Resource Conservation and Recovery Act to
handle the waste and operate the incinerator. The permit
will be administered by the State and is expected to: 1)
limit operations to 5 years, 2) limit waste to dioxin-
contaminated soil, and 3) prohibit the incineration of
out-of-State waste. To operate the incinerator, Syntex
Agribusinessis also required to obtain two additional
permits: an Air Pollution Control permit from the St.

Louis County Health Department for the control of
incinerator emissions and a National Pollutant Discharge
Elimination System per mit from the Department of
Natural Resources for the control of wastewater dis-
charges.’

At present, Syntex Agribusiness is inviting companies
with incineration technology capability (e.g., rotary Kiln,
circulating bed combustion) to submit contract proposals.
Thus far, public opposition to incineration has centered on
plans that cal for shipping dioxin-contaminated soil from
26 other contaminated areas to Times Beach for inciner-
ation. One of the reasons for opposing incineration
appears to be that once the incinerator facility is installed,
the public fears it will attract further transport of
dioxin-contaminated soils to Times Beach.

SMissouri Department of Natural RESOUICes, “Restoring Times Beach: Questions and Answers About Eastern Missouri Dioxin Cleanup,” undated;
Linda James, Missouri Department of Natural Resources, personal communication% Dec. 5, 1990 and Sept. 12, 1991.

6Ibid.
TMissouri Department of Natural Resources, op. cit., footnote 5.



