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Once this fluid gels in the rock or soil voids, it greatly reduces the
permeability and increases the mechanical strength of the grouted mass.
Grouting is rarely used when ground water has to be controlled in soil or
loose overburden. The most common use of curtain grouting is to seal voids
in porous or fractured rock where other methods of ground water control are
impractical. The injection process itself involves drilling holes to the
desired depth and injecting the grout with the use of special equipment.
Ideally, the grout injected in adjacent holes should fuse between them. If
this process is done properly, a continuous, barrier (curtain) will be
formed.

2.3 Horizontal Barriers ‘fié
4

e
A liner can serve as a technology which deters%ihe movement of the
chemicals in the soil into the’ground water. Liners are installed after
excavating the impacted soil. A three foot layer of recompacted clay, with
a hydraulic conductivity of no more'than 1 x 1077 cm/sec is placed at the
bottom of the excavation. The clay may then be covered by a flexible
membrane liner (FML) Nhfch prevents migration of constituents into the clay

liner.
ﬁ,.-,‘;%,%_

A leach;%efzol1ection system consisting of a pipe network is installed both
above and below the FML. The collection systems serve both as warning
devices indicating a possible hole in the membrane and as a collection
system which reduces the hydrostatic pressure on the FML caused by
infiltrated surface water.

.3. m ling by Groutin

Bottom sealing by grouting is a direct technique for installing a barrier
to downward leachate migration. Grout is injected in the soil to form a
bottom underneath the contaminants. The grout is injected horizontally
from jets at the bottom of a pipe, which is inserted with a pneumatic
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hammer. A grid of injected grout forms a contiguous bottom seal. Grout
materials are typically silicate or Portland cement.

2.4 Surface Controls

2.4.1 Diversion/Collection

Diversion/collection systems are drainage ditches or trenches used to
intercept overland flow or shallow ground water flow and control surface
discharge. Ground water impacts may also be minimized by such measures.
Ditches usually run around the perimeter of a site and may complement
ground water or surface water control techniques by collectgﬂﬁswater from
subsurface drains or off caps. They may be lined with a clayibr a
synthetic membrane to prevent infiltration or with stone to prevent
erosion. A7

o l,;’."
t@?" %

2.4.2 Grading

E 'i 0_.,
Grading is the general term for thé process of reshaping the surface of the
ground to control surnfice water runoff and infiltration, as well as to

minimize erosion and Qéﬁbare the site for revegetation or sealing of the
surface. The three basic steps in the process are hauling, spreading, and
compactﬁ§§%§ The latter two steps are routinely practiced at sanitary
landfills%" The equipment and methods used in grading are essentially the
same for all surfaces, but applications of grading technology will vary on
a site-specific basis. Grading is often performed in conjunction with
surface sealing practices and revegetation as part of an integrated plan
for the closure of a landfill.

u ntrol
5. Revegetation

Revegetation decreases wind and water erosion, contributes to the develop-
ment of a naturally fertile and stable surface, and reduces infiltration by
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enhancing evapotranspiration (ie, increased loss of soil moisture).
Reestablishing a vegetative cover may stabilize the surface of hazardous
waste disposal sites, especially when preceded by surface sealing and
grading. Short-term vegetative stabilization (ie, on a semiannual or
seasonal basis) can be used during ongoing remedial actions.

5. Cappin

Soil without additional media to cover it has the potential to lose
moisture and result in uncontrolled dust. Capping a site with a material
such as asphalt, concrete, or gravel would reduce the rate of evaporation
and reduce the possibility of dust containing chemical resiq¥§s from

endangering human health and the environment. %
.5.3 Dust Suppressant &8
X
}0

Control of fugitive dust, which may be impacted by chemical constituents
from the site, could be achieved by {gp application of dust suppressants.
This technology consists of the suéface application of a liquid such as
water or oil in affected areas that are not covered with vegetation. The
technology is w1de1y used to control dust at construction projects and on
gravel roads. The effect1veness of each liquid application generally is of
re]at1veiy “short duration. Dust suppressants must be periodically
reapp11ed¢€or long-term control.

!
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3.0 REMOVAL OPTIONS
Four technology types have been considered which may be capable of removing
the constituents from the impacted site media. The technology types
include the following: ground water collection/extraction, soil excava-
tion, bulk sludge removal, and structures demolition.

3. Ground Water Coll jon/Extraction

3.1.1 Recovery Wells

%

Ground water extraction involves the pumping of ground water f%cm strategi-
cally located recovery wells. The placement of recovery wells will be
dictated by the objectives of the extraction sgf;em. Such objectives can
include the following: :%;

1. Extraction of chemica1-bé§}&§g ground water for purposes of
remediation; w

o

J}ﬁrau]ic containment of chemical-bearing ground water plumes.

Ground water extraction can also be combined with other technologies to
accomplish ground water remediation.

The effectiveness of this technology depends upon hydrogeologic conditions
at the site. To be effective, the capture areas or areas of influence
(depending on the specific purpose of the pumping) created by the recovery
wells must intercept the chemical-bearing ground water in all affected
aquifer zones. The technology has a proven performance history and uses a
series of interceptor wells and pumps whose limitations and operating
characteristics can be readily defined.

Canonielrvironmental
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3 1. nterceptor Trenches

A ground water extraction trench containing a collector pipe and gravel
backfill material acts like a continuous line of closely spaced extraction
wells. The extraction trench or trenches can be used to contain the ground
water carrying chemical residues. The ground water can be pumped from the
trench for treatment and disposal or reinjection.

Criteria to be used in the design of an extraction trench may include the
slope of the ground surface, depth of the trench, depth to the water table,
the desired depth of drawdown, and the horizontal area to be affected.
Interceptor trenches are often lined with a geotextile fabrigsto filter the
fine, suspended soils from the ground water. The downgradién~}face of an
interceptor trench may be lined with a synthetic membrane to reduce further

migration. SR
»}A
o

%o

&

3.2 Soil Excavation

oy,
Ty
3.2.1 Partial Soil Excavation 3

M
Partial soil excavat1on ‘would involve the excavation of only those soils
containing high concentrat1ons of chemicals that are readily accessible to
excavatxdﬁ: Soil would be excavated around the building and other
structurg; ‘on-site. Partial excavation would make the soils accessible for
subsequent treatment or removal from the site. The limits of partial soil
excavation may be selected to provide a specific reduction in the potential
risks associated with dermal contact or ingestion of residuals, or may be
related to anticipated ground water impacts associated with particular

residual concentrations in unexcavated soil.

Partial soil excavation is generally accomplished by one or more of the
following techniques: open-pit, caisson, and sheet pile excavations.
Open-pit excavations include soil removal with backhoe or bulldozer.
Limitations are imposed by the soil type, depth of water table, and
relative locations of structures. Caisson excavations are accomplished by

Canonielrvironmental
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vertically excavating the soil with a caisson rig. Sheet piling may also
be driven next to the impacted zone. These piles provide stability to the
soil. The impacted soils may be excavated on one side of the piling
without decreasing the stability of the soils or foundations on the other
side of the piling.

Full soil excavation involves the excavation and removal of all soils
containing chemical residues, together with sufficieant quantities of
adjacent soils to allow access and safe removal of the soils requiring
remediation. Soils that are excavated would be stockpiled made
accessible either for treatment or for removal from the sit:?g;Full'
excavation of all soils containing chemical residues would require the
destruction of some or all of the existing bui€§1ngs and structures.

. L

3.3 Bulk Sludge Removal .

The sludges on-site contained in some of the process equipment and sumps
may need to be removgd-for treatment and/or disposal. This will Tikely be
accomplished by laborers*us1ng shovels or scrapers, transferring the
residue into drums or pails.

R,
i R

5 %

3.4 Structur molition

The on-site structures that are found to be permeated or covered with
chemical residues, and those structures that must be removed for soil
excavtion, may be demolished. These structures include the incinerator,
the concrete pads, the Still Building, the scrubber building, and possibly
the old church. Demolition would likely be performed using standard
construction equipment. Steam cleaning or high-pressure washing may be
required in order to remove chemical residues from impervious materials
prior to disposal. Such decontamination options are discussed in

Section 6.0.
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4.0 TREATMENT OPTIONS

Seven technology types have been considered which may be capable of
treating the constituents present in the impacted site media. The
“technology types include the following: physical treatment, chemical
treatment, thermal treatment, biological treatment, in-situ treatment,
solidification/stabilization, and solids processing/treatment.

4.1 Physical Treatment

4.1.1 Ground Water e ¥

- -3
| ~

4. imen i
s

] Sedimentation is a physical process whereby thé&part1c1es suspended in the
water are allowed to settle by means of gravitational forces. Sedimenta-
tion generally involves the use oﬁs&darge tank in which the water moves
slow enough to allow the part1c1es’to settle. The sediment is then
l removed from the tank‘bottom and disposed of and/or treated as a sludge.

Sedimentation removes sc11ds only and cannot remove dissolved organic or

inorganics from the water.
: -.\':M\\’.-?

4.1.1.2 “Flocculation

| Flocculation is a term describing the binding together'of small particles
in water into large particles as a result of the addition of a chemical
coagulant. After the particles flocculate, they are allowed to settle out
of the water in large tanks in which the water moves slow enough to allow
the particles to settle. The sediment is then removed and disposed of
and/or treated as a sludge. Flocculation, like sedimentation, cannot
remove dissolved organics or inorganics from the water.

Canonielrvironmental
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4.1.1.3 Filtration/Ultrafiltration

Filtration is generally used as a means of removing additional suspended
solids after flocculation and sedimentation. Sand is a common filtration
medium through which water is allowed to gravitationally flow and is
capable of removing a satisfactory amount of solids. Sand filtration is
often used as a pretreatment so that suspended solids do not plug or
otherwise adversely affect other treatment systems.

Ultrafiltration involves forcing the water by pressure through a membrane,
thus removing the suspended solids. This method has the ability to more
effectively remove the particles, but is usually more cost]ygﬁﬁan the
filtration method. Filtration removes solids only, and cannot iremove

dissolved organics or inorganics from the water.
5

)
Tt

4.1.1.4 Reverse Osmosis %w

Osmosis is the movement of water fé;%ygh a membrane from a region of high
constituent concentration to one of“low concentration. Reverse osmosis is
movement from low congaatrat1on to high. This is accomplished by applying
pressure to the 1mpactnd “water and forcing it through the membrane. The
const1tueqﬁs then become concentrated on one side of the membrane as a

sludge w§1ch then may be disposed of and/or treated. Organic and inorganic
substance&"alike can be removed from water streams by this process.

4.1.1.5 Evaporation

Evaporation involves changing the state of a substance from a liquid state
to a gaseous state. It can be used to separate inorganic compounds and
other chemical constituents which do not evaporate from a wastewater
stream. The water evaporates, leaving behind the chemical residues in the
form of a sludge, which may be or disposed of and/or treated.

Canonielrvironmentzl




4.1.1.6 Air Stripping/Steam Stripping

Air stripping involves the volatilization of chemicals from water using
either ambient temperature or elevated temperature air. It is widely
applied to the remediation of aquifers impacted by solvents. Air stripping
is most efficiently accomplished in a packed tower with countercurrent flow
of air and water. The impacted water is pumped to the top of the tower and
distributed uniformly across the packing. Air is blown into the base of
the tower and flows upward, contacting the water. The dissolved organics
in the ground water are transferred from the water to the air. The
impacted air stream may then be treated or emitted. Volatile organic
compounds (VOCs) with Henry’s law constants greater than 10 a&m are readily
air strippable at ambient temperatures. Methyl ethyl ketone §(£1EK , which
is found in the ground water of the UCC Site, is not readily strippable
because of its low relative volatility as indjeated by its Henry’s law
constant of 5.0 atm (24°C). §§p

or aqueous waste streams. Instea&@of injecting air to the packed tower,
steam may be used. Asﬁthe steam moves vertically through the tower, the
organics in the wate# a?e transferred to the steam. The steam exiting the
top of the tower is then condensed and disposed of and/or treated. Steam
str1pp1aq s more broadly applicable, in that it can treat more soluble,
less vo]a;f1e compounds, and achieve low effluent concentrations when the
influent concentrations are very high. Due to higher capital and operating
costs, steam stripping is not considered for ground water remediation where
air stripping systems provide adequate reduction of organic components in
the effluent.

4.1.1.7 Distillation

Many compounds found on the CERCLA Hazardous Substance List are hydrocar-
bons with boiling points between 80°C and 420°C. Heating these compounds
to 300°C to 400°C would recover a large fraction of the components by

Canonielvircnmental



C-13

vaporization and distillation. Distillation is a unit process which is
employed to segregate or purify liquid organic product streams. The
process is usually nondestructive and can produce products of any desired
consistency. Distillation is the boiling of a 1iquid and the condensation
of the vapor when separation is desired.

Components which are separated by distillation are present in both the
liquid phase as well as the vapor phase, but in different concentrations.
If there are only two components in the liquid, one concentrates in the
condensed vapor (condensate) and the other in the residual liquid. If
there are more than two components, the less volatile components concen-
trate in the residual liquid and the more volatile in the va¢ﬁ¥ or vapor
condensate. e

oY

4.1.1.8 Carbon Adsorption Aigi

Activated carbon adsorption is used in ground water treatment systems to
remove organic compounds. The proé?ss is relatively nonspecific, and thus,
is a good broad-spectrum treatment‘bperat1on for influent streams with
chemical compos1t1onsw§hat are not fu]]y understood and are var1ab1e This

column vesse] The system is efficient and relatively simple to operate.
Also, because the adsorption process is reversible, the adsorbed chemical
constituents can be removed after the adsorption capacity of the carbon has
been exhausted. Since the carbon can be regenerated, it can be reused.
Thermal regeneration is typically employed where VOCs are being treated,
since organic constituents are destroyed in the process. If regeneration
is determined not to be cost effective, the exhausted carbon can be
disposed of in an off-site landfill.

Liquid phase carbon adsorption is used to treat the ground water directly.
Vapor phase carbon adsorption is used to treat air streams from in-situ or
surface soil aeration operations or from air stripping units.

Canonielrvironmerial



4.1.1.9 Ion Exchange

Ton exchange is a process that removes unwanted ions from impacted ground
water by transferring the residue to a solid resin material "in exchange"
for an equivalent number of innocuous ions stored in the ion exchanger
material. Ion exchange is a relatively expensive process which can selec-
tively remove a specific metal or metals from the waste stream. The ion
exchanger has a limited capacity for storage of ions and eventually becomes
saturated. It is then washed with a strong regenerating solution contain-
ing the innocuous ions, and these then replace the accumulated undesirable
ions, returning the exchange material to a usable condition.

%

R

4.1.1.10 Dissolved Air Flotation S

Solid or liquid particles which are lighter thdh the surrounding 1iquid can
be separated from that liquid by air f]otatiogﬁ; In this process, a stream
of fine air bubbles is introduced jnto the bottom of the flotation tank.
The air bubbles adhere to the par%ib%gs or droplets and carry them to the
surface of the liquid. -

A%
Electroflotation proﬁﬁ ses utilize hydrogen and oxygen gases to provide the
flotation. These gasés are generated at the surface of electrodes inserted
into th@f?@Jution. The waste particles, which are often charged, migrate
to the elettrode and coalesce on the emerging bubbles.

>3

es

Flotation processes are generally followed by drainage processes whereby
the 1iquid is drained from underneath the flotation solids. Air flotation
and electroflotation are commonly used to separate oil and latex emulsions;
the residues are dried and taken to land disposal facilities. ’

4.1.1.11 Liquid-Liquid Extraction
Liquid-liquid solvent extraction is the separation of the constituents of a

liquid solution by contact with a second immiscible solvent in which the
constituents are more soluble. The constituents in the original solution
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are preferentially distributed into the second solvent and a certain degree
of separation and concentration results. This may be enhanced by use of
multiple contacts.

This process is not applicable to ionized species dissolved in water.

Solvent extraction is applicable to the removal of certain organic
chemicals from water.

4.1.1.12 Electrodialysis

Electrodialysis is a combination of membrane technology and g#gn exchange
technology. Electrodialysis uses ion exchangers in membrane ﬁbrm The
driving force across the membrane is provided by electric current. The
ions are thus removed from the water and pass. fhrough the membrane,
attracted by the opposite electric charge on the.other side of the
membrane. P

b
The advantages of the system are tWat the residence time controls the
amount of dissolved gpfids removed, and that the system can be run
continuously with no rggenerat1on required. The disadvantage of the system
is that the water must carry an electric current. The cleaner the water,
the more res1stance to the current which increases the cost of operation.

:- e

4.1.2 Soil
4.1.2. iquifi a lvent Extraction

This technology uses liquefied propane and/or butane solvent to extract
organics from impacted sludges and soils.

The impacted solids or slurrys are fed into an extractor. Solvent (gas
condensed by compression) is also fed to the extractor, making nonreactive
contact with the waste. Typically, the solvent separates more than 99 per-
cent of the organics from the feed waste. Following phase separation of
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the solvent and organics, the treated soil is removed from the extractor
while the mixture of solvent and organics passes to the separator through a
valve, where pressure is partially reduced. In the separator, the solvent
is vaporized and recycled as fresh solvent. The organics are drawn off
from the separator and either disposed of or reused. |

This technology can be applied to waste containing carbon tetrachloride,
chloroform, benzene, naphthalene, gasoline, vinyl acetate, furfural,
butyric acid, higher organic acids, dichloroethane, oils and grease,
xylene, toluene, methyl acetate, acetone, higher alcohols, butanol,
propanol, phenol, heptane, polychlorinated biphenyls, and other complex
organics. €

b2
4.1.2.2 Ambient Temperature Aeration

P

In ambient temperature aeration processes, soifgpimpacted by VOCs are
excavated and placed in des1gnated aeration areas in layers approximately
six inches thick. The soils are diiked and exposed to air to facilitate
the aeration process. The aeration” ‘process may be conducted inside an
enclosure to m1n1mlze°nagrat1on of fugitive dust and organic vapors.
Organics present in th§¢8011s volatilize, are contained with the enclosure,
and if necessary, are treated with vapor phase carbon adsorption prior to
venting® to the atmosphere. After processing, the soils may be returned to
the excavat1on and compacted.

Where the aeration areas are outside, monitoring of ambient air may be
required to document that ambient air quality is not adversely impacted.
Monitoring of ground water or vadose zone soils beneath the aeration areas
may be required in order to detect further soil impacts if the impacted
soils are not placed on liners. Treatment levels achievable are variable
and may depend on the constituents of interest and operating conditions.

Canonielrvironmental



4.1.2.3 Water/Solvent Leaching

Solvent leaching or solvent extraction is the separation of chemical
compounds from solids by contact with a 1iquid in which the compounds
readily dissolve. Solvent leaching is applicable, in principle, to the
physical separation of selected waste constituents from sludge, soils, or
solid mixtures. In practice, an appropriate solvent must be found.
Extraction solvents are not currently available for all chemical constitu-
ents, and extraction efficiencies vary for different types of soils, con-
centrations, and other site-specific parameters.

4.1.3 Sludge gfga

RN

%
4.1.3.1 Freeze Crystallization

i
A freeze-crystallization process separates watéh.from solutions (including
hazardous wastes) by cooling the so1ution until ice crystals begin to form.
Ice, with few exceptions, crysta]]izeg as a pure material. The ice is
separated from the remaining 11qu1d and impurities, washed, and melted to
produce a purified stréam The dissolved components of the stream are
concentrated into a reduted volume.

The freeze crystall1zat1on process is inherently insensitive to the
compos1t}an of the waste stream it is processing. The process adapts
automatically to changes in influent composition. It can handle a wide
variety of waste stream components without pretreatment.

4.2 Chemica] Treatment

4.2.1.1 Neutralization

Neutralization is a technique of accepted technical and economic feasi-
bility by which certain hazardous wastes can be prepared for treatment.
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The process involves the addition of an acid or an alkali to adjust the pH
of the product to a level which allows the actual treatment technology to
be more effective. The neutralization technique can be used to adjust the
pH of ground water, sludges, or soils.

4.2.1.2 Chemical Precipitation

Chemical precipitation requires mixing chemicals with the solution of water
and dissolved inorganic compounds to force the metals out of the solution.
The inorganic constituents fall to the bottom of the solution as
precipitates and are physically removed in a settling tank. This
technology is well established and effective at removing 1n%gganic
constituents which are present in the water at high concentratxons

4.2.1.3 Chemical Oxidation gf*

Chemical oxidation techniques have the ability to render many organic
chemicals less toxic and can destrpjk:ome organic chemicals. Ozone and
hydrogen peroxide are chemicals foahd to be quite effective as oxidizing
agents. Even more eﬁiact1ve than either oxidant alone is its use in
conjunction with ultra~101et light. This technology is commonly referred
to as UV/oxidation. Hypochlorite is another oxidizing agent, but has the
tendency'tmgchange many organic molecules to substances more toxic than had
existed at ‘the site prior to treatment.

4.2.1.4 Alkaline Chlorination

Alkaline chlorination involves using an oxidizing agent such as hypo-
chlorite to oxidize the inorganic constituents in the water. Before the
oxidizing agent is added, however, the solution is made alkaline. By
increasing the alkalinity of the impacted water, the solubility of residu-
als is reduced, thus, causing a higher rate of precipitation and a greater
efficiency in removal of inorganic constituents.

Canonielrvironmental



Hypochlorite is an effective oxidizing agent, but has the tendency to
render many organic molecules more toxic after oxidation than they were
previous to treatment.

4.2.1.5 Catalytic Dehydrohalogenation

This process is capable of detoxifying halogenated organic molecules. The

process does this by removing the halogen atom from the molecule, rendering
it less toxic. Although this process has been accomplished in the labora-

tory, it has not been documented as applicable to field situations.

4.2.1. 1 rochemical rati {g?

k2
This technology uses the principle of electrolysis to remove inorganic
constituents from water streams. The constituefits are taken out of
solution by electrical forces and plated onto tge electrical probes which
conduct the current. Because this _process uses large amounts of

electricity, it is, in general, f1a&ac1ally infeasible.

.&

4.2.1.7 Chelation *i:i&

This techno]ogy 1nvo]v;s the use of chelating agents. Chelating agents are
mater1a¥s %im11ar to weak acids which exhibit a high degree of selectivity
for metals“such as copper, mercury, nickel, and lead. The result of mixing
some metals and chelating agents is a metal-chelate complex which is less
capable of migrating and resistant to decomposition and degradation.

Soil can easily be neutralized by the addition of lime (CaC03). Similar to
ground water (Section 4.2.1.1), soil is neutralized in order to prepare the
medium for constituent removal.
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4.2.3 Sludge

4.2.3.1 Oxidation/Reduction

A description of chemical oxidation/reduction is provided in Sec-
tion 4.2.1.3. Sludges, as well as water, can be treated by this method,
although its application is more common to water.

4.3 Thermal Treatment

4.3.1 Grourd Water

oEP

R

4.3.1.1 Wet Air Oxidation %o

Wet air oxidation (WAO) is a high temperature,*high -pressure process using
oxygen as the oxidizing agent. The contamlnated stream is mixed with air
at temperatures from 350°C to 750° C and at pressures at high as 2,000
pounds per square inch. The WAO process is capable of treating a wide
variety of organic compounds. It f& suited for treating nonhalogenated
compounds such as phgyngs, nonhalogenated pesticides, and cyanides.

4.3.2.1 ‘Micineration

Incineration is a treatment method which uses high temperature oxidation
under controlled conditions to degrade a substance into products that
generally include carbon dioxide, water vapor, sulphur dioxide, NOx, HCI,
and ash. Thermal destruction methods can be used to destroy organic
contaminants in 1iquid, gaseous, and solid waste streams. The most common
incineration technologies applicable to hazardous wastes include liquid
injection, rotary kiln, fluidized bed, multiple hearth, and fume
incineration.
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4.3.2.2 Pyrolysis

Pyrolysis is defined as the chemical decomposition or change brought about
by heating in the absence of oxygen. Application of pyrolysis to hazardous
waste treatment leads to a two-step process for disposal. In the first
step, wastes are heated, separating the volatile from nonvolatile
components. In the second step, volatile components are burned under the
proper conditions to assure incineration of all hazardous components.

There are several variations of the process that include energy recovery
and recovery of valuable components from the volatiles and/or solid
residual. Pyrolysis is especially applicable to hazardous ngte treatment
because it provides precise control of the combustion process.%.

The first step of the pyrolysis treatment of ha?ardous waste is endothermic
and generally completed at 425°C to 760°C. The heat1ng chamber is called
the pyrolyzer. The endothermic property makes the process much easier to
control. Hazardous organic compoﬁﬁ&s\can be volatilized at this low
temperature, leaving a clean reside. In the second step, the volatiles
are oxidized in a fumew1nc1nerator at conditions which result in a
destruction efficienc Jo$ more than 99.9999 percent. Alternatively, the

volatile fumes may be recondensed for off-site disposal or for recycling.
4.3.2.3 w_Temperature Thermal Aer n

The Low Temperature Thermal Aeration (LTTA™) process treats soils impacted
by volatile and semivolatile organics by processing the soils through a low
temperature (300°F to 400°F) thermal treatment unit. Air entering the
treatment unit (in a counter-flow pattern) is heated to 300°F to 400°F, and
comes in contact with the soil. This results in volatilization of chemi-
cals. The effluent air stream is then directed to a baghouse to remove
particulate matter, and then to a scrubber to remove any acid vapors. The
final treatment of the effluent air consists of vapor-phase carbon adsorp-
tion. The treatment process occurs in a closed system, thereby minimizing
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fugitive dust and containing the VOCs that are removed from the soil until
the exhaust has been treated through the carbon adsorption system.

Soils may be economically treated by the LTTA™ process to reduce semi-
volatile organics to less than 1 ppm per constituent and to reduce volatile
organics to nondetectable levels. Treatment capacity for this patented
technology ranges from 100 to 250 cubic yards per 10-hour work day,
depending on the soil type.

Generally, this technology is economical on sites where at least
2,000 cubic yards of soil must be remediated.

4.4 Biological Treatment Ko

4.4.1 Ground Water &fﬂ

4.4.1.1 Trickling Filters

Trickling filters are fixed growthﬁgtiaogica1 systems in which the impacted
water is contacted wjth:microbial growths attached to the surfaces of the
supporting area. The 1ﬁpacted stream sprinkled over the fixed media
provides the organic matter necessary to produce biological slimes that
coat the surface These bacterial growths adhere to the bed packing and
b1ochem1caf1y oxidize the organic matter to CO2 and produce new biological
cells.

Trickling filters or biological filters are normally designed according to
the applied hydraulic and organic loadings and are classified as high rate
or low rate. Trickling filters and biological filters have been exten-
sively used in the treatment of water contaminated with aromatic hydrocar-
bons, phenols, and pesticides. The process has been often employed as a
roughing treatment process due to the ability to handle variations in
influent waste composition. This process has also been reputed to be less
inhibited by metals concentrations.
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4.4.1.2 Rotating Biological Contactors

This system is a form of fixed-film biological treatment. A slime layer of
microorganisms grows attached to polystyrene or polyvinyl chloride disks 6
to 12 feet in diameter. The disks are mounted vertically on a horizontal
axis of rotation in treatment tanks. Rotation of the disks exposes the
slime surfaces alternately to oxygen in the atmosphere and the chemical
constituents in the water. Both oxygen and chemicals are metabolized. The
chemicals are assimilated as microbial mass or degraded to form carbon
dioxide, water and other metabolic byproducts by aerobic microorganisms.
The rotation mixes and aerates the contents of the tank and causes excess
lime layers to be sloughed off as growth continues. SIoughgqtslime is
subsequently separated from the water in a settling system. Awcomplete
rotating biological contactor system may consist of two or more trains of
disks with each train consisting of several s@é@es.

e

4.4.1.3 Activated Sludge

h%;%p
This treatment technology involves™introducing chemical-laden water into a
reactor where an aecobic bacterial culture is maintained in suspension
(mixed Tiquor). The hacter1a degrade organic chemicals to form carbon
dioxide, water, and metabol1c byproducts and assimilate another fraction to
form mdre Ce11s Oxygen is supplied to the reactor by mechanical or
d1ffused ‘deration with air or an oxygen-enriched gas stream. Contact
between impacted water, sludge, and oxygen is maintained in a properly
operating reactor. A portion of the mixed liquor is continuously passed to
a settling tank (clarifier) where sludge (primarily bacterial cells) is
separated from effluent. A portion of the settled sludge is returned to
the reactor. to maintain the proper balance of microorganisms, while the
remainder is removed from the system. Typical equipment includes aeration
tanks and basins, clarifiers, compressors, aerators (diffused or mechani-

cal), and recycle pumps and plumbing.
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4.4.1.4 Sequencing Batch Reactors

The sequencing batch reactor (SBR) involves five process steps in one or
more tanks. A batch reactor uses time to accomplish what a continuous
reactor accomplished with space. The individual time sequences used in the
SBR are as follows:

1. Fill - Raw waste is introduced to a reaction vessel that contains
the bioorganisms used in the process. At the start of the fill
cycle, the reactor contents are at a minimum level commonly known
as the “bottom water level." Waste is added until the top water
level is reached; all further operations cycle betwggﬁ the bottom
water level and the top water level. The fill cycle E;ua]]y
begins with mixing, but no aeration.

o

2. .React - Sufficient time is allowed foﬁ%biodegradation reactions to

occur under active mixing and aeration conditions.
'éﬁﬁﬁw

3. Settle - Mixing and aeratfbn are stopped, and suspended solids are

allowed to §§t;1e under quiescent conditions.

23
e

4. Draw - C1arif?ed water is removed from the reactor, which restores

“ thie fluid level in the tank to the bottom water level.

B o
R

5. Idle - Bioorganisms are retained in the batch reactor, but no raw
waste is treated. Depending on the nature of the waste being
treated and the volume of sludge generated during the reaction
phase, some withdrawal of biological sludge can occur during the
idle portion of the cycle.

Several advantages that are important for hazardous waste applications are
claimed for the SBR. In some cases, impacted water is not extracted in
sufficient volume to justify a continuous treatment plant. Using an SBR
system, the waste can be accumulated in a holding tank for periodic
treatment.
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4.4.1.5 Sybmerged Fixed Film Bioreactor

This submerged fixed-film bioreactor system relies on aerobic microbial
processes to metabolize contaminants present in a 1iquid waste stream. The
unique design of this system allows it to biologically treat liquids
containing low concentrations (less than 20 ppm) of readily biodegradable
materials and discharge concentrations in the low parts per billion (ppb)
range. The bioreactor can also operate at hydraulic retention times as 1low
as one hour.

The biological treatment system consists of an aboveground fixed-film
reactor, supplemental nutrient storage tank and pump, sump taﬂk with pump,
cartridge filter, and final activated carbon filter. The bior}actor is
operated on a one-pass, continuous-flow basis. The process begins when

water from a ground water well or equa11zat1on:tank is pumped directly into

the bioreactor. The influent stream is evenly vaspersed over the reactor
packing through the use of a header-distribution system.

fgﬁﬁn
High surface area plastic media is%ﬁsed to fill the rector, and the water
level within the reactar is set to cover all of the packing material.

Bacterial growth is attzched as film to the surface of the plastic media.

As water\passes by the biofilm, organics are removed. An air distribution
system be?ow the plastic medxa supplies oxygen to the bacteria in the form
of fine bubbles. An effluent water header system collects water from the
bottom of the reactor after it has been treated. Water exiting the reactor
is passed through a cartridge filter to remove biological solids, and is
finally passed through an activated-carbon canister to ensure that all
organics have been removed. Depending upon the effluent water discharge
criteria, the cartridge and carbon filters may not be needed. The water to
be treated must also fall within guidelines for pH (6.5 to 8.5) and
temperature (60°F to 95°F), and be free of toxic and/or inhibitory
compounds which may include certain metals.
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4.4.1.6 Lland Treatment

Land treatment or land application is the treatment of contaminated water
by using plant cover, biological activity, soil surface, soil profile, and
geologic materials to remove certain pollutants. A number of experimental/
operational systems have been designed to rennovate contaminated water by
land application.

Hazardous wastes in the form of liquids, slurries, or sludges can be
mechanically mixed with soil, thus utilizing the absorptive capacity of the
soil and perhaps achieving some biological degradation of the wastes by
soil microorganisms. This method, sometimes referred to asggﬁ"chem1ca1
Tandfill," can be accomplished either by spreading the wastesibwer the soil
in thin layers and then periodically mixed into the soil, or by placing the
wastes in a trench or shallow pond (up to threé“feet deep) and then filling
soil into the pond, whereby the liquid fract1oﬁ§ds absorbed in the soil.
Some evaporation may occur, perhaps to a high degree with the thin
spreading techniques. %«eﬁ

;‘

The wastes may be thxﬂ%y applied to the land surface in the first techn1que

from mov1ng trucks. Use of furrow or flood irrigation would require
1n1t1a1:§rad1ng of the area to achieve desired slopes; periodic regrading
would also*be necessary. For long-term use of a disposal area, these
techniques rely on the liquids either evaporating or percolating deeper
into subsurface soils.

Hazardous properties of some wastes may be degraded due to microbial
activity in the soil, thus permitting periodic reuse of the same area for
waste treatment. The biological degradation of specific substances at a
new area might conceivably be enhanced by seeding with microorganisms. The
inherent ion exchange capacity of the soil may also provide some beneficial
treatment. The upper soil zone receiving the wastes eventually will become
loaded to its ultimate capacity, and disposal operations will have to be
terminated. Unless the waste materials will eventually decompose or

Canonielvironmental



C-27

weather to nondeleterious products, the entire area used for waste disposal
will require covering with soil material.

4.4.1.7 Enzymatic Degradation

The technology of enzymatic degradation requires the use of bio-catalyst
carriers. These carriers are rigid, porous, silica-based materials that
are designed to provide a protected environment where microorganisms and
enzymes may biodegrade the chemicals present in the waste stream. The

microorganisms or enzymes adhere to the carrier surface and are thereby

immobilized.
«

Bio-catalyst carriers are available in a variety of shapes (egj* powders,
pellets, spheres, extruded cylindrical tubes, etc), sizes, and pore
diameters (ie, from 200 angstroms to greater tﬁ?n 1 micron). Enzymatic
degradation has been used to biologically trea@iwater impacted with phenol,
paranitrophenol, and chlorinated al1phat1c hydrocarbons.

\vw»
4.4.1.8 AlqaSORB™ »

......

The AlgaSORB™ sorpt1on process is desiged to remove heavy metal ions from
aqueous so1ut1ons and is based upon the natural, very strong affinity of

the ce11aw331s of algae for heavy metal ijons. A1gaSORB™ is comprised of

immobi1ized algal cells in a silica gel polymer. The algae are killed in
the process of immobilization.

The process is only capable of removing heavy metal fons from aqueous
solutions. Once A1gaSORB™ is saturated with metal ions, the metals are
stripped from the algae using acids, bases, or other suitable reagents,
thereby producing a small volume of very concentrated metal-containing
solutions which must be further treated in order to detoxify them.
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4.4. 0il

4.4.2.1 Composting

The composting process depends primarily on long detention times and accli-
mated aerobic microorgamisms for systems involving a soil media. Fungi and
anaerobic bacteria may also be present in composting systems. During land
composting, the soil provides the necessary support for the microorgamisms
and functions as an adsorbent of refractory organics and metals.

A composting procedure for the windrow pile process might involve the
following steps. First, soil and microorganisms are spreadfggy about two
inches thick. The soil may require moisture or pH adjustment.ic Next, the
soil and microorganisms are formed into windrows about four inches high.
The piles are flattened again and then piled qﬁ?h more soil and the process
is repeated. An earth-moving apparatus is required for piling and turning
the windrows during this process. e
Moisture content is an important cf1ter1a for compost operations with
optimum moisture conzents of 63 to 79 percent determined for municipal
refuse. Temperature fg‘the fundamental parameter for measuring activity
during compost1ng operations. Initially, the temperature in the waste is
the samé, as%that of the ambient air. Heat is released as the micro-
organisms* uf111ze the organics in the waste for energy and synthesis
reactions. The microbial activity accomplishes rapid decomposition of
organics as the temperature increases, with the temperature reaching as
high as 70°C. The temperature again returns to ambient when the organic
waste has been decomposed.

Metals inhibition of microorganisms during composting operations employing
soil media has not been apparent. If the pH is kept neutral to alkaline
and the compost beds are sequentially spread and piled to maintain aerobic
conditions, the metals may be present as hydroxide, oxide, and/or carbonate
precipitates or they may be adsorbed or exchanged onto the soil and/or
organic media.
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4.5 In-Situ Treatment

4.5.1 Ground Water

4.5.1.1 Aerobic Biodeqradation

This remediation approach is based on the use of specific microorganisms as
sole treatment agents which biodegrade toxic organic compounds in ground
water.

Both broad spectrum removal as well as toxics removal of organics can be
accomplished by use of specific microbes. The microbiologicg{fsystem
completely degrades the organic contaminants without leaving reésidual

N intermediate compounds.
P

This technology can be used for remediation oéag;ound water contaminated

: with organic compounds such as hydrocarbons pesticides, halogenated

|- aliphatic solvents (such as tr1chlor0ethy1ene), and PNA wastes. This
technology is also applicable for the removal of certain inorganic

compounds such as nitrates.

' © 4.5.2.1 Efhanced Aerobic Biodegradation

; The essence of this biotechnology involves the use of naturally occurring
: microorganisms to perform biodegradation of targeted organic hazardous
! waste. Once these microbes are adapted, the process involves the acceler-
‘ ated growth of these microorganisms and their innoculation into contami--
nated soil or the slurry in which the waste is contained. Nutrients and
catalyst are added to the matrix to enhance the microbial activity. The
| result is the systematic biodegradation of organic contaminants over a time
5 period of about two or four months. Byproducts of this metabolic consump-
tion are carbon dioxide, water, and cell protoplasm. Once the organic
| contaminants have been biodegraded, the microbes die due to the lack of a
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food source. This leaves non-hazardous cell protoplasm behind which in

turn acts as a food source for the indigenous microorganisms present in the
soil.

4.5.2.2 Flushing (With Syrfactants)

In-situ soil flushing involves pumping water into and through primarily
granular and relatively permeable soils in order to induce or increase a
flux of ground water through areas containing high concentrations of
chemicals. If flushing water is injected into saturated zones requiring
remediation, it can produce artificial mounding of the water table in
unconfined aquifer zones and increased pressure gradients 1n{c%nf1ned
aquifer zones. In both cases, gradients and ground water flowirates in the
saturated zone are increased. In both .confined and unconfined saturated
zones, extraction wells are utilized to recover”the flushing water that
contains the chemicals removed from the soils. \In unconfined aquifers, the
artificial mounding of the local water table will also allow the injected
water to saturate and flush formerly«unsaturated portions of aquifer soils
that require remediation, but that‘are not affected by normal ground water
flow. A%

Successful app]ication of the technology depends upon the chemicals
present, the site conditions, and the flushing rates selected. Flushing
can be conducted using either local ground water extracted in the course of
site remediation and treated prior to flushing, if necessary, or water from
other sources.

The addition of surfactants to the water used in the flushing technology
may result in increased removal rates of adsorbed and relatively insoluble
chemicals from the subsurface. The ability of surfactants to enhance
chemical recovery from soils has been demonstrated in the laboratory, and
is currently under development as a remedial technology. However, there
are some major concerns with the use of surfactants with respect to the
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applicability of this technology to site chemicals and to site conditions,
as well as to its anticipated performance.

4.5.2.3 In-Situ Vacuum Extraction/Soil Aeration

In-situ soil aeration is an innovative technology that is applicable to the
removal of chemicals from unsaturated subsurface soils, particularly as
applied to VOCs. It consists of the application of a vacuum to air
extraction wells in order to draw air through the soil pore spaces. As air
is transported through the target soils and permeable soil zones
interconnecting the target materials with the ground surface, volatile
chemicals are vaporized or dissolved in the air stream and ape‘removed from
the soil at the air extraction wells. The method is genera]]ysmore
advantageous to remediation of unsaturated soil zones than soil flushing
because the rate of transfer of volatile and s¢m1v01at11e chemicals is
greater from soil to air than from soil to watet, In-situ vacuum
extraction may be implemented in conJunct1on with a ground water extraction
system. The vacuum may be app11ed,ﬁnﬂthe ground water extraction well,
thereby increasing the yield of the*well and remediating the unsaturated
soil surrounding the_extraction well.

x\&
4.5.2.4 Radio Fregugggz Heating

An expen§3€§ technology, radio frequency heating, has been applied to the
decontamination of uncontrolled hazardous waste landfills. In this
technique, the landfills were heated by means of strong radio waves to the
point of decomposing, distilling, and vaporizing the hazardous constitu-

ents.

This technology, as applied to most hazardous sites, is used to heat the
soil to temperatures around 300°C to 400°C. The residues are vaporized and
are collected on the surface by a gas- or vapor-recovery system. The
vapors are then treated and discharged according to environmental laws.
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4.5.2.5 Steam Flushing

A transportable treatment unit is used for in-situ steam and air stripping
of volatile organics from contaminated soil during site remediation.

Orills are modified to allow the injection of steam and air into the soil
through the cutting blades. The ground area being drilled is covered by a
containment system to trap and recover the stripped volatiles. In this
process, steam is piped to the top of the drills and injected through the
cutting blades. The steam heats the ground being remediated increasing the
vapor pressure of the volatile contaminants and thereby increasing the rate
at which they can be stripped. Both the air and steam serve as carriers to
convey these contaminants to the surface. The shroud, a metaz%box designed
to seal the process area above the rotating cutter blades from;the outside
environment, collects the volatile contaminants and ducts them to the
process train. In the process train, the vo]af?1e contaminants and the
water vapor are removed from the off-gas stream»by condensation. The
condensed water is separated from the organics by distillation, then
filtered through activated carbon beds and subsequently used as make-up
water to a wet cooling tower. Steam can also be used to regenerate the
activated carbon bedx‘aﬂd acts as the source of heat for distillation of
the volatile contam1nants from the condensed liquid stream.

Thermal stripping involves the injection of steam or hot air into unsatu-
rated subsurface soils to increase the rate of chemical volatilization.

The volatilized chemicals are then removed from the subsurface using vacuum
extraction wells. This technology is considered appropriate for small-
scale applications in localized areas. Large-scale applications require
substantial (and usually prohibitive) amounts of energy to heat the soil.
Although this technology is generally considered experimental, it has been
field tested and it may be appropriate for application in combination with
in-situ aeration for the remediation of localized occurrences of
semivolatile chemicals.
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4.5.2.7 Adsorbents

A wide variety of natural and synthetic sorbents can be added to soils to
increase their natural sorption capacity. The addition of natural sorb-
ents, such as sewage sludge, agricultural products and byproducts, and
activated carbons, to impacted soil should complex, chelate or otherwise
remove metals from the soil solution, thus preventing their leaching in
ground water. The effectiveness and reliability of these methods, however,
is highly site-specific. The reliability of these methods can be affected
by such environmental factors as pH, ionic strength, solvents present in
the waste, and competition from organics and inorganics in soil.

4.5.2.8 Vitrification %

In-situ vitrification (ISV) is based on the cantept of joule-heating to
electrically melt soil or sludge. Melt temperéﬁures, in the range of
1,600°C to 2,000°C, act to destroy .organic pollutants by pyrolysis.
Inorganic pollutants are 1mmob11iz%8&uithin the vitrified mass. Both the
airborne organic and inorganic combﬁst1on byproducts are collected in a
negatively pressur1zed~hood which draws the contaminants into an off-gas

The v1tnaffcat1on process is carried out by inserting large electrodes into
contamxnated zones containing sufficient soil to support formation of a
melt. Graphite is placed on the surface to complete the circuit between
the electrodes. An electric current is passed through the electrodes and
graphite, and the heat generated from this current causes a melt that
gradually works downward through the soil. This process permits soil or
sludge to be vitrified over an area of approximately 27 feet on a side to a
depth of 20 feet and requires 7 to 10 days to complete. The system is then
moved, and the vitrification process is repeated. This is continued until
the entire contaminated soil or sludge volume on the site has been

vitrified.
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4.5.2.9 Polymerization

This in-situ stabilization technology immobilizes organic and inorganic
compounds in wet or dry soils by using reagents (additives) to polymerize
with the soils and sludges producing a cement-like mass. Two basic
components of this technology are the deep soil mixing system, a system
capable of delivering and mixing chemicals with the soil in-situ, and the
batch mixing plant that supplies the proprietary treatment chemicals.

The developer states that their proprietary additive generates a complex
crystalline connective network of inorganic polymers and that the struc-
tural bonding in the polymer is mainly covalent. Furthermogggfin the
process, there is a two-phase reaction in which the contaminanis are
complexed first in a fast-acting reaction and then in a slow-acting
reaction where the building of macromo1ecu1es§§§ntinues over a long period
of time.. For each type of waste, the quantity?bf additives used varies and
must be optimized.

P>
This technology can be applied to €0ils, sediments, and sludge-pond bottoms
contaminated with orggnjc compounds and metals.

Tt Ry,
Woue

e

4.6 Solification/Stabilization
Solidification and stabilization are treatment processes designed to either

improve waste-handling and physical characteristics, decrease the surface
area across which chemicals can migrate or leach, or limit the solubility
of or detoxify the hazardous constituents. Solidificaton implies that
these results are obtained primarily by production of a monolithic block of
treated waste with high structural integrity. Stabilization describes
processes which limit the solubility of or detoxify the chemical
constituents; however, the physical characteristics may or may not be

improved or changed.

Solidification/stabilization of soil can be achieved by adding binders.
Binders fall into two general categories: inorganic and organic. Most
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inorganic binders used include any combination of silicates, hydraulic
cements, or pozzoloans. Organic binders may include epoxy, polyester,

asphalt, or urea-formaldehyde.

4.7 Solids Processing/Treatment

Structures or other facilities may contain chemical residues and therefore
require decontamination. Demolition of the facilities may also be required
to effectively decontaminate the material or to excavate impacted soils
located beneath the facilities. Mechanically crushing or grinding the
debris can increase the efficiency of the decontamination technology
(Section 6.0). Screens and/or magnetic processes can faci1§'“te the
crushers and grinders by preventing too large of debris or uncrushable

metals from entering the mechanisms.

478
o N
The objective of the debris decontamination is 0 remove chemical residues

from the surfaces of impervious material so that the material may be dis-
posed of in a sanitary landfill, or'temoved as scrap. Cleaning effective-
ness may be assessed through a v1SUa1 test, such as the observance of
extraneous colors on«f}1ms on the material to be cleaned. Alternatively,
cleaning effect1veness may require that wipe samples be taken on randomly
selected Jareas, with subsequent chemical analysis of the wipe samples to

verify’ th t.chem1ca1 res1dua1s are reduced to acceptable levels.
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5.0 DISPOSAL OPTIONS

Four technology types have been considered which may be options for dis-
posal of treated or untreated media. The technology types considered
include disposal of the following: ground water, ground water treatment
residuals, soil, and sludge.

5.1 Ground Water

5.1.1 Off-Site Disposal

"
This technology involves pumping extracted ground water into tank trucks.
The water could be then hauled to an off-site RCRA facility for treatment
and disposal. £

¢

Extracted ground water could be puﬁﬁed, trucked, or otherwise discharged to
the nearest Pub]ic1y4§wned Treatment Works for treatment and/or disposal.

it
B
e

8.1.3 Discharge to Su;face Water After Treatment

L
i o

Treated giﬁind water could be discharged into Quiggle Brook for disposal.
Either trenches or pipes could be used to transport the water from the
point of treatment to Quiggle Brook. The treated water would be discharged
in accordance with environmental laws which are applicable or relevant and

appropriate.

5.1.4 On-Site Reinjection of Treated Ground Water

Disposal of treated ground water by reinjection into an aquifer involves
pumping water from the treatment system into wells, trenches, or leach
fields that are hydraulically connected to the aquifer. The effectiveness
of reinjection is dependent upon the hydrogeology of the area, hydraulic
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characteristics of the receiving aquifer, injection and extraction flow
rates, chemical concentrations, and inorganic chemical characteristics of
the reinjected water. Generally, the recharge capacity of a well is less
than its pumping capacity. The hydrogeology of the area and the hydraulic
characteristics of the receiving aquifer will determine to a large extent
the rate at which water can be reinjected. In general, an extensive,
continuous, and relatively permeable aquifer is necessary to allow
efficient injection of water. Because the screen length for an injection
well is generally much longer than for a pumping well, a relatively thick
aquifer is necessary to provide an adequate injection rate.

5.1.5 On-Site Spray Irrigation After Treatment (gz

b2

This operation includes pumping the treated ground water and discharging it
via a pipe network and spray nozzles, thus 1rrtgating the vegetation on-
site. The sprayed water would infiltrate and/on&runoff the ground surface,
depending on site conditions.

5.2 Ground Water Treatment ngiduiﬁ;ﬂ

@W

5.2.1 On-Site Dvsooséi*and 0ff-Site Treatment/Disposal

Res1dua?s from the ground water treatment process could either be treated
and/or d1s¢osed of on-site in a RCRA landfill or be transported off-site
for disposal and/or treatment in accordance with applicable or relevant and
appropriate environmental laws.

5.3 Soil

5.3.1 On-Site and Off-Site Disposal of Contaminated Soils in _a RCRA
Landfill

If the impacted soil is to be excavated, on-site or off-site disposal of
the contaminated soil in a RCRA landfill is also an option. On-site
disposal of soils which have not been treated requires construction of a
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RCRA 1andfill, possibly in the same location as the excavation, where soils
would be placed. Proper monitoring, maintenance, and land use controls are
required to ensure safe, long-term performance.

Disposal of excavated soil in an off-site RCRA landfill, unlike on-site

disposal, requires transport. This disposal method also requires proper
monitoring, maintenance, and land use controls. The excavated areas on-
site would require backfilling and/or regrading.

5.3.2 On-Site Disposal of Treated Soils as Backfill

This operation involves disposal of treated soils by return§qg-the soils to
the area of excavation. Soils determined to be treated to anacceptable

level may be used as backfill for the excavation.
P

'\\
vQ o

5.3.3 On-Site Storage of Soils B

ﬂ

s‘

It may be necessary to store some‘nr-all of the excavated soils on-site.
These soils may or may not be trea%éd prior to storage in impoundments or
in vaults. Proper manﬁtor1ng systems must be included with the impound-
ments or vaults to detgct potential leaks from these structures. Storage
may- be appropr1ate where timely excavation is necessary to eliminate
further“1mpacts, but treatment units for the soil are unavailable. Storage
may also be necessary where no treatment system has been approved by the
U.S. EPA for the waste material. In this case, storage is required to
minimize the potential for exposure until treatment systems are developed
or approved.
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5.4 Sludge

5.4.1 On-Site Disposal of Solidified Sludge

[f the sludge removed from the on-site process equipment cannot be treated
in a cost-effective manner to yield the residuals nonhazardous, the mater-
ials may be solidified to minimize potential leaching and then disposed on-
site. Various solidification processes are described in Section 4.6. If
treatment effectively renders the material nonhazardous, temporary storage
may be appropriate while application is made and processed to delist the
material. .

| 5.4.2 Off-Site Disposal of Contaminated or Biological Sludge #n a RCRA

Landfill
4

°§
l The contaminated or biological sludge could be }ransported and placed into
a RCRA landfill as a means of dxsposa1 As with all landfills, proper
monitoring, maintenance, and land vse ~control must be implemented to assure
minimal risk to human hea]th and tﬂ% environment.

| K e
~-'N~\
! % F
.
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6.0 DECONTAMINATION OPTIONS

Eight technology types have been considered which may be used to decontami-
nate the structures, concrete, or equipment which contain toxic residuals.
The technology types include the following: dusting/vacuuming/wiping,
gritblasting, hydroblasting, painting/coating, scarification, RadKleene,
solvent washing, and steam cleaning.

ing/Vacuumi Wipi

This method of decontamination is simply the physical remov%%ipf hazardous
dust and particles from building and equipment surfaces by cle&ning
techniques including dusting, vacuuming, and wiping. This technique is
only capable of treating the surfaces and is iﬁ?ffective at decontaminating
material which has absorbed toxic residuals. e

6.2 Gritblasting 3}\

Gritblasting is a surface removal technique in which an abrasive material
is used for uniform removal of contaminated surface layers from a building
or structure. This is an effective technology for surface treatment, but

is inefﬁgéiﬁve at decontaminating more than 0.5 to 1.5 cm below the
concrete -“siirface.

§.3 Hydroblasting

A high-pressure water jet is used to remove impacted debris from surfaces.
The debris and water are then collected and thermally, physically, or
chemically decontaminated. Hydroblasting is relatively inexpensive, but
may not effectively remove residues that have penetrated the surface. The
method is also incapable of decontaminating dioxin-contaminated surfaces.
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6.4 Painting/Coating

Various agents can be used as coatings on contaminated residues to fix or
stabilize the contaminant in place and decrease or eliminate exposure
hazards. Potentially useful stabilizing agents include molten and solid
waxes, carbowaxes (polyoxyethylene glycol), organic dyes, epoxy paint
films, and polyester resins. The stabilized contaminants can be left in
place or removed later by secondary treatment. In some cases, the
stabilizer/fixative coating is applied in-situ to desensitize a contaminant
(such as an explosive residue) and prevent reaction or ignition during some
other phase of the decontamination process (for example, to prevent
explosions during dismantling or demolition). o5

v %
%

kg

With this technique, toxic contaminants remain on the site; monitoring of
the effectiveness of the barrier coating is required over its lifetime.
Removal at a Tater date may also be required. ﬁp

ot
v

6.5 Scarification '§;§»
s

This technique is capab]e of removing up to 2.5 cm of surface layer from
concrete or similar m&ter1a]s The scarifier tool consists of
pneumat1ca11y operated heads that strike the surface, causing concrete to
chip off The piston heads consist of multi-point tungsten carbide bits.

"2
-34"

6.6 RadKleen®

RadKleen® is a commercial process which uses Freon-113 to extract residues
from building materials. The solvent is pressure sprayed onto the surface
and then reclaimed, volatilized, and reused. The method is ineffective in
decontaminating cyanide or heavy metals and must be used in a closed

system.

Canonielrvircnmental
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TABLE 1
CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS
Contact/Phone
Rgn | SkeA ocationLeed Number ContaminantsAdedia Statue Ciean-up Leveis Trestment
| | Bard & McGuire Paula Pesticides (chiordane), dioxin, Under construction; ROD signed | State of MA drinking water Bioreactor
Hobrook, MA Fizsimmons arsenic/groundwater V088 standards
Fund lead 817-573-5738
FTS 833-1738
| | Chares George Dave Dickerson Arsenic, benzene, loluene, ethyl | ROD signed ¥B8; initial treatability | MCLs and risk-based levels for Bioreactor (actvated
Landfil* 817-573-5738 benzene, xylene, studies compisted 490 groundwater and leachate siudge) for groundwater
Tinsboro, MA FTS 833-1738 tetrahydrof J o and leachate treatment
Fund lead leachate, andtil gas
| | Charisstown Navy | Stephen PAHs from crececte/sediments Planning pilot proect for FY 91 Not yet establshed In sty
Yard Carison
Boston NHP 817-242-5680
National Pak
Service
Boston, MA
State-lead
enforoement
" 1| General Eledric® | Joan Blake PCBa/river sediment, soils Undergaing pilot treatabifty 2 ppm per peak
Pittalioid, MA- - | 202-382-6228 studies: o
TSCAleag: . FT8 3828206 : i
I | General Electria: . ' | Joan Blake PCBe/pond, river sediment ‘Undergoing pilot treatabilty - 2 ppm per peskt
| Pittsfield, MA: .} 202.382-8228: studies e
TSCA lead FTS 3826228
1. | Hamiton Standard® | Gina Snyder | PC8a, petroleum Planning to conduct treatabilty Not yet sstablished
- Windeor Locks, CT | 817-573-0674 - hydrocarbone/sod siudies in FY 91 S e L
RCRAead . " | FTS833-1874- 3 ;
| | lron Horse Pask Don McElroy Petroleumn hydrocarbons/sod Treatability studiss completed 60-80% removal or less than Excavate to treatment cell-
Billerica, MA 817-223-5518 1989; ROO signed ¥/15/88; 1 ppm PAH; 50-80% removal of | surace trestment
PRP lead FTS 833-1518 currently in design stage PHCs; nC,/pristane ratio <
or «02
| | Pine Street Canal | Ross Gileland Coal tar, PAHs/soils, sedi . | Conducting bench-scale tests, Not yet estabished Soil: in sity
Burlington, VT 817-673-5768 groundwater Fall 1990; supplemental RUF S in Groundwater: fxed film
Fund lead FTS 833-1768 progress reactor
| | Sylvester Chet Janowski Phencis, MEK, Treatability study compiets; State of NH drinking water Bioreactor (activated
Nashua, NH 817-573-9623 acetone/groundwater conducting remediation since July | standards siudge with extended air)
State lead FTS 833-1623 1968
entorcement
I | Alcoa Lisa Carson PCBa/river sediments Currently in R stage Not yet establshed Undetermined
Massena, NY 212-264-8857
FTS 264-8857
Il | American Linen® Frank Peduto BTX, PAHs, VOCs, VTXsod Began land treatment operations Land treatment
Stilwater, NY NYSOEC ¥90
Enforcoment lead | 518-457-2482
Il | FAA Technical Caria Struble JP-4 jut fueVsoil, groundwater, AOD signed Y29/89; currently in | NJ soil action levels; NJ MCLs Free product extraction
Center* 212-264-4506 floating product AD stage for drinking water and off-site cement kin
Atiantic County, NJ | FTS 2844508 incineration; groundwater
PRP lead extraction and addition of
nutrients for subsequent
renjection and in situ
biodegradation of VOCs;
sod venting; use of off-gas
treatment und lor off-gas
from sod venting,
consisting of ether a
catalytic incGinerator for
combustion of YOCa to
carbon dioxide and water,
or activated carbon
adsorption of VOCs

4 Indicates a new site n the Table.
*  Information regarding this site has been updated for this issue.
Shading depicts a non-CERCLA site.




BioremepiaTion in the Field

CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
, OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

1 Contact/Phone
| Rgn | SiteALocation/Leed Number Contaminants/Media Statue Clean-up Levels Trestment
1
| | GEMS LandfiU* Matt Westgate Vanous organic and inorganic Phase | FS underway; Phase II Not yet established Phase | - cap; Phase i -
Camden County, 212-264-3406 compounds/groundwater, construction of remedial action in groundwater pre-treatrment |
NJ FTS 264-3406 lsachate the design phase and disposal at puslicty 1
\ State lead owned treatment works ;
| | General Slectrc® Jim Harnngton PC8s Ressarctvtreatabiity studies Not yet estabiished Possibly bioremediation
| State lead NYSOEC
| 518457-2957
Il | General Motors* Lisa Carson PCB8s, PAHs, volatiles/soil, Conducting bench-scale studies; | Proposed 10 pom PCBs (soil), 1 | Undetermined - possibly
Massena, NY 212-264-8857 sludge, sediment, groundwater ROO signed 12/17/90; beginning | ppm PCBs (sediment) biological treatment
Enforcoment lead FTS 264-6857 negotiations for conducting
treatability studies
{ Il | Knispel Frank Peduto Gasoline, benzene/soil, Remediation compieted 10/89 Drinking water standards In sty (subsurface)
Construction Site NYSOEC groundwater
Horseheads, NY 518-457-2462
State lead
! Il | Nascolite* Farnaz Saghafi Methyimethacrylate, volatiles Soil treatabiity studies conducted | NJ interim soil action levels for Soil: proposed plan calls
i Millville, NJ 212-264-4665 and semi-volatiles/soil, 9/90; ROD scheduled for 1991; methyimethacrylate: 5 ppm for extractionvsoliddication
! Federal lead FTS 264-4665 groundwater treatabiity studies for ground- (surface soif); 50 ppm (subsudace)| or soil washing - residuals
waler underway; ROD signed sod); and 350 pob (groundwater) | from soil washing may be
1988 treated by bioremediation;
J Groundwater: Unde-
: termined, possibly
{ bioremediation
‘ Il | Osmose*® Jim Harrington | Crecsote, fuel oil'soi | Land treatment ongoing Not yet estabished Land treatment " -
| Buttala, NY NYSODEC e il
| State lsad 518-457-2957
|
i Il | Renora, Inc., NJ* Joyce Harney PAHs, petroleum Treatability study complete; PAHs 10 pom; petroleum Undetermined
212-264-6313 hydrocarbons/sod b diation neffective; hyd o 1000 ppm
/ FTS 264-6313 phase Il feasibifity study in
{ progress
] {
Il | Reynoids Metais Lisa Carson PC8s/river sediments Currently in Rl stage Not yst estabiished Undetermined
Massena, NY 212.264.6857
! FTS 264-6857
} Il | Syracuse®* Chris O'Neil Gasoline, fuel oil'soil; In decussion phase .. . Groundwater standards;: ; <o | Undetermined o
UST lead NYSDEC groundwater R P Proposed draft sod standards::. SR e T
‘ I it | ARC Robert Stroud | Chiorobenzene/sol ™ “ |, Treatabifly study condiicted 690; | Unknown: Bloremediation uni on-ine
| Gainesville, VA 215-597-8214 ity i " planning pilot study: : Es since 10/89 :
| RCAA lead FTS 507-8214 CE I ' .
| Il | Atlantic Wood® Drew Lausch PAHs from wood preserving/sod, | RUFS ongoing; ROD scheduled for | Not yet estabished Undetermined
j Portsmouth, VA 215-597-1727 groundwater 891
! PRP lead FTS 597-1727
\ | Avtex Fibers Bonnie Gross Arsenic, zinc, lead, carbon Treatability study planned -05 mg/l arsenic; § mgA zinc; .08 Biological waste water
! Front Royal, VA 215-597-9023 disulfide, hydrosulfide, phenol, mg/l lead; .7 mg/l carbon treatment
{ PRP lead FTS 597-9023 cadmiuny groundwater - disulfide; .3 mg/l phendl: .01 moA
| s o
:' ) (not yet vod for
hydrosuifide)
It | Orake Chemical Roy Schrock Pesticides, DCE/soil, Planning treatabiity study MCLs BACT
i Lock Haven, PA 215-597-0913 groundwater
i Fund lead FTS 597-0913
Il [ L.A. Clarke & Son® | Gene Wingert Crecsote/sod Treatabilty study and RUFS 10 ppm carcinogenic PAHs In situ (sudace and
| VA 215-59708517 ongoing; ROD signed 182 subsurface)
l Enforcement lead | FTS 5970517
| Leet Pesticid Andy Pal 00T, lindane/soi Treatabiiity study conducted 300 ppb DOT; not yet established | Undetermined
Lestown, WV 215-597-1288 Spring 1900; now Juating for ind.
‘ Federal lead FTS 597-1288 remedial action

4 Indicates a new site in the Table.

| .

i Shading depicts a non-CERCLA site.

Information regarding this site has been updated for this issue.
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Page 7
CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS
ContactPhone
Rgn | SkeA ocationLeed Number Contaminants/Media Status Clean-up Levels Treatment
Il | Ordinance Works Orew Lavsch PAHs/s0d ROD signed %/29/89; currently 45 ppm carcinogenic PAHs Land treatment
Disposal Areas, 215-507-1727 conducting treatabilty studies;
wv* FTS 597-1727 unilateral adminstrative order
Enforcement lead issued 6/20/90
Il | Whitmore Labs* Tony Arsenic, aniline, still bottom Limited treatabdiiity study Arsenic above background leveis;| Sioiogical treatment
Myerstown, PA Dappoione wastes/soil, groundwater, compieted 6/90; ROD signed Saturated soils: benzene .002 (treated soils will be
Fund lead 215-597-3153 sludges (only certain soiis are mo/kg; tnchiorosthene .004 disposad of offsite); clay
FTS 507-3153 targeted for bioremediation) mg/g; tetrochioroethens .012 and soil capping
mg/kg; aniline .002 mg/g;
Unsaturated sois: benzene .009
mg/kg; trichlorosthene .017
mg/kg; tetrochloroethene .051
mg/kg: aniline .009 mg/kg
IV | Alsbama State Jason Darby PCP, crecscte/groundwater, sod | Preparing lo do treatabifty study | Not yet establshed Undetermined
‘Docks™ - 404-347-2433 : e . 2 3 !
Mobile, AL | FT8257-3433
| ACRA lead -
IV | American Crecscte | Tony DeAngelo | Crecsote/sod Treatabilty study planned 100 ppm for 6-8 indicators Land treatment
Works* 404-347-7791 ’
Jackson, TN FTS 257-7791
Unit 1
Fund lead
IV | American Crececte | Tony DeAngeio Crecsote/sol Remedial study planned 100 ppm for 6-8 indicators Land treatment
Works * 404-347-7791
Jackson, TN FTS 257-7791
Unit 3
Fund lead
IV | American Crecscte | Natale Creosote, PAHs, PCP, ROD /89 - unit 1; bench-scale Surface soils: 30 ppm PCP; 50 | Soil washing, bioreactor
Works* Ellington dioxins/sod treatabiiity study completed 990 | ppm carcinogenic PAHSs; 2.5 pob
Pensacola, FL 404-347-2643 by Gulf Breeze Labs; ROD 6/91 - | dioxins
Fund lead FTS 257-2643 unit 2
IV | Brown Wood Martha Berry PAHs, creosote/sod Last load of contaminated soil in | 100 ppm PAHs total Land treatment; surface
Preserving 404-347-2643 surface treatment area (about treatment lined with clay
Live Osks, FL FTS 257-2643 finished); will monitor 3 years; berms 5-6'
Enforcement lead treatability study conducted
IV | Cape Fear Wood Jon Bomholm PAHs, arsenic, crecsote, Treatability studies ongoing Soil: 94 mg/kg arsenic, 2.5 mg/kg | Soil washing followed by
Preserving® 404-347-7791 chromiumysoil, groundwater carcinogenic PAHs, 100 mgkg | treatment in bioreactor
Faywttevills, NC FTS 257-7791 total PAHs;
Fund lead Groundwater: 10 ug/
carcinogenic PAHs, 14,350 ug/
noncarcinogenic PAHs;
Surtace water: 12 ug/ arsenic
Sediments: 94 mg/kg arsenic, 3
mg/kg total PAHs
IV | Carolawn® Al Cherry VOCs/groundwater Planning bench-scale studies; Acetone 710 ug/l; cis-OCE 70
Carolawn, SC 404-347-7791 ongoing remedial design vg/l; trans-DCE 120 ug/; TCA
Enforcement lead FTS 257-7791 200 ug/l; TCE S ug/; Pb 5 ugn
IV | Celanese Fibers Ken Mallary Ethylene glycol, b Bk on-line since 8/2/89; State of North Carolina MCLs Sequencing batch reactor
Operations 404-347-7791 acetone chromumygroundwater; | treatabilty studies compiete
Sheby, NC FTS 257-7791 bis(2-ethylhexy/)phthalate/
PRP lead sediments; chromium, antimony,
acetone/sod
IV | City Industries® Diane Scort Acetone, MEK, TCE, Treatabilty study to be inttiated Varied, based on Reference Dose | Pump and treat, air
Winter Park, FL 404-347-2643 TCA/groundwater 2nd quarter FY 91 Limits and Federal and State stripping, carbon
Fund (for FTS 257-2643 drinking water standards: 700 agsordtion, and/or
treatability studies ug/ acetone; 200 ugA MEK; 3.0 biological oxidation
and RD); g/ TCE
Enforcement lead
for RA
IV | Coleman-Evane Tony Best PCP/soil, groundwater Remedial design underway; pilot | 25 ppm sadiments, soil; 1 ppm Bioreactor
Whie House, FL 404-347-2643 study planned groundwater
Fund lead FTS 257-2643

4 Indicates a new site in the Table.
*  Information regarding this site has been updated for this issue.
Shading depicts a non-CERCLA site.
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BioreMeDiATION in the Field

CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR

OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

ContactPhone
Rgn | Sked ocatlon/Laed Number Contamifantadedia Status Clean-up Levels Trestment
IV | Dubose O Martha Berry Oi, mnimal PCP/sod Currently in technology selection | Total TPNA S0mg/kg; PCPs S0 Land treatment
Cantonment, FL* | 404-347-2643 phase; treaiabiily study within & | mg/g; xyne 1.5 mg/kg;
Enforcement lead FTS 257-2643 yeoar benzene 10 mg/kg; TCE .08
mgikg; OCE .07 mg/kg
V | Xeppers® Mke Amnet Creceote, PCP, arsenic Treatabilly study to be conducted | Unknown Land treatment
Florence, 3C 404-347-7803 (CCAVaod, groundwater easly 1991 ; .
RCRA lead FT8 267-7603
™ | tangdale Facily | Charies Crecscts (KOO1 wastaysoik, | Contaminated sod and shudge. | Not yet sstabiehed Land treatment using
' Sweetwater, TN Burroughs siudges sxcavaied; site capped after bacteria, nutrients, and
RCRA jead 815-741-342¢ biotreatment cometaboiite
IV | Shavers Farm® Chuck Eger Dicamba, benzoc acid, Pilot bench-scale treatability 25 ppm for all contaminants Undetermined
Sheby County, GA | 404-347-3831 dichlorosalicyclic acid, studies beng reviewed;
Removal lead FTS 257-3831 benzonirile/sod rkplane in place, s to
90 over 30 days
V| Stabworth Tirber* | Jason Darby PCP, groundwater, sl | Assessing extent of contamination | Not yet sstablished Land treatment
R | Beatrios, AL 404-347-3433 o . X
. ACRA lead: FT8 2§7.3433
IV | White House Tony Best Acids, PC8, waste oi, Bench treatabiity study completedy Not yet sstabished Possible bioremediation
Waste* 404-347-2843 creceote/groundwater risk assessment and treatabilly
White House, FL FTS 257-2843 study ongoing
Fund jead
V | Allied Chemical® Jim Van der PNAs/soid Conducting pilot studies; ROD 1 ppm carcinogenic PAHs In situ and prepared pad
Ironton, OH Kloot signed 1290
Enforcement lead 312-353-9309
FTS 353-9309
V | Alfied SignaVBendix | John Kuhns TCE, OCE, VC/groundwater Pilot scale fieid demonstration Not yet estabished In situ treatment using
St. Joseph, M| FT8 353-8558 scheduled for 3rd quarter 1991; indigenous methanotrophs
PRP lead pilot bench-scale tests have been
compieted off-site
Jim Saric” Cumene, phenois/acd, Condicting treatabiity studies:
.| 3128080002 | groundwaler s T
{ F Trking:. | Pat Haneon " BTEX, gasofnesoi, | Clrrently condicting: - "
| 8124643-3428: A et i i iy
¥ | 8#CiCompany. | Stephen | Petrcieumisol: Discussing bioremediation as an. | Not yet establehed Land treatment
-Tolado, OH. " | Bouchard gt option; na studies underwary: it S L wgEE
UST lead 3128887500 | o
V | 8P Qi Company® | Don Heller Petroleunvsod Discussing bioremediation as an | Not yet sstabished Land treatment
Lirma, OH 312.353-1248 option; no studies underway
V | Burington Northern, Amy Blumberg Crecscte/sod Currently conducting Groundwater: 28 mo/l In sitv
MN* 312-353-%308 bioremediation; carcinogens; 300 mp/ non-
State/Federal lead MPCA comtact: ROD signed 8/4/86 carcinogens
(spiit lead) J. Todd Goska Soil: detoxiication levels
812-208-7710
V | Cilt/Dow Dump, MI | Lida Tan Wood tar, acetic acid, phenal, Conducted treatabiity studies; Not yet estabished Forced aeration
PRP lead 312-886-1842 benzene, PAHs Currently in pre-design stage
V | Dvell and Gardner® | Karia Johnson Volatiles, semi-volatiles, PCBe Conducting treatabiity studies Not yet estabished Undetermined
Muskegan, M) 312-886-5993 and/or inorganic metals/sod,
Fund lead groundwater
V | FisherCalo Brad Bradiey TCE. OCE, OCA, PC8wsoi, ROO signed &/7/90; currently in S ppb TCE; 70 ppb OCE; 200 Undetermined
LaPorte, IN 312-8884742 groundwater design stage ppb OCE; drinking water
Lead pending standards used where possidle
(probably PRP)
4 Indicates a new sde in the Table.

. Indormation regarding this sie has been updated for this issue.
Shading depicts a non-CERCLA site.
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CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

Contact/Phone
Rgn | SkeA ocationLsed MNumber ContaminantaAdedla Status Clsan-up Lavels Treatment
V | Galssburg/Xoppers, | Brad Bradiey Phencis, chiorophencl, PNAs, | Condudting pict study; Not yet estabished Land treatment; in situ

B 312-886-4742 PCP, PAHw/30l ROD signed 7/89; have with amendments -

State lead not yet started design phase amendments and
applications not yet
determined

V | Henlcheis* 80cb Kettner .. Gasocline/sail, groundwater Bioremediation activity ended; Non-detection levels A sparging; nutrient
Travers Clty, M# . 81877549728 30me contarmination Amans; addition; in skv pump and
UST jead sl : AQency requesied tuither ceanup reinfiltration galery

V | Joslyn MFG, MN* | Cliff Twaroeki PAMs, PCP, diai;. furans/sod MN declaration 1988 - no 150 ppm total PAHs; 100 ppm Land treatment using

State enforcement | 812-208-7827 concurrence by EPA; design total PCP imgation and addition of

lead nutrients and microbes

v Bonnie White Fixed im bioreactor with

618-458-5071

Soit $0ppor 8ETX. -

- oxygen with no addition of

v Darryl Owers PAHs, PCP/groundwater Treatability and pilot studies Not yet established Fixed film aerobic reactor
312-386-7089 comrpleted 12/89; report due 91
v Betty Lavis PAHs/s0il, sediments Pilot study compisted; 8.1 ppm PAMs Shurry bioreactor using
312-8864784 ROD signed ¥27/90; indigenous bacteria
design stage Summer 1991
v Darryl Owers Ethyl benzene; methylene Conducted pict study 1/88; final | 88 ug/l ethyl benzene; 473 up/ Rotating biclogical
312-886-7089 chioride; phthalates/g oh pe 10 begin operation by methylene chioride; 9.2 up/ reactors
1180 phthalate
V | Organic Chemical, | Tom Wilkams 01, TCE, toluene/groundwater Waiting for feasbiity study to do | Not yet estabiished Undetermined
Ml 312-886-8157 remediation on TCE and toluene;
Fund lead working on additional workplan for
ol
V | Pake-Davis 'Dave Petrovaki | = Benzens, m i, oprop Approaching design phase Not yst sstabished Undetermined
Holland, M} 312-886-0007 fuelsoil, groundwater : :
V | Reilly Tar, IN* Dion Novak Crecsote, PAHs, metals, semi Rl completed; draft treatability Not yet estabished Undetermined
Entorcement lead 312-386-4737 YOAs/s0il; benzene, ammonia, study workplan under review
pyridine/groundwater
V | Reilly Tar & Darryl Owens Crecsote, PAHs/scd, Planning treatabilty study Not yet estabished In situ (surface and
Chemical* 312-886-7089 groundwater subsurface) using
St. Louis Park, MN | MPCA additional nutrients (N, P)
Eni
Doug Beckwith
812-296-7301
Mke Scott
612-298-7297
V | Seymour Recyding,| Jeft Gore VC, TCE, DCE/groundwater Preliminary stages; ROO signed | Orinking water standards Proposed bioremediation
IN* 312-888-8552 ¥87 of tetrahydroturans in
Unit 1 groundwater
PRP lead
V | Seymour Recyding, | Jeit Gore VC, TCE, DCE/sod ROD signed ¥87; bioremediation | None estabished Biodegredation of heavy
IN 312-886-8552 of soil compisted; no treatability volatiles hydrocarbons
Unit 2 studies conducted and non-volatiles
PRP lead
V | Sheboygan River Bonnie Eleder PCBe/sediment Treatabilty and pdot studies 10 be | Not yet estabéshed Natural and enhanced
and Harbor* 312-886-4885 compisted end of 1991; biodegredation in
Sheboygan, Wi enclosed fadility; in situ
PRP jead study in capped
sediments

4 Indicaies a new site in the Table.
*  information regarding this sie has been updated for this msue.
Shading depicts a non-CERCLA site.
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CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR

OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

Contact/Phone
Rgn [SkeA ocation/Leed Number Contaminanta/Media Status Clean-up Levels Treatment
V | Slesping Bear Ph Qurgin Gasoline/groundwater Ske investigation completed Not yet estabished Natural biodegredation -
Dunes T02:796-2100 1o amendments.
National Lakeshore | John Wison :
UST lead 406-332-8800
V | St. Louis River, MN | Debbie Siebers PAHs/soils, sediments Planning treatabilty study Not yet estabéshed Undetermined
State lead 312-353-8299
Cliff Twaroski
812-296-7827
V | Union Carbide, Kathieen VOCs, dioxin, mono- Remedial investigation completed | Not yot estabished Undetermined
OH* Warren dichlorinated biphenyls/soil,
Enforcement 312-353-87568 groundwater
VI | Atchinson® Susan Webster Hydrocarbons, dieseVaod Some treatability studiss Not yet estabished In situ (surface and
Santa Fe, NM 214-855-6720 compisted; ROD signed ¥23/88; subsurface); siudges
Enforcement lead FTS 2558730 planning pilot project; starting in treated separately
sitv 691
VI | French Limited Judy Black Benzene, vinyl chioride, DCE, RO signed ¥88; project under | Soils and skudges: BAP 9 ppm; | Treatment in a lagoon for
Crosby, TX 214-855-8738 PCB8s/sludges, soil, and design PC8 23 ppm; VOCs 43 pprm; sludges and soils; pump
FTS 2556735 groundwater arsenic 7 ppm; benzene 14ppm; | and treat and/or in sity for
Groundwater: MCLs
VI | Hudson Refining Keith Philkos: Of, grease, PAHa/s0R, Vasied -
Co™ o | 214-655-8480¢ groundwales .. . . L
FTS 255-6480 ;
VI | North Cavaicade® | Deborah Carcinogenic PAHs, Design stage; planning .04 ppm benzene; 1 ppm Groundwater: pump and
Houston, TX Griswoid benzene/groundwater; bioremediation pilot project for carcinogenic PAHs carbon adsormption
State lead 214-655-8715 carcinogenic PAHw/sol FY91 trestment Sod:
FTS 2558715 bioremediation method -
speciics undetermined
VI | Od Inger* Paul Sisminski Hydrocarbons/sod, groundy Pilot studies compieted; ROD Land treatment
Darrow, LA 214-855-8710 signed W84; design completed
Fund lead FTS 2556710 1988; finakzing construction with
remediation o begin 991;
supplemental groundwater RI
being conducted
VI | Sheridan Disposal | Ruth Izraed Benzene, loluene, ethyl Beginning pilot study; PC8s as an indicator of other Aqueous bioreactor
Services” 2148556738 benzene, phenols, PC8y/soi, ROOD signed 12/88; organics (25 ppom PC8s)
Houston. TX FTS 2558738 siudge, surface water Currently in design stage
Enforcscnent lead
Vit | Amoco Refinery® | Frank Oolan: - . OL PAHs, refinery studges, - . Treatability studise compleisd Less than 300 mg/kg total PAHs:: | tand treatment and liquid
Sugar Creek, MO 47519178 | metaiw/sivdges, sod: 19688-39; treatment facilly on-ine | jess ihan 180 mo/kg potentially | solide reactor: . - -
RCAA lead R : ; : since 7RO carcinogenic PAMg: . i i BIE T et
Vil | Conservation Steve Phenola/groundwater Treatability study conducted; MO drinking water standasds Fixed film bioreactor (2 in
Chemical Auchteronie ROD signed ¥30/87; series)
Kansas Ciy, MO 913-561-7778 operational since 490
Enforcement lead | FTS 276-7778
VIl | Fairfield Coal & Steve Jones Benzene, sthyl benzene, RO phase 8 1 ppb; carcinog In situ (subsurface) using
Gas* 913-551-7755 toluene, xylene, PAHs 0.2 pob nutrient enhancement
Fairfield, A FTS 276-7755 PAHw/groundwater
Enforcement lead

4 Indicates a new site in the Table.
*  Information regarding this site has been updated for this iasue.
Shading depicts & non-CERCLA site.
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CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS
Contact/Phone
Rgn | SkeLocation/Leed Number ContaminantaMedia Statue Ciean-up Levels Trestment
Vil | imemational Frank Oolan 24 organic mtluoru from | Under mmdno.pih studies to| Sum of the concentrations of 24 | Land treatment (covered
34-751-3178  orecsots, Induding PAHS, - | beconducted conourrently with aromatic compound is less than | facility)
S b PCPIsal - 2| treaiment opecations - 800 ppm
Vil “F Frank Oolan = | " Under construction; pilot studies to] Not yet determined Land treatment (covered
i 314-751-3178 b conducied conaurrently with tacility)
: Not yat determined Land treatment (covered
{ 2 'wm’l) .
i
Not yst determined Land treatment (covered
‘ : : facility)
{
Vil | Pask City, John Wilson Reflined petroleum Full scale ceanup wil start 391 Drinking water standards for Subsurface treatment
Kansas® RSKERL products/water table aquifer in a benzene using nitrate as electron
405-332-8800 municipal well field acceplor
FTS 743-2259
Vil | Scott Lumber* Bruce Morrison Crecsote compounds(PAHs, Conducted treatabilty study 1988; | 500 ppm total PAHs; 14 ppm Land treatment using
! Alon, MO 913-236-3881 benzo-a-pyrene)ysod operational since 6/89; 9,200 tons | benzo-a-pyrene irmigation, no nutrient
! Removal lead FTS 757-3881 (no PCP) of soil treated addition
|
Vil | Vogel Paint & Wax, | Steve Jones Benzene, sthyl benzene, xylene, | Bench-scale studies compiete; TCLP teet for leachwater Land treatment
IA* 913-551.7755 toluene, MEK/sod ROD signed &89; organics; 100 mg/kg organic
State lead FTS 276-7758 design complete, currently in RA | hydrocarbons; EPA toxicity test
{ phase
{
Vil | Buriington Northem | Jim Harrs PAHs, zinc, phenoVsail, Land trestment demonstration Soil: 38 mg/kg carcinogenic Soils: land treatment
Somers, MT 408-449-5414 sediments, groundwater 11/90; pict studies planned for PAHs; Groundwater and
{ Enforcement lead | FTS 585-5414 groundwater in 11/90; Groundwater: .030 ug/ sediments: in situ
‘ AOD signed ¥/27/89; ful scale | carcinogenic PAHs
I o
Vill| Chemical JmM H des (chl d Operational since 4/88 .5 ppm 2,4-0 In situ (subsurface, using
{ Distribution Site®” ECOVA phencl)/groundwater nutrients and oxygen)
! Bilings, MT 208-883-1900
| State lead
Vill| Libby Groundwat: Julie Daisogli PAHs, PCPvs0il, groundwater ROOD signed 12/88; consent Soil: 88 mg/kg total carcinogenic | Soil: land treatment
! Site 406-449-5414 decres 10/89; bench-scale PAHs; 8 ppm nor geni Grou T in sity
i Libby, MT FTS 585-5414 demonstration project for land PAHs; 7.3 ppm pyrene; 37 mg/kg | treatment of groundwater
Enforcement lead treatment unit, bioreactor and in | PCP; 1 ppb dioxin; 8 mg/kg in fixed film bioreactor
siu treatment Neted; full-scale| napthal 8 mg/kg
remedial action to begin Summer | phenanthrene; 7.3 mg/kg pyrene
P 1991 Groundwater: 400 ug/
carcinogenic PAHs; 40 ug/l non
carcinogenic PAHs; 1.05 mg/l
PCP; 5 mg/l benzene; 50 mg/l
arsenic; other compounds not
} . greater than 10
? Viit] Pesticide: - “dim Morrison. _Ful-scale bioremediation Sppm2,4-0 Above ground and slurry
. Diatribution Faciity | ECOVA complsted 1988 . phase bictreaiment
Vil “Suzanne Rol: “ Bonzene, xylene, toluene/sol, . | Operating unit for one year -| Not yet established
303-280-1611° groundwater: GETE )

4 Indicates a new site in the Table.
*  Information regarding this sie has been updated for this issue.
Shading depicts a non-CERCLA site.
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CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

{
' Rgn| Sked ocationlsed Number Contaminanta/Adedie Statue Cisan-up Levele Trestment
! vl Felx Flechas Crececte, PCP/sod, groundwater | Trestability and priot studies Based on human heakh or Undetermined
! 303-330- 1524 compisted ¥90 - agricultural standards, whichever
FTS 330-1524 is more stringent (to be decided
in next 8 months)
t
X | BKKLandf® . | Carmen Santos | Arsenic, cadmium, chrom: Remadial study soll in progress; | 1 pom cadmium; .05 ppm Biorsactor - leachate

 fut-scal bioremediation i “chwornium, lead, arsenic; .002 trestment piant with metat
' operation siace 1987 . | ppm mercury; heavy metals 1.5: removal system using. s
e R T porm; 150 ppb dichioromethane, | complexation with EDTA

X | Former Service Tony Palagyl Pstrolsum hydrocarbons/sod, Remediation complete 100 ppm TPH in sod; drinking In situ bioremediation,

| Station® 818-508-2701 groundwater water standards closed locp system;
! Los Angeies, CA hydrogen percxide as
State jead oxygen source; above
ground hoiding tank for
nutrient addition
. Treatimant completed 1/21: . | 1,000 ppm total petrolsum: .| Above ground biclogics:
300,000 cubic yards of sof treated | ydrocarbone:  treatment:
" X | Fort Ord Army JmChesnut | MEK. VOCa/so0i, grounch Bicremedias oty being | Not yet sstabished for sod; Purmp and treat carbon
Base® 415-744-2389 used as an interim measure; pdct | MCLs for groundwater adsorption for
Monterey, CA Vance Fong . testing compieted; moving into groundwater, followed by
Federal faciity 415-744-2202 ROO phase land treatment for MEX
i enforcement lead

4 indicates a new sie in the Table.
*  information regarding this sie has been updated for thes ssus.
Shading depicts a non-CERCLA site
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CERCLA/RCRA/UST SITES CONSIDERING, PLANNIN G, OR

OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

Contact/Phone

Rgn | SHelocation eed Number ContaminantaMedla RNatue Clean-up Levels Trestment
10 organic pesticides/soil Piot project compileted: eval ing | Not yet & ved Land treatment
CA Dept. of fiold study resuits
State lead Health Svcs.

916-322-8872

IX | Hercules Tony Luan TNT, trinitrobenzene, ONT, Piot scale field study compieted: | 20 Pem TNT: 5 pom ONT; S ppm | Land treatment
Incorporated® CA Degpt. of nitrobenzene/soil ovaluating field study results nitrobenzens
Hercuies, CA Health Svcs,

State lead 916-322-6872

IX | JASCO* Rose Mare VOCa/soil, groundwater Final Rl compiete; FS due ¥1%1 Not yet estabished Bioremediation or land
ML View, CA Caraway treatment - composting
Fund lead 415-744-2235

IX [ JH. Baxter® Mary Masters Arsenic, chromium, PCP, PAHs, | Treatabilty studs ducted; Groundwater: ic § ppb; Land treatment for
Weed, CA 415-744-2370 dicone, furane/soil, sediments, ROO ugned 92780 chvomium 8 ppb; benzene 1 Ofganics using imported
Enforcement lead FTS 484-2370 groundwater; Peb; PCP 2.2 ppb; PAHs § ppb; microbes for soils and

benzene/groundwater; 2inc, dicxin 000025 pb. sediments (still unciear as
TCP/sediments meih:uuniclppm: to need 1o impont microbes
ahwomium 500 ppm; PCP 17 ppm;| - indigencus microbes
carcinogenic PAHs .51 ppm; may work); cement
dioxin .001 ppm; furans .001 foxation for inorganics in
ppm. soils; bioreactor for
Leachate: arsenic § ppm; organics in groundwater;
dnni;m.’om:?t?l.?mm: chemical precipitation for
carcnogenic PAHs .005 pom; norganics in groundwater
non-carcinogenic PAHs .15 ppm;
dicxin .001 ppm.
Sediments: arsenic 8 ppm;
chromium 18 ppm; zinc 26 ppm;
carcinogenic PAHs .5 ppm; PCP
1 ppm; TCP 1 ppm.

IX | Koppers Orovile® Fred Schautfier Arsenic, y ROO signed 9/89; currently in the Background levels for arsenic In situ bioremediation of
Plant, CA 415-744-2085 PCOO/PCOF, PAHs, PCP. last stage of the consent decree 80d and Cr in soil and s0d with PCP; sod
Enforcement lead FTS 484-23685 crecsote/soil; arsenic, for RO/RA; treatabiity studies 1o groundwater; .007 ug/ PAHs in washing for soll  with

chromium, PCOO/PCOF, PAHs, be done late 1991 groundwater, . 19 mo/kg in soi; PAHs; foxation of metal
PCP/groundwater PCP 17 mgkg in sod, 22upflin conaminated soil;
> dioxin 30 ppt in sod, | proundwader treatment
0.53 ppq in groundwater with carbon

IX | Liquid Gold* Rose Marie Waste oils, metals (lead, zinc, Socowphaudh-biiryuwy Not yet estabished Undetermined
Richmond, CA Caraway phencil/soll, groundwater . compieted; R! approved by State
State lead 415-744-2235 lead agency

IX | Montrose Chermcal Johanna Miller DoT, monoch lorobenz ene/soil, Bench-scale treatabiity study on | Not yet estabished In s2u enhanced by
Com. of Caifomia® | 415-744-2404 groundwater 30 and groundwater compileted njection of nutrients
Torance, CA 8/80; currently planning follow-up
Enforcement lead

4

Indicates a new site in the Tabie,

*  inlormation
Shading depscts

regarding this site has been updated lor this msue.
4 non-CERCLA site.
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CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

Rgn | Site/Location/Lesd Number Contaminante/Medla Satus Clean-up Levels Treatment

1X | Southemn Califomia | Dave Roberts PCP, VOCu/groundwater RUFS cumrently in progrees Not yet estabished Undetermined -
Edison® 415-744-2227 for groundwater bioremediation possidie
Visalia, CA
l State lead
IX | Southern Paciic David Wright Hydrocarbons, diesel fueVsod Treatment completed 1/31/91 5,000 ppm hydrocarbons Land treatment - nutrients

Transportation Co.* | CA Dept. of added 1o contaminated
SPTC Maintenance | Health Svcs. s0i 1o enhance biological

( Yard 916-332-3910 degradation

I Roseville, CA .

State lead
IX | Studio Jim Morrison Petroleum, hydrocarbons/soil, Conducting full-scale Drinking water standards In situ

{ Hollywood, CA ECOVA groundwater bioremediation

’ State lead 208-883-1900

‘ X | Amencan Lee Marshall PCP/sail Currently conducting remedial Not yet established Undetermined
{ Crossam® 208-553-2723 investigation

{ Fund lead '

i 2
[ X | Former Service Jim Morrison Diesel fuel Treatment compiete 8/89; 1,000 200 ppm in sod Above ground biclogical
Station® ECOVA cubic yards of soil treated treatrment
Vancouver, WA 208-383-1900
]' State Lead

4 Indicates a new site in the Table.
*  Information regarding this site has been updated for this ssve.
Shading depcts & non-CERCLA site.
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CERCLA/RCRA/UST SITES CONSIDERING, PLANNING, OR
OPERATING FULL-SCALE BIOREMEDIATION SYSTEMS

Contact/Phone
Rgn | Site/Location/Lesd Number ContaminsntaMedla Satus Clean-up Levels Treatment

X | School Distnct Jim Mornson Diesel fuel Treatment ongoing until 6/91; 200 ppm n soil Above ground biclogical
Maintenance ECOVA 2,000 cubic yards of soil treated treatment
Faalities® 206-883-1900
Seattle, WA
State lead

X | Utah Power and Andrew Crecsote/soil Final plan for bioremediation not | 50 ppb crecsote n soil; Part of upgradient portion

"] Light®™ Pentony phenols/groundwater yot submited EPA Region 10 groundwater not capped - bioremedia-
Idaho Falls, 10 208-334-5879 protection standards lor tion being used (white rot
State lead groundwater fungus)

X | Wyckoff* Rene Fuentes Crecsote, PCP/soi, RUFS not conducted yet Not yet established Bioreactor - activated
Eagle Harbor, 206-553-1509 groundwater, surface water siudge for treatment of
Puget Sound, WA | FTS 399-1509 groundwater; possble soil
PRP lead and siudge bioremediation

4 Indicates a new site in the Table.
*  Information regarding this site has been updated for this ssue.
Shading depicts a non-CERCLA site.

Bioremediation Field Initiative Contacts

If you have information on a site using bioremediation that is
not identified in Table 1, please submit this information in
writing to Nancy Dean at TIO. Additionally, if you have
laboratory-, pilot- or full-scale treatability data on a site,
please have a copy sent to TIO at the address listed below.

Fran Kremer

Coordinator, Bioremediation Field Initiative
U.S. Environmental Protection Agency

Center for Environmental Research Information (CERI)
26 W. Martin Luther King Drive

Cincinnati, OH 45268

Nancy Dean

Technology Innovation Office (TIO)
U.S. Environmental Protection Agency

Office of Solid Waste and Emergency Response (OSWER)

Mail Code: 0S-110
401 M Street, S.W,

Washington, D.C.

20460

The information in this document has been funded, wholly or in part, by the United States Environmental Protection Agency.
Ithas been subject to the Agency's peer and administrative review and has been approved for publication as an EPA document.
Mention of trade names or commercial products does not constitute endorsement or recommendation for use.
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BioreMeDiaTION in the Field

The Superfund Technical Support Program has been de-
signed to facilitate communication and coordination be-
tween EPA’s Superfund site managers (On Scene Coordi-
nators-OSCs and Remedial Project Managers-RPMs) and
EPA Headquarters, Regions, State environmental agen-
cies and the EPA Office of Research and Development.
The purpose of the TSP is to ensure the consistent applica-
tion of remedial technologies and the tmely transfer of
pertinant technical information. Through the program,
EPA has established a network of technical support re-
sources available to EPA’s OSCs and RPMs that includes
six technical Support Centers and two Forum Representa-
tives from each Region, one in the area of ground-water
fate and transport and the other in engineering/treatment.
Technical experts participating in the TSP can assist field
personnel with several different types of technical
projects:

® Evaluations of the feasibility of technologies as treat-

ment options;

® Feasibility study reviews or workplan evaluations;
® Remedial design reviews;

® Implementation of treatability studies;

®

Development or review of sampling plans; and

Analysis of operational data.

SUPERFUND TECHNICAL SUPPORT PROGRAM (TSP)

For immediate assistance on technical questions, RPMs
and OSCs can call one of the six Support Centers:

® Ground-Water Fate and Transport C enter, Ada,
Oklahoma;

® Monitoring and Site Characterization Center, Las Vegas,
Nevada,

® Environmental Response Center, Edison, New Jersey;

® Exposure and Ecorisk Assessment Center, Athens,
Georgia;

® Engineering and Treatment Center, C incinnati, Ohio;
and

® Health and Risk Assessment, Cincinnati, Ohio.

To request on-site assistance or to initiate a technical
assistance project, OSC's or RPM's should contact their
Regional Forum representative. For projects requiring
funding, written requests must be submitted to the appro-
priate Support Center. For further information on activi-
ties of the Regional Forums or the TSP call Rich Steimle
at FTS: 382-7914 or 202/382-7914.

United States

Center for Environmental Researc; —— . Gnw —T-:—'W,
Environmental Protection Information /& “ gy 0.5.p »
Agency Cincinnati, OH 45268 — ‘o e el 2 0 5 2 :t
. - ,~,; METER . .

3090843

#U.S. COVERNMENT PRINTING OFFICE: 1991. 5448- 18720580




TREATMENT TECHNOLOGIES FOR HAZARDOUS WASTES: PART |

A Review of

Treatment Alternatives for Dioxin Wastes

Harry M. Freeman and Robert A. Olexsey
Hazardous Waste Engineering Research Laboratory

U.S. Environmental Protection Agency
Cincinnati, Ohio

The 1984 Amendments to the Resource Conservation and Recovery Act
(RCRA), called the Hazardous and Solid Waste Amendments, (HSWA) di-
rect the EPA to determine if dioxin bearing wastes should be prohibited
from landfills. This determination is to be made by November 1986. Barring
a determination by the Agency that the land disposal of dioxin wastes does
not represent a threat to the eavironment, or that appropriate alternative
treatment technology is not available, a land disposal prohibition would go
into effect at that time.! The purpose of this paper is to discuss the state of
the art for several treatment processes for dioxin wastes that have been
posed to be used instead of land disposal for disposing of solid and liquid

wastes containing dioxins.

A dioxin is any of a family of aromatic
compounds known chemically as di-
benzo-p-dioxins. Each of these com-
pounds has as a nucleus a triple ring
structure consisting of two benzene
rings interconnected to each other
through a pair of oxygen atoms. Shown
in Figure 1 is the structural formula for
the dioxin nucleus.?

Most environmental interest in
dioxin has centered on chlorinated
dioxins in which a chlorine atom occu-
pies one or more of the eight positions
on the benzene rings. There are eight
chlorinated dioxin homologs and, with-
in these families of homologs, a theo-

9 ) 1
3 o) 2
7 (o] 3
6 4
Figure 1. The dioxin nucieus.

retical possibility of 75 chlorinated
dioxin isomers, each with different
physical and chemical properties. Most
of the interest has been directed to-
ward the isomer 2,3,7,8-TCDD, which
is among the most toxic compounds in
existence. The compound exists as a
colorless crystalline solid at room tem-
peratures and is only sparingly soluble
in water and most organic liquids.?

Dioxin compounds are apparently
not constituents of any normal growing
environment, but are formed through
manufacturing or combustion process-
es involving precursor compounds.?
Dioxins are usually formed in very low
yield, i.e. in the ppb and ppt range.
Although no definitive studies have de-
termined the exact temperatures of
formation, several studies have report-
ed dioxin formation in the range of
180-400°C.45

Once formed. the dioxin molecule is
quite stable. An EPA report on the sub-
ject states:

“Laboratory tests have shown
that it is not decomposed by heat
or oxidation in a 700°C incinera-
tor, but pure compounds are

largely decomposed at 800°C. A
recent report states that the nu-
cleus survives intact through in-
cineration up to 1150°C if it is
bound to particulate matter.
Chlorinated dioxins lose chlorine
atoms on exposure to sunlight or
to some types of gamma radia-
tion, but the basic dioxin struc-
ture is largely unaffected. In
comparison with almost any oth-
er organic compound. the biolog-
ical degradation rate of chlori-
nated dioxins is slow. although
measured rates differ widely."™

Waste Characterization

Hazardous wastes grouped under the
term “dioxin wastes” for the purposes
of the RCRA evaluation cover wastes
from the production of certain chloro-
phenols and chlorophenoxy pesticides,
manufacturing use of tetra-, penta-,
and hexachlorobenzene under alkaline
conditions, as well as discarded unused
formulations containing tri-, tetra-, or
pentachlorophenol and their deriva-
tives.® These are listed below, by
RCRA classification number.

F020 Wastes (except wastewater and
spent carbon from hydrogen
chloride purification) from the
production or manufacturing
use (as a reactant, chemical in-
termediate, or component in a
formulating process) of tri-, or
tetrachlorophenol, or of inter-
mediates used to produce their
derivatives. (This listing does
not include wastes from the
production of hexachlorophene
from highly purified 2,4,5-tri-
chlorophenol.)

Repnntea trom JAPCA 34: 67-75 (19886)




HAZARDOUS WASTE MANAGEMENT

F022

F023

F026

Wastes (except wastewater and
spent carbon from hydrogen
chloride purification) from the
production or manutacturing
use (as a reactant. chemical in-
termediate. or component in a
formulating process) of pen-
tachlorphenol. or of intermedi-
ates used to produce its deriva-
tives.

Wastes (except wastewater and
spent carbon from hydrogen
chloride purification) from the
manufacturing use (as a reac-
tant. chemical intermediate. or
component in a formulating
process) of tetra-, penta-, of
hexachlorobenzene under alka-
line conditions.

Wastes (except wastewater and
spent carbon from hydrogen
chloride purification) from the

F027 Discarded unused formulations

containing tri-, tetra-. or penta- -

chlorophenol or discarded un-
used formulations containing
compounds derived from these
chlorophenols. (This listing
does not include formulations
containing hexachlorophene
synthesized from pre-purified
92.4,5-trichlorophenol as the sole
component.)

F028 Residues resulting from incin-
eration of soil contaminated
with EPA hazardous waste Nos.
F020, F021, F022, F023, F026,
and F027.

These designations include reactor res-
idues, still bottoms, brines, spent filter
aids, spent carbon from product purifi-
cation and sludge from wastewater
treatment.®

A recent study carried out by EPA’s

Tablel. Waste quantity estimates for dioxin bearing wastes

(metric tons).

Waste categories Storage* Current® Future*
F020 4300 0 0
Fo21 0 350 1110
F022 ND4 0 0
F023 0 0 0
F026 0 0 0
F027 1000 1000 1000
Fo028 NA* NA NA
Total 5300 350 2100

* Storage—wastes that are now in storage awaiting final disposition
as a result of previous EPA action. A one time quantity.

® Current—quantity of wastes presently generated.

¢ Future—~annual quantity of waste expected in near future.

4 ND—no data.
¢ NA—not applicable.

production of materials or
equipment previously used for
the production or manufactur-
ing use (as a reactant, chemical
intermediate, or component ina
formulating process) of tri-, and
tetrachlorphenols. (This listing
does not include wastes from
equipment used only for the
production or use of hexachlo-
rophene from highly purified
2.4,5-trichlorophenol.)

Wastes iexcept wastewater and
spent carbon from hydrogen
chloride purification) from the
production of materials on
equipment previously used for
the manufacturing use (as a re-
actant. chemical intermediate,
or component in a formulating
process) of tetra-, penta-, or
hexachlorobenzene under alka-
line conditions.

Office of Solid Waste estimates the
quantities in Table [ for the subject
waste streams.”?

Current EPA Reguiations for Dioxin
W osies

" Under existing EPA regulations,
dioxin bearing wastes may be stored in
tanks, placed in surface impoundments
and waste piles, and placed in land
treatment units and landfills. Howev-
er, in addition to meeting RCRA re-
quirements for these storage and dis-
posal processes,? the operators of these
processes must operate in accord with a
management plan for those wastes that
is approved by the EPA Administrator.
Factors to be considered by the Re-
gional Administrator include:

1. Volume, physical, and chemical

characteristics of the wastes, includ-
ing their potential to migrate

through soil or to volatilize or escape
into the atmosphere.

. The alternative properties of under-
lying and surrounding soils or other
materials.

3. The mobilizing properties of other
materials codisposed with these
wastes. .

4. The effectiveness of additional
treatment, design, or monitoring
techniques.

The Regional Administrator may de-
termine that additional design, operat-
ing, and monitoring requirements are
necessary for facilities managing dioxin
wastes in order to reduce the possibili-
ty of migration of these wastes to
ground water, surface water, or air 80 as
to protect human health and the envi-
ronment.®

For incineration of dioxin bearing
wastes, in addition to the RCRA opera-
tion and performance requirements,'’
the incinerator must achieve a destruc-
tion and removal efficiency (DRE) of
99.9999 percent for each principal or-
ganic hazardous constituent (POHC)
designated in its permit. This perfor-
mance must be demonstrated on
POHCs that are more difficult to incin-
erate than tetra, penta-, and hexachlor-
odibenzo-p-dioxins and dibenzofur-
ans.® DRE is determined from the fol-
lowing equation:

(-]

(win - woul.)
DRE W X 100

where: W, = mass feed rate of one
POHC in the waste
stream feeding the in-
cinerator.

W, = mass emission rate of
the same POHC present
in exhaust emissions
prior to release to the at-
mosphere.

Of course, the HSWA amendments
contain a strong presumption against
land disposal. Therefore, one would ex-
pect that the Agency’s implementation
of the HSWA provisions on land re-
strictions will place primary emphasis
on incineration for disposal of dioxin
bearing wastes. EPA has also stated
that operators of thermal treatment
devices must demonstrate that they
can meet the performance require-
ments for incinerators in order to treat
dioxin bearing wastes.

Alternative Treatment Technologies
tor Dioxin Wastes

As indicated in Table II, there are
several thermal and nonthermal pro-
cesses that appear feasible for treating
dioxin wastes. While some of these pro-
cesses have already been tested using
dioxin contaminated waste streams,
others are either under development or

’
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Table [I. Treatment processes for dioxin wastes.

Treatment process

EPA contact

EPA Mobile Incineration System

Huber Advanced Electric Reactor

Shirco [nfrared System
Liquid injection incinerators

Photolyvsis

Rotary kiln incineration

Frank Freestone*
(212) 321-6632
Harry Freeman®
1513) 569-7529
Harry Freeman
Don Oberacker®
1513) 569-7431
Charles J. Rogers®
(513) 569-7757
Don Oberacker

GA Technologies Circulating Bed Combustor Harry Freeman

Chemical dechlorination

Garry Howell®
(513) 569-7756

UV photolysis/APEG chemical detoxification Charles Rogers

Supercritical fluids

White rot fungus

Robert Olexsey®
(513) 569-7717

P. R. Sferra®
(513) 569-7618

s Address: Hazardous Waste Engineering Research Laboratory, Ed-

ison, New Jersey 08837.

® Address: Hazardous Waste Engineering Research Laboratory,

Cincinnati, Ohio 45268.

have been tested with other chlorinat-
ed waste streams. The processes are
presented in order of the availability of
data for treating actual dioxin wastes.
Those processes which have actually
treated dioxin wastes are presented
first. Those that appear to have poten-
tial but have not actually been used to
treat dioxin wastes are presented in
subsequent sections. Discussions of
each of the processes follow. The names
of the EPA contacts in Table II are
individuals who are familiar with the
processes.

Reference or failure to reference a
particular process does not imply that
the process is recommended or not rec-
ommended by the U.S. Environmental
Protection Agency for treating dioxin
contaminated wastes. The discussion
that follows is a compilation of process-
es that. from a technical perspective,
the authors judge to have potential to
treat such wastes. To the extent that
test data are available they are present-
ed here. Each specific application of
each technology is subject to EPA and
state and local regulatory and permit-
ting requirements on a case-by-case
basis.

Processes Which Have Been Used to
Treat Dioxin Wastes

EPA Mobile Incinerator

EPA's Office of Research and Devel-
opment has developed a mobile rotary
kiln incinerator capable of incinerating
hazardous waste at the point of genera-
tion. The unit, called the Mobile Incin-
eration System, consists of three major
subsystems: 1) combustion and air pol-
lution control equipment mounted on
three trailers. 2) continuous flue gas
monitoring equipment located in a
fourth trailer, and 3) support equip-
ment. Figure 2 describes the Mobile In-
cineration System.!!

The incineration system consists of a
primary combustion chamber (rotary
kiln) where solid or liquid wastes are
introduced. volatilized, and partly oxi-
dized and a clean fuel oil-fired second-
ary combustion chamber (SCC) for
completing the combustion process ini-
tiated in the kiln. The combustion flue
gases pass through a gas cleaning unit
designed to collect and remove particu-
late matter and acid gases prior to dis-
charge through the stack. The initial

treatment of the combustion gases is
accomplished by water quenching in
the quench elbow, which is then fol-
lowed by particulate removal in a
cleanable high efficiency air filter
(CHEAF). [The primary function of
the elbow is to lower the gas tempera-
ture from 1200°C (2200°F) to adiabatic
saturation. at approximately 385°C
(185°F). and thus reduce the gas vol-
ume: some particulate and acid gas re-
moval does occur in the quench elbow.]
The final step in the gas treatment pro-
cess is the removal of acid gas in a
cross-flow packed-bed mass-transfer
scrubber. The pH of each process water
stream is controlled by the addition of
sodium carbonate to enhance acid gas
removal and to minimize corrosion of
the gas cleaning equipment. The prime
gas mover for the incineration system is
a diesel-powered induced-draft fan
that maintains a negative pressure in
the entire system so as to prevent the
leakage of toxic vapors. The process gas
is discharged through a 12-m (40-ft)
stack.!?

In 1983, trial burns were conducted
in Edison, New Jersey on RCRA-listed
surrogates, including dichlorobenzene,
trichlorobenzene, tetrachlorobenzene,
Aroclor 1260, and tetrachloromethane
(CCly). After a solids feed system was
installed and tested in December 1984,
additional laboratory tests were con-
ducted. Currently, the mobile incinera-
tor is installed at the Denny Farm site
near McDowell, Missouri. where “cold™
and “hot” tests were conducted using
clean soil and soil contaminated with
surrogates similar to those emploved in
the earlier liquid waste tests (CCl, and
hexachloroethane). Tests using dioxin-
contaminated liquid wastes and soil
verified the DRE and the effectiveness
of the control devices. [nterim delisting
guidelines were established and ana-
lyses were conducted on ash. treated
soils, filter materials, and process/
quench water to ascertain if the guide-
lines were attainable.!?

The dioxin trial burns were success-
ful, with DREs exceeding 99.9999 per-
cent for the POHCs burned. During
these tests 3.84 pounds of 2,3.7.8-
TCDD, contained in 1750 gallons of
liquids and over 40 tons of soil. were

in order to treat
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destroved. Particulate emission permit
limitations (<180 mg/NmJ @ 7% O.)
were achieved in three of four test runs.
During the fourth run. particulate
emissions exceeded the prescribed lim-
it slightlv. possibly due to the accumu-
lation of submicron-sized particles in
the air pollution control system. The
observed CO emission values (1.3-7.7
ppm) are equivalent to those from the
best available incineration technol-
ogies and are indicative of very com-
plete combustion (C.E. =
99.993-99.999%).13

Finally, the treated soil (ash) and
process wastewater from the trial burn
were analyzed for a series of specific
constituents considered as likely con-
taminants. The results of these ana-
lyses were used to support an applica-
tion to “delist” residues from a planned
larger scale burn of similar wastes.!*

Advanced Electric Reactor

The Advanced Electric Reactor
(AER) is a process designed specifical-
ly for on-site detoxification of soils. It is
owned by the J. M. Huber Company,
Borger, Texas.

The reactor employs a new technol-
ogy to repidly heat materials to tem-
peratures between 4000-5000°F using
intense thermal radiation in the near
infrared region. The reactants, which
can be in gaseous, liquid. or solid form,
are isolated from the reactor core walls
by means of a gaseous blanket formed
by flowing nitrogen radially inward
through porous graphite core walls.
Carbon electrodes are heated and in
turn heat the reactor core to incandes-
cence so that heat transfer is accom-
plished by thermal radiative coupling
from the core to the feed materials. De-
struction is accomplished by pyrolysis
rather than oxidation.!®

Figure 3 is a simplified process dia-
gram of the AER process. For solid
waste treatment. the solid feed stream
is introduced at the top of the reactor
by means of a metered screw feeder
connecting the airtight feed hopper to
the reactor. Nitrogen is introduced pri-
marily at two points in the reactor anu-
lus formed by the external containing
vessel and the porous graphite core
which creates the fluid barrier. The sol-
id feed passes through the reactor
where pyrolysis occurs at approximate-
ly 4000°F. After leaving the reactor,
the product gas and waste solids pass
through two post-reactor treatment
zones (PRTZ). The first PRTZ is an
insulated vessel to provide additional
high temperature (in excess of 1100°C,
2000°F) and residence time (5 to 10

seconds) while the second PRTZ is wa-
ter-cooled. [t also provides additional
residence time (approximately 10 sec-
onds) but primarily cools the gas to less
than 1000°F prior to downstream par-
ticulate cleanup.'6.17

Solids exiting the PRTZ are collect-
ed in a solids bin which is sealed to the
atmosphere. Additional solids in the
product gas are removed by a cyclone
and routed back to the solids bin. The
product gas then enters a baghouse for
fine particle removal followed by an
aqueous caustic scrubber for chlorine
removal. Any residual organic and
chlorine are removed by passing the
product gas through activated carbon
beds just upstream of the emission
stack. The organic, particulate, and
chlorine-free product gas composed ai-
most entirely of nitrogen is then emit-
ted to the atmosphere through the pro-
cess stack.

Among,the potential advantages of
this process are transportability, ex-
tremely high treatment efficiencies
(because of the high process tempera-
tures and long residence times), intrin-
sic safety features (such as the activat-
ed carbon beds. electrically driven so-
lids feeder, and large amount of
thermal inertia in the reactor), and the
ability to detoxify wastes in a pyrolytic
atmosphere, thereby minimizing par-
ticulate emissions.

Huber has reported several relevant
tests that have been carried out over
the past two years. A test in the Spring
of 1984 to determine the destruction
efficiency (DE) and DRE for the pro-

Air tignt hopper
for teed

— Metered
screw feeder
4—1 N3
Electric reactor

Post reactor
zones

Fan Saghouse

Cyclone Q{
Valve

Siide

cess with carbon tetrachloride over 3
wide range of operating conditiong
demonstrated greater than six nines
(99.9999%) DRE.!'S A September 1983
test on PCB contaminated solids dem.
onstrated better than seven nines DRE
and resulted in Huber's facility at
Borger. Texas being certified to de-.
stroy PCB contaminated solids.!”

In November of 1984 a mobile ver-
sion of the Huber unit was used to treat
soil containing 2,3.7,8-TCDD in Times
Beach, Missouri. Reports of this test
state that no 2.3,7.8-TCDD was detect-
ed in the treatment soil at detection
limits of 0.11 ppb from the 2.3.7.8-
TCDD and that no 2.3,7.8-TCDD was
detected in the stack gas at detection
limits of 0.55 ng/M3,18

The process’ most recent test was at
a U.S. Navy facility in Mississippi in
which some 1000 pounds of soil con-
taminated with Agent Orange were py-
rolyzed. Results for these tests are not
yet available.

Shirco Infrared System

The Shirco unit treats waste by me-
tering the waste streams onto a woven
metal alloy conveyer belt and passing
the waste under infrared heating ele-
ments and then burning combustible
off-gases in a secondary chamber. The
unit currently being tested by Shirco is
a portable pilot scale system that is
contained in a 45-ft trailer.!®

The primary chamber is rectangular
(2.5 ft X 9 ft X 7 ft) and is lined with
multiple layers of ceramic fiber blanket
insulation. Infrared energy is provided
by heating elements equally spaced
along the length of the furnace. The
electrically powered heating element

Slide valve |
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valve

Makeup water e
s

Caustic
scrubber Stack

| ana NaQH
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Figure 3. Huber advanced electric reactor.
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Table 1L Operating conditions for decontamination of dioxin contaminated

s0il—3Shirco system.

Solid phase Solid fuel Temperature
Secondary
residence time rate Zone A ZoneB chamber
Test No iminutes) (Ib/h) *F *P) (*F
| 30 47.68 1560 1550 2250
2 15 48.12 1490 1490 2235

<an provide capabilities of 500-1850°F
of process temperature with material
residence times variable between 10
and 180 minutes. Oxidizing, reducing,
or neutral atmospheres can be provid-
ed.!? A secondary chamber is equipped
with a propane burner and is sized to
provide gas residence time of up to 2.2
seconds. The process temperature ca-
pability is 2300°F. Scrubbers are pro-
vided for off-gas cleanup.!9-2

Shirco has reported successful use of
the system to treat municipal and in-
dustrial sludges and a simulated creo-
sote pit waste. During the week of July
3. 1985 the unit was used to treat dioxin
contaminated soil at Times Beach,
Missouri. A summary of the soil decon-
tamination test results is shown in Ta-
bles [II and IV.1?

units include their capability to incin-
erate a wide range of wastes and their
relatively low maintenance costs due to
the few moving parts in the system.
The primary disadvantage is that they
can burn only pumpable liquids, and
are susceptible to being shut down be-
cause of clogged nozzles. Liquid injec-
tion systems are also usually designed
to burn specific waste streams and con-
sequently are not often used for multi-
purpose facilities.

These facilities have been used to de-
stroy a variety of wastes including phe-
nols, PCBs, still and reactor bottoms,
solvents, polymer wastes, herbicides,
and pesticides. They are not recom-
mended for burning heavy metals,
high-moisture content wastes, or mate-
rials with high inorganic content.

Table IV. Dioxin contaminated soil decontamination test results—Shirco

system.

Emissions sampling duration th)
Particulate® at 7% O, (gr/dscf)
Gas phase DRE of 2,3.7.8 TCDD
Detection limit (picograms)
Ash analysis for 2,3.7.8 TCDD
Detection limit ippb)

Test 1 Test 2
7 25
0.0010 0.0002
>99.999996° >99.999989
14 8.4
ND¢ ND
0.038 0.033

« Particulate tilter only. without train rinse.
5 (>) indicates DRE calculations at detection limit.

«ND indicates nondetectable.

Liquid injection Incinerators

A liquid injection system consists of
arefractory-lined combustion chamber
and a series of atomizing nozzles. It is
capable of burning virtually any com-
bustible waste which can be pumped.
Wastes to be burned are usually blend-
ed in mixing tanks prior to atomization
to improve either their pumpability or
combustibility, and then are atomized
and burned in suspension. The capaci-
ty will vary depending upon the energy
value of the waste. Typical combustion
chamber residence times and tempera-
ture ranges are 0.5 to 2 seconds and
1300° F to 3000°F respectively. [n addi-
tion to being the primary part of a
waste combustion system, a liquid in-
jection incinerator is often used as an
afterburner to complete the combus-
tion of waste gases following burning in
other incinerators such as rotary kilns.

The advantages of liquid injection

Liquid injection is a technology in
daily use throughout the U.S., both at
industrial locations and at central
treatment facilities. [t is the most com-
monly used incinerator for hazardous
waste destruction,’' comprising some
64 percent of the market for incinera-
tors.?2

The incinerators aboard the M/T
Vulcanus. an incinerator ship designed
to burn chemical wastes on the open
ocean, are liquid injection units. The
units are vertically mounted with a vol-
ume of 131 m?. Each unit has three
rotary cup vortex burners firing into a
cylindrical refractory-lined combus-
tion chamber. Each incinerator is capa-
ble of burning some 1650 gallons per
hour of liquid wastes.®®

In July-September 1977 the liquid
injection incinerators on the Vulcanus
were used to destroy Herbicide Orange,
an herbicide that contains several chlo-
rinated substances including TCDDs.

The reported DE for the TCDD was
greater than 99.93 percent, which was
the highest DE that could be measured
given the detection limits of the TCDD
concentration in the exhaust gas.®
More recent test burns in similar liquid
injection units on the Vulcanus I, a
sister ship, demonstrated greater than
99.998 DE for the organochlorine CCl,,
CHCl,, and 1,1,2-TCE.® The EPA con-
cluded for its evaluation of the 1977
and earlier test burns that oceanic in-
cineration had the potential to be an
environmentally acceptable alterna-
tive to other means of disposal.?

Although incinerator ships are cur-
rently available for use, they are nei-
ther TSCA or RCRA permitted. How-
ever, specific permits will be required
by the EPA before any operation in
this country can occur.

Phototysis

Photoiysis is a process that involves
the breakdown of a chemical by light
energy. Photolysis studies have shown
that chlorinated dioxins may be photo-
lytically degraded in the environment
by sunlight.?

Polychlorinated dibenzo-p-dioxins
undergo photolysis rapidly in the pres-
ence of hydrogen donors such as alco-
hols, ethers, hydrocarbons, and natural
oils and waxes. The photolytic degra-
dation appears to occur in a stepwise
loss of one chlorine atom at. a time.
Sunlight is effective in activating the
reaction and. hence, of all the possible
natural detoxification mechanisms,
photolysis appears to be the most sig-
nificant. The ultraviolet wavelengths
of light have been shown to be the most
effective in causing the degradation re-
action.?

Under appropriate conditions, cer-
tain wavelengths of light convert the
more toxic dioxins to less toxic forms
by removing halogen substituents. Ap-
plications of this principle will, there-
fore, be limited to decontamination
and partial degradation, rather than to
complete disposal.

The effectiveness of dioxin photoly-
sis is enhanced by solution of the diox-
ins in a light-transmitting film, the
presence of a hydrogen donor in the
solution, and the use of ultraviolet
light.®

IT Enviroscience, Knoxville, Ten-
nessee, has developed a solvent extrac-
tion photolysis process that was ap-
plied to dioxin-laden sludge in Verona.
Missouri. in 1980. In this process the
dioxin was extracted from a sludge us-
ing hexane as solvent. The resulting ex-
tract was then passed under eight 10-

kW lamps to effect the desired reduc-
tion.

A report of the work states that ™ 160
gal batches of the waste were run
through the destruction process in five

1
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two-week operating periods. Six ex-
tractions of the waste reduced the
dioxin content from 34 ppm t0 0.2 ppm
134 mg.L to 0.2 mg/L). Generally. pho-
tolvsis reduced the dioxin concentra-
tion to less than 100 ppb (0.1 mg/L)
with optimum photolvsis times of
about 20 hours. Air sampling at the sin-
gle process vent confirmed that no
dioxin (less than 0.01 ug/m?) was emit-
ted to the atmosphere during opera-
tion.""*

Processes Which Have Potential to
Treat Dioxin Wastes

Rotary Kiin Incinerators

The rotary kiln system is the most
nearly universal of waste disposal sys-
tems. It can be used for a wide variety
of solid and sludge waste disposal, and
for the incineration of liquid and gas-
eous wastes.”

Rotary kiln incinerators are refrac-
tory-lined cylinders mounted with
their axes inclined at a slight angle
from the horizontal. This type of incin-
erator has a length-to-diameter ratio
between 2 and 10; a rotational speed in
the range of 1-3 fpm (measured at kiln
periphery): an incline ratio between
1/16 and 1/4 in./ft; an operating tem-
perature upper limit of 3000°F
(11650°C), although typical tempera-
tures are lower. and a residence time
that can vary from seconds to hours. [t
can be used to dispose of solids.
sludges. liquids, and gases. The speed
of rotation may be used to control the
residence time and mixing with com-
bustor air.
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The primary function of the kiln is to
convert, through partial burning and.
volatilization. solid wastes to gases and
ash/residue. The ash is removed and. if
tfound to be free of unacceptable levels
of hazardous wastes, is put in a landfill.
An afterburner using gaseous or liquid
fuels to generate a high-temperature
oxidizing environment is almost always
required to complete the gas-phase
combustion reactions. The afterburner
is connected directly to the discharge
end of the kiln. where the gases exiting
the kiln turn from a nearly horizontal
flow path to a vertical flow path up-
ward to the afterburner chamber. The
afterburner itself may be horizontally
or vertically aligned.8

The system is designed so that a neg-
ative pressure can be maintained in the
kiln in order to minimize emissions at
the end seals of the rotating section.

Both the afterburner and kiln are
usually equipped with an auxiliary fuel
firing system to bring the units up to
the desired operating temperatures.
The auxiliary fuel system may consist
of separate burners for auxiliary fuel,
dual-liquid burners designed for com-
bined waste/fuel firing, or single-liquid
burners equipped with a premix sys-
tem. Fuel flow is gradually turned
down. and liquid waste flow is initiated
after the desired operating tempera-
ture is attained.*8

[n rotary kilns, liquid wastes may be
fired either at the feed or discharge end
of the unit; both cocurrent and coun-
tercurrent firing designs are used.

Rotary kilns have the advantages of
being able to incinerate a wide variety
of liquid and solid wastes, being able to
accept drum and bulk containers, and

CaCly
Si0, Sait)

1Sana)

CasO,
(Gvusum)
inert ash

being able to retain waste materialg
sutficiently long to accomplish very
high destruction rates. Rotary kilns are
capital intensive and need significant
maintenance to maintain seals and re.
fractory. )
There are no reported data for the
combustion of TCDD in stationary ro.
tary kilns. However, there are severa]
rotary kilns that have been permitted
to burn PCB wastes. These kilns have
at least the potential for incinerating
dioxin waste streams. Three commer-
cial rotary kilns with PCB permits are:

1. ENSCO. El Dorado. Arkansas
2. Rollins, Deer Park, Texas
3. SCA. Chicago, Illinois
Each of these facilities. as part of the
trial burns associated with its permit

application, reported DREs for PCBs
in excess of 99.9999 percent.

Clrculating Bed Comb

Circulating bed combustion technol-
ogy is a modification of traditional flu-
idized bed incineration developed by
GA Technologies, San Diego, Califor-
nia. Fluidized bed incinerators are ves-
sels, usually some 20-25 ft in diameter
and 30 ft high. which contain a bed of
inert granular material, usually sand.
The bed is kept at a temperature of
840-1560°F. Fluidizing air is passed
through a distributing plate below the
bed to ngitate and heat the granular
material. Waste materials and auxilia-
ry fuel are injected radially in small
amounts and mixed with the bed mate-
rial which transfers heat to the waste.
The waste in turn combusts and re-
turns energy to the bed. Figure 4 de-
scribes the circulating bed process.>®

Circulating bed technology extends
fluidized bed technology by increased
turbulence and throughput per unit
area. The incinerator uses high air ve-
locity and circulating solids to create a
highly turbulent combustion zone. Be-
cause of the high air velocity, solids are
entrained and combustion takes place
along the entire height of the combus-
tion section. Solids are separated from
off-gases by an integral cyclone and re-
turned to the combustion zone through
a nonmechanical seal. Temperatures
are uniform with £5°F variance
throughout this loop. This uniform
temperature and high solids turbu-
lence avoids the ash slagging encoun-
tered in other types of incinerators.
Turbulence is a prime factor in the
zone. Nitrogen oxide (NO,) and carbon
monoxide (CO) emissions are reported
to be well controlled by the good mix-
ing, relatively low temperatures
(1450-1500°F), and staged combustion
achieved by injecting secondary air at
higher locations in the combustor.*?

The unit is designed to control pollu-
tion by the efficient combustion/des-
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perature and pressures. have been

found to be excellent solvents for or-

ganic wastes.

[n the supercritical waste process de-
veloped by the MODAR Company, Na-
tick. Massachusetts. an aqueous waste
stream is subjected to temperatures
and pressures above the critical point
of water, i.e.. that point at which the
densities of the liquid and vapor phase
are identical. (For water the critical
point 1s T14°F and 219 atmospheres.)
In this supercritical region water ex-
hibits unusual properties that enhance
its capability as a waste destruction
medium. Because oxygen is completely
miscible with supercritical- water, the
oxidation rate for organics is greatly
enhanced. Also, inorganics are practi-
cally insoluble in supercritical water.
This factor should allow the inorganics
to be removed from the waste streams.
The ideal result is that organics are oxi-
dized rapidly and the resultant stream
is virtually free of inorganics.'*1®

A brief summary of this concept, de-
scribed in Figure 5 is:

1. Waste is slurried with make-up wa-
ter to provide a mixture of 5 percent
organics. The mixture is heated us-
ing previously processed supercriti-
cal water and then pressurized.

9. Air or oxygen is pressurized and
mixed with the feed. Organics are
oxidized in a rapid reaction. (Reac-
tion time is less than 1 minute.) For
a feed rate of 5 weight percent or-
ganics. the heat of combustion is
sufficient to raise the oxidizer efflu-
ent to 930°F.

3. The effluent from the oxidizer is fed
to a salt separator where inorganics
are precipitated out.

4. Waste heat from the process can be
reclaimed to provide sufficient ener-
gy for power generation and i
pressure steam.

Bench scale experiments with the su-
percritical water process have yielded
organic carbon destruction efficiencies
of from 99.970 to 99.996 percent for a
range of chlorinated organic com-
pounds. For PCBas in transformer oil
and a methyl ethyl ketone matrix, aver-
age organic carbon destruction effi-
ciency was 99.991 percent.®

Another process, using supercritical
CO,, has been proposed to extract
PCBs from soil particles.® In this pro-
cess. which is still in laboratory devel-
opment, over 30 percent of PCB con-
tamination in soil was extracted in un-
der one minute. Work is continuing on
this medium of treatment.

Given the low levels of TCDD con-
tamination normally found in dioxin
contaminated wastes, it is unlikely that

supercritical CO will prove to be viable
for TCDD waste treatment. If supercri-
tical water can demonstrate specific
TCDD compound destruction efficien-
cies in the range of those for organic
carbon in the previous laboratory work,
the supercritical water process may
have potential, particularly for highly
aqueous dioxin contaminated wastes or
leachates that present a problem for
the sodium based dechlorination pro-
cesses.

White Rot Fungus

Through its biodegradation research
program, EPA is supporting work to
identify, develop, and test microorgan-
isms capable of degrading highly toxic
and refractory organohalide pollut-
ants, including 2,3,7.8-TCDD.

Although research has not yet identi-
fied organisms considered capable of
treating 2.3,7.8-TCDD, it has identi-
fied an organism, the white rot fungus,
Phanerochaete chrysosporium, that
appears very promising. The fungus se-
cretes a unique hydrogen peroxide-de-
pendent oxidant capable of degrading
lignin. Recent reports on this research
indicate that the substrate is not only
effective in degrading lignin, but also is
effective in degrading organo-halides
such as lindane, DDT. 4,5,6-trichloro-
phenol and 2.4.6 trichlorophenol.®®

It is proposed that the fungus may
prove to be suited for use in biotreat-
ment processes for the degradation of
refractory organic pollutants. To date,
work with this primary alternative has
been confined to the laboratory. EPA’s

< Feed

Mak e-up water
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HWERL is planning to test the enzyme
system at several contaminated sites in
the future.!

Summary

This article has identified and dis-
cussed many alternative technology
options for treating dioxin wastes. As
the U.S. continues to move away from
land disposal toward more acceptable
techniques for managing hazardous
wastes, processes such as the ones dis-
cussed will become more common as
waste management options. While
many of the processes described here
may now appear to be expensive or ex-
otic. as EPA moves to implement the
landfill restrictions imposed by Con-
gress, these processes may assume
more practicality. Most certainly. the
adoption of advanced technologies
such as those described here will mea-
surably improve the quality of the en-
vironment.
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Vaporizing VOCs, Neil U Hutzler ot al, Michigan Technologi-
cal Univ. Hougnton. Civil Engineenng-ASCE, Apr 90, v60. n4,
057 (4) journal arucle

Soil vapor extraction s a cost-erfective technique for vOC
removal from contaminatea soil. It s a relatively simpie con-
cept and can be used in conunclion with other soil decon-
famination Drocegures such as biological degracaton, wash-
Ng. or on- and off-site treatment and aisposal. The design ot
SUCh a technique Nvolves contamnaton volume, groundwa-
‘er gepth, son heterogeneity, contaminant location and area
Jevelopment, site soil charactenstcs, chemical oroperues.
ana operatng ana response variaples The typical system
CONsISts Of extraction vents, air iniets, air neaders, vacuum
dumps. flow meters and controllers, vacuum gauges, sam-
oling pors. air-water separator. vapor reatment, and an im-
permeable cap. The gesign ana operation of these systems
's flexible enough :0 allow for rapid changes in operation,
~nicn will optimize cremical removal (1 ciagram, ¢ table)

EPA's Assessment of European Contaminated Soil
Treatment Techniques, Thomas H Pheiffer et ai EPA,
*vashington, OC, Env Progress, May 90, v9. n2, p79 (8) our-
~al arucle

An EPA-sponsored project 1o evaluate the most successtul
and innovative European technologies for contaminated site
remediation s assessed. Three phases are discussed:
Phase | involved the indentfication of these technologies.
Shase Il studied the most promising of those technologies
discovered, and Phase Il cuiminated in the first forum on in-
novative domestic ang international hazardous waste treat-
ment tecnnologies N June 1989. Countries examined n-
cluded Belgum, The Netherlands, and West Germany
(FRG). The most promising technologies were devsloped in
The Netherlands and the FRG. and included vacuum extrac-
tion of hydrocarbons from sail, in situ washing of cagmium-
oolluted soil. in situ steam stripping, and several landfarming
and washing practices. The apparent success of this shor-
term technology assessment program indicates that despite
ihe wealth of nformation available in the US, there 1s much to
be learned from ongoing work in foreign countnes. (2 dia-
grams, 8 references, 5 tables)

An Overview of Solvent Extraction Treatment Technok
ogies, Dorothy W. Hall et al, CH2M Hill Inc, Milwaukee, Wi,
Env Progress, May 90, v9, n2, p98 (8) journal article
Several innovative solvent-extraction systems have recently
become available for treatment of hazardous wastes. An
overview is presented of some of the solvent-extraction Sys-
tems being introduced and applied to treat hazardous maten-
als as well as those sl in the development stage. Systems
profiled include: CF Systems Corp's extracton process, New
York Univ's LEEP (Low Energy Extraction Process). 8P Qil's
solvent extraction process, Resource Conservation Co's
B.E.S.T.* (Basic Extractive Sludge Treatment) process,
Envinte Field Services’ Accurex solvent extraction process,
and Sanexen Intl's Extraksol™ process. Process descnp-
tion, applicaton, and availability information are presented
for'each system. The solvent extraction process technology
2ppears to be a viable altemnative for treating some contami-
nated soils and sludges. (8 diagrams, 1 table)

Site Cleanup with Sodl Washing Technology, Hsin-Neng
Hsieh and Dorairaja Raghu, New Jersey Inst of Technology,
Newark, Advances in Env Technology & Management, 1990,
v2, p157 (14) conf paper

The renabilitaton of sites contaminated by hazardous
wastes has been facilitated by new technologes, including
soil washing/soil tlushing. This process extracts organic and
INOrganic contaminants via a 'quid medium in which contam-
nants are mooilized through chemical reactions or the formu-
iaton of an emuision. Extracting agents can include water,
acigs or bases, chelatng agents, surfactants,
reducing/oxidizing agents, and organic solvents. Factors at-
fecting success rates include soil charactenistics, hydrology,
contaminants, extracting agents, and mixing of soil. (1 dia-
gram, 20 reterences)

*90-00971

'91-00414

Thermal Treatment Technotogies for Haz Waste Reme-
diation, Nancy P. Johnson and Michael G. Cosmos. Weston
Services Inc. West Chester. PA. Pollution Engineenng, Oct
89, v21, n11, p66 (16) journal article

Thermal treatment is frequently selected as the preferred al-
terative for remeaiation of sites on the National Priorities List
(NPL), as well as for non-NPL sites. Sites containing as much
as 300,000 yd? of contamunated soil have been identified as
requiring thermal treatment. To avoid the high cost of trans-
portation to a central treatment facility, on-site treatment op-

tons have been developed. On-site treatment 1s proviged by
installing moaular-constructed taciities within the contines ot
the hazargous waste site. (2 diagrams, 8 crawings)

Soll Remediation Techniques at Uncontrolled Hazarg-
ous Waste Sites: a Critical Review, Ronaid C. Sims, Utan
State Univ, Logan, Air & Waste Management Assn May
90, v40, n5, p704 (29) journal article

A conceptual framework for soll remediation technique eval-
uation, selection, and monitoring is proposed, based on a crit-
ical review and evaluation of current informanon and activi-
lies used at hazardous waste sites. These processes provide
the imputs into chemical mass balance that can be useq for
assessing the problem of mobility, for évaluating treatment
techniques, and for identitying chemicals in specific phases
f_or monitonng treatment effectiveness. Soil vacuum extrac-
non_. bioremediation, contaminant mobilization and immobili-
zam_:n, radio frequency heating, colloidal gas aphrons, elec-
trokinetics, prepared bed reactors, in-tank reactors, and
thermal treatment are all discussed. (5 diagrams, 2 graphs,
147 references, 16 tables)

'90-02851 Assessment of 2,3,7,8-TCpp

posal Sites, Seong T M, Missions from Waste Dis-
EPA/APCA Measurement o »'3- EPA, W :
easurement of 7-0* FA, ashingron 2C

ants int! Sym, Research rna,,g/ 'C and Relatec 4, Soihys.
(16) cont paper € Park. NC. May gg 2470
The significance of 23781

disposal sites is assessed by MSSIoNs from soul g
SMISSIONs with the expOosures 3¢ °3MG the exosure 1o :ne
dia pathways. The potential fg, ,°C36d With other my1,me.
Nea for vanous scenanos of vt‘"’a” heaith risk 15 axam.
disposal design at ditferent jg,, . "OMental conaitions ana
Vapor :nhalation, dust INhalation as e waste contamination

of the exposure pathways dec 301 ingestion are 3 ey

references, 1 table) se: (1 diagram g



= avwronmental Protection Agencv. C:ncinnats,
=eguchon Engineenng Lab.

elanewsx, and J F Rickabaugh Jan 90, 1
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_190-155807/REB PC A

‘indgbook on In situ Treatment of Haza

1 Associates. Inc.. Cincinnau, OH
. O.Chambers. J. Willis, S. Giu-Pour. J. L.

¥-90/002

! rotecuon Agency, Cin-
=:anat, OH. Risk Reduction Engineenng Lao.

“he hanabook 1s Intended to assemble state-of-the-art

ormaton on in situ reatment technologies for haz-
Jous waste - contaminated sois. Extensive reter-
ces are proviged or those who wisn tC seek more
setail on a gwven lopic. The Risk Reductior Engineer-
ng Laporatory is continuing with its research on in situ
‘~aatment to IMProve on technologies aiscussed in the
NODOOK and 10 8xplore new lecnNnoiogies.

syworas: *Soils, “Hazargous matenals. “Waste treat-
Tent, ‘Reviews, Handbooks, Legisiaton, Soil stabili-
zauon, Solidification. Degradation, Vaponzing, Photol-
-1s, Freezing, Cooling, Electrokinetcs, Ultrasonics,
ni tlusrung.

PB90-263229/REB PC AD3/MF AO1
NATO/CCMS Pilot Study on Demonstration of Re-
mediali Action Technoiogies for Contaminated
Land and Groundwater: 1988 Activities.
Envwronmental Protection Agency, Cincinnat, OH. Risk
Reduction Engineenng Lab.

D. E. Sanning, M. A. Smith, and R. M. Bell. c1988, 12p
ZPA/600/0-90/135

Pub. n Contaminated Soil ‘88 p1563-1572 198

The paper describes the nature, structure and content
of the NATO Commuttee on the Challenges of Modern

Society (CCMS) Pilot Study ‘Demonstration of Reme-
Jial Action Technologwes for Contaminated Land and

undwater' and the associated CCMS Fellowship

Jram. To date, twelve projects in six countnes have
veen selected for inclusion in the program which will
‘nvoive penodic expert review dunng the five years for
wich the project will run. The paper draws special at-
tenton to the work on microbial clean up techniques
nctuded in the program, and the outcome of the first
nternatonal meetng held in Washington, 0.C. in
1987.

<eywords: ‘Hazardous matenals, ‘Water polluton
zonwrol, Ground water, Research projects, Perform.
ance evaluaton, Site surveys. Meeungs, Reviews,
international relations, Repnnts, *Foreign technology.,
*Remedial acton, "Soil contaminaton, ‘Waste man-
agement, NATO, Technology utilization, Technology
:ranster., Cleanup operavons, Demonstraton pro-
3rams, Microbal processes.
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RB90-274093/REB PC A A1

" Compendium of Technologies Used in the Tromt-

ment of Hazardous Wastes.

Environmental Protecton Agency, Cincinnea, OH.
Center for Environmental Research Informaton.

C. A.Clemons. Sep 87, 55p* EPA/625/8-87/014

The document 18 iIntended 1O serve as an introducton
'0 tecnnologies wnich can be used in the reatment of
hazardous wastes. While the contents of thes docu-

CuUSsIoN i

NOlOgy, a bnef discussion of the applicatility and limna-

uons of that technology, the status of the technology, a
non-exhausuve listing of vendors, supplers or devek
opers and when appropnate, a process diagram for a

ypwcal apoiicaton of that technology. Furthermore, for

many of the technologies, a tabular lising of specihic

Jala neeced by an engineer designing a treatment

System is included. Technologies are categonzed on

e basis of whether they are consered physical

“eatment, chemical treatment. biological treatment,
Fmal treatment (incineration) or stabilizabon/fixa-
L

Xeywords: “Hazardous matenats, *Waste treatment,
Process charung, Stlabiization, Siodetenoraton,
‘Technology utiization, Physical chemical treatment.
Chemical reatment, Biological treatment. Encapsulat-
'ng, Physical treatment, Incineration, Waste forms.

PB890-191750/REB PC A F AO1
Environmental Protecson Agency, Cincinnat, Risk
Reduction Engineenng Labd.

Technology Evaluation Report SITE Prog
Demonstration Test. Soliditech, Inc, Sol
tion/Stabiltzation Process. Yolume 1.

PRC Environmental Management. Inc., Chicago, IL.
W. E. Grube. Feb 90, 138p EPA/540/5-89/005A
Contract EPA-68-03-3484

See also Volume 2, PB90-191768. Sponsored by E
ronmental Protection Agency, Cincinnat, OH. Ri
ucuon Engineenng Lab.

uon/stabiizabon demonsiraton was 10 deveiop reli-
able performance and cost informauon. The demon-
strabon took place at the impenal Oil Company/Cham-
pion Chermical Company Supertund site in Morganwille,
New Jersey. Contaminabon at this site includes PCBs,
vanous metals, and ol and grease. The Soliditech
process mxes the waste matenal with Urmichem, a pro-
pnetary reagent: propnetary addiives; pozzolanic ma-
tenats or cement (cement was used for the demonstra-
bon); and water, in an open-topped concrete mxer.
The techruical cntena used to evaluate the effective-
ness of the Soliditech process were contaminant mMo-
bility, based upon leaching and permeabsiity tests; ana
the structural integnty of the soiditied matenal, based
upon physical and morphological tests. The treated
wastes had significant structural integnity, low perme-
abiity, and higher bulk censity than the untreated
wastes. pH values of the rreated wastes were highly in-
fluenced by alkaliruty of the porttand cement added
dunng trestment. Documentation wiil consist of two re-
ports. This one s the Technology Evaluaton Report
that descnbes the field actvities and laboratory re-
sults.

Keywords: ‘Waste treatment. *Hazardous matenals,
*Solidificaton, *Stabiizaton, Performance evaiuaton,
Cost analysis, Cements, Leaching, Greases, Oils,
Metals, Permeadiity, Physical tests, Morphology,
Density(Mass/volume), pH, Chemical tests. Site sur-
veys, ‘Technology utlizaton, *Supertund Innovative
Technology Evaluaton Program, *Soliditech process,
Polychlonnated dwphenyls, Urnchem, Encapsulation,
Envwon

PB890-191768/REB PC A99/
Environmental Protection Agency, Cincinnati, OH.
Reduction Engineenng Lab.

Technology Evaluation Report SITE Program
Demonstration Test, Soliditech, Inc. Solidifica-
tion/Stablilzation Process. Volume 2.

PRC Environmental Management, Inc., Chicago, IL.

W. E. Grube. Feb 90, 6750 EPA/540/5-89/0058
Contract EPA-68-03-3484

See also Volume 1. P890-191750.Porhons of this
ument are not tully legible. Sponsored by Envr
tal Protecton Agency, Cincinnat, OH. R
Engineenng Lab.

R
The pnmary obrtecuve of the Soliditech, Inc. sokdifica-
tion/stabilzaton demonstration was to develop reli-
able performance and cost informanon. The demon-
snoocgmuco atthe Isw.ﬂmend Oil Company/Cham-
pon Company und site in Morganwille,
New Jersey. Contaminabon at ths site inciudes PCBs,
vanous metais, and ot and grease. The Solditech
process mixes the waste matenal with Umnchem, a pro-
pnetary reagent: propnetary additives; porzolamnc ma-
tenais or cement (Cement was used for the demonstra-
tion); and water, In an open-topped concrete muxer,
The techmcal critena used to evaluate the effective-
ness of the Soliditech process were contammant mo-
bility, based upon leaching and permeabxiity tests; and
the structural integnty of the solidified matenal, based
upon physical and morphological tests. The treated
wastes had significant structural integnty, low perme-
abiity, and Migher buik density than the untreated
wastes. pH values of the reated wastes were hghly in-
fluenced by alkalinity of the portland cement added
dunng treatment. Cocumentation will consist of two re-
ports. This one is the Appiicathon Analysis Report that
provides an interpretaton of the data, and discusses
the potenual applicabdity of the technology.

Keywords: *Waste treatment, *Hazardous matenals,
* Sokdification, *Stabiizabon. Performance evaiuaton,
Data processing, Tables(Data), Quality assurance,
Quality control, Fieid testa, Cements, Leaching, Per-

dity, Physical tests, Chemical tests, Expenmental
design, Metais, Greases, Ois, *Technoiogy utiization,
*Superfund Innovative Technology Evaluaton Pro-

gram, ‘Solditech process. Polychionnated biohenyts,
Urnchem, Encapsulaton, Environmental transpont.

[~
/" PB90-183799/REB

PC A M
Forum on innovative Hazardous Waste Tr
Technologies: Domestic and International. H...

Environmental Protection Agency. Washington,
Ofttice of Soid Waste and Emergency Resoogu
Sep 89, 328p EPA/540/2-89/056

{ the ni rest 1n innovat
hazardous waste control technologies, U.S. EP.
Office of Sold Waste ang Emergency Response ¢
Risk Reducton Engineenng Laboratory jointty o
ducted this conterence. The conference consisted
presentations of technical papers and posters Dy int
navonal and domestic vendors of technologies tor '
treatment of waste, sludge, and contaminated SOnte
uncontrolled hazargdous waste disposal ses. The [
pose of the 2 1/2 day conterence was two-foid: to h
introduce promising iIntematonal technologies throw
techmcal paper and poster aisplays; and 10 showcs
resuits of the U.S. EPA Supertund Innovatve Techr
ogy. Evaluaton program technologies in acaimon
other domesuc innovative technologies. 8oth wa
dimed at iIncreasing awareness of the user commur
'n technologwes ready for applicaton. The comper
um does not inctude all papers that were present
only those that were made availiable by authors &
thew institutions are included.

Keywords: ‘Meeungs, *Hazardous matenals. *Wa
lreatment, Waste disposal. Sludge. Water ponut
contrad, United States, *Poliution control, * Technok
utikzavon, *Land pollution, Foreign technology, Suc
fund Innovatve Technology Evaluation, Cleanup og
atons. Remedial action, Incineration.

P(’Q—!O‘SOTIREB PC R6J/MF A01

Environmental Protection Agency, Researcn™nangte

Park, NC. Air and Energy Engineenng Researcn ap.

Experimental Investigation of Criticai Fundamen-

tal lssues in Hazardous Waste Incineration. F

rept. Jan 84-Apr 85.

Energy and Environmental Research Comp.. Inne. (.

J. C. Kramiich, E. M. Poncelet, R. €. Charles, W. R.

Seeker, and G. S. Samuelsen. Sep 89, 130p EPA/

600/2-89/048

Contract EPA-68-02-3633

Sponsored by Envwronmental Protection Age
ch Triangle Park, NC. Air and Energy &

The report grves resuits of a laboratory-scaie program
investigatng several fundamental issues involved in
hazardous waste incineration. The key expenment ‘or
6ach study was the measurement of waste gestructon
behavior in a subscale turbulent spray flame. Atormiza-
tion quality: the performance of subscale nozzies was
directly measured in terms of dropiet size by laser arf-
fraction. Secondary atommzaton: test results showed
that, when atomizabon quaiity was the miting process.
secondary atomuzabon markedly improved both waste
destruction efficency and overall combusbon efficien-
Cy. as measured by CO and total hydrocarbon erms-
sions. Compound concentraton: lest results support
the hypothesis that varying secondary atomization in-
tensity with compound concentration in the feed ex-
plains most of the vanaton in laboralory-scale studies.
A mecharusm invotving mming imited equilibrum
chermstry i1s proposed to explain the held data. Forma-
bon of products of mcomplete combustion: the broad
spectrum of volatile organic compounds from a simpii-
fied flame were measured. Test results show that most
of the orgamc compounds present were from the fuel.

Keywords: ‘Hazardous matenals, ‘Waste aisposal,
*Organic compounds, *Combustion efficency, *Aw
polluton abatement, *Atomizing, Expenmental gesgn,
Performance standard, Design crena, Combusbon
products, Carbon monoxide, Hydrocarpons. *!nainer-
avon, Comptiance, Ar poliubon standards. Poiluton
reguiatons, Afterburming.




. pge0-274184/REB PC AD1/MF AO1
] Technosogy: Soll Washing. Fact sheet

B tal Protecton Agency. Washington, OG”
Ofics of Emergency ana Remedial Resoonse. <
wov 89, 50 EPA/9200.5-250/FS

The tact sheel provides technology gescnpton. site
charactensdcs aflecong reatment feasibility, technoi-

aoons, and technology status for soil
Lol . The fact sheet descnbes now sod washing
mpowﬂlﬂ'w beneficial in the separauon/seqre-
gaton and volumemtc reducton of hazardous maten-
&8 N S0IaS. siugges, and sediments

Keyworcs: ‘Hazardous matenals. ‘Cecontamination,
Technology nnovaton, Tecnnology assessment,
wests treatment. Site surveys, Feasibity, Perform-
ance evaiuaton, Seoaraton. Seciments, Sludge dis-
posal, Process cnarung, Dewatenng, Portable equip-
ment. Washing, °Supertund, ‘Waste management,
‘Otfice of Soikd Waste and Emergency Response,
*Sod reatment, Cleanup operations. Remedial action.

Q pPB90-274192/REB PC A01/MF AD1
™ innovative Technology: in-situ Vitritication. Fact
T snest (Final).

Envronmental Protection Agency. Washington, DC.

Otfice of Emergency and Remedial Response

Nov 89, 5p EPA/9200.5-251/FS

The fact sheet provwes technology aescnoption, site
charactenstics affecting treatment teasibiiity, technol-
ogy consigeranons, and technology status for In-Situ
vitnficaton (ISV). The sheet descnbes now ISV can be
used to reat soils and siudges contammnated with mix-
tures of vanous waste types (e.g. ragioactive, inorganic
and/or organic).

Keywords: *Hazardous matenals. *Vitnhcauon, Waste
reatment, Site surveys, Feasibirty, Radioactive mate-
nats, Orgaruc compounds, Inorgamic compounds,
Technology innovation, Technol assessment, *Su-
perfund, “Waste management, *Office of Solid Waste
and Emergency Response. ‘In-situ processing, Soil
reatment. Sludge treatment, Remedial action.

. P890-274200/REB PC A01/MF AO1
1/ innovstive Technology: Siurry-Phase Blodegrada-
< ton. Fact sheet (Final).
Envronmental Protection Agency. Washington, DOC.
Office of Emergency and Remedial Response.
v 89, 5p EPA/9200.5-252/FS

«ne fact sheet prowdes technology descnption, site
charactensucs affecting treatment feasioility, technol-
Ogy consderatons, and technology status for Slurry
Phase Biodegradaton (SPB). The sheet descnbes
how SPB is potentiaily etfective in treaung vanous of-
ganic contaminants.,

Keywords: *Hazardous matenals, *Siodetenoraton,
‘Slumes, *Waste treatment, Site surveys, Organic
compounds, Aeraton, Process charting, Microorga-
nsms, Tech assessment, Technol innova-

nology
bon, *Superfund, ‘Waste management, 'Office of
Solid Waste and Emergency Response, ‘Remedial
acton, Feasibility studies, Soil contamination.

PB90-188339/REB P
Envronmental Protecton Agency. Cincinnat,
Reduction Engineenng Lab.

Operations and Resaarch at the U.S. EPA |
ation Research Facility: Annuai Report for FY89.
Acurex Com.. Jetferson, AR.

L. R Watenand. Mar 90, 730 EPA/600/9-90/012
Contract EPA-68-03-3267

sored by Environmental Protection Agency, Cin-
H. Risk Reduction Engineenng Lab.

The Environmenta anon
Sesearch Facility in Jefferson, Arkansas, is an expen-
mantal tacility which houses two oilot-scale inciner-
alors and the associated waste handling emission
conuol, process control, and safety equipment, as well
as onsite laporatory facilites. Dunng Fiscal Year 1989,
3 major faciity expansion and reconfiguration con-
struction effort was completed. Upon completion of
‘he construction. incineration testing at the Facility was
resumed. Hazargous waste incinerator trace metal
2mission requlation development for the Office of
S0Id Waste and a Superfuna site remediation treat-
adbiiity stuay for 2egion | ana the Office of Emergency

71 Remeaial Response were major program support

ues in Frscal Year 1989

<eywords: ‘Research oroiects. "Tast chambers,
‘“azargous matenals, "Waste aisposal, *Arr pollution
control equioment. *Sails, Incinerators. Performance
2vaiuauon. Scrubbers, Dasign cntena. Particle size dis-
tnouton, Kilns, Tables(Data),
~oncentraton(Compositon), “US EPA. *Incineration,
“Air poliution sampliing, Supertund program, Land pol-
uhion,

P890-274218/RES PC A01/MF A01
: BEST Sotvent Extraction
> Process. Fact sheet (Final).

Emvironmental Protecton Agency, Washington, DC.
Office of E and Remedial Response.
Nov 89, 5p EPA/9200.5-253/FS

The fact sheet provides technoiogy descriotion. site
Charactenstcs affecting treatment feasibiiity, technol-

considerabons, and technology status for the
3EST soivent extraction process. The sheet descnbes
fho BEST process as using one or more secondary or
‘ertary amines 10 separate t0XC wastes and oils from
sludges or sors.

Keywords: *Hazardous materials. *Solvent extraction,
Technology assessment, Technoilogy innovation,

Waste treatment, Site surveys, Pertformance evalua-
tion, Separation, Amwnes, Feasibility, °‘Superfund,
‘Waste management, ‘Office of Solid Waste and
Emergency Response, ‘Best technology, Soil treat-
ment, Land polluton, Sludge treatment, Remeaial
acuon.

PB90-274226/REB PC AO1/MF AO1
» Innovative Technology: Glycolate Dehalogena-
Py tion. Fact sheet (Final).
+ Environmental Protection Agency, Washington, DC.

Otfice of Emergency and Remedial Response.

Nov 89, 5p EPA/9200.5-254/FS

The fact sheet prondes technology descnpuon, site
charactenstcs affecting treatment feasibility, technol-
ogy considerations, and technology status for Glyco-
late Dehalogenation. The sheet descnbes the process
as being potentally eftectve in detoxitying specific
ypes of aromauc organic contaminants, particularly
doxins and PCBs. —_—
——

Keywords: °*Hazardous matenals, Waste treatment,
Process charting, Pestcides, Technology innovaton,
Technology assessment, °‘Supertund, ‘Waste man-
agement, *Otfice of Solid Waste and Emergency Re-
soonse, ‘Dehalogenation, *Glycolic acid, Dioxins, Pol-
ychiorinated biphenyis, Soil treatment, Remedial
action.

PC AG3/MF AO
Bloremediation of Contaminated Surface Solls.
Rovert S. Kerr Environmental Research Lab., A
OK

J.L.Sims, R.C Sims.and J. £ Matthews. Au . 28p
EPA/600/9-89/073
Prepared in cooperaton with Dynamac Cormp., A

OK., and Utan State Unwv., Logan.

processes, including microbsal degradaton,
tfied as cnucal mechamnisms for attenu-
atng organc con ansit through I
vadose zone 10 the groundwater. On-si edial
measures using biological processes can reduce of
elvinate groundwater contaminaton. thus reducing
the need for extensve grounawater monitonng and
treatment requwements. On-site remedial systems that
utize the sod as the treatment system accomplish
treatment by using naturally occumng microorganisms
1o treat the contarminants. Treatment often may be en-
hanced by a vanety of physical/chemical methods.
such as fertikizauon, tiing, soil pH adjustment, Mois-
ture control, etc. The development of a bioremeaiation
program for a specic contaminated sol system in-
cludes: (1) a thorough site/soil/waste charactenza-
von; (2) treatabirty studes; and (3) design and imple-
mentabon of the Dioremedciabon plan. Siological reme-
ciabon of soils contaminated with orgamc chemicals
has been demonstrated 10 be an alternative reatment
technoiogy that can often meet the goal of achieving a
permanent clean-up remedy at hazaraous waste sites.

Keywords: °*Souis, “Microorganisms controi(Water),
*Water polluton control. Ground water, Contamina-
tion, Monronng, Ferulzing, Cultvation, pH. Soil water,
Organic compounds. Waste treatment, Clean up.

263997/RED <
ot-Scale Evaluation of Incinerati R
Wastes from Specific Sources. Rept. for 1
Environmental Protecuon Agency, Cincinnat, ON. Risk
Reducton Engineenng Lap. )
C.R. Dempsey, and R C. Thumay 1990. 14p EFA/

Incineration te: ted at th

Unned Staté n Agency s Ir

cinerabon Research Faciity (IRF) to sSupport the deve-
opment of best demonstrated availabie technology
(BDAT) standaras for the treatment ot several hazarg-
Ous wastes from specific sources (K-Wastes). All test-
'ng was conducted in the IRF’s rotary kiln system. The
paper summanzes the results of this testng for four ot
these wastes. The obrective was 10 determine f these
wastes could be incinerated by a well designed, well
operated incinerator based on comphiance with ine
hazardous waste incinerator reguiavons and to char-
actenze the incineration residuals for hazargous con-
stituents. It was found that these wastes couid gener-
ally be incinerated in compliance with these regula-
uons. However, the mist carryover from the air pollu-
uon control device wouid have to be more effecuvely
controlled 1o meet the particulate standard in some
cases. No detectable amounts of pnnciple organic
Nhazardous consutuents (POHC's) were tound in erther
the kiln ash or scrubber blowdown.

Stng was ¢

Keywords: *Hazardous matenals, "Waste aisposal
Combustion efticiency, Pilot plants, Pertormance

evaluation, Waste treatment, Standards, Air poliution
contol, Particles, Kiins, e

tecﬂnotogy. “Incineration, Source Classificaton
Codes, Poliution regulations, Standards compliance,

PB90-204728/REB PC AQ7/MF A01
Environmental Protection Agency, Cincinnayy, OH. Rrsk
Reducton Engineenng Lab.

Deveiopment of Electro-Acoustic Soll tamk

nation (ESD) Process for in situ Applica

Battelle Columbus Labs., OH. s =

H. S. Muranidhara, B. F. Jirs, F. 8. Stulen

Wickramanayake, and A. Gill. Apr 90, 1
-90/004

sored by Environmental

cinnaty L

.B.
p EPA/S540/

The technical feasibility of electro-acoustc soil decu -
tamination process through lab expenments demon-
strated the removal/concentration of heavy metals
sumucadnﬁmmﬁrnﬁesumofmedeunem
taminated sods were, however, inconciusive. The ESD
process is basad on the appkication of a d.c. electnc
hoidandacouucﬁddhmepresenceofaeonvm-

tonal hydraulic gradient to contaminated sois 1o en-
hance the transpon of kquid and metal 1ons througn
the soils. Electrodes (one or more anodes and a catn-
0de) and an acoustc source were placed in contami-
nated sois 10 apply an electnc held and an acoustc
field to the soil. This process works especially well with
clay-type sows having small pores or capilanes, where
hydraulc permeabsity 1s very low The development
program included a literature review, soil charactenza-
tion, design and constructon of the laboratory ESD
unit, and lab scale expenments with sorls contaminat-
ed with decane, zinc and cadmum. Evaluation ot the
expenmental resuits inaicated that apphcaton of the
field sources reduced the heavy metals zinc and cad-
mum more than 90% in the treated cake Tests yioig-
ed 10-20% decane removal.

Keywords: “Soils. “Pollution centrol, Sxpenmental
design, Water pollution, Ground water. Pertormance
evaluaton, Soil surveys, Reviews, Tables(Data). Os-
mosis, Design cntena, Laboratory equipment, Zinc.
Cadmium, Clay souls, Electrolysis, Supertund Innova-
ive  Technology Evaluation Program. ‘Remedval
acwhon, ‘Heavy metais, ‘Electroacoustc waves. Enw-
ronmental ranspor.
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Treating Chlorinated Wastes
with the KPEG Process

M. L. Taylor, J. A. Wentz, M. A. Dosani, W. Gallagher, and J. S. Greber

The two reports summarized here
describe development of the alkall
metal polyethylene gylycolate (APEG)
chemical technology to dechlorinate
hazardous hydrocarbong In solls and
Its application at four demonstration
gites: fleld-scale application to
contaminated solls on the Island of
Quam; pllot-scale demonatration In
Moregau, New York; and drum-stored
contaminated materials at the
Bengart & Mamel site In New York
and in Omaha, Nebraska. The Omaha
sita Involved tatrachlarodibenzo-p-
dloxin (TCDD) in waste herbicides.

Equipment for the tleld-scale
application on Quam Included a
steam-jacketed mixar, a steam-
generating plant, and a condensate
collection system. Approximately 15
yd3 of contaminated soll (with
concentrations averaging 3635 ppm
Aroclar 1260) were batch treated with
polassium polyethylene glycolate
(KPEQ). The polychlorinated biphenyl
(PCB) concentrations were reduced
by maore than 99%, with no Indlvidual
PCB congener exceeding 2 ppm.

The reports provide detalled
Information about preparation of
contaminated solls before treatment,
equipment and reagents used during
treatment, and analyses done before,
during, and after treatment. Patential
users are glven sufticlent information
of the KPEG process to ascertain
which version ot the process Is best
sulted for a particular site,

This Profect Summary was develo.
ped by EPA's Risk Reduction Engj.
neering Laboratory, Cincinnatl, OH, to
announce key findings ol the
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research projects that are fully docu-
mented In two separate reports (see
Project Report ordering Information at
back).

Introduction

The two reports concern & chemical
dechlorination process that employs a
reagent, typically prepared by reacting a
base (e.Q.. potagsium hydroxide) wilh one
ol soveral polysethylene glycols (e.g..
PEG 400). Early laboratory- and drum-
scale studies are described that proved
the feasibility of the KPEG technalogy to
reat PCB-contaminatcd soils. In-depth
descriptions are given ol the KPEG-
process demonstrations that have besn
done to date. )

A typical laboralory-scale procedure for
dechlorinating polychlarinated dibenzo
dioxing (PCDD)- and PCB-contaminated
sail involves mixing potassium hydroxide
(KOH) and polyethyiene glycol-400
(PEG-400, average molecular weight of
400 Daitons) to produce the reagent
KPEG. This KPEQG reagent is mixed with
the contaminatled soi, healed lo approx-
imately 150°C (302°F), and maintained
at lhat temperature while being con-
tnuously stirred for 1 to 4 hr. Excess
reagent is then decanted, the soil is
neutralized with acid and rinsed two or
three limes with water, and the decon-
taminated sail is discharged.

The reaction ol the KOH and PEG-400
produces an alkoxide (ROK) (Equation 1),
which in turn reacts with one ot lhe
chlorine atoms on the aryl ring to
produce an ether (ArCl,., OR) and potas-
sium chioride (KCl) salt (Equation 2).
Replacement of the chiory = atom on the
aryl nng with an ether-hnked PEG

PaTT TC:CT A
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...... wed Wa compound. The dechio-
nnalion process is described In Equations
1,2, and J:

ROH + KOH —= ROK + Hy0 (1)

ROK + AiCly —= A/Cl.., OR + KCI (2)
§
-H
Ar Clny OR = A Ci,, OH » CH; =
H
[ -0R (3)
¢

& S -

Pllot-Scale and Field-Scale
KPEG Treatment
Demoanstrations

Four csite demonstrations of tho KPEG
process are discussed. A pllot-scale
demonstration was conducted at the
Moreau. New York, site, and a held-scale
demonstration was conducted at the
Guam site. At the Bengart & Memael sito
in New York and a site in Omaha.

eSS e vn = .-y

MNebraska, drum-uealmenl demonsitra-
tions of tho KPEQG Process were con-
ducted. Discussions of these four site
domonstrations should assist potential
users of the KPEG Process with sufficignt
information 1o 3588558 which of the four
versions of the KPEQJ process 1s best
suited lor implementation at a particular
site,

Pllot-Scale Demonstration of
KPEG Process in Moreau,
New York

The objectives of the demonstration at
the Moreau site were (o deccumant that
the KPEQ reagent could olfactively de-
chlorinate PCBs to acceptable levals at
the 40-gal scale (from hundreds and
thousands of parts per million 1o less than
3 1o 4 ppm) and to gsther process data
that would subsequently be used to
design a larger (2-yd3 or 400-gal) reactor.
The tost at Moreau was not Intended t¢
be a site cleanup; only a small portion of
the contammated soil was reated as part
ol the tost.

Hose Connaction for
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Adding Rsagent

Cap

\ /
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-Pivot Point
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The Moroau site wes formerly a drag
strip. The drag strip was oiled parled.
Ically, and some of the oll used for this
purpose was transformer oll containing
PCBs. The PCB concentrations in the sol
at the slte ranged trom nondetectable ufp
to tens of thousands parls par miln
The pipe reactor (Figure 1) used dur
the pilot-scale tests was constructed from
a 40-in. length of 16-In. steel pipe. It was
mounted on a stand that allowed It ic
rotate about the indicated pivol point. ang
becausa it rotated through an arc of 180
in about 10 soc, mixing inside the pipe
was gentle. A ballle along the side of the
pipe (midway down itg length) redirected
the flow of slurry along the pipe wall and
enhanced mixing.

Four electric heating straps hoated (he
roactor. One 1000-watt heating strap was
wrapped @iound the top of the reactor,
and another was wrapped around the
bottom, Both straps were about 10 in.
wide. Two 3-in -wide 1500-watt straps
were wrapped around the center portion
of the reactor

\ Screon Stack for

Oraining Reagent in
™Y Top Flange

172 Area internal Batfie 1o
f_ Protect Screen Stack from Rocks

Internal Ballle —w— K o —¢
) °X~0.00 ps! Gage
1500-W ——{
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/ 40 . iy
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15§ N ~—t Woided
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Removadle Insuisnon Is Used Ouring Ogeration

Figure 1. Rescier detad for the Moreau, New York pilor-scale demongtration.
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Duxing ihe reactor operation, lempera-
Iiré and prossure were recorded avery
15 min. The reactor motion and |ts
direction were controlled by a hand-held
SWIlCh: (harelore, during the entire time
lhe reactor was ooerating, someone hold
the switch and manually reversed thie
r3acClur’s dircction at the end of each
180° wrn.

Vapor liom the reactor was vontad
through a smreil fan-cooled condenser
(Figure 2). The condenser condensate
was collscteu in Condensate Orum No. 1,
«hich was ve~tzg 19 an ice condenser
conslsting of a <~ 1 submerged In an ico
tath that arainsy to Condensate Drum
flo. 2 Condensate Drum No. 2 was
vented through an activated carbon
Canisler to remove any trace volaliles
beloe almospheric discharge.

The trealment procedura valved pre-
paring the solvent PEG mixturg —
dimethylsultoxide (OMSO), triothylene
glyccl meathyl ether (TMH). and PEG-400
[ratio 2:1:1|~in g 55-Qal drum. The sail,
solvent mixture, and 45% KOH solution
we'g -Riea loaded into the 1eactor and
mixed. The reactor was heated o 150°C,
and the samples were withdrawn by
removing the thormometer and pouring
the sluity (~50 g) out of the thermameter
insertion port.

Altogether, four runs were made with
this reactor. Table 1 |igts the reactor
contents for each of these runs. Ater the
3amples were taken out of the reactor,
both soil and reagent were analyzod lor
PCBs. The reductions in PCB concentra-
tion In the soil achigved during Run No. 1
ranged from 93.9% to 99.8% and
averaged 98.3%. The PCB reduction in
the romaining Ihree rung (Runs 2 through
4) was grealer than 99%. PCB8s were also
found in the f6Covared reagents,
generally at higher concentrations than
those in the soll; this indicated that
although the PCBs were baing extracted
lrom the s0il nto the liquid phase,
chemical dechlorination was rnrot yet
complete. The PCB concentrations in the
réagent were 0.18 ppm in Run 1, 74.8
PPM N Run 2, 72.4 ppm in Run 3, and
4 25 ppm In Run 4.

Field-Scale Demonstration of
KPEQG Process in Guam

The U.8. Navy Public Works Center on
Guam was selected for the fisld-scale
Jemonstration of the KPEG chemical
dachlorination system. The PCB concen-
trations in the soil at the site averaged
3535 ppm, with “hot-spots” as high as
45.860 ppm (4.59%). Sail cantamination
(found primarily «n a nearby storm

Auwr
Condanser

F
Tp ‘ .
Cantar é vant
Pivort Pt Fan }
N\
fine \
Reacior 4
Theimometer . - "'_. e Condensate  Condensate Nitrox
Y. A oof Drum 21 Orum 12 Drum
Rotanon
Figure 2. &quivment arrangement for the Moreau Test.
Table 1. Mareral Chargad to Reactor, in Poungs
Total
Run Sail Sufs'ane OMSo TMH PEG-400  459% KON Liqud
! 335 00 1o 3.5 58 119 329
2 jas 0.0 100 50 50 100 300
3 14.0 0.9 12.0 6.0 60 120 59
$ ,jqo 15.0 00 78 7.5 130 430
|
|
3
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drainage ditch) was the 1osult of I
from a lransformer rework building
waste PCB storod outside the Builc
Excavated, contaminated soll was sl
In a 12.2- by 18.3-m (40- by 80-1(* ~
building with & hoavy rubber liner
on a concrete pad. Also another 3.
30 5-m (100- by 100-1t) concrets pad
noured for the installation of the i
scale KPEG treatment system.

Soil and particles smaller than 1/2
wore passsd through the scresns
collected separately so (hat partic
would not be jammed in the mixer.

Laboratory studies of contaminated
samples from Guam determined
soil's ootential for KPEG (reatment .
established the reagent formulation .
other operating parameters. Figure 3 |
simplified mochanical flow diagram of
KPEG system at Guam. As illustrated.
mixer was the primary component of
syslem in which the chemical dech
rination process occurrad. An extens
Pipe network connected the ancille
equipment wilh each other and with ¢
mixer,

The principal components of the Gue
KPEG lreatment system (mixer, platfor
liquid roagent loading system, heati
system, nilrogen system, condensate c.
lection system, process cooling syste
reagent collection system, and ventilati
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Figure 3.

systemn) are described in detail in the full
10pAQrt.

Six 65-gal drums were placed on a
motal pailet, the pallet was posilioned In
the metal bullding next to the stockpiled
soil, and the soil was shoveled Into the
drums. The six drums of soil were
relocated to the scale, where a smail
forkiift with a drum-lifting attachment
piaced them on the scale. A grab samplo
was collected Irom each of the six drums
of soil. These samples were placed in a
containér and mixed thoroughly to
provide a homogeneous sample for PCB
analysls.

A crana hoistad tha diums of soil. and
two persons on the platfurm usued the
manual chainfall on tho drum lilter to
dump the drum contents into the mixer.
After every second drum of soil was
loaded, the mixer was turned on for a
short time to disperse the soil svenly
throughout the mixing cylinder.

" TWSC T DTC N3

Sail
Collection

P Systarn Alr Requiremonts

Machan!cal flow diagram of KPEG field-scale treatment system.

After all the soll was loaded into the
mixer, the components of this KPEG
(PEG 400 and KOH) tormulation were
added. The mixer was run at low speed
(30 rpm) while the PEG-400 was pumped
Into it; this allowed thorough digpersion of
the PEG-400 and KOH 1o initiate the first
roaction shown in Equation 1. When the
reagents and soll were completely mixed,
the mixer was switched to high speed (60
rpm). The vent line from the mixer 1o the
condengate collection system was
vpuned, and the lan condensar was
turned on.

The steam-generating plant was ignited
and 80-psi staem was circulatad thenngh
the mixer jacket. The mixaer contents
roached 150°C in approximately 2 hr,
and the temperdture and mixing were
maintained for 4:hr. At the end of 4 hr,
the steam ganerator and mixer ware shut
down, the fan condenser was turned off,

b ] ll{ = I = A B I T
\ ¢ oowes

- —~y

B ) [~
v

Acid

Nitrogen

Roagent |
Collecton |

—teee  ROQuired Process

— —— == QOptional Process

and the contents were allowed to ¢
overnight.

After cooling overnight. all the trea:
batches of soil were neulralized w
concentrated sulluric acid and ¢
charged. Samples ware collected fr
the sample-collection port, and the siu
pH was measured. [l the collect
samplo had a pH in the 8 to 8 range
was also used as the posttreatmant ¢
sample. The treated soil and reage
used in the treatment process were ¢
charged Inlo Lhe soil-collection hopp
pending analytical results.

A high-pressure (2000-psi) wa
washer was used (o decontaminate
procoss oquipmunl, 8nd the result
watar was rollected In 55-9al drums. ~
collected cordensate and water w
pascsed through a 34rias of cartric
filters and activated-carbon canisters. 1
lreated wator was then collect
sampled, and held until resul
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ilysas for PCB contamination were
ained. Treated waters with nonde-
table PCB concentrations were either
lected by a liquid transport truck and
icharged into the sanitary sewer
atment plant ur pumped back onto the
! zone.
CB analyses employed an EPA-
valopad fleid-screening method, which
13 followed with a aco vigoious,
rroborative analysis. A review of
ratg L scil analytical data lrom. both
1alyses indicated that the destiuction of
9 total PCB concantration exceeded
1%. In both sets of data. howevaer,
ialysis of each of the congener peaks
wowed that a tetrachlorobiphenyl
Jngener concentration in a portion of the
Jated batches was slightly above the
&D permit requirament of 2 ppm or
wer per PCB peak. The batches con-
ining grsater than 2 ppm of the tetra
ngener were loaded back Into the
iixer, mixad with the new KPEQ formuy-
ition of 1.3 moles KOH and 1.0 mole
£G-400, and ratreated. Analytical re-
uits of the retreated batches indicated
16 lotra congener in oach batch was well
slow | ppm.

Jrum Treatment Demonstration
)f KPEG Process at Bengart &
Wemel Site, New York

The preceding two KPEG demonstra-
ions were performed to prove the effec-
Iveness of the KPEG precess at larger
scales and to promote the development
of a full-scale system. The demonstra-
fons described In this section and the
one that lollows concern the in situ
iréatment of smaller quantities of con-
taminated matarials that may have
already been placed Into drums for
slorage. This process offers an alterna-
tive to the costly and hazardous process
of emptying drums of hazardous mate-
rlals.

When Bengart & Memel, Inc., a whole-
saler of nonferrous scrap metals, dis-
mantied PCB translormers and capaci-
tors, PCBs ware released into the soil. in
the mid-187Q's, soil samples from this
site contained PCB concentrations gx-
ceeding 60 ppm. Soll sampling and
aralysls indicated that PCB concen-
trations were excessive in seven loca-
tions on the property. As part of the
remedial program, the contaminated soil
was excavated and placed in 168 55-gaj
steel drums. Because of a consent order
deadiine, only §! drums ol soll were
lreated in this demonstration. A the
remaining drums were shipped, un-
Processed. Jirectly o a landiill.
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Ouring tho KPEG troatment process, a
weighed quantity (typically 150 to 170 Ib)
of a8 single-phase eagent mixture
(2:2:4:9:5—PEG:TMH:DMSO:dS% KOH:
water) was added lo each of the soil
drums. A bimetal thermometor was In-
serted Into the 3/4-in. bung on each drum
cover, and the drums were healod from
the bottom to ensure that all of the soil
contaminants would react. The soll tem-
peratlure was monitored 8 1o 12 In. below
the top of the drum, and the soil temper-
atures were lypically maintained betwoen
105 and 110*C for several hours.

The drums wore ventad to a central
condenser systam with a capacity of 18
drums (ses Figure 4). During heating.
vapors exited from the drum through an
insulated flexibly line connecting the 2-in.
drum bung with the main header.
Because part of 1ha header was [ce-
lacketed, much of the water vapor was
condanscd and drained directly into & §5-
gal holding drum. The remaining vapor
was drawn through an air-cooled radiator
(used as a condenser), which also
drained liquid to the 55-gal holding drum.
An ice-jacketed scrubbar containing a
dllute sodium hypochlorite solution (for
odor control) trapped most of the remain-
ing condensables. From the scrubber, the
vapor passed through a 55-gal drum fllled
with 8 mixture of activated carbon and
containing 8 molecular sieve. A vacuum
Pump provided negativae prossure for the
vapor contol system.

A 30-in. auger attached to a hand drill
was used 10 collect treated soil samples
from the drums. Four samples (one from
the center, one ciose 10 the dium wall,
and Iwo spaced between the center and
wall) were collected from the drum by
penelraling the soil as deeply as possible
with the auger.

Alter tho treated soll had been
decontaminaled, the soil had lo be
brought from a highly alkaline to a neutral
PH by the addition of dilute acid.

Soon after the KPEG treatment
(October 1888), EPA determined the con-
cenlrations of PCBs in selected diums. A
second group of drums was sampled and
analyzed in Fabruary 1987 after the
réagent had been in contact with the soil
for § mo. Group 2 included Iresh samples
from the drums that EPA found contained
PCB concentrations exceeding 50 ppm,
samples from treated drums not analy2ed
by the EPA, and one soil sample that
contained less than 0 ppm when EPA
analyzed it The low-concentration sam-
ple was analyzed to check the potential
reaction progress in drums with PCB
concentralions below §0 ppm. A com-
parison of the reduced consentrations
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reported In February with the Octot
results Indicated hat the reaction cc
tinued during the holding period.

A review of lrgated-scil analytical Jde
indicated that PCB concentrations w(
reduced from 108 to 27 ppm (a
reduction). The PCB levels in the
one drum with an wunal concentration
1300 ppm were reduced to 78 ppm
93% reduction).

Drum Treatment Demonstratior;
of KPEG Process at an Omaha.
Nebraska, Site

This 1987 EPA study was designed
demonstrate the elfecliveness of
KPEG process for treating drumme.
contaminated herbicide wastes containir
dioxins. The contaminated waste cor
tainod 17.800 ppm 2,4-D, 2800 pp!
2,45-T, end 1.3 ppm 2.3,7.8-TCDD.

The KPEG reagent used In this demaor
stration was prepared wilh PEGQ an
KOH. The fisld-scala tasting of the KPE:
lachnology was peiformed on one 20-q:
bateh of the contaminatad wasts.

The treatment equipment consisted ¢
a 55-gdl drum, a clamp-on heating barc
and a stining motor, The drum containin.
the KPEG reagent and the contaminate
waste was heated to a lomperature ¢
70° to 85°C lor 2 days while being con
tinually stirred. After 2 days, the heate
was turned off and the reaction mix
was allowed (o cool to amblent
perature. The lreated waste samples
were then analyzed to determine thc
posttreatment concentration of the con-
taminated waste.

Table 2 presents the analytical resuits
of samples collected before treatmen
and after the first and second treatmeants
The KPEG treatment reduced the con.
centration of 2.3,7,8-TCDD In the waslc
to less than the detectablo range. The
concentrations of both 2,4-D and 2.4.5-T
we18 reduced by 98°%.

Con¢lusions

The pilot-scale KPEG demonst:ation in
Mcreau, New York, represented the first
altempt to dechlorinate PCBs in a
reaclor/mixer at a scale larger than that
used in the laboratory. Results of the
demoncetiaticn irdicatod thal PCBe r£nuld
he raduced by an avarage cf 98 3¢,
(reductions ranqged lrom 93.8% 1o
99 8%,).

Tha linld-scala dernnnstration at Guam
proved the effactiveness of the KPEG
technology' for treating soils with Initial
PCB concentrations averaging 3535 ppm
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Figure 4 Contras Convenser sysiem. KPEG drum lreatmeny aemonstration, 8engart &
Atamol, Buttale, New York.
Table 2. Orum Sc¢ale Treatment of TCOO, 2,4-p and 2.4.5.1
Concentration n Tregteg Waste
Percent
Conc. in Untreated  Firgy Treaunent, Secong Reducticn of
Contaminant Waste. pom oAm Tieaunan, ppm Contaminants
1C00 (2 J.7.8) 13 0.088 NO* 99.99
2.4-D 17.800 9.000 339 98.12
245.T 2,800 1,700 38 98 04
—_———— .
NO = Nong Detvcroa

(3260 to 3828 ppm). PCB concentrations
wale reducsed to an dvaiage concentra.

7 0of 6874 ppm (1.01 10 139 ppm),

4ch 16presents an average reduction of
89.84% (99.58%, o 80.98%) with no
‘eésolvable PCHB congener 8xcedding 2
2pm (after ‘elraalment). The process
mplementod in Guam was successful in
3 treatment of PCB-con:aminatad soil
vithout the use of DMSQ or TMH,

The KPEG Process usad at the Bengar|
« Memel silg successlully reduced PCB
>vels in sall contained in S§-gal drums 10
slow the 50-ppin control limit sey for the
dil at the sitg

The drum-scalg KPEG process af the
maha site Praoved to be Ccapaole of
¥qrading 2,3,7.8-TC00. 2,4-D, and
4.5-T. Inlta concantrations of 1.3 ppm
3.7.8-TCDO. 17,800 ppm 2.4-D, ang
300 ppm 2,4.5-7 were reduced 1o con-
ntrations of none detoctable, 334 ppm,
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and 55 ppm, 1espectivel

stratlon also
KPEG withoy

Proved the

Recommendations
The loliowing

made concarnin

System:

1. The systom sho
lional sites 1o

ground data on the tachnology.
2. Additional figlg-

feCommendationg ware
9 the fisld-scale KPEQG

operating paramates.
3 The Ilabor intensity o

should be reduced by modifying it

with matarialg handling 8quipment

and avtomation.

TNOC L~ -QTrC 3

090%-%972

(806)

ST gy,

Y. The demon-
ellectivenass of
t the use of DMSO or TMH.

uld be usag 8t add-.
provide

scale demonstr ations R
should be done in an attempt to

oplunize the leage

E

System.

morg back. 6.

“clean”

lillment of C
Assignman .
RWI7933910 by PEI A
under theg Sponsorship o
ronmental Protection Aga

I the Systam

T Mo g, bl T = =TT

‘SIMIT ayo4nvs -

alternative ¢
that may
lncreasing

5. Design of a full-scale,
self-supportive KPEG
Systemy should be initiato
contaminated wi
matic compounds.

EHorts shoulg be initiat
EG-lreated

oC T

9Zts1

Attempts shouidq be made to
quipment manuyfa
be capablg of {
the elticiency of

N

06

luily poitablg,
treatreny
1 tor soils
th halegenated aro-

ed to delist the
$0il judged 1o ve
Per the requirementg
D permit

Tho tuli '€port was submitted in fu)-
ntract No. 68-03-
1.2,
ssoci
! the
ncy

3413, Work

and |AG
ales, Ing.,
U.S. Envi-

T oyan
/TZ/ot

identil

Cli::grs
u-ther
ths

of the



R ol | — 2= ~ Dy 12 224 ONE T &
e
M. L. Taylor, J. A. Wentz, M. A. Dosani, W. Gallagher, and J, S. Greber are with PE/
Agsociates, In¢c., Cincinnati, OH 45246.
T. D. Ferguson and C. J. Rogers are the EPA Project Officers (see below).
The complata reports entitledd "Fiald Applications of the KPEG Procaess for Treating
Chlorinated Wastos"” (Ordaer No. P8 89-212 724IAS: Cosl: $17.00, subject to
‘ changa), and “Comprahensive Raeport on the KPEG Procoss for Trealing
Chicrinated Wastes” (Ordar No. P8 90 163 843; Cost $23.00, subjact lo change)
w /! ba avarlable only from:
National Technical Information Sérvice
5285 Port Royal Road
Springlield. VA 22161
Talephone: 703-487-4650
The EPA Projsct QOfficars can be contacted at:
Risk Reduction Engineering Laboratory
U.8. Environmental Protsction Agancy
Cincinnati, OH 46268
United Slates Center for Environmental Research BULK RAT
Environmental Protection Information : POSTAGE & FEE
Agency Cincinnatl OH 45268 EPA

PERMIT No. G

Official Business
Penalty for Private Use $300

EPA/B00/S2-00/:026

09C1)H/073 HYEFRL
® =~ MARY N(RACE D22SIDENRIO

3 CTR ¢OR HAZ MATERIALS RESIARC
Unty oF PITTIRURGH
APPLIFD NESEARCH CENTES
320 4JTLLIAM PITT WAY
PITI38URGH PA 15238



— — S R N N =~ 7 ~ —Tﬁ\\ 0 VamahaeaN]
e A\ g A\ 11 Y\ ) ‘SN /A _—
LN < A\ : =
= i) /A ) B Y “\\' | et
- o el QDo o &=/ /] Ve N e ==
, 1 — !
S L\ NN A = i iy ;\\u 5
JdvudAd AN et V'S N

TREATMENT TECHNOLOGIES FOR HAZARDOUS WASTES: PART IV

A Review of Altemative Treatment Processes for

Metal Bearing Hazardous Waste Streams

Dougias W. Grosse

Hazardous Waste Engineering Research Laboratory

U.S. Environmental Protection Agency
Cincinnati, Ohio

The U.S. Congress and the U.S. Eavironmental Protection Agency believe
that treatment and recovery techniques should be given maximum priority
when considering methods for managing the nation’s generated hazardous
waste. A prohibition for the disposal of certain categories of hazardous
wastes either directly onto or into the land without being treated to an
accepted degree prior to such disposal practice has been promulgated.!
Wastes containing toxic metals and cyanide complexes have been sclected as
a group to be restricted. Due to the high generation rate associated with this
(ategory, a large capacity of waste treatment processing will be required.
Existing and emerging treatment alternatives which are or have the
potential to be employed for waste treatment of metal bearing wastes are

presented in this paper.

An estimated 7.9 billion gallons of met-
al bearing wastes, 4.7 billion gallons of
cyanide wastes and 0.8 billion gallons
of reactive wastes containing cyanides
were generated in the United States in
1983.2 Currently, 85 percent of all met-
al and cyanide bearing wastes that are
subjected to land disposal are aqueous
(< 1 percent total solids). A listing of
the principal number of waste genera-
tors are listed by SIC code in Table 1.2
The purpose of this review is to de-
scribe current treatment practices that
are being used or considered for use at
on-site or commercial hazardous waste
treatment, storage and disposal facili-
ties (TSDF) to treat metal and cyanide
wastes conventionally land disposed.

Waste Characterization

Hazardous wastes which can be cate-
gorized as metal and cyanide bearing
wastes are included in each of the five
source designations for hazardous

wastes as designated by EPA (40 CFR).
The source categories are:

D Wastes which are hazardous be-
cause they exhibit a particular haz-
ardous characteristic, such as tox-
icity;

Wastes from non-specific sources;
Wastes from specific sources;
Acutely hazardous constituents;
and

Toxic constituents

As is illustrated by Table II, the ma-
jority of metal/cyanide wastes generat-
ed in this country are characteristic
toxic metal wastes (D) and wastes that
result from electroplating and metal
treating processes (F). These wastes
are specified by the following RCRA
codes:

D002 Corrosive metal wastes which
are aqueous and have a pH less
than or equal to 2 or greater
than or equal to 12.5.

c wAm™

D003 A solid waste that exhibits the
characteristics of reactivity in
the presence of the cyanide ion,
but is not listed as a hazardous
waste in Part 2613.

Arsenic

Barium

Cadmium

Chromium

Lead

Mercury

Selenium

Silver

Wastewater treatment sludges
from electroplating operations
except from the following pro-
cesses: 1) sulfuric acid anodiz-
ing of aluminum; 2) tin plating
on carbon steel: 3) zinc plating
(segregated basis) on carbon
steel; 4) aluminum or zinc-alu-
minum plating on carbon steel:
5) cleaning/stripping associat-
ed with tin, zinc and aluminum
plating on carbon steel; and 6)
chemical etching and milling of
aluminum.

Spent cyanide plating bath so-
lutions from electroplating op-
erations (except for precious
metals electroplating spent cy-
anide plating bath solutions).
Plating bath sludges from the
bottom of plating baths from
electroplating operations
where cyanides are used in the
process (except for precious
metals electroplating plating
bath sludges).

Spent stripping and cleaning
bath solutions from electro-

D004
D005
D006
D007
D008
D009
D010
DO11
F006

F007

F008

Fo09

Reprinted trom JAPCA 38: 603-614 (1906)
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HAZARDOUS WASTE MANAGEMENT

Tabie I. Number of waste generators by SIC code.

No. of facilities
(Dun’s 1983)

SIC description

Weighted No. of facilities
Metals

SIC CN Metals +CN

4.287 Plating and polishing

2,148 Paints and allied
products

2.902 Metal coating and
allied products

4.151 Motor vehicle parts
and accessories

47 7 263 1013
2851 20 212 232

3479 46 149 195
3714 62 107 169

2.183 Industrial inorganic 2819 3 131 134
chemicals
876 Metals. nonferrous, 3341 37 93 130
secondary
55.380 Fabricated metal 3400 51 73 124
products
393 National security 9711 16 84 100
966 Motors and generators 3721 0 61 100
32.867 Misc. manufacturing 3900 23 68 91
industries
384 Metal, nonferrous, 3356 20 60 90
rolling, drawing
609 Printing ink 2893 0 89 89
1.229 Blast furnaces, steel 3312 11 78 89
mills
1.229 Foundries, gray iron 3321 0 82 82
2,614 Electric services 4911 0 81 81
1.160 Industrial organic 2869 5 80 85
chemicals
1.529 Plastics material 2821 7 7 83
4,656 Radio and TV communica- 3662 30 49 7
tion equipment
5.392 Electronic components 3679 35 42 7
1,040 Motor vehicle bodies 3711 41 34 7
3.432 Machine tool accessories 3545 40 0 40

plating operations where cya-
nides are used in the process
(except for precious metals
electroplating bath sludges).

FO10 Quenching bath sludge from oil
baths from metal heat treating
operations where cyanides are
used in the process (except for
precious metals heat treating
quenching bath sludges).

FO11 Spent cyanide solutions from
salt bath pot cleaning from
metal heat treating operations
(except for precious metals
heat treating spent cyanide so-
lutions from salt bath pot
cleaning).

ganic chemicals and pigments (K002-
8), petroleum refining (K052), iron and
steel (K061, K062), secondary lead
(K069, K100), and ink formulations
(K086). Salts of the various metal ions
and cyanide complexes are listed in
Part 261.33 (e) and (f) as discrete
chemical constituents of discarded
commercial chemical products, off-
specification species, container resi-
dues and spill residues of acutely haz-
ardous (P) and toxic (U) wastes respec-
tively. Metal ions are prevalent in

Table II. Generated waste distribution.

many forms based upon the type of ip.
dustrial processes and uses employeq.

ARternative Treatment Technologies
for Metal Bearing Wastes

The U.S. EPA is interested in defin.
ing available technologies for each of
the relevant hazardous waste codes,
Technologies to be considered as alter.
natives to land disposal practices must
demonstrate an acceptable level of
treatment before these processes are
permitted for operation. Treatment
standards for many waste codes are be-
ing established through case studies,
demonstration projects and pilot stud-
ies. A review of some of the existing
alternative treatment options for met.
al/cyanide bearing wastes will be pre-
sented.

Discussions of how various treat-
ment processes can achieve acceptable
treatment objectives can be general-
ized by the approach presented in Fig-
ure 1. Although this simplification and
reduction of waste treatment options
does not account for all metal bearing
wastes, a majority of these wastes will
incorporate some aspect of the present-
ed waste treatment strategy.

Due to the wealth of information
found in the literature describing pre-
treatment practices associated with
specific waste discharges, the following
discussion is limited to two basic waste
management approaches:

e Waste treatment processes
e Waste reduction and recovery

Processes are listed and synopsized for
each main category with a description
of their capabilities, advantages, limi-
tations, significant results and rele-
vance to standards and regulations.
Discussion of a particular technology
should not be construed as an endorse-
ment by EPA. Likewise, absence of dis-
cussion for a particular technology
does not imply a lack of confidence by

FO012 Quenching wastewater treat- W\L Cyanides
ment sludges from metal heat Annual
riesting o Xidans Where coa- Hazardous volume Percent of volume Percent of
ed 1ng OpeiaLio h y waste (million total No. of (million all No. of
nides are used In the process group gals.) metals  generators  gals.) CN generators
(except for precious metals
heat treating quenching waste- D wastes 3.685 46.9 3,860 Est. 750 - Not available
water treatment sludges). F wastes 3.920 49.9 2,091 3.920 83 2,091
Other hazardous wastes containing g :::: ’.?8193 232 ﬁ g;: 142.81 82)%
metals and/or cyanide constituents are U wastes 5.2 07 65 392 08 306
generated from specific industrial Total 7.858 6.586 2 2781

sources (RCRA Code K), such as inor-
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ctream. Rather. in the judgement of the
suthor. the processes listed are to have
pu(enual for use to treat the subject
waste. Regulatory and permitting re-
quirements for installation and opera-
rjon of the technologies presented may
vary among local. state and federal au-
thorities.

approximately 75 percent of the elec-
troplating facilities treating aqueous
metal bearing wastes. The bulk of elec-
troplating wastewater treatment
sludges are usually in the form of metal
hvdroxides.* Precipitation techniques
currently being practiced on spent pro-
cess waters include hydroxide, lime
and/or sulfide treatment.
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Figure 1. A general treatment approach for aqueous metal/Cyanide bearing waste steams.

Waste Treatment Processes

Traditional approaches used to treat
aqueous metal bearing wastes, other
than land disposal, include:

o Precipitation: alkali, sulfide magne-
sium oxide

¢ Reduction: chromate, selenites, sele-
nates and osmium tetroxide

o Stabilization/solidification

o Cyanide destruction

o Biological treatment

Table III shows treatment practices
currently employed to treat represen-
tative metal bearing hazardous wstes
for each major hazardous source cate-
gory.® Cyanide treatment processes
will be discussed separately in a later
section.

Precipiiation

Precipitation is the most preferred
treatment process employed to remove
toxic heavy metals from electroplating
wastewaters. This method is used by

(1) Lime Precipitation. Lime pre-
cipitation is a well-established process,
perhaps the most commonly used pro-
cess for treatment of aqueous metal
bearing wastes. Lime (in slurry or solu-
tion) or caustic soda is added to the
waste as a source of hydroxide ion rais-
ing the pH to a suitable level for opti-
mum precipitation of the metal hy-
droxides.’

The metal hydroxide precipitate
forms a floc which is afterwards re-
moved from the water by gravity set-
tling or filtration. Effluents and residu-
al wastewaters containing excess hy-
droxide may require neutralization
before discharge. Sludges precipitated
from treatment may require fixation or
encapsulation to ensure post disposal
non-leachability. Because the opti-
mum pH for hydroxide precipitation is
different for each metal ion, treatment
of mixed-metal aqueous wastes may re-
quire some adjustment. However, this
adjustment must stay within the limits
of regulation. Typically, hydroxide
precipitation is optimum at a pH be-

tween 9.5 and 12.% Some of the hazard-
ous wastes currently being treated by
lime precipitation include corrosives
{D002). metal finishing wastewaters
and sludges (F006-12) after cyanide de-
struction. spent pickle liquor from steel
finishing operations (K062) and leach-
ates from scondary lead smelting
(K100)."

Disadvantages encountered when
employing lime precipitation are: limi-
tation of metals removal due to solubil-
ity constraints of the metal hydroxides
for variable wastewater matrices; inter-
ferences associated with complexing
agents, e.g., cyanide, ethylenediamine-
tetraacetic acid (EDTA) etc.. and diffi-
culty encountered when stabilizing
metal hydroxide sludges.

(2) Magnesium Oxide Precipita-
tion. One precipitation agent which has
shown promise for removal of heavy
metal ions is magnesium oxide. To im-
prove technology for treating process
waters Schiller et al., of the U.S. Bu-
reau of Mines have shown in a research
study that magnesium oxide (MgO)
has many advantages over lime or caus-
tic soda for precipitating metal hydrox-
ides.? Due to the MgO's propensity for
insolubility, lower sludge volumes are
produced as the hydroxide sludge be-
comes more compact. The MgO-metal
hydroxide sludge also cements together
upon standing, thus hindering resus-
pension of the metal ions. One factor
contributing to this phenomenon is the
positive surface charge on MgO com-
plementing the negative surface charge
on most heavy metal hydroxides.
Hence, water is expelled from the
spaces between the particles yielding a
more condensed solid. Also, MgO-hy-
droxide sludge is more easily dewa-
tered.

Although the cost of MgO is greater
than the cost of lime, for aqueous
wastes with lower dissolved metals con-
centrations, the savings in sludge han-
dling may outweigh the precipitant
costs. Results from treating a spent
process water sample comparing final
metal concentrations after MgO and
lime addition are presented in Table
Ivse

From three- to fourfold stoichiomet-
ric excess of MgO is required to reach
adequate pH values which range from 8
to 9. Lower residual metals concentra-
tions can be observed for both settled
and filtered MgO addition as compared
to lime addition.

(3) Sulfide Precipitation. Sulfide
precipitation is a process that produces

3%




HAZARDOUS WASTE MANAGEMENT

Table ITI. Alternative treatment processes for representative metal bearing wastes.*

Waste treatment class

Hazardous waste Precipitation Reduction
Selenite, Stabilization/
Source Code  Sulfide Lime Cr® selenate solidification
1. EP toxic (D) D002 X X X
D004 X
D005 X X
D006 X X X
7 X X X
D008 X X
D009 X X
D010 X
DO11 X X
2. Nonspecific (F) F006 X X X X
F007 X X
F008 X X
F009
Fo19 X X
3. Specific industrial (K) K002-6 X X
K008 X X X
Ko21 X X
K044 X . X
K046 X X
K059 X X
K061 X X
K062 X X
Ko71 X X X
K086 X X
K100 X
K106 X X
4. Toxic (L) and acutely PO13 X X
hazardous (P) P087
constituents, salts of: U032 X X
U204
mercury X X
lead X X
thallium X X
arsenic X X
cadmium X X
silver . X X
antimony X X
vanadium X X

¢ This table does not include cyanide treatment processes which will be presented in a later

section.

% Insoluble chr tes with low solubilities require longer reaction times followed by subee-

quent treatment.

the precipitation of a metal ion as a
metal sulfide (MS) through contact be-
tween a metal ion (M*?) and a sulfide
ion (§~2):

M*?2+S-2—-MS . (1)

Most heavy metals associated with
electroplating wastes will form rela-
tively stable metal ions. Exceptions to
this rule include the trivalent chromic
and ferric ions. The two processes cur-
rently employed to precipitate metals
as sulfides are soluble sulfide precipita-
tion (SSP) and insoluble sulfide pre-
cipitation (ISP).

SSP processes use water-soluble sul-
fide compounds. such as NaHS, which
yield relatively higher concentrations

of dissolved sulfide than the ISP pro-
cess. As a result rapid precipitation of
dissolved metals occurs. This rapid
precipitation reaction induces discrete
particle settling rather than nucleation
precipitation of a particle from solu-
tion onto an existing substrate. SSP

precipitation tends to result in a poo,
settling or filtering floc. However, thjy
tendency can be reversed when addj.
tional coagulant and/or flocculant aiqy
are used to enhance settling. Anothe,
disadvantage of the SSP process is tha;
under certain pH conditions (pH <9),
H,S can evolve from dissolved sulfide
ions. The rate of H,S formation in 5
water solution is a direct function of
pH and sulfide ion concentration. The
HjS creates an odor problem which can
be mitigated by enclosing and venting
process vessels.

The ISP process mixes the wastewa.
ter with a slurry of slightly soluble FeS
which dissociates to satisfy its solubili-
ty product. This has the effect of con-
trolling the level of dissolved sulfide at
concentrations low enough to eliminate
any detectable emission of H,S. One
advantage of the [SP process is the
ability of combined sulfide and ferrous
ions to reduce hexavalent chromium to
its trivalent state. This eliminates the
need to segregate and treat chromium
wastes separately. A generalized treat-
ment scheme for the ISP process is il-
lustrated by Figure 2.9

There are numerous examples where
specific applications of sulfide precipi-
tation have been used to treat aqueous
metal bearing hazardous wastes. One
commercial facility used a two-stage
precipitation process in which initial
pH adjustment to 11 was followed by
alum addition to pH 9.5 and final dos-
ing with sodium bisulfite. Influent
wastewaters (without chelating agents)
contained up to 300 ppm Cd, 15.000
ppm Cr, 10,000 ppm Cu, 120,000 ppm
Fe, 10,000 ppm Pb and 10,000 ppm Ni.
After flocculation and clarification, the
effluent met NPDES requirements for
discharge to the municipal sewer.®

In another demonstration, the U.S.
Army Belvoir R&D Center constructed
and operated an SSP treatment system
which was designed by JRB Associates.
This SSP treatment system achieved a
level of treatment comparable to that
of lime precipitation coupled with fil-
tration. Performance data are summa-
rized in Table V.10

Sulfide precipitation of heavy metals

Table IV. Results from treating sample process water with MgO and lime.

Sample Chemical analysis, ppm
process water pH  Fe Cu Zn Ni .dn Co Cd Pd

Pretreatment 42 ND 8.7
0.4 g/1 MgO, filtered 89 ND <0.1
0.4 g1 MgO, filtered 89 ND 05
0.1 g/ lime, settled 94 ND 0.7

ND 120 ND 111 ND

ND <02 ND <02 ND ND
ND 0.2 ND 0.2 ND ND
ND 1.2 ND 1.6 ND ND
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can be influenced adversely by chelat-
ing agents, such as EDTA. citrate, etc.,
however not as much as with hydroxide
precipitation.!! Advantages of sulfide
precipitation include attainment of a
high degree of metal removal; low de-
tention time requirements in the reac-
tor due to the high reactivities of sul-
fide: selective metal recovery: better
sludge thickening and less leachability
at pH 3 compared with the hydroxide
sludge.'?

Solia- 'Quid
ﬂ'hllﬂg tank

Siudge recvcle

Wastewater
Jscharge

=P ~eavv metar

chromium may be reduced from a va-
lence state of (+6) to the less toxic tri-
valent chromium salts (+3). Some of
the RCRA wastes which have been
treated by chromate reduction are list-
ed in Table V1.2

Several aqueous based processes
.which are commercially practiced are
listed below:?

1. Hydrosulfide reduction. A sulfide
ion is added to the chromate waste

Table V. Soluble sulfide treatment system performance.

Average concentration

Metals limits
(30 day average)

Compound Tniluent (mg/L) Effluent (mg/L) (mg/L)

Cd 2.06
Cr 2.61
Cu 1.82
Pb 1.04
Ni 3.50
Zn 5.8

0.10 0.26
0.32 .71
0.04 2.07
0.19 0.43
0.07 2.38
0.41 1.48

Reduction

Chemical reduction has gained ac-
ceptance in industry for reducing com-
plexed metals, such as nickel, copper,
hexavalent chromium waste, soluble
lead, silver, metal-containing cyanide
and mercury. Chemical reduction is
most effective when the aqueous metal
wastes are relatively devoid of organic
compounds. Chromium is usually re-
duced by sodium sulfite salts, sulfur
dioxide and sulfuric acid. Iron, alumi-
num and zinc have shown potential for
reducing chromium wastes. Sodium
borohydride (NaBH,) has recently
shown promise for reducing and re-
moving soluble lead. including organo-
lead salts, from tetra-alkyl lead manu-
facturing wastes.®

(1) Chromium Reduction. Hexavalent

with pH adjustment to 7. After al-
lowing a few hours for reaction the
pH is adjusted to the alkaline side
where chromic hydroxide is precipi-
tated and filtered.

Clantication tiuage

. Sulfur dioxide reduction. Gaseous
sulfur dioxide is added under pres-
sure to the chromate containing so-
lution, whereby the pH is lowered to
an acidic level. Chromic hydroxide
is precipitated after alkali addition
and filtered.

. Ferrous ion precipitation. Waste
pickle liquor is frequently used to
initiate a rapid reaction with ferrous
ions under acidic conditions. Chro-
mic hydroxide is formed with iron
hydroxides and is precipitated un-
der alkaline conditions. The resul-
tant precipitate is filtered for re-
moval.

Wastewaters generated by the above
three treatment processes will require
secondary treatment to remove sul-
fides and/or sulfites.

Chemical reduction is very efficient.
with = 90 percent reduction achieved
in only 1-2 hours for continuous pro-
cesses. However, it is limited to treat-
ing only aqueous wastes due to the ease
of surface contact between reducing
agent and hazardous constituent.
Treatment of slurries, tars and sludges
is more difficult due to reduced surface
contact. Another limitation of the re-
duction process is the interference en-

Table VI. Hazardous wastes treated by chromate reduction.

Waste code

Description

Soluble U032

Calcium chromate

D007 Chromium (hexavalent with chromic acid)
FO19 Sludges from chemical conversion coatings

[nsoluble K002
K003
K004
K005
K006

Production siudges from: chrome yellow

molybdate orange
zinc yellow

chrome green oxide
chrome green oxide

K008 Oven residues from chrome green oxide
K086 Pigments and inks
F006 Insoluble chromates
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Table VII. Summary of treatment levels reported for hexavalent chromium

wasies
Chromium (V) concentration (mg/L)

Treatment process [nitial Final
Reduction

Sulfur dioxide 1300 “zero”

Sulfur dioxide 0.23-1.5 0.1
Bisulfite 140 0.7-1.0
Bisulfite plus hydrazine 8-20.5 0.1
Metabisulfite 70 0.5
[on exchange 8-10.7 0.0-0.9
Cementation 16.3 0.09
Activated carbon® 0.09-0.19 0.017 (ave.)
Activated carbon* 5.0 0.006-0.087
Activated carbon® 100-320 5.05-195
Freeze concentration* 100 0.225

2 Pilot plant results.

countered with organic compounds
and complexes. causing a decrease in
reduction efficiency with a potential
for H,S emission. Furthermore, a large
volume of metal hydroxide sludge can
be generated.®

A two-stage chromate reduction pro-
cess has been employed for treating
chromium plating rinsewater at several
waste treatment facilities. In the first
stage either sulfur dioxide, sodium bi-
sulfite or metabisulfite are added as re-
ducing agents. In the second *poli-
shing” stage, hydrazine combined with
soda-ash is added to precipitate chro-
mic hydroxide. Chromate concentra-
tion in the influent ranging from 8 to
20.5 mg/L, was reduced to less than 0.1
mg/L in the effluent.!?

One study claimed to have success-
fully reduced chromate by combining
two hazardous wastes, chromate and
waste pickle liquor, to reduce chromate
in the presence of ferrous sulfate. This
chemical agent has the purported ad-
vantage of being effective, independent
of pH.14

Several recovery processes have been
utilized to recover chromium as a reus-
able resource. lon exchange, electro-
chemical reduction, evaporative recov-
ery, activated carbon and reverse os-
mosis have all been reported to have
some application for hexavalent chro-
mium treatment. Table VII summa-
rizes treatment levels based upon pilot
plant results for treating hexavalent
chromium wastes. !

(2) Other Reduction Processes. Re-
duction of selenites, selenates and os-
mium tetroxide typically involves reac-
tion with sulfur dioxide. It is reported
that selenium precipitates can be re-
covered. This process was used to re-
move selenium from copper smelter
process wastes. However, this process

was only used to recover elemental se-
lenium and was not used for waste
treatment. Few established processes
have been reported for treatment of os-
mium tetroxide wastes (RCRA P087).
Since osmium tetroxide is an oxidizing
agent it has the potential to be reduced
by reducing agents such as sulfites.?

Stabliization/Solidification

The basis upon which stabilization/
solidification (S/S) processes are used
is to limit the mobility of pollutants to
the groundwater, making land disposal
a viable treatment option. Materials
are mixed with wastes to chemically

—

The process is generally used to treay
concentrated waste solids, sludges,
slurries and liquid wastewaters.

Malone et al., of USAE Waterways
Experiment Station have conducteq
many studies concerning the applica.
tion of and factors affecting S/S tech.
nology. One study was explicitly devor.
ed to electroplating wastes (RCRA
F006-F009).'¢ Since the chemical char.
acteristics of electroplating sludges are
highly variable. some exhibit varying
mixtures of fine grained metal hydrox.
ides, organic chelating agents and salts
from materials added for neutraliza-
tion purposes. These amorphous meta|
hydroxides of cadmium, chromium,
copper, lead, nickel and zinc can be-.
come significant pollutants if improper
disposal techniques are utilized.

There are two types of S/S agents
employed: organic and inorganic addi-
tives. Some organic agents presently
used are chemical grouts, (e.g. cement)
thermoplastic agents (e.g. bitumen, as-
phalt, paraffin and high temperature
polyethylene). organic polymers (e.g.
urea-formaldehyde, polyester resins
and polyvinyl chloride) and glassifica-
tion agents (e.g. molten glass). Com-
mon inorganic materials used for S/S
processes include cement, lime and
pozzolan-based agents combined with
a mixed kiln dust, soluble silicates. fly
ash, blast furnace slag and flue gas
sludge. Organic processes are expen-
sive and have limited applications,

Table VIIL. Concentrations of cyanide in plating wastewaters.

Range
Process (mg/L)

Plating rinse 1.4-256 (56 avg)
Bright dip 15-20

General (separate cyanide)
General (combined stream)
Alkaline cleaning bath
Plating bath
Plating bath

Brass

Bronze

Cadmium

Copper

Silver

Tin-zinc

Zinc

9-115 (72 avg)
1-103 (28 avg)
4,000-8.000
45.000-100,000

16.000-48.000
40,000-50.000
20,000-67.000
15.000-52.000
12,000-50.000
40.000-50.000

4.000-64.000

and physically immobilize wastes. S/S
processes have two different goals. Sta-
bilization functions to reduce the solu-
bility and/or chemical reactivity of a
waste, while solidification processes
convert the waste into a fixed. easily
transported solid with reduced hazard
from leaching into the environment.!$

while inorganic processes tend to be
less expensive with wider application.
However, the inorganic S/S processes
are limited by the organic content of
the waste.®

Some S/S applications lead to the
development of chemically stable in-
soluble silicates which are specific for
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Figure 3. Soliroc process tlow diagram.

the metal of interest. Gel-like systems
of low-temperature silicate polymers
encapsulate the metals in both crystal-
line and non-crystalline polymeric ma-
trices. Typical encapsulates of metal
hydroxides are:

1. Macroencapsulates produced from
polymer-bonded and polyethylene
jacketed wastes which exhibit excel-
lent containment properties;

 Microencapsulates produced from

organic polymers that are not suit-
able for electroplating wastes under
acidification procedures:

Thermoplastic microencapsulates

which have shown excellent con-

tainment characteristics: and

. Portland-pozzolan and pozzolan en-
capsulates exhibiting poor contain-
ment properties.

Several studies have shown promis-
ing results in stabilizing and solidifying
alectroplating wastes. One engineering
study conducted by Rousseaux and
Craig evaluated the “soliroc fixation
process” for immobilizing industrial
metal wastes.!” Results indicated that
the soliroc process substantially immo-
bilized the metal constituents of sulfu-
ric acid pickle liquor (RCRA K062).
Furthermore, the addition of Portland
cement in the cementation step im-
proved the structural stability of the
hardened material. Figure 3 represents
a flow diagram of the process. Com-
pressive strength conducted in this
study indicated that the addition of
Portland cement in the cementation
step improved the stability of the solid-
ified waste.!?

The U.S. Army Engineer Waterways
Experiment Station funded by the
EPA has conducted extensive studies
on fixation and encapsulation tech-
niques for a variety of industrial wastes
including electroplating wastes. Some
of the significant findings resulting
from these studies have shown that:

"~

S

e

1. Lime-fly ash pozzolanic solidifica-
tion produced a solid soil/cement-

< ' - ONOWER  f— L - on vmfR

t ¢ 1AL
. CEWERTAT |ON P
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like product with good structural in-
tegrity but exhibited significant
leaching problems;

2. Cement/soluble-silicate techniques
produced a semifriable material
with soil-like consistency containing
60-70 percent of the metal constitu-
ent prevalent in the untreated
sludge:

3. Urea-formaldehyde polymerization
monomers applied to electroplating
waste and paint production sludges
failed to contain leaching of the tox-
ic metal constituents; and

4. Encapsulation systems (especially
macro-) proved to be the most effec-
tive in containing toxic pollutants
from electroplating wastes.

Apparent disadvantages encoun-
tered with encapsulation techniques
are that they tend to be costly and lim-
ited to certain waste categories. It is
important to note that S/S processes
are generally applied to wastewater
sludges which cannot be further treat-

ed by another means prior to dispos-
al. 1849

Cyanide Destruction

One of the major sources of generat-
ed cyanide waste is the electroplating
industry. Cyanide baths are used to
hold metallic ions such as zinc and cad-
mium in solution. When the “drag-
out” of plating solution containing cya-
nide ions contaminates rinsing baths, a
wastewater is generated for treatment.
Table VIII lists concentrations of cya-
nide for representative plating waste-
waters.'3

Cyanide appears in waste residuals
in two forms: as an “ionizable cyanide”
in the form of sodium cyanide (NaCN)
and hydrocyanic acid (HCN) or as a
complex with heavy metals, e.g. ferro-
cyanide. nickel cyanide or copper cya-
nide. Other cyanide species come in the
form of inorganic compounds such as
thiocyanates and cyanates which are

easily removed from waste streams by
using an assortment of treatment pro-
cesses. Various methods for treating
cyanide wastes have been employed.
with cyanide destruction via alkaline
chlorination being used most frequent-
ly. Unit processes reported to success-
fully treat cyanide and cyanide com-
plexes include incineration, alkaline
hydrolysis of cyanohalides, pyrolysis of
copper cyanide, peroxide oxidation
(Kastone?®) and iron cyanide pyroly-
sis.” Although natural degradation in-
cluding volatilization, oxidation bio-
degradation and photo decomposition
will reduce cyanide concentrations in
aqueous wastes given enough time. a
recent study has reported successes
with ozonation, ion-exchange, activat-
ed carbon, reverse osmosis. electrodial-
ysis, electrolytic hydrolysis and titani-
um oxide/UV.%

(I) Alkaline Chlorination. As the
most prominent, widely used treat-
ment option employed to date, alkaline
chlorination may be accomplished by
direct addition of sodium hypochlorite
or by addition of chlorine gas with sodi-
um hydroxide. This process cannot ef-
fectively treat simple or complex cop-
per cyanides, zinc cyanide and iron cy-
anides due to their low solubilities.
Hypochlorite, perhaps the most widely
used oxidizing agent. reacts with cya-
nide in the following manner:

CN- H.,0 + OCL-
—CL-CN+20H" (2

Conversion of CN~ to

dissolved cyanogen chloride
CL -CN +20H"

—OCN-+CL-+HO 3

Hydrolysis of cyanogen chloride
20CN- + 30CL"-

—-2C0; + No +3CL- +OH™ (4)

Conversion to CO, and chlorine
If thiocyanates are present the demand
for chlorine is preferential. therefore.
requiring more oxidant.

The following cyanide bearing
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Table IX. Treatment levels for cyanide wastewaters.

Cvanide concentration mg/L) Percent

Treatment process Inmial Final removal
Alkaline chlorination® 1.7
Alkaline chlorination* 0.1
Alkaline chiorination® 0.4
Alkaline chiorination® 700 0.0 100
Alkaline chlorination 3.5 0.0 100
Alkaline chlorination® 5.1 0.1 98
Ferro-ferrocyanide

precipitation 5-10

Electrolysis 45,000-100.000 0.1-0.5 99.99+
Electrolysis 20 0.5 97.5
QOzonation 25 0 100
Kastone process 150-400 0.3 99.9+

¢ Single-stage chlorination.
b Two-stage chlorination.
< High pH-high temperature process.

wastes are amenable to alkaline chlori-
nation:

RCRA

Waste

Code Waste

P106 Sodium cyanide

P098 Potassium cyanide

Po21 Calcium cyanide

P013 Barium cyanide (the

treated waste requires
subsequent treatment by
the sulfate precipitation
process)

P083 Hydrogen cyanide (in

aqueous solution)

PO7T4 Nickel cvanide

P099 Potassium silver cyanide

(sludges generated may
be reprocessed to recover
silver)

P104 Silver cyanide (sludges
generated are
reprocessed for silver
recovery)

Lime sludge from coking
operations

Cyanide bearing plating
solutions and sludges
(some treated sludges
may be reprocessed to
recovery metals; sludges
of no value may require
subsequent treatment by
the encapsulation
process)

P030 Miscellaneous cyanides

K060

F006-12

(2) Incineration. Incineration has
been used to destroy gaseous hydrogen
cyanide, gaseous cyanogen, organoni-
triles and organic isocyanates at elevat-
ed temperatures. Several types of in-
cinerators such as liquid injection, ro-
tary kiln and fluidized bed are capable

of treating these wastes. [socyanates
are converted to COa, Na, and H.O
leaving little if any toxic residuals. The
following cyanide wastes may be treat-
ed by incineration.?

RCRA

Waste

Code Waste

P083 Hydrogen cyanide (as gas)

U003 Acetonitrile

U152 Methyl acrylonitrile
U149 Propane nitrile
U009 Acrylonitrile

P101 Propionitrile

P064 Methyl isocyanate
P069 2.Methylacetonitrile

P027 3-Chloropropanenitrile
P069 2.Hydroxy-2-

methylpropanenitrile
P031 Cyanogen

KO11-14 Waste streams for
acrylonitrile and
acetonitrile production

K087 Tar sludges from coking

operations

r223 Toluene diisocyanate

(3) Other Cyanide Processes. Since
iron cvanides, such as ferric cvanide
{(RCRA P053), chrome green (RCRA
KO005), iron blue (RCRA KO007) and
paint/ink formulation sludges (RCRA
KO086) are not easily treated by chlori-
nation processes due to the stability of
the iron ion, decomposition of the com-
plex to yield free cyanide ions is a pre-
requisite. Ultraviolet (UV) radiation
has been reported to be effective in
converting complex cyanides to cya-
nate.®

Ozonation has been demonstrated to
show potential for treating relatively
dilute cyanide wastes. e.g., rinse water
plating wastes or ‘“carryover” from
electrolytic decomposition.!? The free
cyanide reaction with ozone can be rep-
resented as:

CN-+0;—=CNO"+0. (3

with the reaction proceeding rapidly.
Conversion of cyanate to bicarbonate
and nitrogen is slower:

2CNO- + 303 + H,0 — 2HCO,~
+ Ny +30, (6)

Thiocyanate reacts rapidly with ozone,
hence requiring a much greater de-
mand for ozone to complete the reac-
tion. Ultraviolet light can be used in
conjunction with ozone to treat wastes
generated from electroplating and col-
or photographic processes. One of the
disadvantages of using ozone and/or
ozone/UV treatment is the high energy
consumption.”®

The Kastone® process purportedly
removes free cyanide from wastewaters
generated by an electroplating indus-
try. Free cyanide is converted to a mix-
ture of ammonia, sodium cyanate and

Table X. Summary of observed metals removals.

Removal  Activated Removal

Primary by sludge by Total

Influent  effluent  pri. clar. effluent activated sludge  removal

Metal  (mg/L) (mg/L)  (percent) (mg/L) (percent) (percent)
Ag 8.0 9.0 0.0 5.0 4.0 37.5
As* 20.6 16.0 223 16.7 0.0 18.9
Ca 86.0 31.0 5.8 81.0 0.0 5.8
Cd* 20.9 17.0 18.7 7.9 33.5 62.2
Ce 0.63 0.51 19.0 0.34 33.3 46.0
Cu 0.80 0.57 28.8 0.16 719 80.0
Fe 4.29 2.44 43.1 1.01 58.6 76.5
Hg* 2.0 2.0 0.0 2.0 0.0 0.0
Mg 17.6 28.0 0.0 17.9 0.0 0.0
Mn 0.65 0.35 15.4 0.40 273 38.5
Ni 0.45 0.27 40.0 0.18 33.3 60.0
Pb 0.88 0.58 34.1 0.11 81.0 87.5
Zn 1.24 1.28 0.0 0.46 64.1 62.9

* Micrograms/liter.
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Table XI1. I[nfluence of heavy metais on cyanide biodegradation.*
m————

Metal conc. tmg/L) Cyanide as CN, mg/1
\fetal (no. of uent Intluent Elﬂuem
. bservations) Influent mean (S.D.) mean (S.D.) mean (S.D.)
Zinc 18) 10 0.07 (N.C.) 98.6 (6.63) 0.20 (0.01)
18) 25 0.04 (N.C) 97.4 (2.67) 0.18 (0.01)
3) 50 0.12(0.19) 98.2 (6.96) 0.19 (0.02)
Cadmium (9) 5 0.13 (0.02) 95.6 (3.50) 0.17 (0.02)
151 10 0.60 10.50) 97.4(7.00) 0.18 (0.02)
13) 0 0.56 (0.09) 100.0 (0.76) 0.18 (0.01)
Copper () S 4.06 (1.28) 96.7 (2.45) 2.00 (0.40)
16) 10 8.50 (0.56) 96.1 (2.00) 16.20 (3.60)
16) 20 17.60 (1.00) 97.0 (1.00) 28.50 (2.00)

+5.D.—standard deviation: N.C.—not calculated.

glycolic acid amide in the presence of
formaldehyde and a proprietary for-
mulation containing hydrogen, perox-
ide. stabilizers and flocculants. Al-
though free cyanides are destroyed, a
resultant increase in BOD/COD and
sediments would require further waste-
water treatment. Another disadvan-
tage of the process is the use of formal-
dehyde, a suspected carcinogen.?!

Although ion exchange, activated
carbon, reverse osmosis and electrodi-
alysis nave been mentioned as feasible
treatment options for treating cyanide
wastes. these processes are directed at
removal, not destruction of the cya-
nide. These processes will be covered in
another section addressing reduction
and recovery techniques. A summary of
treatment levels for typical wastewa-
ters is presented in Table IX.13

Blological Treatment

Although biological treatment of
wastes containing metal constituents
has traditionally been reserved for
POTWs treating municipal wastes con-

taining low concentrations of metal °

ions, recent studies have attempted to
treat higher strength aqueous metal
wastes. such as cyanide, mercury, and
arsenic. Microbes may be utilized to
convert more toxic forms of heavy met-
als into less toxic forms (e.g., Hg?* —
Hg®).23 ’
In a study conducted by Petrasek. at
EPA's Test and Evaluation Facility,
Cincinnati, Ohio, an activated sludge
system was monitored for low concen-
tration metals removal. Metals remov-
als were computed and material bal-
ances established for 13 prevalent met-
al ions in a municipal wastewater.
Results are presented in Table X.2¢
The average removal of the 13 metals,
based upon mass balance calculations
was 42 percent. The best removal effi-

ciency of all 13 metal ions monitored
was exhibited by Pb with 87.5 percent
removal.

Data on the biological treatment of
higher strength metal wastes are more
limited. It has been documented by Sil-
ver and Misra®? that certain bacteria
can carry out chemical transformations
of heavy metals. Transformations can
occur via intra- and extracellular me-
tabolism of the various elements.
These transformations include oxida-
tion, reduction, methylation and di-
methylation of certain metal ions.
However, these transformations are
sometimes byproducts of normal me-
tabolism with. These transformations
can constitute a mechanism for resis-
tance which are often determined by
plasmids. ;

The mercury cycle represents the
best known example of how microbes
metabolize the chemical form of a met-
al ion; as is represented below:

CH,Hg* ===Hg** =—=—=Hg* (7

The enzymatic mechanism responsible
for mercurial detoxification volatilizes
the mercury as metallic Hg® by an en-
zyme called mercuric reductase (R100).
Although work has been done on other
select material (e.g. silver, cadmium,
and zinc) little is known for other toxic

metals. However, there is some prelim-
inary evidence that certain microbes
can be fooled into accumulating toxic
metals.?

Another study on the biological
treatment of an industrial wastewater
containing toxic cyanide was conduct-
ed by Shivaraman and Parhad.’s Al-
though aklaline chlorination is the pre-
ferred method for cyanide destruction.
biological treatment systems have
shown some cost advantages in treating
cyanide and cyanide-complexed waste-
waters. It has been demonstrated that
“simple" cyanide can be degraded by
activated sludge systems and trickling
filters when these systems have been
acclimated prior to full loading. More-
over. zinc and cadmium cyanide com-
plexes were shown to be degraded via
acclimated trickling filters. Results are
shown in Table XI. As evidenced. good
removal efficiencies were observed for
Zn, Cd and their respective cyanide
complexes; however, Cu exhibited poor
treatability.

Waste Reduction and Recovery

Interest in establishing centralized
treatment and recovery systems for
treating heavy metal wastes in large
metropolitan areas has spurred many
studies to demonstrate waste reduction
and recovery technologies. With the
high cost of raw materials and pending
land disposal restrictions (HSWA),
reclamation of raw materials from
waste streams can be the treatment op-
tion of choice. EPA studies indicate
that a large part of the operational
costs would be subsidized by the sale of
the recovered metals.?® An estimate of
metal values lost in 1980 is presented in
Table XII. Using the same amount of
metals discarded and adjusting for in-
flation, the 1985 estimate would in-
crease to $58 million.?

Economic feasibility of metals recov-
ery operations are primarily dependent
upon three factors:

Table XII. Annual loss of minerals in electroplating wastes.

Amount

Mineral (metric tons) Value/ton Total value
Iron 3,460 s M $ 266,420
Copper 2,560 791 2,024.960
Zinc 3,718 748 2,781.064
Nickel 5,000 4,000 20,000,000
Aluminum 1,651 1.060 1,750,060
Chromium ; 6,357 2,000 12,714,000
Lead 756 462 349.27
Total 23,502 $39.885,77

41




ot dinanscabndiian . nssadil.

o S oo

HAZARDOUS WASTE MANAGEMENT

PRODUCT FLOW
AND DRAC OUT

anfx

|
|
|

N\
I ‘*:i%r 71 e |
BATH 1 lll vn..j 'Awud Ju;”

DISTILLATE

HEA S

: e STEAM OR HOT WATER
| EVAPORATOR |
—pmm COOLINC WATER

CONCENTRATED PLATING

e

sk
= =aTin
CnROWILY: egcc.enrflneioveny
PLATING | RiNSE 1 AInSE
BAT™
= —_—
: —
“0 mASTE TREATVEST
VasORATO
DISTILLATE
CONCENTRATE

2—0pen-Loop Eveporative Recovery of Chromium Piating Orag-Out.

CHEMICALS

1—Closed-Loop Evaporative Recovery System.

Figure 4. Evaporatve recovery systems.

1. Metal type and concentration:

2. Availability of material quantity
within close proximity: and

3. Economical (profitable) recovery
process.

Justification for recovery processes is
not exclusive to raw material savings.
Reduced operating costs for *end-of-
pipe " pollution control can be a signifi-
cant factor. Four reduction and recov-
ery processes will be discussed here:
evaporation processes, ion-exchange
systems, membrane technology. and
electrolytic deposition.

Evaporation

Evaporators have traditionally been
used to concentrate rinse water and re-
cycle “drag-out™ back to the plating
bath. This in-plant separation process
represents a sound waste minimization
practice. Figure 4 illustrates two types
of systems which have been employed:
1) a closed-loop system, which totally
eliminates a water discharge from the
plating process and requires substan-
tial make-up water to satisfy rinsing
requirements and 2) an open-loop sys-
tem with lower operating costs as a re-
sult of less make-up water. However,
with the open-loop system a wastewa-
ter discharge is generated.

fon Exchange

Ion exchange (I/E) and resin adsorp-
tion systems offer a versatile separa-
tion process with wide application to
the metal finishing industry. I/E has all
the advantages of evaporative process-
es for recovery. In addition, it can serve
as a polishing step after conventional
wastewater treatment and purification

of liquids (acids. bases, water, etc.). By
definition. I/E is a separation technol-
ogy which removes various ionic spe-
cies from solution via interchanging re-
versible ions between the solution
(aqueous waste) and the exchanger
(e.g. resin). The [/E process can be
manifested as a resin system, mem-
brane selection process (Donnan Dialy-
sis) or a liquid-liquid extraction proce-
dure. Exchangers may be comprised of
synthetic resins, insoluble salts, molec-
ular sieves or even liquid membranes.
Liquid ion exchange, where organic po-
lar molecules are added to complexed
metal ions, appears to have some prom-
ise.”®

Many applications for ion-exchange
systems have been demonstrated. The
development of reciprocating flow and
countercurrent exchange systems have
enhanced the potential application of
I/E for plating “drag-out” recovery by
1) providing reduced equipment cost
(due to small resin volumes), 2) auto-
matic regeneration of resin, and 3)
their compact size. These systems are
currently being used for drag-out re-
covery from chromium, copper and
nickel plating rinses. purification of
spent process acids (e.g. chromic acid)
and mixed wastewater deionization.
Figure 5 shows a schematic of an I/E
system utilized for polishing following
conventional treatment.

Several studies have been conducted
to demonstrate specific application of
various resins for treating synthetic
and industrial aqueous metal wastewa-
ters. Tare et al.”® described the kinetics
for metal ion removal by chelating I/E
resins. The presence of strongly com-
plexing organics (such as citrate,
EDTA. and tartrate) and inorganic li-
gands (CL, F, POy, etc.) in dilute met-
als waste make chemical separation

processes (i.e. precipitation) not feasi-
ble. Chelating I/E resins offer an alter-
native to treating these complexed
wastes. Results of this study have
shown that rates of metal uptake were
strongly influenced by solution pH and
waste aging, especially for Cr (III) and
Pb. Desorption from contacted resins
was easily achieved by using hydro-
chloric acid.

In another study, Maeda® investi-
gated the influence of porosity for sev-
eral macroreticular chelating resins
(RST) containing triethylene-tetra-
mine with different porosities. Results
indicated that large pore radius RSTs
proved to be more practical for removal
and recovery of heavy metal ions from
an industrial metal bearing waste.

Liquid ion exchange is a relatively
new process which combines the con-
cepts of I/E and liquid-liquid extrac-
tion for the recovery of metal ions from
wastes.3! This application has shown
promise for treating the more dilute
metal wastewaters. Like resin systems,
the actual exchange takes place when
the solution of metal ions, upon contact
with the extractant, produces an unsta-
ble liquid-liquid dispersion. The pro-
cess occurs via a three-step mechanism:

1. The complexed metal ion diffuses to
the aqueous/organic interface;

9. The ion is stripped of its hydration
layer and complexes with the ex-
tractant at the interface: and

3. The organic/metal complex diffuses
into the bulk organic phase where,
simultaneously, hydrogen ions are
transferred to the aqueous phase.

Thereafter, the stripping solution (ex-

tractant) is regenerated.

Additional research is needed to fur-
ther develop I/E processes. Potential
areas include: the development of bet-
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ter ion-exchange materials which do
not foul as easily. investigation of the
transport of ionic species through a di-
electric medium, improvement of
counter current processes, and further
development of liquid I/E systems.

Membrane Processes

Membrane processes typically used
to treat aqueous metal wastes are re-
verse osmosis (RO) and electrodialysis.
RO is a pressure driven membrane pro-
cess where water molecules are forced
through the microscopic pores of a
semi-permeable membrane.The pro-
duction rate of an RO membrane is a
function of dissolved solids concentra-
tion, temperature, pressure, pH and
chemistry of the solution to be treated.
No commercially available membrane
polymer has demonstrated tolerance to
all extreme chemical factors. such as
pH. strong oxidizing agents, and aro-
matic hydrocarbons.

A study by Crampton?® successfully
demonstrated the use of a cellulose ace-
tate membrane to concentrate the
drag-out from plating solutions. Both
the concentrate and purified water are
recycled. However, this type of mem-
brane is pH sensitive and is primarily
used to treat Watt's nickel plating
baths. Other drag-out recovery appli-
cations successfully treated copper,
zinc and chromic acid baths.

Cartwright defines various mem-
brane types and their applications.?
Some applications of RO membranes
to various waste streams are listed be-
low:

Nickel—cellulose acetate

Copper sulfate—hollow-film polya-
mide, cellulose triacetate and spiral-
wound-thin film composite

Zinc sulfate—spiral-wound-thin film
composite

Brass cyanide—polyamide cellulose,
triacetate hollow fiber

Copper cvanide—polyamide hollow fi-
ber

Chromium (VI)—spiral-wound-thin
film composite

Other—thin film composite (TFC)

Table XIII presents RO test data for
six common plating bath rinses.3?

Potential problems with RO systems
stem from membrane fouling due to
suspended precipitated solids coating
the membrane surface, precipitation of
salts in the concentrate, membrane de-
terioration due to chemical attack and,
for higher strength wastes, high levels
of dissolved solids in the permeate.

In electrodialysis systems an electri-
cal potential is applied across the mem-
branes to provide the driving force for
ion passage through the membranes.
Membranes used in this process are
“thin sheets” of the same polymeric
network used to make I/E resins. Un-
like RO systems, these membranes are
tolerant of most chemical environ-
ments. Another variance exhibited by
electrodialysis over RO systems is the
propensity to separate water from the
salt by selective removal of the salt,
rather than concentrating the salt from
solution.

Electrolytic Recovery

Electrolytic recovery is one of the
many technologies utilized to remove
and concentrate metals from process
waste streams. This process uses elec-
tricity to pass a current through an
aqueous metal bearing solution be-
tween a cathode plate and an insoluble
anode. Positively charged metallic ions
cling to the negatively charged cath-
odes leaving behind a metal deposit
which is strippable and recoverable.
Initially used to recover gold and silver,
its use in recovering less precious met-
als has been limited. However, new in-
terest has been given to this promising
recovery technology.

Walters and Vilagliana of the Uni-
versity of Maryland have demonstrat-
ed the electrolytic recovery of zinc from
metal finishing rinse waters.* The de-
position of copper ions after contacting
diluted aqueous metals solution onto a
packed graphite bed was studied. Re-
sults of the study indicated that zinc
recovery from plating bath rinse wa-
ters. which consisted of a dilute zinc
cyanide solution, was achievable. A
batch electrochemical reactor with
stainless steel electrodes was em-
ployed. The controlling factor in
achieving high rates of zinc deposition
appeared to be agitation. The study

Table XIII. RO test data for six common plating bath rinses.

Bath
Plating temperature Toxic Percent
bath sCI°F contaminant rejection
Watts Ni 60/140 Ni=* 99+
Copper cyanide 60/140 Cu* 35
CN- 46
Zinc cvanide 27/80 ZN3* 96
CN- 80
Brass cyanide 27/80 IN3* 98
Cu* 97
CN-
Decorative Cr 43/110 Cese 90
Hard Cr 55/130 Cré* 92
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cited that mechanical mixing and ni-
trogen gas aeration were both effective.
NaCl was added to maintain a minimal
conductivity level. Higher current den-
sities elicited higher deposition rates as
opposed to lower current densities. One
noticeable disadvantage was that cor-
rosion could play a significant limiting
factor. Electrodes would have to be re-
placed frequently.

Summary

A review of applicable technologies
for any given time tends to be a mere
“snapshot” of the advances and devel-
opment of treatment options that en-
able industry to keep pace with eco-
nomic realities and legislative require-
ments. Although this review only
scratches the surface of available tech-
nologies for metals treatment applica-
tion, numerous innovative approaches
deserve evaluation. Many options have
been presented with specific applica-
tion to hazardous waste treatment of
metal bearing process residuals. With
proper application, most processes dis-
cussed here can lead to responsible
hazardous waste management.

Notice. This document has been re-
viewed in accordance with U.S. Envi-
ronmental Protection Agency policy.
and approved for publication. Mention
of trade names of commercial products
does not constitute endorsement or
recommendation for use.
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potassium hydroxide in a solution of mixed polyethylene glycol and dimethyl sulfoxide.
The reagent mixture dehalogenates the aryl halide contaminant to form a glycol ether,
which may further degrade to form a totally dechlorinated species. Tests done using
PCBs in transformer 'oil show some 98 percent conversion of organic chlorine to
inorganic chloride. This mechanism is shown below in Figure 1.

DMSO
ROH + KOH <*— ROK + HOH

- , o cl
ROK+ OOy 22, ©O—0) +kal
! o

Figure 1 - Reaction Mechanism for Galson Dechlorination Treatment System

TOXICITY — BEFORE AND AFTER TREATMENT

Dimethyl sulfoxide and polyethylene glycol, reagents used in the GRC process, are
essentially non-toxic materials, with LD50s less toxic than that of table salt. (LD50 is
the average lethal dose that, when administered to test species, kills half of them.) The
addition of the non-toxic glycol to the aromatic PCB or dioxin ring introduces an
electron-donating substituent to the ring, producing a water-soluble, low-toxicity
material. Toxicity testing by the U.S. Environmental Protection Agency (USEPA)
demonstrates that alkaline dechlorination of 2,3,7,8-TCDD (dioxin) produces a
material which is low in toxicity (LD50 > 5,000 mg/kg) and does not appear to
bioaccumulate or cause mutagenic effects (11).

PROCESS DESCRIPTION
Site Preparation

Prior to mobilization of the GRC treatment unit, the site is prepared by excavating and
stockpiling contaminated soil. If it is not already present, electrical power may be
brought in to the site. If electrical power cannot be readily brought into a site or is not
an economic source of power, GRC would provide portable generators to supply all power
needs. A concrete treatment pad of approximately 100 ft. by 150 ft. is prepared, and the
APEG-PLUS™ system is transported to the site. The system components are assembled
and tested with non-contaminated soils or sludges from the site.

adison Henieciaiion Corporaton 4 . January 13351
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The evaporator turns the water to steam, which is then condensed and returned to holding
tanks for treatment of subsequent batches of contaminated soils. Any volatiles generated

in this evaporation process are pulled off, condensed and stored for offsite disposal or
onsite bioremediation. _

~lean Soi

Decontaminated soil is discharged from the centrifuge onto a conveyor and handled
-according to specifications of the site.
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INTEGRATED SYSTEM AND COMPONENTS

Inteqrated Processing System

The processing unit has eight main subsystems: Sizing, Reaction, Separation, Reagent
Recovery, Heating, Cooling, Electrical, and Controls. The equipment for these
subsystems is set up on individual trailers, but most systems have components spread
out on several trailers. The entire system is designed for maximum flexibility. Changes
in component configuration can be made to optimize performance, increase safety of
operation, and/or promote ease of maintenance. (See Figure 5 for example layout of
soils processing system.)

Sizing Pretreatment and Loading

The sizing unit contains the equipment necessary 1o screen the soil 1o approximately 25
inch. It consists of a rotary drum mixer to mix the soil (wet or dry) and a series of
screens to separate rock and other material that is over one quarner inch in diameter.

Reaction

Each reactor module contains two 3,000 gallon reactor tanks. Design of the system
allows a total of five modules (ten reactor vessels). The ASME code reactors are rated
for full vacuum and 40 psig. All reactor vessels have hot oil jackets for heating. Each of
the tanks is fitted with an agitator system powered by 2 high (60-100) horsepower
electric motor. A vacuum pump is used to maintain a slight vacuum, and a shell and tube
heat exchanger is used to condense steam from the reaction. Electrical and
Programmable Logic Control (PLC) control panels containing breakers and PLC
interface specific to the centrifuge trailers are used to provide power and process
sequence commands to the reactor system.

Separation

Horizontal solid bowl decanter centrifuges with a force of approximately 400 G's are

used for separation of the aqueous reagent from the soil. The centrifuges, like all of the
other equipment components, are trailer mounted. Electrical and PLC control panels
containing breakers and PLC interface specific to the centrifuge trailers are used to
provide power and process sequence commands to the separation system. Additional
dewatering and solids/liquids separation devices such as filter, presses, and other
centrifuges can be added to the treatment train as needed to handle the various waste
matrices to be treated.

Reanent Becovery

The reagent recovery system is used to separate the liquid reagent and the water that are
present in the discharge stream from the centrifuging operation. The feed stream to this
recovery system consists of approximately 7,000 Ib/hr of reagent and 23,000 Ib/hr of
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CASE HISTORIES

GRC has used the APEG-PLUS dechlorination treatment system at a variety of sites, as
summarized in the table below:

Site Dates  Contaminant Comments

Wide Beach 1988 PCB soils Pilot test: 10 runs @ 200#/run
w/recycle; 260 ppm to < 2 ppm

AmTech 1988  dioxin sludge 2500 gallons @ 11,000,000 ppb to
<1 ppb

Signo Trading 1987 . dioxin sludge 1 drum TCDD material to < 1 ppb

‘GE Moreau 1987  PCB sall Pilot test: PCBs 7000 ppm to <10
ppm

NCBC 1987  dioxin soil Pilot test: dioxin to 350 ppb

Montana Pole 1986  dioxin oil 9000 gallons @ 100,000 ppb to <1
ppb

Western Proc.1986 dioxin oil 5500 gallons @ 15% water to < 1
ppb '

NMPC 1986 PCBall 6000 gallons to < 2 ppm PCBs

Bengart-Memel 1986 PCB soils Decontamination of 12 tons PCBs

NMPC 1984-5 PCB oil Pilot test: PCBs to < 2 ppm

Other dechlorination demonstrations have been conducted under the sponsorship of the
USEPA Cincinnati laboratory.

To date, the most complete GRC demonstration of the dechlorination of PCB- contaminated
soils is the pilot-scale testing conducted at the Wide Beach site under the sponsorship of
the USEPA. In this testing, extensive sampling was used to support a fully functional,
scaled-down reagent recycle system. The key to the economic success of dechlorination
processes is the successful recycle of reagents between runs. During the Wide Beach
pilot testing a series of seven recycle runs were conducted, with the results (13) shown
in Figure 4.

Galson Remediation Corporation 8 January 91




POTENTIAL COST REDUCTIONS THROUGH PILOT STUDIES

After a treatability study has been conducted, a cost estimated to be accurate within a
roughly 50 percent margin of error can be developed, based on laboratory analyses and
results. It has been the experience of GRC that, as the size of the project scales up from
laboratory to pilot and finally to full scale, the costs will be reduced because of increased
equipment efficiencies at larger scale. To evaluate these potential cost reductions, GRC
recommends that a pilot field demonstration be conducted at any hazardous waste site
over 5,000 cubic yards. Listed below are some areas where costs may be reduced.

. Using a pretreatment to reduce the soil moisture content when excavating
soils saturated with water;

. reducing the KOH consumption through other methods of washing; and

. increasing the amount of soil put into each reactor.

Other factors that could affect the prices include:

. cost of electricity,
. cost of fuel oil, and
. costs of chemicals.

Cost estimates do not include obtaining, preparing, or submitting permits that may be
required before the cleanup could take place, nor negotiating for solid waste disposal
with vendors. Further details of operation and maintenance of the APEG-PLUS™
treatment system will be offered when a proposal for the full-scale cleanup is prepared,
or sooner on request of the prime contractor or the client. An approximate layout for
the full scale soils processing unit is shown in Figure 5.
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PROJECT SUMMARY TABLE
Original Concentralion Final Concentration
Site Contaminant and Malrix (ppm) (ppm) Davi-:
A PCB (soil) 4000 <2 19 .
B PCB (sludge) 150 <2 1¢ 0,
C PCB (soil) 125 <2 1
D PCB (oil) 69000 <2 RO
E PCP (soil) 5000 44 16 ¢
Total Dioxins 38.4 0.014 1.
Total Furans 7.12 0.0002 1¢hn
F Dioxin (soil) 0.476 nondetect 1450
' HCB (soil) 450 1.9 1¢
DDE (soil) 100 1.2 1¢:9
DDD (soil) 1600 0.9 16605
DDT(soil) 5600 4.2 1¢
G Total Dioxins 22 nondeteclt 1G5
Total Furans 3.6 nondetect Tv
PCP (soil) 1100 31 1¢
H PCB (soil lab) 690-490 6.5-3.8 10
PCB (soil pilot) 245 2.7 e .
| Dioxin (sludge) 11000 <0.001 10686
J PCB (soil) 300 <1 1963
K PCB (soil) 790 6 1oa
L PCB (sand) 2900 <1 1887
Json Remediation Corporation 1 Jam
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PERSONNEL EXPERIENCE ¢  VIARY SHEET

~' Years | Years .
' exper. | Exper. Active Registration/
L am | w/this |w/other Education Year First Registered/
i s i Title firm firms (Degrees(s)/Specialization/Year Discipline
ich | | President 1 year |15 MPPM, Yale School of Organization
! years | and Management, New Haven, CT
i B. A., cum laude, Political Science,
i Williams College, Williamstown, MA
; Boston University School of Law,
o Boston, MA
Ro' I i -echnical Director 9 years | 7 years | B. S. Chemical Engineering, Registered Professional Engineer,
o University of lllinois State of New York ;
©ouss ' >enior Project 1 year |17 M. S., Civil Engineering, Syracuse Professional Engineering , |
‘ *Aanager years | University, Syracuse, NY Registration in New York -
' B. S., Civil Engineering, Syracuse Mechanical Engineering Registration -
! University, Syracuse, NY in California |
: Member of National Council of |
i Engineering Examiners |
: Registered Environmental Assessor in
: California
: Certified Asbeslos Inspector and
. Planner
Cohe ¢ .enior Chemist 7 years |4 years | M. S., Environmental Chemistry,
State University of New York, College
: of Environmental Science and
' Forestry
' B. S. Chemistry, Capital University,
L Columbus, OH
9w, cration 1 2/6/91
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Name: Richard C. Tavelli

Title: President

Education: MPPM, Yale School of Organization and Management
New Haven, Connecticut
BA, cum laude, Political Science, Williams College
Williamstown, Massachusetts
Boston University School of Law
Boston, Massachusetts

Experience: Galson Remediation Corporation, East Syracuse, NY

President - January 1990 to present

Responsible for overall financial and management control of the company.
Participates actively in the development, management and oversight of field
remediation programs.

. Texas Eastern Gas Pipeiine Co. Inc., Houston, TX

Senior Environmentalist - 1988 to January 1990
Created and managed $2.5+ million PCB remediation technology
development program, including field demonstrations. Developed

~remediation strategy, including technology alternatives, contracts for

vendors, and insurance provisions.

Inter ipelin ny, Houston, TX
Director, Administration and Environment - 1984-1987
Saved over $40 million of cost of closure of RCRA facility. Reduced costs of
multi-site PCB remediation program 200% by site investigations, including
risk _assessments, and by renegotiating TSCA consent agreement with
USEPA.

Empak, Inc., Houston, TX

Director, Management Budget - 1582-1984

Managed remediation projects in Texas and New Jersey including
completion of Superfund contract with USEPA and US Army Corps of
Engineers.

Directed all management/financial operation for hazardous waste disposal
service company, including centract drafting and capital budget program.
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Name:
Title:

Education:

Centifications:

Experience:

Russell Dionne, P.E.
Senior Project Manager

M.S., Civil Engineering, Syracuse University, Syracuse, NY
B. S., Civil Engineering, Syracuse University, Syracuse, NY

Professional Engineering Registration on New York, Mechanicai
Engineering Registration in California, Member of National
Council of Engineering Examiners. Registered Environmental
Assessor in California. Certified Asbestos Inspector and Planner,

Galson Remediation Corporation, East Syracuse, NY

Senior Project Manager- 1989 to Present
In charge of design, construction and cost control for full-scale equipment.

MclLaren Environmental Engineering

Project Manager - 1988-1989

Responsible for asbestos survey for major aerospace firm in Southern
California. Includes operations and maintenance plan, maintenance staff
training and presentation of results. Also project manager on
environment assessment for oil field to be developed for single family
housing.

Ison Technical Servi
Project Engineer - 1987-1988
Project Engineer for multimillion dollar asbestos abatement renovation
project. Responsibilities included contract design drawing, specifications,
scheduling and cost estimating.

Galson alson Consulting Engineers

Proiect Manager and Principal in Charge - 1973-1987

Project Manager and Principal in Charge of many projects for asbestos
abatement, power conversion, investigative modification and upgrades.
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Galson Remeaiation Ccrooration
6627 Jov Road

€. Svracuse. NY 12057

Tel: (315) 463-5160
1-800-PCBS-123

FAX: (315) 4630633

Name:
Title:

Education:

Experience:

Galson

Edwina Milicic
Laboratory Manager

Master's Degree in Environmental Chemistry, 1983

State University of New York

College of Environmental Science and Forestry

Thesis research: Developed a new method for determining kinetic and
equilibrium constants for the association of hydrophobic pollutants with
dissolved humic substances using a C-14 labeled PCB as a test
compound.

Bachelor's Degree: Capital University, Columbus OH, 1978
Major: Chemistry, ACS Certified

Galson Remediation Corporation, East Syracuse, NY
1984 - present

Provided technical and research support for projects involving removal of
PCBs from transformer oil and destruction of chlorinated toxic compounds
in soil and other matrices. Developed more rapid analytical methods for
PCBs and APEG reagent components. Assists with field operations at
contaminated sites. Current manager of laboratory operations.

Galson Technical Services, East Syracuse NY
1982-1984

Primarily responsible for PC2 ;r:",s‘: ! cil, scii, water, and air. Performed
other GC analyses associated with Industrial Hygiene and other
environmental applications. Adapted wet methods for specific applications.
Performed glove permeability testing.

State of Ohio Hezith Deganment

1978-1984

Started in Manual Procedures Unit, transferred to Autoanalyzer Unit and
advanced to head of Autoanalyzer Unit. Performed and supervised routine
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Galson Remeaiation Ccrzcration

5627 Jcv Roaa

€. Syracuse. NY 12C%7
Tel: (315) ¢63-5160
1-800-PCBS-123

FAX: (315) 4630632

Name:

Title:

o

Education:

Experience:

Jeffrey Ahrns
Shift Manager
B. S., Metallurgical Engineering, Puraue University

Galson Remediation Corporation, East Syracuse, NY

Shift Manager -August 1990 to Present

Responsible for working with a multidisciplinary team to develop, test, and
operate innovative hazardous waste remediation treatment plants. Work
includes development of pilot scale and prototype units as well as
processing with full scale commercial units. Key contributions have been in
design of wet slurry feed system and electronic logic controls for operation
of treatment system. '

Galson Engineers and Architects, Rochester, NY

1987-1990 _
Engineering consultant responsible for research and design of batch
making system with programmable logic controller-based controls, extruder
temperature controls using Eurotherms EM-1 systems, and complete
instrumentation for an experimental emulsion making lab. Designed water
heating system to reduce start-up time on a paper-making machine.
Completed research and development on a system that provides flexibility
in making emulsions using a variety of techniques.

Fastman Kodak Company, Rochester, NY

. 1972-1977, 1978-1986

Responsible for researching, developing, designing, releasing, and
debugging various control systems including batch processing system with
programmable logic controller, extruder temperature controls, and complete
instrumentation for an experimental emulsion making lab. Was also
responsible for process instrumentation work with paper making
equipment, system temperature and humidity controls for emulsion coating
machines, and dye flow control on emuision delivery systems.
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. FOREWORD

The Technology Innovation Office (T 10) was established in April 1990 by the U.S. EPA’s Office of Solid Waste and Emergency Response
to promote the use of innovative treatment technologies for contaminated site cleanup. TIO believes that an important part of this mission is to inform
technology vendors and EPA Superfund site managers of sites at which innovative technologies are being successfully used. Accordingly, TIO has
developed this document, "Innovative Treatment Technologies: Semi-Annual Status Report,” to provide information on specific sites that have selected
or used innovative treatment technologies. The information serves several purposes: (1) to track the progress of innovative technology use; (2) to
provide market information to technology vendors; and (3) to facilitate communication among innovative technology users.

This report will be updated and distributed biannually. This first issue of the report addresses National Priorities List (NPL) sites where
innovative technologies are planned for use or are being used. Data initially derived from Records of Decision (RODs) signed through Fiscal Year
1989 (FY89) have been updated with design and implementation information through telephone interviews with remedial project managers (RPMs).
The data pertaining to project status does not duplicate data in CERCLIS, EPA’s Superfund tracking system. This report provides more detailed
information pertaining specifically to the implementation of various innovative technologies. The next biannual report (planned for July 1991) will
contain information on innovative technologies selected in FY90 RODs, ongoing and completed removal actions utilizing innovative technologies, and
project updates. Future reports may be expanded to include innovative treatment technologies used outside of Superfund.

This report is comprised of three sections. Section 1 provides a summary of innovative technology use by EPA Regions; Section 2 provides
a project status summary of innovative technologies; and Section 3 provides more detailed site specific information for each technology. Figure 1 on
the following page contrasts Superfund selection and use of innovative versus established treatment technologies for source control. This status report
focuses on the innovative treatment technologies identified in this figure. Figure 2 provides a tabular summary of project status information contained
in Section 2 of the report.

Questions pertaining to individual sites may be directed to the contacts listed in the table. Changes and updates to the report contents may
be made to Mr. David Pepson, PRC Environmental Management, Inc., (PRC) at (703) 883-8802 or faxed to (703) 556-1130. General comments on
the usefulness and scope of this report may be provided in writing to Ms. Linda Fiedler, USEPA, 0S-110, 401 M Street, SW, Washington, DC 20460,
or faxed to (202) 382-7863. To get on the mailing list for this document, complete and mail the form at the end of this document or call Ms. Deborah
Lyne, PRC, at (703) 883-8408. To receive additional copies of this report, call EPA/ORD Publications at (513) 569-7562.



Figure 1 | January 1991
Summary of Innovative vs. Established Treatment
Technologies For Source Control at Superfund Sites*

Innovative Technologi 79
E lished Technologi Y, 2.8% Soil Washing (7)
16% Off site Incineration (40) 2.4% Chemical Extraction (6)
8.3% Bioremediation (22)

3.5% Other (9) = \ 4% In situ Soil Flushing (10)

e . 0.0 0
9. 0.9.90.6.6.0. .
/ GXHNNNE] 12% Vacuum Extraction (31)
29,.9.9.9.0.0.0.0.0.0.0.¢
0.0‘0.0.0.0.0.0.0.0.000
B O005052505

0 25854
NN

19% On site Incineration (48)

0.8% In situ Vitrification (2)
1.6% Chemical Treatment (4)

5% Thermal Desorption (13)

24.6% Solidification/Stabilization (62)

* Data are derived from 1982 - 1989 Records of Decision (RODs) and anticipated design and construction activities.
The 254 technologies are associated with approximately 211 sites; the difference reflects the use of more than one technology per site.
( ) Number of times this technology was selected or used.
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Figure 2
Project Status of Innovative Treatment Technologies
For Source Control at Superfund Sites*

" Data derived from 1982 - 1989 Records of Decision

construction activities.

Tochmlogy | Froesan | ity | ot | v
Vacuum Extraction 25 5 1 31
Bioremediation 16 D 1 22
In Situ Soil Flushing 8 2 0 10
Thermal Desorption 10 0 3 13
Soil Washing 7 0 -0 7
Chemical Extraction D 1 0 6
Chemical Treatment 2 1 1 4
In Situ Vitrification 2 2

(RODs) and anticipated design and



BTEX
BTX
cy
DCA
DCE
FY

gw
PAHs
PCBs
PCE
PCP
PRP
RODs
RSKERL
SVOCs
TCA
TCE
VOCs

Abbreviations

benzene, toluene, ethylbenzene, and xylene
benzene, toluene, and xylene

cubic yards

dichloroethane

dichloroethylene

fiscal year

ground water

polynuclear aromatic hydrocarbons
polychlorinated biphenyls
perchloroethylene or tetrachloroethylene
pentachlorophenol

potentially responsible party

Records of Decision

Robert S. Kerr Environmental Research Laboratory, Ada, OK (U.S. EPA)

semivolatile organic compounds
trichloroethane
trichloroethylene

volatile organic compounds
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SECTION 1.0

EPA REGIONAL SUMMARY FOR INNOVATIVE TECHNOLOGIES

This section contains a table summarizing the innovative treatment
technologies used at NPL sites in each EPA region. As shown in
this table, regional use of innovative technologies ranges from 2

to 19 sites. Five of the regions are using innovative technologies
at 10 or more sites.




TECHNOLOGY

SITE NAME TECHNOLOGY SITE NAME STATE TECHNOLOGY SITE NAME STATE
Region 1 Region 2 (continued) Region 4
Vacuum Extraction Kellogg-Deering Well cT Thermal Desorption ‘Metaltec/Aerosystems NJ Bioremediation American Creosote Works FL
Field (Pensacola)
Thermal Desorption Reich Farms NJ
Bioremediation Iron Horse Park MA Bioremediation Brown Wood Preserving FL
Thermal Desorption Waldick Aerospace NJ
Chemical Extraction Norwood PCBs MA Devices Soil Washing Cape Fear Wood NC
Preserving
Chemical Treatment Re-Solve MA Vacuum Extraction FAA Technical Center NJ
Chemical Treatment Palmetto Wood Sc
Thermal Desorption Cannon MA Chemical Treatment Wide Beach Development NY Preserving
Engineering/Plymouth
In situ Soil Flushing Byron Barrel & Drum NY Thermal Desorption Wamchem SC
Thermal Desorption Re-Solve MA
Thermal Desorption Fulton Terminals NY
Vacuum Extraction Groveland Wells MA Region 5
Thermal Desorption Marathon Battery NY
Vacuum Extraction Hells G&H MA Bioremediation Galesburg/Koppers I
Thermal Desorption SMS Instruments (Deer NY
Chemical Extraction 0'Connor ME Park) Thermal Desorption Outboard Marine/ I
Waukegan Harbor
Chemical Extraction Pinette's Salvage Yard ME Chemical Extraction GE Wiring Devices PR
Bioremediation Seymour Recycling IN
Thermal Desorption McKin ME Vacuum Extraction Upjohn Manufacturing Co. PR
Insitu Soil Flushing Ninth Avenue Dump IN
Thermal Desorption Ottati & Goss NH
Region 3 Vacuum Extraction MIDCO | IN
Vacuum Extraction South Municipal Water NH
Supply Well In situ Soil Flushing Harvey-Knott Drum DE Vacuum Extraction Seymour Recycling IN
Vacuum Extraction Tinkham Garage NH Vacuum Extraction Bendix PA Bioremediation Cliff/Dow Dump MI
Vacuum Extraction Henderson Road PA In situ Soil Flushing U.S. Aviex Ml
Region 2
Vacuum Extraction Tyson's Dump PA In situ vitrification lonia City Landfill MI
Bioremediation FAA Technical Center NJ
Bioremediation L.A. Clarke & Sons VA Vacuum Extraction Kysor Industrial MI
Chemical Extraction Ewan Property NJ
In situ Soil Flushing L.A. Clarke & Sons VA Vacuum Extraction Verona Well Field MI
In situ Soil Flushing Goose Farm NJ
Bioremediation Leetown Pesticide w Bioremediation Burlington Northern MN
In situ Soil Flushing Lipari Landfill NJ (Railroad Tie Treating
Bioremediation Ordnance Works w Plant)
In situ Soil Flushing Vineland Chemical NJ Disposal
Bioremediation Joslyn Manufacturing MN
Soil Washing Ewan Property NJ & Supply Co.
Soil Washing Vineland Chemical NJ Vacuum Extraction Long Prairie MN
Thermal Desorption Caldwell Trucking NJ Soil Washing United Scrap Lead/SIA OH

TABLE 1

EPA REGIONAL SUMMARY FOR INNOVATIVE TECHNOLOGIES

January, 1991




TECHNOLOGY

SITE NAME

Region 5 (continued)

Vacuum Extraction

Vacuum Extraction

Vacuum Extraction

Bioremediation
Bioremediation
Vacuum Extraction
Bioremediation
Bioremediation

Bioremediation

Chemical Extraction

Chemical Treatment

In situ Soil Flushing
Soil Washing

Soil Washing

Miami County
Incinerator

Pristine

Wausau Groundwater
Contamination

Region 6
old Inger Oil Refinery

AT&SF/Clovis

South Val ley/Edmunds
French Limited

North Cavalcade Street

Sheridan Disposal
Services

United Creosoting

Sol Lynn/Industrial
Transformers

South Cavalcade Street
Koppers/Texarkana

South Cavalcade Street

Region 7

Bioremediation

Vacuum Extraction

Vacuum Extraction

Vacuum Extraction

* Different operable units at the same site.

Vogel Paint & Wax

Hastings Groundwater*
Contamination

Hastings Groundwater*
Contamination

Hastings Groundwater*
Contamination

OH

OH

Wi

NM
NM
™
1R

X

>

1R

@
1B

LR

1A

NE

NE

NE

TABLE 1 (Continued)
EPA REGIONAL SUMMARY FOR INNOVATIVE TECHNOLOGIES

TECHNOLOGY SITE NAME STATE
Region 8
Vacuum Extraction Sand Creek Industrial co
Bioremediation Burlington Northern MT
(Somers Plant)
Bioremediation Libby Ground Water MT

Contamination

Region 9

Vacuum Extraction Motorola 52nd Street AZ

Vacuum Extraction Phoenix-Goodyear AZ

Airport Area

Bioremediation Koppers (Oroville CA
Plant)

Soil Washing Koppers (Oroville CA
Plant)

Vacuum Extraction Fairchild/Intel FY89 CA

Vacuum Extraction Fairchild/Raytheon CA

Fairchild CA
Semiconductor/MTV-1

Vacuum Extraction

Fairchild CA
Semiconductor/MTV-11

Vacuum Extraction

Fairchild Semiconductor CA
(San Jose)

Vacuum Extraction

Vacuum Extraction IBM (San Jose) CA

Region 10
In situ Soil Flushing United Chrome Products OR

In situ Vitrification Northwest Transformer WA
(Mission Pole)

Jaruary, 1991
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SECTION 2.0

PROJECT STATUS SUMMARY BY INNOVATIVE TECHNOLOGY

This section contains a table summarizing the implementation
status of innovative technologies selected or used at NPL sites. At
six sites cleanup work using innovative technologies has been
| completed, and at an additional nine sites the technologies are
| operational. For two technologies (chemical extraétion and soil
} washing), work has only progressed to the design stage.




BIOREMEDIATION

Iron Horse Park, 01, MA

FAA Technical Center, 02, NJ
L.A. Clarke & Sons, 03, VA
Leetown Pesticide, 03, Wv
Ordnance Works Disposal, 03, WV

American Creosote Works, 04, FL
(Pensacola)

Brown Wood Preserving, 04, FL

Burlington Northern, 05, MN
(Railroad Tie Treating Plant)

Cliff/Dow Dump, 05, MI
Galesburg/Koppers, 05, IL

Joslyn Manufacturing, 05, MN
and Supply Company

Seymour Recycling, 05, IN
AT&SF/Clovis, 06, NM

French Limited, 06, TX

North Cavalcade Street, 06, TX
Old Inger 0il Refinery, 06, LA

Sheridan Disposal, 06, TX
Services

Vogel Paint & Wax, 07, 1A

Burlington Northern, 08, MT
(Somers Plant)

Libby Ground Water, 08, MT
Contamination

Koppers (Oroville Plant), 09, CcA

*

C = Completed, D = In Design,

PD

PD

TABLE 2

PROJECT STATUS SUMMARY BY INNOVATIVE TECHNOLOGY*

CHEMICAL EXTRACTION

Norwood PCBs, 01, MA
0'Connor, 01, ME

Pinette's Salvage Yard, 01, ME
Ewan Property, 02, NJ

GE Wiring Devices, 02, PR

United Creosoting, 06, TX

CHEMICAL TREATMENT

Re-Solve, 01, MA
Wide Beach Development, 02, NY
Palmetto Wood Preserving, 04, SC

Sol Lynn/Industrial, 06, TX
Transformers

IN_SITU SOIL FLUSHING

Byron Barrel & Drum, 02, NY
Goose Farm, 02, NJ

Lipari Landfill, 02, NJ
Vineland Chemical, 02, NJ
Harvey-Knott Drum, 03, DE

L.A. Clarke & Sons, 03, VA
Ninth Avenue Dump, 05, IN

U.S. Aviex, 05, MI

South Cavalcade Street, 06, TX

United Chrome Products, 10, OR

Number following site name refers to the EPA Region.
I' = Being Installed, 0 = Operational, PD = Pre-design

o

o 38 o

Jonuary, 1991

IN_SITU VITRIFICATION

lIonia City Landfill, 05, MI
Northwest Transformer, 10, WA
(Mission Pole)

SOIL WASHING

Ewan Property, 02, NJ

Vineland Chemical, 02, NJ

Cape Fear Wood Preserving, 04, NC
United Scrap Lead/SIA, 05, OH
Koppers/Texarkana, 06, TX

South Cavalcade Street, 06, TX

Koppers (Oroville Plant), 09, CA

THERMAL DESORPTION

Cannon, 01, MA
Engineering/Plymouth

McKin, 01, ME .

Ottati & Goss, 01, NH.
Re-Solve, 01, MA

Caldwell Trucking, 02, NJ
Fulton Terminals, 02, NY
Marathon Battery, 02, NY
Metaltec/Aerosystems, 02, NJ
Reich Farms, 02, NJ

SMS Instruments, 02, NY
(Deer Park)

Waldick Aerospace Devices, 02, NJ

© 9 9 o 9o 3 3

(2]

o9 o 3 3 @ © o




TABLE 2 (Continued) . : Joruary, 1991
PROJECT STATUS SUMMARY BY INNOVATIVE TECHNOLOGY*

THERMAL DESORPTION (Continued) STATUS VACUUM_EXTRACTION (Continued) STATUS
Wamchem, 04, SC D Wausau Groundwater, 05, WI D
Contamination
Outboard Marine/Waukegan, 05, IL D
Harbor South Valley/Edmunds, 06, NM D
Hastings Groundwater, 07, NE D
VACUUM _EXTRACTION Contamination
Groveland Wells, 01, MA D Hastings Groundwater, 07, NE D
Contamination
Kellogg-Deering Well, 01, CT D
Field Hastings Groundwater, 07, NE D
Contamination
South Municipal Water, 01, NH D
Supply Well Sand Creek Industrial, 08, co D
Tinkham Garage, 01, NH D Fairchild Semiconductor, 09, CA 0
(San Jose)
Wells G&H, 01, MA 1]
Fairchild, 09, cA PD
FAA Technical Center, 02, NJ D Semiconductor/MTV-1
Upjohn Manufacturing Co., 02, PR c Fairchild, 09, cA PD
Semiconductor/MTV-11
Bendix, 03, PA D
Fairchild/Intel, 09, CA PD
Henderson Road, 03, PA PD
Fairchild/Raytheon, 09, CA PD
Tyson's Dump, 03, PA 0
IBM (San Jose), 09, CA I
Kysor Industrial, 05, MI D
Motorola 52nd Street, 09, AZ D
Long Prairie, 05, MN D
Phoenix-Goodyear Airport, 09, AZ D
MIDCO I, 0S5, IN D Area
Miami County Incinerator, 0S5, OH PD
Pristine, 05, OH PD
Seymour Recycling, 05, IN I
Verona Well Field, 05, MI 0

* Number following site name refers to the EPA Region. .
C = Completed, D = In Design, | = Being Installed, O = Operational, PD = Pre-design




SECTION 3.0

DETAILED SITE INFORMATION
BY INNOVATIVE TECHNOLOGY

This section contains a table that provides detailed project
information for each innovative treatment technology. The table
includes information on the specific technology, site category,
media, key contaminants, lead treatment contractor, and contact
names and phone numbers. Also provided are dates for Records
of Decision (RODs). The technologies and sites are listed in the
same order as in Table 2.0.
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TABLE 3
DETAILED SITE INFORMATION BY TECHNOLOGY

Bioremediation

January, 1991

Site Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
Iron Horse Park, MA, 01 | Land Treatment Industrial Sludge, Soil Petroleum Hydrocarbons, In Design PRP Lead; ENSR Don McElroy
(09/15/88) Complex & (28,000 cy BTEX, and PAHs 617-223-5518
Railyard combined) FTS 883-1518
Wastes
FAA Technical Center, In situ gw Jet Fuel Farm aw BTX, PAHs In Design PRP Lead Carla Struble
NJ - Area D, 02 Bioremediation (Naphthalene), and 212-264-4595
(09/26/89) Phenols FTS 264-4595
Also see Vacuum Keith Buch (FAA)
Extraction 609-484-6644
L.A. Clarke & Sons, VA, On-site Wood Soil (73,700 Creosote, PAHs, and In Design PRP Lead Gene Wingert
03 Bioremediation - Preserving cy), Benzene 215-597-1727
(03/31/88) Type to be Sediments FTS 597-1727
Also see In situ Soil Determined (45,300 cy)
Flushing
Leetown Pesticide, Wv, On-site Pesticide Soil (3,600 DOT and Lindane In Design; Fund Lead Andy Polestini
03 Bioremediation - Storage and cy) Treatability 215-597-1286
(03/31/86) Type to be Disposal studies FTS 597-1286
Determined unsuccessful;
reevaluating
remedial
action
Ordnance Works Land Treatment Chemical Soil (13,460 PAHs In Desfign PRP Lead Bonnie Gross
Disposal, wv, 03 Formulation cy) 215-597-9023
(09/29/89) F1S 597-9023
American Creosote Slurry Phase for Wood Fines from Creosote, PAHs, PCP, In Design; Fund Lead Natalie Ellington
Works, Pensacola, FL, fines from soil Preserving 23,000 cy of Dioxins full-scale 404-347-2643
04, (09/28/89) washing soil unit planned FTS 257-2643
for FY92
Brown Wood Land Treatment Wood Soil (7,500 Creosote and PAHs Operational; PRP Lead; Martha Berry
Preserving, FL, 04 Preserving cy) field work Remediation 404-347-2643
(04/08/88) almost Technology FTS 257-2643
completed
Galesburg/Koppers, 1L, Land Treatment Wood Soil (15,200 Creosote, PAH, Phenols, Pre-design PRP Lead/ Brad Bradley
05 (06/30/89) Preserving cy) and PCP State Enforcement g::-gg:;’zg

Note:

Concentrations listed are maximums.

Contacts listed are EPA regional staff unless otherwise indicated.



TABLE 3 (Continued) January, 1991
Bioremediation
Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
= =
Seymour Recycling, IN, In situ Soil Chemical Soil (154,000 Petroleum Hydrocarbons, One-month PRP I.ead;(ABD Jeff Gore
05 (09/30/87) Bioremediation Waste cy) BTEX, and Various SVOCs application (Boston) 312-886-4747
Also see Vacuum Management of nutrients FTS BB6-4747
Extraction and completed
Incineration Summer 1990

Cliff/Dow Dump, MI, 05 Excavation/On-site Waste Soil (9,200 Tar, PAHs, BTX, PCE, Pre-design PRP Lead Lida Tan
(09/27/89) Bioremediation - Disposal for cy) and Phenol 312-886-1842

Type to be Charcoal FTS B86-1842

Determined Manufactur-

ing Plant

In situ Soil and gw BTX, PAHs, and Phenols

gw Bioremediation
Burlington Northern Land Treatment Wood Soil (9,500 Creosote, PAHs, Phenols Remedial PRP Lead; Retec Amy Blumberg
(Railroad Tie Treating Preserving cy), Sludge action 312-353-9306
Plant), MN, 05 (9,600 cy) underway; F1S 884-9306
(06/04/86) will be Todd Goeks (MN)

operational 612-296-7710

for 2-3 more
years

Rich Truax (Retec)
303-493-3700

old Inger 0il Refinery,

Land Treatment

0il Refining

Soil (150,000

Petroleum Hydrocarbons,

Installation

Fund Lead;

Paul Sieminski

LA, 06 (09/25/84) & Waste 0il cy), Benzene, Ethylbenzene, underway; Westinghouse Haztech | 214-655-6710
Reclamation Waste oil and and Metals | will be FTS 255-6710
sludge operational
(800,000 gal 4/91
combined)
Sheridan Disposal Slurry-Phase Commercial Soil (13,000 Benzene, Toluene In Design PRP Lead Ruth Israeli
Services, TX, 06 Bioremediation Waste cy), Sludge (36,600 ppm sludge), 214-655-6735
(12/29/88) (Tank Disposal (31,000 cy), PCBs, and Phenols FTS 255-6735
Bioremediation) Oil/emulsion
(300 cy)
North Cavalcade Street, | Excavation/On-site Wood Soil (22,300 Creosote, PAHs, and BTX In Design State Lead/Fund Deborah Griswold
X, 06 (06/28/88) Bioremediation- Preserving cy) Financed 214-655-6715
Type to be FTS 255-6715
Determined (Slurry Lewis Rogers (TX)
phase or modified 512-463-8188
land treatment)
French Limited, TX, 06 In situ Lagoon Petrochemi - Sludge, BTEX, PAHs, Petroleum In Design PRP Lead Judith Black
(03/24/88) Bioremediation cal Sediments Hydrocarbons, and PCBs 214-655-6735
(70,100 cy) (616 mg/kg) F1S 255-6735

Note:

Concentrations listed are maximums.

Contacts listed are EPA regional staff unless otherwise indicated.



TABLE 3 (Continued) January, 1991

Bioremediation
Site Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
— — L
Joslyn Manufacturing Land Treatment Wood Soil (75,000 PAHs, PCP Operational PRP Lead/State ClLiff Twaroski
and Supply Co., MN, 05 Preserving cy) since 8/89; Enforcement; ECOVA (MN)
(ROD Planned) scheduled 612-296-7827
completion Kevin Turner
end of 1991 312-886-4444
FTS 886-4444
Atchison/Santa Fe/ In situ Soil Railyard Soil, sludges Phenols, Petroleum Construction PRP Lead; Radian Susan Webster
Clovis, NM, 06 Bioremediation Wastes (28,599 cy Hydrocarbons, Diesel, underway; 214-655-6730
(09/23/88) (Industrial combined) Arsenic, Chromium, and operational FTS 255-6730
Wastewater) Lead in June 1991
Vogel Paint & Wax, IA, Land Treatment Paint Soil (3,000 BTEX and PAHs In Design PRP Lead/ Steve Jones
07 (09/25/89) Manufacturing cy) State Enforcement 913-551-7755
Wastes F1S 276-7755
Libby Ground Water Land Treatment Wood Soil, Creosote, PCP, Benzene, Land PRP Lead Julie Dalsoglio
Contamination, MT, 08 (soil, sediments) Preserving Sediments, PAHs, and Dioxin treatment: 406-449-5414
(12/30/88) (30,000 cy —— in design, FTS 585-5414
In situ Soil combined) operating by Scott Huling
Bioremediation summer 1991 (RSKERL)
405-332-2313
In situ gw gw Creosote, Benzene, In situ gw F1S 743-2313
Bioremediation PAHs, PCP, and 0il and Soil: in
design
Burlington Northern Land Treatment Wood Soil, Creosote, PAHs, Phenol, In Design; PRP Lead Jim Harris
(Somers Plant), MT, 08 Preserving Sediments and Zinc operational 406-449-5414
(09/27/89) (11,700 cy in 1992 FTS 585-5414
combined)
In situ guw g
Bioremediation
Koppers (Oroville In situ Soil Wood Soil (110,000 PCP, Creosote, PAHs, In Design PRP Lead Fred Schauffler
Plant), CA, 09 Bioremediation Preserving cy) BTX, Dioxin, Arsenic, 415-764-2365
(09/13/89) and Chromium FTS 485-2365
Also see Soil Washing

Note:

Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.
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TABLE 3 (Continued) January, 1991
Chemical Extraction
Site Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
—_—-‘_ o —————————————————————————
| Norwood PCBs, MA, Solvent Extraction Industrial SOll (28,000 PCB and VOCs (TCE, In Design Fund Jane Downing
| (09/29/89) Waste Dumping cy) Trichlorobenzene) Lead/Negotiation 617-573-5730
| FTS 833-1708
:
; 0'Connor, ME, 01 Solvent Extraction Salvage & Soill, PCB and Lead In Design Fund Mike Jasinski
| (09/27/89) Electrical Sediments Lead/Negotiation 617-573-5786
| Transformer (23,500 cy FTS 833-1786
Recycling combined)
Pinette's Salvage Yard, Solvent Extraction Salvage and Soil (2,080 PCB, VOCs Contract Fund Lead; Ros Gilleland
ME, 01 (05/30/89) Vehicle cy) (Chlorobenzene awarded; Sanivan Group 617-573-5766
Repair Dichlorobenzene and mobilization FTS 883-1766
Trichlorobenzene) scheduled to
begin 4/91
Ewan Property, NJ, 02 Solvent Extraction Industrial Soil (22,000 Chlorinated Aliphatic Pre-design PRP Lead Craig DeBiase
(09/29/89) (followed by Soil Waste Dumping | cy) Orgdnics, Aromatic 212-264-5393
Also see Soil Washing Washing) Hydrocarbons, and FTS 264-5393
Metals
GE Wiring Devices, Hydrometal lurgical Wiring Soil (5,500 Mercury Pre-design PRP Lead Doug Tomchuk
02 (09/30/88) Treatment Services cy) 212-264-7508
Facility FTS 264-7508
United Creosoting, Critical Fluid Wood Soil (67,250 PAHs, PCP, and Dioxin In Design State Lead/ Deborah Griswold
06 (09/29/89) Extraction Preserving cy) _ Fund Financed 214-655-6715
FTS 255-6715
Paul Cravens (TX)
512-463-8182

Note: Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.
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TABLE 3 (Continued) Jarnuary, 1991
Chemical Treatment
Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
Re-Solve, MA, 01 Dechlorination of Chemical Residuals PCBs In Design PRP Lead/ Lorenzo Thanto
(09/24/87) Residuals from Reclamation from Thermal Mixed Funding: 617-223-5500
Also see Thermal Thermal Desorption Facility Desorption of Chemical Waste FTS 883-1500
Desorption 22,500 cy of Management, Inc.
soi l

Wide Beach Development, | APEG Contaminated Soil (20,000 PCBs Operational; Fund Herb King
NY, 02 (09/30/85) Dechlorination Road Dust, cy) scheduled Lead/Negotiation; 212-264-1129

Driveways, completion Soil Tech, Inc. FTS 264-1129

and Ditches 6/91
Palmetto Wood Reduction of Wood Soil (12,680 15,000 mg/kg Metals Project Fund Al Cherry
Preserving, SC, 04 Cr(vl) to Cr(IIl) Preserving cy) (Chromium, Arsenic, and completed; Lead/Negotiation; 404-347-7791
(09/30/87) (Followed by Copper) was Roy F. Weston FTS 257-7791

Solidification) operational
09/28/88 -
02/04/89
Sol Lynn/Industrial APEG Transformer Soil (2,400 PCBs In Design PRP Lead John Meyer
Transformers, TX, 06 Dechlorination and Solvent cy) 214-655-6735
(03/25/88) Recycler F1S 255-6735
Note: Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.




TABLE 3 (Continued) Jaruary, 1991
In situ Soil Flushing
Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
Byron Barrel & Drum, In situ Soil Uncontrol led Soil (5,200 VOCs (BTX, PCE, and In Design PRP Lead Eduardo Gonzales
NY, 02 (09/29/89) Flushing Dump Site and | cy) TCE), PAHs, Phenol, and 212-264-5714
Landfill Dioxin F1S 264-5714
Goose Farm, NJ, 02 In situ Soil Uncontrol led Soil (15,500 960 mg/kg VOCs In Design PRP Lead Laura Lombardo
(09/27/85) Flushing Dump Site cy) (Toluene, Ethylbenzene, 212-264-6787
Dichloromethane, and FTS 264-6787
TCE), SVOCs, PCBs, and
PAHs
Lipari Landfill, NJ, 02 | In situ Soil Commercial Soil (650,000 257 mg/kg VOCs Operational; Fund Fred Cataneo
(09/30/85) Flushing Dump Site cy) (Benzene, DCA, scheduled Lead/Negotiation; 212-264-9542
Dichloromethane, and completion COE/BECTEL FTS 264-9542
Toluene), Phenol, and 7/91
Metals (Chromium,
Nickel, Lead, and
Mercury)
Vineland Chemical, NJ, In situ Soil Pesticide Soil (126,000 1,921 mg/kg Arsenic, Pre-design Fund Lead Matthew Westgate
02 (09/29/89) Flushing Manufacturing cy) and 399 mg/kg VOCs 212-264-3406
Also see Soil Washing (Dichloromethane) F1S 264-3406
Harvey-Knott Drum, DE, In situ Soil Uncontrol led Soil, 10,400 mg/kg VOCs In Design: PRP Lead Paula Retzler
03 (09/30/85) Flushing Dump Site for Sediment (Benzene, Ethylbenzene, Reevaluating 215-597-1113
Paint Solvent (80,500 cy) Methylene Chloride, and Alternative FTS 597-1113
Dichloromethane), and
SVOCs
[Bis(2-Ethylhexyl)
phthalate]
L.A. Clarke & Sons, VA, In situ Soil Wood Soil (6,000 Creosote, PAHs (5,000 In Design PRP Lead Eugene Wingert
03 (03/31/88) Flushing Preserving cy) mg/kg-Soil, 18 215-597-1727
Also see : mg/kg-Sediments), and FTS 597-1727
Bioremediation Benzene
Ninth Avenue Dump, IN, In situ Soil Commercial Soil (64,000 VOCs ([BTEX, TCE (1,500 In Design PRP Lead Alison Hiltner
05 (06/30/89) Flushing Dump Site cy) mg/kg)]1, PAHs, Phenols, 312-353-6417
Lead, PCBs, and Total FTS 353-6417
Metals (1.4 mg/kg)
U.S. Aviex, MI, 05 In situ Soil Chemical Soil (11,500 37 mg/kg VOCs (Carbon In Design PRP Lead Robert Whippo
(09/07/88) Flushing Packaging cy) Tetrachloride, DCA, 312-886-4759
Facility Ethylbenzene, PCE, TCE, FTS 886-4759
Toluene, TCA, Freon,
Xylene, and Chloroform)
Note: Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.




TABLE 3 (Continued) January, 1991

" In situ Soil Flushing

Media

Key Contaminants Status Lead; Treatment Contacts/
(Quantity)

Treated Contractor Phone

sitg Name, State, Specific Site
Region Technology Category
(ROD Date) .
—_—

)

South Cavalcade Street, In situ Soil Wood Soil (10,500 PAHs (8,567 mg/kg) In Design PRP Lead Mark Fite
X, 06 Flushing Preserving & cy) 214-655-6715
(09/26/88) Coal Tar FTS 255-6715
Also see Soil Washing Distillation
United Chrome Products, In situ Soil Chrome Soi l 162,580 mg/kg Chromium Operational Fund Lead Loren McPhillips
OR, 10 (09/12/86) Flushing Plating (quantity not since 8/88 206-553-4903

Facility available) FTS 399-4903

Note: Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.
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TABLE 3 (Continued)

January, 1991
In situ Vitrification
Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
——————|
Tonia City Landfill, In situ Municipal Soil, Debris VOCs (Methylene In Design PRP Lead Michael Gifford
MI, 05 (09/29/89) Vitrification Landfill (5,000 cy Chloride, Styrene, 312-886-7257
combined) Toluene, 1-1-1 FTS 886-7257

Trichloroethane), and

Lead
Northwest Transformer In situ PCB Storage Soil (1,200 PCBs In Design PRP Lead Christine Psyk
(Mission Pole), WA, 10 Vitrification and Recycling cy) 206-553-6519
(09/15/89) Operations FTS 399-6519

Note: Concentrations listed are maximums.

Contacts listed are EPA regional staff unless otherwise indicated.
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Bioremediation

TABLE 3 (Continued) Jaruary, 1991
Soil Washing
Site Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
Ewan Property, NJ, 02 Soil Washing Industrial Soil (22,000 Chlorinated Allphatic Pre-design PRP Lead Craig DeBiase
(09/29/89) (preceded by Waste Dumping cy) Organics, Aromatic 212-264-5393
Also see Chemical Chemical Hydrocarbons and FTS 264-5393
Extraction Extraction) Metals
Vineland Chemical, NJ, Soil Washing Pesticide Sediments Arsenic Pre-design Fund Lead Matthew Westgate
02 (09/29/89) Manufacturing (62,600 cy) 212-264-3406
Also see In situ Soil FTS 264-3406
Flushing
Cape Fear Wood Soil Washing Wood Soil (22,000 Creosote, PAHs, Copper, In Design Fund Lead John Bornholm
Preserving, NC, 04 Preserving cy) Chromlun and Arsenic 404-347-77T91
(06/30/89) FIS 257-7791
United Scrap Lead/SIA, Soil Washing Lead Battery Soil (45,000 Lead and Arsenic In Design Fund Anita Boseman
OH, 05 (09/30/88) Recycling cy), Lead/Negotiation; 312-886-6941
Sediments Corps of FTS 886-6941
(45,550 cy) Engineers/Bureau of
Mines
Koppers/Texarkana, TX, Soil Washing Wood Soil (19,400 PAHs and PCP In Design PRP Lead Ursula Lennox
06 (09/23/88) Preserving cy) 214-655-6735
F1S 255-6735
South Cavalcade Street, Soil Washing Wood Soil (19,500 PAHs In Design PRP Lead Mark Fite
X, 06 Preserving & cy) 214-655-6715
(09/26/88) Coal Tar FTS 255-6715
Also see In situ Soil Distillation
Flushing
Koppers (Oroville Soil Washing Wood Soil, PAHs, PCP, and Dioxin In Design PRP Lead Fred Schauffler
Plant), CA, 09 Preserving Sediments ==t 615-744-2365
(09/13/89) (200,000 cy FTS 4B4-2365
Also see combined)

Note: Concentrations listed are maximums.

Contacts listed are EPA regional staff unless otherwise indicated.
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TABLE 3 (Continued) January, 1991
Thermal Desorption
Sitg Name, State, Specific Site edia Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date) '
— e
Cannon Engineering/ Thermal Aeration Chemical Soil (11,330 VOCs (Benzene, TCE, and | Project PRP Lead; Canonie Dan Coughlin
Bridgewater, MA, 01 Waste cy) Vinyl Chloride) completed; Engineering 617-573-1742
(03/31/88) Handling, was FTS 833-1742
Storage, & operational
Incineration 5/90 - 10/90
Facility
McKin, ME, 01 Thermal Aeration Waste Soil (11,376 VOCs (TCE, BTX) Project PRP Lead; Canonie Sheila Eckman
(07/22/85) Storage, cy) completed; Engineering 617-573-5784
Transfer, was FTS 833-1784
Disposal operational
Facility 7/86 - 2/87
Ottati & Goss, NH, 01 Thermal Aeration Drum Soil (16,000 VOCs (TCE, PCE, Project PRP Lead; Canonie Stephen Calder
(01/716/87) Recondition- cy) 1,2-DCA, and Benzene) completed; Engineering 617-573-9626
ing Facility was FTS 833-1626
operational
6/89 - 9/89
Re-Solve, MA, 01 Rotary Thermal Chemical Soil (22,500 PCBs In Design PRP Lead/ Lorenzo Thantu
(09/24/87) Desorber Reclamation cy) Mixed Funding 617-223-5500
Also see Chemical Facility FTS 883-1500
Treatment
Caldwell Trucking, NJ, Low Temperature Unpermitted Soil (20,000 VOCs (TCE, PCE, and In Design Fund Lead Ed Finnerty
02 (09/25/86) Vaporization Septic Waste cy) TCA) 212-264-3555
Facility FTS 264-3555
Fulton Terminals, NY, Low Temperature Former Waste Soil (4,000 VOCs (Xylene, Styrene, Pre-design PRP Lead Christos Tsiamis
02 (09/29/89) Thermal Treatment Tank Farm cy) TCE, Ethylbenzene, 212-264-5713
Toluene) and PAHs FTS 264-5713
(Pyrene, Naphthalene,
Phenanthrene, and
2-Methylnaphthalene)
Marathon Battery, NY, Enhanced Former Soil (85,000 VOCs (PCE, Toluene, and Pre-design Fund Lead Pam Tames
02 (09/30/88) Volatilization Battery cy) TCE) 212-264-1036
Manufacturer FIS 264-1036
Metaltec/Aerosystems, Low Temperature Metal Soil (8,000 TCE, other Chlorinated In Design Fund Lead Ron Rusin
NJ, 02 (06/30/86) Thermal Treatment Manufacturing cy) Organics, and Copper 212-222-18;3
FTS 264-18

Note: Concentrations

listed are maximums.

Contacts listed are EPA regional staff unless otherwise indicated.
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TABLE 3 (Continued)

January, 1991
Thermal Desorption
Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category . (Quantity) Treated Contractor Phone
(ROD Date)
D e
Reich Farms, NJ, 02 Enhanced Uncontrolled Soil (1,120 VOCs and Semivolatiles In Design PRP Lead Gary Adamkiewicz
(09/30/88) Volatilization Waste cy) 212-264-7592
Disposal F1S 264-7592
SMS Instruments (Deer In situ Steam Military Soil (1,250 Solvents (TCE, Xylene, In Design Fund Lead Abram Fayon
Park), NY, 02 Stripping Aircraft cy) Ethylbenzene, and 212-264-4706
(09/29/89) Component Chlorobenzene) FTS 264-4706
Overhauler
Waldick Aerospace In situ Hot Air Manufacturing Soil (2,500 TCE, PCE, Cyanide, and In Design; Fund Lead Larry Granite
Devices, NJ, 02 Stripping and cy) Metals estimated 212-264-7668
(09/29/87) Electroplat- design FTS 264-7668
ing of Plane completion
Parts 12/92
Wamchem, SC, 04 Low Temperature Former Dye Soil (2,000 BTX and SvOCs In Design PRP Lead George Reedy
(06/30/88) Thermal Treatment Production & cy) (Naphthalene) 4064-347-7791
Solvent FTS 247-7791
Recovery/
Recycling
Facility
Outboard Low Temperature Marine Soil, PCBs In Design PRP Lead; Canonie Cindy Nolan
Marine/Waukegan Harbor, Thermal Extraction Products Sediments Engineering 312-886-0400
IL, 05 (Taciuk Process) Manufacturing (16,000 cy FTS 886-0400
(03/31/89) combined)
Note:  Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.




TABLE 3 (Continued)

.Vacuum Extraction

Jdorunry, 1991

Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
r“—“__ ————————
Groveland Wells, MA, 01 Vapor Extraction Manufacturing Soil (19,000 VOCs (TCE and methylene In Design PRP Lead Bob Leger
(09/30/88) cy) chloride) 617-573-5734
F1S 833-1734
Kellogg-Deering Well Vacuum Extraction Municipal Soil VOCs (TCE, PCE, and In Design Fund Leslie McVickar
Field, CcT, 01 Landfill (quantity not | BTX) Lead/Negotiation 617-573-9689
(09/29/89) available) FTS B33-1689
South Municipal Water Vacuum Extraction Commercial Soil (7,500 VOCs (PCE, TCA, and In Design PRP Lead Roger Duwart
Supply Well, NH, 01 Manufacturing cy) TCE) 617-573-9620
(09/27/89) FTS 833-1620
Tinkham Garage, NH, 01 Vacuum Extraction Uncontrol led Soil (9,000 VOCs (Benzene, In Design PRP Lead; Diana King
(09/30/86) Dump Site cy) Chloroform, DCE, PCE, Terra Vac 617-573-9676
TCE, and Vinyl FTS 883-1676
Chloride)
Wells G&H, MA, 01 In situ Uncontrol led Soil (7,400 VOCs (PCE and TCE) In Design PRP Lead Barbars Wewman
(09/14/89) Volatilization Dump Site cy) 617-573-5736
F1S 883-1736
FAA Technical Center, Vacuum Extraction Jet Fuel Soil (33,000 BTEX, PAH, In Design PRP Lead Carla Struble
NJ, 02 (09/26/89) (JP4) spill cy) Chlorophenol, Phenol, 212-264-4595
Also see Bioremediation Lead, and Chromium FTS 264-4595
Keith Buch (FAA)
609-484-6644
Upjohn Manufacturing Vacuum Extraction Industrial Soil VOCs (carbon Project PRP Lead; Terra Vac Alison Hess
Co., PR, 02 (09/30/88 Facility, (quantity not tetrachloride and completed; 212-264-6040
for gw; treatment Chemical Leak available) acetonitrile) was FTS 264-6040
completed prior to ROD) operational,
late 1984 -
to 3/88
Bendix, PA, 03 Vacuum Extraction Aircraft Soil VOCs (TCE, Toluene, In Design PRP Lead Humane Zia
(09/30/88) Manufacturing (quantity not Vinyl Chloride, DCE, 215-597-7713
available) and Carbon FTS 597-7713
Tetrachloride), and
SVOCs
Henderson Road, PA, 03 In situ Injection Soil VOCs (BTEX, Pre-design PRP Lead Gerallyn valls,
(06/30/88) Volatilization Well (quantity not Chlorobenzenes, DCA, Ruth Rzepski
(Tentative) available) and 1,1,1-TCA) 215-597-8186
FTS 597-8186
Tyson's Dump, PA, 03 Vacuum Extraction Commercial Soil (30,000 VOCs (Benzene, Toluene, Operational PRP Lead; Terra Vac Eugene Dennis
(03/31/88) Surface cy) TCE, PCE, and since 11/88 215-597-8555
Impoundment Trichloropropane) FTS 597-8555
Note: Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.
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TABLE 3

Vacuum

(Continued)

Extraction

Jornuary, 1991

Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
e ——————————————————————————— e ———————————————
Kysor Industrial, MI, Vacuum Extraction Truck Parts Soil (13,200 VOCs (Xylene, Toluene, In Design Fund Mary L. Gustafson
05 (09/29/89) Manufacturing cy) Ethylbenzene, and TCE) Lead/Negotiation 312-886-6144
Fishbeck, Thompson, FTS 886-6144
and Carr Huber
Long Prairie, MN, 05 Vacuum Extraction Dry Cleaning Soil (3,600 VoCs (DCE, PCE, TCE, In Design State Lead/Fund Kevin Turner
(06/27/88) Facility cy) and Vinyl Chloride) Financed 312-886-4444
F1S 886-4444
MIDCO I, IN, 05 Vapor Extraction Commercial Soil (12,400 VOCs (BTX, TCE, In Design PRP Lead Richard Boice
(06/30/89) Dump Site cy) Phenol , 312-886-4740
Dichloromethane, FTS 886-4740
2-Butanone, and
Chlorobenzene), PAHs,
and SVOCs
Miami County Vapor Extraction Municipal Soil (98,000 VOCs (TCE, PCE, and Pre-design PRP Lead Anthony Rutter
Incinerator, OH, 05 Landfill and cy) Toluene) 312-886-8961
(06/30/89) Surface FTS 886-8961
Impoundment
Pristine, OH, 05 Vapor Extraction Commercial Soil (38,720 VOCs (Benzene, Pre-design PRP Lead Thomas Alcamo
(12/31/87) Dump Site cy) Chloroform, 1-2 DCA, 1- 312-886-7278
2 DCE, Trichloroethene FT1S 886-7278
Seymour Recycling, IN, Vacuum Extraction Chemical Soil (154,000 VOCs (TCA, Carbon Installation PRP Lead; Jeff Gore
05 (09/30/87) Waste cy) Tetrachloride, PCE, underway; Canonie Environment 312-886-4747
Also see Management & Benzene, Vinyl will be FTS 886-4747
Bioremediation Incineration Chloride, Chloroethane, operational
and TCE) Spring 1991
Verona Well Field, MI, Vacuum Extraction Railroad Soil (35,000 VOCs (Dichloromethane, Operational Fund Margaret Guerriero
05 (08/12/85) Paint Shop, cy) Chloroform, Carbon since 3/88 Lead/Negotiation; 312-886-0399
Solvent Tetrachloride, DCA, Terra Vac FTS 886-0399
Reclaiming/ TCA, Vinyl Chloride,
Distribution BTEX) and Naphthalene
Wausau Groundwater Vapor Extraction Bulk Chemical Soil (1,300 TCE, PCE, and DCE In Design PRP Lead; Margaret Guerriero
Contamination, WI, 05 Distribution, cy) Terra Vac 312-886-0399
(09/29/89) Machine Shop F1S 886-0399
South valley/Edmunds, Vapor Extraction Aircraft Soil (36,000 VOCs (TCE) In Design PRP Lead Tim Underwood
NM, 06 (09/30/88) Engine cy) 214-655-6730
Manufacturing FTS 255-6730

Note:

Concentrations listed are maximums.

Contacts listed are EPA regional staff unless otherwise indicated.
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TABLE 3 (Continued) i Jorunry, 1991
Vacuum Extraction
Sitg Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date)
—| S | e  — —————
Hastings Groundwater Vapor Extraction Former Grain Soil VOCs (Carbon In Design PRP Lead Darrel
Contamination, NE, 07 Storage Area (quantity not | Tetrachloride, Ethylene Sommerhauser
(09/26/89) (Fumigants) available) Dibromide, PCE, TCA, 913-551-7052
and Chloroform) FIS 276-7052
Hastings Groundwater Vapor Extraction Industrial Soil (42,700 VOCs (PCE, TCE, and In Design PRP Lead Darrel
Contamination, Colorado Metal cy) TCA) Sommerhauser
Ave., NE, 07 Finishing 913-551-7052
(09/28/88) FTS 276-7052
Hastings Groundwater Vapor Extraction Former Grain Soil (400 cy) VOCs (Carbon In Design PRP Lead Darrel
Contamination, Far-Mar- Storage Area Tetrachloride, Ethylene Sommerhauser
Co, NE, 07 (Fumigants) Dibromide, PCE, and 913-551-7052
(09/30/88) TCA) FIS 276-7052
Sand Creek Industrial, Vacuum Extraction Refinery and Soil VOCs (TCE, PCE, Design Fund Lead; URS Brian Pinkowski
Co, 08 (09/29/89) Pesticides (>100,000 cy) methylene chloride, and completed; 303-293-1512
Manufacturing Chloroform) will install FTS 330-1512
after Non-
Aqueous Phase
Liquid
addressed
Fairchild Semiconductor | Vapor Extraction Semiconduc- Soil (3,400 VOCs (TCA, Xylenes, Operational PRP Lead/ Helen McKinley
(San Jose), CA, 09 tor Manufac- cy) Acetone, Freon, DCE, since 1988 State Enforcement; 415-744-2236
(03/20/89) turing and PCE) Canonie Environment FTS 484-2236
Facility Will Bruhns (CA)
415-464-0838
Fairchild Vapor Extraction Semiconduc- Soil VOCs (TCE, PCE, Vinyl Pre-design PRP Lead Pattie Collins
Semiconductor/ tor Manufac- (quantity not Chlorides, DCA, DCE, 415-744-2229
MTV-1, CA, 09 turing available) and Freon) and Phenol FTS 484-2229
(06/09/89) Facility,
Metal
Finisher
Fairchild Vapor Extraction Semi conduc - Soil VOCs (TCE, PCE, Vinyl Pre-design PRP Lead Pattie Collins
Semiconductor/MTV-11, tor Manufac- (quantity not | Chlorides, DCA, DCE, 415-744-2229
CA, 09 (06/30/89) turing available) and Freon) and Phenol FTS 484-2229
Facility,
Metal
Finisher

Note:

Concentrations listed are maximums.
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TABLE 3 (Continued)

Vacuum Extraction

Jonry, 1991

Site Name, State, Specific Site Media Key Contaminants Status Lead; Treatment Contacts/
Region Technology Category (Quantity) Treated Contractor Phone
(ROD Date) :
e ———— “M“
Fairchild/Intel, CA, 09 | Vapor Extraction Semiconductor Soil . VOCS (TCE, PCE, Vinyl Pre-design PRP Lead Pattie Collins
(06/09/89) Manufacturing (quantity not | Chlorides, DCA, DCE, 615-7464-2229
Facility, available) and Freon) and Phenol FTS 484-2229
Metal
Finisher,
Aircraft
Maintenance
Fairchild/Raytheon, CA, Vapor Extraction Semiconduc- Soil VOCs (TCE, PCE, Vinyl Pre-design PRP Lead Pattie Collins
09 (06/09/89) tor Manufac- (quantity not Chlorides, DCA, DCE, 415-746-2229
turing available) and Freon) and Phenol F1S 484-2229
Facility,
Metal
Finisher,
Aircraft
Maintenance
IBM (San Jose), Vapor Extraction Computer Soil (24,000 VOCs (Xylenes, Acetone, Installation PRP Lead/ Helen McKinley
CA, 09 (12/15/88) Manufacturer cy) Freon, isopropyl underway; State Enforcement; 415-7644-2236
(site delisted alcohol, petroleum will be Terra Vac FTS 484-2236
10/04/89) naphtha, and TCA) operational Will Bruhns (CA)
in 1991 415-464-0838
Motorola 52nd Street, Vapor Extraction Manufactur- Soil VOCs (TCA, TCE, Carbon In Design PRP Lead/ Mike Montgomery
AZ, 09 (09/30/88) ing Facility (quantity not Tetrachloride, and State Enforcement 415-744-2394
available) Ethylbenzene) FTS 484-2360
Don Atkinson (CA)
602-257-6899
Phoenix-Goodyear Vapor Extraction Defense- Soil (4,390 VOCs (TCE, PCE, and In Design PRP Lead Craig Cooper
Airport Area, AZ, 09 related cy) Acetone) and Methyl 615-744-2360
(09/26/89) Manufacturing ethyl ketone FTS 484-2360
Facility
Note: Concentrations listed are maximums. Contacts listed are EPA regional staff unless otherwise indicated.
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January, 1991

APPENDIX A

DOCUMENT REQUEST FORM

The “Innovative Treatment Technologies: Semi-Annual Status Report™ (EPA/540/2-91/001) is distributed twice a year to Superfund
management in U.S. EPA Headquarters and regional offices, pertinent EPA laboratories, states, EPA libraries, and representatives of other

federal agencies. All project contacts listed in the report also receive a copy. If you did not already receive this report directly, and would
like to get on the mailing list, please complete the following form, and send to:

Ms. Deborah Lyne
PRC Environmental Management Inc.

1505 Planning Research Drive
McLean, VA 22102

[ Please add my name to the mailing list:

NAME

COMPANY

ADDRESS




