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Foreword

he Texarkana Wood Preserving Company Superfund site

is a former wood-treating site located in Texas that

treated various wood products with chemical preserva-

tives. These activities left behind contaminated soil and
sludge, that led to contaminated groundwater. In 1990 Environ-
mental Protection Agency (EPA) selected incineration as the
means to clean up contaminated soil at this site. In 1994 Con-
gressman Jim Chapman (D-Texas) asked the Office of Technol-
ogy Assessment (OTA) to review alternative technologies that
might be used instead of incineration at the Texarkana site. A sec-
ond, separate study to assess the safety of incineration was also
requested by Representative Chapman.

This report reviews technologies available for hazardous waste
cleanup at wood-treating sites throughout the United States. OTA
found that there are many Superfund wood-treatment sites
located in this country that are very similar in terms of the con-
taminants present and the options selected for cleanup. OTA
identified a range of such technologies that were selected and that
could be applied to other sites in the future.

While OTA has not recommended specific technologies for
the Texarkana site, it is clear that a number of them may be
appropriate and could prove useful if more detailed site-specific
studies and tests were carried out. While this study focused on the
Texarkana site, decision makers and the public for other sites
could benefit from this analysis during the process of selecting
future cleanup strategies.

OTA appreciates the assistance and support it received for this
effort from many contributors and reviewers. They provided
OTA with valuable information critical to the completion of this
background paper and important insights about its technical eval-
uations and projections. OTA, however, remains solely responsi-
ble for the contents of this report.
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Introduction
and Summary 1

n 1994 the Office of Technology Assess-might be more acceptable to residents who live

ment (OTA) was asked to evaluate techni-nearby.

cal alternatives to incineration for cleaning This report identifies technologies available

up the Texarkana Wood Preserving Com-or organic hazardous waste cleanup at wood-
pany Superfund site, in Texarkana, Texas. Th#eating sites throughout the country. OTA has
25-acre site, a former wood-treating facility in identified a range of such technologies that have
Bowie County, Texas, became an U.S. Environbeen selected in the past and could be applied to
mental Protection Agency (EPA) Superfund siteother sites in the future. OTA has not recom-
in 1986 (27). Wood products had been treatenended specific technologies for the Texarkana
there with preservative chemicals over many/Vood Preserving Company site. The applicabil-
decades. These activities left behind chemicafy of & technology to a particular Superfund site
preservatives as contaminates in soil, sludgd}as to be based on many site-specific factors.
sediment, and groundwater (see box 1-1). Usinfiévertheless, it is clear that a number of the
information available in the late 1980s, the EPA@PProaches identified by OTA may be appropri-
selected incineration in a 1990 record of decisiofit€ and could prove useful it more detailed site-
(ROD) to clean up soil, sludge, and sediment§PeC'f'C studies and tests were done. Although
contaminated with wastes from wood-treatingtiS Study focused on the Texarkana site, deci-

activities at Texarkana sionmakers and the public could benefit from
However, public opposition has prevented

this analysis in selecting future cleanup strategies
incineration from being used at this site.

for other sites.
Recently EPA funds that had been allocated to.
building and operating an incinerator were EPA’S EXPERIENCE WITH
returned, and today the only work at the site iWVOOD-TREATING SITES
ongoing environmental monitoring, and interim The Texarkana Wood Preserving Company site
analyses (2). OTA was asked to find and evaluis a member of a class of sites that have similar
ate possible alternatives to incineration thahistories and contaminants present. Today EPA

| 1



2 | Cleaning Up Contaminated Wood-Treating Sites

BOX 1-1: The Texarkana Wood Preserving Company Site

The 25-acre Texarkana site is a former wood-treating facility in Bowie County, Texas. Surrounding land
use is industrial, residential, and agricultural. Since the early 1900s, several lumber-related businesses
have operated at the site. Wood-treating operations using creosote began in 1954. By 1971 pentachlo-
rophenol (PCP) was also in use for wood treatment.

State investigations from 1968 and 1984 showed the company to be negligent or delinquent in fulfilling
various permit requirements. Removal actions from 1986 to 1988 included site access restrictions, con-
structing a berm, and pumping down the creosote-contaminated onsite processing ponds to prevent run-
off and overflow.

The present record of decision addresses onsite contaminated soil near the processing ponds and
contaminated groundwater in a shallow aquifer. Incineration with onsite disposal of ash was considered a
proven technique by EPA. The future use of this site is expected to be industrial, and not residential.
Remediation of groundwater in a deeper aquifer will be addressed in a future ROD. The primary contami-
nants of concern affecting the soil, sediment, sludge, and groundwater are organics including dioxin,
polycyclic aromatic hydrocarbons (PAHSs), pesticides, and phenols including PCP. The location of the site
in a 100-year floodplain complicates cleanup of this site.

The cleanup levels for soil specified for the Texarkana site are 3 parts per million (ppm) carcinogenic
PAHSs, 2,350 ppm total PAHs, 150 ppm PCP, and 20 parts per billion (ppb) combined dioxins and furans
equivalents. Any potential cleanup technology must meet these levels, or these levels must be adjusted.

The selected remedial action for this site includes

= excavating approximately 77,000 cubic yards of contaminated soil (includes any affected sediment
and sludges) and onsite treatment using incineration,

= onsite backfilling of ash with the installation of a soil cover (capping) and revegetation,

= pumping and treatment of approximately 16 million gallons of contaminated groundwater from the
shallow aquifer using carbon adsorption and reinjecting the treated water onsite into the shallow
aquifer, and

= use of institutional controls, including site deed restrictions to limit land use.

According to the ROD, the estimated cost for this remedial action is $47,500,000. Depending on the
remedy actually used, and the results of competitive bidding, the actual costs may be quite different.

SOURCE: Environmental Protection Agency, Region 6, “Record of Decision: Texarkana Wood Preserving Company Superfund
Site,” Dallas, TX, September 1990; Hendrick, E., Senior Project Manager, EPA Region 6, Dallas, TX, written comments, August 9,
1995.

has considerably more experience with this type Table 1-1 summarizes the wood-preserving
of site than it did in the late 1980s, when cleanughemicals and the selected cleanup remedies for
decisions were made about the Texarkana sit¢hese sites. Sites contaminated only by metal-con-
Since 1980, EPA has identified 56 Superfundaining wood preservatives such as chromated
wood-preserving sites in the United States, mostopper arsenate (CCA) were not included in this
of which are very similar to the Texarkana sitesurvey since this class of contaminant is not
(17). EPA has completed the process of selectingnportant at the Texarkana site. Table 2-1 in chap-
technologies and cleanup strategies for moréer 2 gives more information about these sites
than 30 of these sites. Chapter 2 of this repotincluding contaminants present, size of the site,
gives more details about EPA’s history with current land use around the site, and selected
wood-treating sites. cleanup technologies. Current land use was
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TABLE 1-1: Remedy Selection at Wood-Treating Sites,? by date of ROD

Site name Chemical

ROD Date Present Remedy Selected
American Creosote Creosote Landfill disposal

85-09-30 PCPP

Burlington Northern Creosote Bioremediation and capping

86-06-04

Westline site Creosote Incineration

86-07-03

Coleman Evans PCP Incineration of more contaminated soil

86-09-25

Baxter/Union Pacific Creosote Barrier wall (plan for more permanent remedy)
86-09-26 PCP

United Creosoting Creosote Temporary cap and apply innovative technology when available
86-09-30 PCP

Mid-South Creosote Remove sludges & oils to offsite facility; stabilization of soil hot spots, then
86-11-14 PCP capping

Bayou Bonfouca Creosote Incineration and offsite disposal

87-03-31 PCP

Midland Products Creosote Incineration

88-03-24 PCP

L.A. Clarke Creosote Soil flushing, bioremediation

88-03-31

Brown Wood Pre. Creosote Bioremediation; landfill disposal of heavily contaminated material
88-04-08 PCP

North Cavalcade Creosote Bioremediation

88-06-28 PCP

Southern Md. Wood Creosote Incineration

88-06-29 PCP

Broderick Wood Creosote Incineration

88-06-30 PCP

South Cavalcade Creosote Incinerate oily wastes; soil washing & capping (or bioremediation if effective)
88-09-26

Libby Creosote Bioremediation and capping

88-12-30 PCP

American Creosote Creosote Incineration

89-01-05 PCP

Koppers/Galesbrg Creosote Bioremediation and capping

89-06-28 PCP

Cape Fear Wood Creosote Soil flushing or thermal desorption

89-06-30

Koppers (Oroville) Creosote Soil washing, bioremediation, and capping

89-09-13 PCP

Newsom Brothers Creosote Incinerate worst material; offsite disposal of other soils
89-09-18 PCP

American Creosote Creosote Bioremediation

89-09-28 PCP

(continued)
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TABLE 1-1: Remedy Selection at Wood-Treating Sites,? by date of ROD (Contd.)

Site name Chemical

ROD Date Present Remedy Selected

United Creosoting Creosote Solvent extraction (critical fluid) with offsite incineration of residues
89-09-29 PCP

Havertown PCP Creosote Landfill disposal

89-09-29 PCP

Texarkana Wood Creosote Incineration

90-09-25 PCP

Coleman-Evans PCP Soil washing, bioremediation; solidification/stabilization, then capping
90-09-26

Cabot/Koppers Creosote Soil washing & bioremediation; then solidification/stabilization
90-09-27

J H Baxter Co Creosote Bioremediation followed by solidification/stabilization if inorganics are found
90-09-27 PCP

Moss-American Creosote Incinerate sludges & oils; soil washing & bioremediation followed by capping
90-09-27

Arkwood, Inc Creosote Soil washing (incineration if this fails)

90-09-28 PCP

Broderick Wood Creosote Recycle oils (with incineration of residues)

91-09-24 PCP

Macgillis & Gibbs Creosote Remove sludges & oils to offsite facility

91-09-30 PCP

Saunders Supply PCP Dechlorination of sludges & sediments; thermal desorption of soils
91-09-30

Idaho Pole Creosote Soil wash & bioremediation, then capping

92-09-28 PCP

Koppers (Morrisv.) PCP Thermal desorption & dechlorination (incineration if this fails)
92-12-23

Popile, Inc. Creosote Bioremediation and capping

93-02-01 PCP

American Creosote. Creosote Incinerate sludges; bioremediation of soils

93-04-28 PCP

Rentokil Virginia Creosote Incinerate sludges & oils (with dechlorination for dioxins); thermal desorption
93-06-22 PCP for soils, followed by capping

Montana Pole Creosote Incinerate sludges & oils; soil flushing & bioremediation

93-09-21 PCP

NOTES:

a8 Additional wood-treating sites with primarily metals contamination are not included in this table.
b sites with PCP use can be expected to have some dioxin contamination.

included as an indicator of future land use. The The wood-treatment industry, which treats
basic features of the Texarkana site are similar tawood with chemicals to preserve them from
those of other wood-treating sites. Figure 1-ldecay and insect damage, has operated in the
shows how often the various technologies andUnited States for over 100 years (23). Many
strategies are chosen for the selected 40 sites. Usiommon and widely used wood products are pro-
ally more than one technology was selected to dedluced by this industry, including railway ties,
with various contaminated parts of a single site. fencing posts, outdoor decks, telephone and util-
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tions compared with the primary site contami-
nants PCP or creosote. Dioxins and furans are
present at a wood-treating site as low-level impu-
rities contained in the PCP used at the site for
wood preservation. This has led to very different
cleanup strategies for this type of site compared
with other sites where the primary contaminate is
dioxins or furans. For an analysis of technologies
for cleanup of dioxin contaminated soils, see the
Office of Technology Assessment (OTA) back-
ground paper “Dioxin Treatment Technologies”
(4). Table 1-1 also shows that before 1990, incin-
eration was more commonly selected as the pri-
mary cleanup strategy. After 1990, incineration,
if it was selected at all, appears to be only one
part of an overall cleanup strategy. For example,

- incineration may be chosen for the cleanup of
Superfund cleanup strategies selected by EPA for 40 wood- . . « " .
treating sites contaminated with pentachlorophenol (PCP) or Sma”’ hlghly contaminated “hot spots while
creosote. Many of these treatments are used together at a sin-  bioremediation is chosen for dealing with the
gle site as part of a treatment train. remainder of the site.

FIGURE 1-1: Frequency of cleanup

strategies for wood-treating sites

SOURCE: Office of Technology Assessment

EPA’S PRESUMPTIVE REMEDIES FOR

ity poles, and other wood products intended fof\\OOD-TREATING SITES

outdoor use. . . .
EPA’s experience over the years with cleaning

Wood preserving typically involves treating up wood-treating sites has led to an evolution

the wood under pressure with the preservativecmd maturation in EPA’s cleanup approach
chemicals pentachlorophenol (PCP), Creosoteg o cleanup technologies that EPA now con-
or chromated copper arsenate (CCA), usualljjers established were not seriously considered

dissolved in some suitable solvent (23). Thesg o decisions were made about the Texarkana

activities often left behind widespread soil, sedi-gjta Epa’s experience with this type of site has
ment, sludge, and water contamination at the Sit%rovided new cleanup options.

The preservative PCP always contains some Today EPA formally recognizes wood-treat-

dioxin and furan impurities, and Creosote Conyq sites as a class of site that has similar prob-

tains polycyclic aromatic hydrocarbons (PAHS).\ams and similar cleanup options. It recently

These compounds are considered by EPA ang,mmarized the variety of successful technolo-
other health agencies to be likely human carcinOgies and approaches that have proven useful for
gens (see boxes 2-1 and 2-2 in chapter 2 for MOigeaning up wood-treating sites such as the Tex-
information about creosote, PAHSs, PCP, antyrkana site. EPA refers to proven technologies
dioxins). for a class of sites as “presumptive remedies.”
The presence of any one of these contamiEpA reviewed successful cleanup strategies for
nants, including dioxins and furans present asvood-treating sites with similar characteristics,
impurities in PCP, has not necessarily dictatedncluding the contaminants present, the environ-
the use of any one technology such as incineranental media affected by those contaminants,
tion (see tables 1-1 and 2-1). Dioxins and furansand the cleanup technologies selected (23). The
when they occur at contaminated wood-treatindact that contaminated wood-treating sites had
sites, are always in very much smaller concentramany features in common made it practical and
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useful for EPA to summarize successful cleanup OTA did not try to compare the relative safety
technologies. or hazards of these alternatives to incineration.
On the basis of this review of many full-scaleNevertheless, some concerns should be kept in
cleanup projects at wood-treating sites, EPA conmind when comparing the safety and hazards of
cluded that a variety of demonstrated treatmerifiCineration to any alternative. Concerns about
technologies are capable of meeting Stringen@ossibly toxic emissions from incinerators used
cleanup requirements (16,21,23). EPA presumpf-or cleaning up wood-treating sites are likely to
tive remedies for contaminated soil, sludge, an@pply equally or possibly even more to some of

sediments at wood-treating sites are bioremedidle alternative technologies reviewed by OTA. In
tion, thermal desorption, or incineration for MOSt cases the emissions that would come from

organic contaminants, and immobilization for these alternative technologies are less well char-

inorganic contaminants. Chapter 3 provides mor@cterlzed than those for mcmgratlon.
information on how these technologies have per- Many alternative technologies are less mature;

formed with the various contaminants found atth€Y have less of a record by which their relative

wood-treating sites. Although EPA focuseds‘_"‘fety can be judged. At some sites the technolo-
mostly on technologies that had proven them_g'esI selectedd bydE:A have not yet beben fuIIIy
selves in full-scale cleanup projects at contamilMp'emented, and their success cannot be evalu-

nated wood-treating sites, it also considerec?ted' Some alternatives may work well with cer-

certain other technologies that had less pen‘ort-aln types Qf sites, but poorly or not at all with
thers. Soil cleanup standards and relevant

mance data avallablg (21,23). .EPA has not y(.ecleanup laws may vary for each site. Neverthe-
developed presumptive rem_e dies for Contam'Tess, some of the alternatives evaluated by OTA
nated groundwater at these sites. will undoubtedly be useful alternatives to incin-
eration for cleaning up contaminated soil, sludge,
FOCUS OF OTA’S ANALYSIS and sediment at wood-treating sites.

This report presents OTA's analysis of the treat-

ment technologies and strategies selected b§UMMARY OF CLEANUP TECHNOLOGIES

EPA_ for c_Ieanlng up 9°nt&_1m'n"?‘ted soil at WOOOI'OTA looked at the treatment strategies that EPA
treating sites. OTA's identification of these tech-gq o cted in 47 RODs for 40 different wood-treat-
nologies is intended to capture the evolution,g gites. Table 1-1 summarizes this review, and
since the mid-1980s of the approaches EPA hagyre 1-1 lists the various technologies and
available to clean up contaminated soil, SIUdgeapproaches selected by EPA, as well as how
mation on various technologies selected for usgformation about the various sites and the tech-

to clean up Superfund wood-treating sites fromologies selected for them, and chapter 3 pro-
two main sources. The first source was OTA’syides more detailed information about the

review of EPA’s decisions and the teChnO|Ogytechno|ogies and approaches.

selected for the cleanup of Superfund wood- |n virtually every case, several different tech-

treating sites as they are described in the RORplogies and other approaches were selected in
for each site. The second source was an analystgmbination to make a complete site cleanup
of the presumptive remedy strategy recentlystrategy. Sometimes one technology such as
developed by EPA for wood-treating sites. Con-incineration or bioremediation was selected as
sidering both of these sources, OTA concludedhe key technology for addressing the main con-
that EPA has selected at least 10 differentamination source. However, in general no single
approaches for cleaning up contaminants at sudechnology can clean up an entire wood-treating
sites. site, and a combination of control and treatment
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strategies is chosen (17). For example, cappingt@chnologies and control methods are put
site and making some restrictions on future uséogether for an overall cleanup strategy in order
after incineration or bioremediation was used into meet the requirements of a specific wood-
more than half the RODs reviewed by OTA.treating site. In virtually no wood-treating site
Capping involves providing some type of cover,reviewed by OTA was a single technology such
made of clean soil and other materials, that isoas incineration or bioremediation selected as the
lates contamination from the environment andonly form of cleanup.
limits human exposure. The availability of new strategies for cleaning
OTA also reviewed EPA'’s recently releasedup contaminants from wood-treating sites sug-
presumptive remedies strategy for cleaning ugests that EPA could reexamine the cleanup
contaminated soil, sludge, and sediments dgiecisions made in the 1990 ROD for the Texar-
wood-treating sites. This strategy is a summaryana site. This would be responsive to concerns
of EPA’s experience with technologies that haveamong some in that community about those ear-
proven successful in full-scale cleanups of suchier decisions. However, there are significant
sites (17). On|y full-scale Successfu”y demon-l’iSkS with choosing alternatives to incineration.
strated technologies and strategies were includeégPA cautions that some alternatives are good
in EPA’s list of presumptive remedies, which only for certain contaminants under specific con-
eliminated some of the less mature technologieglitions. They might be much less effective for
listed in figure 1-1. EPA selected as wood-treatOther situations. Thus, an alternative technology
ing site presumptive remedies bioremediationshould be selected only if it has been tested and
thermal desorption, or incineration for organicProven under the specific conditions for the site
contaminants; immobilization is the presump-Where itis to be used. It should also be pointed

tive remedy for inorganic contaminants. Chapte©ut that EPA’s chosen technology for a given site
3 describes these technologies. may not have been found in practice to be effec-

tive at that site. At some of the sites reviewed by
mary presumptive remedy for organic contami-OTA according to some EPA officials, cleanup

nants such as PCP or creosote. If bioremediatioIF'l""s not been completed or was not as successful

is not feasible, thermal desorption may be approfle had been hoped.

priate. For some situations, such as the treatment Although some of these incineration alterna-
of sludge “hot spots” with very high concentra- tives have significant track records so that their

tion of contaminants, EPA concluded that incin-P0SSible use at a specific site can be evaluated,
eration may be the best choice (17). none are as mature and developed as incinera-

tion. For example, in its presumptive remedies
strategy, EPA warns that the effectiveness of the
CONCLUSIONS primary presumptive remedy, bioremediation, is
EPA today has a range of technologies and strasite and contaminant specific, requiring careful
egies available for addressing contaminatedite characterization and treatability studies of
wood-treating sites. Some of the technologiesppropriate scale. Thus, selection of some of
were not available when EPA completed thethese alternatives may carry with it a greater risk
ROD for the Texarkana wood-treating site inthat cleanup goals for a specific site will not be
1990; others were too new to have been evalladequately met.

ated thoroughly. Although every Superfund site  The permanence of the cleanup offered by
has some unique characteristics and cleanughese alternative technologies is also a factor.
requirements, it is likely that some combinationincineration was often selected by EPA in the
of technologies may be applicable as alternativepast in part because it offered pgrmanent

to incineration for cleaning up the Texarkanareduction in the concentrations of contaminants,
site. OTA found that typically several different including dioxins and furans in soil and sludge.

EPA concluded that bioremediation is the pri-
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Some alternatives, such as bioremediation anselected leaves significant concentrations of con-
capping, give less complete destruction of contaminantsafter the cleanup is complete, it will
taminants, even though they can offer adequatiee necessary to monitor the site for as long as the
protection of human health and the environmentontaminants remain, possibly indefinitely.

by eliminating exposure. If the cleanup strategy



Wood-Treating
Sites and Their
Cleanup| 2

he wood-preserving industry treats lum-Wood-treating sites are one of three categories of

ber with various chemicals to protect sites for which EPA has designated presumptive

against insect damage and decay. Chenmremedies.

ically preserved wood is used in prod-  For sites contaminated with preservatives such
ucts for outdoor use such as railway ties, fencingas those used at the Texarkana Wood Preserving
telephone poles, exterior plywood panels, andjte, EPA suggests bioremediation as the pre-
outdoor decks (23). The industry has operated iferred cleanup remedy. If bioremediation is
the United States for over 100 years, with Sitegong to be infeasible, thermal desorption meth-
often having operated for decades (23). Spillg)ys are to be considered. Incineration may be

from the treatment process have left many Ofg|acted if bioremediation and thermal desorp-

these sites heavily contaminated with the Chem'fion are not feasible. In downplaying the role of
incineration among the presumptive remedies,

cals used to preserve wood.
U.S. Environmental Protection Agency (EPA) EPA stresses the difficulty in gaining public sup-

has identified 56 wood-treating sites among th%ort, but recognizes the method’s effectiveness.

superfund sites in the United States (17). n addition to the technologies that EPA now

Because the processes that have been used_aal! i ) di b f
these wood-treating sites are generally so similaf9€ntifies as presumptive remedies, a number o

the contamination and cleanup needs are alsgther innovative technologies have been selected
similar. Recognizing this, EPA has recentlyfor use at woqd-treating sites in recent years.
moved to standardize the process for selecting TA has reviewed 47 records of decision
cleanup remedies. Following a thorough review(RODS) for 40 Superfund wood-treating sites to
of past experience with remedial activities, thdnvestigate the selection of remedies. This chap-
Superfund program has developed a short list d€r provides a description of the contaminants
preferred cleanup technologies or presumptivdypically found at wood-treating sites, a list of
remedies for wood-treating sites. It is intendedhe remedies that have been selected at Super-
that presumptive remedies will be selected fofund wood-treating sites, and a summary of
future remedial actions at all wood-treating sitesEPA’s recent efforts to standardize the remedy
except under unusual site-specific circumstanceselection process at wood-treating sites. The

| 9
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remedial technologies are described in greater At these sites, wood was generally treated

detail in chapter 3. under pressure with creosote or PCP in a heated
oil-based solution (21,23). After treatment, the
WOOD-TREATING SITES wood was removed from the pressure chamber

The wood-preserving industry pressure treat@nd allowed to drip dry outside, resulting in large
wood with chemicals that protect against insectyolumes of contaminated soil. Other treatment
and fungus. Just a few preserving chemicals hawastes include wastewater and sludges. Waste-
been widely used by the industry. The oldest prewater was generated as a condensate in the treat-
servative process treats wood with creosote, ment process and also by rinsing tanks and
tarry liquid derived from coal (see box 2-1) (17).equipment. After separation of recoverable
Pentachlorophenol (PCP) became widely used ashemicals, wastewater was often spread onsite or
a preservative after 1950, although its purchasstored in evaporation ponds. An oily sludge grad-
and use is now restricted (see box 2-2) (17)ually accumulates in wastewater evaporation
Metal salts made from chromium, copper,areas and also in treatment cylinders and storage
arsenic, or zinc (e.g., chromated copper arsenatgnks. This sludge was historically dumped into
[CCA]) are now the most frequently used preserypjined pits onsite. Sludge pits found at wood-
vatives. The metal salts present special cleanupeating sites can contain very high concentra-
problems that we do not consider in this paper. s of the preservative chemicals, which may
Almost 60 wood-preserving sites are on thg;yi¢ yreatment options for these areas (17).

National Priorities List, which lists facilities eli- The preservatives PCP and creosote are found
gible for cleanup under the Superfund Program, < contaminants, alone or in combination, at
é ) )

Hundreds more may have been abandoned a early all abandoned wood-treating sites in the
are in need of cleanup. Most of these sites k :
P nited States (21,23). Both of these materials

present similar cleanup problems (see th
descriptions of five Superfund wood—treatingcan be hazardous to human health. Creosote con-

sites presented in boxes 2-3 through 2-7). Thi&ins polycyclic aromatic hydrocarbons (PAHS).

older sites in need of cleanup typically used creoC0mmercial grades of PCP always contain small
sote and PCP. The treatment process producédnounts of dioxins and furans as impurities. It is
significant spillage, waste sludges, and contamithought that additional dioxins might be gener-

nated wastewater. The Texarkana Wood Preser@ted by heating PCP solutions (17). The dioxins,
ing site is typical of the many wood-treating sitesfurans, and PAHs are considered by EPA and
that have used creosote and PCP over a numbether health agencies to be likely human carcino-
of decades. gens (see boxes 2-1 and 2-2).
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BOX 2-1: Creosote and Polycyclic Aromatic Hydrocarbons

Creosote has been widely used as a preservative in the wood treatment industry for more than a cen-
tury. It is an oily, translucent, brown-to-black liquid with a sharp smoky or tarry odor. Creosote is pro-
duced from high-temperature carbonization of bituminous coal. It is not a single chemical, but rather a
complex mixture, containing several thousand compounds. It is about 85 percent polycyclic aromatic
hydrocarbons (PAHSs), along with phenolic compounds (about 10 percent) and a variety of other related
chemicals.

The PAHs contained in creosote are a group of more than 100 related chemicals that are both man-
made and naturally occurring. They are found in crude oil, coal, coal tar pitch, and road and roofing tar.
Although in pure form a single PAH is usually a white or pale green solid, they almost always occur as a
mixture of PAHs. Typically, human exposure involves exposure to a mixture of PAHSs.

The human health effects of the individual PAHs found in creosote vary. About 17 PAHs have been
studied extensively. These 17 are considered the most harmful, the most likely to be involved in human
exposure, and the most frequently identified at Superfund sites. People living near waste sites contami-
nated with PAHs may be exposed to them by contact with contaminated air, water, or soil. Most PAHSs that
enter the body are excreted in feces and urine within a few days.

PAHs are considered by EPA and other public health organizations to be human carcinogens. The
Department of Health and Human Services (DHHS) has determined that certain PAHs “may reasonably
be anticipated to be carcinogens.” The International Agency for Research on Cancer (IARC) has deter-
mined that certain PAHs “are possibly carcinogenic to humans.” EPA has determined that certain PAHs
“are probable human carcinogens.”

Reports with humans show that individuals exposed to PAHs by breathing or skin contact for long
periods can develop cancer. Some PAHs cause tumors in laboratory animals when breathed, eaten, or
after long periods of skin contact. Mice fed high levels of certain PAHs during pregnancy had difficulty
reproducing and so did their offspring. Offspring from pregnant mice fed PAHs showed other harmful
effects, including birth defects, although there is no information about similar effects in humans.

PAHSs have low water solubility, but they can contaminate underground water that comes into contact
with soil contaminated by them. They have been found in some U.S. drinking water supplies. PAHs can
evaporate, but most will stick to solid particles in soil. In soil, most PAHs can break down in weeks to
months, mostly because of microorganisms, although very large PAH molecules are more stable. Some
wood-treatment sites have cleanup standards only for those PAHs considered to be carcinogenic while
other sites may focus on all the PAHs present.

SOURCE: U.S. Environmental Protection Agency, Office of Research and Development, Contaminants and Remedial Options at
Wood Preserving Sites, prepared by Foster Wheeler Enviresponse, Inc., EPA/600/R-92/182 (Washington, DC: October 1992); U.S.
Environmental Protection Agency, Office of Solid Waste and Emergency Response, “Presumptive Remedies for Soils, Sediments,
and Sludges at Wood Treater Sites,” EPA/540/F-95/006 (Draft), Washington, DC, May 1995; and U.S. Department of Health &
Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry, “Toxicological Profile for Polycyclic
Aromatic Hydrocarbons (PAHSs),” draft, Atlanta, GA, October 1993.
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BOX 2-2: Pentachlorophenol

Pentachlorophenol (PCP) has been used for many years as a preservative in the wood treatment
industry. It is a manufactured substance not occurring naturally in the environment. PCP was formerly one
of the most heavily used pesticides in the United States. Today its purchase and use is restricted to certi-
fied applicators, and it is used industrially as a wood preservative for power line poles, fence posts, etc.
Before restriction, PCP was widely used as a wood preservative. It is made by only one company in the
United States. Pure PCP is a white crystalline material, but the commercial grade form usually found at
waste sites is dark gray to brown.

Commercial grade PCP used for treating wood is a mixture of many related compounds. It contains
PCP (85 to 90 percent); 2,3,4,6-tetra chlorophenol (4 to 8 percent), more highly chlorinated chlorophenols
(2 to 6 percent), and dioxins and furans (about 0.1 percent). Dioxins and furans are also mixtures of vari-
ous related compounds. The principal dioxins and furans found in commercial grade PCP have six to
eight chlorine atoms present in their structures. The most toxic dioxin and the one of greatest regulatory
concern is 2,3,7,8-tetrachloro-p-dioxin (TCDD), which contains four chlorine atoms in its structure.

Analysis of commercial PCP produced in the U.S. has not found TCDD. But some wood-preservation
methods use PCP at higher temperatures, which might produce traces of TCDD from the PCP itself.
Octachloro-dibenzo-p-dioxin (the dioxin containing 8 chlorine atoms) is by far the largest dioxin contami-
nant, while the most toxic dioxin, TCDD, occurs only at trace or below detection levels. According to EPA,
octachloro-dibenzo-p-dioxin is about 1000-fold less toxic than TCDD. In any event, EPA recommends
that site managers should ensure that sampling for dioxins and furans is conducted at all wood-treating
sites known to have used PCP.

Public health agencies consider that PCP, at most, might be a human carcinogen. The International
Agency for Research on Cancer (IARC) determined PCP is not classifiable as to its carcinogenicity to
humans, while EPA classified PCP as a “probable human carcinogen”. Large doses of PCP can cause
death, and long-term exposure to lower levels can cause damage to liver, kidneys, blood, and nervous
system.

However, there is no convincing evidence from epidemiological studies that PCP causes cancer in
humans, although it does cause cancer in some laboratory animals fed large doses for long periods.
Many, but not all, of the harmful effects of PCP may be due to the impurities in the commercial grade,
including dioxins and furans. Although pure PCP might not be a human carcinogen, the small amounts of
dioxins and furans found in the commercial grade of PCP might account for its apparent animal carcino-
genicity.

The physical properties of PCP are such that it will not evaporate very quickly from contaminated soil
or sludge. The most significant human exposure comes through breathing and skin contact, and it does
not seem to accumulate in the human body, but is excreted in urine. After environmental release onto soil
or sludge, most PCP will tend to slowly move with any water that contacts that contaminated soil or
sludge. PCP will tend to stick to soil particles. It is broken down in soils and surface waters by microor-
ganisms and in surface waters and air by sunlight.

SOURCE: U.S. Environmental Protection Agency, Office of Research and Development, Contaminants and Remedial Options at
Wood Preserving Sites, prepared by Foster Wheeler Enviresponse, Inc., EPA/600/R-92/182 (Washington, DC: October 1992); U.S.
Department of Health & Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry. “Toxicologi-
cal Profile for Pentachlorophenol,” draft, Atlanta, GA, October 1992; U.S. Environmental Protection Agency, Office of Solid Waste
and Emergency Response, “Presumptive Remedies for Soils, Sediments, and Sludges at Wood Treater Sites,” EPA/540/F-95/006,
PB 95-963410 (Draft), Washington, DC: May 1995.
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BOX 2-3: The American Creosote Works Site, Pensacola, Florida

The 18-acre American Creosote Works (Pensacola plant) site is in a dense, moderately commercial
and residential area of Pensacola, Florida. A wood-preserving facility operated at this site from 1902 to
1981. During this time, process wastewater containing pentachlorophenol (PCP) was discharged into
unlined, onsite surface impoundment ponds. Before 1970, these impoundment ponds were allowed to
overflow through a spillway into neighboring bays. After 1970, wastewater was discharged to designated
onsite spillage areas. Additional discharges occurred during periods of heavy rainfall when the ponds
overflowed.

In March 1980, the city found considerable quantities of oily, asphaltic, creosote material in the
groundwater near the site. Because of the threat posed to human health and the environment, EPA and
the state performed an emergency cleanup in 1983. This included dewatering the ponds, treating the
water, and discharging treated water into the city sewer system. The sludge in the ponds was then solidi-
fied and capped.

EPA signed a record of decision (ROD) in 1985 requiring all onsite and offsite contaminated solids,
sludge, and sediment to be placed in an onsite RCRA-permitted landfill. A second ROD, signed in 1989,
addresses remediation of contaminated surface soil. A future ROD will address treatment of contami-
nated subsurface soil, sludge, and groundwater. The primary contaminants of concern affecting the sur-
face soil are organics, including dioxins, carcinogenic polycyclic aromatic hydrocarbons (PAHs), and
PCP.

The selected remedial action for this site includes

= excavating and treating 23,000 cubic yards of PAH-contaminated soil using solid-phase bioremedi-

ation at an onsite land treatment area. Dissolved oxygen, pH, nutrients, and soil moisture content
will be monitored,

» disposal of treated soil onsite in the excavated areas or by spreading the soil over the entire site,

= spraying collected drain water over the treatment area to moisten soil,

= repairing fences around the site, monitoring the site cap, and

= implementing groundwater use restrictions.

The estimated cost for this approach is $2,275,000.

SOURCE: Environmental Protection Agency, Region 4, “Record of Decision: American Creosote Works Inc. Site,” Atlanta, GA,
January 5, 1989,
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BOX 2-4: The Koppers Site, Oroville, California

The Koppers site is a 200-acre operating wood-treating plant in Butte County, California. Nearby land
use is mixed agricultural, residential, commercial, and industrial. Although there is a history of wood-treat-
ing operations at the site, they were greatly expanded in 1955 when Koppers Company, Inc., became the
owner and operator. Pentachlorophenol (PCP), creosote, and chromated copper arsenate (CCA) solution
are among the chemicals that have been used at this site.

Wastewater discharge and other site activities have resulted in contamination of unlined ponds, soil,
and debris. PCP was detected in onsite groundwater in 1971 and in residential wells in 1972. Pursuant to
a state order, Koppers conducted cleanup activities from 1973-74, including groundwater pumping and
discharge to spray fields and offsite disposal of contaminated debris, and process changes, including
construction of a wastewater treatment plant. In 1986, Koppers provided nearby residents an alternate
water supply for domestic uses.

Following a 1987 explosion and fire at a PCP wood-treatment process facility, EPA issued a removal
order requiring cleanup of fire debris and removal and stabilization of surface soil.

The present record of decision (ROD) addresses the remaining contamination in onsite soil and
groundwater affected. The primary contaminants of concern are polycyclic aromatic hydrocarbons
(PAHSs), PCP, dioxins and furans, and metals including arsenic and chromium.

The selected soil remedy includes

= onsite biodegradation of 110,000 cubic yards of PCP-contaminated soill,

= excavation and soil washing of 200,000 cubic yards of soil contaminated with wood-treating wastes

with disposal of treated soil onsite and treatment of residual contamination in the washing fluid in an
onsite treatment facility,

= installation of a low-permeability cap over the wood-treating process area (an interim remedy) and

down gradient extraction wells, and

= excavation and chemical fixation of 4,000 cubic yards of soil contaminated with metals, followed by

onsite disposal.

The groundwater remedy includes pumping and treatment of approximately 22,000,000 cubic yards
of groundwater using activated carbon, reinjection of treated waste to the groundwater, and formalization
of the provision of an existing alternate water supply and extension, if needed, of the water supply during
implementation of the remedy.

According to the ROD the estimated cost for this cleanup strategy was $77,700,000.

EPA has had some difficulties implementing bioremediation at the Koppers site. It found that the soil
excavated for a bioremediation treatability study was contaminated with more dioxin than anticipated.
This caused the cancellation of the treatability study and a switch to a removal action, placing soil in a
RCRA-approved landfill. The soil washing pilot test showed that soil washing was not capable of meeting
cleanup standards. Bioremediation effectively destroyed PCP but was not effective in reducing dioxins.
The owner is reevaluating soil remedies for the remainder of this site.

SOURCE: U.S. Environmental Protection Agency, Region 9, “Record of Decision: Koppers Co. Inc. (Oroville Plant) Site,” San Fran-
cisco, CA, September 1989; Fred Schauffler, Project Manager, EPA Region 9, Oroville, CA, personal communication, July 13,
1995 and written comments, August 8, 1995.




Chapter 2 Wood-Treating Sites and Their Cleanup | 15

BOX 2-5: The Koppers Site, Morrisville, North Carolina

The 52-acre Koppers Morrisville site is a wood-laminating facility in Morrisville, Wake County, North
Carolina. Surrounding land use is a mixture of commercial, light industrial, and rural residential. The site
has been used by lumber companies since 1896. In 1962, Koppers began treating wood at the site using
pentachlorophenol (PCP) and isopropyl ether injected into wood. Process wastes were put into unlined
lagoons. Koppers discontinued wood treatment in 1975, but past wood-treatment processes and associ-
ated disposal activities have left the site contaminated with PCP, dioxins, and isopropyl ether affecting
the soil, groundwater, and surface water.

In 1989, in response to state studies of water contamination from the site, nearby residents began
using public water lines instead of wells to obtain drinking water. In 1990, EPA required extensive studies
of the soil, groundwater, drainage pathways, and ponds, and also determined that additional studies
were needed to further assess contamination of the surface soil in the lagoon and wood-treatment pro-
cess areas. In 1992, EPA completed a record of decision (ROD) for the site that specified incineration as
the primary remedy and base-catalyzed decomposition (BCD) as the “contingency remedy” whose use
would be dependent upon the results of a treatability study. One driving force for providing for an alterna-
tive to incineration was the strong interest of the community.

The primary strategy was offsite incineration of soil involving

= excavation of contaminated soils from lagoon and process areas and transportation to an offsite

permitted incineration facility,

= extraction of contaminated groundwater from within the plume via extraction well(s) and piping it to

an onsite carbon adsorption treatment unit,

= use of institutional controls including fencing of the pond, lagoon, and wood-treatment process

areas.

Base-catalyzed dehalogenation was selected as a contingency cleanup strategy. According to the
1992 ROD, BCD could substitute for offsite incineration if it proved itself in treatability studies. BCD would
involve the excavation of contaminated soils from the lagoon and process areas, and transportation to an
onsite BCD treatment system,

According to the ROD, the estimated cost for the selected cleanup strategy was $11,500,000.

The treatability study with BCD was completed in August 1993. The results showed that BCD was
effective in treating soil contaminated with both PCP and dioxins. However, it may be premature to con-
sider BCD a general technology for wood-treatment site cleanup. The size of this demonstration was very
small compared to other wood-treatment sites. According to the site engineer at Koppers, the BCD dem-
onstration involved only 700 cubic yards of soil; the amounts of soil requiring treatment at some of the
largest contaminated wood-treatment sites are as much as 100 times larger (see table 2-1). Another con-
cern raised by one EPA wood treatment site manager is that the results from this BCD trial seem to show
significant stack emissions, presumably from the thermal desorption stage, that are equal to or greater
than those that would be seen if incineration had been used instead of BCD.

For BCD to be considered successful at this site, it had to achieve 7 parts-per-billion (ppb) or lower
dioxin levels in the treated soil. However, the soil levels were fairly low to begin with and dioxin soil con-
centrations were probably not very important for the choice of BCD as a soil cleanup technology.

(continued)
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BOX 2-5: The Koppers Site, Morrisville, North Carolina (Cont'd.)

The neighboring community was brought into the treatability study process. More than 100 citizens
were invited to observe the results of the BCD treatability study. According to one EPA official involved
with the study, the citizen involvement was very helpful in the overall process of developing the alterna-
tive. A new ROD has been approved that specifies BCD as the primary means of treating contaminated
soil. Koppers as the principal responsible site owner, is in the process of awarding a contract to build a
full-scale onsite BCD treatment facility.

SOURCE: U.S. Environmental Protection Agency, Region 4, “Record of Decision: Koppers Site (Morrisville Plant),” Atlanta, GA,
December 1992; B. Hudson, Site Engineer, Koppers Superfund site, Morrisville, NC, personal communication, April 12, 1995; E.
Hendrick, Site Manager, EPA Region 6, Dallas, TX, personal communication, April 12, 1995.

BOX 2-6: The Arkwood, Inc., Site, Omaha, Arkansas

The 15-acre Arkwood site is a former wood-treatment facility in Boone County, Arkansas. Land use in
the vicinity of the site is primarily agricultural and light industrial. Approximately 200 residences are
located within 1 mile of the site, and 35 domestic water supply wells are within 1.5 miles of the site.
Groundwater on or near the site is highly susceptible to contamination as a result of underground cavi-
ties, enlarged fractures, and conduits that hinder monitoring and pumping.

From 1962 to 1973, Arkwood operated a pentachlorophenol (PCP) and creosote wood treatment facil-
ity at the site. In 1986, the site owner dismantled the plant. State investigations conducted during the
1980s documented PCP and creosote contamination in surface water, soil, debris, and buildings
throughout the site. Contaminated surface features at the site include the wood-treatment facility, a sink-
hole area contaminated with oily waste, a ditch area, a wood storage area, and an ash pile.

In 1987, EPA ordered the site owner to perform an immediate removal action that included implement-
ing site access restrictions, such as fencing and sign postings.

The present record of decision (ROD) addresses remediation of all affected media and provides the
final remedy for the site. The primary contaminants affecting the soil, sludge, debris, and groundwater are
organics including PCP, polycyclic aromatic hydrocarbons (PAHs) and dioxins.

The selected remedial action for this site includes

= excavating approximately 21,000 cubic yards of contaminated soil and sludge followed by soil

washing,

= onsite incineration of approximately 7,000 cubic yards of materials that exceed cleanup levels,

= incineration of any free oil wood-treating material,

» using washed and decontaminated materials and any residual ash for backfilling,

= covering the site with a soil cap and planting revegetation,

= Site access restrictions including fencing, and

= monitoring of drinking and groundwater and connecting affected residences to municipal water

lines.

According to the ROD, the cost of this approach would be $10,300,000.

SOURCE: U.S. Environmental Protection Agency, Region 6, “Record of Decision: Arkwood, Inc. Site,” Dallas, TX, September
1990.
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BOX 2-7: The United Creosoting Site, Conroe, Texas

The 100-acre United Creosoting site in Conroe, Montgomery County, Texas, is occupied by a residen-
tial subdivision, a distributing company, and a construction company. From 1946 to 1972, the United Cre-
osoting Company operated a wood preserving facility at the site. Pentachlorophenol (PCP) and creosote
were used in the wood-preservation process, and process wastes were stored in waste ponds.

During 1980, the county used soil and waste pond backfill from the site on local roads. After residents
living near the improved roadways experienced health problems, the county sampled and compared
leachate composition from the affected roadways and the site. They determined that leachate from both
the site and the roadways was contaminated with PCP. Roadway soil was subsequently removed and
disposed of using land farm treatment.

In 1983, in response to contaminated stormwater runoff from the former waste pond areas, the prop-
erty owner was directed under terms of an EPA Administrative Order to regrade contaminated soil, divert
surface water drainage away from the residential portion of the site, and cap the contaminated soil.

The present record of decision (ROD) specifies a final remedy for contaminated soil at the site and
complements a 1986 ROD that determined that no action was necessary to remediate shallow groundwa-
ter. The primary contaminants of concern affecting the soil are organics including polycyclic aromatic
hydrocarbons (PAHs), PCP, and dioxins.

The selected remedial action for this site includes

= excavation and onsite treatment of 94,000 cubic yards of soil containing contaminants that exceed

target action levels using critical fluid extraction with liquid propane,

= Offsite incineration of residues containing the concentrated contaminants produced by this technol-

ogy,

= recycling or discharge of wastewater generated during the treatment process, and

» spreading treated soil on the commercial portion of the site, and backfilling residential areas with

clean fill.

According to the ROD, the estimated cost for this remedial action is $22,000,000. However, based on
a signed contract for a major portion of the remedial activities and estimates for the remainder of the
work, the expected cost of this cleanup is now expected to exceed $34,000,000.

SOURCE: U.S. Environmental Protection Agency, Region 6, “Record of Decision: United Creosoting Co. Site,” Dallas, TX, Septem-
ber 1989; Hendrick, E., Senior Project Manager, EPA Region 6, Dallas, TX, written comments, August 9, 1995.
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Sometimes residues of the preserving chemieapping, solidification and stabilization tech-
cals can be found at a site in a nearly pure formiques, construction of barrier walls, and dis-
(21,23). Typically though, the highest concentraposal in RCRA authorized landfills. Figure 1-1 in
tions of waste contaminants are found near treathapter 1 shows how often EPA selected various
ment areas and waste pits (23). At many woodstrategies for dealing with soil, sludge, and sedi-
treating sites, the primary contamination hagments at 40 wood-treating sites as revealed in 47
moved through the soils into nearby ground andRODs.
surface waters (23). Because PCP and most Incineration was a frequently selected remedy
PAHs have very low water solubility and were during the period from 1986 to 1990. Since 1990,
often used after being dissolved in oil, the conthe selected remedy is much more likely to have
taminants can form non-aqueous phase liquidbeen bioremediation (perhaps in combination
(NAPLs) when they come in contact with groundwith soil washing or with limited incineration of
or surface water (23). This means that the conthe most contaminated wastes), thermal desorp-
taminant is in a liquid form that either floats ontion, or chemical dehalogenation. Groundwater
or sinks below water it contacts. Contaminants irfit wood-treating sites is typically dealt with by
the form of NAPLs are particularly difficult to pump-and-treat methods in conjunction with

locate and treat. ongoing monitoring. According to EPA, a gen-
eral approach now used at wood-treating sites is
EPA AND WOOD-TREATING SITES bioremediation to remove creosotes and PCPs

_ . from soil, followed by capping and immobiliza-
Since 1980, EPA has classified 56 wood presenion 1o deal with residual dioxins or metals (i.e.,

ing sites as Superfund sites (17). At about 40 ofy ensyre they do not leach from the soil). The
these sites, EPA has completed the process 9fphy Groundwater site (see table 2-1) is one
selecting a cleanup strategy for the soil, sludgéy|ace where such an approach is being tried (1).
sediments, and water contaminated by W_ood— Generally no single technology can be used to
treatment wastes. EPA’s process _for_selectln_g 8lean up an entire wood-treating site (8). Rather,
cleanup strategy at a Superfund site is describegk i, most of the RODs reviewed by OTA, a
in the ROD, which summarizes the basis for th&ompination of treatment technologies and con-
decision and describes the remedial strategyro| methods will be required. Boxes 2-3 through
EPA's work with wood-treating sites has pro- 3.7 jjjustrate the variety of technologies selected,
duced about 47 RODs for 40 such sites. Thgjthough many of these have not yet been fully
details of these sites, the cleanup strategiggnplemented. Often some contamination will
selected by EPA, and the current land use of thesmain even after cleanup, and various institu-
area surrounding the site are summarized in tablgonal or engineering control strategies must be
2-1. Current land use was included as an indicajsed to prevent exposure to the remaining con-
tor of future use of a contaminated site. tamination. For example, the combination of
Not surprisingly, the similarity in the contami- bioremediation or incineration followed by site-
nation across wood-treating sites has resulted idapping (covering the site with a liner and clean
the selection of similar treatment and remediasoil) and restrictions on future site use was used
tion strategies. At least 10 approaches have beém more than half the cases.
selected by EPA for cleaning such sites. For the In some cases a sequence of cleanup remedies
treatment of contaminated soil, sludge, and sedin a “treatment train” may be needed to address
ments at wood-treating sites, table 2-1 shows thahe various contaminants. For example, when
EPA has generally selected from among the folmetallic wastes are mixed with organic (PCP and
lowing strategies: bioremediation, incineration,creosote) contaminants, bioremediation or ther-
thermal desorption, soil washing or flushing, mal desorption to remove the organics may be
chemical dechlorination, solvent extraction, sitefollowed by immobilization to control the metal-
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lic waste (10). A variety of treatments may alsofocuses only on proven technologies. In general
be used to clean up different areas of a contamthe approach would not consider a small-scale
nated site. Hot spots can be particularly difficultdemonstration such as pilot plant demonstrations
to clean. A site manager may prefer to excavatas sufficient proof for a recommended presump-
sludges, perhaps incinerating this material, whildive remedy (1). However, some other technolo-
applying bioremediation to the less contaminatedjies with more limited performance data are also
soils (1). These combined approaches have be@onsidered by EPA (21,23).
specified in the remedial actions for wood-treat- EPA'’s presumptive remedies for treating soil,
ing sites reviewed by OTA. sludge, and sediments at wood-treating sites with
The selection of a technology as documente@rganic contamination from creosote and PCP
in a ROD does not necessarily mean that thare bioremediation, thermal desorption, and
technology proved effective. In many casesjncineration. Immobilization is the presumptive
cleanup has not been completed at the site¢medy for treating inorganic contaminants at
reviewed by OTA,; in other cases, an unsuccessites where metallic salts have been used (23).
ful trial of the selected technology has led to alhe presumptive remedy process is a decision-

change in plans. making strategy for selecting among these reme-

dies. EPA expects to use this process at all wood-
EPA’S PRESUMPTIVE REMEDY treating sites and expects to select one of the
APPROACH remedies unless there are unusual site-specific

_ _circumstances. Bioremediation should be chosen

EPA has found that most wood-treating sitegpless it is shown to be infeasible. Incineration
have very similar characteristics (21,23). EPAshould be selected only if bioremediation and
has determined that it is useful to group wood+thermal desorption have both been shown to be
treating sites together based upon their COMMOjhfeasible. So far’ EPA’s presumptive remedy
characteristics, such as the contaminants preserfpproach for wood-treating site cleanup covers
the environmental media affected by those conpnly the contaminated soils, sludges, and sedi-
taminants, and the cleanup technologies selectgfients at wood-treating sites. EPA is currently
(23). Past experience with such sites can be sunyorking on presumptive remedies for groundwa-
marized to streamline future site investigationger cleanup at wood-treating sites (23).
and remedy selection (21,23). According to EPA’'s presumptive remedy

As part of an effort to accelerate cleanup aknalysis for wood-treating sites, incineration is
Superfund sites, the EPA Superfund program ishe most technically developed and proven tech-
putting together a group of cleanup strategiegiology (see table 2-2); however, it was not desig-
that have been used successfully at similar sitesated by EPA as the primary presumptive
in the past (21,22,23). EPA has also reviewedemedy because of the difficulty in getting public
other technologies that have less available pesupport for incineration. The other technologies,
formance data but nevertheless may be approprincluding bioremediation, have track records
ate or useful for wood-treating sites (21, 23).  indicating they may be appropriate for this type

EPA calls these proven cleanup technologiesf site; however, the selection of technologies
for common site types presumptive remediesthat are less proven or less capable than incinera-
Presumptive remedies are technologies for contion will always bring a greater risk of failure to
mon types of sites selected on the basis of histoechieve cleanup goals.
ical patterns of remedy selection and EPA’'s EPA divided the presumptive remedy project
scientific and engineering expertise (23). EPA’sfor wood-treating sites into two parts. One
presumptive remedies program uses Superfunproject was directed toward summarizing
program experience in an effort to streamlinecleanup of PCP and creosote contamination. A
cleanup (23). The presumptive remedy approackecond effort was to evaluate dioxin cleanup
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issues separately, but EPA has not yet completgatesumptive remedy indicated for wood-treating
this aspect of the problem (1). Thus, the woodsites (1). Although bioremediation has been
treating site presumptive remedies documentaselected for a number of wood-treating sites, it
tion from EPA does not specifically address thehas only been completed at very few sites (1).
dioxin issue (1). For example, bioremediationMoreover, there have been some failures with
might have some limitations as a remedy for sitegioremediation, sometimes caused by simple
like Texarkana, where PCP has been used. Hversights by the site managers and facility oper-
might give excellent results for cleaning up theators, such as overlooking the proper monitoring
PCP and creosote, but it is not likely to ade-of soil pH (1). Bioremediation also may have dif-

quately clean up the associated dioxins. Otheficulty achieving very stringent cleanup levels

approaches may be needed to supplement biorgometimes required for carcinogenic PAHSs.
mediation in such cases, such as soil capping and

site use restrictions (1).

EPA warns that the remediation technologiesSUI\/”vIARY ) )
considered in its presumptive remedy strategy” Summary, contaminated wood-treating Super-
are at different stages of technical maturity—und sites are a common type of site in the
from proven to innovative to emerging. Applica- United States. The_ wood-treating processes and
tion of a specific technology to clean up a woodthe types of chemicals used as wood preserva-
treating site requires careful matching with spellVes were very similar at all wood-treating sites,
cific site conditions. Estimates of treatment costdhus the contamination problems and the technol-
for more mature technologies such as incinera®dies and strategies that appear to work at these
tion and bioremediation can be quite reliable, bufites are also similar. EPA’s decisions about how
estimates for innovative and emerging technolof0 clean up contaminated wood-treating sites
gies can be less reliable. Incineration and biologshow that, in general, about 10 technologies or
ical treatment are proven at the commercial scalgtrategies are used at these sites, almost always in
(17). Nevertheless, most alternatives, includingcombination. EPA has analyzed wood-treating
biological treatment and thermal desorption,Site cleanups and, based on success stories, rec-
require site-specific treatability tests to ensure@mmends about a half dozen different technolo-
they will work (17). gies as presumptive remedies for cleaning up

As a practical example of the risks of usingsuch sites. EPA warns that most of these alterna-
less mature technologies, the wood-treating sitéve technologies will not work in all situations
project was the first presumptive remedyand that a site-specific analysis almost always
approach attempted by EPA, but because o#ill be required. Nevertheless, it appears that
delays it will be the third one actually publisheddecisionmakers have a range of options for
(). The main delay was caused by questionaddressing cleanup problems at wood-treating
about the efficacy of bioremediation, the primarysites.
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TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites

Site Name
Location Site
ROD No. Chemical  Primary con- Current area/ Vol. material
ROD Date used? taminants land use acres to be treated Remediation strategyb
American Creosote  Creosote, PAHs Commercial & 12 ? RCRA landfill of soil
Pensacola, FL PCP residential and sludges
FLD008161994
85-09-30
American Creosote  Creosote, PAHS, Commercial & 18 23,000 yd3 soil Bioremediation of soil
Pensacola, FL PCP PCPs, residential
FLD008161994 Dioxins
89-09-28
American Creosote  Creosote, PAHs Partially 60 ? Incineration of
Jackson, TN PCP developed sludges offsite at a
TNDO007018799 fixed facility or onsite
89-01-05 in a mobile incinerator
American Creosote  Creosote, PAHs, PCP  Mixed 34 25,000 yd3 Incineration of
Winnfield, LA PCP agricultural, highly sludge;
LAD000239814 residential, & contaminated bioremediation of soil
93-4-28 recreational sludge,
250,000 yd®
soil
American Crossarm Creosote, PAHS, Commercial, ? ? Remove most highly
& Conduit PCP PCP, light contaminated soil;
Chehalis, WA dioxins industrial, capping; institutional
WADO057311094 residential, & controls
93-06-30 recreational
Arkwood, Inc. Creosote, PAHSs, Agricultural & 15 21,000 yd3 Soil washing or
Omaha, AR PCP PCP, light industrial soil & sludge, incineration onsite if
ARD084930148 Dioxins 3,000 gal washed soil exceeds
90-09-28 sinkhole liquids PCP, dioxin, or PAHs
cleanup levels; pump
and treat oily
sinkhole liquids;
monitor groundwater
Baxter/Union Creosote, PAHs,PCP ? 140 ? Slurry barrier wall to
Pacific Tie Treating PCP delay offsite
Laramie, WY movement of
WYD061112470 contaminated
86-09-26 groundwater and
surface soils while
planning and
implementing more
permanent remedies
Bayou Bonfouca Creosote PAHs ? 55 150,000 yd?® Incineration, capping
Slidell, LA sediment
LAD980745632
87-03-31

(continued)
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TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites (Cont'd.)

Site Name
Location Site
ROD No. Chemical  Primary con- Current area/ Vol. material
ROD Date used? taminants land use acres to be treated Remediation strategyb
Broderick Wood Creosote, PAHSs, Predominately 64 2,170 yd3 Transport sludge and
Products Co. PCP PCP, industrial sludge, 500 gal oil to a RCRA
Denver, CO Dioxins oil recycling facility;
COD000110254 offsite incineration of
91-09-24 recycler residues
(amended remedial
action)
Broderick Wood Creosote, PAHSs, Primarily 64 4,000 yd3 Incineration onsite of
Products Co. PCP PCP, industrial sludge, 31,000 sludge; groundwater
Denver, CO Dioxins yd? soil monitoring
C0OD000110254
88-06-30
Brown Wood Creosote, PAHs Rural & light 55 11,500 tons soil Biodegradation and
Preserving PCP agriculture transport of most
Live Oak, FL severely
FLD980728935 contaminated soil and
88-04-08 sludge to a RCRA
hazardous waste
facility; and ground-
water monitoring
Burlington Northern  Creosote PAHs Industrial & ? 9,500 yd? soil Bioremediation of soil
Brainerd/Baxter, MN residential and sludge; capping
MNDO000686196 with a RCRA-
86-06-04 approved cover
Cabot/Koppers, Creosote PAHs Commercial 99 6,400 yd3 soil Soil washing and
Gainesville, FL & residential bioremediation
FLD980709356 followed by
90-09-27 solidification and
stabilization;
pumping and
treatment of
groundwater;
monitoring ground-
water and surface
water
Cape Fear Wood Creosote PAHs Industrial, 9 ? Soil flushing or a low
Preserving agricultural, thermal desorption
Fayetteville, NC and residential process
NCD003188828
89-06-30
Coleman Evans, PCP PCP Residential & 11 9,000 yd3 soils  Incineration of more
Jacksonville, FL light and sediments  contaminated soil,
FLD991279894 commercial & groundwater pump
86-09-25 industrial and treat

(continued)
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TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites (Cont'd.)

Site Name
Location Site
ROD No. Chemical  Primary con- Current area/ Vol. material
ROD Date used? taminants land use acres to be treated Remediation strategyb
Coleman Evans PCP PCP Residential, 11 27,000 yd3 soil  Soil and sediment
Jacksonville, FL light & sediment washing;
FLD991279894 commercial & bioremediation,
90-09-26 industrial solidification, and
stabilization of fines or
sludges; covering the
solidified mass;
pumping and
recovering
groundwater
Havertown PCP Site Creosote, PAHS, Mixed 12-15 ? Interim remedies
Haverford Twp, PA  PCP PCP, residential & include free product
PADO002338010 Dioxins commercial recovery wells, an
91-09-30 onsite groundwater
treatment plant, and
monitoring
groundwater
Havertown PCP Site Creosote, PAHSs, Commercial & 12-15 200 barrels Offsite land disposal
Havertown, PA PCP PCP, residential soil, 6,000 gal  of soil; oily debris and
PADO002338010 Dioxins wastewater wastewater stored;
89-09-29 multimedia monitoring
Idaho Pole Co. Creosote, PAHs, PCP Lightindustrial 50 42,000 yd? soil  Bioremediation, soil
Bozeman, MT PCP flushing, capping
MTD006232276
92-09-28
J H Baxter Co. Creosote, PAHSs, Operating 33 >41,000 yd3 Biological treatment
Weed, CA PCP PCP, wood site, soil and chemical fixation
CADO000625731 Dioxins pasture, of contaminated soil;
90-09-27 woodland, & groundwater
residential pumping with
biological treatment;
multimedia monitoring
Koppers PCP PCP, Commercial, 52 2,930 yd3 soil Offsite incineration;
(Morrisville) Dioxins light industry, treatability studies for
Morrisville, NC & rural dechlorination as a
NCD003200383 residential contingency remedy
92-12-23
Koppers Co., Inc., Creosote, PAHSs, Operating 200 334,000 yd3 Biodegradation in
(Oroville Plant) PCP PCP, wood site, soil, situ or washing of soil;
Oroville, CA Dioxins agricultural, 22,000,000 capping; pump and
CADO009112087 residential, yd3 treat groundwater
89-09-13 commercial, groundwater
& industrial
Koppers Co., Inc. Creosote, PAHs, PCP  Sparsely 105 15,200 yd3 soil  Bioremediation
Galesburg, IL PCP populated
ILD990817991
89-06-28

(continued)
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TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites (Cont'd.)

Site Name

Location Site

ROD No. Chemical  Primary con- Current area/ Vol. material

ROD Date used? taminants land use acres to be treated Remediation strategyb

Koppers Co., Inc. Creosote, PAHs, PCP Residential 62 3,300-19,400 Soil washing, offsite

Texarkana, TX PCP yd? soil disposal

TXD980623904

88-09-23

Koppers Co., Inc. Creosote, PAHs, PCP Residential 62 ? Soil washing;

Texarkana, TX PCP relocating residents;

TXD980623904 deed restrictions

92-03-04

L.A. Clarke and Son Creosote PAHs na 40 118,000 yd?3 Soil flushing and

Fredericksburg, VA soil in-situ

VADO007972482 biodegradation;

88-03-31 sediments
biodegradation;
landfarming
excavated surface
soil, sediments, and
subsurface wetland
soil; and
groundwater
monitoring

Libby Groundwater  Creosote, PAHs, PCP  Active lumber ? ? Reduce human

Contamination Site  PCP & plywood mill exposure to

Libby, MT contaminated

MTD980502736 groundwater by

86-09-26 continuing and
expanding a “buy
water” plan
sponsored by the
onsite company;
monitoring

Libby Groundwater  Creosote, PAHs, Residential ? >30,000 yd® Biodegradation of

Contamination Site  PCP PCP, areas & soil & debris soil and debiris;

Libby, MT Dioxins businesses recycling and

MTD980502736 incinerating

88-12-30 recovered NAPLs;
capping;
groundwater
bioremediation;
groundwater
monitoring

Macgillis & Gibbs Creosote, PCP, Residential & 24 100,000 gal. Removing and

Co / Bell Lumber PCP PAHSs, commercial PCP waste oil separating PCP waste

Pole Dioxins & sludges oil and sludges;

New Brighton, MN
MND006192694
91-09-30

wastewater
bioremediation;
groundwater pump
and treat

(continued)
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TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites (Cont'd.)

Site Name
Location Site
ROD No. Chemical  Primary con- Current area/ Vol. material
ROD Date used? taminants land use acres to be treated Remediation strategyb
Mid-South Creosote, PAHs,PCP ? 57 80,000 yd3 soil  Hot spot stabilization;
Mena, AR PCP RCRA cap; oil and
ARD092916188 sludges transported
86-11-14 to a RCRA facility;
groundwater pump
and treat; and
groundwater
monitoring
Midland Products Creosote, PAHs,PCP ? 37 <24,600 yd3 Thermal destruction
Ola, AR PCP soil, sediments  of contaminated
ARD980745665 & sludges, soils, sludges, and
88-03-24 450,000 gal sediments; waste-
groundwater, and groundwater
620,000 gal. pump and treat
lagoon fluids
Montana Pole and Creosote, PAHSs, Primarily ? 262,000 yd3 Bioremediation of soil
Treating PCP PCP, industrial soil, 9,100 yd®  hot spots; soil flushing
Butte, MT Dioxins debris, 26,500 and in-situ
MTDO006230635 gal sludge bioremediation;
93-09-21 LNAPs, and oil incinerate offsite
sludge, NAPLs, and
oil; bioremediation or
UV oxidation of
groundwater
Moss-American Creosote PAHs Railroad 88 210,000 yd3 Soil washing and
Kerr-Mcgee Oil Co. loading & soil & sediment bioremediation;
Milwaukee, WI undeveloped covering remaining
WID039052626 parkland soil; removing
90-09-27 pure-phase liquid
wastes for offsite
incineration; and
groundwater
monitoring
Newsom Brothers Creosote, PAHs, PCP  Primarily 81 30,300 yd3soil, Offsite disposal of soil
Old Reichold PCP residential 7,300 yd3 and sediment; offsite
Columbia, MS sediment, 650 incineration of tar
MSD980840045 yd3 tar-like and soil and sediment
89-09-18 waste containing RCRA

hazardous wastes.
No remedial action
planned for
groundwater

(continued)
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TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites (Cont'd.)

Site Name

Location Site

ROD No. Chemical  Primary con- Current area/ Vol. material

ROD Date used? taminants land use acres to be treated Remediation strategyb

North Cavalcade Creosote, PAHs Residential, 21 22,300 yd3 soil, Biodegradation in

Street Site PCP commercial, 5,600,000 gal situ of soil (after pilot

North Cavalcade, & industrial groundwater testing); groundwater

TX pump and treat;

TXD980873343 offsite incineration of

88-06-28 groundwater NAPLS

Popile, Inc. Creosote, PAHS, Mixed rural, 41 165,000 yd3 Bioremediation and

El Dorado, AR PCP PCP, other residential, soil and sludge capping; slurry walls

ARDO008052508 organics and to contain

93-02-01 commercial groundwater

Reilly Tar & Chem. Creosote PAHs Residential 80 ? Pump and treat;

St. Louis Park, MN groundwater

MND980609804 monitoring

90-09-28

Rentokil Virginia Creosote, PAHSs, Light ? 70 yd® Incinerate sediment

Wood Preserving PCP PCP, industrial, sediment & and sludge offsite

Richmond, VA Dioxins commercial, sludge, 12,400 (with dechlorination

VAD071040752 & residential yd3 soil for dioxins); pump

93-6-22 and treat surface and
groundwater; low-
temperature thermal
desorption for soil;
capping treated soill,
monitoring
groundwater

Saunders Supply PCP PCP, Mixed 7.3 25,000 tons soil Dechlorination of

Co. Dioxins residential & sediment;

Chuckatuck, VA commercial low-temperature

VAD003117389 thermal desorption of

91-09-30 soil and sediment;
monitoring
groundwater

Selma Pressure PCP PCP, Agricultural, <4 16,100 yd3 soil  Solidification/

Treating Co. dioxins residential, stabilization, capping

Selma, CA and industrial

CAD029452141

88-09-24

(continued)
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TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites (Cont'd.)

Site Name

Location Site

ROD No. Chemical  Primary con- Current area/ Vol. material

ROD Date used? taminants land use acres to be treated Remediation strategyb

South Cavalcade Creosote PAHs Residential, 66 30,000 yd3 soil, Soil washing and

Street, commercial, 50,000,000 gal capping;

Houston, TX & industrial groundwater groundwater and soil

TXD980810386 washings pump and

88-09-26 treat; offsite
incineration or
recycling of NAPLs;
groundwater
monitoring.
Bioremediation of soil
and groundwater if
PRP demonstrates
equivalent
performance and
costs

Southern Maryland ~ Creosote, PAHSs, Agricultural & 25 102,000 yd?® Incineration onsite of

Wood Treating PCP PCP, residential soil & sediment soil, sediments, and

Hollywood, MD Dioxins tank liquids; ground

MDD980704852 and surface water

88-06-29 pump and treat;
multimedia monitoring

Texarkana Wood Creosote, PAHSs, Industrial, 25 77,000 yd3 Incineration onsite of

Preserving Co. PCP PCP, residential, soil, sediments  soil, sediment, and

Texarkana, TX Dioxins agricultural & sludges, sludges; pump and

TXD008056152 16,000,000 gal treat groundwater

90-09-25 groundwater

United Creosoting Creosote, PAHSs, Currently 100 94,000 yd3 soil  Critical fluid

Conroe, TX PCP PCP, occupied by a extraction onsite of

TXD980745574 Dioxins company & soil; offsite

89-09-29 residential incineration and

subdivision disposal of the liquid

organic concentrate
residues from critical
fluid extraction; air
monitoring

United Creosoting Creosote, PAHSs, Business & 100 ? Dispose of the soils

Conroe, TX PCP PCP, residential contaminated when

TXD980745574 Dioxins (no an appropriate

86-09-30 tetra) facility or innovative

technology becomes
available; temporary
cap over
consolidated soils

(continued)



28 | Cleaning Up Contaminated Wood-Treating Sites

TABLE 2-1: Cleanup Strategies Selected by EPA for Superfund Wood-Treating Sites (Cont'd.)

Site Name

Location Site

ROD No. Chemical  Primary con- Current area/ Vol. material

ROD Date used? taminants land use acres to be treated Remediation strategyb

Westline Site Creosote PAHs na 40 710 yd3 soil Incineration of

Westline, PA deposits with a high

PAD980692537 heating value and

86-07-03 low ash content;
transport wastes to
offsite RCRA facility

Wyckoff Co./ Creosote, PAHs, PCP  Primarily 40 <7,000 yd3 Solidification/

Eagle Harbor, PCP residential sediment stabilization; offsite

Bainbridge Island, disposal if

WA, necessary; capping

WADO009248295

92-09-29

TABLE 2-2: Evaluation of Presumptive Remedies for Wood-Treating Sites

Presumptive Remedy

Contaminants at Site Selected Efficiency of Contaminant Removal
PCP Incineration 90-99% (B,P,F)?

Creosote Thermal desorption 82-99% (B,P,F)

Creosote and PCP, Bioremediation Average of 87% for PAHs and

PCP and CCA, 74% for halogenated phenols and creosols (P)
Creosote and CCA, or

Creosote, PCP, and CCA Immobilization 80-90% TCLPP (B,P,F)

CCA Immobilization 80-90% TCLP (B,P,F)

SOURCE: U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, “Presumptive Remedies for Soils, Sedi-
ments, and Sludges at Wood Treater Sites,” EPA/540/F-95/006 (Draft), Washington, DC, May 1995.

NOTES:
2 performance efficiencies have been demonstrated in benchmark (B), pilot scale (P), or (F) final remedies.
b The toxicity characteristic leaching procedure is a test of the effectiveness of immobilization methods.
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he following are short descriptions of DESTRUCTION TECHNOLOGIES
some of the major cleanup technologies

. .~ Destruction technologies use thermal, chemical,
and strategies used by EPA for cleaning

d-treati i R di or biological means to chemically alter contami-
wood-treating  Sites. EMEdIeS  are o nts to non toxic or less toxic forms. Table 3-1

d!V'd_ed into Ehree gcrjoups: detstrtgctmt)n thechlno!o- summarizes the effectiveness of some destruc-
gies, separation and concentration 1echnologi€sy;, , technologies for contaminants found at
and immobilization, engineering, and institu-

. wood-treatment sites.
tional controls.

The remediation technologies described here . .
are at different stages of technical maturity. Eval-D Incineration
uations of the effectiveness and potential prob-Incineration, perhaps the oldest waste treatment
lems in applying mature technologies such astechnology, uses very high temperatures to burn
incineration and bioremediation can be quite reli- waste materials. Incineration exposes organic
able. Evaluations ofinnovative and emerging contaminants in soils, sludges, sediments or
technologies are much less reliable. For that reaother materials to very hot temperatures, greater
son, the selection of a less mature technology ashan 1,000°F, in the presence of air (7,17). These
a cleanup remedy will always require a trial dem-conditions result in the combustion (burning) and
onstration to show that it works at the specific destruction of organic wastes. A secondary com-
site. Such demonstrations are crucial, becausbustion chamber (afterburner) may be used to
unique local characteristics gbils and contami- help ensure that unburned organics do not enter
nation can have unanticipated effects on perfor-the flue gases. Flue gases are then quickly cooled
mance. It should also be realized that someto below 350°F to minimize the possibility of
combination of treatment and control strategiesorganics (like dioxin) reforming in stack emis-
is likely to be required for site cleanup, rather sions. Gases are then treated ingaHution con-
than any single technology. trol equipment to remove particulates and acids

| 29
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TABLE 3-1: Effectiveness of Destruction Options for Contaminants at Wood-Treating Sites

Destruction options

Contaminant Incineration Dechlorination Bioremediation
Dioxins/furans ] U U
PCP and related materials ] U U
PAHs U U U
Metallic compounds ] ] U

D = Demonstrated effectiveness D = Potential effectiveness D: No expected effectiveness

SOURCE: U.S. Environmental Protection Agency, Office of Research and Development, Contaminants and Remedial Options at Wood Pre-
serving Sites, EPA/600/R-92/182, (Washington, DC: October 1992).

before release through the stack. Incinerationpractical difficulties with incineration may occur
either onsite or offsite, was selected as part of thim treating materials that have high moisture con-
cleanup strategy in 18 of 47 records of decisiorient, high levels of corrosive aterial, or ele-
(RODs) for wood-treatment sites reviewed byvated levels of toxic metals (2B). (nsite
OTA. However, in some instances, public con-incineration is also unlikely to be economical for
cerns about the use of incineration have delayetteating small volumes (less than 5,000 cubic
its application. yards) because of the high costs of setting up and
Incineration has effectively treatedoil, testing the incinerator (21,23).
sludge, sediment, and liquids containing all of Effective incineration requires control and
the organic contaminants found at wood-treatingnonitoring of operating conditions, emissions,
sites, and is considered by EPA to be proven and residues. Emissions and residues that may be
the commercial scale. If a site cleanup requiresf concern include the treated soils, wastewater
destruction of dioxins ofurans, incineration is from air pollution control equipment, materials
among a limited group of effective technologiescaptured from flue gases, and stack ssiains.
(17). According to EPA, a “substantial body of Metals in soils cannot be destroyed by incinera-
trial burn results and other quality assured datséion; they remain in treated soils and ash. If solid
verify that incineration can remove and destroyresidues contain excessive amounts of toxic met-
organic contaminants (including dioxins andals, they must be treated with a stabilization or
furans) to the parts perllon or parts per trillion  solidification process or disposed of in a suitable
level” (17,23). It has been shown in practice tolandfill. Wastewater from the apollution con-
achieve more stringent cleanup levels than catrol equipment will contain captured particulates,
be consistently attained by any other wood-treattrace organics, and caustics that will require
ment site remedy (23). Incineration may betreatment (e.g., carbon satption, filtration)
particularly effective for treating highly contami- before discharge. Flue gases may contain metals,
nated hot spots such as the sludge pits that amther particulates, and acids. These can be
often present at wood-treatment sites. For theskrgely removed with the air pollution control
reasons, EPA has recently designated incineraystems that often include wet scrubbers, electro-
tion as one of the presumptive remedies to batatic precipitators, and filter bagouses. One
considered in treating organic contaminants irprimary public concern has been thessibility
soils, sludges, and sediments at wood-treatingf emission of dioxins and other toxic organics
sites. from the stack. Careful attention to proper oper-
Incinerators have been designed to handle ating temperatures and residence times in the
wide variety of materials (e.g., soil, rubble, incinerator can greatly limit the aunt of these
sludges) and large volumes of material. Still,unburned organics entering the flue gas. While
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the public has been skeptical about incineratorencourage rapid microbial action. Ex-situ meth-
and questioned whether design standards will beds include the slurry-phase and solid-phase pro-
maintained in actual operations, safe operatiomesses. Slurry phase bioremediation mixes
does appear attainable with carefully designe@xcavatedsoil or sludge with water in tanks or

and operated technology. lagoons, adding nutrients while controlling oxy-
gen, pH, temperature, et8olid-phasebioreme-
] Bioremediation diation (sometimes called land treatment or land

farming) places contaminated soil in a lined bed,

Bioremediation refers to the use of microorganyit nytrients added. Composting is a variation

isms (bacteria and fungi) to break down organicy gojig-phase bioremediation that allows for
chemical contaminants (15,17,18). Itis @ ProCesgeatment of highly contaminated wastes by
analogous to decomposing plant material in & ting contaminated soil with a bulking agent
compost heap. Organic chemicals are ultimately,. a5 manure or straw. The increased volume
broken down to carbon dioxide, water, or meth-y¢ yreated material is a disadvantage. The solid-
ane, or converted to microbial cell material. Mostphase methods have been widely used for haz-
pragtical methods rely on existing soil microor- 5.4ous waste treatment and have been demon-
ganisms, rather than introduced cultures Ofyated successful on petroleum refinery wastes
microorganisms. Bioremediation is considered &g at wood-treating sites with creosote-contam-
relatively mature technology. As a result of pastnated soil and sludge. These methods do require
experience, EPA has designated bioremediatioyention to the potential for secondary ground-
as the primary presumptive remedy for the treaty,aier and air plution. A drainagetreatment
ment of organic contaminants in soils, sludgessystem may be required to control leaching
and sediments at wood-treating sites (17,21,23khemicals, and a cover may be needed if volatile
It has been selected for use at 17 of the 47 woogsrganics could be released to the air while soils
treating sites reviewed by OTA. are being mixed or spread. Although in-situ
In-situ bioremediation treatsoés in place, bjoremediation is cheaper, ex-situ bioremedia-
with no excavation required. The in-situ methodsion results in faster and usually better perfor-
generally rely on existing soil microorganisms, mance.
adding nutrient- (e.g., nitrogen) enriched waterto |, pilot scale studies, bioremediation has
Stimulate miCI’Obial gl’OWth. It iS Often Used in achieved Cleanup efﬁciencies averaging 87 per_
conjunction with a groundwater pumping andcent for PAHs and 74 percent for halogenated
soil-flushing system. In this system,ater is phenols (23). However, the effectiveness of
injected into the soil to circulate nutrients andpjoremediation is site and contaminant specific
oxygen. The groundwater is then recoveredgnd the method should be selected only after
cleaned, and reintroduced. In appropriate circareful site characterization. Bioremediation will
cumstances, in-situ methods have shown promisgot necessarily work for hospots (such as
for treatingsoils containing the polycyclic aro- sjudge ponds) with very high concentrations of
matic hydrocarbons (PAHs) and pentachlorophecreosote, PCP, and related contaminants. Mate-
nol (PCP) contaminants typically found at wood-rial from these hotspots mighthave to be
preserving sites. In-situ bioremediation alone isemoved for treatment by other methods.
not effective with very concentrated masses oflthough in theory it is feasible to dilute such hot
contaminants. However, even in those circumspots with uncontaminated soil and then treat
stances it may be effective when used in combiwith bioremediation, most site managers prefer
nation with other technologies. to excavate the hot spots and ship the material off
Ex-situ technologies treat excavated soils irsite for incineration or RCRA-approved disposal.
controlled conditions where moisture, tempera-Bioremediation may be appropriate for the
ture, pH, oxygen, and nutrients can be adjusted teemainder of the site. Bioremediation is not suit-
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able for treatment of sites with high levels ofdechlorination of the heavily chlorinated dioxins
inorganic contamination, such as the chromatetypically found at wood-treating sites (containing
copper arsenate (CCA) used at some wood-treaup 8 chlorine atoms) could result in the produc-
ment plants. There are no satidta on the effec- tion of much more toxic forms ofi@kins includ-
tiveness of bioremediation foiakins or furans. ing the most toxic 2,3,7,8-tetrachloro-mxin
When these contaminants are present, a generfdlCDD, see box 2-2 in chapter 2).

approach is to use bioremediation to reduce PCP Dechlorination can be used with a variety of
and PAH levels to below action levels in soil, soil types, although some soils may bwre
and then rely on capping and immobilization toexpensive to treat than others (10). The presence
deal with metals or any remaining dioxins. of heavy metals and high soil moisture (greater
Bioremediation also works less well for the larg-than 20 percent) may require special treatment,
est PAH molecules, those with more than 4-ringsind high organic and clay content may require

in their structure. extended reaction times (21,23). EPA considers
that for each site the special chemical mixture
[] Chemical Dechlorination formulation and optimum process conditions

i o must be determined using treatability studies
Chemical dechlorination (also called dehaloge 10). Chemical dehalogenation ebil can be
nation) uses special chemical mixtures to tre xpensive because excavation is required and
contaminated soil, sediment, sludges, and Oilﬁarge quantities of reagents are used (10).
(10,13,17,20). A chemical reaction caused by the e gechiorination technology is dominated
additives removes chlorine atoms from -poIIut-by a number of patented, proprietary processes.
ants such as pentachlorophenol, dioxins, Opne category of methods uses chemical reagents
furans_. In general, removing chlorlne- fr@ach  oferred to as alkali polyethylene glycolate
chemicals converts them to less toxic products(ApEG) (17). A related approach is the base-cat-
At wood-treating sites, dechlorination mUStaIyzed decomposition (BCDprocess, which
generally be used in combination with otheryses sodium bicarbonate or similar base mixed in

technologies such as thermal desorption or biorés heated reactor to treat chlorine-containing pol-
mediation since the methods do not work withtants (17).

nonchlorinated materials such as the PAHSs. In the typical APEG pragss, soil osludge is

Dechlorination has been selected as a cleanypixeq with the reagent to form a siar The
technology in 2 of the 47 wood-treatment siteg),ry s heated in a closed reactor to promote a
RODs reviewed by OTA. chemical reaction. During the reaction, chlorine
Although not yet considered a fully proven atoms in the contaminants are replaced, making a
technology by EPA, dechlorination does havewater-soluble substance that can be washed from
some track record of success for the treatment afe treated soil. After treatment, residual APEG
the dioxin, furan, and PCP contaminants ofterchemicals are recovered from the soil and reused.
found at wood-treatment sites. DechlorinationThe treated soil is washed and the washwater fil-
will not be useful for treating PAHs, which do tered through activated carbon to remove the
not contain chlorine. If site cleanup requiresdechlorinated pollutants. The carbon filter and
destruction of dioxins, then dechlorination is onespent reagent can be incinerated or sent for land-
of very few techniques that are capable of remefill disposal. To work properly, APEG dechlori-
diation (17). EPA data show that wood-treatmenhation depends on very good mixing of the
site wastes containing dioxins and furans treatedhemical reagent and the contaminated materials,
with alkali polyethylene glycolate (APEG) for 45 requiring that soils be excavated and perhaps
minutes at 160°F showed greater than 99 percertushed. High moisture content in the soil can
destruction of the dioxins and fura¢i). How- reduce the effectiveness of the method. High clay
ever, there is some concern that incompleteontent will increase the amount chemical
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reagent required. Because of the high cost aofemoving contaminants from the off gases is not
polyethylene glycol, increased reagent use addsell known. Washwater used to clean the soils
significantly to cleanup expenses. after treatment will contain traces of contami-
The BCD process was developed in annants and process chemicals, and may also
attempt to address some of the practical probrequire treatment.
lems experienced with APEG methods. It uses
cheaper treatment chemicals; its efficiency is lesSEPARATION AND CONCENTRATION
affected bysoil moisture and pade size; and TECHNOLOGIES
there are reduced volumes of waste for disposag . . .
. ; . eparation and concentration technologies are
Contaminated materials are heated in the pres: " )
. . . designed to remove contaminants from the bulk
ence of a base (sodium bicarbonatesodium

hydroxide) and a hydrogen donor compounGOf the soils, allowing theseleaned soils to be

; . .returned to the site, and concentrating the con-
such as oil. Hydrogen replaces chlorine atoms in

the pollutant molecule. One proprietary BCDtamlnants in a smaller volume of soil or solvent.

. . o The contaminants are not destroyed, but concen-
process in use at a wood-treating site is a comb{-

nation of dechlorination technologies with ther- ration allows them to be treated efficiently by

. other destructive means such as incineration or
mal decomposition, in a two-stage treatm@t . _ . S o
. . . . ._bioremediation. Various distinct technologies fit
The first stage is thermal desorption of soail, in. . .
. ; . into this broad category, some of treating exca-
which organic contaminants are evaporated and . . .
. . .vated soils and others allowing treatment of soils
partially decomposed. At this stage, BCD chemi- . . . X
X . in situ. Optionsfor treating excavated soils
cals (e.g., sodium bicarbonate) are added to

. . ._[nclude soil washing, solvent extraction, and
enhance evaporation and to provide partia . . o
C . . hermal desorption. Soil flushing is used to treat
dechlorination. The contaminants are driven

. : contaminated soils in place, often in combination
from thesoil as vapors and particulates and then. . . .
) ) : L. with bioremediation. Table 3-2 summarizes the
captured in an oil solution. The remaining gases X .
. effectiveness of some separation and concentra-

are vented to the atmosphere (3). Contamlnantts

trapped in the scrubbing oil are periodically jon options with contaminants found at wood-

treated in a chemical reactor for further dechlori-tre"Jltment sites.

nation, again using BCD chemicals. The addition ] )
of BCD chemicals to the soils in theitial ther- [ Soil Washing
mal desorption stage is claimed to be better thagoil washing is a water-based process for remov-
basic thermal desorption, but more results argng contaminants from excavated soil (17,19).
needed to confirm the advantage (3). Contaminants are removed both by dissolving
There are four main residuals from dehalogethem in the wash solution and by concentrating
nation that can be of concern: the trease®idl, them in a smaller volume of soil fines (the very
residual reagents, air emissions, and washwatesmallest,silt-like, soil particles). Contaminants
Treated soils will contain some amount of thetend to bind to clay and silt particles, which can
treatment chemicals along with reaction byprod-be separated from larger particles and sand. The
ucts from the original pollutants. Although the particle size separation techniques are similar to
treatment compounds do not appear to be toxic,those used in sand and gravel operations. Various
they may require further treatment, such asdditives (e.g., detergents and acids) can be used
chemical neutralization or incineration, beforein the water to increase the efficiency of separa-
disposal. The reaction byproducts in treated soition. The large fraction of clean soil can often be
have not been well characterized (10). Air emisteturned to the site. In other cases, a combination
sions released during the heating and mixing obf treatment technologies may be required. The
the contaminated soils must be captured througboncentrated contaminants in the separated silts
condensation or filtration. The efficiency in and clays will require treatment by another tech-
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Table 3-2: Effectiveness of Separation Options for Contaminants at Wood-Treating Sites

Separation options

Contaminant Soil washing Solvent extraction Thermal desorption Soil flushing
Dioxins/furans U] ] U U
PCP & related materials U ] U U
PAHs O 0 U D
Metallic compounds U U] ] U

D = Demonstrated effectiveness D = Potential effectiveness D: No expected effectiveness

SOURCE: U.S. Environmental Protection Agency, Office of Research and Development, Contaminants and Remedial Options at Wood Pre-
serving Sites, EPA/600/R-92/182, (Washington, DC: October 1992).

nology, such as incineration or bioremediation.(11,17). The solvents are organic fluids, com-
The washwater is cleaned by conventionabared to soil washing which uses water as a sol-
wastewater treatment methods and then reused went. Solvent extraction is most appropriate for
the process. the removal of organic contaminants. Contami-
The success of soil washing treatment imants are extracted in the solvent, then concen-
closely tied to the characteristics of teeils. trated for disposal by other means. There are
Separation works best faoils with relatively three general types of processdistinguished by
large percentages of coarse sand and gravehe types of solvent used: conventional solvents,
Soils with high levels of clay and silt are poor near-critical or liquefied gases, and critical solu-
candidates for soil washing because little reduction temperature (CST) solvents.
tion in volume of contaminated material can be In conventional solvent extraction methodS,

accomplished. alcohols, alkanes, ketones, and similar liquids are
A wide variety of chemical contaminants canysed to remove contaminants. The solvent is
be removed from soils by soil washing tech-mixed with the contaminated material. After
niques. According to EPA documents, treatabil-mixing, the liquid is removed and any residual
ity studies at seven wood treatment sites showplyent is driven from the soil by steam or heat.
that soil washing is effective for removing PCP,The collected solvent, now containing contami-
PAHSs, and metals from contaminated soil. As ofyants, is sent to an extractor. The solvent is then
1992, soil washing or soil flushing had beeneyaporated and collected for reuse, leaving a
selected as a remedy in 11 out of 47 RODs &gncentrated residue of contaminants. Near-criti-
wood-treating sites. Greater than 95 percengy fluid or liquefied gas processes use butane,
removal efficiencies have been achieved iy gnane, carbon dioxide, or other gases that have
r_ecent pilot scale tests (17). However,.the effgcbeen liquefied undenigh pressure. Thesaate-
tiveness of the technology at a particular sitgis|s seem to diffuse into soil better than standard

does not guarantee its effectiveness elsewherggyents, helping remove contaminants. The sol-
Site-specific bench or pilot scale treatability tests,ant extracts the contaminants and rises to the

are alwa_y_s required to detgrmine thg best opera{ép of the chamber, where it is collected. As

ing conditionsand wash fluid compstions. pressure is lowered, the contaminants separate
] from the solvent, allowing thesolvent to be

[ Solvent Extraction reused. CST systems rely on the unique ability of

Solvent extraction uses organic solvents tcsome materials to mix with water and extract

remove contaminants from excavated soils andontaminants at one temperature and to separate

sludges, much like in a dry cleaning processrom water at another temperature.
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Solvent extraction is not a destructive technoltaminants, contained in the off-gas from thermal
ogy. The extracted contaminants may requirelesorption systems (containing vaporized con-
further treatment before disposal. Further, therédaminants, particulates, and water vapor) require
are a number of waste streams to be consideredubsequent treatment by some other technology,
Any water separated from theoils will need such as incineration, dehalogenation, or chemical
treatment. Solvent systems are designed to workeutralization. The contaminants are usually cap-
without air releases, but there must be concertured by condensation or on activated carbon.
with the possibility of releases of the volatile sol-Also, specific key organic contaminant classes
vents. The treated soils may also have significantan be selectively evaporated and removed with
traces of solvent, depending on the care taken ihermal desorption by carefully controlling the
driving out the residual solvent during processireatment temperature (12).
ing. Thermal desorption has a proven record for

According to EPA, treatabilitgtudies at five treating contaminated soils, sludges, and sedi-
different sites show that solvent extraction isments. According to EPA, thermal desorption
very effective for removing PCP, PAHSs, and, in has been shown in treatability studies at two sites
one case, dioxin and furans from contaminatedo be effective for removing PAHs and PCP from
soil (17). The technology is generally not effec-contaminated soil (17). It can successfully treat
tive at removing metals contamination. SolventPCP and creosote materials, but not inorganics
extraction, using liquefied propane, has beesuch as CCA (23). EPA considers thermal de-

selected as the remedy at only one Superfungorption an appropriate alternative technology
wood-treatment site reviewed by OTA. for cleaning up PCP and creosote at wood-treat-

ment sites in cases where bioremediation is not
[ Thermal Desorption feasib_le (23). Difficulties may occur in treating

materials that have elevated levels of haloge-
Thermal desorption uses heat and agitation t@ated organic contaminants or contain mercury
evaporate and separate but not destroy organisr corrosive materials (21,23). Vendor data indi-
contaminants from soil, sludge, or sedimentsate thermal desorption technology can process
(12). Some additional technology is needed foiup to 70 tons per hour (12). However, EPA con-
contaminant destruction. Thermal desorptionsiders thermal desorption a less mature technol-
systems include rotary dryers, thermal screwspgy that requires site-specific treatability tests to
vapor extractors, and distillation chambers. Allensure it will work at a particular site (12).
these SyStemS heat the contaminated material to Some thermal desorption Systems are suitable
between 200 and 1,000°F to evaporate, physifor removing dioxins and furans frorsoils.
cally separate, and concentrate the organifhermal desorption is one of several technolo-
contaminants (12, 17). Thermal desorption wagjies EPA considers useful in cases of dioxin or
selected as part of the cleanup strategy in 3 of 4f{iran contamination (17). However, thermal de-
RODs for wood-treatment sites reviewed bysorption of some PCP and related compounds
OTA. It has recently been designated by EPA asay actually form dioxins and furans at certain
one of the presumptive remedies appropriate fofemperatures (23), much as they can form in
wood-treating sites. incinerator flue gases. Treatmesystems must

Unlike other processes, such as incinerationbe designed to minimize dioxin formation and to

that destroy contaminants, thermal desorption isemove these compounds from th# gases. A
a contaminant separation process only (12). Th&ull-scale proof of performance test with analysis
advantage of thermal desorption is that the volfor dioxins should be done.
ume of the separated contaminants that will All thermal desorption systems require that
require eventual destruction or storage is subthe contaminated soil, sediment, or sludge first
stantially reduced by the process. Separated coire dug up and transported to the system, pro-
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cesses that may require physical enclosure fameering controls, such as soil caps and liners,
dust control (12). At sites that are heavily con-fences and warning signs, and deed regirist
taminated with organics or with high moistureare used to reduce potential human exposure.
content soil, thermal desorption may not be cosbngoing monitoring of remaining contaminants
effective (7). Very wet soil may require dewater-at a site is required to ensure that the controls
ing before treatment. Thermal desorption has nogontinue to work. Various site-restriction strate-
performed well in soils that aregtitly aggre- gies were specified in 14 of 47 RODs for wood-

gated, largely clay (clay or silt soil may generateyreatment sites reviewed by OTA. Site pay
excessive dust), or that contain large amounts Qfas specified in 24 of 47 RODs.

rock fragments (12). Physically capping a site is particularly useful

) ) to complete the overall protection of a complete
[J Soil Flushing wood-treatment cleanup strategy (23). A simple

Soil flushing is an in-situ treatment using watercap may involve covering the treated area with
(perhaps with additives) to extract contaminantgincontaminated soil and putting in suitable
from soils (917). Water is injected or soaked into plants. More sophisticated capping may involve
the soil. An underground collection systema bedding layer, a gas-collecting layer, a clay
allows removal of the flush water and preventscomposite barrier, a geomembrane (plastic) com-
contaminated water from spreading offsite. It isposite barrier, a drainage layer, a protective
often used together with in situ bioremediation.layer, a vegetative layer, an asphalt-hardened
The contaminated flushing water will also cap, or a concrete-hardened cap (17, 23).
require treatment. These capping techniques can limit direct
Soil flushing is considered an innovative tech-human exposure, allow for better water runoff
nology with limited experience as to its effec-and drainage, and limit surface water infiltration
tiveness. It can be used for the treatment Oénd groundwater contamination. A genera|
wood-preserving sites, but treatability studiesapproach, used for example at the Libby Ground-
must precede its selection as a cleanup remedyater site, is to use bioremediation for soil to
Two treatality studies have shown it to be mod- ;equce PCP and PAH levels to below action lev-
erately to highly effective at removing creosoteg|s then rely on capping and immobilization for
and other organics from wood-treating sites. INioxins. Control of dioxins and furans may be

complnatlon with in-situ bioremediation, SC_)'I considered adequate if the contaminated soil
flushing may prove to be a very cost-effective

! . . eets leaching characteristic criteria (1).
remedy for sites contaminated with PCP and11 g (@)

PAHSs. The soil flushing may remove high levels e I

of contamination that might otherwise interfere Solidification or Stabilization

with successful bioremediation. Solidification and stabilization techniques can be
used to reduce the mdiby of residual contami-

IMMOBILIZATION TECHNOLOGIES AND nants in soils (14, 17). Solidification sf to

INSTITUTIONAL CONTROLS techniques that embed the waste into a solid
_ _ _ material. Stabilization refers to techniques that
0 Physical Isolation and Capping chemically alter or bind the material to reduce its

Even after the best cleanup of a wood-treatmerihobility. Portland cement, fly ash and lime, and
site some contaminants will remain. Because ofther cement-like materials are commty used.
this, various long-term control strategies such aghe material can be injected into the soil and
fencing, restricting future use, and site cappingnixed in to depths of up to 100 feet. The result
are used to prevent future human exposure toan be a solid mass or a granular material resem-
remaining contamination. Institutional and engi-bling soil.
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These immobilization techniques are most 2.
frequently used for the control of inorganic con-
taminants such as the metal quounds used at
some wood-treating sites. Immobilization has3.
also been successfully used for cleanups of PAH
and PCP wastes, although this solution always
leaves the concern for future risk since the con-
taminants are left on the site. It is not a conven-
tional treatment for sites with high levels of
organic contamination. However, solidification 4-
or stabilization can be used as part of a success-
ful treatment train, followingsoil washing or
bioremediation.

One of the difficulties with these techniques is
in evaluating their long-term performance. Peri->-
odic monitoring may be necessary to make sure
that the technology is continuing to prevent the
leaching and spread of contamination. The effec-
tiveness of the technique is measured primarily
in its ability to reduce the leaching of toxic
chemicals from the soils.

[J Removal of Contaminated Materials

An obvious remedy for contaminated material,
including waste oils, debris, sludge, oflss to 7.
transport it to a new site. For some situations—
for example highly contaminated sludge hot
spots or contaminated oil—excavation, transpor-
tation, and incineration offsite may be appropri-
ate. However, according to EPA, it is usually too
expensive to ship quantities greater than 5,008-
cubic yards of contaminated soil offsite for dis-
posal, and pretreatment may be required before
shipment to another treatment facility (21, 23).
Removal and offsite disposal or treatment,
including incineration, was specified in 12 of 47
RODs for wood-treatment sites reviewed by9'
OTA.
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