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Because of the increased need for Superfund decision-rnakers
to have a working knowledge of the remedial capabilities
available to treat soil and seciment contaminated with poly-
chlorinated biphenyls (PCBs), the Superfund Engineering Fo-
rum has identified remediation of PCB-contaminated soil and
secliment at Superfund sites as a high priority. The Engineering
Forum is a group of EPA professionals representing EPA’s
Regional Superfund Offices. The Forum is committed to the
iclentification and resolution of engineering issues that impact
the remecliation of Superfund sites, The Foruen ad vises and is
supported by Hw!Jwamm‘PhM‘WMamunmlemmymmyIMH
sponse (OSWER) Superfund Technical Support Project.

This document is intended to farniliarize On-scene Coordina-
tors (O8Cs) and Remedial Project Managers (RPMs) with is-
sues important to the successful selection of technology alter-
natives available for the remediation of soil and sediment
contarninated with PCBs at Superfund sites. For further infor-
mation on this paper, please contact Ms. Brunilca Davila at the
Kisk Reduction Engineering Laboratory (RREL), (513} 569
7649,

INTTHODUCTICON

Frorn 1929 to 1980, the curnulative world production of PCR:
was approxirmately 2.4 billior pounds {1, p. 173]*. PCHs have
not been marufactured in the Lnited States since 1977, PChRs
were used as dielectric fluids in electrical transformers and
capacitors, and were often mixed with organicsolvents suchas
chlorinated benzenes. Toxic metals, most commonly lead, ane
mmemeWmmwnWmmWPL&uMmmmanﬂlemm
also used in hydraulic, lubricating, and heat transfer fluids, as
plasticizers in paint, and as dye carriers in carbonless copy
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paper [Z, p. 4.1]. Due to their widespread use, large amounts of
PCBs have been released into the enviromment. EPA has
determined that PCBs may cause adverse reproductive effects,
developmental toxicity, and cancer, and thus are dangerous to
human health and wildlife [3].

The primary purpose of this report is to provicde OSCs and
Wls with information on established, demonstrated, and
ing technology alternatives for remediating PCB-con-
taminated soil and sediment. This information incluces pro-
cess clescriptions, site requirernents, performance (including a
pilot- or full-scale example for established and demonstrated
kwhmﬂngmsipumwmnemduahpmmmvawurmnmm”mmJFPﬁ
contacts. Estimated costs for basic technology operation and
aclvantages and limitations of each technology are also pre-
sented. Information on current research and failed treatment
technologies is also provided. The secondary purpose is t
provicde basic information on characteristics of PCBs, regula-
tions governing 1°C

OB rernediation, sampling and data collec-
tion methods applicable to PCB contamination, aralytical meth-
ods and technologies used to quantify PCB contamination,
| r<:ni||1=||,»|].|l_;r studies, and sources of further information. This
Engineering lssue Paper condenses and updates the informa-
ImmlmmwnNﬁHnﬂmﬂTU‘mquWMMwhhwummwnwmmhmrﬂjud
ance on Remedial Actions for Superfund Sites with PCB Con-
tamination,” EPA/540,/G-90/007, August 1990 [4]. The con-
tents of this Issue Paper are based upon the assumption that the
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reader is alreacly sornewhat farniliar with PCBs, remedial alter-
mMMwmwmuﬂmnnummmmﬂmhmgmhﬁmm The list of references
at the end of the docurnent will assist those who are less
farniliar with these topics.

GHARMCTERISTICS OF PGS

PCls, also referred to by the trade names Aroclor®, Phenoclor,
and Karechlor [5, p.2), e pass a clags of chlorinated com-
pounds that includes up to 209 variations, or congeners, with
different physical and chemical characteristics (6], Most PCBs
are oily liquids whese color darlens and viscosity increases
with rising chlorine contenit. PCHs with fewer chlorine atoms
are rnore soluble, more amenable to chemical and biological
degradation, and less persistent in the environment than those
‘EmmnhmuW1anwwhmm.NH;amwamMWﬁMmeml
excellent electrical ingulators (1, p.173].

PCls are very persistent, hydrophobic, and generally do not
migrate. However, there are some site characteristics that may
have a bearing on the potential of PCBs to migrate. For
example, PCBs in oil will be rnobile if the oil itself is present in
a volume large enough to physically mowve a significant cis-
tance from the source. Soil or secdiment characteristics that
affect the mobility of the PCBs include soil density, particle size
distribation, roisture content, and permeability, Additional-
ly, meteorological and cherical characteristics such as amonnt
of precipitation, organic carbon content, and the presence of
organic colloids also affect PCB mobility {4, p. 33]. Deterrnina-
tion of these characteristics churing the Remedial Investiga-
tion ¢ Feasibility Study (RI/FS) activities will aid in estimating
the mobility of PCBs at a site.

7

Because of the stability of PCBs, many exposure routes nmast be
considered: dermal exposure; ingestion of PCB-cortamina tec
soil, water, and food; and inhalation of ambient air contaminat-
ed with PCBs. PCBs have a high potential for bicaceumulation,
which is an irnportant factor to consider due to their ability to
accurnulate in agquatic environments such as lakes, rivers, and
harbors [5, p. 1]. Although not very conmon, volatilization
and other transport mechanisms may remove PCBs from the
contarninated soil or sediment or entrain them into the air.
Remedies involving excavation may create short-term expo-
sures to workers and surrounding comrnunities from inhala-
tion of dust enissions.

Chironic expesure of anirnals to PCBs can lead to disruptecl
hormone balances, reprocuctive failure, LOTNAS, OF carcine-
mas. Plants, however, do not appear to exhibit detectable
toxicity responses to PCBs [4, p. 371 A more significant health
impact of PCHs ray be caused by their incornplete cormbustion
during thermal (reatment processes. Incomplete oxidation of
FkﬁmwmwaNmn|qu1MMmmumﬁhhbwanmrnHJmIﬂ)@mmm
sions I'hese are of a concern due to their toxicological and
thM54WWq|mdamJ|Hwy&nmmnm

FEGULATIONS CGOWERMNING
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CERCLA

The National Contingency Plan, institutec by the Compre-
hensive Environmental Response, Cornpensation, and Lia-
bility Act (CERCLA) of Hmm,mMmhmMmﬁLaﬁmmmﬂmmm;kw
identification ancl remediation of the nation’s most contarn-

Mention of trade namas, companies, or products doas not
canstitute endorsement or racomrnendation for use.

hmmm1emmlhmmmmhmmxHWWi(nmwmfmmd'Mme
12N A of CERCLA requires adherence to other: ;
mmlJMPMmmﬂmmmﬂmmvdmnmmunnnﬂ&mmummﬂmmw
mmﬂuqmﬂummm=nrwﬂrmmm'mmﬂuppmuthmleqmmmmmmw
(ARARS). hmmlﬂhlhnmuMhmcmmWWw%thuwmmwmd
for all Superfund remedial actions. Federal ARARs for PCB-
contaminated sites are derived from the Toxic Substances
annmhﬂn1(H:ﬁ%n.mmﬂlthMwomnw Conservation and
Recovery Act (RCRA). Other requirements and regulations
derived from the Clean Water Act (CWA) and the Clean Air
Act (CAA) may be implemented when remediation of the
site potentially affects water or air 1'|1‘lil‘li‘t*y' (4, p. 9], Addi-
tionally, regulations of the Occupational Safety <a||1|:i Health
Administration (OSHA) must be followed.

g gy,
T Gl

TSCA as codified in 40 CFR 761 [8], establishes prohibitions of
and requirements for the manufacture, processing, distribu-
tion in commerce, use, disposal, storage, and marking of PCBs
and PCE items in the United States after January 1, 1978, TSC
mmmkﬁmm&mppmwﬂmmmﬁmﬂnhommMJMJﬁwmwmhxmngmmmm
than 50 parts per million (ppm). PCHs that have been released
into the environment after February 17, 1978 are regulated
based upon the original concentration of the released ma terial.
This approach to regulating PCBs is found in 40 CFR 761.1(b)
and states that “No provision specifying a PCB concentration
may be avoided as a result of any dilution.” This section is
generally known as the “anti-dilution” provision of the PCB
regulations. However, PCBs at Superfund sites are regulated
based on the concentrations found at the site. Dhuring site
characterization, EPA evaluates the forrm and concentration of
PCB contamination at Superfund sites “as found” at the site,
1mmrm;mu'udIhwnxnﬂmmnn&h%lwn@dnun as statec in 40 CFR
761,60 (2)(2) to 761.60(a)(5). Consequently, cleanup levels and
h-.mhalMmhan@mmimEMmmmmmm. should not be
lected based on the formm and concentra
material spilleclor disposed of at the site prior to E
ment (ie., the anti-cdilution provision of the PCB regulations
should rot be applied) [4, p. 11L RPMs and OSCs should also
be aware that remedial technologies that concentrate PCBs,
such as thermal desorption, may procuce a PCB residue that
cortaing a corcentration greater than 50 pprn. Insuch cases,
TSCA regulations ray not be an ARAR for treatment of PCB-
corntaminated scil or sediment, bt may be an ARAR for the
corcentrated residues.

)

[l

PA's involve-

THCA considers any person “whose act or process prochices
TKHMLwawhmm“wtHmdmmmwspcmﬁmrmmmmmnmmmmtmﬂhe
disposal requirements of Subpart ... to-be a generator [2, p.
4.9]. Persons generating soil, sediment, or treatment residuals
contaminatecd w:
thar 50 ppo, must comply with TSCA generator requirements.
These requirements inchacle: notification to EPA of PCB-gener-
ating activities (if the generator owns or operates a PCB storage
facility subiject to the recuirements of 40 CFR 761.65(0)), ship-
ment of regulated wastes using the Uniform Hazardous Waste

Manifest, and disposal at a TSCA-approved disposal facility

h PCBs in concentrations equal to or greater

The storage requirements of 40 CFR 761.65 are especially
impaortant, requiring cisposal of TSCA-regulated PCB wastes
within 1 year of being taken out of service for disposal anc
ed into storage. Where the final disposition of PCB wastes
perfund site is specified in that site’s Record of Diecis
(ROD), a CERCLA waiver toallow storage to exceed 1 yearmay

2 Technology Alternatives for the Remediation of PCR-Contaminated Soil and
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be pursued {4, p.18]. Temporary storage of PCB-contaminated
soil or secliment by the generator is allowed for up to 30 days
with relatively minor requirements. Storage beyond this
hmwhmwwumumlu=pmhmmmmim1mnnmmnmwﬂuq!“m~mmnh
structural, labeling, and inspection requirements of 40 CFR
761.65 (b) [8].

Non-liguid PCBs im the form of soil, rags, or other delbris, that
contain PCBs in concentrations of 50 ppm or greater, may be
dispesed of in either an incinerator meeting the requirements
of 40 CFR 761.70, or a chemical waste landfill meeting the
requirernents of 40 CFR 76175, A third option is to employ a
treatment method capable of achieving the same remecial
results as incineration. Incineration is the dernonstrated tech-
nology and the standard for PCB destruction. The performanace
standards for PCB incinerators are provided in the regulations
at 40 CFR 761.70 (b)(1). Among the numerous requirements for
PCBincinerators is that rass air ernissions from the incinerator
shall be no greater than 0,001 g PCB/kg of PCB introduced into
the incinerator [8].

The regulations provide for approval of alternative technolo-
gies if they are demonstratec to be equivalent to incineration in
ability to destroy PCBs. The EPA Regional Administrator nay
approve such disposal methods after submitting information
requi by 40 CFR 761.60(e) for both soil and sediment, or 40
CFR 761.60(a)(5) for sediment. 40 CFR 761.70(d)(5) contains
provisions forwaivers of the recquirements which would other-
wise be applicable to incinerators,

7~

HWHMAJE]thMmmppmqwﬂmmMmAUU 761,120
o 761,135 [N;pﬁmwtﬂhmkmmumnldemmmmkm“uwuddyﬂmz
spill is repartect, when cleamap is initiated, and the current use
of the affectecl area. The remediation of spills reported within
the timefrarnes identified in the regulations (24 to 48 hours after
occurrence) is governed by the procedural and numerical
requirements listed in this policy. Spills which are not reported
within these timeframes are not covered by the policy and
therefore, procedures and cleanup levels are determined on a
mmm%by{mwﬂmﬁmﬁhu“sﬂmnmmmudewmwh»NMVlﬂwm.Mhu
are not regulated by this policy. Although the TSCA PCB
cleanup policy may not apply to a substantial number of
Superfund sites, EPA generally uses the provisions of the
policy to guide CERCLA clearups.

FRCGIFLA

PCBsamanutnﬁmmnmda&aﬁhmmnimmrwmﬂmxnmhwﬁmﬂh%
HMnmwwL F'mmumhmdvﬂﬂwmmmmmmmnmmmmHMMNHmdﬂ
CFR 261 ) {e.g., spent trichloroethylene that was
mmhm:1wMMwmmwpmemuNMWMMmmdmwm
RCRA hazardous waste regulations. Similarly, if PCBs are
rojxed with other wastes, and the resulting mixture exhibits
one or more of the hazardous characteristics discussed in 40
CFR267.21 to 261.24 (i.e., ignitability, corrosivity, reactivity, or
toxicity), the mixture must be managed as hazardous waste
until the waste no longer exhibits the characteristic.  PCB-
contaminated soil or sediment that is also contaminatec with
listed waste or exhibits a hazardous characteristic, must be
managed as hazardous waste until the contamirated meclia no
longer contains the listed waste (a decision that can be made by
EPA regional offices) or no longer exhibits the hazardous
characteristic.

The 1984 Hazardous and Solid Waste Amendments to RCRA
specified additional requirements for treatroent and disposal
of hazardous waste, Solid waste management units (SWUs)

at hazardous waste treatment, storage, and disposal (TSD)
menmuhmmnmsnﬂmuﬂh»mmmzmrmpwm‘numlwuawmmu
requirernents. Also, land disposal of hazardous waste without
prior treatment by a specified technology, or to a specified
constituent concentration, became prohibited under the land
dispesal restrictions (LIDRs).

The

ifornia List of the LDRs states that liquid hazardous
waste containing greater than 50 ppra of PCBs must either be
incinerated ina THSCA incinerator or a high. ieney boiler (9],
The California list also regulates the disposal of hazardous
mwmmlmmmMMhu,hdeﬂmMmd(Mﬂamw‘nwmwummh-mHOCJ
when present in concentrations greater than 1,000 rog /leg. The
HOC Tistincludes seven specific Aroclors, as well as “PCBs not
otherwise specified.” Incineration is the specified remedial
technology. The presence of other restricted hazardous waste
in PCB-contarninated soil and sediment also subjects the mecia
to the applicable LDRs.

Other Federal Regulations

Remediation of PCB-contaminated sediment may affect local

anch dewnstream water quality during activities such as dredg-
ing and dewatering. The Clean Water Act (C'WA) establishes
requirements and discharge limits for actions that affect sur-
face water quality. Accorcingly, the technical recuirements of
]Wﬂmmh.mthn'ﬂn’d&mmmﬂluMuhmMIWm]mummLhmmmuwm
System (NPDES) permit may have to be met.

Remedial technologies that have the potential to emit PCBs or
other contaminants into the air may be required to employ
control measures in accordance with the Clean Air Act (CAA).
Regulated units could include baghouses, exhaust stacks, and
pressure release devices on treatment tanks.

State Regulations

4MtMmMVH§M|MmmmummMW1w"uhm»vauowm&|nuhumfPPW
disposal [2, p. 4.22]. States also may regulate PCB treatoent,
and may have established cleanup levels. EPA, therefore, may
also have to comply with state PCB requirements. Applicable
state regulations nwust be included as ARARs or waived when
appropriate.

DATM COLL
ANALY SIS

w
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ECTICHN, SAMPLING, AN

ata collection and sampling begin during project scoping.
*mmuu,dmd1hmm(um%mmm.m Superfunc sites should be
1hmnwned to aid in selecting and implementing a remedlial
technology. Other reasons for such sampling and cdata collec
tion at Superfund sites include: site characterization, health
and safety monitoring during treatment, performance evalua-
tiom, and, if necessary, long-terrm monitoring. These activities
also should be designed to support future enforcement actions.
The end use of the data dictates the required quality of the
information. This required quality is stated in the data quality
objectives (IQOs) already established prior to any generation
of data [10].

Before selection and implementation of a remedial technology,
sampling to characterize site conditions rnust be performed.
Samples chosen to document the concentration and distribu-
tion of contaminants throughout the area(s) of interest must be
of sufficient rumber to be representative and of sufficient
sarnple volume forall analytical, quality assurance, and quality

Tochnology Alternatives Tor the Remeciation of PG
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coritrol operations. During sampling, it is also crucial to look
forevidence of contamirant trans port so that the proper souroes
are targetecl for remechiation. Many of the components of a
sful sarnpling plan and associated sampling procedures
are discussed in the handbook “Remnediation of Contaminated
Sedirments” [11, pp.11-13].  Additional information is pre-
sentec in Volume I of \’s “Test Methods for Evaluating
Solid Waste: Physical /Chemical Methods” (5W-846) [12). The
Methods Communication Exchange (MICE) Service provides
answers to questions and takes comrnents over the telephone
on technical issues regarding this manual. The MICE service
telephone number is (703) 821-4789.

When samipling to identify potential remedial technology al-
ternatives for treating contaminated soil and sediment, there
are several soil, sediment, water, and contaminant data ele-
ments that need to be evaluated. The compiled data should
permit prescreening of a group of potentially applicable reme-
dial methods and the direct elimination of others. In the
selection ofa remedial technology, consideration of such infor-
mation as the past history of the site, how and where wastes
were disposed, topographic and hydrologic detail, and site
stratigraphy will provide a more comprehensive assessment,

Physical and chemical characteristics of the PCB-contaminatec
soil or seclimentalso determine the types of rernedial technole-
gies potentially suitable for the site. The minimwm set of soil
and sediment measurements desirable for remeclial technol-
ogy prescreening is presented in Table 1 [13]. Inaddition to the
physical characteristics of the PCB-contaminated media, OSCs
and RPMs should be aware that the presence of other contami-
nants can irpact the effectiveness of a remedial technology
and PCBanalyses. The ratings in Table 1 are relative values for
the parameters of concern basec upon expert opinion. The
values are described as “higher” or “lower” in defining the
teridency of these parameters to enhance or inhibit prescreening
of a particular treatment process. For example, larger quanti-
ties of oil and grease would improve the performance of
chemidcal delalogenation (i.e., base-catalyzed decomposition);

increasec oil and grease content would decrease the perfor-

rmance of solidification/stabilization. Inclusion of a rating
within the technology group, however, does not ensure that the
rating will be applicable to each indivicdual system within a
technology group. OSCs and RPMs are advised to contact the EPA
experts listed later in this paper in order to discuss the importance and
avatlability of quantitative values for specific characteristics. This
information also is generally applicable to the treatment of
water produced as a residual from the remediation of PCB-
contaminated soil or sediment. Additionalinformation on site
data requirernents for the selection of remedial technologies
may be found in other references [14][15].

sarpling is usually required to a
ernissions on site workers and the surrounding area. Remedlial
technologies that require excavation and rmovement of contam-

the effect of pr

inated soil or sediment may generate PCB-contaminated dusi.
Thermal technologies produce offgases that may contain PCBs
that have not been captured or destroyed by the proc
Sampling of process emissions and surveillance of site concli-
tions during waste treatment should be designed to evaluateall
of the applicable concerns. Sampling and analytical methods
designed to assess worker safety and health canbe found in the
“National Institute for Occupational Safety and Health (NIOSH)
Manual of Analytical Methods” [16).

After implementation of the chosen remedial technelogy, the
effectiveness of the system(s) must be evaluated through sarm-

Table 1. Soil and Secdimant Characteristics That
Agsist In Technology Alternative Prescroening

W\ At
"\ REMEDIAL TEGHNOLOGY

ol I

SHARAC

ERISTIC

Particle size L]

Bulk density | 00 ¢ 1 wvi|w

Permeabitity m|m m
Moisture contert | 11| 2 vivi|armijao

pHand Eh] W | w |'W w

Humic conteet W LW O O[S0

Tetal rganic content (TOC) | | m W wogw
Biochamical axygen o)
chamand (BOCY) -
Chamical oxygen commanal ‘ -
vt m l

(COD)
OQil and grease miyw |wvilo 2
Violatile metals [ € | € [ 3| m [ A

Morvolatile metals | €1 [ € | O m [ gm {3 )n

Source:  Vendor spacific intormation and technmlogy expens [adapied

from 93]
W = higher valuas support praselaction of technology group
01 = lower values support praselaction of techaolagy group.

W= effectis varigble among systems within a techinalogy group.

Whiere na symbaol is shown, the effect of that characterigtics
considerad inconsaquantial,

pling and analysis. Depencling on the technology, both short-
and long-term performance needs to be assessec. Develop-
ment of sampling plans to accomplish this objective is dis-
cussed in "Methods for Evaluating the Attainment of Cleanup
andards” [17].

ol

Analytical methods for detection and quantification of PCBs in
soil and sediment are primarily performed in the laboratory,
Laboratory determination of Aroclors in these media generally
costs $100 to 200 per sample and usually requires a minioum
of 72 hours from sample collection to receipt of results [18]. The
laboratory method 8080 (Organochlorine Pesticides and Poly-
chlorinated Biphenyls by Gas Chromatography) in SWB46H is
the most commonly chosen procedure for the analysis of these
PCB-contaminated media. The PCBs are first extracted from
the soil or sediment, cornmonly using Method 3540 (Soxhlet

4 Technology Alternatives Tor the Remeciation of PCR-Contaminated Soil and Sediment
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Eaxtranetiomny or 3550 (Llrasonic Extraction), The PCH extract i
then comcentrated and injected into a gas chromatograph
equipped with an electron capture detector. The analyst iden-
tifies Aroclor residues by comparison of gas chromatographic
pealc profiles (peal retention tnes and relative intensities)
produced by Aroclor standards with those procucec by a
sample extract [12]. Identification and quantification of PCg
can be hindered by interfering compounds, such as other
halegenated organde compounds, which appear on the chro-
matogram in the same retention time region as PCBs.

Sewveral lower cost Field test kits, providing faster results, are
currently available [18]. For example, one test kit, using colo-
hmmmﬁchWWmMMmkmuﬁﬁmﬂh‘HWHMMMMMWWHWWWMWMMWWE
results within 10 minutes for approximately $20 per sample
[19]. memmHVAHNMMﬂmemmmmnwkmﬂhu(1hpuvwmthw

N-Soil PCB Screening Kit™) is being tested through the Super-
fund Innovative Technology Evaluation (SITE) Monitoring
and Measurement Technologies Program. Also being testec
are an immunoassay kit (Enviroguard ™ PCB Immunoasgay
‘MmmﬁﬂamdadWw%w'meMPMNNMW1MIm1mwmmme
2000 PCB Chloride Analyzer™) [20, pp.

Adlditional information on aralytical methods for the analysis
of PCB-contaminated soil and seclinment is available in “Ana-
Iytical Chemistry for PCBs, Second Edition” [21]. Technical
questions regarding the analysis of PCB-contaminated soil and
sedirnent should be cirected to Ann Alford-Stevens (EMSL), at
(513056097492,

"HEGWMMWMnWﬁME B FCR R
IN SCm SSEDINENTT

This section discusses m«humﬂogmﬂ;1hnﬂ]mnwekmen uged o
mmmﬂd®Mmqhmw remove PCHs fron PCB-contaminated soil
and sediment. The technologies are classified under three
headings: established, demonstrated, and emerging. Estab-

NATION OF PCE®D

Es
lished technologies are those that have beer employed at: the
full-scale level to successfully meet PCB cleanup goals at ol
tiple sites; they are commercially available. Demonstrated
echnologies have been conducted at pilot- or full-scale at
limitec number of sites. They have generated performance and
cost data on the treatment of PCB-contaminated soil or sedi.
ment. Emerging technologies have not yet been shown to
effectively or consi MWMVhmmeﬂ«wmnmanhmdnmmd
ment at the pilot-scale level. They are in bench-scale studies or
im}ﬂh&&ﬁﬂuhmﬁMguhﬂW;amdannmﬁqumﬁHUFWmmmummMm
on the treatment of PCB-contaminated soil or sediment. For
cach technology the following topics are discussed

v Process description,
v Site requirernents for technology implernentation,

in soil or

o Technology performance in treating P(
seciment;

v Process residuals;

v Technology systems accepted in the SITE Demonstra-
tion and E pgrams [including the availability
of Applications Anal: sFquuhiﬁMMLﬂamM\huhmmh

mwwﬁwmhmmmmlﬂﬂmnrv MW and

o EPA contact for the technology

Within the performance discussion for each remedial technolo-
&y, the nurmber of Superfund sites where the technology hag

been selected as either a stancl-alone remecial altermative for a
portion or all of the site, or as a component ina treatment train
althesite is given. Anexample of application of the technology
with available performance data is presented for established
and dernonstratec remecial technologies. Availability of cer
tain additional performance data is limited due to legal con-
ficts, while other data are still being generated and analyzed
prior to being reported. The reader is therefore referred to the
:mMmmsMWMHMFMWMMmummmmMmm§mmmu,unmnvmh
technology for the most carrent information.

Estimated cost ranges for the basic operation of the techmology,
critical factors affecting cost ranges, and advantages and limi-
tations of each alternative technology are presented at the end
of this section in Figure T and Tables 12, 13, and 14 respectively.
T%@HM@mn&mmnmmu(nquWHﬁmmm'”Mnmmmmmwnmlmdmd
ing Engineering Bulleting, SITE Demonstration Reports, and
EPA electronic databases. OSCs and RIPMs are cautioned that
the cost estimates generally do not include pretreatment, site
preparation, regulatory compliance costs, cosls for additional
treatment of process residuals (e.g., stabilization of incinerator
ash or disposal of PCls concentrated by solvent extraction), or
profit. Since the actual cost of employing a remedial technol-
ogy at a specific site may be significantly higher than these
estimates, the dalta are best used for order of magnitude cost
evaluations,

THEATABILITY STUDIES FOR PCE-
CONTAMINATED SCOIL AN SEDIMENT

The presence of PCBs with other contaminants in soil or sedij-
mentoften creates site-specific treatment problems, Thevaried
structures anc properties vdHMJMHMnuKmmmmtﬁuw"pmﬂﬁc
concerns for rernediation of Superfund sites. , prior
loselecting PCB remedial technologies, site-specifict Mwhn'
MMdMWaunmwmm&uHmpvHMmMWhvpmwmhahquWHMMynw
performance of a particular technology in remecli !
contaminated soil or seciment. TmmMMMWGMNM$pwwMW
deIu5mppnn1mmmwmmIpduumm"'ﬂMWMuwnnmd|wmwuy
implernentation. They should be performed as soon as it is
evident that insufficient information is available to ensure the
quality of the technology selection process. Conducting treat-
ability studies early in the R1/FS process reduces uncertainl
associated with selecting the remedy, provides a sound basis
for the ROD, and minimizes the possibility of failure at full-
scale implementation. EPA regional planning showld factor in
the time and resources required for these studies [22, p. 1),

2y
4

Treatability studies conducted cluring the RI/ FSactivities indi-
cate whether the technology can meet the cleanup goals for the
site, whereas treatability studies conducted during the Reme-
dial Design/Remedial Action (RD/RA ) activities establish
chmmﬁhmmiqumhm&pmﬁmmMWMAbropﬁmmMRWmnmbmﬁmm%
ogy performance. Although the purpose and scope of these
studies differ, they complement one another, since information
obtained in support of reredy selection may also be used to
support the remedy design [23].

The need for treatability testing is a management decision. The
tirme and cost necessary to perform the testing are balanced
against the improved confidence in the selection and design of
alternatives. These decisions are based on the quantity and
quality of data available and on other factors (e.g., state and
mmmmmmWHUWPMWmmfmﬂwmewmmwMPﬁmmnnrwmh
ence with the technotogy). A useful document is EPA’s “Guide
for Conducting Treatability Studies Under CERCLA" [24].

Tochnology Alernatives for the Rernediation of PEE-Contaminated Soll and Secliment 5
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Eatablisbad Ramecdial Technologlies

Ineineration

HmmnmmhunimIMNMMWMW1ﬁNMMﬂmmMmimsnhdﬁmmﬂqumm
by subjecting them to temperatures typically greater than
LO0OF in the presence of osgygen, which causes volatilization,
combustion, and destruction of these compounds. Many com-
panies have built incinerators that are actively employed in the
remediation of Superfund sites. Some of these are scaled-
down, trailer-enounted versions of conventional rotary liln or
5 0f 10 to 20
) Howewver,
transportable units as large as 80 million Bra/he are also
available. Atlarge sites where the cleanup will require several
vears, it may be feasible to actually construct an incinerator
umMm'Wmvammmwmvd%mW&Myh%mmmwwmmh
ing whether mobile, transportable, fived, or offsite commercial
incineration will be used at a given site. Because onsite clean-
ups at ¢ mpnhmd%m'wuﬂwwmﬂMﬂmiwmhmthwuw?u
meet the administrative recuirements of Fed , State, or local
pmnmtnﬂuﬂmmmrm$ﬂmmlkwsﬁmhuumwnmmm“yhmrmbuﬁd
125, pp. 10-12].

The applicability of incineration to the remediation of PCB-
contaminated soil or sediment may be limited by the types and
concentrations of metals present in the medium. When soil or
sedirmenit containing retals is incinerated, the metals vaporize,
react to form other metal species, or remain with the soil
resicuals. Metals in ash, scrubber sludge, or staclc emissions, i
improperly managed, can result in potential exposures and
adverse health effects [26, p. 1]. Lead, a metal compnonly founc
associated with PCB-cortamination, volatilizes at most incin-
erator operating ternperatures and rmust be captured before
process offgases are released into the atmosphere. 1t is there-
fore important to adequately characterize the metal content of
the soil or sedirent when considering incineration systems for
PCB treatment.  For more inforration on the implications of
incineration of soil containing metals refer to “Considerations
for Evaluating the Impact of Metals Partiioning During the
Incineration of Contaminated Soils from Superfund Sites” [26].

Pracess RDescriptiopss
The primary stages in the incineration process are waste prepa-
ration, waste feec, cornbustion, and offgas treatment.

Waste preparation includes excavation and/or transporting
the waste to the incinerator, Depending on the requirements of
the incinerator, various classification ecquiprnent is used to
remove oversized particles and obtain the necessary feed size
for soil and sediment. Blending of the soil or sediment and size
rechuction are sometimes requiredl to achieve a uniform feed
size, moisture content, Bitu value, and contaminant concentra-
tions [27, p. 21].

The waste feed mechanism, which varies with the type of
incinerator, introduces the waste into the combustion system.
The feed mechanism sets the requirements for waste prepara-
tion. Bulk solids usually are shredded; contaminated media
JNHmmmleamnmqrvathlVﬁ‘pimw

In the combustion stage, the three major systems are rotary
Lilm, infraved, and circulating fluidized bed. The primary
factors affecting the design and performance of the system are
the temperature at which the furnace is operated, the time
during which the combustible material is subje
temperature (residence time), and the turbulence

required to

expose the combustible material to oxygen to obtain complete

combustion.

Offgases from the incinerator are treated by air pollution
control (APC) equipment to remove particulates and capture
and neutralize acid gases. APC equipment includes cyclones,
venturi scrabbers, wet electrostatic precipitators, Ik:.i1g;l LSS,
and packed scrubbers. Rotary kilns and infrared proocessing

Wﬂwmmnmmanmmvhmhmmnumﬂ;muMﬂMqumnmnhmuhmmﬂ
gas scrubbing systerns.  Circulating fluidized beds clo not

require scrubbing systems because limestone can be added
directly into the combustor loop; however, they may recuire a
system to remowve particulates [28, p. 29],

Site Regqulremantg..

The site should be accessible by truck or rail, and a graded or
gravel ai aiﬁxmmmmmﬂhm'm%np(ﬂ<umMr1nnhm?nyﬂmm%
Qmmwﬂmmmmmhwwwmﬂhnmmwmwmmwuwh
rotary kiln). For a typical comme 2t0bacres are

Aal-scale wnit, 2
required for the overall system site inchading ancillary support
(27, p. 25]. Standard 440V, three-phase electrical service is
generally needec. A continuous water supply st be avail-
able at the site. Auxiliary fuel for feec Btu inprovement may
also be required.

Various ancillary equipment may be required, such as liquicl or
sludge transfer and feed purmps, ash collection and solids
handling equipment, personnel and maintenance facilit
and process-generaled waste treatment equipment. I adci-
tion, a feed-materials staging area, decontamination trailer, ash
hancling area, water treatment facilities, and a parking area
may be requirec [27, p. 2] Asitesatety plan covering all onsite
activities should be developed. Arnemergency shut down plan
also shoulct be preparec. Special handling rmeasures should be
provided to hold any process residual streams until they have
been tested to deterrnine their acoeptability for cisposal or
release. Depending on the site, a method to store waste that has
been prepared for treatment may also be necessary. Storage
capacity will depend on waste volume and equipment feed
rates.

es,

Performant e
As of September 1991, incineration technologies had been
mmwedmnmmmmmhﬂ&dwmmuﬁamwwhmd5@mwnhwwm
contaminated soil or sediment [29][2 Incinerator perfor-
mmmmaﬂummﬂmﬁMmrnwﬂmmmihymmmpmﬁnghMﬁ&PW”Wrww-
centrations in feecl materials with both final concentrations in
mm(mhnmmmﬂmﬁ@wmﬂmmkmmmMmhmupnnmim

unmnnmftmﬂnwﬂmnmmummmhmnmmmmmNWMHMmenM$pmm-
fiedl in 40 CIFR 761.70 [8].

In November 1989, a pilot-scale incineration unit was tested as
part of the SITE program at the Demode Road Superfund ¢
Soil contaminated with PCBs having initial concentrations
ranging from 290 to 3,000 ppm was present at the site. Prior to
entering the systen, the feed material was screened to remove
aggregate and debris greater than 1 inch in diameter. The
system consisted of a primary combustion chamber, where
electric infrarec heating rods were usecd to heat the waste, and
a secondary chamber where a propane-fired flame was used te
destroy any remaining hydrocarbons in the exhaust from the
IM$HimmmmmAﬂvanﬂMt1ﬂWmemﬂmmimwnmuwmhmhmmmw
were also used for particulate and acid gas remowval before
exhausting the gas to the atmosphere (31, pp. 1-11.]

G Tachnology Alternatives for the Remediation of PCB-Contaminated Soil and §
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The test indicated that the systern would remove and destroy
PCBs from the waste. Final PCB concentration ranged from
0L003 to 3.396 ppm in the ash [31, p. 12]. However, there was no
evidence that the process reduced the mobility of heavy metals
that were present in the furnace ash as compared to the feed.
This was to be expected since metals not. destroyed by
combustion and will be present in the ash or released into the
flue gas. St i, primary combustion chamber (PCC) offgas,
HCL, and particulate emissions all were well below the maxi-
rurn amount allowed under RCRA standards, DRESs inexopss
of the 99.99 percerit required for RCRA applications wene
achieved. Performance with respect to the TSCA. requirement
of 99.9999 percent DRE for PCBs could not be ascertained
because of the low concentration of PCBs in the incinerator fieed
I"'l'l pp. 10-19]. Information on the application of incineration
for the Ini-ni*nnmni of PCB-contaminatecl soil and seciment at
other sites is presented in Table 2 [30J(32). For further site-
specificinformation contact the EPA individual listed or obtain
the reference indicated.

Process Foesidualp-..

Three major waste strearns generated by incineration ave: sol-
ids from the incinerator and APC system, water from the APC
system, and emissions froen the incinerator. Asl is cormmaonly
either air-cooled mrqumlrulnulWl th water after disc h.amgm' from
the combustion chamber. Dewatering or solidification /stali-
lization of the ash may also have to e applied since the ash
could contain leachable metals at concentrations above regula-
tory limits. The alkali: mmy of the mmn may influence the
leachability of the ash [33, p. 63]. The flue gases from the
incinerator are treatec h»y A PC systerns such as electrostatic

precipitators or venturi scrubbers before discharge through a
stack. A high-pH liquid waste may be generated by the APC
system. This waste may contain high concentrations of chlo-

rides, volatile metals, trace organics, metal particulates, anc
other inorganic particulates. Wastewater 1n=~c|n.‘ ing treatment
may be subjected to neutr ition, chemical precipitation,
reverse osmosis, settling, evaporation, filtration, or carbon
adsorption before discharge [15, p. 127).

SITE Demonstration and Emerging Projects---
Asof November 1992, the SITE Program included two demon-
st:mlns:dl i1m:‘iimirrai:icm. ‘s;y:s.tmrnw. reportecly capable of treating

5 e technology developer, systern
ology, and EPA contact for these
able 3 [20].

Cromba gl
Technology-specific questions regar ding incineration may be

L7510,

directed to Donald A. Oberacker (RREL) at (513) B¢

Demonstrated Remedial Technologles

Theremal Descorption

Thermal desorption is an ex situ rmeans to physically separate
volatile and sernivolatile contaminants from soil, sediment,
slud lw, and filter cake by heating them at temperatures high
enough to volatilize the organic contaminants. Itis generally
: @ to implernent thermal desorptionon wastes con-
L:u:m.‘n;E, up to 10 percent organdies and a minimum of 20 percent
solids [34, p. 2].

Table 2. Application of ncineration ot Selocted Superfund Sites with PCB-Contaminated
Saoll or Bediment

Sitw Fype of Blatus L Contmet
Wit liny
Florda Steel, FL [30)32]) Sl Process vesiduals Federal load/ Fancly Eryaunt
ranagaenent in predesion, Funel financed (A04) BAT-2643
Twiin Gity Arney Amimanition Sl Pilot-scale tests PHRP lead Larry LeVeque
Plant, MN [30]32) compleded 1989, LS, Armiy/ (312) BB6-4359
Faderal oversig
Ross Township, MIF30)32) ol Full-scale remediation PRP leacd/ KKewin Adier
started, Gompletion Fadaral oversight (312) B66-T0TH
entpacied surnmer 1993,
LaSalle Electric Boil Complation expectead State boad Dave Seoaleay
Utilities, 1L [30](32) gumnmiar 1943, (312) BEG-TO5H
New Baedford Sodiment Rarnediation ongoing Fedaral lead/ Ciail Ganrnan
Harbor, MA [32) Funcl financed (B17) 223-5522
Douglassville, PA [32] Hacliment Full-gcale design FIFE levad/ Wistor Janosile
completed. Femediation fo Federal oversight (215) 597-8H96
begin winter 1993,

Technology Alternntives for the Remaediation of POE-

ontaminatec Soil and Sedimaent v



Tabbe 3. Innovative Incineration Systems Cunrently Accepted Into the SITE Program [20]

Blevaloper Syatem Mame

Slatug EPA Contact

Infrared Therma)
Dastraction #

Grappo Ralimpregse

Cirgulating HBead
Combugitor @

Cypclen Environmental
Senvices

Twe SITE demonstralions were
conclucted in 1987 (AARs and TERS
available). Used in full-scale
renvigcliation.

SITE demonstration was conductecd in
1988 (TER availalbia).

Lacral Staley
(513) 569- 7863

Couglag Grosse
(513) 5H6:8-7844

& Demonstration Frogran

Process Demeription-

Thermal desorption is a process that uses either an indirect or
direct heat exchange to heat organic comtaminants to a temper-
ature high enough to volatilize and separate them. from a
contaminated solid meclium, Air, combustion gas, or an inert
gas is used to transfer vaporized contaminants from the medi-
um. The bed temperatures achieved (usually between J00°F
and T,000°F) and residence tirnes used by thermal desorption
systems will volatilize selected contaminants and drive off
water, but typically not oddize nor destroy organic com-
pounds [34, p. 1],

The primary stages of a thermal desorption system are materi-
als handling, desorption, particulate removal, and offgas treat-
mment. Materials handling requires excavation of the contani-
soil or sediment. Typically, objects larger than one to two
inches in diameter are screened, crushed or shredded and, if
still too large, rejected. The medium is then delivered by
gravity to the desorber inlet or conveyed by augers to a feed
hopper, rotary airlocl, or other equipoment [35].

As the contaminants are desorbed, they volatilize and are
transferred to the gas stream. An inert gas, such as nitrogen,
may be injected as a sweep stream to prevent contaminant
combustion and to aid in volatilizing and removing the con-
taminarits [36)[37). Other systerns simply clirect the hot gas
streamdfrom the desorplion unit to the offgas treatment system
[38]. Offgas from. deserption is typically processed to remove
particulates that remain in the gas-contaminated stream atter
the desorption step. Orgar n the offgas may be treated
onsite, collected onactivated carbomn, orrecovered in condensa-
tion equipment. The selection of the gas treatment systen will
depend on the concentrations and types of contaminants, air
emission standards, and the ecomomies of the offgas treatment
systemn(s) employed. Methods commonly used to remove the
particulates from the gas strearmn are cyclones, wet scrubbers,
and baghouses.

Bite Reculremn@irylp--—-

Hmwnmﬂdﬁnnpanmwmwnmmvlmm&MMHLmﬂqmm'dumnmmh
ified flatbed semitrailers. Since most systems consist of three
mmwwmwhﬂh'mmumeMﬂMUMmmmMpMWWMMWU
space requirements onsite are typically less than 150 by 150
feet, exclusive of materials handling and decontarnination

areas. Standard 440V, three-phase electric
ly neecled. Water must be available at the site.
waler needed is equipment- and site-specific.

ﬂwmwuvmnwwnmm
The quantity of

A site safety plan covering all onsite activities should be devel-
oped. Anemergency shut down planalso should be prepared.
Special handling measures should be provided to hold arny
process residual streams wntil they have been tested to deter-
|mmehfrmmmpmmmmw%mhm“' 5 ase. Depending on
the site, a method to store waste that has been prepared for
rreatment may also be ne ry. Storage capacity will depend
on waste volume and equipment feec rates.

Parformance-—

As of October 1992, thermal desorption technologies lacl beer
selected as the remedial action at seven Superfund sites with
PCB-contaminated soil or sediment [39]. Performance objec-
tives must consider the existing site contaminant levels and
relative cleanup goals for soil and sedimnent at the site. System
performmance is typically measured by the comparison of un-
treated solid contarninant levels with those of the processed
solids. The actual bed temperature and residerce time are
prirnary factors affecting performance in thermal desorption
These factors are controlled in the desorption unit by using a
series of increasing ternperature zones [36], multiple passes of
the mediurm through the desorber where the operating tem-
perature is sequentially increased, separate compartments
where the heat transfer fluid temperature is higher, or sequen-
tial processing into higher ltemperature zones [40]]41).

In Jume 1991, an EPA SITE cemonstration was performed at the
Outboard Marine Corporation Superfund site in Waukegan
Harbor, llinois. The site was primarily contaminated with
PCBs, along with VOCs, SYOCs, and metals. The technology
vendor's systern used a combination of thermal desorptionanc
chemical dehalogenation. Approximately 253 tons of contam-
inated soil were treatecl. The average PCB concentration in the
ﬁm%LuMhmmﬂlh”WNBHHhHmunwmmwdmwdunmwnhmﬁmnmmn
2 mg/kg, which is a 99.98 percent removal efficiency. The
coneentration of PCBs in the stack gas was 0.834 ug/dscem (a
999964 percent rernoval efficiency). The pH of the soil rose
from 8.59 in the contaminated soil to 11.35 in the treated soil.
This wwas likely chue to the addition of sodium bicarbonate usexd
toreduce PCBemissions [42, pp. 3, C-1 through C-31]. Informa-

1] Tochnalogy Mermativas tor the Remediation of PCH-Contaminated Soil and Seclimaent
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tionon the application of therrnal desorption for the treatmendt
of PCH-contamdnated soil and sediment at other sites is pre-
sented in Table 4 [32](39].

Procons Besiduslg-—

Operation of thermal desorption systems may create u
eight process resiclual streams: treated miedium, oversized
medivm and debris rejects, condensed contaminants, water,
particulate control system chast, clean offgas, spent carbon, and
aqueous phase activated carbon. Treated medium, debris, and
oversized rejects may be suitable for replacernent ongite, or
rmay require offsite disposal.

The vaporized organic contaminants can be captured by con-
densation or passing the offgas through a carbon adsorption
bed or other treatment system. Condensed contam mmnnM wontld
then have to be destroyed by another technology. Organic
compounds may also be cestroyed by using g an offgas o ombug-
tion chamber or a catalytic oxidation unit integrated into the
thermal desorption system [22, p. 5].

When offgas is condensed, the :nsnsrujll::in‘g; water stream may
contain .:ug,nnhu‘ ant contamination, depencling on the l'mifliirqa'
points and solubilities of the contaminants, and may require
further treatment (i.e., carbon adsorption). If the condensed
water is relatively clean, it may be used to suppress the dust
from the t | medium. I carbon adsorption is used to
rerove contaminants from the offgas or condensed water,
spent carbon will be generated, which is either returned to the
supplier for reactivation or incineration, or regenerated onsite
122, p. 5.

Offgas from a thermal desorption unit will contain entrained
particulates from the medium, vaporized organic contami-
nants, and water vapor. Particulates are removed by conven-
tional equipment such as cyclones, fabric filters, or wet scrub-
bers.

When offgas is destroyed by a combustion process, compliance

=)
with incineration emission standards may be required; there-

1mmwmdh‘memmmmmwrmPTMmmwmnFMMMMWMMmlm
Sadiment [32

Sadl or &

fore, obtai ning y the necessary permits and demonstrating conn-
pliance prior to beginning the remediation may be advanta-
geous. This approac Ise advantageous sinee it would not
leave resichuals requiring further treatment [22, p. 5].

SITE Demonstration and Emerging Projocts...

As of November 1992, the SITE Program listed six demonstrat-
ed thermal desorption systems capable of treating PCs ir soil
and sediment. Two of these systems are no lon ger a ctive i the
Program. The Program also listed one emerging systemn with
pote: I capability. The technology vendor, system name,
status of the technology, and EPA contact for these systems are
presented in Talle 5 [20]. '

Coomtang lo
Technology-specific questions regarding thermal desorption
may be directed to Paul dePercin (RREL) at (513) 569-7797,

Chemical Debalogeanntion

Chemical dehalogenation includes technologies such as base-
catalyzed decornposition (BCD), allaline metal hydroxide/
]m'lwlill‘hw lene gl ymHA PEG), and potassium metal hydroxide/
polyethylene glycol (KPEG™). These technologies all employ
chemical reactions to remove halogen atoms (chlorine atoms
for PCBs) from organic molecules. Due to performance con-
cerns described below, very little research on APEG is per-
formed anymore; thus, it will be briefly discussed in this
document. KPEG™ is no longer in use and will not be clis-
cussed in this document.

Process Deseription--—
The BCE process was developed by RREL in Cincinnati, Ohio.
This process, which does not use polyethylene glycol (PEG) as
a primary reagent, has been used to remediate soil and secli-
ment cortaminated withchlorinated organic compourds, BCT
is an efficient, relatively inexpensive treatment process for

s with PGE-Caontaminated

t Selectecd Si
39

o Type of
Site Mesdiuim

Lot

Lt Gontac

Soil ard
Sedirment

Fe-Sobve, MA

Boil and
Sedimenit

Wicle Beach, N'Y*

Martin Macietta Soil
{BDenver Acrospace), GO

Carter Inchustries, M Sail

Solvent Savers, NY Soil

Gongtraction in prograss.

Remediation completed in
19492, Federal oversight

Predesign completed in
1992, Implementation plan
urcher review.

0% casigr review
cornpletach.

Pracissign completion
planmned summer 1984,

PRP load
Federal ovarsight

FHick Cavagnera
{G17) 5735731
PIRP leacl/ Harb King

{212) 264-1129

State lead under
FIGFA

CGigorge Dangil
(30:3) 293-1506

John Peaterson
12) BBE-44.39

PRP load/
Federal ovarsight (3

PRP leacliFedaral
oversight

Lisa Wong
(212) 264-9348

* Gombined thermal desomption-chemical debalogenation system.

Tachnology Alternatives for the Remeciation of PG
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Talkde 5. Inecovatie Thoronal Dosorption Syateme Cuerontly Acosptec inta the SITE Progranm

[20]

Beveloper Systom Namo

Statun EPm Contaot

Chsrnical Wate RPN T A

Managiemart

Flacycling Sciences
Ientemational, inc.

Rasomption and Vapor
Extraction System
(DAVES) a

Cloan Berashiras (fonmerty
Fetech)

High Temperature Tharmal
Proceassor @

SoiMach ATP Syslems, Anaerobic Themal
In. Processor a

Teaxarome, ln. Solid Waste Desorption &

Themial Cias Phase
Heduction Frocess B

Eeo Logic Intl,

Micerel Wiaste Treatment
Process b

IT Corporation

Pawl deParcin
{513) SHE-717

Full-scale system remediating
soil and conducting a SITE
dernonstration at & Swuperfond  site
(reponts in preparation).

Lawrel Staley
(51:3) 566-7063

Syslem no longer active in
Prograim..

Fromabd Lewis
{51:3) BEG-TREE

Commarcial-scale system in
aperation. SITE demonstration
proposed lor fall 1993,

Two SITE dernonstrations. were
conductac during May 1991 and
Junie 1982 (reports in preparation).

Pawl cleParcin
(51:3) 697197

Johe Martin
(51.9) BE-TTEHB

System no longer active in
Program.

Giorcdon Evang
(5133) 569-7684

SITE demmonstration conducted in
1992, (Bulletin availabls, reporls
in preparation.)

Douglas Grosse
{5173) BHE- TR

Pilot-scale testing under the
Prograem planaed for spring 1994,

& Demonstration Program

b Emarging Prograrm

PCBs. The process can be employed using either sodium
hydroxide, sodium bicarbonate, or aliphatic hydrocarbons as
hydrogen donors [43]. The U.5. Navy and EPA have developed
a BCD unit bypifying the process. The contaminated soil is first
wwwmlpmwmmlenuanme|whmm.mdumk
piled. This stockpile is mixed with sodium bicarbonate
(NaHCO,) in the amount of 10 percent of the weight of the
stockpile and is heated for about 1 hour at 630°F in a rotary
lmMMrWJ,MWMWWMNyMMMnmNWMWHmHm%\mM
tilizedl in this step. The PCBs in the vapor condensate, residual
dust, spentcarbon, and filter cake are dechlorinated after about
2 hours at 662°F in a stirrec-tank shurry (e, liquid phase)
reactor (STR} utilizing a high beiling point hydrocarbon oil,
catalyst, and sodium hydroxide (NaOH) [44, p. 1],

The APEG chemical dehalogenation system is applicable t
aromatic halogenated compounds, including PCBs [45]. APEC
partially dehalogenates the pollutant to form a glycol ether or
aMMMwMMm%mmmmmLmdmmMmhmﬂﬂmmiﬂmhmv
water-soluble by-products. The disadvantages of the APEG
process are that it often takes mamerous cycles of the process to
achieve the « ed resulls, the process only effects partial
dehalogenation, and the formation of dioxins and furans often
occurs when the process is implemented [43).

Site Flaguiramentg..

Access roads capable of supporting sernitrailers are required to
transport the BCLD components to the site. A BCD unit with the
capacity to treat 1 ton per hour requires 0.75 to 1 acre of space
when fully assembled. Diesel fuel or natural gas must be
available to heat the primary reactor. Standard 440V, three-
phase electrical service is required for downstrearn processing
and operation of the secondary reactor. Water for cooling ancl
washing must be accessible, and provisions for onsite or offsite
wastewater disposal must be established [44, p. 4).

A ﬂhpum%Wy]ﬂ&nmwnwmimEaﬂhxmmmaacﬁwmﬁesﬁhoumﬂknnﬂmwmu
oped. Anemergenc : :

wamﬂlmwmmnhlmmwmww.MmmmdkmqmmmhhﬂlvaMMauw
process residual streams until they have been tested to deter-
rnine their acceptability for disposal or release. Depending on
rhm‘sﬂhﬂ.alrnwd%nwdltv»uﬂuuﬁ-wvaﬁnc~thﬁn'kurﬂl»eeu1|»nepunnaﬂ for
treatment may also be necessary. Storage capacity will depend
on waste volume and equipment feed rates

Performanco-—
Asof October 1992, chemical dehalogenation technologies had
been selected as the remedial action at three Superfund sites
with PCB-contaminated soil or sedirment [39). Performance is

10 Tochnology Alternatives for the Remediation of PCB-Contaminated Soil and Seciment



primarily measured by comparing the PCB concentration in
the soil or sediment before and after treatment. The pregence
of metals in the PCB-contaminated media affects performance
by scavenging the hydrogen ions, requiring increased amounts
of the hydrogen donating reagent.

Depending on the process used, ﬂCV'h("deM(MlmmmmW
PCBs at virtually any concentration [43]. In 1991 and 1993,
40,000 cubic yards of PCB-contaminated soil with initial con-
cenbrations of 100 to 600 ppm were trealed at a Superfund Site
in Brandt, New Yorlk by the BCT process [20, p. 141]. In 1992,
the BCD technology achieved a 99.999 percent destruction
efficiency at the Wankegan Harbor Superfund Site, BCIL was
uwﬂmﬂwnud&WMMWMMHmmMMmuuMnhmumMWMWMMM
in the remediation of the site [20, p. 141].

Laboratory research has shown that BCL) treatmaent of PCHe
does not produce chilorinated dioxins (CEDs) and furans (CTDFs),
In fact, the process has been shown to destroy these classes of
compounds, reducing 435 ppb of tebra-CDE and 869 ppb of
tetra-CIOF to 1.42 ppb and 0.73 ppl, respectively (46).

Process Resichualp-—

Whereas APEG residuals contain partially dechlorinated comn-
pounds with chlorine and hydroxyl groups (which make themn
water soluble and slightly toxic), the BCL process produces
only biphenyl and low-boiling clefinics (which are not waler
soluble and puich less toxic) and sodium chlorice. The treatecl
winter and condensate from the treatment process can generally
be discharged to a publicly-owned treatment works (PCTW)
after being pumped through activated carbon. Depending on
H%NMMWJMmmmduHWMMMMMM]WI ted soil rnay be
suitable for replacement onsite. The decontaminated sludge
fromy the STR can generally be disposed of in the same way as
municipal sewage sludge. Before final disposition, however,
both the treated soil and sludge must be analyzed to engsure
conformance with regulatory requirements.

ﬁMTEImewmmeﬂmnmeMﬁwmnanWmmmmmw
Other than the RREL-sponsored BCD process, one emerging
chemical treatrnent process is funded for the next fiscal year.
This chemdeal oxicdation researchutilizes photocatalytic degra-
dation for PCB-contaminated sediment and waters. The dewel-
oper is the State University of New York at Oswego. The EPA
contact is Hector Moreno who can be contacted at (513) 569
7882

Ganta
Technology-specific questions regarding chermical dehaloge.
mMMmmw;miMwwdHHmMHMmemu.mePWW'
(breatalility tests) at (51.3) 5697313 or (513) 566- 7516,

Solvent Extraction

Solvent extraction does not destroy wastes but is a physical
means of separating hazardous contaminants from soil
and sediment, thereby reducing the volume of the hazardous
waste that must be treated. Itis generally applicable to orgamie
wastes, using an organic chemical as a solvent in which
to collect and concentrate the contaminant(s} of concern
(47, p. 30).

Process Doscriptior-.
The primary stages of the solvent extraction technology are

mechia preparation, contaminant extraction, solvent/mecliz
separation, contaminant collection, and sotvent recycling. Waste
preparation includes excavation or moving the waste material
to the process where it is normally screened to remove debris
and large objects. Depending upon the process vendor and
whether the process is serni-batch or continuous, the waste
may need to be made pumpable by the addition of solvent or
waler,

In the extractor, the soil or seditment and solvent mix, andl the
organic contaminant dissolves into the solvent. The extraction
behavior exhibitecd by this techriology is typical of a mass-
transfer-controlled process, although equilibrivm consider-
ations often become limiting factors. It is important to have a
cormnpetent source conduct a laboratory-scale treatability test to
determine whether mass transter or t:q;||11i]Lil:'l'i|;l|1r| will be con-
trolling. The controlling factor is critical to the design of the
unit and to the determination of whether the technology is
appropriate for the waste,

The extracted organics are removed from the extractor with the
solventand go to the separator, where the pressure or tempera-
ture is changed, causing the organic contarninants to separate
from the solvent [48, p. 4-2]. The solvent is recycled to the
extractor and the concentrated contaminants are rernoved from
the separator [49, p. 1],

uMMﬁhmmmmwmh

Typical commercial-scale units (50 to 70 tons per day) may
require s setup area of 10,000 square feet. Stardard 440V, three-
phase electrical service is generally needed. Water must be
available at the site.

Avsite safety plan covering all onsite activities should be devel-
oped. annwu&mmvﬂmmmhwmlphndhmmhunk”nquppmmd
Special handling measures should be provided to hold any
process resiclual strearns until they have been tested to deter-
meeﬂmmwwmmmmmmmVﬁmdhﬂmthm«mMmmz[hﬂmmduuwm
the site, a method to store waste that has been prepared for

altrnent may also be necessary. rapacity will depend
4mvmmvanmemucmmmmmwhhwh' 5.

Performmamn g
As of October 1992, solvent extraction technologies hacl been
mdmmmJdsHmzNmmmHMMMmmmlurPﬁlmanumhmm«imﬁlm
sediment at four Superfund sites [39]. The performance of
solventextraction systems is usually determined by comparing
initialand final PCB concentrati

ioms in the contaminated mexdia,
The number of times the mediurm must be recycled through the
gystem (the mumber of passes) in orcler to meet the treatmerd
goal is another measure of systern performance.

An EPA SITE dermonstration using the solvent extra
nelogy was conducted during July 1992, The material tes
consistecl of bottomsediment frorm the Grand Calumet River in
Gary, Incliana. Initial PCB concentrations averaged between 12
g leg and 430 mgkg. The process rernoved greater than 99
percent of the PCH contaminanits from the sediment [50, pp. 1-
2], Information on the application of solvent extraction for the
treatrnent of PCB-cordaminated soil and sedirnent at other sites
iis presented in Table & [32](39].

Process Residualg...

There are three main process streams generated by this tech-
nelogy: the extract containing concentrabed contaminants, the
treatecl soil or sludge, and the separatect water. The extract

Technology Alternatives tor the Femediation off PCE-
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ins  contaminants concentrated into a smaller volume,
which requires further treatment such as incineration or
dehalogenation.

The treated solids may need to be dewatered, forming a dry
solidd and a separate water stream. The volume of procuct
water depends on the inherent dewatering capability of the
liguid-solid separation process, the specific water requir
for feed slurrying, and initial soil or sedirnent water content
The water should be analyzed to determine if treatment is
necessary before discharge. Since the solvent is an organic
material, some residue may remain in the soil matrix. This can

be mitigated by solvert selection, and if necessary, an addition
al separation stage.

HITE Demonstration and Emarging Projecta.-

As of November 1992, the SITE Program listed five innovative
m*mm“mﬁmanvwhmnﬂnwwnWmmmemHmnmmﬂﬂ]h
in soil and sediment. The Program also listed one
"mlwuhthnwupmmmmy Information on these s
presented in Table 7 [20].

;mMmm,w

17 T B
Technology-specific questions regarding solventextraction may
e directed to Mark Mecles (RREL) at (513) 569-7348.

Boil Washing

Soil washing is an ex sita water-based remedial technology that
mechanically mixes, washes, and rinses soil to remowve con-
taminants. The process rernoves contaminants from soil in ore
of two ways: by dissolving or suspending them in the wash

Talble 6. Application o

solution (which is later treated by conventional wastewate
treatment methocs), or by concentrating them into a smaller
volume of soil through simple particle size separation tech-
nigues.

The process of reducing soil contamination through the use of
particle size separation is effective because contaminants that
chemically or physically bind to soil or sediment often prefer-
entially adhere to the clay or silt fractions. Contaminants in
media containing a high percentage (greater than 40 percent) of
nu.wm.hwﬂmwulmm"hmlmandewdumﬂvmdmﬂmd
andl ult to remove [51, p. 3. Washing processes that
sepa he fine clay and silt particles from the coarset sand
and gravel particles separate and concentrate the contaminants
into a smaller volume of soil that can be further treated or
disposed of. The clean, larger fraction can be returned to the
site for continued use.

Proceoss Degeriptiom-.

The primary stages in the soil washing process are soil prepa-
ratior, washing, soil and water separation, wastewaler treat-
ment, and vapor treatrnent when required. Soil preparation
includes the excavation or moving of contaminated soil to the
process, where it is normally screened to rernove debris anc
large objects. Depending upon the technology and whether the
process is semi-batch or continuous, the scil may be made
pumpable Ly the addition of water.

The contaminated soil is mixed with washwater and possibly
surfactants (also chelating agents for metals) to remove co
tarninants from soil and transfer them to the extraction fluid.
The soil and washwater are then separated, and the soil is
rinsed with clean water. Clean soil is then rernoved from. the
process as procuct. Suspencled soil particles are recovered, as

olvent Extraction at Selectad Superfune Sites

with PGE-Contaminated Soil or Sedinment [32][99)
Typa of
Slte Nledin Btatue Laad Gontmet

New Bedford Harbor, MA Sediment

Soil and
Sedirment

Cr'Gonnar, ME

Pilet-scale denonstration
compliated. Full-scale
application not planned.

Baginning design.

Ganeral Refining, G Sluclge Rermediation Faderal lsad/ Sharm Hitchaock
Holicks cornpletact 1887, Fund financed (404) 347393
Hoil
Caroling Transformaer, NG Soil I clesigng completion Faclaral leacl Michaal
aupecltod December 169493, Furd financed Towngsend
(404) 477781
Narwood PGS, MA Soil lov clasigr. Faderal leact/ Boh Cianciarubo
Furd financed {GI7) BT3-E7T8
Pinette's Satvage Yard, ME Huoil Tachnology perlormed Facleral leac Ross Ciithelancd

inaclecuately, FOD
arnencied to land disposal.

Giail Ciarmian

{B17) 2ad-BEae

Fexderal lead/
Fund finangexd

FRP lbead/ Rass Gillelane
Federal oversight (617) 5T3-5766

Fund financed (G17) BT3-5T66
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Talbbe 7. Innavative Solvent Exctrmction §

Syabomae Gurrently Aceepted Into the SITE Progream [20]

Duwelopor Sywtomn Nama

Status EPA Contac

Sanewsr - Sanivan CGroup

CF Systerns Cormporation Solvant Extraction &

m

Dehydiro-Tach

Tewra-Kinan Conp. Soil Restoration Unita
{Formerly Sevenson
Extraction Tachnalogy,

Ine.)

ART International, Ing. Low-Energy Solvent

Exdraction Process b

Ectraso Tmit Gaveral pilot-scals tests have bean
gonclucted. Dernonstration was

cancalied by the developer,

BITE demonstration completed in 1988
(AR andd TER available),
ang convmancial treatmaent oparation,

Carver-Groenfisll SITE clemonsiration cornplated in 1691

Comaration process for Exleaction {AAR and TER available). (513) 569-7663
of Qily Wastes #

Fesources Gongervation B.E.S. T.@Solvent SITE dermonstration comgpletac in 1992 Mark Meclos

Gompany (ROC) Extraction 8 (AAR and TER available), (51.3) 564-7348

Usad tor full-scale remediation at two
Superfund sites. SITE demanstration
is planned for 1993,

Pilot plant tests are ongaing.

Mt Meckes
[513) 568-7348

Laurel Staley

Completad (513) HE0-THEI

Lawre] Staley

Mark Meckes
(513) 569-7348

8. Jackson Hublbare
(513) 5687507

A Demonstration Program
b Emarging Program

sludge, directly from the spent washwater using gravity sepa-

ration and, when necessary, flocculation with a polymer or
other chemical. Sand particles larger than 50 to 80 prn can be
casily separated because of their relatively high settling veloc-

ity; equipment such as settling chambers are often used. Coarse
mmhwuhuw"mm-wmenﬂw=w;mmhmhw“hatmmnmmhn\WMMw
ing screen device. The separated smaller particles will most
likely be of less quantity bat carry higher levels of contamina-
tion than the original soil and, ther 2, should be targeted
either further treatment or secure disposal. Water used in the
soil washing process is treated by conventional wastewater
treatment processes to enable it to be recycled for further use.
Residual solids such as spent ion exchange resin and carbon,
mehMm%hmmmmmnmuﬂnwmmmdmwwmqmnumMIMHﬁ
ment to ensure safe disposal or release. Vapor treatment may
YmmmmmNWmmmanhmwmmMmmmﬁﬂmmummwwﬂkmuMmdpmmmu
ration, and extraction processes; these emissions are collectex
and treatecl, normally by carbon adsorption or incineration,
before being released to the atmosphere {51, p. 5],

Hite Reqguiramenty-—
A ds ave recuired for trarsport of vehicles to and from
the pically, mobile soil washing systems are locatel

unmhnmmhmdymmmwwtquudaunmhmhlWHmmlmwlvmrmmm
the exact area will depend on the vendor system selectecl, the
amount of soil storage space required, and the number of tanks
or ponds neecded for washwater preparation and wastewater
treatonent,

Typical utilities required are water, electricity, steam, andl

compressed air. A esticnate of the net (consumed) quantity of
local water required for soil washing, including water cleanup
and recirculation, is 130 to 800 gallons per cubic yard of soil
(approximately 0.05 to 0.3 gallons per pound of soil) [51, p. 51,

A site safety plan covering all onsite activities should be devel-
nmwf4Mnmqummcyﬂmﬂthmw1mm“n%ma]ﬂUMqunupmwd
ling measures should be provided to hold any

8% res streams unlil they have been tested to deter-
1muw¢hmrauﬁquMMyfnhdmpmmdmlummnm.LMpmuhmgnm
the site, a method to store waste that has been preparec for
treatment rmay also be necessary. Storage capacity will depend
on waste volume and equipment feed rates.

Perlormanece--
The performan

hmﬂsmm$mqrmmhwnamimanywwﬂWMPd
by comparing initial PCB concentrations in the contaminated
feed with the concentrations in the recovered (clean) soil frac-
tion, fine soil fraction, wastewater treatment sludge, and the
washwater. The nunber of times the med iurm must be recycled
through the systern in orcder to meet the treatrnent goal is
another measure of system perforrnance.

In 1992, an EPA. SITE Program Demonstration was conducted
at the U5, Army Corps of Engh “onfined Disposal Facility
MWMNmmmwmwﬂﬂmwTMmm1hmmhmmMﬂWmemm
comprised mostly of sand. The process successfully separated
the less than d3-micron grain fraction fromy the input soil or
amhwmlmw@MMhmMmHmdmmmmme%wﬂhwmmm
producing two other output streams, a hurnic fraction and a

Technology Alternatives for the Remediation of PCE.
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woarse fraction. The overall average initial concentra-
tionof PCBs was approximately 1., wmlmvwmmwMMLMw
average concentrations of the PCBs in the output streams were
as follows: humic fraction- 10.4 mg /g washed coarse frac-
tion- 019 mag,/kg; and clarifier underflow or fines- 4.61 mg/
kg, During Test 2, the average concentrations were: hwmic
fraction- 13.4 mg/legs washed coarse fraction- 0189 mg/ ke,
and clarifier unclerflow- 3.68 mg/ kg, An 86 percent removal
efficiency was obtained when comparing the initial feed con.
centration to the final washed coarse fraction [52, pp. 6-11].

washed ¢

Process Rosiclunlg-—

There are four main waste streams generated during soil wash.
ing: contamninated fines and humics from the soil washing unit,
vamem”wmhwnMﬂMHnmNN®MdmmMMHmmMmhﬁwd
air emissions.

Contaminated clay fines and humies resulting from the process
may require further treatment using acceptable remedial tecl-
nologies inorder to permit disposal inanenvironmentally safe
manner [53]. Most will rernain suspendect in the washwater
supernatant after treatment mhunmmmMW1muhantoﬁwmn
the wastewater treatment sludge. Discharge water may need

treatment to meet appropriate discharge stanclards prior to
release to a local, publicly owned wastewater treatiment works
or receiving stream.  To the maximum extent practical, this
water should be recovered and revsed in the washing process.
The wastewater treatment process residual solids, such as
spent carbon and spent ion exchange resin, roust be appropri-
ately treated before disposal. Any air emissions from the wasie
preparation area or the washing unit should be collectecl and
treated to meet applicable regulatory stanclarcls.

BITE Dermonatration aod Envergling Projoctae.

As of Novermber 1992, the EP& SITE Program listed five dem-
onstrated soil washing systerns reportedly capable of treating
PCBs in soil and sediment. Ome of these systems is no longer
active in the Program. The Program also listed two emerging
systerns with this capability. Information on these systems is
presented in Table 8 [20].

Cortagt—
Technology-specific questions regarding soil washing may be
directed to Mary K. Stinson (RREL) at (308) 321-6683.

Table 8. lnnovative Soil Washing Systems Gurrently Accepted lnto the SITE Peagrann (20

Darvedopar Systarn Mamae

Status

EPA Conlact

Sail and Sedirment
Washing @

Bargrmann LISA

BioGenesis Etenprises,
Ine,

Soil Washing Process 8

Biotrol, Inc. Soil Washing Systema

it Enterprises, Ine. Soil Washing and
Catalytic Ozone Cxidation 8

Fisl Reduction Volume Reduction Uni &

Engineering Laboratory

GHEA Associates
Process ©

New Jarsey Ingtilute of
Tachnology

Williams Enwironmental
Sarvices, Inc.

Sail Washing &

Two SITE demonstrations were
conducted in 1992 (reports in
preparation).

SITE demonstration concucted
in 1992 (raports available). Full
commercial eparation began in
1608,

SITE demonstration conducted
in 1969 (AAR and TER
available).
Syslem no longer active in
Pragram,

[l

SITE darmonstration conductecl
in 1992 (reports in preparation).

Tas
fthe

ive been conducted and
inal report is avaitable.

Cleveloper compileted first year
of research and electad to leave
the SITE Ermerging Technology
Frograny, Froject sumemary
availabie in 1993,

8. Jackson Hubbard
(513) S569-7507

Annelte Gatchelt
(513) H69-7697

Mary Stinson
(808) 321-6663

Norma Lewis
{513) H569-T6ES

Ter Richardson

(513) 56G-7949

Annette Gatchatt
(513) 56%- 7697

8. Jackson Mubbard
(51.3) H6D-7507

& Demonstration Prograny
b Emarging Program
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Emarging Remedial Technologies
Solidification/Stabiliantion

‘WMMnsmmEWMWMmimvmesHmnmkmmunmﬁalﬂmmmummﬁNMI
Portland cement, cernent kiln dust, or fly ash to a waste to
uuumﬂhvmhnmummhwmhnﬂwmanHﬂmrmﬂuM'mﬂmunﬁmmm
MnjunymMMUAMmmnnmdvmiHeemMMWnuthbnummxmmmm
such as Portland cement or asphalt, to the waste encapsulating
the contaminants in solid material. Solidifying waste improves
its materials handling characteristics and reduces pernmeabil-
ity to leaching agents by reducing waste porosity and exposed
surface area. Solidification/stabilization (5/8) processes wti-
lize one or both of these techniques and are fundarmentally
different from other PCB remedial technologies in that they
iumuvﬂmwmwmmh.mﬂﬂnﬁh)uhm)nmtvaNmewurmﬂﬂmw
them [54).

Process Deseription.-—-

Ex situ 5/8 processes involve (1) soil or sediment excavation,
(2) classification to rermove oversized debris, (3) mixing and
pouring and, (4} offgas treatrnent, if necessary. Insitu process-
es generally have only two steps: (1) mixing and (2) offgas
MwﬂnwmmmhummnmnyEkd|qqnm&dumlmwnuﬂhmnlwmuhw
secliment be mixed with the binding agents and waterina batch
or continuous system. Inoex situ applications, the resultant
slurry can be (1) poured into containers (e.g.. 55-gallon druns)
or molds for curing and then disposed of onsite or offsite, (2)
disposed of in onsite waste management cells or trenches, (3)
injectec into the subsurface environment, or (4) reused as
mwm“urﬁnmrmmwﬂakwﬂhrh?anunpnIMW@puLWUWWWTmmw
als. In in situ applications, the ! rents are injected into the
MM)mﬂauwmmuummmmMnnHu=wumw1puwunmmmnmmhmmmﬂ
wiumﬁﬂesudun"nmhmnvnlu%1u,bd|L]rw.hnrsulluxnumxum;nw
augers for deep mixing [54].

Site Regquiremaentg.--—

The site must be prepared for the construction, operation,
- maintenance, decontamination, and ultimately decommission-
ing of the equipment. An area must be cleared for heavy
equipment access roacs, automobile and truck parking lots,
material transfer stations, the 5/8 process equipment, setup
areas, decontamination areas, the electrical generator, equip-
ment sheds, storage tanks, sanitary and process wastewater
collection and treatment systems, workers' quarters, and ap-
proved disposal facilities (if required). The size of the area
required for the process equipment depends on several factors,
inclucling the type of 5/8 process involved, the required treat-
ment capacity of the systern, and site characteristics, especially
soil topegraphy and load-bearing capacity. A small rnobile ex
situ unit could ocoupy a space as small as that taken up by two
stanclard flatbed trailers, Aninsitusysterm may requirea larger
area to accommodate drilling rigs and equipment decontami-
nation areas [54].

A site safety plan covering all onsite activities should be devel-
opec. Anemergency shut down plan also should be prepared.
Special handling measures should be provided to hold amy
process resichual streams until they have been tested to deter
mine their acceptability for disposal or release. Depending on
the site, a method to store waste that has been prepared for
treatment may also be necessary. Storage capacity will depend
orewaste volurne and equipment feed rates.

Parformance-—

Evaluation of the effectiveness of §/5 as a technology for the
remediation of PCBs in soil and sediment often provides incon-
chasive results, The effectiveness of §/8 technologies is most
often measured using leachability tests. Due to the hydropho-
bm‘pummwmm;nllL_m,hﬂdt?MMt;ﬂﬂMﬁﬂh'dn1my t show
icant differences between the leachability of PCBs in the
ted and treated medium. A portion of the PCBs may
volatilize during heating and mixing with the /9 agents; the
remaining PCBs appear to stay in the solidified mass, High
concentrations of PCBs anc other organics may in fact impede
the setting of cernent, pozzolan, or organic-polymer /8 mate-
rials. High organic concentrations also may decrease long-
term durability and allow escape of volatiles during mixing.

Frocess F hs..ss ([ ITEE ] e
[mmw operating conditions neither ex situ nor in situ
*dmlwmhmmﬂ.mﬂ@mmempmmwmmmpmnnummﬁcmanmnAb
mlmm'mmﬁdwm%%wﬂmnu»wmh%wmeWmemw
of the offgas. Prescreening collects debris and materials too
m”m’husubmnwvnlw<MnunmJﬁm;umhnmﬂnm”vhmmwﬂlw
farther treated. Treated media that cannot be returned to the
original location may have to be disposed offsite [54).

SITE Demonstration ang Emearging Projeots..

As of Novernber 1992, the SITE Program listec four clemon-
‘Mnmmld/%swuwmmhqumﬂuﬂyr@pﬂﬂvuhhmﬂmuﬂ.J&dnhnﬂ
and sedirment. Table 9 provides information on these systerns.
No applicable emerging 5/5 systerns were included in the
program |20},

Gontact-——
1 ‘1:\(']1\[11'!]01"3! S
to Patricia M. E

nr1u¢shunsr@bm|duq.Jlﬁlmdylmchnwlwd
rickson (RREL) at (513) 569-7884.

Bioremed iation

Biodegradation refers to the breakdown of organic compounds
by microorganisms. Making use of indigenous or exogenous
bacteria, bioremediation techniques atternpt to optimize the
micreorgarisms’ ability toreduce complex organic compounds
to simpler ones, and completely mineralize others. Bioreme-
chiation of contaminatec soil and secliment can be performed, at
a higher rate, in the presence of oxygen (aerobically), or more
slowly uncler near oxygen-free conditions (anaerobically)

Process Description--—

Solick-phase, shurry-phase, soil-heaping, and compos
nologies are commonly ernployed ex situ bioremediation sys-
terns.  Solid-phase biorernediation (sometimes referred to as
land treatment or lanc farming) is a process thal treats soil in
above-grade systems. Slurry-phase bicremediation typically
uses onsite stirred-tank reactors to combine PCB-contaminated
soil or sediment with water. Soil heaping involves pilimg
contaminated soil in heaps with aeration being accomplished
by pulling a vacuum through the heap. Composting is a
thermophilic process that involves the co-storage of contarni-
nated soil with bulking agents, such as chopped hay or wood
chips [55, pp. 3-71.

ing tech-

Insitu technologies encourage contaminant biodegradation by

Technology Alternatives for the Remediation of POE.
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Tabio 9. novative Solldification/Stabilzation

Systenns

Gurrently Acceptec lnto the STTE Brogram [20]

Dovedopor Bystern Name

Sitatun EPA Contact

Dechlorination and
Immebilization &

Funderburls 8. Associates

In Situ Soliclification
andg Stabilization
Process @

Intermational Wastea
Tochnologias/Gaoion, ine.

In Situ Solicitication
and Stabilization 4

H.MNW, Soileo, In.

e St Solidfication
ancl Stabilization &

Soliclivech, Inc,

SITE demonstration conchucted in
1087
Lisod (o ramaediate one Superfurd

SITE demonstration conchy
TOG8 (AAR ancl TER availalbiy).

Demonstration site being selectacl. &,

SITE
198

Paul dePercin

(AAR and TER available). [513) 568-77497

st fin Mary Stinson

(908) 32 1-HE652

Jaclkson Hubbard
513) 568-7507

&, Jackson Fublbara
(513) HEE-THO?

demonstration conclucted in
8§ (AAR ancl TER available).

a Dwrnonstration Progeam

enhancing site conditions (e.g.. nutrient concentrations, pH,
ete.) without substantially cli bing the impacted meclia,
mm%whwhnnkmmhLMWmvmuﬂnymwmﬁnsmﬂmmmmmnhemmmh
ability of water, nutrients, electron acceptors, and rmicroorgan-
isms (if microbial addition is employed). Oxygen concentra-
tions may also be increased through systems such as biovent-
ing.

PCBs may be degraded aerobically, anaerobically, or through
acombination of the two. Laboratory and field studies indicate
that PCB compounds with fewer chlorine atorns are amenalile
m<mmW@WHmmmMMamMHﬂHwﬂuM1mmmwuwMﬁMAMmm
[56]. PCB compounds with higher chlorine content are gener-

ally resistant to oxidative degradation. However, these highly

thhmmmmﬂhmOMWWMﬁnmmﬂmywmﬁm”ydmgmundlhmnmhre
ductive dechlorination, which is an anaerobic prooess Chat
removes chlorine while leaving the biphenyl rings intact. The
hmnmmwmﬂmeWN(mMMmmMmmuWMmhmmwmmm
to aerobic degradation |57, p. 179).

Site Feoguiremaenty-—

Noermally, access roads are required during either in situ or ex
situ breatment. These roads must be capable of supporting the
movement of heavy equipment both om and off the site. During
ex situ applications, access roads are neecled to transport com-
mercial treatrnent (e, reactor tanks) and support systens (i.e.,
pre-and post-treatment equipment). During in situ treatment,
aclequate access roads are needed to transport heavy ecuip-
rnent (i.e., well-drilling rigs and baclkhoes) used to install wells
orinfiltvation tremches. The soil bearing capacity and traction
r can also affect vehicular traffic.

Space recquirements depend on the specific technology em.
ployed. In general, during in situ applications the area re-
quired to set up mixing equipment is insignificant. Installation
of infiltration galleries and wells to circulate amend ment-laden
water, however, will require frorn several hundred to several
thousand scuare feet of clear surface area. Dhuring ex sity
applications more open space will typically be required for
equipment setup (e.g., 0.5 to 1 acre per million gallons of reactor
volume during slurry treatment). Electrical requirements will
clepend on the type of technology required. Standard 440V

three-phase electrical service may be needed cduring larger ex
situ applications. However, claring most in situ applications,
stanclard 220V, ¢ -phase electrical service will adequately
power most pumps ancl mixing equipment [58, p. 3],

Water is used for a variety of purposes during biclogical
treatmnent. A readily available water supply is therefore needed
at most sites. City water or clean groundwater may be use
Contarninated groundwater miay be used if permitted by the
appropriate regulatory agency. The quantity of water needed
is site- and process-specific.

Climate can influence site requirernents by necessitating cowv-
ers to protect against heavy rainfall or cold for the extended
time periods necessary for bioremediation [58, p. 3. Waste

storage is not normally required for in situ biodegradation.

A site safety plan covering all onsite activities should be devel-
oped. Anemergency shut down plan also should be prepared.
Special handling measures should be provided to hold any
process resicdual streams until they have been tested to ceter-
mine their acceptability for disposal or release. Depending on
the site, a methed to store waste that has been prepared for
treatment may also be necessary. Storage capacity will depend
on waste volume and equipment feed rates.

Parformmaneces—
Historically, PCls have been considered resistant to biode-
gradation. However, the results of laboratory stucies on PCE
biodegradability and the results from environmental momnitor-
ing studies indicate that P(Bﬁdmlmwhﬁmmmpulnwwwwmum
rent, but ata very slow rate. Thisis trae of PCBs withany level
of chllorination.  Howewver, to date, there is not a process
dernonstrated to EPA’s sal on that can accelerate PCE
biodegradation to rates necessary to make such a process
commercially viable for use in site cleanups. EPA requires
evidence that PCB molecules have been biclogically degraded,
1WthmmMmWwmemﬂmnmdpmuwmmﬂm“mu“mmem
sting can sork PCHs, malking them non-esdractalyle by
ndard EPA methods and consequently leading to false con
1hmmmn1m1lm.Pﬂmﬂmmm@"-mllmmh’lm”MMmm More re-
mmnhuthEummmmhﬂmmuﬂPu&nmumnmmmdmﬂhmm
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sediment is neeced to provide data of known quality with
which to properly evaluate the performance of the techrology
before it can be used for site remediation. To date, all of the
permits issued by EPA for the bioremecliation of PCBs have
been for research and development; none have been issued for
commercial projects.

Process Flosidualg.

In situ systerns generally do not have discrete process resiclu-
als. Depending on the type of ex situ system employed,
resicluals may inclucle contamirated water and possibly off-
gases. A portion of the PCBs typically adsorbed to the soil or
sediment particles will not be available for Modegradation
during active bioremediation treatment. Biodegradation of
contaminants that does not completely rmineralize the com-
pounds will procluce substances that may be of environmental
concern [57, p. 151).

BITE Demonstration and Emerging Projects-.

As of Novernber 1992, the SITE Program listed two demon-
strated bioremediation systems reportedly capalile of treating
PCBs in soil ancl sediment. However, no technology currently
exists that is capable of biodegrading PCBs on a scale large
enough to be used for site remediation. There were three
<wwmgmMUmdMMﬂQQkawfh*WmMnmmd0“W3&ﬂ0mMnﬂﬂmmd
s0il or sediment {20]. Table 10 presents information on these
systems.

GConlagle—
Techriology-specific questions regarding bioremediation may
be directed to Edward Opatken (RREL) at (513) 569-78585,

Table 10.
It the §

Witritication

WVitrification can be used to treat soil and sediment containing
ie, inorganic, and radioactive contaminants. All existing
ation technologies use heat to melt the contaminated soil
ar sediment, which forms a rigid, glassy product when it cools,
The vohume of this vitrified product is typically 20 to 45 percent
less than the volume of the untreated soil or sediment [$9].

Organic contaminants, including PCBs, are destroyed by the
high temperatures used during vitrification, The destruction
mechanism is either pyrolysis (in an oxygen-poor environ-
mmMoanNMmmemmwmnuhmwwmmmmIWH

Witrification can either be performed in situ or ex situ, At this
time, there is enly one vendor of comrnercially available in situ
vitrification systerns.

Process Description:--

I situ vitrification (ISV) typically uses a square array of four
electrodes up to 18 feet apart. The electrodes are inserted or
gravity fecl into the grounc t the e vdmmmmmlﬂMulm
gravity feed approach is being used at the Parsons, Ml site (a
nen-PCBsite). An electric current flows through the electrodes
and generates heat, melting first a starter path and then the soil,
which typically melts at 1,300°C to 1,400°C [60). The molten
rnass continues o grow downward and outward until the melt
zone reaches the desired depth and width, The process can
typically produce individual melts of up to 1,000 tons, which
solidify into vitrified monoliths upon cooling [61]. Multiple
melts can be combined for the remediation of an entire site.
Offgas collection systems such as tents or hoods are generally
NEeCEsSSary.

MMmmmmmmammmmmmmdmmmwwEmwmwwnslmmuwﬂMyﬁmnmmmmm
SITE Program [2€

BDeveloper Syatem Namae

Status EPA Contact

In-Situ Fixation Gormpany Deep In Situ Bioramedliation

Process a

Gieclock anq Biodrain
Traatment Flatform a

Inte rnational
Environmental Tachnology

Ingtitute of Gias
Tachnology

Chernical and Biological
Treatment (CBT)

Institute of Cias
Technology D

Fluigl Extraction-Biological
paclation Process
D) b

IT Corporation Photelytic and Biological

Soil Dretowification b

Echward Opatken
(513) HED-TEGE

Demonstration site selacted,

Randy Parcer
(513) 569-7271

Demonstration sie being selected.

Accepted inlo the SITE Emerging
Technology Prograrn 1631,

Naomi Barkely
(513) H69-TE54

Annette Gatcheft
(51.3) 569-7697

*

Second year of testing complated
(reports in prepacation).

Fandy Parker
(B13) b6Y-7271

Preject complated (reports in
preparation).

a Diemonstration FProgram
b Emerging Prograr
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There area number of ex situ vitrification systems comanercial-
ly available that can be distinguished from one another prina-
ridy by thie heating method employecd. Ex silu processes bypi-
cally heat the contaminated meclia at ternperatures between
1,000 ame 2,0000C, T thermal heating, the heat for the vitrifica-
mUmnﬁﬂwwmmummmmmﬂnmmmmmhmpwmwmmﬁﬂqnhm mibug-
tion of an external fuel source. In the other heating methods
the heat is generated electrically. Ex situ joule heating utilize
an electric corvent that flows through the contaminated mate-
rial, producing resistance and thereby producing heat. Ex sita
vitrification by plasma healing relies on the conversion of a gas
intoa plasma by applying energy b itusing an electrical are. In
microwave heating, the contaminated material is heated by
electromagnetic raciation, Miscellaneous other electrical pro-
cesses such as resistance heating, induction heating, and elec-
tric arc heating have also been used for ex situ vitrification [61).

Sty Reoulremantp--

There are very few site requirements for offsite ex situ vitrifica-
tiom, since the only onsite activity is excavation. Access to the
site rust be available for the excavation equipment, and a site
safety plan rmust be developed.

systems, areas must be clearec for heavy equipment
access roads, automobile and truck parking lots, the ISV equip-
mmmm&mmqw@mmmnmmmpwwn|ﬂmmh‘&wdwmuhwwﬂqmmnwm
[59). The ISV system alsor l’!;ll]lll‘l’ﬁ: electricity, typically between
800 kilowa tt-! s /tom (kKW / ton) and 1,000 Wh/ton for the
full-scale sy Theuhﬁ?ﬂﬂmemlnwwquwdlw:nuﬁmv
distribution systern or generated onsite by a diesel generator
[61).

A site safety plan covering all onsite ISV activities showld be
developed. An emergency shut down plan also should be
prepared. Special handling measures should be provided te
hold any process residual streams (i.e., offgas treaktment resi-
clues)until they have been tested to determine their acceptabil-
ity for disposal or release.

Parfarmang.

The effectiveness of wvitrification for the treatrnent of PCB-
contaminated soil or seciment is cifficult to assess. Sampling
and analysis of the glass matrix produced by vitrification is
difficult, sinee current EPA leachability and total digestion

methods are not designed for a glass matrix.

In April 1991, a fire involving the full-scale collection 15V

-m

hooding occurred at the Geosafe Hanford, Washington test
site. The vendor was testing a new, lighter hooding material.
The hooding caught fire during the test when a spattering of
the melt occwmed, For a period of time after the incident,
Geosafe suspended hall-scale field operations. A new offgas
collection hood was then designed, composed entirely of telal
rather than the high-tenp ire fabric that was previously
usecl. The new design is heavier than the fabric hood, but is
capable of being transported by the same squipment [59),

Frocoss Foesidudlp.-—
The main resicduals produced during operation of the vitrifica-
tion technology are the vitrified mass of soill or sediment and
scrubber water. When vitrification is conducted in situ, the
vitrified product can be left in place after treatment. The
vitrified product from ex situ vitrification should also be
acceptable for onsite or offsite disposal {59].

The scrubber water, filters, and activated carbon used to treat
offgases from vitrification systerns may require further treat-
1mmmnmtmﬂmmmLWwamhmmMmevmmmﬂmmmmmnhxmmmmmﬁ
passing the water through diatomaceous earth and activated
carbon, followed by reuse or discharge to a sanitary sewer.
Contarninated activatec carbon or diatomaceous earth can be
treated by the vitrification system [59].

SITE Demaonstration and Emerging Projectse-
ging .

As of November 1992, the SITE Program listed one demon-
umNWJwumhnmnmmyM@muwpmﬂmHW:mmMﬂmemmmmwlﬁ]h
in soil and sediment, The program also listed one ernerging
mmanvMWHMMnmpmmmpp'h&*eﬂkwmwhﬂmﬂmkwmmﬁomon
these systems |20].

Contact—
Technology-specific questions regarding 15V may be directed
to Teri Richardson at (513) 569-74944,

Current Fesearch

Whike Flat Furgus

White rot fungus is currently undergoing research in order to
assess its ability to treat PCR-contaminatect soil and sediment.
White rot fungus treatment uses fungi to treat soil in situ. The

Tabie 11, Innovative Vitrilication Systems Gunrantly Aceepted bnto the SITE Pragram [20]

Davadopaor Sypwtem Narw

Statun EPA Contact

e

Gieosale Corporation In Situ Vitification (1&Y)®

(!

Vorted: Corporation Coticlation anct Vitrification

Process B

Large-scale tests have baen conducted,
= demonstration conducted fall 1993,

(SN
wl

Additional 1est to be conclucted in
conjunction with KO, {513)

Tari Fichardson
(513) 5689-7649

Teri Hicharckson
5EG- 7949

& Damenstration Prograrm
b Emerging Program
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fungus is cultivated in a reactor and allowed to grow for 2 4o d
clays, Once enough of the fungus has grown, the reactor
conditions are altered to force the fungus into a seconclary
metabolic state. In this state, the fungus excretes enzymes
capable of degrading organic compounds through catalyed
oxidation reactions 2, p. 4.32].

Organdc materials inoculated with the fungi are then mechamn-
ically mixed into the contaminated soil. Because this technolo-
gy uses a living organism (the fungi), the greatest degree of
success oceurs with optimal growing conditions. Addilives

that enhance growing conditions may be required for success.
ful treatment. Moisture control is necessary, and temperatune
control may be utilized [20, pp. 148-149].

Falled Technologies
Chuaiiclclirme

The performance of the stabilization agent quicklime (caleim,
oxide, or Cal)) as a chemical dehalogenation compound was
investigated after observing large recuctions in PCB conoer-
trations at Superfund sites when cemnent kiln dust was accled
to PCB-contaminated wastes. Low PCH recoveries in open-
vessel quicllime application tests inclicated the possibility that
significant PCB destruction had occurred. Subsequent studies,
however, confirmed that the primary mechanism for PCB
removal is volatilization and stripping (resulting from. the
exothermic reaction associated with lime slaking), and that
only a small percentage of the initial PCB content was decom
posed by partial dechlorination and hydrocy] substitution [62,
po 631, It was also determined that improper laboratory

procedures failed to completely extract the PCBs from the
mmnr.mdmmlwlummemndu&mmwhmnwndﬂmnvMMMGWHwn
posing PCHs [63, pp. 34-40]. Therefore, it was concluded that
cuicklime treatment of PCB-contaminated soil or sediment clid
not result in significant chemical dehalogenation.

Lae of Treatment Traine

Because of the presence of additional contaminants in PCB-
contaminated soil and sediment, or due to the need for further
treatment of process resicduals, remedial technologies may
have to be employed sequentially. These treatenent traing
increase both the effectiveness and cost of remediation. When
selecting remedial alternatives for a site, O8Cs anc RPMs
should factor in the performance and cost parameters associat-
ed with the use of treatmment brains.

Comparison of Remaedial Technologies
Costs

Figure 1 presents cost ranges for the technologies discussed in
this paper. These ranges can aicd OSCs and RPMs in selecting a
remedial technology for a site with PCB-contaminated soil and
sedirnent. The reader is cautioned that these data naay not
include the cost of many site-specific factors and necessary
modifications, including disposal costs for those technologies
that concentrate and separate PCBs. These data are derived
from conversations with various EPA RFMs, technology ex-
perts, and from vendor databases, and may not reflect the final
cost incurred after implernentation is completed [64). The

Ramaedial Tochnology
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Figure . |

Darivad from EPA APMSs, technology experts, and vendor databases.
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Tlbbe 12, WWMWWWMWWHMMMW“!AMWHMWWW
MmIwﬂmmewﬁWwmewuhwWWMMWMWM
PGE-Gontumingted Soil and Sedlment

N REMEDIAL TECHNOLOGY

Table 13, Acvantages Tor Technobogy Altermatives
mmeWmmwmwnmmmmmwmwmwmm
Soll and Secinnent

MNote:  Technologies for which a cost factor is identified by “a®
generally incur increased cost due to this factor. 1 a factor
increases cost only for the ex sity subgroup of & tech-
nology the techmolagy will show an "0°,

Source:  Dedved from technology experts and EPA
Enginaaring Bullating,

financial feasibility of using any of these technologies for the
atment of PCH-contaminated soil or sediment at a particular
site should not be determined by using this chart alone. Also,
due to extremely limited cost inforration on the application of
bioremediation to the deanup of PCB-contaminated soil anc
sediment, cost ranges for this technology are not presented,

Table 12 presents critical factors affecting the cost ranges pre-
seribed in Figure 1. This table is designed for intertechnology
comparison, and the reader is cautioned that critical cost fac-
tors for individual systems may vary. Several factors, such as
site preparation and treatment capacity, are critical to all listed
technologies. Others, including water usage and long-term,
rnonitoring, are critical to only a few groups.

w W " w, ™
... - \ \ ‘.1EI- n... !n..
Wil N, ! \, o N
..‘E’E‘i! ."n :l:K' .'i. ‘*;’ 1 .i'i.
L 4R . \ s, \
B, N g
N i , (7] N,
I5e ©
& L&
e K¢
i H
e B . |H
g g8 i
5 © i 1
R w8
(R I = I & T
K I y P
=3 pus o '8 oy 55
U 4 @
gk E £ EE o4
SOBT FG glE & @ L W
GAST FAGTORS Sl & & :L it ADVANT,
Parbicho sizo hetonaganeity e [ e e | [ | Provee ability 1o raduce
: p iy concontrations | [ ] »
Hiigin msigbhore content | & fode [ e | oW s W higgh concentrations to | 4 I )
cleanup goals
D Vs - “ v o e r N ) P
PCE concantration fe [ o [ ke | Esinoys FCAG | ry oo T
Fiogulatony compiiancs | e | i Wi
o ! ! Gan be implementec in silu “ofloe]e
Fosidualsfolgases
i e || o W\ shr it ~aneeritrales P
recyuiring troatment [ " Concerirates PCBS, " oo
: racucing disposal costs
Excavation 4 4 t o f o {0 0] 0 = . -
Effactive across wide range
Site prapacation [ e v v foke e | [ | R of goilisediment | © »
Undersized iraatrmontwnit | f L F L w | charactarisitics
capacity Effactive on incrganic ol o »
Longr-larm monitoring 'BAERES co-contarninants
High clay coment U IRTII T % , - ,
i ) Notes: - Tachnologies for which & specific acvantage is applicalle
Faquired clhomicals W e L% are icentified by a "o "
‘Water usage ol h
B B ER ) i o o ) . ’ 5
Fualislactricity usage | & | & | 4 | & | o w Source:  Derived from technology experts and

ERA Engingering Bullating,

Advantages and Limitations

Table 13 lists muwwdvmnm”yﬂﬂaﬂnwwmwhnﬂm=mwwumHmIMHﬁumﬂmn
gies described in this paper. Table 14 presents limitations
potentially encountered when implementing these technolo-
gies for the treatmerit of PCB-contaminated soil and sediment.
Hmsndomnmmmn|immWWMWyanhrﬂm?hu1mmﬂMthmw@v
comparisons. The reader is cautioned, however, that incli-
vidual systems within a technology group may have differe
advantages and limitations, or varying degrees of a listed
advantage or limitation.

LONG-TERM MANAGEMENT CONTERCLS

After treatrnent of PCB-contaminated soil or sediment is com-
pleted, residual concentrations of PCBs may remain in the
treatec mecium., 1f the chosen technology treated the soil o
sedirnent ir mmhcnnﬂh@*thﬁhmmmmnrmﬂwwwm4whmmnm,
long-terra. rnanagement controls may be required. Table 15
presents a gereral framework of recormmended controls for
PCB-contaminated soil or sediment rernaining onsite, and
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chemical landfill requirements for disposal of PCB-contami-
nated roedia wnder TSCA regulations.  If disposal of PCHs
regulated by” A (i.e., PCB concentrations equal to or greater
than 50 ppm) occurred after 1978, the landfill requirements
st be addressed for soil or seciment that was notincineratec
ortreated by anequivalent method. In certainsituations, TGCA
waivers of specific chemical waste landfill requirements may
be possible. If disposal occurred before 1978, RCRA cosure
requirements instead of TSCA chemical waste land fill recuire-
ments would usually be the ARAR, [4, p. 47].

oy g g o "
SOURGCES OF ADDUTICONAL INFCORIMATICHN
The following EPA hotlines, databases, and reports offer aclcli-
tional information on the remediation of PCB-contaminated
soil and sediment. The reader is also encouraged to review
sources referenced in this paper.

TSCA Assistance Hotline. Washington, I).C., (202) 554
1404.

RCRA /Superfund Assistance Hotline, Washington,
D.C., (B00) 424-9346.

Risk Reduction Engineering Laboratory (RREL) Treata-
bility Database. Available on disk and through the AT-
TIC database. Contact Glenn Shaul -(513) 569-7408 or
Tom Holdsworth (513) 569-2675.

Alternative Treatment Technology Information Center
(ATTIC) database. LS. EPA Assistance - (908) 906-6628.
Online database searching - (301) 670-3808.

Vendor Information Systern for Innevative Treatment
Technologies (VISITT) cdatabase. Available on disk -
(800) 2 505 or (703) 883-844.8,

Recards of Decision System (RODS) database. Systems
Information, Jalania Elis-(703) 603-8884

The Clean-Up Information Bulletin Board (CLU-IN).
System Operator -(301) 589-8368. Online communica-
tion - (301) 589-8366.

Office of Research and Development (ORLE) Bulletin
Board. Assistance - (513) 569-7272, Online Communica-
tion - (513) 569-7610 or (800) 258-9605.

Federal Remediation Technologies Roundtable. Fed-
eral Publications on Alternative and Innovative Treat-
ment Technologies for Corrective Action and Site
Remediation, Second Edition. EPA /542 /B-92 /7001,
August 1992,

-

Innowvative Treatrnent Technologies: Overview and
Guide to Information Sources. EPA /540,/9-91 /002,
October 1991,

LMMlhhMHWWmemmW%
contacts a 4§ g
uonhmmn&wm‘mﬂamm‘mdnnmm

perfund Engineering Forum
tarce in remediation of PCB-
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Table 16. Engtnearing Foruny and PCE
o

Flameciation Contacty

EEA Bngitanal Sarachangl Ensinasidng. Formme Gounbase

Flegion 1 Lynne Jerings. (617) 5650804

Flegion 2 Fichard Mo (@12) 264054

Flagion 3 Paul Leonarcd (215) 507-316D

Ragion 4 Jor Borhotn (A04) BT reH

Rigrgicn 5 Anthony M. Holoska — (31:2) BB6-760%

Revgion 6 Diaborah Griswolo r214) GHG-B520

Revgion 7 Stave Kinser (913) 551-T20

Region 8 Dasires Golub (303) 293-1838

Rergion 9 Ken Erickson (415) T4d-2324

Region 10 Bob Starmnes (206) 553- th1

Program Mariagement Robert Clexsey {513) 569-7871

Williarn Frietsch

'E MailingList/ (513) 5697659

Solicitation (RFPs)
Demonstration Program — John Martin (£13) 5697858
Emarging
Tachrologies Program

Mormia Lenwis (513) HES-TEHS

Gitther Geondnsta

Superfund Technical
Support Program

Ber Blaney 51.3) 5697406

Tachnology Innovative  Walter Kewvalick

Qtfice

(202) 3824363

Enginaaring Forum- Richard Steimle

Heackjuarers

(T03) 308-BEA6

TSCA Regulatory Winston Lue

ASsistance

(202) 2603062
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