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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

Nov 30 1988

OFFICE OF
SOLIO WASTE AND EMERGENCY RESPONSE

OSWER Directive 9380.3-04

MEMORANDUM

SUBJECT: Analysis of Treatability Data for Soil and Debris:
Evaluation of Land Ban Impact on Use of Superfund
Treatment Technologies

Superfund Management Review: Recommendation 34A

FROM: Henry L. Longest II, Director

Office of Emergency and Remedia anse (0S-200)
TO: Addressees
Burpose

The purpose of this memo is to transmit an analysis of the
effectiveness of treatment technologies for contaminated soil and
debris in response to the recommendation in the Superfund
Management Review to "carefully evaluate impact of RCRA land ban
and other rules on use of alternative technologies." This
analysis will provide support to Regional decisions to employ
treatability variances for complying with the RCRA Land Disposal
Restrictions as applicable or relevant and appropriate
requirements for Superfund actions involving contaminated soil
and debris.

Background

The Superfund Management Review acknowledged that Superfund
@ik actions may not be able to meet treatment standards

. 9%s*best demonstrated available technology” (BDAT) under
-»i‘?visposal Restrictions (LDR). This may limit the
poten,-:% ‘treatment technologies available for Superfund clean-
ups, with technologies such as soil washing, stabilization, and
biological treatment being precluded because they may not meet
the highest level of performance required by LDRs. In contrast,
the study encouraged the greater use of innovative technologies
and urged the reduction of non-technical barriers, such as
regulatory and policy constraints, that inhibit use of treatment
technologies, while preserving the intent and spirit of
applicable RCRA regulations.
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OSWER program offices recognized the potential limitation
treatment technologies for Superfund actions and developed a
process to use LDR treatability variances for soil and debris.
Guidance was issued to the Regions in July 1989 through the
Superfund LDR Guide 6A, "Obtaining a Soil and Debris Treatability
Variance for Remedial Actions™ (OSWER Directive 9347.3-06FS).
Superfund LDR Guide 6B, "Obtaining a Soil and Debris Treatability
Variance for Removal Actions," is scheduled to be issued in
December 1989. These guides describe the treatability variance
process, include alternate treatment levels to be obtained under
treatability variances, and identify treatment technologies which
have achieved the recommended levels. OSWER recognizes that the
use of treatability variances represents an interim approach and
is currently in the process of acquiring additional data for
developing a regqulation on treatment standards for contaminated
soil and debris.

The following analysis summarizes the effectiveness of
treatment technologies applied to soils and other environmental
wastes and provides support for decisions by the Regions to use
treatability variances, when appropriate. The analysis
identifies some of the key technical considerations to be
evaluated in obtaining a treatability variance when there is a
reasonable doubt that a technology coperated at full scale cannot
consistently meet the BDAT treatment standards for the soil and
debris to be treated.

Analysis of Treatment Effectiveness

An extensive effort was undertaken during 1987 and 1988 to
collect existing data on treatment of soil, sludge, debris, and
related environmental media. The results from several hundred
studies were collected and reviewed. All applicable treatment
information from 67 studies was extracted, loaded into a data
base, and analyzed to determine the effectiveness of technologies
to treat different chemical groups (Summary of Treatment
Technology Effectiveness for Contaminated Soil, U.S. EPA,
EPA/5§§€2-89/053).

though some of the data on which the analysis is based
-Jimited quality assurance information, the data,
nevertheless, do indicate potential effectiveness (at least 90%
to 99% reduction of concentration or mobility of hazardous
constituents) of treatment technologies to treat Superfund
wastes. Some reductions in organic concentrations or organic
mobility of more volatile compounds may actually represent the
removal of those compounds as a direct result of volatilization
during dechlorination, bioremediation, soil washing, or
immobilization, which requires consideration of appropriate
emission controls. Percentage removal reductions are not always
a good measure of effectiveness, especially when high
concentrations remain in the residuals. Some of the performance
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summarized below is based upon a relatively small number of data
points and may not extrapolate well to the broad array of soils
requiring treatment.

Based on this analysis, a number of technologies commonly
used in the Superfund program provide substantial reduction in
mobility and toxicity of wastes as required in Section 121 of the
Superfund Reauthorization and Amendments Act of 1986. For
example:

- Thermal destruction has been proven effective on all
organics compounds, usually accomplishing well over 99%
reduction of organics.

- Although the data indicate that PCBs, dioxins; furans,
and other aromatic compounds have been dechlorinated to
approximately 80%, more recent data indicating that
removal efficiencies may approach 99.9%.

- Bioremediation successfully treats many halogenated
aliphatic compounds, non-halogenated aromatics,
heterocyclics, and other polar compounds with reduction
efficiencies in excess of 99%.

- Removal efficiencies for low temperature thermal
desorption have been demonstrated with averages up to
99% for non-polar halogenated aromatics and with
treatment often exceeding 90% for other polar organics.

- Soil washing data on organic compounds indicate average
removal efficiencies of approximately 90% for polar non-
halogenated organics and 99% for halogenated aromatics,
with treatment often exceeding 90% for polynuclear
aromatics. The chemical extraction process, with
optimized solvent selection, has demonstrated removal
efficiencies often exceeding 90% for volatile and non-
volatile metals.

- Immobilization processes, while not actually destroying
the organic compounds, reduce the mobility of

- contaminants an average of 99% for polynuclear aromatic
compounds. Immobilization may not effectively
stabilize some organic compounds, such as volatile
organics, and the long-term effectiveness of

.- immobilization of organics is under evaluation.

zv.: Immobilization can achieve average reductions in

e mobility of 93% for volatile metals, with reductions in
- mobility often exceeding 90% for non-volatile metals.

The attachment contains a more detailed summary of the data
which is extracted from the "Summary of Treatment Technology
Effectiveness for Contaminated Soil."™

o mitations to be si

The data available suggest that treatment of soil and debris
with organic contamination by technologies other than thermal
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destruction will not be able to consistently achieve BDAT
standards. Therefore, other technologies should be used for
those wastes, only if approved under a treatability variance.

The residual concentrations in contaminated soil treated by
technologies other than thermal destruction is highly dependent
upon the concentrations in the untreated soil. Therefore, when
evaluating technologies other than thermal destruction, the
ability of those technologies to treat high concentrations of
organics should be considered.

The Regions need to carefully review the site conditions and
characteristics in designing and operating materials handling,
pretreatment, and treatment requirements. High variability in
contaminant concentrations of untreated soil may have an adverse
effect on the ability to achieve treatment levels at higher
concentrations using technologies other than thermal destruction.
Consideration should be given to the need for blending wastes.

In selecting technologies for contaminated soils and
sludges, the number and types of contaminants must be carefully
screened, and, in some cases, different technologies may be
necessary for soils and sludges. ‘

Implementation

The data indicate potential limitations of treatment
technologies to meet BDAT standards for Superfund wastes.
.Superfund LDR Guide 6A outlines the treatability variance process
for Superfund soil and debris and identifies alternate treatment
levels. Guide 6A should be followed, when appropriate, until
OSWER completes a regulation with treatment standards for
contaminated soil and debris. The limitations on technologies
identified in this memorandum should be taken into account when

evaluating, selecting, designing, and implementing Superfund
response actions.

Attachment

v

3 silvia'Lowrance, Director
> Office of Solid Waste

Bruce Diamond, Director
Office of Waste Programs Enforcement

Directors, Waste Management Division
Regions I, IV, Vv, VII, VIII

Director, Emergency and Remedial Response Division
Region II

Directors, Hazardous Waste Management Division
Regions III, VI
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Director, Toxic and Waste Management Division
Region IX

Director, Hazardous Waste Division
Region X



11/29/89

Attacheent

TECHNOLOGY CONCLUSIONS ON SOIL TREATMENT

Extracted from "Summary of Treatment Technology
Effectiveness for Contaminated Soil™ EPA /540/2-89/053

For each treatability group, the effectiveness of various technolcgies vas
evaluated and is summarized in Figure 1. The folloving ratings wvere used:.

o Demonstrated Effectiveness: A significant percentage of the data,
20%, are from pilot or full scale operaticns, the average removal
efficiency for all of the data exceeds 90X, and there are at least
ten data pairs.

o Potential Effectiveness: The average removal efficiency for all of
the data exceeds 70X.

o No Expected Effectiveness: The average removal efficiency for all
of the data i{s less than 70X and no interference is expected to this
process as a result of this group.

No Expected Effectiveness: Potential adverse effects to the
environment or the treatment process may occur. For example, high
concentrations of metals may interfere with biological treatment.

In some cases, a different rating vas selected vhen additional qualitative
~"_”and cngineerinz judgment varranted.

Tvo syslié}f vere used if the compounds vithin a treatability group vere so
variabl¥- t a range of conclusions could be dravn for a particular
technology.

ev2004



11/29/89
TECENOLOGY CONCLUSIONS ON SOIL TREATMENT

Extracted from "Summary of Treatment Technology
Effectiveness for Contaminated Soil"™ EPA /540/2-89/053

Thermal Destruction (See Figure 2)

Principle of Operation

o Thermal destruction uses high temperatures to incinerate and destroy
hazardous vastes, usually by converting the contaminants to carbon
dioxide, vater, and other combustion products in the presence of
oxygen. ’

Effectiveness on Organics

o- This technology has been proven effective on all organic compounds,
usually accomplishing vell over 99X removal.

o Thermal destruction technologies are equally effective on halogenated,
non-halogenated, nitrated, aliphatic, aromatic, and polynuclear
compounds.

o Incineration of nitrated compounds such as trinitrotoluene (TNT) may
generate large quantities of nitrous oxides.

Effectiveness on Inorganics

o Thermal destruction is not an effective technology for treating soils
contaminated vith high concentrations of some metals.

o High concentrations of volatile metal compounds (lead) present a
significant emissions problem, vhich cannot be effectively contained
by conventional scrubbers or electrostatic precipitators due to the
small particle size of metal-containing particulates.

o Non-volatile metals (copper) tend to remain in the soil vhen exposed -
to thermal destruction; hovever, they may slag and foul the equipment.

Dechlorination (See Figure 3)

Principle of Operation :

o Dechlorination is a destruction process that uses a chemical reaction
to replace chlorine atoms in the chlorinated aromatic molecules vith
an ether or hydroxyl group. This reaction converts the more toxic
compounds into less toxic, more vater-soluble products. The
transformation of contaminants vithin the soil produces compounds that
are more readily removed from the soil. An evaluation of the end
products is necessary to determine vhether further treatment is
required.

Effectiveness on Organics

o !gla dioxins, furans, and other aromatic compounds (such as
gilistachlorophenol) have been dechlorinated to approximately 80X
removal, vith more recent data indicating that removal efficiencies
may approach 99.9%.

o Other limited laboratory data suggest potential applicability to other
halogenated compounds including straight-chain aliphatics (such as
1,2-dichloroethane). The removal indicated by the data may be due in
part to volatilization.

o Although no data vere available for halogenated cyclic aliphatics
(such as dieldrin), it is expected that dechlorination wvill be
effective on these compounds as wvell.

o Vhen non-halogenated compounds are subjected to this process,
volatilization may occur.
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Effectiveness on Inorganics
o Dechlorination is not effective on metals, and high concentrations of
reactive metals (such as aluminum), under very alkaline conditions,
hinder the dechlorination process.

Bioremediation (See Figure 4)

Principle of Operation .

o Bioremediation is s destruction process that uses soil microorganisams
including bacteria, fungi, and yeasts to chemically degrade organic

. contaminants.

Effectiveness on Organics

o Bioremediation appears to successfully treat many halogenated
aliphatic compounds (1,1-dichlorcethane), non-halogenated aromatics
(benzene), heterocyclics (pyridine), and other polar compounds
(phenol) vith removal efficiencies in excess of 99%; hovever, the high
removal implied by the available data may be a result of
volatilization in addition to bioremediation.

0 More complex halogenated (4-4’DDT), nitrated (triazine), and
polynuclear aromatic (phenanthrene) compounds exhibited lover removal
efficiencies, ranging from approximately 50X to 87X.

o Poly-halogenated compounds may be toxic to many microorganisms.

Effectiveness on Inorganics
0 Bioremediation is not effective on metals.
0 Metal salts may be inhibitory or toxic to many microorganisams.

Lov Tempersture Thermal Desorption (See Figure 5)

Principle of Operation .

0 Lov temperature thermal desorption is a physical transfer process th
uses air, heat, and/or mechanical agitation to volatilize contaminan
into a gas stream, vhere the contaminants are then subjected to
further treatment. The degree of volatility of the compound rather
than the type of substituted group is the limiting factor in this
process. )

Effectiveness on Organics

0 Removal efficiencies have been demonstrated by these units at bench,
pilot, and full scales, ranging from approximately 65X for polynuclear
aromatics (naphthalene), to 82X for other polar organics (acetone) and
99X for non-polar halogenated aromatics (chlorobenzene).

Effectiveness on Inorganics

0 Lov tesperature thermal desorption is not effective on metals.

o :Quly sercury has the potential to be volatilized at the operating

xtemperatures - of this technology.

- ol
Chenical Ektraction and Soil Vashing (See Pigure 6)

Principle of Operation
o Chemical extraction and soil vashing are physical transfer processes
in vhich contaminants are disassociated from the soil, becoming
dissolved or suspended in a liquid solvent. This liquid vaste stream
then undergoes subsequent treatment to remove the contaminants and the
solvent is recycled, if possible.
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o Soil vashing uses vater as the solvent to separate the clay particles,
vhich contain the majority of the contaminants, from the sand
fraction.

0 Chemical extraction processes use a solvent vhich separates the
contaminants from the soil particles and dissolves the contaminant in
the solvent.

Effectiveness on Organics

o The majority of the available soil vashing data on organic compounds
indicates removal efficiencies of approximately 90X for polar
non-halogenated organics (phenol) to 99X for halogenated aromatics
(chlorobenzene), vith lover values of approximately 71X for PCBs to
82X for polynuclear aromatics (anthracene).

o The reported effectiveness for these compounds could be due in part to
volatilization for compounds vith higher vapor pressures (such as
acetone).

o This process is least effective for some of the less volatile and less
vater soluble aromatic compounds.

Effectiveness on Inorganics

o The chemical extraction process, vith optimized solvent selection, has
demonstrated removal efficiencies of 85X to 89X for volatile metals
(lead) and non-volatile metals (copper), respectively.

Immobilization (See Figure 7)

Principle of Operation : .

o Immobilization processes reduce the mobility of contaminants by
stabilizing them within the soil matrix, vithout causing significant
contaminant destruction or transfer to another medium.

o Volatile organics will often volatilize during treatment, therefore an
effort should be made to drive off these compounds in conjunction with
an emission control system.

Effectiveness on Organics
0 Reductions in mobility for organics range from 61X for halogenated

phenols (pentachlorophenol) to 99X for polynuclear aromatic compounds
(anthracene). .

o Immobilization is also effective (84X reduction) on halogenated
aliphatics (1,2-dichloroethane).

o Some organic mobility reductions of more volatile compounds may
actually be removals as a direct result of volatilization during the
exothermic mixing process and throughout the curing period.

o The immobilization of organics is currently under investigation,
including an evaluation of the applicability of analytical protocols

z¢(BP, TCLP, totsl analysis) for predicting long-term effectiveness of
Jswobilization of organics. The preliminary available data indicate

<23t significant bonding takes place betwveen some organic contaminants
T4IF certain organophilic species in the binding matrix; hovever,
immobilization may not effectively stabilize some organic compounds,
such as volatile organics.

Effectiveness on Inorganics

o Immobilization can accomplish reductions in mobility of 81X for
non-volatile metals (nickel) to 93X for volatile metals (lead).

ev2004



FIGURE 1: PREDICTED TREATMENT EFFECTIVENESS
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FIGURE 2: FINAL CONCLUSIONS BY TREATMENT TECHNOLOGY
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FIGURE 2: FINAL CONCLUSIONS BY TREATMENT TECHNOLOGY
THERMAL DESTRUCTION (CONT.)
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FIGURE 3: FINAL CONCLUSIONS BY TREATMENT TECHNOLOGY
DECHLORINATION

MIBER AND SCALE

AVERAGE CONCENTRATIONS jppon)

TREATABLITY GROUP OF AVAILABLE DATA AND % REMOVALS QEMERAL OBSERVATIONS
. * Data were for chiorobenzene only. These data suggest that this technology is potentially eflective
AVERAGE AVERAGE « .
CONCENTRATIONS  REMOVAL ¥ certain siuations.
NON-POLAR oom EFFICIENCY
HALOGENATED i .
AKI‘:'Y’I:S S SFLUENT 190 98 5
0 wruL EFFLUENT 16
— N rane AVERAGE AVERAGE « This technology is potentally elfective, especially for sandy salls.
o, : mm“m P EnCY « Data on sludges show better removal due 10 more uniform distribution of contaminants and better
HALOGENATED — 97 wwenc reagent contadt.
OIOXINS, FURANS, 3 . 180 P Lowaer inlial concentrations give lower removal efficlencles.
AND THEN —3 %P0y SFLUENY * Moisture content over 4 10 7% deactivates the NaPEG reagent.
""“‘w’:"“ 0 wfuy EFFLUENT 18 - Particle size and soil maix alfect reagent peneiation and process effectiveness.
—_— « Recent data indicate that greater than 99% of PCBs and hurans can be destroyed
{des Rosiers, 1968).
8 .
___UPAIRS AVERAGE AVERAGE * Data were for pentachiorophenol only. These data suggest that this technology is potentially
HAL OGENATED 100 ettt e effective in certain situations.
PHENOLS. CRESQLS, P aencn e « Recent data indicate that greater than 99% of contaminants can be destroyed
O A o oA ° o %6 (des Rosiers, 1968).
AROUATICS % PLOY IFLUENT -
m % wrun EFFLUENT ____ 24
16 PARS AVERAGE AVERAGE
CONCENTRATIONS  REMOVAL = These data suggest that this t is potentially eflective in certaln shuations.
HALOGENATED 100 w @ENCH o EFFCENCY | . Some hnbr\aul aliphatics react with the APEG reagents 1o form explosive compounds,
ALPHATIC ospecially in the presence ol heavy metals. The potential for this 10 ocour should be evalusted
COMPOUNDS [ 330 ) v
wod) —2wrrov INFLUENT * In the laboratory bejore dechiorination treatment is selected.
° 0.44 + The high removal efficiency may be the result of volatiization or the APEQG process acting as 8
R VT EFFLUENT ; s0ll washing process.
Qpame wégcmm ‘.‘fm « Data were not avallable for this treatability group. Data lor compounds with similar
HALOGENATED CYCLIC 0 % BENCH vomy EFFICIENCY physical and chemical characteristics suggest that this technology s potentially effective
AMPHATICS, ETHERS, - in certain situations. Treatability studies will be nesded o confirm the technology’s
E3TERS, AND 0 % PLOT WELUENT [ S olfectiveness.
KE TOMES —
wos) 0 wFULL EFFLUENT
0PAIRS AVERAGE :‘:E RAGE
T CONCENTRATIONS MOVAL . . . s
» Data were not av @ available for this treatability group.
NITRATED Q% @ENcH o FrriKNCY * The physical amz?gum characteristics ol the constituents ol this reatability
00““:2:"0’ 0 % PROT WELUENT 0 0 x group indicate that this technology would ngl be eflective.
0 wFuLL EFFLUENT o




FIGURE 3: FINAL CONCLUSIONS BY TREATMENT TECHNOLOGY

DECHLORINATION (CONT.)
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FIGURE 4: FINAL CONCLUSIONS BY TREATMENT TECHNOLOGY
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FIGURE 5: FINAL CONCLUSIONS BY TREATMENT TECHNOLOGY
LOW TEMPERATURE THERMAL DESORPTION
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LOW TEMPERATURE THERMAL DESORPTION (CONT.)
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FIGURE 6: FINAL CONCLUSIONS BY TREATMENT TECHNOLOGY

/ CHEMICAL EXTRACTION AND SOIL WASHING
' MUMBER AND BCAL
TREATABILITY GROUP 7 0F AVARABLE Gata | AVERAGE CONCEMTRATIONS o QEMERAL OBSERVATIONS
AVERAGE AVERAGE -TN:bcMologyhpotﬁHvaom these contaminants but all data are from bench scale
NONPOLAR O e " cifcncy | ° Surdactants may adhere to the soll and reduce soll permeablty.
HALOGENATED * Possible volatie emission losses may oocur during treatment.
”mm"’a %h- : SERLUENT 170 >80 o
sFrLvent __ 030
AVERAGE AVERAGE * This sechnology is potentially elfective on thase contaminants with fusther development.
CONCENTRATIONS lt‘uov'::lv « Same of the avallable daia for this reatability group were basad on very high initial concentrations;
O RATED o EFFICE however consideration should be given 1o the ability of the technology 1o Weat high initiel
DICXINS, FURANS, . 0.800 n concenvations.
T o wPeoy sFLENY S * 1 - The presence of ol in the matrix enhances removal.
(wa2) 14 WL EFFLUENT __4,000 + The removal efficiency decreases as the percent ol clays and dayey siits increases
« Surfactants may adhere 10 the soll and reduce soll permeability
2pans AVERAGE AVERAGE
HALOGENATED - CONCENTRATIONS  REMOVAL « Data were trom pentachiorophenol only.
PHENOLS. CRESLD, Y00 o mencH Lagnd EFFICENCY * This technology is potentially effective on these contaminants, especially or resting sandy solls.
AMINES, .
AND OTHE R POLAR 0 o reot ELUENT o7 2 « Surtactants may adhere 10 the soll and reduce soll permeability.
AROMATICS —
wos % wrunr EFFLUENT 18
40 VE
r — . conctximatons  neuowe | * This wchnology is potentslty stfective on these contaminants, but el deta are from bench sosle
mos“u:'vcm 190 o mencH Lagn EFFICIENCY « This sechnology may be mo;; mo © un::' solls.
AL * Surtaciants may adhere 10 reducs soll permesbility.
eu:::n. —2wrmor seueny 290 2% « | ., yolagie emissions may oacur during Vesiment.
% wrur EFFLUENT ___ 022
—_Qrars ”E"':f g‘ml + Data were not avallable for this yestability group. Data for compounds with similar
m:,,,.'n“' EFFICIENCY physical and chemical characteristics suggest thet this technology is potentially effective in
amance cnens. | 2R certain situations
APHA 2 .
ESTERS, AND 0 + Surlactants may adhere 0 the soll and reduce soll .
bhiasets __9%rov INFLUENT » y permeability
wos 0 %FL EFFLUENT 0
AVERAGE AVE RAGE
-—3Pains CONCENTRATIONS  REMOVAL * This technology Is potentlally eftective on these contaminants. However, data are limited and
NITRATED 100 « peNCH womy EFFICIENCY testing was condixited at bench scale.
ooum) : _.Onpor wriuent 68900 99 «
O wmFulL ESFLUENT 47
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