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Since Superfund's inception in 1980, the remedial and removal programs have found that certain categories of sites have
similar characteristics, such as types of contaminants present, types of disposal practices, or how environmental media
are affected. Based on information acquired from evaluating and cleaning up these sites, the Superfuad program'is
undertaking an initiative to develop presumptive remedies to accelerate future cleanups at these types of sites. The
presumptive remedy approach is one tool of acceleration within the Superfund Accelerated Cleanup Model (SACM).

Presumptive remedies are preferred technologies for common categories of sites, based on historical patterns of remedy
selection and EPA's scientific and engineering evaluation of performance data on technology implementation. The
objective of the presumptive remedies initiative is to use the program's past experience to streamline site investigation
and speed up selection ofcleanup actions. Over time presumptive remedies are expected to ensure consistency in remedy
selection and reduce the cost and time required to clean up similar types of sites. Presumptive remedies ate expected
to be used al all appropriate sites except under unusual site-specific circumstances.

This directive identifies the presumptive remedies for Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) sites with soils contaminated by volatile organic compounds (VOCs). In addition, EPA is
developing guidance on presumptive remedies for wood treatment, municipal landfill, PCB, grain storage, coal
gasification, and contaminaledg[ound-wate[ sites;-EPA has also developed a directive entitled Presumptire Remedies:
Policy and Procedures, (Directive 9355.0-47FS) which outlines and addresses the issues common to all presumptive
remedies (e.g., role of innovative technolegies, consistency with the NCP, State, community involvement).

PURPOSE- site-specific analysis of remedies by focusing the
feasibility study efforts. Where several presumptive
remedies are identified, EPA believes that all deserve

The purpose of this directive is to provide guidance on substantial consideration before utilizing the
selecting a presumptive remedy at sites with soils presumptive remedy approach. EPA personnel should
contaminated with VOCs. Specifically this guidance: review the directive entitled Presumptive Remedies:

Policy and Procedures (Directive 9355.0-47FS) for
* Presents the presumptive remedies for this site generalinformationonthepresumptiveremedyprocess.

type,

Soil vapor extraction (SVE), thermal desorption,
· Describ_/_hepresumptiveremedyprocess in terms and incinerntion are the presumptive remedies for

of site characterization and technology screening Superfund sites with VOC-contaminated soil assuming
steps; and the site characteristics meet certain criteria. Table 1

provides a brief description ofeach of these presumptive
· Outlines the data required to select these remedies.

presumptive remedies.

The decision to establish these technologies as
Since a preaurtlptive remedy is a technology that EPA presumptive remedies for this site type is based on
believes, based;upon its pastexperience, generally will EPA's collective knowledge about site investigation
be the most a,r-.0ropriateremedy for a specified type of and remedy selection for VOC-contaminated soils,
site, the pr;:sumptive remedy approach will accelerate



TABLE 1 USE OF DOCUMENT
Presumptive Remedies for VOCs

This directive is primarily intended for use bySuperfund
in Soil site managers. However, site managers inmherprob.-ams

(such as RCRA corrective action, the' UST program,
Soil Vapor Extraction - Soil vapor extraction States),andtheprivatesector,mayalsouse'J,isdirective.
(SVE) is an in-situ or ex-situ process which
physically removes contaminants from vadose Thisdirective is nota "standalone"document.Toensure
zone soils by inducing air flow through the sol a full understandingof VOC site characterizationandremedy selection, site managers should refer to all
matrix. Thefiowingairstripsvolatilecompounds documentscited in the directive. For assistancein
from the sofids and carries them to extraction understandingcomplexsite conditions, anexperienced
wells. The recovered vapors mayrequire further site manager,the presumptiveremedyexpertteam,the
treatment. In-situSVE is theprimary focus of this Superfund Technical Assistance and ResponseTeam

(START) team, or the Environmental Response Team
document, shouldbeconsulted.

Thermal Desorption -Thermal desorption is an ANTICIPATED BEN EFITS OF
ex- situ process that uses direct or indirect heat PRESUMPTIVE REMEDIES
exchange to vaporizeorganic contaminants from
soil, sediment, sludgeor othersolid and semisor_ Useof this directive will reducecostandtime in remedy
matrices. The vapors are then condensed or selectionat VOC sitesin the following ways:
otherwise collected for further treatment.

1. Thedirective facilitates identification of thepresumed
or likely remedial options early in the investigation

Incineration - Incineration is an ex-sim process, henceallowingforamorefocusedcollection
engineered process that employs thermal of data during the remedial investigation(RI) or
decomposition via oxidation at temperatures removal site evaluation. In addition,knowledgeof
usually greater than 900°C to destroy theorganic thepresumptiveremedy mayfacilitatecollectionof
fraction of the waste, someremedialdesigndatabeforetheRODoractio:

memo,therebyallowing theactionto proceedmore
quickly after signatureof thedecisiondocument.

The majordifference betweenthermal desorptioe
and incineration is that incineration oxidizes 2. This directive eliminatesthe needfor theinitial step
organic compounds, thereby destroying the of identifying and screeninga variety of alternatives
hazardous material. Thermal desorption during the Feasibility Study. Additionally,it will

reduce the number of technologies identified and
volatirtzescontaminants,thenconcentratesthem, analyzed in the EFffCA. The National Oil and
Thermal desorption reduces the volume of HazardousSubstancesPollution ContingencyPlan
contamination,buttheconcentrated waste slream (NCP) (Section300.430(e)(1))statesthat"thelead

still requires treatment. Disposal or treatment of agencyshall includean alternativesscreeningstep,
residual waste stream, ash, and concentrated whenneeded.(emphasisadded)toselectareasonable

VOC effluent is not covered by this directive, numberof alternativesfor detailedanalysis.'EPA's
analysis of feasibility studies for VOC-contaminated

Opti°nssuchas°ff'sitedisp°sal/regenerati°n°r soil sites (see Appendix A) found that certain
reuse should be considered, technologiesare routinely screenedout basedon

effectiveness,implementability, or excessivecosts,
consistent with NCP Section 3L'_.430(e)(7).

including field experiencefrom theSuperfund,Reso_ce
Conservation and Recovery Act (RCRA), and Accordingly, EPA has determined that. whenusing
Underground Storage Tank (US'I) programs. In ad.on, presumptive remedies at VOC-contaminated sites,
EPA conducted an analysis of FY86 to FY91 Records of site-specific identification and screening of
Decision (RODs) for sites where VOC contamination altematives isnotnecessary. However, this directive
drove remedy selection. The results of this anal/sis, andsupportingdocumentadon(see"FeasibilityStudy
which ate provided inAppendix A, demonstrate that these Analysis for CERCLA Sites with Volatile Organic
three technologies represent over 90% of the remedies Compounds in.Soils") should be included in theAdministrative Record for all sites that use the

selected in the RODs analyzed, presumptive remedy(les) to documet..tthe basis fr
eliminating the "site-specific identification as

2



TABLE 2 presumptive remedy approach,xhe_detailed analysis ,
cilia be limited to the ttuze presumptive remedies (in

Typical VOCs Addressed by this addition to the no-action alternative), thereby I
Directive streamlining that portion of the FS. Appendix

provides a generic evaluation of the presumptive
Halogenated Volatile Organics remediesforsevenoftheninecriteria. Thisevaluation

may serve as a basis for each detailed analysis

Carbon Tetrachloride conducted under the presumptive remedy process
Chlorobenzene and should be augmented, as needed, to address site-
Chloroethane specificconditions.
Chloroform
1,1-Dichloroethane One of these presumptive remedies is expectedto beused
1,1-Dichloroethylene for all VOC sites except under unusual circumstances.
1,2-Dichlorobenzene Such circumstances may include unusual site soil
1,2-Dichloroethane characteristics, demonstration of significant advantages

1,2-Oichloroethylene of alternate (or other innovative) technolo_es over the
1,2-Dichloropropane presumptive remedies, or extraordinary community and
1,4-Dichlorobenzene state concerns. If such circumstances are encountered,
1,1,1-Trichloroethane additional analyses may be necessary or a more
1,1,2-Trichloroethane conventional detailed RIFFSmay be performed.
1,1,2,2-Tetrachloroethane
Ethylene Dibromide PRESUMPTIVE REMEDIES PROCESS
Methylene Chloride

Tetrachloroethylene This section and the accompanying dia_am (Figure 1)
Trichloroethylene describe the sequence of steps involved in the presumptive
Vinyl Chloride remedy process (Site characterization and technology

selection) for sites containing soil contaminated with
Non-Halogenated Volatile Organics roes. While the process is not mandatory, EPA believes

that following the steps outlined below will expedite the
Ketqnes/Furans clean-up process for this category of sites.
Acetone
Methyl Ethyl Ketone SVE is the primary presumptive remedy. SVEhas been
Methyl Isobutyl Ketone selected most frequently to address VOC contamination at

Superfund sites and initial performance data indicate that
Aromatics it effectively treats waste in place at a relatively low cost.
Benzene In cases where SVE will not work or where there is very
Ethyl Benzene highly concentrated contamination, thermal desorption
Styrene may 13¢the more appropriate response tectmology. In a
Toluene limited number of situations, incineration may be more
m-Xylene appropriate.
o-Xylene
p-Xylene The numbered paragraphs below correspond to the

numbered steps in Figure I and provide a detailed
Note: Other compounds that have physical/chemical discussion of each step.
characteristics similar to the compounds listed may
also be addressed by the presumptive remedy 1. Are VOCs Present in the Soil? The first step is to
process, determine whether VOCs are the major contaminant

present in soil at the site. Table 2 lists the VOCs that

screening of technologies" section. In addition, other are amenable to the presumptive remedies oudined in
supporting materials (e.g., FS reports included in the this directive. If VOCs are present at levels of
analysis, technical reports) will be made available at concern (see forthcoming guidance on soil screening
EPA Headquarters and are available for inclusion in levels), then the presumptive remedies outlined in
the Administrative Record if needed, this directive may be applicable. However, if it is

confirmed (at this point or at any later point during the

3. Thisdirective streamlines the detailed analysis portion presumptive remedy process) that there are no VOCs
of the IS. Remedial alternatives developed for a site present in the soil, then this directive ishcaapplicable
must be ev'duated against the nine criteria (required for use in technology selection at the site.
under NCP Section 3(X).430(e)(9)). Under this



FIGURE 1

Decision Tree for Investigating and Selecting a Remedy at Solvent Sites
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Most likely, this analysis will occur during scoping not take into account State ARARs. For this reason,
of the RI/FS or EE/CA. However, there may be only Stale ARARs relating to the presumptive remedies
limited information available at that time about the should beconsideredon asite-specificbasii. Regions
site. Therefore., whatever information is available may want to supplement this directive by compiling
should be used todetermine whether VOCs are present the requirements of the Sates in their Regions that are
or suspected in the soil based on prior use. Chemical likely to be associated with the use of the presumptive
use at a site can be ascertained from a number of remedies and placing them in the administrative
sources such as facility re,cords, previous sampling record for a site where presumptive remedies are
efforts by local or State agencies or through being considered. This directive along with the
Information Request letters. 'Feasibility Study Analysis for CERCLA Sites with

Volatile Organic Compounds in Soils" should be
2. Are IVon-VOCContaminants Present That Preclude includedintheadminis ' done

the Use of Presumptive Remedies? In addition to ofthepresumptiveremediesispmposedforapanicular
determining whether VOCs are present in the soil, it VOC-contaminated site.
is also necessary to identify other non-VOC
contaminants, if any, present in the soil. 4. Review Advantages/Limitations of the Presumptive

Remedies. During initial site characterization, Table
The site characterization and technology selection 3 should be reviewed to consider the advantages and
procedures outlined in thisdirective are recommended limitations of the presumptive remedies. This
for use primarily on soil containing VOCs only. See information may be useful in preparing for and/or
Table 2 for VOCs that areamenable to the presumptive modifying the site characterization or alternatives
remedies, analysis process. The "Practical Considerations"

section of this directive should also be reviewed at

For sites containing a mixture of VOCs and other this time to ensure a comprehensive site
contaminants in soil, the presumptive remedies should characterization and remedy evaluation.
be considered only if they can also be effective in
removing the nou-VOC contaminants or combined 5. Corutuct$ite Characterization. Site char_n__efization
with other, non-presumptive remedies in a treatment for sites using VOC presumptive remedies should be
train, assuming the presumptive remedies do not designed to:
exacerbate the problems presented by the non-VOCs.
Forexample, sites with VOCs and metals commingled * Positively identify the site type (i.e., VOC site);
in soil may be effectively remediated by employing
SVE to remove VOCs followed by fixation or · Obtaindatatodeterminewhetherthepr_sumptive
solidification to address the metal contamination. In remedy is feasible for the site;
contrast, a VOC and polyaromatic hydrocarbons
(PAHs) contaminant combination may be treated * Focus (and possibly streamline) site
more appropriately with a single biological Ixeatment characterization by collecting data to support the
scheme that would be effective for both the VOCs and selection of presumptive remedy(les) only (e.g.,
PAlls. Note that sites containing mixture, s of VOCs volume and cost information); and,
and non-VOCs arevaried, and, for this reason, remedy
selection may be more complicated than the * Collect some design data (i.e., pilot studies to
framework presented in this directive; therefore, the determine radius of influence and flow rates of
presumptive remedy analysis may need to be SVE),therebystreamliningdatacolleaionduring
supplemented or modified on a site-specific basis, the remedial design stage.

3. Initiate Early Community, State, and Potentially Table 4 lists the data that are required for
Responsible Party (PRP) Involvement. As early in characterization of sites with soil contaminated with
the clean-up process as possible, EPA should notify VOCs. This table also includes the ranonale for
thecommunity, State, andanyPRPsthatapresumptive collecting these data and references for established
remedy is being considered for the site. It is important collection methods. Note that bench-scat* and pilot/
forall stakeholders to understand completely how the treatability studies should be performed whenever
presumptive remedy process varies from the usual possible concurrent with site characterizafon to define
clean-up process and the benefits of using the the parameters that wi!l be imponant to designing the
presumptive remedies process, system.

Early identification of State applicable or relevant In areas with low organic content soil (e.g., alluvial
and appropriate requirements (ARARs) also is a basins), or where there are impediments lo obtaining
critical pan of this process. Because the presumption soil samples (e.g., under buildings), soil gas sampling
set forth in this directive is national in scope, it does
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is highly recommended as a site characterization risk-based PRGs are often set for soils, depending on
technique. In addition, the use of soil gas sampling depth. Shallow soil levels are usually based both on
during implementationofSVEandconfirmatotysoil direct contact exposure and protection of ground
sampling afterward is less expensive than constantly water, while levels for deeper soils are generally
installing new soil borings, especially for deep based only on mass trnm'port modeling of effects on
contnmination, ground water. Ecological effects may also be

important to consider in setting PRGs.
If incineration or thermal desorption is under serious
consideration, bench-scale treatability studies may 7. Conduct27me-CriticalRemova!Action(ifnecesmry).
be conducted, especially if metals or other inorganic During initial site characterization, data will be
compounds are present. Thermaldesorption generally gathered to determine whetheratime-criticnl removal
should be considered if concentrntions of VOCs are action will be ne__J_edand to determine whether the

less than 5 to 10 percent; incineration may be contnminantspresentareamenabletothepresumptive
appropriate if VOC concentrations exceed 5 to 10 remedies. Time-critical removal actions, such as
percent. Note thatexcavationandmixingofsoiican drum removal or actions addressing highly
produce a desorber input of less than 10 percent contaminated(typicallysmallvolumes)ofsoil, should
contaminant concentration and allow thermal be conducted in accordance with current guidance
desorption to be chosen, and regulations. The decision to take a time-critical

removal action may be made by theRegional Decision
Additionally, the feasibility of excavation should be Team (RDT) or if time does not permit, by an On-
determinedbyevaluatingsuffaceconditionsanddepth Scene Coordinator (OSC) or a Remedial Project
of contaminants as well as the potential for any air Manager (RPM) in consultation with an OSC.
emissions associated with the excavation. Test digs
should be monitored closely to assure protection of 8. lsThereaThreatPosedbytheSite? A risk assessment
the public and the environment, must be conducted to determine ifa sufficient health

or environmental threat exists towarrant a removal or

It is important to note that during the site remedialaction. (RefertoRiskAssessmentGuidance
characterization, the volume and concentration of for Superfund, Volumes/and 1l, EPA/540/1-89/002
waste constituting the principal threats at the site and EPA/540/l-89/001). Where it is determined that
should be identified. The NCP (Section such a threat exists, site-specificexposuredatacanbe
300.430(a)(l)(iii)(A) andA Guide to Principal Threat used to modify the PRGs identified in Step 6 (NCP
andLowLevelThreatWastes, SuperfundPublication: Section 300.430(e)(2)(i)). If it is determined that
9380.3-06FS, November 1991, define principal such a threat does not exist, no further action at the site
threats as source materials, including liquids, that are will be required.
highly toxic or highly mobile wastes which generally
cannot be reliably contained or would present a 9. Proceed With Technology Assessment and Review
significant risk to human health and or environment "Practical Considerations" section. If the analysis
should exposure occur. In accordance with NCP described in step 8 confirmsthatthe, canmminantsare
expectations, waste constituting "principal threats" a threat to human health and/or the environment, a
posed by a site generally are expected to be treated, proposed remedy should then be identified.
The site manager is encouraged to characterize the
site in terms of principal and low-level threat areas to If this project is a remedial action, a detailed analysis
determine materials to be targeted for treatment and using the nine criteria will be required under NCP
containment. Section 300.430(e)(9)) to justify the selection of

remedy decision. Appendix B provides an analysis of
6. ldentifyPotentiaIARARs, To Be Considered (TBCs), SVF., thermal desorption, and incineration against

andPreliminary Remediation Goals (PRGs). Potential seven of the nine selection criteria. In addition to the
Federal and State ARARs and pertinent 'I'BCs seven criteria discussed in Appendix B, community,
information should be identified on a chemical-, and State acceptance must also be evaluated. If anon-
location-, and action-specific basis concurrent wi th time critical removal action is planned, the streamlined
site characterization. For a more detailed ARARs analysis described in the EE/CA guidance will be
discussion, refer to the various AR.ARs fact sheets, requir_l that uses the three criteria of effectiveness,
(See Compendium of CERCLA ARARs Factsheets implementability, and cost. During the technology
and Directives, EPA Publication 9347.3-15, October assessment, the factors listed in the "Practical
1991). Considerations" section of this directive should be

reviewed to ensure a comprehensive evaluation of
At this step, PRGs should also be identified (NCP alternatives.
Section 300.430(e)(2)(c)). Note that different health
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10. Does the Pilot /TreatabilityStudylndicatethatSVE ongoing PRP-lead RI/FS, the scope of work may be
isFeasible? SVEis the primarypresumptiveremedy, amended to reflect the presumptive remedy approach to
Pilot/treatability study testing of SVE should be site characterization and remedy selection. The potential
conducted prior to final remedy selection. Such savings ia time and money to be gained by using the
mstingwill provide information ontherateofremoval presumptive remedy approach are expected to outweigh
of contaminants. EPA/540/2-91/091A cited in the the burden ofmodifying the scopeofwork inmany cases.
References section ofthis directive providesguidance
on conducting the pilot/treatability study. Removal Initial Site Actions: If the VOC material is still ia
efficiencies and treatment effectiveness must be original, intact containers, it may be returned to the
carefullyconsideredalongsidethePRGsidentifiedin manufacturer (if the manufacturer is willing to accept
theFS toestimate thepotential for successfulremedial fl_se containers), assuming thisresponseisa cost-effective
action using SVE. and feasible action as opposed to treating the material.

Reuse of matra'iai (i.e., process liquids and relocation of
i 1. Is ThermalDesorption Feasible? If SVE will not be equipment to other permitted facilities) should also be

sufficiently effective in achieving PRGs due to low considered. Further,phaseseparationshouldbeconducted
permeability, lithology or insufficient removal of and recycling considered depending on the purity of the
contamination during the pilot study, thermal recovered phase or for any existing liquids that am high
resorption should be considered as the primary ex- enough in concentration. Referto Appendix C for a list of
situ presumptive remedy, the currently recognized waste exchanges.

Thermal desorption technologies cover a variety of Site Characterization: Site characterization should
vendors and processes. However, ample data are proceed as a single, multi-media activity whenever
available to substantiate remedy selection of thermal possible. Field screening methods should be integrated
desorption for soil contaminated solely with VOCs. into the sampling and analysis plan inorder to accelerate

information gathering. Data quality must reflect the
12. Is Incineration Feasible? If contaminant ultimate use of the information.

concentrations and bench-scale testing indicate
thermal desorption will not achieve desired PRG Ground Water: The decision makershould consider the
levels, incineration is the secondex-situ presumptive ground-water strategy for the site since soil clean-up
remedy, levels are often set to protect ground-water quality.

Therefore, ground-water clean-uplevels mayhaveadirect
lfincineration is planned, andasubstantialnumberof impact on the selected clean-up levels for soil. (See
inorganic contaminants are expected to be present forthcoming guidance on Soil Screening Levels and the
basedonsitecharacterizationdata, materialshandling directive entitled Presumptive Remedies: Remedial
problems, or slagging problems are likely. Strategyand TreatmentTechnologiesfor CERCLASites

with ContaminatedGround Water.)It should be noted
If none of the threepresumptive remediesis considered that, of the VOC-type contaminants, listed inTable 2, the
to be feasible at a particular site, it will be necessary halogenated volatiles axedensenonaqueousphase liquids
toconsiderothermchnologies. (Formoreinformation, (dense NAPLs or DNAPLs) and many of the others are
refer to the Practical Considerations section below.) light NAPLs (LNAPLs) in their pure liquid form. If

LNAPLs arepresent, itmay be possibletoaddress themby
13. SelectRemedyforRemedial/RemovalAction. Atthis loweringthewatertable, removingfreeproduca(ifpresent),

point, there should be enough data to identify a and applying SVE. To address DNAPLscontamination,
preferred remedy in the proposed plan anddistribute refer to the above mentioned ground-water guidance.
the plan for public comment. Once the remedy has
been selected in the ROD, the user can proceed to do Management of Different Soils: A situation may arise
alimiteddesignwhichrelieslargelyonthesubstantial where highly contaminated shallow material cannot be
amount of design-related data collected during the addressedbySVE. Theactionto_dd_ssthiscon,amination
RI. The extent of additional or supplemental data maydiffer fromtherestofthesoilcontaminationandwill
required will be determined on a site-specific basis, most likely involve incineration or thermal desorption. If

it is suspected that soil contaminationexisting at greater
Practical Considerations depthswill also be treatedinthismanner,thentheexcavated

shallow material should be staged and stored in order to

The following factors should be consideredprior to taking truat it with the deep material.
anyremedial action.

Another situation may arise where VOCs aremixed with

Enforcement: This directive applies to fund-lead sitesas metals, and none of thepresumptive remedies canaddress
wellastositeswhereaPRPisconductingtheinvestigation both sets of contaminants. The action to address this
and/or response action. In the event that there is an situation may consist of a treatment train where VOCsare
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addressed through SVE or thermal desorption and the However, the lower costandeaseofSVE implementation
metals are addressed through fixation, will often weigh heavily in its favor, aslong as protection

of human health and the environment is ensured.

Finally, the site manager should be aware of situations
wherea mixture of principal and low-level threat wastes Additional Technologies: If for somereasonnone of the
call fortheuse oftreatment (i.e.,SVEor thermal treatment) presumptive remedies is applicable toa particularsite, the
of principal threat waste and containment (capping) of site manager is encouraged to refer to EPA's forthcoming
iow-level contamination. (See A Guide to Principal document entitled ContaminantsandRemediatOptions
7'hreatandLow-Level Wastes in Reference Section). atSolventSitesforadiscussionofadditional VOCtreata_nt

technologies. It should be noted that this comprehensive
Off-SiteDisposah Ingeneral, itmaynotbecost-effective document, which identifies additional VOCs and
to ship quantities of contaminated soil in excess of 5,000 technologies, may be appropriate to consider on a site-
cubic yards for off-site disposal. For this reason, specific basis.
pretreatment of soil and water may be required prior to
shipment or discharge to another treatment facility. Thermal Treatment Technologies: The site manager

should refer to EPA's Draft Strategy for Combustion of
Capping: Capping alone is not recommended to control Hazardous Waste (May 18, 1993) when considering any
the migration of VOCs. However, capping can improve thermal treatment technologies at a particularsite.
the effectiveness of SVE by decreasing the rate of
infiltrationofresidualVOCsthroughthevadosezoneinto Conclusion
theground water as well as possibly increasing the radius
of influence and preventing "short circuiting" of air For sites containing VOC-contaminated soil and
pathways in the vicinity of the extraction well. Capping appropriate soil characteristics, SVE is a relatively
can also be used to address non-principal threat waste inexpensive and efflcient technology. Ifmaterial needsto
unless it is more cost-effective to treat this waste along be excavated, thermal desorption is preferred. In a few
with more highly contaminated materials, cases, incineration may be the most appropriateremedy -

- for example, where SVE and thermal desorptionwill not
Patents: SVEis apatentedtechnology. Royalty payments meetclean-upcriteriabasedoncontaminantconcentratioas
may be required under certain conditions of or composition.
implementation.

As remedies other than SVE, thermal desorption and
Attainment of Remediation Goals: It should be noted incineration become more widely used in the future, this
that, like other in-situ technologies, it is difficult to directive may be modified to reflect these trends. For
ascertain with confidence whether SVE will attain furtherassistanceonpresumptiveremedyrelatedactivities
remediationgoalsuntiltheactionis actuallyimplemented, consult the Regional Presumptive Remedies contact.

Notice:

The policies set out in this document are intended solely as guidance to the U.S. Environmental
Protection Agency (EPA) personnel; they are not final EPA actions and do not constitute rulemaking.
These policies are not intended, nor can theybe reliedupon, to create any rights enforceable by anyparty
in litigation with the United States. EPA officials may decide to follow the guidance provided in this
document, or to act at variance with the guidance,based on an analysis of specific site circumstances.
EPA also reserves the right to change this guidance at any time without public notice.



TABLE 3

Comparison of Technologies for VOC Sites

' _(1)PERFORMANCE ADVANTAGES LIMITATIONS COSTS(1)

Canbeashighas99% · Highlevelofeffectivenesslrtremoving · soilb_atlslighlorhashighmolsturecontent(>50%)hasareducedpemleabire/to air, $10-150A0n
removalolVOC VOCs. hinderingtheoperationof SVE.
contaminantsbutis · Relativelyinexpensive. * Soilwithahighdegreeofheterogeneilyhashk:jhlyvariablepenneabilitles,resultinginuneven

u_ lypicaltylower_an olher , L_lesitedisturbance;noexcavation deliveryof oasfiowtomecontaminatedregions,whichinmmreducesremovalratesbySVE.
lechnologieswithrange required. , Soilwithhighorganicconlentorlhal isextremelydryhasahighsoq)tioncapacityforVOCs,
of85-99% ° Effectiveforwasteunderbuildingsor whichresultsinreducedremovalrotes.

o otherconstruction. * SVEmayrequiretreatingresidualsoiltoilings,liquids,andspentactivatedcarbon.lei

aa ' AiremissionsmustbecontrolledtoeliminalepossibleharmtoIhepubrcendtheenvironment.
> * SVEisnoteffectiveinlbosaturatedzmle.However,bweringtheaquifercanexposemore
u_ mediaIoSVE(thismay,addressconcernsregardingLNAPI_s).

95-99%removalofVOCs· AltccmpoundslhatarelistedonTable2 ° Requkesexcavation.ffconlaminationlsverydeeporbelowlhewatertable,excavation $200-300/ton
arereadilytreatedbythermaldesorpfion, maybedifficultandexpensive.

c · Becauseof lowertreatmanttemperalures* Mercury,if present,canberemovedfromsoilbythermaldesorptionandimposeadditional
o andoftenloweroxygenlevels,thermal treatmentcostsfortheoffgas.=
_- desorbersshouldproducelessnitrogen * Soilcontaininghighfractionsolclayorsiltmayresullinahighpercentageofparticulatecany-

oxidesandsulfurdioxidethan overfromIhedesod)erintodownstreamtreatmentdevices.
,,o c_ incinerators. · Softthatcontainsconstiluentsgreaterthan1to 2 inchesindiameterwillrequirescreeningor

, Processcanbeperformedonsiteor crushingto preventJammingthemechanicalequipment.
E offslte. · soilwithahighmoisturecontent(>30%)canresultin iowprocessingrates,highoperating
Q) · Lowertemperaturesproducefewer cosls,anddifficullyinmaledalshandling
I_ productsofIncompletecombustion · HighorIowpHwastesmaycorrodethemetalcomponentsol Ihesyslem,requiring

(PlCs). pretreatment.
· Potentialprocessresidualsaretreatedsolids,oversizeddebds,condensedcontaminantsand

water,padiculalecenlrolsystemsolids,andcontaminatedactivatedcarbon.
· Airpollutioncontrolsystemrequired.

,_ >99%removalofVOCs ° Capableolacceptinga widerangeof ° Requiresexcavation.IIcontaminationisverydeeporbelowthewatertable,excavationmaybe $200-
=oo reed're, difficultandexpensive. 170Mon

· Processescanbepedormedonsiteor · Soilcontaininghighfractionsofclayorsiltmayresultinahighpercentageofpadiculatecam/-
·" offsite, overfromtheincineratorintodownstreamtreatmentdevices.
'_ · Metalscanbeconcentratedinthe * Airpollutioncontrolequipmentisrequired.
-- residuals. * HighIreatmenltemperatures,ascomparedIo Ihermaldesorplion,canproducenitrogenoxides,

sulfurdioxides,andPlCs.
· Solidswithvolatilemetalsmayrequireaddilionaltreatmentormoreelaborateairpollulion

equipment.

NOTES:

{!) Actualpedormanceandcostfor anyremediationlecrmoio_yishighlysilespecific.Bothdepe_lupon.Uteodgklalandtargetclean-uplevelconcentrationsofoontaminants.
soilquantityto betreated,soilcharacteristics,andlhedas0gnlandoperationof theremecfialtonlechnok:)gyequipmentuseo.



TABLE 4

Information Required for Characterization and Technology Seleclion at VOC Sites
.... .',j ....

INFORMATION RATIONALEFORCOLLECTING_iFORMATION REFERENCE
m i i i ii mm

All 'rechnologies:

SiteGeology SVEIsmosteffectiveinporous,perrne_le,hom(xjmeoussol. HighlyhelemgeneoussoilU.e.,fracturedpmous GuUmc_!orConductingRemedial
lockorsandsinlerspa'sedwilhclaylenses)mayexhibitairftowchannelng_oughtighlypeaneablesoils.Also, InvestigationsandFeaslblily
desorptJonIdne_csmaybeslowh somesluaUons(i.e.,tighorgariccontenlorhighcia/conlenlsol). In_esa StudeeunderCERCLAQ3p.3-3to
cases,masstransferkhelicsmayreduce_e rateofrermvaldSVEbebwthatwhk:hisexpectedbycalcula_ons 3.20)EPN540/G-89/004
wlhalocalequilibriummodelorpilotscaleexperinentscarriedoulforonlyafewdays.OftendffusknIdneli:s
ImitalJonscanbesubstanlialyreducedbyproperdesignd theSVElacility.

USGSSdlClassilicalbn ForSVEtobeeftectbe,t_esolmusthavesdlicientpneumalJcpermeablity{>10.6cm2)topenalakIomove
_rough_emedium.Sand/,gravelysoilsarethemostcoqcbctivetoSVE,whibclaysandsillsarebascondu_ve. ASTMD2487
However,remedalJonsusingSVEinclaysandsiltshavebeensuccessful.$dlpenaeablitymayneedtobe ASTMD2488
measuredin_e field.

i , . w ,,.

SoilMd_re Hkjhmcisturecmlenlh soilma/dtaslicallydecreaseilsalrpwmeaUlitymd,thus,Iheeffectivenessd SVEThe
sitemustbe$ulf_enllywelldrahedtoprevenltgeseveremduclioninalrpermeability,whichoccurs_enlhe ASTUD2216

,... pmcmtwatersaturabnd Ihesalisgreater_an50%.Convemely,o_janicscanbeslfonglyadsorbedonto ASTMD3017
o extmmdydr/molb,whichmbotnpedNb'VE.Thomoblureconlentollhosol_11a!lecllheamounld energy

requiredtohealthesol,Ihelargetterra'alumandae handlingpmperllesd flne-grahedsdl. The,,naldesomptlon
requiresthaltbemo_urecmlenlofthesolbelessthan30%.

m, , ,,,,,

DepthtoG_oundWater SVEismtefiecliveinsaturaedsdl.However,lhewalerta)lecanbeloweredbypumping.Thernaldesoq3tion GuUancelorConductingRemedial
andhcineralbnaremoreexpensiveIorhighmoisturesoil. InvestigationsandFeasiblily

StudesunderCERCLA(pp.3-3to
3-201r __540/G_9_304

CmtamhanlIdenlity _BqlinoPoht-Thermaldeso_liontargettemperatureisdependanloncontumhanlboilngpoinL CRCChemi:alHandlmok
mdPropedies _oorPressure-SVEiseffectiveforcompoundswithavaporFessuregreaterthan05 mmHgalsol

temperatures.
DhlensionlessHenry'sCm_nl- SVEiseffecliveforcumpoundswi_a dmensionlessHmry'scomtanlhigher
_an0.01atsoillenperatures.
WaterSdubililv- SVEismoresuccesdulforcompoundswithIowa'solubiilies.
I.iouidand_oorDemitv-Aa3ntarrinent'_ithadensitygreaterthanwalermayIorma DNAPL.Acontamhantwih
adensityless_n walermayformanI_NAPL.Theflowcharacleristicsol acompound'svaporIorSVEIsafunction
d itsvapordmsity.



TABLE 4
Information Required for Characterization and Technology Selection at VOC SItN

(Contln ued)

INFORMATION RATIONALE FOR COLLECTING INFORMATION I REFERENCE
Ii

Al Technologies: (continued)

Contamlnari Concenffalk3n, Thesedata can begatheredvia soil maldx and/orsoilgassam_lng. Soil gassaml_lng,both shallowandal depths, GuUance JorConducting Remedial
Localk]n, Vclume,and Del:ih may be moreal:prapdate,givendepth to groundwalef and slratigraphy. Investlgalbns and Feaslbllty

Sludles Under CERCLA (pp. 3-3 Io
,3-20J EPNMITG-89/004

PreNnced Pipesor $_Burlace Theprsserceol _alerofelectdcalcondulls, 8ol IraclureIhss,dd3rb, or anyolh(x ct)Jeclslhal are mom permeable GeGlechnlcalTechnlquss
Malarial than the suffoundng .tollw111be the prelerredpalhway Ior the advectlncjgases,

s Eo.iy: ...........

Soll/Nr Riled P(xosity Porosityshouldbe le_s than 40%to( SVE to be ellective. GuUance for Conducting Remedlat
Investlgalbns and Feasiblily
Studes Under CERCLA (pp. 3-3 to
3-20) EPN540/G-89/004

_J

/ SolI/AtrPefmeaUIIty Soll/aJrpermeabllly shouUbe greaterlhan 10'6cn_ foralrlomovelhloughoullheconlamlnatedsolL SVEIs GuUance forConductlng Remedial.;...
,.,,. polerlllally effective In lesspermeablesoil (l.e.,baween 10-6to 10-10cra2), butfurther plbt-scale testhg and/= Investlgalbns and Feasibllty

.. malhemalical modelng Is recommendedto belier predct thetine for cleanup(v_lch Is likely to bep_olongedfor S!udes Under CERCLA (pp. 3-3 to
IowerpermeabililTsoll ). 3-20) E,P,N540'G-89/004

SoilTempe'arum Contamhari vaporpressure,dinensloriess Henry's Lawconslanl, watersolubilly, and i:hasedensityare slrong GuUance for Canducllng Remedial
functionsof temperature. Imesllgalbns and Feaslbllly

Sludes Under CERCLA (pp. 3-3 to
3.20) EPN_(7.G-89,/004

SoilHumlc Conlent Solvenls adheremongly to sailwith hgh humi; (;orient,which decreasestheeffectivenessol SVE. Gui;lance for Conducting Remedial
Inves'dgalbnsand Feaslblity
Studes Under CERCLA (pp. 3-3 lo
3-20) EPA/540/G-89/004

Centaminanl Soil Soq3tlon ThIs paramelerdescribesthe lendencyd the solvenl Io sorborio soil or organicrnalte(in the sdl. Hi_ef Koc's RI:ELTreataUlilyDatabase
Coefficlenl Kd (Since Kd Isless Indicalelhet a subsurfaceIs rn_e Ikely tobind tocarbon rlchmeda (i.e., sol0than Io remain in water.
readilyavalaUe, Kac, the
equi_dum belween
conlaminaris sotoedorlo
organiccarbonv ersusthe
groundw'_a' Is used.)

Contamlnarl[AdeOll_lon Thb paramet_ Is rolaledlo the leasibllty d mmodn9 contaminantsItem resldualsby mfbon adsoq:)llon. This RRELTreetaNIIlyDalabaeo
Characla'lsllcs onActivated parameter Is Impoftanlsince compoundssuchas MEKbecomeunstableas lhey areadsorbed onto cad_ort
Carbon



TABLE 4

Information Required for Characterization and Technology Selection at VOC Sites
(Continued)

INFORMATION RATIONALEFORCOLLECTINGINFORMATION REFERENCE

Incineration andThermal Desorption Only:

soilPlasticily Plasticsoil,whensubjectedtocompressiveforces,canbecomemoldedintolargeparticlesthaiaredifficullto GuidanceforConductingRemedial
heat. InvestigationsandFeasbility

StudiesunderCERCLA(pp.3-3to
3-20) ,E.PN540/G-891004

soilB'll.J.ConZent .Th,esoil,BTUcontentdelerminesthefuelrequirementsforIhermaldesorptionand!ncineral_,n. ASTM..D3286

ContaminantCombustion InformationoncombustioncharacteristicsofaVOCisrequiredinordertodelermineIhecombustion Bench/PilotTesting
ChamclerisUcs characteristicsoftheindneralor.

i ........

SoilParticleSizeDist_ution Thermaldesorptionusuallyrequiresthatsoilbepretreatedtoa maximumsoilparticlesizerangingfrom1lo2 ASTMD422
,-- inches.

NkallneMetalSalts Alkalinemetalsaltsmaycauserefractoryellackandslaggingathightemperatures. PercentageolNa,K
(e.g..NaSO4, KS04)

i iii

VolatileMetalsContent Highmetalconlenlmaycauseashleachingandslackemissionsproblems. HeavyMetalsAnalysis
(e.g.,Hg,Po,Cd,Zn,Sn)

BTU=BritishThermalUnits
LNAPL=LightNonaqueousPhaseLiquid
DNAPL=DenseNonaqueousPhaseLiquid
mmHg=mnlimelersof mercurypressure
NAPL=NonaqueousPhaseLiquid
PIC: ProductsofIncomplefeCombustion



APPENDIX A

TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

This Appendix summarizes the analyses that EPA conducted of Record of Decision (ROD) and
Feas_i!lty Study (FS) data from VOC-contaminated sites which led to establishing soil vapor extraction
(SVE), thermal desorption, and incineration as thepresumptive remedies for Superfund sites withVOC-
contaminated soil. The analyses consisted of:

· Identifying VOC-contaminated sites
· Determining the frequency of technology selection for VOC sites
· Identifying sites for the feasibility study (FS) analysis
· Conducting the FS analysis.

Results of these analyses, along with the scientific and engineering analysis of the performance data
ontechnology application (Primary Reference document), provide a support for the decision to eliminate
the initial alternatives identification and screening step for this site type. These technical reviews found
that certain technologies are appropriately screened out based on effectiveness, implementability, or
excessive costs. Review of technologies against the nine criteria led to elimination of additional
alternatives. Provided below is a discussion of each analysis.

Identification of VOC-Contaminated Site_

The first analysis involved generating a list of signed Records of Decision (RODs) (post-SARA),
documenting VOC contamination, from which data could be used for subsequent analyses. The ROD
Information Directory database was used for this purpose. Of the 821 signed FY86-FY91 RODs, 418
are identified in the database as containing VOC contamination in source material. This list of RODs
was subsequently divided into two lists: RODs where VOCs were the only contaminants of concern
identified in the source material and RODs containing VOCs, as well as other contamination, in source
material. For those RODs involving VOC plus other contaminants, a review of the ROD document was
conducted to identify cases where only VOCs were driving the selection of remedy. To make this
determination, the Remedial Response Objectives and Selected Remedy sections of the ROD were
reviewed to identify specific language indicating that the remedial action was designed to address on¥
the VOCs at the site. In addition, if cleanup goals were specified only for VOCs, the assumption was
made that VOCs were driving the remedy.

As a result of this analysis, 88 RODs were identified as VOC-only RODs or VOCs plus other
contaminants RODs where a clear determination could be made that VOCs were driving the selection
ot remedy.

Freouency of Technology Selection for VOC-Contaminated Sites

Table I presents the distribution of the 88 FY86-FY91 RODs among the treatment technologies used
to address VOCs in soil. This table demonstrates that the three presumptive remedies (SVE, thermal
desorption, and incineration) together were selected more often (over90% of the RODs analyzed) than
the other applicable technologies. PresumptNe Remedies were also those remedies where a fair
amount of performance data on technology implementation was available. Furthermore, SVE,chosen
in over two-thirds of the RODs analyzed, was the primary presumptive remedy selected.

Identification Qf $it_ for Feasibility_ Study Analysis

The purpose of the FS analysis was to document the technology screening step in FSs of VOC-
contaminated soiVsludgesites and identify the principal reasons given for eliminating technologies from
further consideration. To achieve a representative sample of FSs for the analysis, sites were selected
using ROD data according to the following criteria:

13



APPENDIX A

TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

(Continued)

Table I

Presumptive Remedy VOC Site Treatment
Summary Table, FY86-FY91*

TECHNOLOGIES USED TO TOTAL
ADDRESS VOCs IN SOIL

Bioremediation m 3

Incineration 11

Soil Flushing/Washing m 3

Soil Vapor Extraction 62

Thermal Treatment (=) 9

Total 88

Source: ROD Information Directory (RID), FY86 - FY91
Notes: (1) Relatively limited amount of performance data available for these technologies

versus the presumptive remedies.
(2) Thermal treatment includes RODs employing thermal desorption, thermal aeration,

Iow-temperature thermal desorption, and the generic remedy 'thermal treatment'.

' A population of 418 RODs was identified for this study based on the parameters: FY 1986-1991,
andVOC contamination of source media.

· Sites were chosen, based on the selectedremedy, to ensure an even distribution among the five
treatment technologies for VOCs insoil (i.e., bioremediation, incineration, SVE, soil flushing, and
thermal treatment).

· Whenever possible, both VOC-only sitesandVOCandother contamination sites were represented
under each technology.

· Sites were selected to ensure an evendistribution in geographic location, ROD signature date,
and site size.

Feasibility Study Analy_i-q

TheFSanaJysisinvolves a review of the technologyscreening phase, including any pre-screening steps,
followedby a review of the detailed analysis and comparative analysis phases in each FS and ROD.
InformalJonderived from each review was documentedon site-specific data collection forms, which are
available for evaluation as part of the Administrative Record for this directive. (See 'Feasibility Study
Analysisfor CERCLA Sites with Volatile OrganicCompoundsin Soils', September 1993, available at EPA
Headquartersand Regional Offices.)

14



APPENDIX A

TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

(Continued)

For the screening phase, the full range of technologies considered was listed onthe data collection forms,
along with the key reasons given for eliminating technologies from furtherconsideration. These reasons
were categorized according to the screening criteria: cost, effectiveness, or implementability. The
frequency with which specific reasonswere given foreliminating a technology from further consideration
was then tallied and compiled into a screening phase summary table (Table 2).

For the detailed analysis and comparative analysis, information on the relative performance of each
technology/alternative with respect to the nine NCP criteria was documented on the site-specific data
collection forms. The advantages and disadvantages associated with each clean-up option were
highlighted, in some cases,aVOC technology was combined with oneor more technologies that address
minor site contaminants into one or more alternatives. Only the component of the alternative which
addressed the VOC contamination was evaluated in this analysis. The disadvantages of a technology/
alternative were then compiled into a detailed analysis/comparative analysis summary table, under the
assumption that these disadvantages contributed to non-selection. All summary tables are available for
review as part of the Administrative Record.

The FS analysis has been completed for 21 sites (representing approximately 25% of universe studied).
The information from these FSshas been compiled and summarized inTable 2. Additional FS analysis
is planned and will be added to the Administrative Record, when available. Table 2 demonstrates that
technologies, other than the presumptiveremedies, are consistently eliminated from further consideration
in the screening phase due to effectiveness, implementability, or excessive costs. In addition, the
analysis indicates that, although certain technologies routinely passed the screening phase, these
technologies were selected infrequentlybecause they did not provide the best overall performance with
respect to the nine criteria. Together these analyses (Appendix A to this directive and 'Feasibility Study
Analysis for CERCLA Sites withVolatile Organic Compounds in Soils'), along with the scientific analysis
of performance data (USEPA (In Progress) Contaminants and Remedial Options at Solvent Sites) will
support the decision of using presumptive remedies and bypassing the technology identification and
screening step for a particular site. As previously indicated, this factsheet and accompanying analysis
should be part of the Administrative Record for the site. Further supporting materials, not found in the
Regional files, can be provided by Headquarters, as needed.



TABLE 2 ,, SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES !

REMEDIAL / /-_"/--_ / / $FS,Whem /' / "
_,_._/,"_ed_'__._._e/ CdtedoeGonld_(fd /.,. .,_. / l RODsWhereCdterlonContributedto Non-Selection

Capping 21 8 7 6 I 6 2 0 8 5 3 7 6 6 3 1 - -

Ofi_te
Nonhazardous 4 0 2 2 0 2 1 0 0 0 0 0 0 0 0 0 - --
Landfill

OfisiteRCRA
Disposal 18 12 4 2 I 3 3 2 10 3 6 7 3 9 5 7 - -

Onsite
3 1 2 0 1 1 0 0 1 0 0 I 0 0 0 0 -- -

Encapsulation

Onsite

Nonhazardous 2 0 f f 0 1 ! 0 0 0 0 0 0 0 0 0 - -
Landfill

o_ OnsiteRCRA
Landfil 14 I 11 2 0 8 7 0 ! 0 0 I 0 1 1 0 - -

Activated
Sludge 1 0 1 0 0 ! 0 0 0 0 0 0 0 0 0 0 ....

ComposlJng 4 1 3 0 0 3 0 0 I 0 0 0 0 I 0 I ....

Land

Farming 3 0 3 0 0 1 1 0 0 0 0 0 0 0 0 0 - -
., ., ,. , , .

Bioremediation
(unspec_t_) 6 o 6 o 0 5 4 0 0 0 0 0 0 0 0 0 -- -

Ex-situ
Bioremedialion 7 f 6 0 2 5 2 1 0 0 0 0 0 0 0 0 - --

Ims_u
Blmernedlatlon 11 1 10 0 2 9 4 0 0 0 0 0 0 0 0 0 ....

Dechlodnalion/
APEG 3 0 3 0 0 3 1 0 0 0 0 0 0 0 0 0 - -



TABLE 2 * SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued) _

' #FSsWhere

OtherC_ernical
DeslmctJon 3 0 3 0 0 3 0 0 0 0 0 0 0 0 0 0 - -

Reduction 7 0 8 1 0 5 I 0 0 0 0 0 0 0 0 0 - --

Neulrar_zation 6 0 6 0 0 5 0 0 0 0 0 0 0 0 0 0 - -

Oxidation 6 I 5 0 0 4 0 0 1 0 0 0 0 1 1 1 - -

Ofisile
Incineration 16 7 6 1 5 5 2 0 7 2 0 I 0 7 6 2 - --

{unspecified)
·.a Onsite

Incineration 7 1 6 0 2 3 5 0 1 0 0 0 0 I I 0 - -

[unspecified)

Ruldized
Bed 5 0 4 I 3 I 2 0 0 0 0 0 0 0 0 0 - "

Infrared 5 1 4 0 2 2 1 1 0 0 0 0 0 0 0 0 - -

Py_otysis 3 0 3 0 2 1 1 0 0 0 0 0 0 0 0 0 - -

Multiple
Hearth 5 0 4 1 2 4 I 0 0 0 0 0 0 0 0 0 - "

Rotary 11 6 3 2 3 2 3 2 4 1 0 0 0 5 3 4 - -Kiln

01her 13 i 12 0 5 6 5 1 0 0 0 0 0 0 0 0 - -
Incineration

OtherThermal 6 0 6 0 2 4 3 0 0 0 0 0 0 0 0 0 - -
Traltmant



TABLE 2 * SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued) 1
....... #FSsWhere ' .

TECHNOLOGY /',6x_,_b'///'.s//_'"_/"_,'= <_T__d_ ' _'_ /

V_ificatlon 12 0 11 1 2 8 5 0 0 0 0 0 0 0 0 0 - -

Wet/Ur
Oxldalbn 6 1 5 0 1 4 3 0 1 0 0 0 1 1 i 0 - -

LowTemperature
ThermalDeso_/ 13 10 3 0 I I 2 3 7 2 1 I 2 7 3 4 - -
Stripping

In-situSleam

Stdpping 3 2 1 0 0 1 0 2 0 0 0 0 0 0 0 0 - --

Sou 15 3 12 0 0 9 5 0 3 I 1 1 2 2 1 3 - --
Flushing

I..,.-

oo Sol
Washing 14 2 12 0 1 10 9 0 2 0 0 I 0 2 2 1 - -

In-sltuVacuum 17 11 6 0 0 6 2 10 2 0 0 0 1 0 0 2 - -Extraction

B.E.S.T.
Pmcess I 0 1 O 0 1 0 0 0 0 0 0 0 0 0 0 - -

Uqulfied
Oas 1 0 I 0 1 I 1 0 0 0 0 0 0 0 0 0 ....

OtherPhysical
Extraction 4 0 4 0 0 3 0 0 0 0 0 0 0 0 0 0 - -

Fu<al_n 7 1 6 0 0 6 0 0 1 0 0 1 1 0 1 1 - -

Stabgizatio_
So_rcatk_n 13 2 7 4 O 6 2 0 2 O 0 2 2 2 0 2 - -

Aeration 12 2 10 0 I 9 2 1 1 0 0 0 1 1 I 0 - -



TABLE 2 · SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued) i

'" / .._._ / / OFS.V_, / "/ '
4_ :_: c_ _ Cr[t,rk_Con_t_t.dc :.m= / ,.o,...,.c.,.,.,co.,,...,o....,.,..TECHNOLOGY

I_sltu

Hydrolysis 4 0 4 0 0 3 2 0 0 0 0 0 0 0 0 0 - --

Soil
Slurries 1 0 ! 0 0 1 0 0 0 0 0 0 0 0 0 0 - -

1 This study was conductedon 21 RODsand their conesponding FSs,
2 This does no( Ihe Includethe no-action or institutionalconlrol only alternatives. No RODsselectedeither ol Ihese asremedies.
3 FSs and ROOs mayconlain mote Ihan one criterionlot screeningor non-selectionol lechnoiogy. Also. someFSsdid not lullyexplain the crileria Ior screening out a technology. Thus. Ihe Iulals lot

screening and non-selection crileria are nol equal Io Ihe number of FSs and RODsconsidered.
4 Information on Slale end community co. ems was not Includedin this analysis becauseFSs do not contain Ibis Inlormalionand RODsgenerallyonly

reference auppofllr_gdocumentation (I.1.. Stale concufi'enceletler and responsivenesssummary).



APPENDIXB
CriteriaEvaluationforTechnologlesUsedto TreatVOC-ContaminatedSoil

CRITERIA

OverallProtectionof ComplianceWith Long-Term Reductionof Toxfcity, Short-Term
HumanHealthand _e Effectivenessand Mobility,or Volume Implementability Cost (1)

Environment FederalARARs Permanence ThroughTreatment Effectiveness

· Providesbohshort. · DoesnotlnggerLDRs , Electivelyremoves · S_iicanllyreduces · Doesnotpmsentsubslantive· Fewadmlnistrative $10-150/ton
andbrig-tefra becauseildoesnothvoive conlamhationsoun:e. Ioxtcily,moblty,or riskstoonsiteworkersor dificullies.
IXOleCfionbyreducing placementofwaste. _umethrough community;potenlialfor Techndogyisreacily $5(:Ylonavg.

z conc_rmionand · Isawell-demonslrated Imatmant somedustgenerationduring avall_e Irommany

exposuretoVOCsiq * Becausewasleisremoved !ed'niqoeforremoving wellinstallation, sources.
c) soil h placeIlfoughIkT_iled VOCsIromsoFsludge. · Producesfewwaste

constructionandre streams.. · Potentialairemisdonsam· Usedsuccessfugyat
· Dependingonsite- excavation,fewimpactslo * RequiressomeIreatnenl eas_cmln3lledthrough numerousSq3erfundsites

or d residuals(spent ac_vatedcarbonadsolption toaddressVOCspeciJcconditions, weJarlds,fbodplahs,
preventsfurlherground waterquarryareI_ely. carbonorconcentrated orothertechnologies, contamination.

_) walermnlamhalion. VOCwasteslream)
o. ·Dependngonsile-spedic 9enemllylhrough · Gmeragyhvoivesrelallvely· Inslaangandoperathg
X. condifons,lreatswadesto regeneraionordisposaJ, shod_e frametoachieve exlraclionwellsrequireso
__. lev_ thatwaprevent clean-uplevels;however, fewerengineeringcontmis
0 exceedanced g'oun_atef· Hazadouswastesleltin difficultyinesth_ing Ihanothertechnologies
u_ clean-uplevds p/acewillrequire5-year timeframemayexistdueto (i.e.,excavaimand

review, siteuncertainties(e.g, incinerat_).
· Emissioncontrolsare irregularsoilpermeabilille_).

neededb ensure · Requiressedesofsoilgas
compfmncewithairquaity · EJiectivefortreatin9waste samprngtodetefmhe
standards, underbusings, whendean-_leversare

Canbepertormedonactive achieved.
facilities.

· Hardware,suchasvacuum
blower,isreacilyavailable
frommanysources,burSVE
systemperformanceishighly
dependmluponIhelithdogy
oflhesiteandsystem
desigrk

1. NolB:AcluAaco_ofaremediationtechnologyishighlysile.specilic.ItisdependentuponIheoriginalandlafgetclean-uplevelcmoentmtionsofcontaminanls,soilcharacteristics,andthedesigland
opefalioncl Ihsremedialionlechnok:)fi,yused.



APPENDIXB

Criteria EvaluationforTechndogies Usedto TreatVOC-ConlaminatedSoil
(continued)

CRITERIA

OverallProtectlm of ComplianceWith Long-Term Reductionof Toxicity, Short-Term
HumanHealthand the FederalARARs Effectivenessand Mobility,orVolume Effectiveness Implementability Cost (1)

.Environment Permanence ThroughTreatment

· Providesbothshort- · ReqtirescanpLlncewith · Blectivelyremoves * Signilicanllyreduces , Presentspotentialsholl- * Constmclionand $200-300/
andbng-tenn RCRAremoval,lrealmml, contamhatknsource. Ioxidly,moblity,or lermriskstoworkersand substantivepermit Ion
proledionby Iransporlalion(i offsile volumed contamhanls communilytomairrelease requirementsofanonsile
diminalhgexposureto Irealmert),andland , IsaweLdemon_aled throughtreatnert, durngexcavalimaed Irealmerturilmaypresert$250/Ion
VOCsh soFsludge, dsposairegulalions0fa bchniquefoxremovhg trealment01onsile somedlficullies.Mobile avg.

hazardouswash). VOCsIransc_llsludge. * Geniallyrecpireslea Irealment). hcheralimunitsbrmsite
runsIoensuredleclive IrealmenlamavaJable.

· Prevenlsludher * Excavalion,conslmclion,· hvdvessomelrealmenl treatment. ' InvolvespolertialshmHerm
Found'raer andoperaiimofonsie ordisposald [edduals risksImmhandingand ' Limitedolfsletmamert
contaminalionand kealmertunilma/reqtJm generMylhrou_hused transportingwaste(toftsile capacilyexists.

E dfsilemlgralon, complancewithwellanda carbonaclsorpbon/ Ireament).

"_O · andolherbcatim.spedk: regeneraionorcisposal. ' UsedsuccesdulyalolherRequimsmeasuresto ARARs. · ReLievelyshoaltimeframe Supedundsilesloaddress
mm protectworkasand toachieveclean-uplevds, solvmlcmtaminalbrt
O communlydurhg * Treatshazadouswastelo
,,_ e_cavalion,handing, 8DATleveb;Ihus,thereis ' Requiresengineering
:E andtreatment, noLDRproUemwilh measurestoconlmlair
n- residuals, emissions,lugilivedusl,ua
-r run-df,eresbnmd

· Generally,treatswastesto secreentalim,siteaccess.
levelsIhavalixevent andtransp_atiorL
exceedanceofgmund-
walerdea_p leveb.

. Enisdonconlroisare
neededtoensure
comprzancewithairquaily
standards.

1. Nole:/_ctuaicostofaremeclationtechndogyishighlysite-spedlic.I isdependalq_onIheorignalandramjetclean-uplevelconcentrationscdoonlarn_qanls,soilcharaclenslics,andIhedesign
andoperatmofIheremeclalionlechnolo_used.



APPENDIXB
CriteriaEvaluationfor TechnologiesUsedto TreatVOC-ContaminatedSoil

(continued)

CRITERIA

OverallProtectionof Long-Term Reductionof To_dcity,
HumanHealthand file Complbnce With Short-Term (1)

Environment FederalARARs EffectiveneSSpermanenceandThroughM°bility'Trea_ent_ Volume Effectiveness n,,,r,,._ntability Cost

· Providesbothsho_-and , Requirescompliancewllh * Ellectvelydestroyssource * Significanllyreduces . Presmlspolen_alshort-· Constmclbnmd $200.17001
bng-lefmpmteclienby RCRAremoval,trealment, ofconlamha6on, toxicity,mobnity,or termdskstoworkersand subslmlvepermit tm
errninalingexposureto Iranspo_albn('doffate volume(_conlamhants communityIronair requlmmmlsolm
sdvmlconlaminanlsin treatmenl),andland , Isawell-demonstraed throughtreament, releasedur_ onsileinckeraorrna/ $40Oftmavg.
soil. disposalregulations('_a lechriquebr trea_ngVOCs excavalimand besomewhatdilicul.

hazardouswaste), h so,sludge, trealmenl[donsite Mobilehcinera_ors
, Prevenl$ludherground. Irealmenl). available.

waterccntamJnalionmd ·Excavation,conslmclion, * Noorganicresiduals
olsle mlgralino, andoperalionolonsile conlamina_onwil existil . Inuolvespetmtialshin1- , Llma_ _e

incireraorsmaymcluke Ireathg_¥sluckje termdskstomhandhg bcinerafN3ncapacity
z · Requiresmeasuresto compliancewilhwetlands contaminatedonlywith andIranspodingwaste exists.
O protectwod<ersand andolherbcalion_eclic VOC,_ (ilolsitetrealmmt).

oommunlyduring ARARs. . Usedsuccessful/al
cc e_cavalbn,harding,and , Relalivelyshort otterSq3edundslles
m treatment. · TreatshazardouswasteIo timeframetoachieve IoaddressVOC
O BDATlevels;tins,lhereis clean.uplevels, conlamina_n.
z noLDRFGblemwilh

residuals.

· TreatswastesIobvelslhat
w__ venle_ceedmoe(f
ground.w'aerdean-up
levels.

· Emissioncontrolsmaybe
neededlOensure
compliancewithairquarto/
standardsduringe_cavaion
andconst'uction.

1. Nole:.aclualcostd a remediationtechnologyishighlyslle-specificanddependenluponIheoriginalandtaegetclem-uplevelconoenlralion$ofconlwnhants,sc_c,haractertslics,andthedesk_and
operilianoftheremedationtechnology,used.



APPENDIX C

U.S. Waste Exchanges

CALIFORNIA WASTE EXCHANGE INDUSTRIAL WASTE INFORMATION
Robert McCormick EXCHANGE
Department of Health Services William E. Payne
Toxic Substances Control Division New Jersey Chamberof Commerce
400 P Street 5 Commerce Street
Sacramento, CA 95812 Newark, NJ 07102
(916) 324-1807 (201) 623-7070

INDIANA WASTE EXCHANGE MONTANA INDUSTRIALWASTE EXCHANGE
Environmental Quality Control Don Ingles
1220 Waterway Boulevard Montana Chamber of Commerce
P.O. Box 1220 P.O. Box 1730
Indianapolis, IN 46206 Helena, MT 59624
(317) 232-8188 (406) 442-2405

INDUSTRIAL MATERIAL EXCHANGE NORTHEAST INDUSTRIAL WASTE EXCHANGE
SERVICE Lewis M. Culter
Diane Shockey 90 Presidential Plaza, Suite 122
2200 Churchill Road, #31 Syracuse, NY 13202
Springfield, IL 62794-9276 (315) 422-6572
(217) 782-0450 FAX: (315) 422-9051
FAX: (217) 782-9142

SOUTHEAST WASTE EXCHANGE
INDUSTRIAL MATERIALS EXCHANGE Maxi May
Bill Lawrence Urban Institute
17220th Avenue Department of Civil Engineering
Seattle, WA 98122 University of Nort_ Carolina
(206) 296-4899 Charlotte, NC 28223
FAX: (206) 296-0188 (704) 547-2307

PACIFIC MATERIALS EXCHANGE SOUTHERN WASTE INFORMATION
Bob Smee EXCHANGE
1522 North Washington Street, Suite 202 Gene Jones
Spokane, WA 99205 P.O. Box 960
(905) 325-0551 Tallahassee, FL 32313
FAX: (509) 325-2086 (904) 644-5516

FAX: (904) 574-6704
NATIONAL WASTE EXCHANGE NETWORK
1-800-858-6625

RENEW
HopeCastillo
Texas Water Commission
P.O. Box 13087
Austin, TX 78711
(512)463-7773
FAX: (512) 463-8317
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APPENDIXD il
GLOSSARY

AonlicableorRelevantandAppropriateReoulrements Record of Decision (ROD) - A public document that
CARA Rs)- CERCLA Section 121(d) and the NCP require explains the basis for selecting the clean-up alternative(s)
that onsite remedial actions must attain (or justify a waiver that will be taken or served under CERCLA.
o0 requirements of environmental laws that are determined
to be Federal or more stringent State applicable or relevant Remedial Desien (RD}- The remedial action thatinvolves
and appropriate requirements, designing and testing to determine whether the remedy

will be effective al a site.

Dense Non-A queous Phase Liquid (DNAPLI - DNAPLs
are immiscible hydrocarbon liquids that are denser than Remecliallnvesti_tion(RlI-Anin-depthstudyclesigned
water, such as chlorinated solvents (either as a single to gather the data necessary to determine the nature and
component or as mixtures of solvents), wood preservative extent of the threat posed by contamination at a Superfund
wastes, coal tar wastes, PCBs and some pesticides, site. It also helps to establish the preliminary criteria for
DNAPLs can sink to great depths, can penetrate into cleaning up the site in the FS and supports the technical
bedrock fractures, can move as a liquid in a direction and cost analyses of the alternatives. It is generally
tifferent from the flow of groundwater and can act as a completed and combined with the FS and referredtoasthe
ontinual source of groundwater contamination over time. RI/rS.

Enelneerlne Evaluation/Cost Assessment (EE/CAI - Risk Assessment - The qualitative and/or quantitative
An analysis of removal alternatives for non-time critical evaluation performed in an effort to define the risk posed
removal actions, to human health and/or the environment by actual and

potential exposures to specific pollutants in air, water, soil
-._E_lll.T.r..q,_%_m- Removal of material from the ground or other media.
for treatment.

Suoerfund Accelerated Cleanuo Model (SACM1 - An

Feasibilltv Study (FSI - A description and analysis of the initiative designed toaccelerate all aspects of the Superfund
potential clean-up alternatives for a site. It is generally clean-up process.
conducted concurrendy with the remedial investigation
(Rl); together the studies are referred to as an RI/FS. (See Vadose Zone - The zone in soil that lies above the
remedial investigation.) permanent water table.

In-Situ Treatment - The treatment or remediation of Volatile Qrganlc Comoounds (VOCs) - Any organic
media occurring in-place, compound which readily dissipates into the air.

Innovatlv_TrgatmentTechnoioeies- Technologies that
have been tested, selected, or used for treatment of
haT_rdous substances or contaminated materials but lack
well-documented costandperformance data under a variety
of operating conditions.

Land Disoosai Restrictions R,DRs_ - The HnT_rdous
and Solid Waste Amendments (HSWA) to the Resource
Conservation and Recovery Act (RCRA) include specific
restrictions on the land disposal of RCRA h_7ardous
wastes. These restrictions, known as LDRs, prohibit the
!and disposal of resuicted RCRA hazardous wastes unless
these wastes meet treatment standards specified in 40 CFR
268 or other compliance options.

Lieht Non-Aqueous Phase Liquids (LNAPL) - Like
DNAPLs, LNAPLs are immiscible liquids, but are lighter
than water and therefore float on water. As they are lighter
than water, they aremost frequently found at the ground-
water tabledvadoze zone interface.
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