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II NOTICE 
JI 

This document was prepared by the United States Environmental Protection Agency under EPA Contract Number 
68-W2-0004. Option 2. Subcontract No. 92-001-0 I. Mention of trade names or commercial products does not 
constitute endorsement or recommendation for use. 

This document represents a series a technology resource guides prepared by the Technology Innovation Office. 
These include the following technology guides: the Bioremediation Resource Guide (EPN542/B-93/004): the 
Ground-Water Treatment Technology Resource Guide (EP N542/B-94/009)~ and the Soil Vapor Extraction 
Treatment Technology Resource Guide (EPN542/B-94/007). 

Information is included in this document on how to obtain these additional resource guides. 
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FOREWORD I 

Identifying and accessing pertinent information resource tools that will help site cleanup managers evaluate innovative 
technologies is key to the broader use of these technologies. This Guide is intended to increase awareness about 
technical information and specialized support services/resources related to physical/chemical treatment technologies. 

Specifically. this document identifies a cross section of information intended to aid users in remedial decision-making. 
including: abstracts of field reports and guidance documents; computer systems/data bases: pertinent regulations and 
associated guidance documents: program hotlines: as well as Federal centers for ordering publications. ln addition. 
the look-up format of this document allows the user to quickly scan available resources and access more detailed 
abstracts, as desired. 

Please let us know about additional information that could make this Guide ( and others in the series J more useful to 
you. 

lll 

)V~7N._~ 
Walter W. Kovahck. Jr .. Ph.D. 
Director. Technology innovation Office 
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II EXECUTIVE SUMMARY 

This PhysicaVChemical Treatment Technology Resource Guide is intended to support decision-making by 
Regional and State Corrective Action permit writers, Remedial Project Managers (RPMs), On-Scene Coordina
tors. contractors, and others responsible for the evaluation of technologies. This Guide directs managers of sites 
being cleaned up under RCRA. UST. and CERCLA waste management programs to physical/chemical treatment 
technology resource documents. databases, hotlines, and dockets and identifies regulatory mechanisms (e.g .. 
Research Development and Demonstration Permits) that have the potential to ease the implementation of physi
cal/chemical treatment technologies at hazardous waste sites. 

This Guide provides abstracts of representative examples of over 110 physical/chemical treatment technology 
guidance, overview/program documents. studies and demonstrations, and other resource guides. The Physical/ 
Chemical Treatment Technology Resource Matrix. which accompanies this Guide, identifies the technology 
type. media. and contaminants covered in each abstracted document. The included documents focus for the most 
part on soil. sludge. and sediment and on soil washing/flushing, solvent extraction, thermal desorption. and 
chemical dehalogenation. Information contained in this Guide is not intended to be all-inclusive. nor does it 
represent an endorsement by the U.S. Environmental Protection Agency (EPA). 
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Ii INTRODUCTION 

EPA is committed to identifying the most effective and efficient means of addressing the thousands of hazardous 
waste sites in the United States. Therefore. the Office of Solid Waste and Emergency Response's (0SWER's l 
Technology Innovation Office (TIO) at EPA is working in conjunction with the EPA Regions and research 
centers. and with industry to identify and further the implementation of innovative treatment technologies. Cur
rently. soil washing/flushing. solvent extraction. thermal desorption, and chemical dehalogenation are frequently 
selected innovative technologies. 

The goal of OSWER is to encourage the development and use of innovative hazardous waste treatment technolo
gies. One way of enhancing the use of these technologies is to ensure that decision-makers can avail themselves 
of the most current information on technologies. policies. and other sources of assistance. This Guide was 
prepared to help identify documents that can directly assist RPMs and permit writers in investigating existing 
information on physical/chemical treatment technologies for contaminants usually found at RCRA. UST. and 
CERCLA sites. 

HOW TO USE THIS GUIDE 

When using this Guide to identify resource information on physical/chemical treatment technologies. you may 
wish to take the following steps: 

l. Turn to the Physical/Chemical Treatment Technology Resource Matrix located in the back of this Guide. 
This matrix lists alphabetically by document number over l l O physical/chemical treatment technology-related 
documents and identifies the type of information provided by each document, as well as a document ordering 
number. 

Select the document(s) that appear to fit your needs based on the content information in the matrix. 

3. Check the abstract identification code. This number refers to an abstract of the document. The number 
corresponds to a page number m the Guide and the letter corresponds to an abstract on that page. 
For example: 

Abstract 
Identification 

Code 
9 

I 
page 9 in the 

Resource Guide 

A 
Abstract A on 
page 9 of the 

Resource Guide 

4. Review the abstract that corresponds to the document in which you are interested to confirm that the docu
ment will fit your needs. 

5. If the document appears to be appropriate, check the document number highlighted under the abstract. 
For example: 

! EPA Document Number: EPA/540/S-92/003 ! 
6. Tum to the section entitled "How to Order Documents Listed in this Guide" on page 3 of this Guide and order 

your document using the directions listed. You will find order forms identified in the section entitled "Order 
Forms," which begins on page 43 of this Guide. 

7. When seeking information on technical assistance sources. tum to page 4 of this Guide. 

8. To identify information on Federal regulations and guidance relevant to physical/chemical treatment tech
nologies. turn to page 7 of this Guide. 

9. If you would like to comment on this Guide or would like additional information, tum to page 41 of this 
Guide and follow the directions for mailing or faxing your comments/questions. 
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HOW TO ORDER DOCUMENTS LISTED IN THIS GUIDE 

Documents listed in this Guide are available through a variety of sources. When ordering documents listed in the 
"Physical/Chemical Treatment Technology Abstracts" section of this Guide, use the number listed in the bar 
below the abstract. If using the Physical/Chemical Treatment Technology Resource Matrb in the back of the 
Guide, use the number listed below the document title. If multiple document ordering numbers are identified, 
select the appropriate number based on the directions below. EPA/530, EPA/540, EPA/60CJ, and EPA/625 
documents may be available through the Center for Environmental Research Information (CERI); EP A/450, EPA/ 
540, EP A/542, and EP A/823 documents may be ordered through the National Center for Environmental Publica
tions and Information (NCEPI); and EPA/530 documents may be obtained from the RCRA Information Center 
( RIC). These document repositories provide in-stock documents free of charge, but document supplies may be 
limited. Documents obtained through the National Technical Information Service (NTIS) are available for a fee; 
therefore, prior to purchasing a document through NTIS, you may wish to review a copy at a technical or univer
sity library, or a public library that houses government documents. 

Document Type Document Source 

Publication numbers with the followmg prefixes: 
AD 
DE 
PB 
PR (free of charge) 

NTIS 
5285 Port Royal Road 
Springfield, VA 22161 
(703) 487-4650 
fax requests to (70)) 321-8547 
8:30 a.m. - 5 p.m., Eastern Time. 

NT!S provides documents for a fee. The" NT!S Order Form, 11 included in the "Order Forms" section of this Guide can be 
used to order from NT!S. 

'.:'.!-~:it,,>·.·.· ">r.t,J;f.~.--~ "":'"'Y..l.;,._-.".:.:.~.-. ·· ~"::.- .:;..'.'.-<,}71~4;;"!1Ul!SlJg1~~-~-i'Rl-----------------111!1.nr.&::~··:~ 
Publications with the following numbers: 

EP A/530 (limited collection) 
EP A/540 (limited collection) 
EPA/600 
EPA/625 

Center for Environmental Research lnformation 
(CERI) 
Cincinnati. OH 45268 
(513) 569-7562 
8:30 a.m. - 4:30 p.m., Eastern Time. 

Out of stock documents may be ordered from NCEPI or may be purchased from NTIS. -~~;..;·~· ~'---~:m ____ ... __________________ _ 
Publications with the following numbers: 

EPA/450 
EPA/540 
EPA/542 
EPA/823 

National Center for Environmental 
Publications and Information (NCEPD 
11029 Kenwood Road, Building 5 
Cincinnati, OH 45242 
(513) 891-6561 
fax requests to (513) 891-6685 
8 a.m. - 5 p.m., Eastern Time. 

A document title or number is needed to place an order with NCEPI. Some out of stock documents may be ordered from 
CERI or may be purchased from NTIS. 

i .-. ' 

Publications with EP A/530 numbers RCRA Information Center (RIC) 
401 M St.. SW, Mailcode: 5305 
Washington. DC 20460 
(202) 260-9327 
9 a.m. - 4 p.m., Eastern Time. 

The "Office of Solid Waste Publications Order Form." included in the "Order Forms# section of this Guuh can be used to 
order from the RIC. 

If you have difficulty finding a document or wish to obtain EP A/510 documents, call: 
RCRA/Superfund/OUST Hotline: ............. _ .............. 1-800-424-9346, 703-412-9810, TDD: 800-553-7672, 703-412-3323 

Operates Monday-Friday. 8:30 a.m. - 7:30 p.m .. Eastern Time. 
Hotline staff can help EPA staff or members of the public locate documents and assist callers with placing document orders. 
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SOURCES OF PHYSICAUCHEMICAL TREATMENT TECHNOLOGY 
INFORMATIONtrECHNICAL ASSISTANCE 

l 
i 
I 
I 

Numerous computer-based bulletin boards, regulatory hotlines, dockets, databases. catalogs/bibliographies. and periodicals 
are also available. These resources provide technical information on physicaVchemical and other innovative technologies 
and guide you to additional valuable resources. Most bulletin board services are provided free of charge. 

BULLETIN BOARDS: 

• Alternative Treatment Technologies 
Information Cer;ter (AmC) data llne .. 703-908-2137 
Provides hazaraciJS waste abstracts, news bulletins, confer
ence information, and a message board. Users can access 
this collection of hazardous waste databases accessed through 
a bulletin board. 

Help Line .............................................. 703-908-2138 
Provides information on access to A ITIC. 

• Cleanup Information Bt- In 
(CLU-IN) data line.......... . ................... 301-589-8368 
Provides hazardous waste professionals with current infor" 
maticn on innovative technologies via a bulletin board. Pro
vides information bulletins, message and on-file exchange, 
ancton-line databases and directories. 

Help Line ............................................... 301-589-8368 
Addresses questions about CLU-IN access and contents; 
addresses problems with the service. 

• Office of Research and Development (ORD) 
Data line ................................................. 800-258-9605 
Bulletin Board Service (BBS) 
Data line ................................................. 513-569-7610 
Provides a bibliography of over 19,000 documents and a 
message board. 

Help L :e ............................................... 513-569-7272 
Proviaes information on access to and contents of the ORD 
BBS. 

CATALOGS/BIBLIOGRAPHIES/DIRECTORIES: 

• Accealng Federal Data a- for Contaminated Site 
Clean-Up TechnologlN, Third Edition, September 1993 
EP A/542/8-93/008 
Provides information on those systems maintaining data on 
remedial technologies, including information on data ele
ments, system uses, hardware and software requirements, 
and access. 

• Catalog of Hazardoua and Solld Waste Publlcatlona, 
Sixth Edition EP A/530-8-92-001 
Catalogs Office of Solid Waste policy directives, guidance 
documents, brochures, Regulatory Development Branch 
memos, and other documents relevant to hazardous and solid 
waste. 

• Compendium of Superfund Program Publlcat!ona 
EPA/540/8-91/014, NTIS PR 881 
Provides abstracts and ordering information fc · ~ct sheets, 
directives, publications, and computer materials on Superfund. 
Use the document ordering directions to obtain the Compen
dium. 
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• Federal Publlcatlon• on Alternative and Innovative Treat
ment Technologle• for Corrective Action and Site 
Remediation, Third Edition, September 1993 
EP A/542/8-93/007 
Lists Federal publications on innovative treatment technolo
gies, including thermal, biological, and physicaVchemical 
processes; technology survey reports; treatability studies; 
and reports on ground water and community relations. 

• Literature Review of Nonblologlcal Remediation Tech
nologlH Which May Be Applicable to Fertilizer/ 
Agrtchemlcal Dealer Sites NTIS DE930038n /XAB 
Provides a general literature overview of the more prominent 
nonbiological remediation technologies that may be appli
cable to fertilizerlagrichemical dealer sites. 

• Literature Survey of Innovative Technologies for Hazard
ous Waste Site Remediation, 1987-1991 
EPA/542/8-92/004, NTIS PB93-105617 
Provides a survey of publications useful to those investigating 
innovative technologies. Includes infornation on current 
developments and identifies references to support additional 
research. 

• Selected Alternative and Innovative Treatment Technolo
gin for Corrective Action and Site Remediation, Novem
ber 1993 Update EPA/542/8-93/010 
Provides a list of £PA information resources related to the use 
of alternative and innovative treatment technologies, includ" 
ing guidance documents, study results, bulletins, and data
bases. 

• Technical Aalstance Directory, July 1993 
EP A/600/K-93/006 
List the programs, areas of expertise, and primary contacts in 
each of the major Office of Research and Development (ORD) 
operations. 

DATABASES/SOFTWARE: 

• DIALOG Databue ............................... 800-3-DIALOG 
Contains files relevant to hazardous waste including: 
£nviroline, CA Search, Pollution Abstracts, Compendex, 
Energy Science and Technology, National Technical Infor
mation Service (NTIS), and others. 

NTIS DatabaN 
Cont.uw ablOam al go:re,,,,,,.,,"~ fflSMl'CII. ~t. and ~ 

~ pt-,,.,.d by ~ 250 F__.. ~ and .som. Slate and local 

goll'9ffl/JWJflt. ~ Ilia IN DIALOG system. 

• FEDWOALD 
To acceu via modem .......................... 703-321-8020 
To acceu via Internet .......... telnet fedworld.gov or 
192.239.92.201 
Allows access to more than 100 Federally-operated on-line 
computer systems, including eight environmentally related 



SOURCES OF PHYSICAUCHEMICAL TREATMENT TECHNOLOGY 
INFORMATIONITECHNICAL ASSISTANCE (CONT'D) 

systems, under a single umbrella. Environmental systems 
include the Alternative Treatment Technology lnfonnation 
Center, the Waste Water Treatment lnfonnation Exchange, 
the CLU-IN (Superfund) Bulletin Board, the Clean-Up Stan
dards and Outreach Bulletin Board, the Office of Research 
and Development Bulletin Board, and the Pesticide lnfonna
tion Network. FEDWORLD operates 24 hours a day, seven 
days a week, free of charge. 

Help Line ............................................... 703-487-4608 
Answers questions about access and contents. 

• Records of Decision System (RODS) 
To get information on accessing 
RODS ..................................................... 703-271-5400 
Contains the full text of all signed RODs for hazardous waste 
clean-up sites nationwide. Direct access to RODS is available 
to EPA personnel and organizations that have relevant EPA 
contracts. Regional libraries will provide public citizens with 
ROD information. 

• Risk Reduction Engineering Laboratory Treatability 
Database 
To fax a request .................................... 513-891-6685 
To send a request NCEPI 

P.O. Box 42419 
Cincinnati, OH 45242-2419 

Contains extensive review of the removal and destruction of 
1,200 chemicals in both aqueous and solid media. Send a fax 
to the above number or mail a request to the above address 
to order, free of charge, the database on 3 112" disk. 

• Vendor Information System for Innovative 
Treatment Technologies (VISITT) ....... 800-245-4505 
Contains current information on availability, perfonnance, 
and cost of innovative technologies to remedy hazardous 
waste sites. 

DOCKETS: 

• Federal Facilities Docket Hotline ........ 800-548-1016 
Provides the name, address, NPL status, agency, and Region 
for the Federal facilities listed on the Federal Facilities Docket. 
Facilities are on the docket because they reported being a 
RCRA TSDF or having spilled or having the potential to 
release CERCLA hazardous waste. Operates Monday -
Friday, 8:30 a.m. - 5:30 p.m., Eastern Time. 

• OUST Docket ......................................... 202-260-9720 
Provides documents and regulatory infonnation pertinent to 
RCRA Subtitle I (the Underground Storage Tank program). 
Operates Monday- Friday, 9 a.m. - 4:30 p.m., Eastern Time. 

• RCRA Information Center .................... 202-260-9327 
Indexes and provides public access to all regulatory materials 
supporting the Agency's actions under RCRA, and dissemi
nates current Office of Solid Waste publications. Operates 
Monday - Friday, 9 a.m. - 4 p.m., Eastern Time. 
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• Superfund Docket ................................. 202-2~046 
Provides access to Superfund regulatory documents, 
Superfund Federal Register Notices, and Records of Deci
sion. Operates Monday - Friday, 9 a.m. - 4 p.m., Eastern 
Time. 

HOTL/NESIREGULA TORYflECHNICAL 
ASSISTANCE: 

• RCRA/Superfund/OUST Hotline ......... SOG-424-9346, 
703-412-9810, TDD: 800-553-7672, 703-412-3323 
Provides regulatory assistance related to RCRA. CERCLA, 
and UST programs. Serves as a liaison between the regu
lated community and EPA personnel and provides informa
tion on the availability of relevant documents. Operates 
Monday - Friday, 8:30 a.m. - 7:30 p.m., Eastern Time. 

• Superfund Health Risk Technical 
Support Center ..................................... 513-569-7300 
Provides EPA Regional Superfund risk assessors, State 
agencies, and those working under EPA contract with techni
cal, typically chemical-specific, support and risk assessment 
review. Operates Monday - Friday 8 a.m. - 5 p.m., Eastern 
Time. 

• TSCA Hotline ......................................... 202-554-1404 
Answers public and private regulatory questions on TSCA. 
Refers callers to appropriate EPA contacts, and takes TSCA
relevant document orders. Operates Monday - Friday, 8:30 
a.m. - 5 p.m., Eastern Time. 

INFORMATION CENTER: 

• National Center for Environmental 
Publications and Information 
(NCEPI) .................................................. 513-891-6561 
To fax a request .................................... 513-891-6685 
Stores and distributes to public and private callers a limited 
supply, of most EPA publications, videos, posters, and 
other multi-media materials. Callers should know docu
ment titles or numbers when calling. 

LIBRARIES: 

• The EPA Headquarters and Regional Libraries provide infor
mation services covering a wide range of environmental and 
related subjects, including hazardous waste, air and water 
pollution and control, environmental law, solid waste, toxic 
substances, and test methods. These libraries also provide 
a collection of materials on social, economic, legislative, legal, 
administrative, and management projects related to all as
pects of environmental policy. EPA Headquarters and Re
gional Libraries are provided below. In addition to resources 
available through EPA libraries, users may also access rel
evant documents through university libraries or other public 
libraries that house government documents. 

- EPA Headquarters Library ............... 202-260-5921 
Operates Monday- Friday, 10a.m. - 2p.m., Eastern Time 



SOURCES OF PHYSICAUCHEMICAL TREATMENT TECHNOLOGY 
INFORMATION/TECHNICAL ASSISTANCE (CONT'D) 

- Region 1 Library (Boston, MA) ........ 617-565-3300 
Fax ..................................................... 617-565-3346 
Operates Monday- Friday, 8:30a.m. - Sp.m .. Eastern Time 

- Region 2 Library (New York, NY) ..... 212-264-2881 
Fax ..................................................... 212-264-5433 
Operates Monday- Friday (except Tuesday), 8:30a.m. -
Sp.m., Eastern Time 
Operates Tuesday, 1p.m. - Sp.m., Eastern Time 

- Region 3 Library (Philadelphia, PA) 215-597-0580 
Fax ..................................................... 215-597-7906 
Operates Monday - Friday, Ba.m. - 4p.m .. Eastern Time 

- Region 4 Library (Atlanta, GA) ......... 404-347-4216 
Fax ..................................................... 404-347-4486 
Operates Monday - Friday, Ba. m. - 3. 45p. m .. Eastern Time 

- Region 5 Library (Chicago, IL) ......... 312-353-2022 
Fax ..................................................... 312-353-1155 
Operates Monday - Friday, 7:30a.m. - Sp.m., Central Time 

- Region 6 Library (Dallas, TX) ........... 214-665-6427 
Fax ..................................................... 214-665-2146 
Operates Monday - Friday, 7:30a.m. - 4:30p.m., Central 
Time 
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- Region 7 Library (Kansas City, KS) 913-551-7358 
Fax ..................................................... 913-551-7467 
Operates Monday- Friday, 9a.m. - 5:30p.m .. Central Time 

- Region 8 Library (Denver, CO) ........ 303-293-1444 
Fax ..................................................... 303-294-1087 
Public Information Center Operates Monday - Friday 
Ba.m. - 5p.m., Library Operates Monday - Friday, 12p.m. -
4p.m .. Mountain Time 

- Region 9 Library 
(San Francisco, CA) .......................... 415-7 44-151 O 
Fax ..................................................... 415-744-1474 
Operates Moflday - Friday, 9a.m. - Sp.m., Western Time 

- Region 1 O Library 
(Seattle, WA) ........................ 206-553-1289 or 1259 
Fax ..................................................... 206-553-8509 
Operates Monday - Friday, 9a.m. - 4p.m., Western Time. 

• RREUSite Superfund Videotape 
Library ................................................... 201-535-2219 
Provides composite videotapes containing a number of EPA
produced documentaries on specific Superfund Innovative 
Technology Evaluation (SITE) Program demonstratJOns. 
Operates Monday - Friday, 8:30a.m. - 4:30p.m .. Eastern 
Time. 



FEDERAL REGULATIONS AND GUIDANCE RELEVANT TO 
PHYSICAUCHEMICAL TREATMENT TECHNOLOGIES 

This table lists pertinent RCRA regulations, with the Code of Federal Regulations (CFR) and Federal Register ( FR J 

citations and provides infonnation on guidance documents relevant to these regulations. In addition, States may elect 
to have more stringent regulations than the Federal regulations identified here. Contact your State environmental 
protection agency when considering the applicability of any of the following Federal regulations. 

CITATION REGULATION DL ~IPTION GUIDANCE 

Soil Washing/Flushing, Solvent Extraction, Thermal Desorption, Chemical Dehalogenation 

40 CFR Part 148 
July 26. , 988 
53 FR 28118 

40 CFR Part 261 
February 18. 1994 
59 FR 8362 

40 CFR §264.552 
February 16. 1993 
58 FR 8658 

40 CFR §264. 1030 
June 21. 1990 
55 FR 25454 

40 CFR §264. 1050 
June 21. , 990 
55 FR 25454 

40 CFR §268.40 
June 1, 1990 
55 FR 22686 (Presents 
third-third wastes) 

40 CFR §268.44(h) 
August , 7. 1988 
53 FR 31143, 31185, 
31188, 31196, 31199, 
3, 202 ( Presents final rule 
on first-third wastes and 
national capacity 
vanances) 

40 CFR §268.45 
August 18. 1992 
57 FR 37279 

40 CFR §264.600 
December 10, 1987 
52 FR 46946 

Hazardou, Waite 
Injection Reatrictlon, 

Treatablltty Study 
Exemptton 

Corrective Action 
Management Unit 
(CAMU) 

Air Emission Standard 
for Procesa Vents 

Air EmiHlon Standard 
for Equipment Leak• 

Land Dtapoaat 
RNtrlctlona (LOA) 
Subpart D • Treatment 
Standarda 

VartanCN from an LDA 
Treatment Standard 

Treatment Standarda 
for Hazardous Oebrt1 

MlaceUaneoua Units 
Subpart X 

Provides for issuance of a Underground lnJect1on Contro1 Program 
SOWA permit for placement of (12/88, NTIS P893-115-905) 
liquid hazardous waste into 
underground 1n1ection wells 

Allows for treatability studies 
under RCRA 

Encourages treatment. 
including use of innovative 
treatment technologies. 
including in situ treatments 

Sets forth standards for 
process vents associated with 
RCRA permitted hazardous 
waste facilities that manage 
waste with organic concentrat
ions of at least , O ppm 

Sets forth standards for 
process vents associated with 
RCRA permitted hazardous 
waste facilities that manage 
waste with organic 
concentrations of at least 10% 
by weight 

Sets forth RCRA hazardous 
waste treatment standards 

Allows for a site-specific 
treatab1lity variance to be 
issued as a nonrulemaking 
procedure 

Conducting Treatability Studies Under 
RCRA (7/92. OSWER Directive 
9380.3-09FS. NTIS PB92-963-501) 

Environmental Fact Sheet: EPA Issues 
Final Rules for Corrective Action 
Management Units and Temporary Units 
(1/93. EPA/530-F-93-001) 

Hazardous Waste TSDF · Technical 
Guidance Document for RCRA Air 
Emission Standards for Process Vents 
and Equipment Leaks (7,'90. 
EPA/450-3-89-021, NTIS P890-263880) 

Hazardous Waste TSDF - Technical 
Guidance Document for RCRA Air 
Emission Standards for Process Vents 
and Equipments Leaks (7/90, 
EPA/450-3-89-021, NTIS P890-263880) 

Land Disposal Restrictions Summary of 
Requirements (2/91, OSWER Directive 
9934.0-1A, NTIS PB91-190835 

Regional Guide: Issuing Site-Specific 
Treatability Variances for Contaminated 
Soils and Debns from LO Rs (, /92. 
OSWEA Directive 9380.3-0SFS, NTIS 
PB92-963284) 

No Migration Variances to the 
Hazardous Waste Land Disposal 
Prohibitions; A Guidance Manual for 
Petitioners (7/92, NTIS PB92·207695) 

Sets forth alternative Land Disposal Restrictions for Newty 
treatment standards for RCRA Listed Waste and Hazardous Debns: 
hazardous debris Rule ( 10/18192, 57 FR 37194. 37221) 

Allows the issuance of a 
RC RA perm rt for a 
miscellaneous unit 
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No guidance specifically related to these 
technologies 1s available 



FEDERAL REGULATIONS AND GUIDANCE RELEVANT TO 
PHYSICAUCHEMICAL TREATMENT TECHNOLOGIES (CONT'D) 

CITATION REGULATION DESCRIPTION GUIDANCE 

Soil Washing/Flushing, Solvent Extraction, Thermal Desorption, Chemical Dehalogenatlon (CONT'D) 

40 CFR §270.42(e) RCA.A Permit Allows the permitting agency Modifying RCRA Permits (9/89, 
March 7, 1989 Modification Rule: to grant a facility a temporary EP A/530-SW-89-050) 
54 FR 9596 Temporary authorization to perform ·-
( Changes certain permit Authortzatlon certain activities (e.g., 
modifications for hazardous cleanups, corrective action 
waste) and closure activities) for up to 

180 days 

40 CFR §270.65 Research Development Allows the issuance of a Guidance Manual for Research 
July 15. 1985 and Demonstration AGAA permit for a pilot scale Development and Demonstration 
SO FR 28728 Permits study pertaining to an Permits (7/86. EPA/530-SW-86-008. 

innovative or experimental OSWEA Directive 9527.00-1A. NTIS 
technology PB86-229192/AS) 

Soll Washing/Flushing, Solvent Extraction 

40 CFR §264.90 Ground Water Sets forth ground water RCRA Ground Water Morntonng: Draft 
July 26. 1982 Monitoring monitoring regulations for Technical Guidance ( 11 /92. 
47 FR 32274 ACRA permitted treatment. EPA/530-R-93-001. NTIS P893-139350) 

storage. and disposal facilities 
October 11 . 1 988 
53 FR 39720 

Thermal Desorption 

40 CFR §264.340 Incinerators Provides for issuance of a Guidance Manual for Hazardous Waste 
January 23. 1 981 AGRA permit for hazardous Incinerator Permits (7 183. EPA.-SW-966. 
46 FR 7666 waste incinerators NTIS PB84-1005n) 
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ABSTRACTS OF PHYSICAUCHEMICAL TREATMENT 
TECHNOLOGY RESOURCES 

The following abstracts descnbe the contents of pertinent physical/chemical treatment technology documents. which are 
organized alphabetKally IA-ithin each document type. Documents that address the same site are grouped together wnhm a 
document t::, pe :rnd listed in alphabetical order by site name. Document types included are: 

Guidance ................................................................................................................................................................ 9 
Overview/Program Documents ........................................................................................................................... 12 
Studies and Demonstrations ................................................................................................................................. 2-+ 
Other Resource Guides ......................................................................................................................................... -~ 9 

To quickly identify documents pertinent to your interest area, see the Physical/Chemical Treatment Technology Resource 
Matrix in the back of this Guide. The documents in the matnx are categorized alphabetically within the document types 
identified above. and can be cross-referenced with the abstracts using the code to the left of the document titles on the matn ,. 
[nan effort to limit the number of resources listed here. Records of Decision, and for the most part, documents more than fi\ e 
years old. foreign documents. and conference proceedings are not included. Those seeking information on these topics or 
other topics not addressed in this Guide may wish to contact the hotlines. dockets. or other sources. listed on page-+ of this 
Guide. These abstracts were obtained from the NTIS Database. 

GUIDANCE 

9A 

Air/Superfund National Technical Guidance Study 
Series: Estimation of Air Impacts for the Excavation of 
Contaminated Soil. 
Eklund. 8.: Smith. S.: and Hendler.:.\ .. Radian Corp .. 
Austin. TX. l'.S. Em·ironmental Prott~ction Agenc::,. Re
'>earch Triangle Park. NC. Office of Air. Office of Air 
Quality Planning and Standards. March 1992 

EPA Document Number: EPN450/l-92/004 

NTIS Document Number: PB92-l 7 l 925/XAB 

Analysis of the air impacts associated with cleaning up Superfund 
sites is frequently required prior to actual cleanup. Such analy
ses depend on estimates rather than on field measurements. 
This report provides procedures for estimating the emissions of 
\ olatile organic compounds (voes) and the ambient air con
centrations associated with the excavation of contaminated 
soil. Excavation is an integral part of any Superfund site 
remediation that involves removal or ex situ treatment such as 
incineration. thermal desorption, bioremediation. or solidifica
tion/stabilization. The report contains procedures to evaluate 
the effect of the concentration of the contaminants in the soil 
and the excavation rate on the emission rates and on the ambient 
air concentrations at selected distances from the excavation 
site. Health-based ambient air action levels are also provided 
for comparison to the estimated ambient concentrations. 

9 

98 

Air/Superfund National Technical Guidance Study 
Series: \fodels for Estimating Air Emission Rates from 
Superfund Remedial Actions. 
Eklund. 8. and Albert. C.. Radian Corp .. Austin. TX. LS. 
Environmental Protection Agency. Washington. DC. Otlic-e 
nf Solid Waste and Emergency Response. Office ()f Emer
genc1 and Remedial Response. ~larch 1993 

EPA Document Number: EPA/-+5 l/R-93/001 

NTIS Document Number: P893- l 86807 /X . .\B 

The report is a compendium of models (equations) for estimat
ing air emissions from Superfund sites undergoing remediation. 
These models predict emission rates of volatile organic com
pounds (voes) and particulate matter ( PM) from both area and 
point sources. The following remedial processes are covered: 
air stripping, soil vapor extraction. thermal desorption, thermal 
destruction ( incineration). excavation. dredging. solidification/ 
stabilization, and bioremediation. Emission estimation meth
ods are also presented for landfills. lagoons, and spills/leaks/ 
open waste pits. The models contained in the compendium may 
not accurately predict emissions for all possible scenarios. 

9C 

Assessing UST Corrective Action Technologies: Site 
Assessment and Selection of Unsaturated Zone Treat
ment Technologies, Report for October 1987 - September 
1989. 



Lyman. W. J. and Noonan. D. C .. Camp. Dresser and 
McKee. Inc .. Boston. MA. U.S. Environmental Protection 
Agency. Cincinnati. OH. Office of Research and Develop
ment. Risk Reduction Engineering Laboratory. March 1990 

EPA Document Number: EPA/600/2-90/01 l 

NTIS Document Number: PB90- l 87 220/X.-\B 

A methodology is presented for evaluating the likely effective
ness of five soil treatment technologies at sites where petroleum 
products have contaminated the unsaturated zone. The five soil 
treatment technologies are: soil venting. biorestorat1on. soi I 
flushing. hydraulic barriers. and excavation. The evaluation 
consists of a site assessment. selection of a treatment technol
ogy. and performance monitoring and follow-up measure
ments. The overall focus of the manual is on making a prelimi
nary screening of what soil treatment technologies would likely 
be effective at a given underground storage tank site. Factors 
that are critical to the successful implementation of each tech
nology are represented. and site conditions that are favorable 
for each factor are discussed. 

10A 

Chemical Dehalogenation Treatability Studies Under 
CERCLA: An Overview. Fact Sheet. 
\ltcNelly. G .. IT Corp .. Sharonville. OH. U.S. Environmental 
Protection Agency. Cincinnati. OH. Office of Research and 
Development. Risk Reduction Engineering Laboratory. \fay 
1992 

EP . .\ Document Number: EP A/5..10/R-92/013 B 

NTIS Document Number: PB92- l 6927~/XAB 

Systematically conducted. well-documented treatability stud
ies are an important component of remedy evaluation and 
selection under the Superfund program. The fact sheet focuses 
on chemical dehalogenation treatability studies conducted in 
support of remedy selection that is conducted prior to the 
Record of Decision ( ROD). The fact sheet presents a standard 
guide for designing and implementing a chemical dehalogenation 
treatability .:;tudy. 

108 

Guidance on Remedial Actions for Superfund Sites with 
PCB Contamination. 
U.S. Environmental Protection Agency. Washington. DC. 
Office of Emergency and Remedial Response. August 1990 

EPA Document Number: EPN540/G-90/007 

NTIS Document Number: PB91-92 l 206/X.-\B 

10 
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The document describes the recommended approach for evalu
ating and remediating Superfund sites with PCB contamina
tion. It should be used as a guide in the investigation and remedy 
selection process for PCB-contaminated Superfund sites. The 
guidance provides preliminary remediation goals for various 
media that may be contaminated and idenufies other consider
ations important to ensuring protection of human health and the 
environment. In addition. potentially applicable or relevant and 
appropriate requirements ( ARARs) and "to-be-considered" 
criteria pertinent to Superfund sites with PCB c,mtamination 
and their integration into the RI/FS and remedy selection 
process are summarized. The guidance also describes how to 

develop remedial alternatives for PCB contaminJ.ted materials 
that are consistent with Superfund program expectations and 
ARARs. To identify the areas for which a response action 
should be considered. starting point concentrations , prelimi
nary cleanup goals) for each media are identified. 

10C 

Guide for Conducting Treatability Studies Under 
CERCLA: Chemical Dehalogenation. Final Report. 
McNelly. G .. IT Corp .. Sharonville. OH. U.S. Environmental 
Protection Agency, Cincinnati. OH. Office of Re~earch and 
Development. Risk Reduction Engineering Laboratory. \lay 
1992 

EPA Document Number: EPA/540/R-92/013..\ 

NTIS Document Number: PB92- l 69044/XAB 

Systematically conducted. well-documented treatab1lity -,tud
ies are an important component of the remedial investigation/ 
feasibility study (RI/FS) process and the remedial design/ 
remedial action (RD/RA) process under the Comprehensi\e 
Environmental Response, Compensation, and Liability Act 
(CERCLA). The guide, which presents information on 
treatability studies involving chemical dehalogenation of soils 
and sludges. is intended to supplement the information in the 
final generic guide. The guide describes a three-tiered approach 
for conducting treatability studies. which consists of ( l ) remedy 
screening, (2) remedy selection, and (3) RD/RA. The purpose 
of remedy-screening studies for chemical dehalogenation tech
nologies is to determine if the technology is chemically feasible 
for the contaminants/matrix of concern. The guide also presents 
detailed, technology-specific information on the preparation of 
a Work Plan and a Sampling and Analysis Plan for ~hemical 
dehalogenation treatability studies. Elements discussed include 
test objectives, experimental design and procedures. equipment 
and materials. sampling and analysis procedures. quality assur
ance/quality control procedures. and data analysis and interpre
tation. See Guide for Conducting Treatability Studies under 
CERCLA: Chemical Dehalogenation. Final Report. Fact Sheet 
( EP A/540/R-92/013A. PB92-23 l 307 /XAB) for more informa
tion. 



11A 

Guide for Conducting Treatability Studies Under 
CERCLA: Soil Washing, Interim Guidance. Final 
Report. 
RJwe. J .. Science Applications International Corp .. Cincin
nati. OH. C.S. Environmental Protection Agency. Cincinnati. 
OH. Office of Research and Development. Risk Reduction 

Engineering Laboratory. September 199 l 

EPA Document \f umber: EP A/540/2-91 /020A 

>iTIS Document '.\iumber: PB92- l 70570/X . .\8 

Systematically conducted. well-documented treatabtlity -;tud-
1es are an important component of the remedial mvestigauon/ 
feasibility study ( RI/FS) process and the remedial design/ 
remedial action (RD/RA) process under the Comprehensive 
Environmental Response. Compensation and Liability Act 
( CERCLA ). The studies provide valuable site-specific data 
necessary to aid in the selection and implementatton of the 
remedy. The manual focuses on soil washing treatabtlity qud
ie, ...:onducted in support of remedy selection prior to develop
ing the Record of Decision. The manual presents guidance for 
Jesigning and implementing a sot! washing treatability study. 
In Jddition. it provides an overview of general infonnation for 
detennining whether soil washing technology may be effecme 
in designing J.nd conducting sot! washing treatability .:;tud1es 
for remedy selection. assistance in interpreting data obtained 
from remedy ,;election treatability studies. and guidance to 
estimate costs associated with remedy design and full-scale soil 
w J~hing: remedial Jetton. The manual is not intended to serve as 
J. -,ubstitute for communication with regulators or investigation 
of reports nor as the sole basis for the selection of soil washing 
as a particular remediation technology. Soil washing must be 
used in conjunction with other treatment technologies since it 
generates residuals. The manual is designed to be used in 
conjunction with the Guide for Conducting Treatability Studies 
Cnder CERCLA: Interim Final. 

• 
118 

Guide for Conducting Treatability Studies Under 
CERCLA: Solvent Extraction, Interim Guidance. 
Rawe. J.. Science Applications International Corp .. Cincin
nati. OH. C.S. Environmental Protection Agency. Cincinnati. 
OH. Office of Research and Development. Risk Reduction 
Engineering Laboratory. August 1990 

EPA Document Number: EPN540/R-92/0l6A 

'.\i'TIS Document '.'lumber: PB92-23958 l/XAB 

Systematically conducted. well-documented treatability stud
ies are an important component of remedy evaluation and 

11 
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selection under the Superfund Program. This manuJ.I focu,e, 
on solvent extraction treatability studies. This manual presenh 
J standard guide for designing and implemenung -,oh ent c\

traction treatability studies. The manual presents a descnpt10n 
of and discusses the applicability and limitations of soh ent 
extraction technologies and defines the prescreening and field 
measurement data needed to detemune if treatabtlity testing , .., 
required. It also presents an overview of the proce-.-, ()t 

conducting treatability tests and the applicabtlity of t1ereJ 
treatability testing for the evaluation of solvent i::xtraction 
technologies. The specific goals of each tier of testing Jre 
defined and perfonnance levels are presented that -.hould he 
met at the remedy screening level before Jdd1t1onal te-.,h Jre 

conducted at the next tier. See Guide for Conducting: Tre:..1L..1bil 1 t ~ 
Studies UnderCERCLA: Solvent Extractton Quid. Retercn(c 
Fact Sheet( EPN540-R-92/0168. P892-239599/X . .\B 1 !1 )r rn1 ,re 
infonnatton. 

11C 

Guide for Conducting Treatability Studies l' nder 
CERCLA: Thermal Desorption Remedy Selection. 
Interim Guidance. 
Rawe. J .. Science Applications Intemattonal Cl)rp .. C1n(in
nati. OH. U.S. Environmental Protection . .\gency. C1n(tnn,1t1. 

OH. Office of Research and Development. Rbk ReduLtilln 
Engineering Laboratory. September 199 2 

EP . .\ Document Number: EP . .\/5-+0/R-42.(;-4.\ 

\fTIS Document Number: P893-l 2659?/X.\B 

Systematically conducted. well-documented treatability stud
ies are an important component of remedy evaluatton Jnd 
selection under the Superfund program. The manual focuses on 
thermal desorption remedy selection treatability studies con
ducted in support of remedy selection that is conducted prior to 
the Record of Decision (ROD). The manual presents a standard 
guide for designing and implementing a thermal desorption 
remedy selection treatability study. The manual presents a 
description of and discusses and defines the prescreening and 
field measurement data needed to detennine if treatability 
testing is required. It also presents an overview of the process 
of conducting treatability tests and the applicability of tiered 
treatability testing for evaluation of thermal desorption tech
nologies. The specific goals of each tier of testing are defined 
and performance levels are presented that should be met at the 
remedy screening level before additional tests are conducted at 
the next tier. The elements of a treatability study work plan are 
also defined with detailed discussions on the design and execu
tion of the remedy screening treatability study. See Guide for 
Conducting Treatability Studies under CERCLA: Thennal 
Desorption Quick Reference Fact Sheet (EPA/540/R-92/07-rn. 
PB93- l 2 l325/XAB) for more informtaion. 



12A 

Procuring Innovative Technologies at Remedial Sites: 
Q's and A ·sand Case Studies. 
l!.S. Environmental Protection Agency. Washington. DC. 
Office of Solid Waste and Emergency Response. April 1992 

EPA Document Number: EPA/54-2/F-92/012 

'.\l"TIS Document Num~r: PB92-232388/XAB 

The fact sheet is designed to assist EPA Remedial Project 
\1ana£ers (RPMs) and Contracting Officers (COsJ with the 
procu;ement of innovative freatment technologies. RPMs. COs. 
and C.S. Army Corps of Engineers (COE) personnel were 
interviewed to obtain information on their experiences in pro
curing innovauve technologies. EPA's Technology innovation 
Office (TIO) has documented case histories of experiences with 
acquiring innovative technologies in the Superfund program. 
Remedial sites chosen for inclusion in the review \\-ere Fund
lead sites that had -;tarted or completed the procurement of an 
innvvauve technology. including bioremediation. thermal des
orpuon. vacuum extraction. chemical treatment. chemical ex.
traction. and m situ soil flushing. The results of these interviews 
are presented m a question and answer format. In addition. 
,pec1fo.: detailed information on each site is presented in tabular 
form. 

128 

Selection of Control Technologies for Remediation of 
Lead Battery Recycling Sites. Engineering Bulletin. 
Foster Wheeler Env1response. Inc .. Edison. NJ. U.S. Envi-
ronmental Protection Agency. Cincinnati. OH. Office of 
Research and Development. Risk Reduction Engineering 
Laboratory. September 1992 

Overv1ew,Program Documents 

past ex.penence regarding the recyclability of matenals that J.re 
found at LBRS; and profiles of potentially applicable mno, a
tive treatment technologies. 

OVERVIEW/PROGRAM DOCUMENTS 

12C 

Amendment to the Best Demonstrated A ,·ailable Tech
nology (BOAT) Background Document for Wastes from 
the Petroleum Refining Industry K048. K049. KOSO. 
KOSl. K052, Final Report. 
Kinch. R. and Vorbach. J .. Versar. Inc .. Spnngfield. VA. 
U.S. Environmental Protection Agency. Washington. DC. 
Office of Solid Waste and Emergency Response. Office ut 

Solid Waste. May 1990 

EPA Document Number: EPA/530/SW-90/060R 

NTIS Document Number: PB90-234-+5 l/XAB 

The background document provides the Agency·, technical 
support and rationale for the development of treatment --un
dards for the constituents to be regulated for the JbO\ e-men
tioned wastes. The amendment presents the K0-4~-KU:'.'.2 -,()I
vent extraction and incineration data used to Je\ eiop the 
treatment standards for non-wastewaters: pre...,enh the Kt l-+X 
incinerator scrubber water data used to develop the treatment 
standards for cyanide in wastewaters: and rn)\ 1Je..., EPA·..., 
rationale and technical support for various treatment ,canJarJ,. 

120 

An Overview of Underground Storage Tank Remediation 
Options. 
U.S. Environmental Protection Agency, Office of Solid 
Waste and Emergency Response. Office of Underground 
Storage Tanks. October 1993 

EPA Document Number: EP A/540/S-92/011 I ....____________________ I EPA Document Number: EP A/510/F-93/029 

'.\l"TI~Document Number: PB93-l21333/XAB I 
The objective of this bulletin is to provide remedial project 
managers I RPMs ). potentially responsible parties ( PRPs). and 
their supporting contractors with information to facilitate the 
selection of treatment alternatives and cleanup services at lead 
battery recycling sites (LBRS). This bulletin condenses and 
updates the information presented in the EPA technical re
source document (TRD) entitled "Selection of Control Tech
nologies for Remediation of Lead Battery Recycling Sites," 
( PB92-11-+53 7. July 1991 ). This bulletin consolidates useful 
information on LBRS such as the following: descnption of 
types of operations commonly conducted. and wastes gener
ated at LBRS: technologies implemented or selected for LBRS 
remediation: case studies of treatability studies on LBRS wastes; 
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EPA developed a series of fact sheets to answer basic questions 
about selected alternative cleanup technologies and to provide 
an easy way to compare technologies. This fact sheet covers 
soil remediation technologies. including those pertaining to in 
situ soil vapor extraction, in situ bioremediat10n/bioventing. ex. 
situ bioremediation/biomounding, on-site low temperature ther
mal desorption. ex situ bioremediation/land farming. in situ 
passive biodegradation. excavation and off-site treatment. and 
excavation with off-site landfill disposal. 

12E 

Citizen's Guide to In Situ Soil Flushing, Technology Fact 
Sheet. 
U.S. Environmental Protection Agency. Washington. DC. 



Office of Solid Waste and Emergency Response, March 
1992 

EPA Document Number: EPA/542/F-92/007 

'.\rTIS Document Number: PB92-233 l l 3/XAB 

The fact sheet contains a description of what in situ soil flushing 
is. how it works. why to consider in situ soil flushing, if soil 
flushing will work at the site. where it is being selected. and how 
to obtain more information. In addition. it covers the 
contaminant's effect on determining the appropriate flushing 
solution in the treatment process. It also contains a description 
of the following three types of fluids: water only. water plus 
additives such as acids, bases. or ·mrfactants. and organic 
solvents. 

13A 

Citizen's Guide to Soil Washing, Technology Fact Sheet. 
U.S. Environmental Protection Agency. Washington, DC. 
Office of Solid Waste and Emergency Response. March 
1992 

EPA Document Number: EPA/5-L~/F-92/003 

NTIS Document Number: PB92-233097/XAB 

Soil washing is a technology that uses liquids ( sometimes 
combined with chemical additives) and a mechanical process to 
scrub soils. The scrubbing removes hazardous contaminants 
and concentrates them into smaller volume. After the soil 
washing process is completed, the smaller volume of soil. 
which contains the majority of the fine silt and clay particles, 
can be further treated by other methods (such as incineration or 
bi ore mediation) or disposed of according to State and Federal 
regulations. 

138 

Citizen's Guide to Solvent Extraction, Technology Fact 
Sheet. 
U.S. Environmental Protection Agency, Washington, DC. 
Office of Solid Waste and Emergency Response, March 
1992 

EPA Document Number: EPA/542/F-92/004 

NTIS Document Number: PB92-233089/XAB 

Solvent extraction is a treatment technology that uses a solvent 
( a fluid that can dissolve another substance) to separate or 
remove hazardous organic contaminants from sludges. sedi
ments. or soil. Solvent extraction does not destroy contami
nants. It concentrates them so they can be recycled or de
stroyed. It is used in combination \\ ith other technologies to 
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destroy the separated concentrated contaminants. When the 
soil enters an extractor (a tank where the contaminated soil 1s 
mixed with the solvent), the soil is separated into three compo
nents, or fractions: solvent with dissolved contaminants. solids. 
and water. Contaminants are concentrated into each of these 
fractions. For example, PCBs (polychlorinated biphenyls l 
concentrate in the contaminated solvent mixture. while metals 
are left behind in the solids and water. 

13C 

Citizen's Guide to Thermal Desorption. 
U.S. Environmental Protection Agency. Washington. DC. 
Office of Solid Waste and Emergency Response. March 
1992 

EPA Document Number: EPA/542/F-92/006 

NTIS Document Number: PB92-232396/XAB 

Thermal desorption is an innovative treatment technology that 
treats soils contaminated with hazardous wastes by heating the 
soil at relatively low temperatures ( 200-1 OOff Fl -.;o that 1.·on
taminants with low boiling points will vaporize ( tum into ga~ J 

and, consequently, separate from the soil. There are three -;reps 
in thermal desorption: ( l) heating the soil to vaporize the 
contaminants: ( 2) treating the vaporized contaminants: and ( J l 
testing the treated soil. 

13D 

Cleaning Excavated Soil Using Extraction Agents: A 
State-of-the-Art Review, Final Report, June 1985 · 
January 1989. 
Raghaven, R.; Coles, E.; and Dietz. D .. Foster Wheeler 
Enviresponse, Inc., Livingston, NJ, U.S. Environmental 
Protection Agency, Cincinnati, OH, Office of Research and 
Development, Risk Reduction Engineering Laboratory. June 
1989 

EPA Document Number: EPA/600/2-89/034 

NTIS Document Number: PB89-212757/XAB 

The report presents a state-of-the-art review of soil washing 
technologies and their applicability to Superfund sites in the 
United States. The review includes Superfund site soil and 
contamination characteristics, as well as soil cleaning technolo
gies, their principles of operation. and process parameters. The 
technical feasibility of using soil washing technologies at 
Superfund sites in the United States is assessed. Contaminants 
are classified as volatile, hydrophilic, or hydrophobic organics: 
PCBs: heavy metals: or radioactive material. Soils are classi
fied as either sand, silt, clay, or waste fill. Three generic types 
of extractive treatments are identified for cleaning excavated 
soils: water washing augmented with a basic or surfactant agent 



to remove organics and water washing with an acidic or 
chelating agent to remove organics and heavy metals: organics
solvent washing to remove hydrophobic organics and PCBs; 
and air or steam stripping to remove volatile organics. 

14A 

Cleaning Up the Nation's Waste Sites: Markets and 
Technology Trends. 
U.S. Environmental Protection Agency. Office of Solid 
Waste and Emergency Response. Washington. DC. April 
1993 

I EPA Document Number: EPN542/R-92/012 

This report captures information on the future demand for 
remediation services for all major cleanup programs in the US. 
including Superfund. Resource Conservation and Recovery 
Act ( RCRA) corrective action. underground storage tanks. 
State programs, and Federal agencies such as the Departments 
of Defense and Energy. This report contains market informa
tion on the innovative technologies used to remediate sites 
contaminated with volatile organic compounds ( VOCs), semi
volatile organic compounds ( semi-VOC's ). and other contami
nants. This market information should help innovative technol
ogy vendors. developers. and investors direct their research. 
development. and commercialization effort towards pertinent 
waste programs and problems. 

148 

Control Technologies for Defunct Lead Battery Recy
cling Sites: Overview and Recent Developments, Vol
ume3. 
Royer. M. D.: Selvakumar, A.; and Gaire, R .. Foster Wheeler 
Enviresponse. Inc., Edison. NJ, U.S. Environmental Protec
tion Agency. Cincinnati, OH, Office of Research and 
Development. Risk Reduction Engineering Laboratory, 199 2 

EPA Document Number: EP N600/ A-92/019 

NTIS Document Number: PB92-l50416/XAB 

At least 29 lead battery recycling sites are or have been slated 
for investigation and possible remediation under the Superfund 
program. The paper condenses information regarding the char
acteristics and remediation of these sites. The infom1ation 
provided includes: ( l) description of operations commonly 
conducted and wastes generated. (2) technologies implemented 
or selected for site remediation, ( 3) case studies of treatability 
studies on common wastes, (4) past experience regarding the 
recyclability of materials found at the sites, and ( 5) profiles of 
potentially applicable innovative treatment technologies. 
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14C 

Developments in Chemical Treatment of Contaminated 
Soil, Symposium Paper. 
Davila, B. and Roulier, M. H., U.S. Environmental Protec
tion Agency. Cincinnati, OH, Office of Research and 
Development, Risk Reduction Engineering Laboratory. 1992 

EPA Document Number: EPN600/A-92/030 

NTIS Document Number: PB92- l 52933/XAB 

The U.S. Environmental Protection Agency's Office of Re
search and Development (ORD) is examining processes for 
remedial action at Superfund sites and corrective action at 
operating disposal sites. Recent legislation emphasizes de
struction and detoxification of contaminants. rather than con
tainment or storage of contaminated soils. Chemical treatment 
appears promising because it can destroy or greatly change 
many contaminants. Oxidation, reduction. neutralization. hy
drolysis, dehalogenation. and UV/photolysis are chemical pro
cesses currently used for above ground treatment.Temperature 
and physical and chemical characteristics of soil are -..ome 
operating parameters that control the effectiveness of the-;e 
processes. Excalibur catalytic ozone technology. Exxnn and 
Rio Linda cyanide destruction. and Trinity ultrasonic detoxifi
cation are innovative technologies that have been. or are cur
rently being considered. for pilot-scale demonstratwns. 

14D 

Dioxin Treatment Technologies, Background Paper. 
U.S. Environmental Protection Agency. Office of Technol
ogy Assessment, Washington. DC. November 199 l 

I NTIS Document Number: PB92-1525l l/XAB 

The term dioxin encompasses all aromatic organic chemicals 
known as dibenzo-p-dioxins. The dibenzo-p-dioxins of great
est concern to public and environmental health belong to a 
group of chemicals called halogenated dioxins. Because of the 
public's concern. OTA was asked to prepare an analysis of 
alternative technologies for treating soil and other materials 
contaminated by dioxin. The analysis is thus focused on the 
efficacy. availability, and merits of various technologies that 
could be used to treat dioxin contamination. The report evalu
ates the various technologies that are proven and readily avail
able to be applied as well as those still in the research stage. It 
compares the advantages and limitations of these technologies. 
and explores the factors that will determine whether they may 
actually be applied to a dioxin cleanup operation. 



15A 

Electrokinetic Remediation of Unsaturated Soils. 
Lindgren. E. R.: Kozak. M. W.; and Mattson. E. D .. U.S. 
Department of Energy. Sandia Nat ion al Laboratories. 
Albuquerque . .\fM. 1992 

I NTIS Document Number: DE93-00074 l/XAB 

Heavy-metal contamination of soil and ground water is a 
widespread problem in the DOE weapons complex. and for the 
nation as a whole. Electrokinetic remediation is one possible 
technique for in situ removal of such contaminants from unsat
urated soils. Large spills and leaks can contaminate both the 
soil above the water table as well as the aquifer itself. Elec
trodes are implanted in the soil, and a direct current is imposed 
between the electrodes. The charged particles in the soil water 
will migrate to the oppositely charged electrode ( electromigration 
and electrophoresis). and concomitant with this migration, a 
bulk flow of water is induced, usually toward the cathode 
( electroosmosis ). The combination of these phenomena leads 
to a movement of contaminants toward the electrodes. The 
direction of contaminant movement will be determined by a 
number of factors. among which are type and concentration of 
contaminant. soil type and structure, mterfacial chemistry of 
the soil-water system. and the current density in the soil pore 
water. Contaminants arriving at the electrodes may potentially 
be removed from the soil by one of several methods, such as 
electroplating or adsorption onto the elt:ctrode. precipitation or 
co-precipitation at the electrode. pumping of water near the 
electrode, or complexing with ion-exchange resins. Experi
mental results are described on the removal of sodium dichro
mate and food dye from soil. 
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Engineering Issue: Considerations in Deciding to Treat 
Contaminated Soils In Situ. 
U.S. Environmental Protection Agency, December 1993 

EPA Document Number: EP A/540/S-94/500 

NTIS Document Number: PB94-l 7777 l/XAB 

The purpose of this issue paper is to assist in deciding whether 
consideration of in situ treatment of contaminated soil is worth
while and to assist in the process of selection and review of in 
situ technologies. This document addresses issues associated 
with assessing the feasibility of in situ treatment and selecting 
appropriate in situ technologies which include an understand
ing of the charact::ristics of the contaminants. the site. the 
technologies. and how these factors and conditions interact to 
allow for effective delivery, control. and recovery of treatment 
agents and/or the contaminants. The document focuses on 
established and innovative in situ treatment technologies that 
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are already available or should be available for full-scale 
application within 2 years. Technologies discussed include 1n 
situ solidification/stabilization, soil vapor extraction. 
biotreatment. bioventing, in situ vitrification, radio frequency 
heating, soil flushing, steam/ hot air injection and extraction. 
and delivery and recovery systems. This document is intended 
to assist in the identification of applicable alternatives early m 

the technology screening process and is not a source for final 
determinations. 
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EPA Engineering Issue: Technology Alternatives for the 
Remediation of PCB-Contaminated Soil and Sediment. 
Davila, B.; Whitford. K.W.; Saylor. E.S.. Science :\pplica
tions International Corporation. McLean.VA. U.S. En\lron
mental Protection Agency, Risk Reduction Engineering 
Laboratory, Cincinnati, OH, October 1993 

EPA Document Number: EPA/540/S-93/506 

NTIS Document Number: PB94-144250/XAB 

This document is primarily intended to familiarize On-Scene 
Coordinators (OSC) and Remedial Project Managers I RP\t l 
with information on established. demonstrated. and emerging 
technology alternatives for remediating PCB-contaminated 
soil and sediment. The information contained 1n this 
document includes process descriptions, site requirements. 
performance examples. process residuals. innm ati \'e 
systems. and EPA contacts. Estimated costs. advantages. 
and limitations for each technology are presented as well as 
information on current research and failed treatment tech
nologies. The secondary purpose of this document is to 
provide information on characteristics of PCBs. regulations 
affecting PCB remediation. sampling and data collection 
methods applicable to PCB contamination. analytical 
methods used to quantify PCB contamination. and sources of 
further information. 
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Fifth Forum on Innovative Hazardous Waste Treatment 
Technologies: Domestic and International, Proceedings, 
Chicago, Illinois, May 3-5, 1994. 
U.S. Environmental Protection Agency, Office of Solid 
Waste and Emergency Response. Technology Innovation 
Office. Office of Research and Development, Washington. 
DC, Risk Reduction Engineering Laboratory, Cincinnati, 
OH, May 1994 

I EPA Document Number: EPA/540/R-94/503 

On May 3-5.1994, the U.S. Environmental Protection Agency· s 
Technology Innovation Office and Risk Reduction Engineer
ing Laboratory hosted an international conference in Chicago. 



Illinois to exchange solutions to hazardous waste treatment 
problems. During the conference. scientists and engineers 
representing government agencies. industry, and academia 
attended over 40 technical presentations and case studies de
scribing domestic and international technologies for the treat
ment of waste. sludges. and contaminated soils at uncontrolled 
hazardous waste disposal sites. A Session was also held on 
opportunities in research and commercialization, which in
cluded presentations on export assistance programs and part
nerships with EPA in developing innovative technologies. This 
compendium includes the abstracts of the presentations from 
the conference and many of the posters that were on display. 
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Final Best Demonstrated Available Technology (BOAT) 
Background Document for Vanadium-Containing 
Wastes (Pl19 and P120), Volume 19. 
Rosengrant. L. and Craig, R. M., Versar, Inc .. Springfield, 
VA. U.S. Environmental Protection Agency. Washington. 
DC. Office of Solid Waste and Emergency Response. Office 
of Solid Waste. May 1990 

EPA Document Number: EPA/530/SW-90/059S 

NTIS Document Number: PB90-234 l 96/XAB 

The background document presents the Agency· s technical 
support and rationale for developing regulatory standards for 
these wastes. Sections 2 through 6 present waste-specific 
information for P 1 19 and P 120 wastes. Section 2 presents the 
number and location of facilities affected by the land disposal 
restrictions. the waste-generating processes. and waste charac
terization data. Section 3 discusses the technologies used to 
treat the wastes ( or similar wastes), and Section 4 presents 
available performance data, including data upon which the 
treatment standards are based. Section 5 explains EPA· s 
determination of BOAT. Treatment standards for vanadium 
wastes are determined in Section 6. 

168 1 
Fourth Forum on Innovative Hazardous Waste Treat
ment Technologies: Domestic and International, Techni
cal Papers, San Francisco, California, November 17-19, 
1992. 
U.S. Environmental Protection Agency, Office of Solid 
Waste and Emergency Response, Technology Innovation 
Office. Office of Research and Development. Washington, 
DC. Risk Reduction Engineering Laboratory, Cincinnati, 
OH. February 1993 

I EPA Document Number: EPA/540/R-93/500 

On November 17-19, 1992. the U.S. Environmental Protection 
:\gency · s Technology Innovation Office and Risk Reduction 

16 

Overview/Program Documents 

Engineering Laboratory. the Department of Energy. the C nrp,; 

of Engineers. and the California Environmental Protection 
Agency hosted an international conference in San Francisco. 
California. to exchange solutions to hazardous waste treatment 
problems. This conference was attended by approximately 
1.000 representatives from the U.S. and 25 foreign countries. 
During the conference, scientists and engineers representing 
government agencies. industry. and academia attended 42 
technical presentations and case studies describing domestic 
and international technologies for the treatment of waste. slud
ges. and contaminated soils at uncontrolled hazardous waste 
disposal sites. Technologies included physical/chemical. bio
logical. thermal. and stabilization techniques. Presentations 
were made by EPA. their Superfund Innovative Technology 
Evaluation ( SITE) program participants. other federal and state 
agencies and their contractors, international scientists. and 
vendors. This document contains abstracts of the presentations 
from the conference and many of the posters that were un 
display. 
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Handbook on In Situ Treatment of Hazardous Waste
Contaminated Soils, Report for May 1988 - July 1989. 
Chambers. C. D.; Willis, J.: Giti-Pour. S.: Zieleniewski. J. 
L.; and Rickabaugh. J. F .. PEI Associates. Inc .. Cincinnati. 
OH. Cincinnati University, OH. U.S. Environmental 
Protection Agency, Cincinnati. OH. Office of Research and 
Development, Risk Reduction Engineering Laboratory. 
January 1990 

EPA Document Number: EPA/5-W/2-90/002 

NTIS Document Number: P890- l 55607 /XAB 

The handbook is intended to assemble state-of-the-art informa
tion on in situ treatment technologies for hazardous waste
contaminated soils. Detailed information is provided on the 
following specific in situ treatment technologies: soil flushing. 
degradation. control of volatile materials. and chemical and 
physical separation technologies. The information presented is 
detailed enough to provide the reader with adequate data for an 
initial evaluation of the applicability of a technology in certain 
situations, yet general enough to be useful and informative to 
those whose backgrounds are not highly technical. Extensive 
references are provided for those who wish to seek more detail 
on a given topic. The Risk Reduction Engineering Laboratory 
is continuing with its research on in situ treatment to improve 
technologies discussed in the handbook and to explore new 
technologies. 
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Handbook: Remediation of Contaminated Sediments. 
Voskuil. T., Equity Associates. Inc., Knoxville. TN. lr.s. 



Environmental Protection Agency. Office of Research and 
Development. Washington. DC. April 1992 
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EPA Document Number: EPA/9200.5-254/FS 

.___E_P_.-\._D_o_cu_m_en_t_N_' u_m_be_r_: _E_P_A_J6_2_s_16_-_9_1_10_2_8 _____ 1 .... I _NT_I_s_D_o_c_u_m_e_n_t_N_u_m_be_r_: _P_B_9_o_-2_7_4_2_2_6rx_A_B ____ __, 

NTIS Document ~umber: PB93-l 16275/XAB I 
The handbook focuses on small site contaminated sediments 
remediation wJth particular emphasis on treatment technolo
gies. It is designed to provide a succinct resource booklet for 
individuals with responsibilities for the management of con
taminated sediments. The handbook is organized to address the 
major concerns facing contaminated sediment remediation. 
Chapter I describes the physical and chemical characteristics of 
sediment. with special emphasis on ways in which sediment 
property changes affect contaminant mobility. Chapter II 
addresses sediment toxicity assessment and describes the cur
rent status of the EPA effort to address this important topic. 
Chapter III discusses sampling techniques and analytical and 
modeling methods used to characterize contaminated sedi
ments. Chapter IV describes removal and transport options. 
Chapter V presents pre-treatment technologies. Chapter VI. the 
primary focus of the handbook. describes four major classes of 
treatment technologies. The chapter offers a comprehensive 
over\'iew of specific treatment technologies and addresses 
applicability. limitations. and demonstrated results: it also 
presents references for further infonnation. Finally, Chapter 
VII reviews disposal alternatives for rnntaminated sediments 
that are not treated. 
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Innovative Technology: B.E.S.T. Solvent Extraction 
Process. Fact Sheet, Final. 
U.S. Environmental Protection Agency, Washington. DC, 
Office of Solid Waste and Emergency Response, Office of 
Emergency and Remedial Response, November 1989 

The fact sheet provides technology description. site character
istics affecting treatment feasibility. technology considerations. 
and technology status for glycolate dehalogenation. The sheet 
describes the process as being potentially effective in detoxify
ing specific types of aromatic organic contaminants. particu
larly dioxins and PCBs. 
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Innovative Technology: Soil Washing, Fact Sheet. Final. 
U.S. Environmental Protection Agency, Washington. DC. 
Office of Solid Waste and Emergency Response. Office of 
Emergency and Remedial Response, November l 989 

EPA Document Number: EPA/9200.5-250/FS 

NTIS Document Number: PB90-274184/XAB 

The fact sheet provides technology description. site character
istics affecting treatment feasibility. technology considerations. 
and technology status for soil washing. The fact sheet describe" 
how soil washing can be potentially beneficial in the separation/ 
segregation and volumetric reduction of hazardous materials 1n 
solids. sludges. and sediments. 
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Innovative Treatment Technologies: Annual Status 
Report (Fifth Edition). 
Fiedler. L., U.S. Environmental Protection Agency. Wash
ington, DC, Office of Solid Waste and Emergency Response. 
Technology Innovation Office. September 1993 

.__E_P_A_D_oc_u_m_e_n_t _N_u_m_b_e_r:_E_P_AJ_9_2_00_.5_-2_5_3_1F_s ____ ...... l I EPA Document Number: EP A/542/R-93/003 

.__N_'T_I_S_D_o_c_u_m_e_nt_N_'_um_be_r_: _P_B_9_0_-2_~ __ ' 4_2_1_81X_A_B ____ ...... I j NTIS Document Number: PB93-133387 /XAB 

The fact sheet provides technology description, site character
istics affecting treatment feasibility. technology considerations, 
and technology status for the B.E.S.T. solvent extraction pro
cess. The sheet describes the B.E.S.T. process as using one or 
more secondary or tertiary amines to separate toxic wastes and 
oils from sludges or soils. 
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Innovative Technology: Glycolate Dehalogenation, Fact 
Sheet. Final. 
LI .S. Environ mental Protection Agency. Washington. DC. 
Office of Solid Waste and Emergency Response. Office of 
Emergency and Remedial Response. November 1989 
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This yearly report (formerly published semi-annually) docu
ments and analyzes the selection and use of innovative treat
ment technologies at Superfund sites and some non-Superfund 
sites under the jurisdiction of DOD and DOE. The information 
will allow better communication between experienced technol
ogy users and those who are considering innovative technolo
gies to clean up contaminated sites. In addition. the information 
will enable technology vendors to evaluate the market for 
innovative technologies in Superfund for the next several years. 
It also will be used by the Technology Innovation Office to track 
progress in the application of innovative treatment technolo
gies. 
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Innovative Treatment Technologies: Overview amt 
Guide to Information Sources. 
Quander. J. and Kingscott. J .. U.S. Environmental Protection 
Agency. \Vashington. DC. Office of Solid Waste and 
Emergency Response. Technology Innovation Office, 
October 1991 

Overview/Program Documents 

conjunction with other treatments that destroy contaminants or 
remove them from the extraction fluid and ground water. 

18C 

Overview of Conventional and Innovative Land-Based 
Thermal Technologies for Waste Disposal. 
Oberacker. D. A .. U.S. Environmental Protection Agency. 
Cincinnati, OH. Office of Research and Development. Risk 
Reduction Engineering Laboratory. 1990 

EPA Document Number: EPN540/9-91/002 I ..__ ___________________ __. I EPA Document Number: EPN600/D-90/214 

~TIS Document Number: PB92-l 79001/XAB I '----------------------~ I NTIS Document Number: PB9 l- l 36929/XAB 
The document is a compilation of information on innovative 
treatment technologies being used in the Superfund program 
and is intended to assist site project managers. consultants. 
responsible parties, and owner/operators in their efforts to 
identify current literature on innovative treatment technologies 
for hazardous waste remediation on corrective action. The 
technologies addressed in the guide include the following: 
incineration. thermal desorption. soil washing. solvent extrac-

• tirm, dechlorination. bioremediation. vacuum extraction. vitri-
at\on. and ground water treatment. Also included in the guide 

1or the user· s reference are summary statistics of EPA· s selec
tion and application of innovative treatment technologies be
tween 1982 and 1990. In addition, the guide provides for each 
technology a detailed description, status of development and 
application. strengths. weaknesses and materials handling con
siderations. A cor:,prehensive bibliography for each technol
ogy can be found within each chapter. 
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In Situ Soil Flushing, Engineering Bulletin. 
U.S. Environmental Protection Agency, Washington, DC, 
Office of Solid Waste and Emergency Response, Office of 
Emergency and Remedial Response. October 1991 

For more than the past two decades, the U.S. EP <\ has been 
aggressive in its research, development. perforn e testing. 
and encouragement of the regulated use of pr 1 thermal 
destruction (or incineration) technologies for the environmen
tally acceptable treatment and disposal of combustible waste 
streams. Nationally, significant percentages of residential solid 
waste, municipal sewage sludge, and a variety of industrial. 
chemical. and agricultural wastes are routinely treated by 
thermal systems. The paper is an overview oft!,e state-of-the
art of land-based incineration, emphasizing both conventional 
and innovative hazardous waste thermal treatment technolo
gies and regulatory performance standards. High temperature 
systems. low-temperature thermal desorption. pyrolysis units. 
heat recovery, and newer systems involving fluidized beds. 
oxygen-enriched combustion. plasma-arc units. and solar-a .... -
sisted incineration. etc. are discussed. 

180 

Overview of In Situ Waste Treatment Technologies. 
Walker, S.; Hyde, R. A.; Piper, R. B.; and Roy, M. W., 
EG&G Idaho, Inc., Idaho Falls, U.S. Department of Energy, 
Washington, DC, 1992 

_E_P_A_D_o_c_u_m_e_n_t N_um_be_r_: _E_P_N_54_0_12_-_9_11_0_2_1 _____ , I NTIS Document Number: DE92-018012/XAB 

NTIS Document Number: PB92- l 80025/XAB 

In situ soil flushing is the extraction of contaminants from the 
soil with water or other suitable aqueous solutions. Soil flushing 
is accomplished by passing the extraction fluid through in-· 
place soils using an injection or infiltration process. Extraction 
fluids must be recovered and, when possible, are recycled. The 
method is potentially applicable to all types of soil contami
nants. Soil flushing enables the removal l. :ontarninants from 
the soil and is most effective on impermeai ~soils.An effective 
collection system is required to prevent rrugration of contami
nants and potentially toxic extraction fluids to uncontaminated 
areas of the aquifer. Sod flushing, in conjunction with in situ 
bioremediation. may be a cost-effective means of soil 
remediation at certain sites. Typically. sotl flushing is used in 
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In situ technologies are becoming an attractive remedial alter
native for eliminating environmental problems. In situ treat
ments typically reduce risks and costs associated with retriev
ing. packaging, and storing or disposing waste and are generally 
preferred over ex situ treatments. Each in situ technology has 
specific applications, and, in order to provide the most eco
nomical and practical solution to a waste problem, these appli
cations must be understood. This paper presents an overview of 
thirty different in situ remedial technologies for buried wastes 
or contaminated soil areas. The objective of this paper is to 
familiarize those involved in waste remediation activities with 
available and emerging in situ technologies so that they may 
consider these options in the remediation of hazardous and/or . 
radioactive waste sites. Several types of in situ technologies are 



discussed. including biological treatments. containment tech
nologies. physicaVchemical treatments. solidificatton/stabili
zation technologies. and thermal treatments. Each category of 
in situ technology 1s briefly ex.ammed m this paper. Specific 
treatments belonging to these categories are also reviewed. 
\tuch of the information on m situ i:reatment technologies in 
this paper was obtained directly from vendors and universities 
and this information has not been venfied. 

19A I 
o,·erview of the Department of Energy's Soil Washing 
Workshop. 
EG&G Energy ~1easurements. Inc .. Las Vegas. NY. Remote 

Sensing Laboratory. C .S. Department of Energy. Washing

ton. DC. September 199 l 

j ~TIS Document Number: DE92-0l4985/XAB 

The Soil Washing Workshop was convened in Las Vegas. 
'.'ievada. on August 28-29. 1990 at the request of C. W Frank. 
.-\ssociate Director. Office of Technology Development. L' .S. 
Department of Energy (DOE). The purpose of the workshop 
\\ as to determine the status of existing sotl washing technolo
gies and their applicability to specific soil contammauon prob
lems ,lt DOE sites and at Superfond sites of the L S. En\ iron
mental Protecuon Agency (EPA). From the v. orkshop delib
ec.ltlons. a course of ..i.ct10n was recommended m developing 
~otl \\a::ihmg technologies. Presentations were given descnb
ing the ~011 contammat1on problems at vanous DOE sites. The 
tadors ..iddre::ised for each site included: type of contamrnation 
( organic. heavy metals. radionuclides. etc.). sources of con
tJ.mmauon I leak.mg tanks. ponds. ~;oil columns. pipes. etc.). 
t~ pes of soils that are contaminated. magnitude of the problem. 
current ,;1te acuvities ( remediauon). other considerations that 
impact the use of s01l washing technology (e.g .. environmental. 
,;1te policies. etc.). and regulations and standards the sites are 
required to meet. Major findings and presentations of the 
workshop are presented. 

• 198 l 
PCB \lanagement Technologies for Natural Gas Trans
mission and Distribution Systems, Topical Repo~ 
October 1989 - \larch 1990. 
Woodyard. J.P.: Fitzgerald. M.: Jones. G.; Sheehan. G.'. and 
Davisson. C.. Weston ( Roy F. ). Inc .. Walnut Creek. CA. Gas 
Research Institute. Chicago. IL. December 1990 

j ~TIS Document ~umber: PB9l-l8504l/XAB 

. ..\s part of a program to assist gas i:ompanies in selecung and 
implementing cost effective PCB management technologies. a 

re\ iew of J.\ ailable technologies for a vanety of contamination 
~cenanos in gas transnuss1on and distribution was performed. 
Fluids ..:ontaining PCBs v.ere used as lubricants in gas .ind .:ur 
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compressor systems throughout the gas transm1ss1on ..i.nd Ji ,tn

bution industncs. Treatment technologies for the potent1..1l l y 
contaminated media (pipelines.condensate. soil. sludge. \,\ ater. 
building. equipment. and tanks) include thermal treatment. 
chemical dechlorination. landfill. physical separation .. md 
bioremediation. Pigging technology has been the traditional 
method for decontaminating pipeline. though solvent flushing: 
and swabbing are available for precut pipeline sections. Pipe~ 
line PCB-contaminated condensate 1s commonly mcmer:itcd. 
but chemical dechlonnauon is another opuon for treatment. 
PCB-contaminated soils and sludges have been either d1spo~ed 
of through use of landfills or by thermal treatment. Se, er:il 
other technologies have been imest1gated and some ..1re ..:11rn

merc1ally available. PCB-contarrunated waterts ryp1cJJly treateJ 

through commercial incmerauon or filtrat10n/carbon J.b~, irp
tion. Decontanunation of equipment and building::i 1ncluJc, a 
variety of fundamental effective techniques. Rele\ ant )..lmpl In~ 

and analysis techniques were also reviewed. 
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Presumptive Remedies: Site Characterization and 
Technology Selection for CERCLA Sites with \'olatile 
Organic Compounds in Soils. Fact Sheet. 
l 1 .S. Environmental Protection Agency. W..i~hingrun. DC. 
Office of Solid Waste and Emergency Response. ')cptcmh::r 
1993 

EPA Document ~umber: EPA/540/F-Y3.tl4X 

~'TIS Document Number: PB93-963346/XAB 

Presumptive remedies are preferred technologies for common 
categories of sites. based on historical patterns of remeJy 
selection and EPA's scientific and engineering evaluauon of 
performance data on technology implementation. The f.1ct 
sheet identifies the presumptive remedies for Comprehensive 
Environmental Response, Compensation. and Liability Act 
(CERCLA) sites with soils contaminated by volatile. organic 
compounds (YOCs). Soil vapor ex.traction (SVE). thermal 
desorption, and incineration are the presumptive remedies for 
Superfund sites with VOC-contaminated s01l assuming the Site 
characteristics meet certain criteria. 
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Reductive Dehalogenation: A Subsurface Bioremediation 
Process, Journal Article: Published in Remediation, 
vlnl, Winter 1990/1991. 
Sims. J. L.; Suflita. J. M.: and Russell. H. H .. C S. Environ
mental Protection Agency. Robert S. Kerr Environmental 
Research Laboratory. Ada. OK. Utah Water Research 
Laboratory. Logan. Oklahoma Cniversity. ~orman. Depart
ment of Botany and Microbiology. 1990 

EP . ..\ Document Number: EP . .V600/J-90/259 



NTIS Document Sumber: PB9 l-l~873/XAB 

Introduction and large-scale producuon of synthetic haloge
nated orgamc cherrucals over the last fifty years has resulted in 
J group of -:ontamrnants that tend to persist m the environment 
. rnd resist both biotic and abiotic degradation. The low solubil
ity of these types of contaminants. along with their tmucity and 
tendency to accumulate m food chains .. make them particularly 
relevant targets for remediation activities. Among the mecha
nisms that result in dehalogenation of some classes of organic 
contarrunants are stimulation of metabolic sequences through 
introduction of electron donor and a.cceptor combinations; 
addition of nutrients to meet the needs of dehalogenaung 
microorganisms: possible use of engineered microorganisms; 
J.nd use of enzyme systems capable of catalyzing reductive 
,.khalogenation. The current state of research and development 
1n the area of reductive dehalogenauon is discussed along with 
possible technological application of relevant processes and 
mechanisms for the remediation of sotl and ground water 
contarrunated with chlorinated organics. In ..iddiuon. an over
" 1ew of research needs is suggested. which might be of interest 
for de\ elopment of m situ systems to reduce the mass of 
hi.llogenated organic contaminants in soil and ground water. 
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Reductive Dehalogenation of Organic Contaminants in 
Soils and Ground Water. Ground Water Issue. 
S1ms. J. L.. Sut1ita. J. \L .md Russell. H. H .. U.S. Environ
mental Protecuon .-\gency. Robert S. Kerr Environmental 
Research LJboratory . .-\da. OK. January 1991 

EP . .\ Document ~umber: EPN540/4-90/054 

'.'ITIS Document Number: PB9 l- l 9 l 056/XAB 

Introduction and large scale production of synthetic haloge
nated organic chemicals over the last 50 years has resulted in a 
group of contaminants that tend to persist in the environment 
and res.st both biotic and abiotic degradation. The low solub1l-
1 ty of these types of contaminants. along with their toxicity and 
tendenc: to ;.iccumulate in food chains, make them particularly 
relevant targets for remediation activities. Although the pro
cesses involved m dechlorination of many of these organic 
compounds are well understood in the fields of chemistry and 
rrucrob1ology. technological applications of these processes to 
environmental remediation are relatively new-particularly at 
pilot or field scale. It: swell established, however. that there are 
several mechanisms that result m dehalogenation of some 
classes of organic contaminants. often rendering them less 
offensive environmentally. These include: stimulation of meta
bolic sequences through introduction of electron donor and 
.icceptor combinations: addition of nutrients to meet the needs 
of dehalogenating microorganisms: possible use of engineered 
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rrucro-orgarusms: and use of enzyme systems capable ot -:..1u
lyzing reductive dehalogenation. 
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Role of Innovative Remediation Technologies. 
Doesburg. J. M .. Battelle Pacific Northwest Laboratones . 
Richland. WA. Environmental Management Operations. 
U.S. Department of Energy. Washmgton. DC. \fay 1992 

I NTIS Document '.',[umber: DE92-015072/X.-\8 

There are currently over 1200 sites on the LS. SupertunJ · ... 
National Prionties List tNPL) of hazardous 1.4,aste ,1te..; . ..1nd 

there are over 30.000 sites listed by the Comprehen..;1 \ e En\ 1-
ronmental Responsibility. Compensauon. and Liabil1t: lnr1~r
mation System tCERC1=,ISJ. The traditional .1ppm.H.:h ti) 

remediating sites in the U.S. has been to remove the m.1ten.1l 
and place 1t in a secure landfill. or in the case of ground\), ..1ter. 
pump and treat the effluent. These technologies ha\ e pro\ en tt) 

be very expensive and don't really fix the problem. The\', ...1,te 
is just moved from one place to another. In re(cnt : e...1r,. 
however. alternative and innovative technolog1es h..1, c heen 
increasingly used in the lJ.S. to replace the tr:.1J1t111nJ.I ir
proaches. This paper will focus on JU~t ,uch 1nnu, -.:t1, e 
remediation technologies in the L'.S.. looking .it the re:;ulJ.tur, 
drivers. the emerging technologies. some of the prnhkm, : n 
deploying technologies. and a case study. 
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Separation of Heavy .Metals: Removal from Industrial 
W astewaters and Contaminated Soil. 
Peters. R. W. and Shen. L.. Argonne National Laboratory. 
IL. Energy Systems Division. U.S. Department of Energy. 
Washington, DC, May 1993 

I NTIS Document Number: DE93-008657/XAB 

Th.is paper reviews the applicable separation technologies 
relating to removal of heavy metals from solution and from sods 
to present the state-of-the-art in the field. Each technology Is 

briefly described and typical operating conditions and technol
ogy performance are presented. Technologies descnbed in
clude chemical precipitation (including hydroxide. carbonate. 
or sulfide reagents), coagulation/flocculation. ion ex.change. 
solvent extraction. extraction with chelating agents. complex.
ation. electrochemical operation. cementation. membrane op
erations. evaporation. adsorption. solidification/stabilization. 
and vitrification. Several case histories are described. with ;,i 

focus on waste reduction techniques and remediatton of le..id
contaminated soils. The paper concludes w1th a short discus
sion of important research needs in the field . 



21A t 
Soil Washing as a Potential Remediation Technology for 
Contaminated DOE Sites. 
Devgun. J. S.: Besk.id. N. J.: Natsis. M. E.: and Walker. J. S., 
Argonne National Laboratory, IL. U.S. Department of 
Energy. Washington. DC. 1993 

I ~S Document Number: DE93-009205/XAB 

Frequently detected contaminants at U.S. Department of En
ergy , DOE J sites include radionuclides. heavy metals. and 
chlonnated hydrocarbons. Remediation of these sites requires 
application of several technologies used in concert with each 
other. because no single technology is universally applicable. 
Special situations. such as mixed waste, generally require 
innovative technology development. This paper, however. 
focuses on contaminated soils. for which soil washing and 
vitrification technologies appear to have wide ranging applica
tion potential. Because the volumes of contaminated soils 
around the DOE complex are so large. soil washing can offer a 
potentially inexpensive way to effect remediation or to attain 
waste volume reduction. As costs for disposal of low-level and 
mixed wastes continue to rise. it is likely that volume-reduction 
techniques and in situ containment techniques will become 
increasingly important. This paper reviews the status of the soil 
washing technology. examines the systems that are currently 
available. and discusses the potential application of this tech
nology to some DOE sites. with a focus on radionuclide 
contamination and, primarily. uranium-contaminated soils. 

218. __ i 
Soil Washing Treatment, Engineering Bulletin. 
Science Applications International Corp., Cincinnati, OH, 
U.S. Environmental Protection Agency, Washington, DC, 
Office of Solid Waste and Emergency Response, Office of 
Emergency and Remedial Response, September 1990 

EPA Document Number: EPN540/2-90/017 

!'.'TIS Document Number: PB91-228056/XAB 

Soil washing is a water-based process for mechanically scrub
bing soils ex. situ to remove undesirable contaminants. The 
process removes contaminants from soils in one of two ways: 
by dissolving or suspending them in the wash solution (which 
is later treated by conventional wastewater treatment methods) 
or by concentrating them into a smaller volume of soil through 
simple particle size separation techniques (similar to those used 
in sand and gravel operations). Soil washing systems incorpo
rating both removal techniques offer the greatest promise for 
application to soils contaminated with a wide variety of heavy 
metal and organic contaminants. The concept of reducing soil 
contamination through the use of particle size separation is 
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based on the finding that most organic and inorganic contarni -
nants tend to bind. either chemically or physically, to clay and 
silt soil particles. At the present time, soil washing is used 
extensively in Europe and has had limited use in the Un1ted 
States. During 1986-1989, the technology was one of the 
selected source control remedies at eight Superfund sites. The 
bulletin provides information on the technology applicability. 
the types of residuals resulting from the use of the technology. 
the latest performance data, site requirements. the status of the 
technology. and where to go for funher information. 

21C 

Solvent Extraction Processes: A Survey of Systems in the 
SITE Program, Journal Article: Published in Journal of 
Air and Waste Management Association, v42. p. 118-1121. 
August 1992. 
Meckes. M. C.; Renard, E.: Rawe. J.; and Wahl. G .. l'.S. 
Environmental Protection Agency. Cincinnati. OH. Office of 
Research and Development, Risk Reduction Engineering 
Laboratory. 1992 

EPA Document Number: EPA/600/J-92/404 

NTIS Document Number: PB93- l 3 l 795/XAB 

Solvent extraction of contaminated soils. sludges. and 
sediments has been successfully completed at a number of 

Superfund sites. Each commercialized process uses a unique 
operating system to ex.tract organic contaminants from 
solids. These operating systems may be classified by the 
properties of the solvents each utilizes: ( l) standard sol
vents, (2) near-critical fluids/liquified gases, and ( 3) critical 
solution temperature solvents. The paper discusses pre
treatment and post-treatment requirements. and discusses the 
operating systems of the solvent extraction system currently 
in the Superfund Innovative Technology Evaluation (SITE) 
Program. Future demonstrations of these technologies by the 
U.S. EPA's SITE Program will provide additional informa
tion regarding the efficacy of these processes. 

210 __ ,,I 
Solvent Extraction Treatment, Engineering Bulletin. 
Science Applications International Corporation, Cincinnati. 
OH, U.S. Environmental Protection Agency, Washington. 
DC, Office of Solid Waste and Emergency Response. Office 
of Emergency and Remedial Response, September 1991 

EPA Document Number: EPN540/2-90/013 

NTIS Document Number: PB91-228015/XAB 

Solvent extraction does not destroy wastes but is a means nf 
separating hazardous contaminants from soils. sludges ... .t. : 

sediments. thereby reducing the volume of the hazardous wa::-.te 



that must be treated. Generally, it is used as one in a series of 
unit operations and can reduce the overall cost for managing a 
particular site. It is applicable to organic wastes and is generally 
not used for treating inorganics and metals. The technology 
uses an organic chemical as a solvent and differs from soil 
washing. which generally uses water or water with wash im
proving additives. During 1989. the technology was one of the 
selected remedies at six Superfund sites. Commercial-scale 
units are in operation. There is no clear solvent extraction 
technology leader by virtue of the solvent employed. type of 
equipment used. or mode of operation. The final determination 
of the lowest cost alternative will be more site-specific than 
process equipment dominated. Vendors should be contacted to 
determine the availability of a unit for a particular site. The 
bulletin provides information on the technology applicability. 
the types of residuals produced. the latest performance data, site 
requirements. the status of the technology. and sources for 
further information. 

22A t 
Summary of Treatment Technology Effectiveness for 
Contaminated Soil. 
U.S. Environmental Protection Agency. Washington, DC. 
Office of Solid Waste and Emergency Response. Office of 
Emergency and Remedial Response. June 1990 

I NTIS Document ~umber: PB92-96335 l/XAB 

The document presents the results of a study conducted by the 
Office of Emergency and Remedial Response that collected soil 
treatment data and analyzed the effectiveness of thermal de
struction, dechlorination. bioremediation, low temperature ther
mal desorption, chemical extraction, soil washing, and immo
bilization on contaminant treatability groups. The document 
presents the recommendations developed for the treatment of 
contaminated soil. 

l.j~:J 
Superfund Engineering wue: Treatment of Lead
Contaminated Soils. 
U.S. Environmental Protection Agency, Office of Emer
gency and Remedial Response, Washington, DC, April 1991 

EPA Document Number: EPA/540/2-91/009 

Overv1ew1 Program Oocumer. is 

Coordinators (0SCs) with an overview of the state-of-the-;m 
technology for treatment of lead-contanunated soils. Th~ 
seminar was organized to address site characterization issues 
and actual treatment technologies. The treatment technologies 
were divided into two categones: demonstrated and emergmg 
technologies. The demonstrated technologies included extrac
tion processes (e.g .. soil washing and acid leaching) and solidi
fication/stabilization techniques. The emerging technologies 
included in situ vitrification. electrokinetics. and flash smelt
ing. The remainder of the bulletin summanzes information 
concerning data needs for site and soil characterization and the 
applicability of the discussed treatment technologies. 
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Superfund Innovative Technology Evaluation 1SITE) 
Program: Innovation Making a Difference. 
U.S. Environmental Protection Agency. Office of Research 
and Development. Risk Reduction Engineering Laboratory. 
Cincinnati, OH, May 1994 

I EPA Document Number: EPA540/F-94/505 

The Superfund Innovative Technology Demonstration (SITE) 
Program encourages commercializat10n of innovative tech
nologies for characterizing and remediating hazardous waste 
site contamination through four components: Demonstration: 
Emerging Technology; Monitoring and Measurement Pro
grams: and Technology Transfer Activities. The information 
presented in this brochure addresses the demonstration segment 
of the program. The demonstration component evaluates 
promising innovative remedial technologies on sne and pro
vides reliable performance, cost and applicability information 
for making cleanup decisions. This document lists the advan
tages of the SITE Program as well as statistics such as the 
percentage ofRODs using innovative technology. cost savings 
with innovative technologies for 17 sites, and market activities 
as reported by SITE vendors. 

220 I 
Superfund Innovative Technology Evaluation Program: 
Technology Proffles (Sixth Edition). 
U.S. Environmental Protection Agency. Office of Emerency 
and Remedial Response, Office of Research and Develop
ment, November 1993 

__ NTI_S_D_oc_u_m_e_n_t_N_u_m_be_r:_P_B_9_1_-_92_1_2_9_11X_AB ______ l I EPA Document Number: EP A/540/R-93/5 26 

This bulletin summarizes the contents of a seminar on treatment 
of lead-contaminated soils presented on August 28, 1990. to 
Region V Superfund and RCRA personnel by members of 
EPA· s Engineering and Treatment Technology Support Center 
located in the Risk Reduction Engineering Laboratory (RREL) 
in Cincinnati. Ohio. The seminar was developed to provide 
Regional Remedial Project Manager ( RPMs) and On-Scene 

The Superfund lnnovative Technology Evaluation ( SITE) Pro
gram evaluates new and promising treatment and monitoring 
and measurement technologies for cleanup of hazardous waste 
sites. The program was created to encourage the development 
and routine use of innovative treatment technologies. As a 
result. the SITE Program provides environmental decision
makers with data on new. viable treatment technologies that 



Technologies to remediate hazardous wastes must be matched 
with the properties of the hazardous materials to be treated. the 
environment in which the wastes are 1mbec1ded. and the desired 
extent of remediation. Many promising tecnnologies are being 
developed and applied to remediate sites including biological 
treatment.immobilization techniques. and in situ methods. The 
management and disposal of hazardous wastes is changing 
because of Federal and State legislation as well as public 
concern. Future waste management systems will emphasize the 
substitution of alternatives for the use of hazardous materials 
and proces~ waste recycling. On site treatment will also 
become more frequently adopted. 

24A 

Technology Catalogue. First Edition. 
Department of Energy. Office of Environmental Manage
ment. Office of Technology Development. Washington. DC. 
February 1994 

to document the applicability and performance ot .1 therm .. d 

desorption system. Thermal desorption is applicable to organic 
wastes and generally is not used for treating metals and other 
inorganics. Depending on the specific thermal desorpuon ven
dor selected. the technology heats contaminated media between 
200-1000° F, driving off water and volatile contaminants. Off 
gases may be burned in an afterburner. condensed to reduce the 
volume to be disposed. or captured by carbon adsorption beds. 
The bulletin provides information on the technology applicab11-
ity, limitations. the types of residuals produced. the latest 
performance data. site requirements. the status of the technol
ogy, and sources for further informauon. 

24C 

VOCs in Arid Soils: Technology Summary. 
U.S. Department of Energy. Office of Environmental 
Management, Office of Technology Development. Wash
ington. DC. February 1994 

...._D_O_E_D_oc_um_en_t_N_u_m_be_r_: _oo_EJE __ M_-_0_1_38_P ______ j j DOE Document Number: DOE/EM-0136P 

'---NT_I_S_D_oc_u_m_e_n_t N_um_be_r_: _D_E_9_4_-_oo_8_8_6_6_1X_A_B ___ ___.! j ~TIS Document Number: DE94-00886-+/XAB 

The catalogue provides performance data on the technologies 
developed by the Office of Technology Development I OTO l to 
scientists and engineers assessing and recommending technical 
solutions within the Department· s clean-up and waste manage
ment programs. as well as to industry. other Federal and State 
agencies. and academic community. The Technology Cata
logue features technologies that have been successfully demon
strated in the fie Id through Integrated Demonstrations (IDs) and 
are considered sufficiently mature to be used in the near term. 
The Catalogue also discusses the status of the development of 
these innovative technologies. Forty-three technologies are 
featured: 22 characterization/monitoring technologies and 21 
remediation technologies. 

248 l 
Thermal Desorption Treatment, Engineering Bulletin. 
Oberacker. D.; Lafornara. P.; and dePercin. P., Science 
A.pplications International Corp .• Cincinnati. OH. U.S. 
Environmental Protection Agency, Washington. DC, Office 
of Solid Waste and Emergency Response. Office of Emer
gency and Remedial Response. May 1991 

EPA Document Number: EPA/,40/2-91/008 

;'ITIS Document Number: ?891-228080/XAB 

Thermal desorption is an ex situ means to physically separate 
volatile and some semivolatile contaminants from soil. sedi
ments. sludges. and filter cakes. For wastes containing up to 
109c organics. thermal desorption can be used alone for site 
remediation. Site-specific treatability studies may be necessary 
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The Office of Technology Development atthe L'..S. Department 
of Energy developed cost effective mechanisms for assembling 
a group of related and synergistic technologies to c'- ..iluate their 
performance individually or as a complete system in correcting 
waste management and environmental problems from ...:rJJle t(' 

grave called Integrated Demonstrations . .-\n Integrated Dem
onstration for Volatile Organic Compounds t VOC s, in And 
Soils is discussed in this document. The document discusses 
technologies to clean up VOCs and associated contaminants in 

soil and groundwater at arid sites and includes informauon on 
drilling, charactc..;zation and monitoring. retrieval of contami
nants, above grc J treatment of contaminants. and in ground 
treatment of com .. uninants. Technologies discussed include. 
heavy-weight cone penetrometer drilling, directional drilling. 
ResonantSonicSM drilling, borehole samplers. halosnifs, por
table acoustic wave sensors. unsaturated wave apparatus. and 
supercritical fluid extraction / field detection. Processes and 
technologies used to complete them which are discussed in
clude in-well vapor stripping, off-gas membrane separation. 
supported liquid membranes. steam reforming, turnable hybnd 
plasma. and in situ bioremediation of groundwater. 

STUDIES AND DEMONSTRATIONS 

Documents Focusing on Test Design 
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100 Area Soil Washing T ,·~atability Test Plan. 
U.S. Department of Energy, Richland. WA. Richland Field 
Office. March 1993 



'.'J'TIS Document Number: DE93-0L!617/XAB 

This test plan describes specifications, responsibilities, and 
general methodology for conducting a soil washing treatability 
,;cudy as applied to source unit contamination in the l 00 Area. 
The ob Jee ti ve of this treatabtlity study 1s to evaluate the use of 
physical separation systems and chemical extraction methods 
as a me:.ins of separaung chemically and radioactively contami
nated soil fractions from uncontaminated soil fractions. The 
purpose of separating these fractions is 10 minimize the volume 
nf -;01 I requinng permanent disposal. It is anticipated that this 
tre:.itabdity study will be performed in 1wo phases of testing. a 
remedy screening phase and a remedy selection phase. The 
remedy screening phase consists of laboratory- and bench-scale 
..,rudies performed by Battelle Pacific ~forthwest Laboratones 
1 P'.'l'L l under a work order issued by Westinghouse Hanford 
Company t Westinghouse Hanford). This phase will be used to 
pro\ 1de qualitative evaluation of the potential effectiveness of 
the soil washing technology. The remedy selection phase con
sists of pilot-scale testing performed under a separate service 
contract. The remedy selection phase will provide data to 

,upport evJ.luation of the soil washing: technology in future 
feas1btlity studies for lnterim Remedi .. ll ~teasures , IR~s l or 
final l)perable unit ( Ol1) remedies. Performance data from these 
tests will indicate whether applicable or relevant and J.ppropri
Jte requirements , A.R.-\Rs l or cleanup goals can be met at the 
--1te1 s l by 1pplication of soil washing. The remedy selection 
te~ts \\ ill .. dso allow estimation of costs associated with imple
ment.itlon to the J.ccuracy required for the Feasibility Study. 

25A I 
300-FF-l Physical Separations CERCLA Treatabillty 
Test Plan. Revision I. 
L'.S. Department of Energy, Richland. WA, Richland Field 
Office . .\fay 1993 

j '.'l'TIS Document Number: DE93-0149151XAB 

This test plan describes specifications, responsibilities. and 
general procedures to be followed to conduct physical separa
t 10ns soil treatab1lity tests in the north process pond of the 300-
FF- l Operable Cnit at the Hanford Site. The overall objective 
of these tests is to evaluate the use of physical separauons 
systems as a means of concentrating chemical and radioactive 
contaminants into fine soil fractions, thereby minimizing wa'ite 
., olumes. [f successful. the technology could be applied to 
cleanup millions of cubic meters of contaminated soils at 
Hanford and other sites. In this document. physical separations 
refers to a simple and comparatively low cost technology to 
potentially achieve a significant reduction in the volume of 
contaminated soils without the use of chemical processes. 
Removal of metals and radioactive contaminants from the fine 
fraction of soils may require additional treatment such as 
chemical extraction. electromagnetic separation. or stabiliza-

'.!5 
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tton. Investigations/testing of these technologies .ire recl)m
mended to assess the economic and technical feasibility l)f 

additional treatment. but are not within the scope of this test. 
This plan provides guidance and specifications for two pro
posed treatability tests. The main body of this test plan dis
cusses the tests in general and items that are common to both 
tests. Attachment A discusses in detail the EPA system test ,.ind 
Attachment B discusses the vendor test. 
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Chemical Dehalogenation Treatment: Base-Catal}·zed 
Decomposition Process I BCOP). Technical Data Sheet. 
'.\la val Energy and Environmental Support . .\di \ 1ty. P()rt 

Hueneme. CA. July 1992 

I '.'l'TIS Document Number: PB93-182939/X.-\8 

The Base-Catalyzed Decomposition Process ( BCDPl ,s 1n 
efficient. relatively inexpensive treatment process for pol~ -
chlorinated biphenyls ( PCBs ). [t is also effective on ()ther 
halogenated contaminants such as insecticides. herbic1Je..,. 
pentachlorophenol ( PCP). lindane. and chlorin;iteJ 
dibenzodioxins and furans. The heart of BCDP is the rc1tar\ 
reactor in which most of the decomposition takes place. The 
contaminated soil is first screened. processed"" 1th a crusher JnJ 
pugmill. and stockpiled. Next. in the main treatment -;tep. this 
stockpile is mixed with sodium bicarbonate tin the 1m0unt 11t 
I OGc of the weight of the stockpile l and heated for ..ibuut , 1ne 
hour at 630' F in the rotary reactor . .\fost ( about bWc tl) •11 J'; 1 

of the PCBs in the soil are decomposed in this step. The 
remainder are volatilized. captured. and decomposed. 

25C 

Engineering Considerations for the Recovery of Cesium 
from Geologic Materials. 
Whalen. C., Jason Associates Corp .• San Diego. CA, U.S. 
Department of Energy, Washington, OC. May 1993 

I NTIS Document Number: DE93-0l5092/XAB 

Sorption coefficients for cesium in a variety of media have been 
compiled from a search of the open literature. The sorption 
coefficient, or I<.-subd)S, is a description of a dissolved substance· s 
tendency to attach to a solid substrate. The compilation of~ ~ub 
diS reported here for cesium demonstrates that this element 
readily sorbs onto geological material. As a result of this 
sorption, the mass transport of cesium in the environment will 
be retarded. This retarded mass transport, characterized by the 
retardation factor, can be expected to be significant when 
compared to water velocities through porous-sorbing medium. 
such as geologic materials. K.-sub d>S for cesium are in the range 
of 100 m(ell)/g up to 10,000 m(ell)/g. ~sub d,S is also .in 
important parameter in the design of engineered systems for the 
purpose of recovering cesium from soils. The engineering 



design is based on a material-balance description of the extrac
tion process. The information presented in this report provides 
a basis to predict the movement of cesium through geologic 
materials and also to design and predict the performance of 
ex.traction processes such as soil washing. 

26A I 
EPA's Mobile Volume Reduction Unit for Soil Washing, 
Conference Paper. 
Masters. H. and Rubin. 8., Foster Wheeler Enviresponse, 
Inc .. Livingston. NJ, U.S. Environmental Protection Agency. 
Cincinnati. OH. Office of Research and Development. Risk 
Reduction Engineering Laboratory. l 991 

EPA Document Number: EPA/600/0-91/202 

;'ffIS Document Number: PB9 l-23 l 209/XAB I 
The paper discusses the design and initial operation of the C.S. 
Environmental Protection Agency" s (EPA) Mobile Volume 
Reduction Unit ( VRU) for soil washing. Soil washing removes 
contaminants from soils by dissolving or suspending them in 
the wash solutions ( which can be later treated by conventional 
waste water treatment methods)orby volume reduction through 
simple particle size separation techniques. Contaminants are 
primarily concentrated in the fine-grained ( <0.063 mm. 0.0025 
inch) soil fraction. The VRU is a pilot-scale mobile system for 
washing soil contaminated with a wide variety of heavy metal 
and organic contaminants. The unit includes state-ot-the-art 
washing t!quipment for field applicauons. 

268 l_ 

Hanford Sile: Physical Separations CERCLA 
Treatability Test Plan. 
U.S. Department of Energy, Richland. WA. Richland Field 
Office. March 1992 

I ~S Document Number. DE93-002048/XAB 

This test plan describes specifications. responsibilities. and 
general procedures to be followed to conduct a physical sepa
rations soil treatability test in the North Process Pond of the 300-
FF- l Operable Unit at the Hanford Site, Washington. The 
objective of this test is to evaluate the use of physical separation 
systems as a means of concentrating chemical and radioactive 
contaminants into fine soil fractions. thereby minimizing waste 
volumes. If successful. the technology could be applied to clean 
up millions of cubic meters of contaminated soils in waste sites 
at Hanford and other sites. It is not the intent of this test to 
remove contaminated materials from the fine soils. Physical 
separation is a simple and comparatively low cost technology 
to potentially achieve a significant reduction in the volume of 
contaminated soils. Organic contaminants are expected to be 
insigruficant for the 300-FF-I Operable Unit test. and further 
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removal of metals and radioactive contaminants from the tine 
fraction of soils will require secondary treatment such ;is 
chemical extraction. electromagnetic separation, or other tech
nologies. Additional investigations/testing arc recommended 
to assess the economic and technical feasibility of applymg 
secondary treatment technologies but are not within the scope 
of this test. This plan provides guidance and specifications for 
the treatability test. 

26C 

Hanford Sile: Soil Washing: A Preliminary Assessment 
of its Applicability to Hanford. 
Gerber. M.A.; Freeman. H. D.; Baker. E.G.: ;ind R1emath. 
W. F .. Battelle Pacific Northwest Laboratories. Richland. 
WA. U.S. Department of Energy, Washington. DC. Septem
ber 1991 

I NTIS Document Number: DE9l-Ol8654/XAB 

Soil washing is being considered for treating soils ;it the L S. 
Department of Energy's (DOE) Hanford Site .. .\s .1 result of 

over 50 years of operations to produce plutomum for the L S. 
Department of Defense and research for DOE. soils in .lfe:is 
within the site are contaminated with hazardous v. aste~ ,rnd 
radionuclides. In the soil washing process. contaminated ,;otl i,; 

mixed with a liquid and then physically ..ind/or chemK .. dl;, 
treated to dissolve the contaminants into soluuon .rnd/or 1..un
centrate them in a small fraction of the soil. The purpo'.'le o t th h 

procedure is to separate the contaminants from the bulk of th!! 
soil. The key to successful application is to match the types of 

contaminant sand soil characteristics with physical-chemical 
methods that perform well under the existing conditions. The 
applicability of soil washing to Hanford Site contaminated soils 
must take into account both the characteristics of the oil and the 
type of contamination. Hanford soils typically contain up to 
90% sand. gravel. and cobbles. which generally are favorable 
characteristics for soil washing. For example. in soil samples 
from the north pond in the 300 Area, 80% to 90% of the soil 
particles were larger than 250 (mu) m. The principal contarru
nants in the soil are radionuclides, heavy metals. and nitrate and 
sulfate salts. For most of the sites. organic contaminants are 
either not present or are found in very low concentration. 

260 i 
Innovative Operational Treatment Technologies for 
Application to Superfund Site: Nine Case Studi~ Final 
Report. 
Young. C.; Schmoyer, B.; Edison. J.; Roeck, D.; and Ball. J .. 
U.S. Environmental Protection Agency, Washington. DC. 
Office of Solid Waste and Emergency Response. Apnl 1990 

EPA Document Number: EPA/540/2-90/006 

NTIS Document Number: PB90-202656/XA.8 



Nine case studies are presented in a report that was designed to 
identify and obtain operational data from ongoing and com
pleted remediation efforts. The case studies are presented as 
appendices. and provide process description. performance. 
operational. and cost data. The nine appendices present case 
studies on the following topics: incineration of explosives and 
contaminated soils. ground water extraction with air stripping, 
ground water biodegradation treatment system, ground water 
ex.traction and treatment. ground water extraction with air 
stripping and soil vacuum extraction, ground water extraction 
with physical. chemical and biological treatment, and chemical 
treatment of groundwater and soil flushing. 

27A l 
JlcClellan Air Force Base: Soil Treatability Testing 
Work Piao for PCB-Contaminated Soil: Installation 
Restoration Program t IRP), Stage 7, Final Report, 
February 1992 - September 1992. 
Radian Corp .. U.S. Air Force. Sacramento. CA, October 
1992 
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tory ( INEL). The sequential extraction methodology 1s bas~d 
on micronutrient bioavailability studies wherein the soil matnx 
is chemically dissected to selectively remove particular fixation 
mechanisms independently. A mechanism-specific extractant 
has the potential for greater removal efficiency than a broad
spectrum extractant. such as acid, while using a less aggressive 
chemistry and reducing resultant water treatment and dissolved 
solids handling problems. 

STUDIES AND DEMONSTRATIONS (CONT'D) 

Documents Focusing on the Study Results 

27C I 
A biotic Transformation of Carbon Tetrachloride in the 
Presence of Sulfide and Mineral Surf aces. 
Kriegman-King. M. R. and Reinhard, M .. Stanford l:niver
sity, CA, Department of Civil Engineering, U.S. Environ
mental Protection Agency. Robert S. Kerr Environmental 
Research Laboratory, Ada. OK. 1992 

1 .... _~_T_I_s_D_oc_um_e_nt_N_' u_m_be_r_: _A_D_-_A_::_s_7_7_3_1_1o_rx_A_B ___ _.II ... _E_P_A_D_oc_u_m_e_n_t_N_u_m_be_r:_E_P_AJ_600 __ , A_-_9_21_09_7 ____ _, 

This work plan has been prepared for McClellan AFB as part of 
the Soil Remedial Technologies Screening Project, the purpose 
of which is to identify potentially applicable soil treatment 
technologies for contaminants found in Operable Unit ( OU) B 
soils. The work plan presents the rationale and procedures for 
treatability testing of two technologies applicable to polychlo
rinated bi phenyl (PCB). dioxin, and furan contaminated soil. 
The work plan proposes bench-scale testing of the treatment 
technologies on soil collected from Study Area 12 (SA-12) 
where PCB, dioxin. and furan contamination have been de
tected in samples collected over a wide area, and where initial 
discussions with agency personnel indicate that treatment of the 
soil will be required as partoftheSA-12remediationeffort. The 
two technologies selected for testing are: glycolate dechlorina
tion using the APEG-PLUS process available from GRC Envi
ronmental. Inc. and the Base-Catalyzed Desorption Process 
( BCDP) developed by the U.S. Environmental Protection 
Agency. 

J 278 ~ 
Sequential Extraction Evaluation of Soil Washing for 
Radioactive Contamination. 
Gombert, D., Westinghouse Idaho Nuclear Company, Inc., 
Idaho Falls, U.S. Department of Energy, Washington, DC. 
1992 

! NTIS Document Number: DE92-·041326/XAB 

This paper describes an experimental plan for evaluating soil 
washing technology for potential application to radioactively 
contaminated soils at the Idaho National Engineering Labora-
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I • 
NTIS Document Number: ?892-179738/XAB 

Abiotic transformations. such as reductive dehalogenat1on and 
nucleophilic substitution, can influence the fate of halogenated 
aliphatic compounds in aqueous environments. Sulfide. com
monly found in hypoxic environments such as landfill leachate. 
hazardous waste plumes, and salt marshes. can act J.s ;in 
electron donor ( Schreier, 1990; Kriegman-King and Reinhard. 
1991) or as a nucleophile (Schwarzenbach, et al.. 1985: Haag 
and Mill, 1988. Barbash and Reinhard, 1989) to promote 
transformation of halogenated organics. In subsurface environ
ments, transformation rates of halogenated organic compounds 
may be influenced by mineral surfaces. in addition to the 
aqueous chemistry (&tes and Vilker. 1989, Schreier, 1990; 
Kriegman-King and Reinhard, 1991; Curtis, 1991). The pur
pose of the work is to show the effect of mineral surf aces in the 
presence of sulfide on the carbon tetrachloride ( CTEn trans
formation rate. Laboratory studies were conducted to identify 
and quantify the environmental parameters that govern the 
transformation rate of CfET. The parameters studied were 
temperature. pH, mineral surface area, and sulfide concentra
tion. 

270 ~ 
Applicatiom Analysis Report: SITE Program, CF 
Systems Orpnics Extraction System, New Bedfo~ 
Maaacbusetts, Final Report. 
V alentinetti. R., Science Applications International Corpora
tion, McLean, VA. U.S. Environmental Protection Agency. 
Cincinnati, OH, Office of Research and Development, Risk 
Reduction Engineering Laboratory. August 1990 
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~E_P_A_Doc __ u_me_n_c_N_u_m_ber_:_EP_AJ_5_40I_A5_-90_{()_02 ____ j ( EPA Document Number: EPA/540IAR-92/002 
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The repon summarizes the results of a Superfund [nnovative 
Technology Evaluation (SITE) demonstration of the CF Sys
tems critical fluid organics extraction system at the New Bedford 
Harbor. Massachusetts. Superfund site. It also provides a 
review of those conditions which this technology is best suited 
for, as well as comments by CF Systems Corporation. The 
technology depends on the ability of organic pollutants to 
solubilize in the process solvent. a liquefied gas. The pollutants 
treated include polychlorinated biphenyls ( PCBs) and poly
nuclear aromatic hydrocarbons. 
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Bench-Scale Evaluation of Alternative Biological Treat
ment Processes for the Remediation of Pentachlorophe
nol- and Creosote-Contaminated Materials: Slurry
Phase Bioremediation. Journal Article: Published in 
Environmental Science and Technology, v25n6, p. 1055-
1061, 1991. 
~ueller. J. G. : Lantz. S. E.: Blanmann. B. 0.: and 
Chapman. P. J .. C.S. Environmental Protection Agency. 
Environmental Research Laboratory, Gulf Breeze. A.... 1991 

EPA Document Sumber: EPA/600/J-9 l/33 l 

~TIS Document ~umber: PB92-l 29683/XA.B 

Performance data on slurry-phase bioremediation of pentachlo
rophenol l PCP)- and creosote-contaminated sediment and sur
face soil were generated at the bench-scale level. Aqueous 
slurries. containing 0.05% Triton X-100 to facilitate the soil 
washing process and to help stabilize the suspensions, were 
prepared from sediment and surface soil freshly obtained from 
the American Creosote Worlcs Supcrfund site at Pensacola. 
Florida. Excluding PCP, benzo(b)fluoranthene, benzo(k)
tluoranthene. and indeno(l 23-cd )pyrene, slurry-phase 
bioremediauon of highly contaminated sediment ( pH adjusted) 
resulted in rapid and extensive biodegradation (3-5 days to 
biodegrade > 50% of targeted compounds) of monitored con
stituents. Data suggest that slurry-phase bioremediation strate
gies can be effectively employed to remediate creosote-con
taminated materials. 

288 l_ 

Carver-Greenfield Process (Trade Name) Dehydro-Tech 
Corporation, Applications Analysis Repo~ Final Report. 
PRC Environmental Management. Inc .. Cincinnati. OH. U.S. 
Environmental Protection Agency. Cincinnati. OH. Office of 
Research and Development. Risk Reduction Engineering 
Laboratory. September 1992 
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The report evaluates the Dehydro-Tech Corporation's Carver
Greenfield (C-G) Process and focuses on the technology's 
ability to separate waste mixtures into their constituent solid. 
organic, and water fractions while producing a solid residual 
that meets applicable disposal requirements. The repon pre
sents performance and economic data from the U.S. Environ
mental Protection Agency's Superfund Innovative Technology 
Evaluation ( SITE) demonstration and three case studies. The 
C-G Process demonstration was conducted as a part of the S fTE 
Program at the Risk Reduction Engineering Laboratory· s Re
leases Control Branch facility in Edison, New Jersey. ,-.;mg 
drilling mud waste from the P AB Oil Superfund site in Abr · \ 1 I le. 
Louisiana. The system generated a treated solids prodt. . : that 
passed Toxicity Characteristic Leaching Procedure l TCLPl 
criteria for volatiles. semi volatiles and metals. Potential\',. astes 
that might be treated by the technology include mdustnal 
residues. Resource Conservation and Recovery . .\ct 1,1,. J.'ltes. 
Superfund wastes. and other wastes contaminated wnh organic 
compounds. Economic analyses indicate that the cost of u ... tn~ 
the C-G Process is about $523/ton of which S302 is for -.;1te
specific expenses. 
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CF Systems Organics Extraction Process New Bedford 
Harbor, .MA: Applications Analysis Report. 
U.S. Environmental Protection Agency. Office of Research 
and Development, Risk Reduction Engineering Laboratory. 
Cincinnati, OH, August 1990 

EPA Document Number: EPA/540/A5-90/002 

NTIS Document Number: P891-l 13845/XAB 

This document discusses the Superfund Innovative Technol
ogy Evaluation (SITE) Program Demonstration of the CF 
Systems organics extraction technology. The SITE Program 
Demonstration was conducted concurrently with dredging stud
ies managed by the U.S. Army Corps of Engineers at the New 
Bedford Harbor Superfund site in Massachusetts to obtain 
specific operating and cost information that could be used in 
evaluating the potential applicability of this technology to 
Superfund sites. Contaminated sediments were treated by CF 
Systems' Pit Cleanup Unit (PCU) that extracts organics from 
contaminated soils based on their solubility in a mixture of 
liquefied propane and butane. This document contains evalu
ations of the unit's performance. operating conditions. health 
and safety considerations. equipment and system materials 
handling problems, and projected economics. 
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Chemical Debalogenation Treatment: APEG Treatment, 
Engineering Bulletin. 
Science Applications lntcmational Corporation. Cincinnati. 
OH. U.S. Environmental Protection Agency, Washington. 
DC. Office of Solid Waste and Emergency Response. Office 
of Emergency and Remedial Response, September 1990 

EPA Document Number: EPA/540/2-90/015 

~TIS Document Number: PB91-22803 l/XAB 

The chemical dehalogenation system discussed in the report is 
alkaline metal hydroxide/polyethylene glycol LA.PEG). -w h1ch 
is applicable to aromatic halogenated compounds. The metal 
h:,. droxide that has been most widely used for this reagent 
preparation is potassium hydroxide ( KOH) in conjunction w 1th 
polyethylene glycol (PEG) (typically. average molecular weight 
of -+00 Daltons) to form a polymeric alk.ox.ide referred to as 
KPEG. However. sodium hydroxide has also been used in the 
past and most likely will find increasing use in the future 
because of patent applications that have been filed for modifi
(atlon to this technology. This new approach will e.~pand the 
technology" s applicability and efficacy and should reduce 
chemical costs by facilitating the ust:: of less costly sodium 
hydro,ude. A variation of this reagent is the use of potassium 
hydroxide or sodium hydrox.ide/tetraethylene glycol. referred 
tu ..1s A TEG. that is more effective on halogenated aliphatic 
(ompounds. In some KPEG reagent formulations. dimethyl 
-;ulfox1de ( DMSO) 1s added to enhance reaction rate krnet1cs. 
presumably by improving rates of extraction of the haloaromatic 
contaminants. Previously developed dehalogenation reagents 
involved dispersion of metallic sodium in oil or the use of highly 
reactive organosodium compounds. The reactivity of metallic 
sodium and these other reagents with water presented a serious 
limitation to treating many waste matrices; therefore, these 
other reagents are not discussed in this bulletin and are not 
considered APEG processes. 

298 t 
Demonstration of Remedial Action Technologies for 
Contaminated Land and Grouad Water, Volume 1, Final 
Report, November 198' • November 1991. 
Olfenbuttel, R. F.; Dahl. T. 0.; Hinsenveld. M.; James, S. C.; 
and Lewis. N .. NATO Committee on the Challenges of 
~odem Society, Brussels. U.S. Environmental Protection 
Agency, Cincinnati, OH, Office of Research and Develop
ment. Risk Reduction Engineering Laboratory. February 
1993 

EPA Document Number: EPA/600/R-93/0l2A 

NTIS Document Number: ?893-218238/XAB 
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This document demonstrates the selection of remedies at com
plex hazardous waste sites. Topics covered in this document 
include: thermal technologies, stabilization/solidification tech
nologies. soil vapor e'ltraction technologies. physicaVchem1-
cal extraction technologies, chemical treatment of contarru
nated soils ( APEG ), and microbial treatment technologies. 

29C t 

Demonstration of Thermal Stripping of JP-4 and Other 
VOCs from Soils at Tinker Air Force Base Oklahoma 
City, Oklahoma, Final Report, September 1988 - \larch 
1990. 
Marks. P. L Noland. J. W.; and Nielson. R. K .. Roy F. 
Weston. Inc .. West Chester. PA. U.S. Air Force. \tarch I Ylftl 

I NTIS Document Number: AD-A222 235/-4/XAB 

The patented Low Temperature Thermal Treatment IL T3, 
System was previously proven to be successful in treating ,;otl-; 
contaminated with volatile organic compounds and petroleum 
hydrocarbons. This demonstration broadened the applic.1b!l1ty 
to include soils contaminated with aviauon fuel and l)ther 
halogenated solvents. Several tests were conducted to\ enfy the 
effectiveness of the L T3 System. While meeting all goal ck:rnup 
objecuves. a processing rate of 20.000 lbs/hr was demonstrated 
with a projected LT3 System processing cost of 5861ton .. -\ 
number of system changes and process improvements clfc 
recommended. The system proved to be an efficient. co-,t
t!ffecuve. and commercially available remediauon ..1ltem..1u \ e 
for decontaminating soils. 
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Effect of a Ba.w-Catalyzed Dechlorination Process on the 
Genotoxicity of PCB-Contaminated Soil, Journal Article: 
Published in Chemosphen, v24n12, p. 1713-1720, June 
1992. 
DeMarini, D. M.; Ho~ V. S.; Komel, A.; and Rogers, C. J.. 
U.S. Environmental Protection Agency, Research Triangle 
Park. NC. Office of Research and Development. 1992 

EPA Document Number: EPA/600/J-92/433 

NTIS Document Number: PB93-141323/XAB 

The researchers evaluated the genotoxicity of dichloromethane 
( DCM) extracts of PCB-contaminated soil before and after the 
soil had been treated by a base-catalyzed dechlorination pro
cess, which involved heating a mixture of the soil. polyethylene 
glycol, and sodium hydroxide to 250-350° C. This dechlorina
tion process reduced by over 99% the PCB concentration in the 
soil. which was initially 2.200 ppm. The DCM extracts of both 
control and treated soils were not mutagenic in strain TA 100 of 
Salmonella. but they were mutagenic in strain TA98. The base
catalyzed dechlorination process reduced the mutagenic po-



tency of the soil by approximately one-half. The OCM extracts 
of the soils before and after treatment were equally genotoxic in 
a propbage-induction assay in E.coli, which detects some 
chlorinated organic carcinogens that were not detected by the 
Salmonella mutagenicity assay. These results show that treat
ment of PCB-contaminaled soil by this base-catalyzed dechlo
rination process did not increase the genotoxicity of the soil. 

30A t 
Efficiency of Dioxin Recovery from Fly Ash Samples 
During Extraction and Cleanup Proces.., March 1989, 
Final Report, August 19, 1987 - September 19, 1988. 
Finkel. J.M.; James, R.H.; and Baughman. K. W., Southern 
Research Institute, Birmingham, AL.US. Environmental 
Protection Agency. Research Triangle Park, NC. Atmo
spheric Research and Exposure Assessment Laboratory, 
March 1989 

!· EPA Document Number: EPA/600/3-90/010 

I NTIS Document Number: PB90-183393/XAB 

The work supported Environmental Monitoring Systems Labo
ratory. U.S. Environmental Protection Agency in its effort to 
monitor the hazardous composition. if any. of fly ash from 
various types of incinerators using different types oi combus
tible materials. The analytical detennination of dioxins m 
environmental samples in the parts per billion, trillion, and 
quadrillion levels requires meticulous. time-consuming, and 
very complex sample preparation and analysis procedures. A 
major part of the task was devoted to the evaluation of various 
extraction techniques of fly ash and cleanup of sample extracts 
by column chromatography. Several chromatog~ .:-hie media 
and eluting solvents were investigated. Each step ·. 1 the sample 
preparation was evaluated by using 14C-radio labeled 2.3.7.8-
tetrachlorodibenzo-p-dioxin and octochlorodibenzo-p-diox.in 
as a tracer. Radio labeled dioxin allows the analyst to stop and 
evaluate each step of the procedure. each ex~ and each 
column eluate fraction by liquid scintillation computing. To 
validate the radiometric assay, dioxin was confirmed by gas 
chromatography /mass spectrometry. The report contains re
covery data of spiked 2~.7.8-tetrachlorodibenzo-p-dioxin and 
octochlorcxiibenzo-p-dioxin in carbon-free fly ash and fly ash 
containing from 0.1 % to l~ carbon. 

E.I. DuPont De Nemours & Company/Oberlin Filter 
Company Microffltration Technology: Applications 
Analysis Report. 
U.S. Environmental Protection Agency, Office of Research 
and Development. Risk Reduction t.:ngineering Laboratory, 
Cincinnati. OH. October 1991 

EPA Document Number: EP A/54{)/ AS-90/007 
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~S Document Number. PB92- l l 9023/XAB 

This document discusses the Superfund Innovative Technol
ogy Evaluation (SITE) Program Demonstration of the DuPont/ 
Oberlin microfiltration technology. This document evaluates 
the micro filtration technology· s ability to remove metals ( present 
in soluble or insoluble form) and particulates from liquid wastes 
while producing a dry filter cake and a filtrate that meet 
applicable disposal requirements. In addition. it presents eco
nomic data from the SITE demonstration, and discusses the 
potential applicability of the technology. The DuPont/Oberlin 
microfiltration technology combines Oberlin· s automatic pres
sure filter with DuPont's new rnicroporous Tyvek filter media. 
It is designed to remove particles that are 0.1 micron m diam
eter, or larger. from liquid wastes, such as contaminated ground 
water. This report also summarize~ che results from three case 
studies. All three facilities treated process waste waters con
taining metals and total suspended solids <TSS) rang mg from 
several parts per million to several percent. 

30C l 
Engineering-Scale Evaluation of Thermal Desorption 
Technology for Manufactured Gas Plant Site Soils. 
Topical Report July 1988-August 1989. 
Helsel. R.; Alperin, E.; and Groen, A.. IT Corp .. Knoxville. 
TN. Gas Research Institute, Chicago. IL. Illinois Hazardous 
Waste Research and Information Center. Savoy. ~O\ember 
1989 

j NTIS Document Number: PB90-l 72529/XAB 

As part of a program to evaluate and develop technologies for 
remediation of contaminated soils at manufactured gas plant 
( MGP) sites, pilot plant tests of a thermal desorption treatment 
technology were performed. Coal-tar-contaminated soil samples 
from three MGP sites were characterized, and bench-scale 
treatability tests were performed to establish treatment condi
tions to use for the pilot tests. A series of 11 pilot tests were 
completed using an indirectly heated rotary desorber operating 
at 30 to 60 kilograms/hour of soil. Treatment conditions of 300° 
C and 400° C and soil residence times of 5 and 9 minutes were 
used. Total polycyclic aromatic hydrocarbon concentrations 
were reduced to between 150 and l part per million (ppm) from 
initial levels of 2000 to 400 ppm. depending on treatment 
conditions. Temperature, residence time, and soil type all had 
a significant effect on treatment efficiency. Reasonable agree
ment was found among results from the static, batch. bench
scale test apparatus and the dynamic, continuous pilot plant. 

30~l 
EPA Site Demonstradon of the BioTrol Soil Washing 
Proces.., Journal Article: Pub&hed in Journal of Air and 
Waste Management Association, v42nl, p. 96-103. 1991. 



Stinson, M. K.; Skovronek, H. S.; and Ellis. W. 0 .. U.S. 
Environmental Protection Agency. Cincinnati. OH. Office of 
Research and Development. Risk Reduction Engineering 
Laboratory. Science Applications International Corp .. 
Paramus. NJ. 1992 

EPA Document Number: EPA/600/J-92/051 

~TIS Document '.'lumber: PB92- l 50655/XAB 

..\ pilot-scale soil washing process. patented by BioTrol. was 
demonstrated on soil that was contaminated by wood treating 
\\ aste. The BioTrol S01l Washing was demonstrated in a treat
ment train sequence wi.th two other pilot-scale units of BioTrol 
technologies for treatment of waste screams from the soil 
washer. The three technologies of the treatment train were: the 
BioTrol Soil Washer ( BSW). the BioTrol Aqueous Treatment 
System ( BATS), and the Slurry Bioreactor( SBR). The BioTrol 
processes were evaluated on pentac:hlorophenol ( PCP) and 
polynuclear aromatic hydrocarbons ( PAHs >. which were the 
primary soil contaminants at the site. The sandy site soil. 
consisting of less than 10% of fines. was well suited for 
treatment by soil washing. The BSW successfully separated the 
feed soil ( 100% by weight) into 83% of washed soil. 10l7c of 
woody residues. and 7<Jc of fines. The soil washer achieved up 
to 39c7c removal of PCP and PAHs. based on the difference 
between their levels in the feed soil and in the washed soil. The 
8..\ TS degraded up to9,4.% of PCP in the process water from soil 
\\ashing.The SBR achieved over90% removals of PCP and 70-
gocc removals of PAHs. respectively, from the soil washing. 
Cost of a commercial-scale soil washing, assuming use of all 
three technologies. was estimated to be $168 per ton of treated 
)Oil. 
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Evaluation of Alternative Treatment Technologies for 
CERCLA Soils and Debris, Summary of Phase 1 and 
Phase 2. 
Locke. B. 8.; Arozarena. M. M.; Chambers. C. D.~ Hessling. 
J. A.; and Alperin. E .. PEI Associates, Inc .• Cincinnati. OH. 
International Technology Corporation. Knoxville. TN, 
Bruck. Hartman and Esposito, Inc;. Cincinnati, OH. U.S. 
Environmental Protection Agency, Cincinnati. OH. Office of 
Research and Developmen~ Risk Reduction Engineering 
Laboratory. September 1991 

EPA Document Number: EPA/60)/2-91/050 

NTIS Document Number: PB91-240572/XAB 

The study was conducted in two phases. In the first phase. a 
synthetic soil matrix was prepared as a theoretical composite of 
Superfund soils nationwide. In the second phase, soils from 
actual Superfund sites were treated. Three treatment technolo
gies were evaluated in both phases: ( 1) chemical treatment 
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( KPEG). C2) physical treatment ( soil washmgJ. J.nd 13 1 lo\\ -
temperature thermal desorption. The Phase l study also in

cluded the evaluation of incineration and stabilization. Com
parison of results obtained in the treatment of Superfund soils 
and the synthetic soils reveals that the trend in contaminant 
removals was similar for both types of soils. The percentage 
removal. however, was higher for synthetic soils than for actual 
Superfund soils. This can be attributed to the fact that the 
synthetic soils were spiked and tested without allowing much 
time for sorption of the contaminant onto the soils. In contrast. 
the actual Superfund soils had weathered for long periods of 
time before treatment was attempted; therefore. contaminant 
removal was shown to be more difficult on the actual sot!..;. 
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Evaluation of a Subsurface Oxygenation Technique 
Using Colloidal Gas Aphron Injections into Packed 
Column Reactors. 
Wills. R. A. and Coles, P., University of Wyoming Research 
Corp .. Laramie. Western Research Institute. U.S. Depart
ment of Energy, Washington, DC. November l 99 l 

I NTIS Document Number: DE93-0002-+0/XAB 

Bioremediation may be a remedial technology capable 1)f 

decontaminating subsurface environments. The ubJecti .. e of 
this research was to evaluate the use of colloidal gas ..iphrnn 
( CGA) injection, which is the injection of micrometer-.;1ze m 
bubbles in an aqueous surfactant solution . ..is ..1 -.uh,urt .h.."c 
oxygenation technique to create optimal growth condiuon-. tor 
aerobic bacteria. Along with this. the capability of CG..\s to ,Kt 
as a soil-washing agent and free organic components from J 

coal-tar-contaminated matrix was exarnined. lnjecuon of CG As 
may be useful for remediation of underground coal gasification 
(UCG) sites. Because of this, bacteria and solid material from 
a UCG site located in northeastern Wyoming were used in this 
research. CGAs were generated and pumped through packed 
column reactors (PCRs) containing post-bum core materials. 
For comparison, PCRs containing sand were also studied. 
Bacteria from this site were tested for their capability to de grade 
phenol. a major contaminant at the UCG site and were also used 
to bioaugment the PCR systems. In this study we examined: ( l ) 
the effect of CGA injection on dissolved oxygen concentrations 
in the PCR effluents, (2) the effect of CGA. H20. and phenol 
injections on bacterial populations. ( 3) the stability and trans
port of CG As over distance, and (4) CGA injection versus H20 
injection as an oxygenation technique. 

31C I 
Evaluation of Modifications to Extraction Procedures 
Used in Analysis of Environmental Samples from 
Superfund Sites, Journal Article: Published in Journal of 
the Association of Official Analytical Chemists, v72n4. p. 
602-608, 1989. 



Valkenburg, C. A.; Munslow, W. 0.; and Butler, L. C.. 
Lockheed Engineering and Sciences Company. Inc .. Las 
Vegas, NV. U.S. Environmental Protection Agency, Las 
Vegas. NV. 1989 

EPA Document ~umber: EPN600/J-89/06l 

NTIS Document Number: PB90-l035 l6/XAB 

Recoveries from an aqueous sample of the semi-volat.tle analytes 
listed on the EPA Target Compound List are compared using 
six different methylene chloride extraction procedures. Four 
experimental designs incorporating a continuous extraction 
apparatus are evaluated. and two experimental designs using 
separatory funnel methods are tested. In addition. two concen
tration procedures are compared. and the loss of analytes 
associated with both extraction and concentration procedures 
are determined. These studies indicate that the most efficient 
and economical technique for the extraction of these com
pounds from an aqueous matrix is a single continuous extrac
tion procedure performed at 2 pH. 
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Evaluation of Soil Washing Technology: Results of 
Bench-Scale Experiments on Petroleum-Fuels Contami
nated Soils. 
Loden. M. E .. Camp. Dresser and McKee. Inc .. Cambridge, 
MA. FS. Environmental Protection Agency, Cincinnati. 
OH. Office of Research and Development, Risk Reduction 
Engineering Laboratory. June 1991 

EPA Document Number: EPN6f1J/2-91/023 

NTIS Document Number: PB9 l-206599/XAB 

The U.S. Environmental Protection Agency, through its Risk 
Reduction Engineering Laboratory's Releases Control Branch. 
has undertaken research and development efforts to address the 
problem of leaking underground storage tanks (USTs). Under 
this effon. EPA 1s currently evaluating soil washing technology 
for cleaning up soil contaminated by the release of petroleum 
products from leaking underground storage tanks. Soil washing 
is a dynamic physical process that remediates contaminated soil 
via two mechanisms-particle separation and dissolution of the 
contaminants into the wash water. As a result of the washing 
process. a significant fractionofthecontaminatedsoil is cleaned 
and can be returned into the original excavation or used as 
cleaned "secondary" fill or aggregate material. Since the con
taminants are more concentrated in the fine soil fractions. their 
separation and removal from the bulk soil increases the overall 
effectiveness of the process. Subsequent treatment will be 
required for the spent wash waters and the fine soil fractions. 
The soil washing program evaluated the effectiveness of soil 
washing technology in removing petroleum products ( unleaded 
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gasoline, dieseVhomc heating fuel. and waste crankcase oil 1 

from an EPA-developed Synthetic Soil Matrix ( SSM) and from 
actual site soils. Operating parameters such as contact ume. 
wash water volume. rinse water volume, wash water tempera
ture. and effectiveness of additives were investigated. 

328 I 
Feasibility of Hydraulic Fracturing of Soil to Improve 
Remedial Actions. 
Murdoch. L. C.; Losonsky, G.; Cluxton. P.; Patterson. B.: 
and Klich, I.. Cincinnati University. OH. U.S. Ennronment.il 
Protection Agency, Cincinnati, OH. Office of Research Jnd 
Development. Risk Reduction Engineering L1boratory. -\pnl • 
1991 

EPA Document Number: EPN600/2-9l/Ol2 

NTIS Document Number: PB91-l8l818/XAB 

Hydraulic fracturing, a method of increasing fluid tlo'-1. 
within the subsurface, should improve the effect!\ enes" ,)f 
several remedial techniques, including pump Jnd treJt. ,. 1p()r 
ex.traction. bioremediation. and soil flushing. The techni~ue 
is widely used to increase the yields of 011 wells. but 1s 

untested under conditions typical of contaminated "ires. The 
project consisted of laboratory experiments. \1. here h: Jrjull..: 
fractures were created in a triaxial pressure cell. ;.inJ rn o 
field tests. where fractures were created at shallow '-krch-. 1 n 
soil. The lab tests showed that hydraulic fractures J.re reJ.Jll: 
created in clayey silt. even when it is saturated and loosely
consolidated. Many of the lab observations can be explained 
usmg parameters and analyses based on linear elastic fracture 
mechanics. Following the field tests, the vicinity of the bore 
holes was excavated to reveal details of the hydraulic 
fractures. Maximum lengths of the fractures. as measured 
from the borehole to the leading edge. averaged 4.0 m. and 
the average area was 19 sq m. Maximum thickness of sand 
ranged from 2 to 20 mm. averaging 11 mm. As many as four 
fractures were created from a single borehole. stacked one 
over the other at vertical spacing of 15 to 30 cm. 

32C . l 
Field Applkadom of the KPEG (Pota.uium Polyethylene 
Glycolate) Proceu for Treating Chlorinated Wastes. 
Taylor, M. L.; Wentz. J. A.; Dosani. M.A.; Gallagher. W.; 
and Greber, J. S., PEI Associates. Inc .• Cincinnati, OH. U.S. 
Environmental Protection Agency, Cincinnati, OH. Office of 
Research and Development. Risk Reduction Engineering 
Laboratory, Civil Engineering Laboratory (Navy), Pon 
Hueneme, CA. July 1989 

EPA Document Number: EPN6f1J/2-89/036 

NTIS Document Number: PB89-212724/XAB 



The KPEG chemical dechlorination process was identified at 
the Franklin Research Cen· ~r in Philadelphia, Pennsylvania in 
1978 for the dechlorinationof polychlorinated biphenyls (PCBs) 
in oil. Further process development, primarily by the U.S. EPA 
Risk Reduction Engineering Laboratory, has focused on the 
dechlorination of PCBs and other potentially toxic halogenated 
aromatic compounds such as tetrachlorodibenzodioxin that 
contaminate soils. In 1987. in Moreau, New York a pilot-scale 
treatment system was demonstrated on PCB-contaminated soil 
in batches of 35 lbs each. The demonstration was the first 
attempt to dechlorinate PCB-contaminated soil in a reactor/ 
mixer at a scale larger than that used in the laboratory. Analyti
cal results of the demonstration indicated an average PCB 
reduction of 99.7%, thus illustrating the:: efficacy of the potas
sium polyethylene glycolate (KPEG) technology at a larger 
scale and warranting assessment for sea.le-up. 

33A ~ 
Geophysical Monitoring of Active Hydrologic Processes 
as Part of the Dynamic Underground Stripping Project. 
Newmark. R. L.. Lawrence Livermore National Laboratory. 
CA, U.S. Department of Energy, Washmgton. DC. May 
1992 

I '.'ITIS Document Number: DE92-0I8058/XAB 

Lawrence Livermore National Laboratory, in collaboration 
with the Cniversity of California at Berkeley and Lawrence 
Berkeley Laboratory. is conducting the Dynamic Underground 
Stripping Project ( DUSP). an integrated project demonstrating 
the use of active thermal techniques to remove subsurface 
organic contamination. Complementary techniques address a 
numberof environmental restoration problems: ( l) steam flood 
strips organic contaminants from permeable zones, (2) electri
cal heating drives contaminants from less permeable zones into 
the more permeable zones from which they can be extracted, 
and ( 3) geophysical monitoring tracks and images the progress 
of the thermal fronts, providing feedback and control of the 
active processes. The first DUSP phase involved combined 
steam inj~tion and vapor extraction in a ''clean" site in the 
Livermore Valley consisting of unconsolidated alluvial interbeds 
of clays. sands and gravels. Steam passed rapidly through a 
high-permeability gravel unit. where in situ temperatures reached 
11 T C. An integrated program of geophysical monitoring was 
carried out at the clean site. The researchers performed electri
c al resistance tomography (ERT), seismic tomography 
(crossborehole), induction tomography. passive seismic moni
toring. a variety of different temperature measurement tech
niques, and conventional geophysical well logging. 

Hanford Site: Hanford Site Annual Waste Reduction 
Repo~ 1990. 
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Nichols, D. H., U.S. Department of Energy, Richland. WA. 
Richland Operations Office, March 1991 

j NTIS Document Number: DE9l-010110/XAB 

The U.S. Department of Energy-Richland Operations (DOE
RL) has developed and implemented a Hanford Site Waste 
Minimization and Pollution Prevention Awareness Plan that 
provides overall guidance and direction on waste minimization 
and pollution prevention awareness to the four contractors who 
manage and operate the Hanford Site for the DOE-RL. Waste 
reduction at OOE-RL will be accomplished by following a 
hierarchy of environmental protection practices. First. elimi
nate or minimize waste generation through source reduction. 
Second. recycle (i.e., use. reuse. or reclaim) potential waste 
materials that cannot be eliminated or minimized. Third. treat 
all waste that is nevertheless generated to reduce volume. 
toxicity, or mobility before storage or disposal. The scope of the 
waste reduction program will include non-hazardous. hazard
ous, radioactive-mixed, and radioactive wastes. Hazardous 
waste generation was reduced by 148.918 kg during the l 9tJO 
reporting period, which was primarily the result of source 
reduction efforts involving excess materials and product -;ubst1-
tution. Radioactive-mixed waste production was reduced by 
more than 4,000 metric tons. The driving force for this 
increased savings over previous years was an anticipated short
age of adequate tank storage space. Adjusting the solvent 
extraction start-up parameters at the PUREX facility and better 
management of waste during transfers to tank ,torage account 
for more than 90% of the total reduction. Recycling of low
level waste amounted to 612 kg, and source reduction of TR l' 
waste contributed another 800 kg in savings. :\. detailed 
breakdown of waste reduction accomplishments by waste type 
and method is provided. 

I}:) 
In Situ Biodegradation Treatment. 
U.S. Environmental Protection Agency. Office of Emer
gency and Remedial Response, Washington, DC, Office of 
Research and Development, Cincinnati. OH. April 1994 

j EPA Document Number: EP A/540/S-94/502 

In situ biodegradation may be used to treat low-to-intermediate 
concentrations of organic contaminants in place without dis
turbing or displacing the contaminated media. Although this 
technology has been used to degrade a limited number of 
inorganics, specifically cyanide and nitrate. in situ biodegrada
tion is not generally employed to degrade inorganics or to treat 
media contaminated with heavy metals. During in situ biodeg
radation. electron acceptors (e.g., oxygen and nitrate), nutri
ents, and other amendments may be introduced into the soil and 
groundwater to encourage the growth of an indigenous popula- · 
tion capable of degrading the contaminants of concern. These 



supplements are used to control or modify site-specific condi
tions that impede microbial activity and. thus, the rate and 
extent of contaminant degradation. Depending on site-specific 
clean-up goals. in situ biodegradation can be used as the sole 
treatment technology or in conjunction with other biological, 
chemical. and physical technologies in a treatment train. In the 
past. in situ biodegradation has often been used to enhance 
traditional pump and treat technologies. As off all 1993, in situ 
biodegradation was being considered or implemented as a 
component of the remedy at 21 Superfund sites and 38 RCRA, 
Underground Storage Tank, Toxic Substances Control Act, and 
Federal sites with soil. sludge. sediment. or groundwater con
tamination. This bulletin provides information on the 
technology· s applicability, the types of residuals produced, the 
latest performance data, the site requirements, the status of the 
technology. and sources for further information. 

34A ~ 
Low Temperature Thermal Treatment (L T3R) Technol
ogy Roy F. Weston, Inc., Applications Analysis Report. 
U.S. Environmental Protection Agency, Office of Research 
and Development. Risk Reduction Engineering Laboratory, 
Cincinnati. OH. December 1992 

EPA Document Number: EPA/540/AR-92/019 

N1IS Document Number: PB94- l 24047 /XAB 

This document discusses the Superfund Innovative Technol
ogy Evaluation (SITE) Program Demonstration of the Low 
Temperature Thermal Treatment (L T3) system's ability to 
remove volatile organic compounds I VOC) and semi volatile 
organic compounds (SVOC) from solid wastes. This evalua
tion is based on treatment performance, cost data, and five case 
studies. The LT 3 system thennally desorbs organic compounds 
from contaminated soil without heating the soil to combustion 
temperatures. During the development of the LT3 system, 
Wes ton conducted bench- and pilot-scale tests and collected 
treatapility data for the following wastes: coal tar, drill cuttings 
( oil-based mud), leaded and unleaded gasoline, No. 2 diesel 
fuel. JP4 jet fuel. petroleum hydrocarbons, halogenated and 
nonhalogenated solvents. OVSs, SVOCs, and polynuclear aro
matic hydrocarbons (P AH). The document also discusses the 
applicability of the L T3 system based on compliance with 
regulatory requirements, implementability, short-term impact, 
and long-term effectiveness. 

1.!!!l 
Method for the Supercritical Fluid Extraction of Soils/ 
Sediments. 
Lopez-Avila. V. and Dodhiwaia. N.S., Mid-Pacific Environ
mental Laboratory, Inc .. Mountain View, CA, Environmental 
Monitoring Systems Laboratory. Las Vegas. NV. U.S. 
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Environmental Protection Agency, Office of Research and 
Development, November 1990 

EPA Document Number: EPN600/4-90/026 

NTIS Document Number: PB91-127803/XAB 

Supercritical fluid extraction has been publicized as an extrac
tion method that has several advantages over conventional 
methods, and it is expected to result in substantial cost and labor 
savings. This study was designed to evaluate the feasibility of 
using supercritical fluid extraction as a sample extraction 
method for pollutants and matrices of concern to the EPA. 
Various matrices were spiked with compounds from several 
classes of pollutants and were extracted with supercnt1cal 
carbon dioxide, with and without modifiers. Based on the 
results, a preliminary protocol was developed. which was then 
tested with additional simple and complex matrices. Another 
important segment of this work was to study the influence of 
variables on recoveries. The results of this study indicate that 
supercritical fluid extraction with carbon dioxide. v. nh or 
without modifiers. is an attractive method for the extraction of 
organic contaminants from environmental solid matrices. Po
tential advantages of the method include less solvent use and 
disposal. reduced manpower requirement, and increased speed 
and selectivity. However. more developmental work has to be 
done before supercritical fluid extraction becomes an easy-to
use, off-the-shelf method. 

34C 

On-Site Engineering Report for the Low-Temperature 
Thermal Desorption Pilot-Scale Test on Contaminated 
Soil. 
Smith, M. L.; Groen, A.; Hessling, J.; and Alperin. E .. IT 
Environmental Programs, Inc., Cincinnati, OH. IT Corp., 
Knoxville, TN. U.S. Environmental Protection Agency, 
Cincinnati, OH, Office of Research and Development, Risk 
Reduction Engineering Laboratory, July 1992 

EPA Document Number: EPA/600/R-92/142 

NTIS Document Number: PB92-216936/XAB 

Performance of the thermal desorption process for removal of 
organic contaminants, mostly polynuclear aromatic hydrocar
bons (P AHs), from soils was evaluated. The Superfund Site soil 
tested was a fine sandy soil contaminated with creosote. An 
optimum operating temperature of 5 50° C and an optimum 
operating residence time of 10 minutes, determined from bench 
studies, were used in the pilot-scale desorber. Contaminants 
removed from the soil were captured or destroyed in the 
associated air pollution control equipment. Test results showed 
that greater than 99% of the P AHs were removed from the soil. 
The concentration of total P AHs averaged 4629 mg/Kg in the 



pretreated soils and were below detection in the post-treated 

soils. 

35A 

perox-pure N Chemical Oxidation Technology 
Peroxidation Syste~ Inc.: Applications Analysis 

Report. 
C.S. Environmental Protection Agency. Office of Research 
and Development. Risk Reduction Engineering Laboratory, 

Cincinnati. OH. July 1993 

EPA Document Number: EPA/540/AR-93/501 

~'TIS Document ~umber: PB94-130325/XAB 

This document discusses the Superfund Innovative Technol
ogy Evaluation ( SITE) Program Demonstration of the perox
pure rn chemical oxidation technology's ability to remove 
volatile organic compounds ( VOC) and other organic contami
nants present in liquid wastes. The perox-pure r"\f chemical 
o:odation technology was developed to destroy dissolved or
game contaminants in water. The technology uses ultraviolet 
t CV) radiation and hydrogen peroxide to oxidize organic 
compounds present in water at parts per million levels or less. 
This treatment technology produces no air emission and gener
.. nes no sludge or spent media that require further processing, 
handling. or disposal. Economic data and the results from three 
case studies :.ire also summarized in this report. The contami
nants of concern in these case studies include acetone. 1sopropyl 
.ilcohol t IP . .\). TCE. and pentachlorophenol ( PCP). 

358 

Physical and Morphological Measures of Waste Solidifi
cation Effectiven~. 
Grube. W. E .. U.S. Environmental Protection Agency, 
Cincinnati. OH, Office of Research and Development. Risk 
Redaction Engineering Laboratory. 1991 

EPA Document ~umber: EPA/600/D-91/164 

\fTIS Document Number: PB91-226340/XAB 

The paper describes and dilcusses physical testing to character
ize wastes treated by the Soliditech cement-solidification/ 
stabilization process. In addition. morphological measures 
included documented observations and measurements of com
ponents of structure and form of the treated materials. The 
paper provides data to relate easily measured physical and 
morphological properties with intensive chemical extraction 
and solute leachability information obtained from standardized 
tests. 
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PhysicaUChemical Treatment of Mixed Waste Soils. 
Morris, M. I.; Alperin. E. S.; and Fox. R. D., Oak Ridge 
National Laboratory, TN, U.S. Department of Energy. 
Washington, OC. 1991 

I NTIS Document Number: DE9 l-009 l43/XAB 

This report discusses the results and findings of the demonstrJ
tion testing of a physical/chemical treatment technology for 
mixed wastes. The principal objective of the tests ~ as to 
demonstrate the capability of the low temperature thermal 
5eparation (LITS) technology for rendenng PC8-(ontam1-
nated mixed waste soils as non-hazardous and acceptable for 
low level radioactive waste disposal. The demonstrJUon te ... tmg 
of this technology was a jointly conducted project by the L'. S. 
Department of Energy ( DOE}, the Martin Marietta Energy 
Systems ( Energy Systems), Waste Management Technology 
Center at the Oak Ridge National Laboratory. and IT Cl)rporJ
tion. This pilot-scale demonstration program testing of Ir" 
thermal separator technology in Oak Ridge was conducted .is 
part of the DOE Model Program. This program has pn vate 
industry. regulators, and universities helping to solve DOE 
waste management problems. Information gamed from the 
DOE Model is shared with the participating organizations . 
other Federal agencies, and regulatory agencies. The fol lo\\ 1ng 
represent the most" significant findings from these demonstra
tion tests: Thermal separation effectively separated PCB ..:lln
tamination from a mixed waste to enable the treJted 501J to be 
managed as low level radioactive waste. At the same operJtmg 
conditions. mercury contamination of 0.8 ppm was reduced to 
less than 0.1 ppm. The majority of uranium and technetium m 
the waste feeds oil remained in the treated soil. Radionuclide 
concentration in cyclone solids is due to carry-over of entrained 
particles in the exit gas and not due to volatilization/condensa
tion. Thermal separation also effectively treated all identified 
semi-volatile contaminants in the waste soil to below detection 
limits with the exception of di-n-butylpbthalate in one of the 
two runs. 

350 l: 
Removal of Creosote from Soil by Thermal Desorption. 
Lauch, R. P.; Herrmann, J. G.; Smith. M. L.; Alperin. E.: and 
Groen, A., International Technology Corp., Knoxville. TN, 
U.S. Environmental Protection Agency, Cincinnati, OH. 
Office of Research and Development, Risk Reduction 
Engineering Laboratory, 1991 

EPA Document Number: EPN600/D-91/276 

NTIS Document Number: PB92-126838/XAB 

Performance of the thermal desorption process for removal of 
organic contaminants, mostly polynuclear aromatic hydrocar-



bons ( PAHs>. from soils was evaluated. A Superfund slle sotl 
that was contaminated with creosote was tested. An operaung 
temperature of 550° C and an operating residence time of l 0 
minutes at temperature. determined from bench studies. were 
used in the pilot scale desorbcr. Test results showed that greater 
than 99C7c of the PAHs were removed from the test soil. The 
concentrations of total PAHs in the soil before and after 
treatment averaged 4629 mg/kg and below detect10n limits 
respectively. 
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Results of Treatment Evaluations of Contaminated Soils. 
Esposito. P.: Hessling. J.: Locke. B. B.: Taylor. ~L and 
Szabo. \1 .. PEI Associates. Inc .. Cincinnati. OH. U.S. 
Environmental Protection Agency. Cincinnatl. OH. Hazard
ous Waste Engineenng Research Laboratory. August 1988 

EPA Document Number: EPA/600/0-88/ 18 l 

~TIS Document ~umber: PB88-250204/XAB 

Soil and debris from Superfund sites must be treated to mini
mize their threat to human health and the en\ 1ronment .is part 
of remedial actions at such sites. Studies were conducted on the 
effectiveness with \vhich five treatment processes removed or 
immobilized svnthetic soils containm2 volatile and semirnlaule 
orn;inics and ·metals. The treatmen; technologies were soil 
w;shmg, dechlorination with potassium polyethylene glycol 
t KPEG~. incmerauon. low temperature thermal desorption and 
solidificauon/fix.ation. The paper describes the production of 
four,;\ nthenc soils contammg varying levels of contaminants 
and r~ports the effectiveness of the fi-.e treatment methods. 

368 I 
Separation of Hazardous Organics by Low Pr~ure 
\lembranes: Treatment of Soil-Wash Rinse-Water 
Leachates~ Report for January 1990 • January 1992. 
Bhattacharyya. D. and Kothari. A., Kentucky University, 
Lexington. Department of Chemical Engineering, U.S. 
Environmental Protection Agency. Cincinnati. OH. Office of 
Research and Development. Risk Reduction Engineering 
Laboratory. ~tarch 1992 

EPA Document Number. EPA/600/R-92/035 

NTIS Document ~umber: PB92-153436/XAB 

Soil washing is a promising technology for treating contami
nated soils. In the present work, low-pressure, thin-film com
posite membranes were evaluated to treat the soil-wash leachates 
so that the treated water could be recycled back to the soil 
washing step. Experiments were done with SARM ( Synthetic 
.\nalytical Reference ~atrix) soils. Membrane performance 
was evaluated with leachates obtained from different wash 
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soluuons. The effect of fine suspensions tn the le;.11.:h.1te-, ., ,1-., 

also studied. A solution-diffusion model was modified to in

dude an adsorption resistance term in water flux. and this term 
was correlated with bulk concentration using the Freundlich 
isotherm. The correlation was then used to predict water tlu.\ 
drop at different bulk concentrations or to predict water flux. Jt 
different recoveries. Thin-film composite membranes were 
found to effectively treat the leachate from rinse water used to 
wash contaminated soil. In addition. feed preozonation signifi
cantly improved water flux. 
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SITE Demonstration of the CF Systems Organics 
Extraction System. Journal Article: Published in Journal 
A.ir and Waste Jfanagement A.ssociation, "·40n6. p. 9.16-
931. June 1990. 
Valentineni. R.: McPherson. J.: and Staley. L.. CS En, 1n1n
mental Protection Agency. Cincinnati. OH. Office llt 

Research and Development. Risk Reduction Enginecrrn~ 
Laboratory. Science Applications International Cllrp1 1 r: . .1t1un. 
~kLean. VA. Vermont Agency of Natural Resource,. 
Waterbury. 1990 

EPA Document Number: EPA/600/J-90/275 

~TIS Document Number: PB91-l-l-51 l0/X.-\B 

The CF Systems Organic Ex.traction S:-, stem \, ,i-, hd i,, 
remove PCBs from contaminated sediment dred~eJ tri 1 m ~he 
'.'rew Bedford Harbor. This work was Jone J:-- p~rt ,lf .1 r:ciJ 
demonstration under the Superfund Inno\ ~t1ve T echnoll 1 ~: 

Evaluation t SITE) program. The purpose of the SITE pr1,~r ..im 
is to provide an independent and obJective evaluation ,)t inno
vative processes. The purpose of this paper is to pre-;cnt the 
results of the SITE demonstration of this technology. Results 
of the demonstration tests show that the system. '-" hich uses 
high pressure liquefied propane, successfully removed PCBs 
from contaminated sediments in New Bedford Harbor. Re
moval efficiencies for all test runs exceeded 70%. Some 
operational problems occured during the demonstration that 
may have affected the efficiency with which PCBs were re
moved from the dredged sediment. Large amounts of residues 
were generated from the demonstration. Costs for using this 
process are estimated to be between $150/ton and 5-+50/ton. 

360 1 

Solvent Extraction for Remediation of Coal Tar Sites~ 
Final Report. 
Luthy, R. G.; Dzombak, D. A.; Peters, C.; Ali. \1 .. \.: and 
Roy. S. B .. Carnegie-Mellon University. Pinsburgh. PA. 
Department of Civil Engineering, Geological Survey. 
Reston. VA. Water Resources Division. September 1992 



~TIS Document ~umber: PB93-l 183~7/XAB 

This document presents the results of an initial assessment of 
the feasibility of solvent extraction for removing coal tar from 
the ..,ubsurfJce. or for treating contaminated soil exca\ aced at 
manufactureJ gas plant, \-tGP) sites. ln situ solvent extraction 
"" ould inrnlve injection. recovery. and reclamation for reinjec
tton of an env1ronment..1lly-benign. water-miscible solvent. 
Both laboratory experiments and engineenng evaluations were 
performed to provide a basis for the initial feasibility assess
ment. Laboratory work included identification and evaluation 
()f promising solvents. measurement of fundamental propenies 
()f coal L.lf--,olvent-water systems. and measurement of rates of 
Ji-,..,l)luuon of coal t.u in porous media into tlowin~ ..;olvent
v. J.ter ..;olutions. Engineering evaluations inrnived 1dentifica
t1on ofcommon hydroge0Iog1c feature·~ and contaminant distri
buuons at \IGP sites and identtfication :rnd evaluation of 
possible injection-recovery well deployment :-,chemes. 

37A I 
Superfund lnno~·ative Technology Ernluation: Demon
stration Bulletin. Soil Washing System. 
L.S. En\ 1ronmental Protection . ..\gency. Center for Environ
ment.ii Research [nforrnation. July I 991 

I EP..\ Document :\umber: EP . ..\/5.+0t\15-91;003 

The three component technologies of the BioTrol Sot! Washing 
S::, ,[em I BSWS ). te-;ted in the SITE demonstration were a Soil 
\\·a-,her. an . ..\4ueous Treatment Sys1em and a Slurry Bio
Re..1L'tor. Thi'> Jocument highlights the demonstr:.1tion pro
..:c:-;-.es. pro1, ides flowcharts. and indicates the results of the 
Jemonstrat1on. 

378 l 
Technology Evaluation Report: BioTrol Soil Washing 
System for Treatment of a Wood Preserving Site. 
\'olumel. 
Skovronek. H. S.: Ellis. W.: Evans. J.: Kitaplioglu. 0.; and 
\ le Pherson. J .. Science Applications International Corp .. 
\klean. V . ..\. C.S. Environmental Protection Agency. 
Cincinnati. OH. Office of Research and Development. Risk 
Reduction Engineenng Laboratory. December 199 l 

EPA Document '.'iumber: EPA/540/5-9l/003A 

\ITIS Document '.'lumber: PB92- l l 53 l0/XAB 

The repon presents and evaluates the extensive database from 
the SITE Program demonstration at the MacGillis and Gibbs 
\\ ood tre:itment facility in '.\rew Brighton. \:linnesota. Soil 
\\ ashing and o;;egregation. biotreatment of contaminated pro
ces-. \, ;iter. ;ind bi ode gradation of a slurry of the contaminated 
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fines from the soil washing were evaluated over se\ er:.11 \\ eei-., 
of operation. The contaminants of concern were pentachlo
rophenol ( PCP) and polynucleararomatic hydrocarbons t P . ..\H, i 
The results indicate that the soil washer effectively segregates 
contaminated soil into coarse. relatively uncontaminated ,;and 
constituting the largest output fraction and a much smal !er 
fraction of fine clay/silt particles retaining about 30% of the 
original contamination. PCP removal efficiency from the feed 
soil is 87%-89% (vendor's claim: 90°c ). Contaminated \\\10J-. 
material is also segregated. Operational vanauons anJ their 
impact on output qualities and quantities are Je-,cnbeJ. 
Biotreatment of process water from the sot! \\ ashing -.ucce,,;
fully degraded 91-94.q. of the PCP. The result-; for [he ,lurT~ 
biological treatment of the contaminated fines inJicareJ th..1t 
>90% removal of PCP and P:\Hs probably can be ..1ch1e\ eJ \, 1rh 
a fully acclimated system operating at stead! ,rate. C)mhJncJ 

operating and capital equipment cost for an integrated ": ,tern 
are estimated to be $168/ton of soil treated. [ncineratton l)f lhe 
woody debris is a major cost factor. Costs are also pre-.enteJ h~ 
process since specific applications may require different ... <1n
figurations of the three units. 
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Technology Evaluation Report: SITE Program. CF 
Systems Organics Extraction System. '.\ew Bedford. 
\lassachusetts, Volume 2. Final Report. 
Valentinetti. R .. Science Applicat10ns lntematHmal C rp11r.1-
t1on . .\kLean. VA. C.S. Environmental ProtcLtJ\1n -\:;cr.i...:-. 

Cincinnati. OH. Office of Research and De\elopmcnt. R1,1' 
Reduction Engineering Laboratory. January l 990 

EPA Document Number: EPN540/5-90/002 

NTIS Document Number: PB90- l 86503/XAB 

The report summarizes the results of a Superfund lnnovative 
Technology Evaluation (SITE) demonstration of the CF Sys
tems critical fluid organics extraction system at the New Bedford 
Harbor. Massachusetts Superfund site. The technology de
pends on the ability of organic pollutants to solubilize in the 
process solvent. a liquefied gas. The pollutants treated include 
polychlorinated biphenyls (PCBs) and polynuclear aromatic 
hydrocarbons. The report examines the performance of the 
process in terms of PCB extraction efficiency. variation 1n 
process operating conditions. potential health and safety im
pacts, equipment and handling problems. and projected system 
economics. Volume 2 contains sampling and analytical repons 
and operating log data. See Volume l (EPA/540/5-90/002. 
PB90- l 86495/XAB) for more information. 
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Technology Evaluation Report. SITE Program Demon
stration. Resources Conservation Company, Basic 
Extractive Sludge Treatment (B.E.S.T. (Trade ~ame)). 



Grand Calumet River, Gary, Indiana. Volume 2, Part 3. 
Wagner, T.. Science Applications International Corporauon. 
McLean.VA, U.S. Environmental Protection Agency, 
Cincinnati. OH. Office of Research and Development. Risk 
Reduction Engineering Laboratory, July 1993 

EPA Document Number: EPA/540/R-92/079D 

~TIS Document '.'Iumber: PB93-227155/XAB 

operation in 1983. operated three 011 Jnlling muJ ,cp..intt\)n 

pits from which the waste material used in the Jemonstr:.llwn 
was collected. 
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Thermal Desorption or Petroleum Contaminated Soils. 
Troxler, W. L.; Yezzi. J. J.; Cudahy, J. J.; and Rosenthal. S. 
I.. Foster Wheeler Enviresponse. Inc .. Livingston. ~J. Focus 
Environmental. Inc .. U.S. Environmental Protection Agency. 
Cincinnati. OH. Office of Research and Development. Risk 
Reduction Engineering Laboratory, 1992 

The report summarizes the findings of an evaluation of the 

Basic Extractive Sludge Treatment ( B.E.S.T.) solvent extrac
tion technology developed by Resources Conservation Com
pany (RCC). During the demonstration test. the B.E.S.T. sys- I NTIS Document Number: PB93- l 58806/X.-\B 
tern was used to treat composited sediments from two areas of 
the Grand Calumet River. Contaminant concentration reduc- The U.S. Environmental Protection .-\gency recent!: r"umkJ J 
tions of 96 percent for total polynuclear aromatic hydrocarbons study that addresses the treatment of sods contaminated b: 
( P AHs) and greater than 99 percent for total polychlorinated petroleum hydrocarbons using low temperature thermal Jes
biphenyls (PCBs) were achieved for Sediment A. Contaminant orption (L TIO). The paper summarizes some of the re ... ulb uf 
concentration reductions of greater than 99 percent for total that study. L TIO has become a major petroleum rnnc.iminJted 
PAHs and greater than 99 percent for total PCBs were achieved soil remediation technology. The paper defines L TTD ..1nJ 
for Sediment B. Removal efficiencies in excess of 98 percent discusses fundamental thermal desorption mechanisms ,u(h J', 
were realized for both sediments foroil and grease t O&G). See "':~hydrocarbon vapor pressure. steam stnppmg. ;ind ..;oil ,:h.trJ(
Volume l ( EPA/540/R-92/079A. PB93-227 l 22/XAB l. Vol- ~deristics. Full-scale L TIO equipment such JS .i ... phalt ~lln..;. 
ume 2 Part l ( EPA/540/R-92/079B. PB93-227 l 30/XAB ). and rotary dryers. thennal screws. and indirect-fired s..:akiner.., ..1re 
Volume 2 Part 2 1EPA/540/R-92/079C, PB93-22:148/XAB). described. Typical off-gas treatment equipment -.,uch J', Jltcr
for more infonnation. burners. baghouses. wet scrubbers. carbon. and conJen .... .1t1l)n/ 
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Technology Evaluation Report: The Carver-Greenfield 
Process. Dehydro-Tech Corporation. 
PRC Environmental Management. Inc .. Cincinnati. OH. U.S. 
Environmental Protection Agency. Cincinnati. OH. Office of 
Research and Development. Risk Reduction Engineering 
Laboratory, August 1992 

recovery are also discussed. Full-scale L TIO pertorm . .rn1..e 
data. such as hydrocarbon destruction efficiency. s..:;.irbt,n mtm
oxide and particulate stack concentrations. J.nJ "\..'ii tt,tJl retn,
leum hydrocarbon residuals are summarized. 

38C 

Toronto Harbour Commissioners (THC) Soil Recycle 
Treatment Train: Applications Analysis Report. 
U.S. Environmental Protection Agency. Office of Research 

j and Development. Risk Reduction Engineering Laboratory. 
--------------------- Cincinnati, OH. April 1993 

NTIS Document Number. PB92-217462/XAB I 
EPA Document Number: EPA/450/R-92/002 

-------------------____. I EPADocument Number: EPA/540/AR-93/517 

The report evaluated the ability ofDehydro-Tech Corporation· s 
( OTC) Carver-Greenfield Process to separate oil contaminated ! NTIS Document Number: PB94- l 246 7..i./XAB 
waste drilling muds to their constituent solids, oil, and water 
fractions. The Carver-Greenfield Process (C-G) was devel
oped by OTC in the late 1950s and is licensed in over 80 plants 
worldwide. The technology is designed to separate solid-liquid 
mixtures into three product streams: a clean, dry solid~ a water 
product substantially free of solids and organics; and a concen
trated mixture of extracted organics. A mobile pilot plant was 
used for the demonstration. The C-G Process demonstration 
was conducted at EPA's Edison, New Jersey facility in August. 
I 991. Waste drilling muds from the P AB Oil and Chemical 
Services. Inc. ( P AB Oil) site in Vermilion Parish, Louisiana 
were processed in the demonstration. P AB Oil. which ceased 
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This document discusses the Superfund Innovative Technol
ogy Evaluation (SITE) Program Demonstration of the Toronto 
Harbour Commissioners (THC) soil treatment train which is 
designed to treat inorganic and organic contaminants in soils 
without utilizing incineration processes. The THC consists of 
three soil remediation technologies which are attrition soil 
washing, inorganic removal by chelation. and chenucal and 
biological treatment to reduce organic contaminants. The goals 
of this study were to evaluate the technical effectiveness and 
economics of a treatment process sequence and to assess the 
potential applicability of the process to other wastes anl.!. or 



other Superfund and hazardous waste sites. The results indi
cated the following: gravel and sand products met the THC 
criteria for reuse as fill material at industrial and commercial 
sites but fine soil did not meet the cntena; the attntion soil wash 
plant produced a gravel and a sand that achieved the primary 
THC criteria: the metals contamination levels actually encoun
tered during pilot-scale processing of the test soil were so low 
that there was no need to use the metals removal process: and 
the b1oslurry process exhibited limited reduction in oil and 
grease. 

39A 

Ctilization of l'ranium Industry Te<:hnology and Rel
e,ant Chemistry to Leach Lranium from ,uxed-Waste 
Solids. 
\tattus .. ..\. J. and Farr. L. L Oak Ridge ~ational L.1bora
rory. T'.'i. U.S. Department of Energy. Washington. DC. 
1991 

difficult to remove. Wa.ste acid samples cont . .11neJ met.1l :,,11, 

that were common to those associated w 1th bras.., tlue Ju,t. 

another waste material. The recycling potential of the \, .1:-te 
acid was significantly improved by utilization of thew J~te auJ. 
instead of virgin sulfuric acid. to extract Zn from the brass tlue 
dust. The waste acid was also utilized to extract Cu and Cd from 
sludge '-Nastes. Several neutralizauon schemes designed ti) 

reduce the quantity of hazardous sludge generated \1, -:re ,d ,() 
evaluated as alternatives to the conventional lime-neutr.tli/;.i
tion process. 

OTHER RESOURCE GUIDES 

39C 

Bioremediation Resource Guide. 
{J .S. Environmental Protection Agency. Office l )f S( )IIJ 
Waste and Emergency Response. Technology Inno\ ,ltl( ,n 
Office. Washington. DC. September 1993 
I see abstract below) 

I '.'iTIS Document ~umber: DE91-0l676l/XAB I 
I EPA Document Number: EPA/5-C/B-93100~ 

\tethods for the chemical extracrion of uranium from a num~r 
L)t°refractory uranium-containing minerals found in nature have 
been in place and employed by the uranium mmmg and mtlling 
industry for nearly half a century. P1ese same methods. 1n 
con Junction with the principles of rele\ ant uranium chemistry. 
have been employed at the Oak Ridge '.'iat1onal L1boratory 
1 OR~L) to chemically leach depleted uranium from mixed
\, a:-te sludge and sot!. The removal of uranium may result in the 
rec!J.ssiticuion of the waste as hazardous. which may then be 
Jelisted. The de listed waste nught eventually be disposed of in 
commercial landfill sites. This paper generally discusses the 
.1pplic1tion of chemical extractive methods to remove depleted 
uranium from a biodenitrification sludge and a storm sewer soil 
sediment from the Y- 12 weapons plant in Oak Ridge. Some 
select data obtained from scoping leach tests on these materials 
are presented along with associated limitations and observa
tions that might be useful to others performing such test work. 
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Waste Battery Acid: Use or Disposal. Final Report. 
George. L. C. and Schluter, R. 8 .. Bureau of Mines. Rolla. 
\-10. Rolla Research Center, 1992 

I ~TIS Document Number. PB92- l 76 l 55/XAB 

The U.S. Bureau of Mines evaluated the potential of using 
simple methodologies to convert waste battery acid containing 
approximately 300 to approximately 2.000 ppm metal ions into 
recyclable products. Several recycling approaches tested. in
cluding ion adsorption, ion exchange, and solvent ex.traction. 
\1, ere not successful in producing battery-grade acid due to 
metallic impurities in the waste acid that were extremely 
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Ground Water Treatment Technolog~· Resource <;uide. 
L'.S. Environmental Protection :.\gency. Office 1't ...;,,l:J 

\Vaste Jnd Emergency Response. T echnolo~~ innu\ ,it:, ·11 

Office. Washington. DC. September l 9Y-l 

1 see abstract below) 

EPA Document Number: EP . ..\/5-+2/B-9-l/009 
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Soil Vapor Extraction (SVE) Treatment Technology 
Resource Guide. 
U.S. Environmental Protection Agency. Office of Solid 
Waste and Emergency Response. Technology Innovation 
Office. Washington, DC, September 1994 

I EPA Document Number: EPA/542/B-94/007 

These documents are intended to support decision-making by 
Regional and State Corrective Action permit writers. Remed1..1l 
Project Managers (RPMs), On-Scene Coordinators. contrac
tors, and others responsible for the evaluation of innov:H1 \ e 
treatment technologies. These guides direct managers of -;Ites 
being remediated under RCRA. UST. and CERCL\ to 
bioremediation. ground water. physical/chemical. and soil \ a
por extraction treatment technology resource documents. data
bases. hotlines. and dockets, and identify regulatory mecha
nisms I e.g., Research Development and Demonstration Per
mits) that have the potential to ease the implementation uf these 



technologies at hazardous waste sites. Collecuvely. the Guides 
provide abstracts of over 330 guidance reports. overview/ 
program documents. studies and demonstrations. and other 
resource guides. as well easy-to-use Resource Matrices that 
identify the technologies and contaminants discussed in each 
abstracted document. 
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TIO wishes to provide you with tools that meet your needs. To do so. we need your feedback. Please send to the 
EPA's Office of Solid Waste and Emergency Response's Technology Innovation Office: 

• Comments on this Guide 
• Questions on physical/chemical or other innovative technologies 
• Information on phy~ical/chemical treatment technology documents that you have drafted or 

completed which may be suited for inclusion in an update to this Guide. 
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T lw 1nlor111dlhlfl ,n m,s matrrx rs <klt11it1d ftom NT I~ abslrdcb drhl 1s only as dt1la1/uiJ a:, 1/,u NI/'., d/,~ltd, h 

/iullt1b w1du1 /lit, Oryamcs a11<1 Mt1ta/sl/norga111cs columns 111drca/t1 d yt111t11al 1t1fa1t111c·u '" //1u~r.:, ,mt.J111111,ud / ,,,//1<J1 ,, [11( /, 

//,., lit1dd111y. ~luditis dnd Ot1mo11s1,a11on:., rs dll/lddd 11110 1/Jt, /ol/owmg two suvsectiuns lhx 11111<1111:, / .,, UJ""J, ,,, lu·,t I iu,, .. ,,, . . , ,,, , ,,. ·" 
• 11. , .. ,,,1,, tt,.,_., fu,n, dt:J::,HJn throvqt, cun1plt:1t1u11 

./c .I[ , .J> (1( 110, c:~.,.J,~ f.. ,li:li·,fl ,,,c f'1<, 1,.·;• v.fllt fi ~u11(.J!IJ111'1llb ,.jfU 1_J1~1 u,-,!'.lt1tJ 

u ,,1 '.) , 1·1 >f,,dt flc:~ulb I l,;1 u/1,utif·, ill i1nh·d 111 lf1u StuUy Ht::.iulb :.itJlJ/ltJdtllli~ flid) < UITIJNtJfitJfl~H,'Uly, ,11,,vf //1u 






