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NOTICE

Thisreport and the individual case studies and abstracts were prepared by agencies of the U.S. Government.
Neither the U.S. Government nor any agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy or completeness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe privately-owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer,
or otherwise does not imply its endorsement, recommendation, or favoring by the U.S. Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the U.S.
Government or any agency thereof.

Compilation of this material has been funded wholly or in part by the U.S. Environmental Protection Agency
under EPA Contract No. 68-W-99-020.




FOREWORD

Thisreport is a collection of abstracts summarizing 56 case studies of site remediation applications
prepared primarily by federal agencies. The case studies, collected under the auspices of the Federal
Remediation Technol ogies Roundtable (FRTR), were undertaken to document the results and |essons
learned from technology applications. They will help establish benchmark data on cost and performance
which should lead to greater confidence in the selection and use of cleanup technologies.

The Roundtable was created to exchange information on site remediation technologies, and to consider
cooperative efforts that could lead to a greater application of innovative technologies. Roundtable
member agencies, including the U.S. Environmental Protection Agency (EPA), U.S. Department of
Defense, and U.S. Department of Energy, expect to complete many site remediation projectsin the near
future. These agencies recognize the importance of documenting the results of these efforts, and the
benefits to be realized from greater coordination.

The case study reports and abstracts are organized by technology, and cover avariety of in situ and ex
situ treatment technologies and some containment remedies. The case study reports and abstracts are
available on a CD-ROM, which contains atotal of 274 remediation technology case studies (the 56 new
case studies and 218 previously-published case studies). Appendix A to this report identifies the specific
sites, technologies, contaminants, media, and year published for the 274 case studies.
Abstracts, Volume 5, covers awide variety of technologies, including full-scale remediations and large-
scale field demonstrations of soil and groundwater treatment technologies. Additional abstract volumes
will be prepared as agencies prepare additional case studies.

2001 Series

CD-ROM: FRTR Cost and Performance Case Studies and Related Information, 2™ Edition:
EPA-542-C-01-003; May 2001

Abstracts
Volume 1: EPA-542-R-95-001; March 1995; PB95-201711
Volume 2: EPA-542-R-97-010; July 1997; PB97-177570
Volume 3: EPA-542-R-98-010; September 1998
Volume 4: EPA-542-R-00-006; June 2000

Volume5: EPA-542-R-01-008; May 2001



Accessing Case Studies

The case studies and case study abstracts also are available on the Internet through the Federal
Remediation Technologies Roundtable web site at: http://www.frtr.gov. The Roundtable web site
provides links to individual agency web sites, and includes a search function. The search function allows
usersto complete a key word (pick list) search of all the case studies on the web site, and includes pick
lists for media treated, contaminant types, and primary and supplemental technology types. The search
function provides users with basic information about the case studies, and allows users to view or
download abstracts and case studies that meet their requirements.

Users are encouraged to download abstracts and case studies from the Roundtable web site. Some of the
case studies also are available on individual agency web sites, such as for the Department of Energy.

In addition, alimited number of copies of the CD-ROM and Abstracts - Volume 5 are available free of
charge by mail from NSCEP (allow 4-6 weeks for delivery), at the following address:

U.S. EPA/National Service Center for Environmental Publications (NSCEP)
P.O. Box 42419
Cincinnati, OH 45242
Phone: (513) 489-8190 or
(800) 490-9198
Fax:  (513) 489-8695
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INTRODUCTION

Increasing the cost effectiveness of site remediation isanationa priority. The selection and use of more
cost-effective remedies requires better access to data on the performance and cost of technologies used in
thefield. To make data more widely available, member agencies of the Federal Remediation
Technologies Roundtable (Roundtable) are working jointly to publish case studies of full-scale
remediation and demonstration-scale projects. Previously, the Roundtable published 13 volumes and a
CD-ROM of case study reports. At thistime, the Roundtableis publishing a CD-ROM containing 56
new case study reports (274 reports total), primarily focused on contaminated soil and groundwater

cleanup. The CD-ROM also includes 218 previously published reports.

The case studies were developed by the U.S. Environmental Protection Agency (EPA), the U.S.
Department of Defense (DoD), and the U.S. Department of Energy (DOE). They were prepared based on
recommended terminology and procedures agreed to by the agencies. These procedures are summarized
in the Guide to Documenting and Managing Cost and Performance Information for Remediation
Projects (EPA 542-B-98-007; October 1998).

The case studies and abstracts present available cost and performance information for full-scale
remediation efforts and severa large-scale demonstration projects. They are meant to serve as primary
reference sources, and contain information on site background, contaminants and media treated,
technology, cost and performance, and points of contact for the technology application. The case studies
contain varying levels of detail, reflecting the differences in the availability of data and information about

the application.

The case study abstracts in this volume describe awide variety of ex situ and in situ soil treatment
technologies for both soil and groundwater. Contaminants treated included chlorinated solvents;
petroleum hydrocarbons and benzene, toluene, ethylbenzene, and xylenes; polycyclic aromatic
hydrocarbons; pesticides and herbicides; methyl tert-butyl ether (MTBE); metals; and radioactive

materials.

Table 1 provides summary information about the technology used, contaminants and media treated, and
project duration for the 56 technology applications in this volume. Thistable also provides highlights
about each application. Table 2 summarizes cost data, including information about quantity of media

treated and quantity of contaminant removed. In addition, Table 2 shows a calculated unit cost for some
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projects, and identifies key factors potentially affecting technology cost. (The column showing the
calculated unit costs for treatment provides a dollar value per quantity of mediatreated and contaminant
removed, as appropriate.) The cost data presented in the table were taken directly from the case studies
and have not been adjusted for inflation to acommon year basis. The costs should be assumed to be

dollarsfor the time period that the project wasin progress (shown on Table 1 as project duration).

By including a recommended reporting format, the Roundtable is working to standardize the reporting of
costs to make data comparable across projects. In addition, the Roundtable is working to capture
information in case study reports that identify and describe the primary factors that affect cost and
performance of a given technology. Factorsthat may affect project costs include economies of scale,
concentration levels in contaminated media, required cleanup levels, completion schedules, and matrix

characteristics and operating conditions for the technology.

Appendix A to this report provides a summary of key information about all 274 remediation case studies
published to date by the Roundtable, including information about site name and |ocation, technol ogy,
media, contaminants, and year the project began. The appendix aso identifies the year that the case
study was first published. All projects shown in Appendix A are full-scale unless otherwise noted.



Table1l. Summary of Remediation Case Studies

Principal
Contaminants*
Z 8
©
HE
5|52 | |4
z| 2| 8 S
£l x| 8| w |5 Media
2| Wl g el R S| (Quantity Project
Site Name, State (T echnology) Olmldls|=s|x Treated) Duration Highlights
Other In Situ Soil Treatment
Alameda Point, CA (Electrokinetics) o Soil December 1997 to | Field demonstration of electrokinetic treatment of
(38.4 m°) June 1998 chromium in soil
Portsmouth Gaseous Diffusion Plant, X-231A Site, o Soil and 1996 to 1998 Field demonstration of hydraulic fracturing with
Piketon, OH (Hydraulic Fracturing) Groundwater four types of remediation technologies
Incineration
Drake Chemica Superfund Site, Operable Unit 3, Lock | @ Soil January 1997 to Use of on-siteincineration to treat soil contaminated
Haven, PA (Rotary Kiln Incineration) (273,509 tons) | April 1999 with VOCs and SVOCS, including herbicides
Thermal Desorption
Metaltec/Aerosystems Superfund Site, Franklin o Soil December 1994to | Use of thermal desorption to treat soil contaminated
Borough, NJ (Thermal Desorption) (4,215 yd®) January 1995 with chlorinated volatile organic compounds
New Bedford Harbor Superfund Site, New Bedford, Sediment November 1996 Demonstration of thermal desorption/gas phase
MA (Thermal Desorption) chemical reduction to treat PCB-contaminated
sediments
Reich Farm, Pleasant Plains, NJ (Thermal Desorption) |@ Soil November 1994 to | Thermal desorption treatment of soils contaminated
(14,836 yd®) March 1995 with VOCs and SVOCs
Rocky Flats Environmenta Technology Site, Mound o Soil July to August Thermal desorption of soil contaminated with
Site, Golden, CO (Thermal Desorption) (724.5 yd®) 1997 hal ogenated volatile organic compounds
Sarney Farm, Amenia, NY (Thermal Desorption) { BN J Soil August to Thermal desorption treatment of soils contaminated
(10,514 tons) December 1997 with VOCs
Other Ex Situ Soil Treatment
Brookhaven National Laboratory, NY (Physical @ | Soil May to June 2000 | Use of a gate system to reduce volume of
Separation/Segmented Gate System) (625 ydd) radioactive-contaminated soil requiring off-site
disposal




Tablel. Summary of Remediation Case Studies (continued)

Principal
Contaminants*
D 8
©
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5|52 | |4
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Sl x| 8lw| 2| & Media
ol = m| ©f .2 3 Proi
= Bl =8| 8 (Quantity r oj ect
Site Name, State (T echnology) Olmnladls| =S| x Treated) Duration Highlights
Idaho National Environmental and Engineering ® | ail May to June 1999 | Use of agate system to reduce volume of
Laboratory (INEEL), ID (Physical (442 ydP) radioactive-contaminated soil requiring off-site
Separation/Segmented Gate System) disposal
Massachusetts Military Reservation, Training Range o Soil February to June Use of a proprietary stabilization technology to treat
and Impact Area, Cape Cod, MA (23,168 yd®) 1998 lead in both in situ and ex situ soils
(Solidification/Stabilization)
New Bedford Harbor Superfund Site, New Bedford, Sediment November to Bench-scale testing of solidification/stabilization to
MA (Solidification/Stabilization) December 1995 treat PCB-contaminated sediments
New Bedford Harbor Superfund Site, New Bedford, Sediment June 1996 Demonstration of solvent extraction/dechlorination
MA (Solvent Extraction) to treat PCB-contaminated sediments
New Bedford Harbor Superfund Site, New Bedford, Sediment July to August Demonstration of vitrification to treat PCB-
MA (Vitrification) 1996 contaminated sediments
Stauffer Chemical Company, Tampa, FL (Composting) o Soil June 1997 to Demonstration of composting technology for
(905 yd?) September 1998 treatment of soil contaminated with chlorinated
pesticides
Drinking Water Treatment
Charnock Wellfield, Santa Monica, CA o Drinking July 1998 to April | Pilot-scale testing of Advanced Oxidation Processes
Water 1999 (AOP) to treat MTBE and TBA in drinking water
Lacrosse, KS o L Drinking Ongoing, data Use of air stripping to treat MTBE in drinking water
Water from 1997 to
September 1999
Rockaway, NJ ® o Drinking Ongoing, data Use of air stripping and GAC to trest MTBE in
Water from 1980 to July drinking water
2000




Tablel. Summary of Remediation Case Studies (continued)

Principal
Contaminants*
D 8
©
HHE
51¢(2 | |4
% S| B S
Sl | Bl w 2|5 Media
2|4l g oS | (Quantity Project
Site Name, State (T echnology) Olmnladls| =S| x Treated) Duration Highlights
Pump and Treat
Marine Corps Base, OU 1 and 2, Camp Lejeune, NC o0 o Groundwater Ongoing, data Use of pump and treat system to remediate
from January 1995 | groundwater contaminated with organics and metals
to March 1999
Marine Corps Base, Campbell Street Fuel Farm, Camp oo Groundwater Ongoing, data Use of pump and treat system to remediate BTEX
Lejeune, NC from 1996 to May | and SVOC groundwater contamination at three sites
1999
Naval Air Station, Brunswick, Eastern Groundwater o Groundwater Ongoing, data Use of pump and treat to treat groundwater
Plume, ME from May 1995 to contaminated with chlorinated VOCs
May 1999
Ott/Story/Cordova Superfund Site, North Muskegon, o L o Groundwater Ongoing, data Pump and treat of a multi-aquifer site contaminated
Ml (1.1 billion available from with chlorinated and non-chlorinated VOCs and
galons) February 1996 to SVOCs
October 2000
In Situ Groundwater Treatment
Brownfield Site, Chattanooga, TN (specific site name o L Groundwater Ongoing, data Use of in situ bioremediation to treat MTBE in
not identified) (Bioremediation) from January to groundwater
December 1999
Butler Cleaners, Jacksonville, FL (Chemica Oxidation |@ Groundwater Not provided Use of in situ oxidation with potassium
(KMnO4)) permanganate to treat chlorinated solventsin
groundwater at adry cleaning site
Camp Legeune Marine Corps Base, Bldg 25, Camp o Groundwater Not provided Use of surfactant injection to treat chlorinated
Lejeune, NC (In Stu Flushing (SEAR and PITT)) solventsin groundwater at adry cleaning site
Contemporary Cleaners, Orlando. FL (Bioremediation (@ Groundwater Not provided Use of Hydrogen Release Compound (HRC) to treat
(HRC)) chlorinated solvents in groundwater at adry
cleaning site




Tablel. Summary of Remediation Case Studies (continued)

Principal
Contaminants*
D 8
©
Sl
5|52 | |4
% S| B S
Sl | Bl w 2|5 Media
2|4l g oS | (Quantity Project
Site Name, State (T echnology) Olmnladls| =S| x Treated) Duration Highlights
Cordray's Grocery, Ravenel, SC (Bioremediation ® o Groundwater April 1998to July | Useof in situ bioremediation using ORC® to treat
(ORC)) 2000 MTBE in groundwater
Eaddy Brothers, Hemingway, SC (Air Sparging/SVE) o L Groundwater Ongoing, data Use of air sparging/soil vapor extraction to treat
from July 1999 to MTBE in soil and groundwater
August 2000
Eight Service Stations, MD (specific sites not ® o Groundwater 1990 to 1997 Use of Soil Vapor Extraction and Groundwater
identified) (Multi-Phase Extraction) Extraction to treat soil and groundwater
contaminated with MTBE and BTEX
Fernald Environmental Management Project, OH (In o Groundwater September 1998 to | Field demonstration of in situ flushing as an
Stu Flushing) September 1999 enhancement to pump and treat technol ogy
Former Nu Look One Hour Cleaners, Cora Springs, o Groundwater Not provided Use of proprietary in well stripping technology to
FL (Air Sparging/Recirculation Well) treat chlorinated solventsin groundwater at adry
cleaning site
Former Sages Dry Cleaners, Jacksonville, FL (In Situ ® Groundwater Not provided Use of surfactant injection to treat chlorinated
Flushing (Ethanol Co-Solvent)) solventsin groundwater at adry cleaning site
Four Service Stations (specific site names not o L Groundwater 1993 to 1995 Air sparging used to treat MTBE in groundwater
identified) (Air Sparging)
Gas Station, Cheshire, CT (specific site name not o L Groundwater October 1997 to Use of in situ bioremediation to treat MTBE in
identified) (Bioremediation) March 1999 groundwater
Hayden Island Cleaners, Portland, OR (Bioremediation |@ Groundwater | Not provided Use of Hydrogen Release Compound (HRC) to treat
(HRC)) chlorinated solvents in groundwater at adry
cleaning site
Johannsen Cleaners, Lebanon, OR (Multi-Phase o Groundwater Not provided Use of multi-phase extraction to treat chlorinated
Extraction) solventsin groundwater at adry cleaning site
Lawrence Livermore National Laboratory, CA o Groundwater Not provided Research on microbia organisms to degrade MTBE
(Bioremediation) in soil and groundwater




Tablel. Summary of Remediation Case Studies (continued)

Principal
Contaminants*
D 8
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2|4l g oS | (Quantity Project
Site Name, State (Technology) O|lm|a|=|=|x Treated) Duration Highlights
Louisiana Army Ammunition Plant, LA (Monitored Groundwater Not provided Field demonstration of MNA for remediation of
Natural Attenuation) explosives
Miamisburg, OH (Air Sparging/SVE) o Groundwater Ongoing, data Full-scale treatment of chlorinated solvents using air
from December sparging and soil vapor extraction
1997 to May 2000
Monticello Mill Tailings Site, Monticello, UT ® Groundwater June 1999 Demonstration of permeable reactive barrier to treat
(Permeable Reactive Barrier) heavy metalsin groundwater
Multiple Sites (Monitored Natural Attenuation of o Groundwater July 1993 to Field demonstrations of monitored natural
Chlorinated Solvents) August 1999 attenuation for chlorinated solventsin groundwater
at multiple Air Force sites
Multiple Sites (Monitored Natural Attenuation of o Groundwater July 1993 to Field demonstrations of monitored natural
Petroleum Hydrocarbons) December 1998 attenuation for fuel hydrocarbonsin groundwater at
multiple Air Force sites
Multiple Sites (Bioslurping) o Groundwater Not provided Field demonstrations of bioslurping of LNAPL at
multiple Air Force sites
Naval Air Station, Pensacola, FL (In Situ Oxidation) o Groundwater November 1998 to | Use of Fenton's Reagent to remediate chlorinated
May 1999 solventsin groundwater
Naval Submarine Base, Kings Bay, GA (In Situ o Groundwater February 1999 Use of Fenton's Reagent to remediate chlorinated
Oxidation) solventsin groundwater
Scotchman #94, Florence, SC (Air Sparging, Pump o o Groundwater Ongoing, data Use of multiphase extraction and air sparging/soil
and Treat) from April 1998 to | vapor extraction to trest MTBE in soil and
March 2000 groundwater
Service Station, CA (specific site name not identified) o L Groundwater Not provided Use of in situ Bioremediation using Oxygen Release
(Bioremediation (ORC)) Compound (ORC®) to treat MTBE in groundwater
Service Station, Lake Geneva, WI (specific site name o L Groundwater Not provided Use of in situ bioremediation using ORC® to treat
not identified) (Bioremediation (ORC)) MTBE in groundwater




Tablel. Summary of Remediation Case Studies (continued)

Principal
Contaminants*
D 8
°
Sl
5|52 | |4
z| 2| B S
Sl | Bl w 2|5 Media
2|4l g oS | (Quantity Project
Site Name, State (T echnology) Olmnladls| =S| x Treated) Duration Highlights
South Beach Marine, Hilton Head, SC ® o Groundwater Ongoing, data Use of in situ bioremediation to treat MTBE in
(Bioremediation) from February groundwater
1999 to September
2000
South Prudence Bay Island Park, T-Dock Site, o Groundwater October 1997 to Use of biosparging to treat BTEX-contaminated
Portsmouth, RI (Biosparging) February 2000 groundwater at arelatively remote site without
collecting or discharging treated water
Sparks Solvents/Fuel Site, Sparks, NV (Multi-Phase oo o Groundwater Ongoing, data Use of multiphase extraction using fluidized bed
Extraction) from 1995 to reactor and granular activated carbon to treat MTBE
August 1997 in groundwater
Specific site name not identified (Bioremediation) o Groundwater Not provided Bench-scale testing of the Butane Biostimulation
Technologies™ process to treat MTBE in
groundwater
U.S. Navy Construction Battalion Center, Port o Groundwater April to August Laboratory and field testing of in situ
Hueneme, CA (Bioremediation) 1998 bioremediation using MC-100 to treat MTBE in
groundwater
Vandenberg Air Force Base, Lompoc, CA o Groundwater Ongoing, data Use of in situ bioremediation to treat MTBE in
(Bioremediation) from 1999 groundwater
Containment
Dover Air Force Base, Groundwater Remediation Field Groundwater October 1996 to Demonsgtration of vertical engineered barrier using
Laboratory National Test Site, Dover DE (Vertica September 1998 thin diaphragm walls
Engineered Barrier)
Sandia National Laboratory, Albuquerque, NM (Cap) Soil July 1995 to July Field demonstration of alternative landfill covers
2000

* Principal contaminants are one or more specific constituents within the groups shown that were identified during site investigations.




Table2. Remediation Case Studies: Summary of Cost Data

Quantity of Calculated Unit
Technology Quantity of Contaminant Cost for Key Factors Potentially Affecting
Site Name, State (Technology) Cost ($)*? Media Treated Removed Treatment 2 Technology Costs
Other In Situ Soil Treatment
Alameda Point, CA (Electrokinetics) $194,291 45 ydf® Not provided D - $4,318/yd’; Not provided
P - $90/yd®

Portsmouth Gaseous Diffusion Plant, X-231A $1,258,700 Not provided Not provided Not provided Working within aradiation zone
Site, Piketon, OH (Hydraulic Fracturing) and use of reactive agents
Incineration
Drake Chemical Superfund Site, Operable Unit | $92,930,000 273,509 tons Not provided $340/ton Not provided
3, Lock Haven, PA (Rotary Kiln Incineration)
Thermal Desorption
Metaltec/Aerosystems Superfund Site, Franklin | $998,238 4,215 yd® Not provided $237lyd? Not provided
Borough, NJ (Thermal Desorption)
New Bedford Harbor Superfund Site, New Not provided Not provided Not provided P - $617/ton Not provided
Bedford, MA (Thermal Desorption)
Reich Farm, Pleasant Plains, NJ (Thermal $2,205,000 14,836 yd® Not provided $147/yd?® Not provided
Desorption)
Rocky Flats Environmental Technology Site, Not provided 7245y Not provided Not provided Not provided
Mound Site, Golden, CO (Thermal Desorption)
Sarney Farm, Amenia, NY (Thermal $1,932,300 10,514 tons Not provided $184/ton Local permit constraints limited
Desorption) operation to daylight hours
Other Ex Situ Soil Treatment
Brookhaven National Laboratory, NY Not provided 625 yd* Not provided $78/yd? Not provided
(Physical Separation/Segmented Gate System)
Idaho National Environmental and Engineering | Not provided 442 yd® Not provided Not provided Not provided
Laboratory (INEEL), ID (Physical
Separation/Segmented Gate System)
Massachusetts Military Reservation, Training $3,500,000 23,168 yd® Not provided $151/yd? In situ S/S treatment was used when
Range and Impact Area, Cape Cod, MA possible as alternative to ex situ §S
(Solidification/Stabilization) treatment
New Bedford Harbor Superfund Site, New Not provided Not provided Not provided Not provided Not provided
Bedford, MA (Solidification/Stabilization)
New Bedford Harbor Superfund Site, New Not provided Not provided Not provided P - $721/ton Not provided
Bedford, MA (Solvent Extraction)




Table 2. Remediation Case Studies: Summary of Cost Data (continued)

Quantity of Calculated Unit
Technology Quantity of Contaminant Cost for Key Factors Potentially Affecting
Site Name, State (Technology) Cost ($)*? Media Treated Removed Treatment 12 Technology Costs
New Bedford Harbor Superfund Site, New Not provided Not provided Not provided P - $1,149/ton Not provided
Bedford, MA (Vitrification)
Stauffer Chemical Company, Tampa, FL Not provided Not provided Not provided P - $132/yd® Not provided
(Composting)
Drinking Water Treatment
Charnock Wéllfield, Santa Monica, CA Not provided Not provided Not provided P-$1.50to Not provided
$1.75/1,000 gallons
of treated water
Lacrosse, KS C - $185,000 Not provided Not provided Not provided Not provided
AO - $30,000
Rockaway, NJ C - $575,000 Not provided Not provided Not provided Not provided
AO - $300,000
Pump and Treat
Marine Corps Base, OU 1 and 2, Camp OU 1 AO- 148,000 Not provided OU1-121lbs OU 1 $28,277/lb OU 1 had removed relatively small
Lejeune, NC OU 2 C - $4,660,000 OU 2 - 40,000 removed amount of contaminant and was
AO - $438,000 Ibs OU 2 $49/Ib operating at <9% of design
removed
Marine Corps Base, Campbell Street Fuel C - $507,395 Not provided 3.51bs $95,000/Ib Relatively small amount of
Farm, Camp Lejeune, NC AO - $180,000 removed contaminant removed
Naval Air Station, Brunswick, Eastern C - $4,246,319 Not provided Not provided Initial - $11,000/lb | System designed to treat water from
Groundwater Plume, ME AO - $1,144,031 removed two areas, but only one area actually
Most Recent 8 treated
Months - $6,200/Ib
removed
Ott/Story/Cordova Superfund Site, North $32,123,500 1.1 billion Not provided $30/1,000 galons Not provided
Muskegon, M1 galons treated
In Situ Groundwater Treatment
Brownfield Site, Chattanooga, TN (specific site | AO - $48,000 Not provided Not provided Not provided Not provided
name not identified) (Bioremediation)
Butler Cleaners, Jacksonville, FL (Chemical C - $230,000 Not provided Not provided Not provided Not provided
Oxidation (KMnQO,)) AO - $120,000
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Table 2. Remediation Case Studies: Summary of Cost Data (continued)

Quantity of Calculated Unit
Technology Quantity of Contaminant Cost for Key Factors Potentially Affecting
Site Name, State (T echnology) Cost ($)*2 Media Treated Removed Treatment 2 Technology Costs
Camp Leeune Marine Corps Base, Bldg 25, Not provided Not provided Not provided Not provided Not provided
Camp Legjeune, NC (In Stu Flushing (SEAR
and PITT))
Contemporary Cleaners, Orlando. FL $127,000 Not provided Not provided Not provided Not provided
(Bioremediation (HRC))
Cordray's Grocery, Ravenel, SC $21,000 Not provided Not provided Not provided Cleanup conducted as a fixed-price,
(Bioremediation (ORC)) lump sum contract
Eaddy Brothers, Hemingway, SC (Air $197,515 Not provided Not provided Not provided Cleanup conducted as a fixed-price,
Sparging/SVE) lump sum contract
Eight Service Stations, MD (specific sites not Not provided Not provided Not provided Not provided Not provided
identified) (Multi-Phase Extraction)
Fernald Environmental Management Project, Not provided Not provided Not provided Not provided Not provided
OH (In Situ Flushing)
Former Nu Look One Hour Cleaners, Coral $193,000 Not provided Not provided Not provided Not provided
Springs, FL (Air Sparging/Recirculation Well)
Former Sages Dry Cleaners, Jacksonville, FL $440,000 Not provided Not provided Not provided Not provided
(In Situ Flushing (Ethanol Co-Solvent))
Four Service Stations (specific site names not Not provided Not provided Not provided Not provided Not provided
identified) (Air Sparging)
Gas Station, Cheshire, CT (specific site name Not provided Not provided Not provided Not provided Not provided
not identified) (Bioremediation)
Hayden Island Cleaners, Portland, OR $46,000 Not provided Not provided Not provided Not provided
(Bioremediation (HRC))
Johannsen Cleaners, Lebanon, OR (Multi- $230,000 Not provided Not provided Not provided Not provided
Phase Extraction)
Lawrence Livermore National Laboratory, CA Not provided Not provided Not provided Not provided Not provided
(Bioremediation)
Louisiana Army Ammunition Plant, LA $4,000,000 Not provided Not provided Not provided Cost included site characterization,
(Monitored Natural Attenuation) monitoring, and modeling, and
development of biomarker
techniques

Miamisburg, OH (Air Sparging/SVE) $1,439,039 Not provided Not provided $420/Ib removed Not provided

11




Table 2. Remediation Case Studies: Summary of Cost Data (continued)

Quantity of Calculated Unit
Technology Quantity of Contaminant Cost for Key Factors Potentially Affecting
Site Name, State (T echnology) Cost ($)*2 Media Treated Removed Treatment 2 Technology Costs
Monticello Mill Tailings Site, Monticello, UT $1,196,000 Not provided Not provided Not provided Not provided
(Permeable Reactive Barrier)
Multiple Sites (Monitored Natural Attenuation | $122,000/site Not provided Not provided P - long-term Not provided
of Chlorinated Solvents) (average) monitoring cost of
$22,800
Multiple Sites (Monitored Natural Attenuation | $125,000/site Not provided Not provided P - long-term Not provided
of Petroleum Hydrocarbons) (average) monitoring cost of
192,000

Multiple Sites (Bioslurping) Not provided Not provided Not provided $56/gal recovered Not provided
Naval Air Station, Pensacola, FL (In Stu T - $250,000 Not provided Not provided Not provided Not provided
Oxidation) M - $100,000/yr
Naval Submarine Base, Kings Bay, GA (In Stu | $1,050,000 (first two Not provided Not provided Not provided Not provided
Oxidation) phases)
Scotchman #94, Florence, SC (Air Sparging, $383,000 Not provided Not provided Not provided Cleanup conducted as a fixed-price,
Pump and Treat) lump sum contract
Service Station, CA (specific site name not Not provided Not provided Not provided Not provided Not provided
identified) (Bioremediation (ORC))
Service Station, Lake Geneva, WI (specific site | Not provided Not provided Not provided Not provided Not provided
name not identified) (Bioremediation (ORC))
South Beach Marine, Hilton Head, SC $63,500 Not provided Not provided Not provided Cleanup conducted as a fixed-price,
(Bioremediation) lump sum contract
South Prudence Bay Island Park, T-Dock Site, $280,946 Not provided Not provided Not provided Not provided
Portsmouth, RI (Biosparging)
Sparks Solvents/Fuel Site, Sparks, NV (Multi- Not provided Not provided Not provided Not provided Not provided
Phase Extraction)
Specific site name not identified Not provided Not provided Not provided Not provided Not provided
(Bioremediation)
U.S. Navy Construction Battalion Center, Port Not provided Not provided Not provided P - $150,000 Not provided
Hueneme, CA (Bioremediation)
Vandenberg Air Force Base, Lompoc, CA Not provided Not provided Not provided Not provided Not provided

(Bioremediation)
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Table 2. Remediation Case Studies: Summary of Cost Data (continued)

Quantity of Calculated Unit
Technology Quantity of Contaminant Cost for Key Factors Potentially Affecting
Site Name, State (Technology) Cost ($)* Media Treated Removed Treatment 2 Technology Costs
Containment
Dover Air Force Base, Groundwater Not provided Not provided Not provided P - ranged from Not provided
Remediation Field Laboratory National Test $6.71 to $8.21/ft
Site, Dover DE (Vertical Engineered Barrier)
Sandia National Laboratory, Albuquerque, NM | Not provided Not provided Not provided Ranged from Type of coversincluded RCRA
(Cap) $51.40/m? to Subtitles C and D, GCL, Capillary,
$157.54/m? Anisotropic, and ET

2

Actual full-scale costs are reported unless otherwise noted.
Cost abbreviation: AO = annua operation and maintenance (O& M) costs, C = capital costs, M = monitoring costs, D = Demonstration-scale, P = Projected full scale.
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Electrokinetic Remediation at Alameda Point, Alameda, California

Site Name: L ocation:
Alameda Point (formerly Naval Air Station Alameda) Alameda, CA
Period of Operation: Cleanup Authority: EPA Contact:
December 1997 - June 1998 Not provided Mike Gill

U.S. EPA Region 9
Phone: (415) 744-2385
E-mail: gill.michael @epa.gov

Purpose/Significance of Application: Cleanup Type:

Field demonstration of electrokinetic treatment of chromium in soil Field Demonstration

Contaminants: Waste Sour ce:

Heavy Metals (Chromium) Electroplating operations

» Chromium concentrations were as high as 2,060 mg/kg

Technology Vendor: Technology:

Geokinetics International Inc. Electrokinetics

Berkeley, CA » Demonstration system used 15 electrodes - three rows of electrodes
positioned one meter apart, with each row consisting of five electrodes spaced

BADCAT Contact: every two meters

Robin Truitt * Electrodes wereinstalled 2.4 meters bgs for atotal soil volume of 38.4 cubic

BADCAT ETP Coordinator meters

Phone: (510) 986-0303 » Anacidic solution was maintained at a pH of 4 - 5 in the electrode cells, and

E-mail: rctruitt@aol.com solution was removed for processing and recovery above-ground

Navy Contacts: Type/Quantity of Media Treated:

Andrew Drucker Soil

Phone: (805) 982-4847 » 38.4 cubic meters of alkaline soil

E-mail: druckeras@nfesc.navy.mil

Michael Bloom

Phone: (619) 532-0967

E-mail: bloomms@navfac.navy.mil

Regulatory Requirements/Cleanup Goals:
 Reduce chromium concentrations in soil to 30 mg/kg (EPA Region 9's preliminary remediation goal for residential use)

Results:

» In most soil layers, the system met the cleanup goal, however, in the most contaminated layer of soil (the interface
between soil and concrete), the system did not meet the cleanup goal of 30 mg/kg of chromium in soil

« Electrokinetics removed 12% of the total chromium based on pre- and post-treated soil data, and only 1% based on total
chromium recovered in the electrode solution

 During the demonstration, the water table dropped below design specifications and bentonite seals were used to
maintain the electrode solution; this modification was projected to have decreased system performance by as much as 50
percent

Costs:
» The demonstration had a cost of $194,291, or $4,318/cubic yard, for vendor-supplied services
* |t was projected that a full-scale system would have treatment costs of $90/cubic yard
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Electrokinetic Remediation at Alameda Point, Alameda, California

Description:

Alameda Point had a former aircraft rework facility plating shop that operated from 1942 to 1990. During plating
operations, chromium leaked into the soil beneath the shop. The Navy, in coordination with the Bay Area Defense
Conversion Action Team (BADCAT) Environmental Technology Partnership (ETP), conducted a demonstration of
electrokinetics at thissite. The BADCAT isa public-private partnership of several organizationsin the San Francisco
area, including the Bay Area Economic Forum, Bay Area Regiona Technology Alliance, California EPA, San Francisco
State University, EPA, and Navy.

Electrokinetic remediation was performed for four months using 38.4 cubic meters of soil. Treatment removed 12% of the
total chromium based on pre- and post-treated soil data, and only 1% based on total chromium recovered in the electrode
solution. In most soil layers, the system met the cleanup goal, however, in the most contaminated layer of soil (the
interface between soil and concrete), the system did not meet the cleanup goal. The demonstration had a cost of $194,291,
or $4,318/cubic yard, for vendor-supplied services. It was projected that a full-scale system would have treatment costs of
$90/cubic yard
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Hydraulic Fracturing of L ow Permeability Media at Portsmouth Gaseous Diffusion

Plant, X-231A, Piketon, Ohio

Site Name:

Portsmouth Gaseous Diffusion Plant, X-231A

L ocation:
Piketon, OH

Period of Operation:
1996 to 1998

Cleanup Authority:
Not provided

technologies

Purpose/Significance of Application:
Field demonstration of hydraulic fracturing with four types of remediation

Cleanup Type:
Field Demonstration

Contaminants:
Chlorinated Solvents

100 mg/kg

Waste Sour ce:
Disposal of waste oils and degreasing

 Trichloroethene (TCE) and related halocarbons at concentrations as high as solvents

Technical Contacts:
Robert L. Siegrist
Colorado School of Mines
Phone: (303) 273-3490

William W. Slack
FRX, Inc.
Phone: (513) 469-6040

M anagement Contacts:

Tom Houk

Bechtel Jacobs Company LLC
Phone: (740) 897-6502

Jim Wright
DOE SRS/SCFA
Phone: (803) 725-5608

Technology:

Hydraulic Fracturing

 Fractures were created by pushing a 2-inch steel casing and PV C drive point
into the subsurface; dislodging the drive point an additional 1-4 inches,
cutting a horizontal notch into the soil, pressurizing the notch with injected
fluid, and propagating the fracture

» Remediation technologies were evaluated in four test cells with hydraulic
fractures: Cell A - steaminjection; Cell B - hot air injection; Cell C - iron
metal permeable reactive barrier; and Cell D - potassium permanganate
oxidation

» CellsA and B (hot fluid injection) were operated with 60 daysin Fall 1996
and 45 daysin Summer 1997; Cells C and D (reactive barriers) were operated
passively during a two-year period

» Each treatment cell had dimensions of 45 ft length, 45 ft width, and 16 ft
depth

Type/Quantity of Media Treated:

Soil and Groundwater

 Silty clay soils; depth to groundwater was 11.5 ft bgs, with soil water content
near saturation almost to ground surface

* Soil pH 4-5; Eh 200 mV

Regulatory Requirements/Cleanup Goals:
» Evaluate the effectiveness of hydraulic fracturing with four remediation technologies
» No specific cleanup goals were identified

Results:

spacings as little as 2-3 ft

 Four to five fractures were created in each cell (total of more than 25 fractures) at depths from 4-18 ft bgs and at

 For Céll B, hot air injection increased the rate of contaminants removed by volatilization, with off-gas containing more
than 800 ppmv of TCE and up to 17% methane; in Cell A, ahighly heterogeneous distribution of contaminant mass and
low levels of contaminants precluded a thorough evaluation of process efficiency

» For Céll C, theiron proppant remained active (30-40% initial degradation of TCE) for up to 27 months after placement,
but with little effect to surrounding soil

 For Céll D, the permanganate was more active (>99% degradation of TCE within 2 hours) and created zones of reactive
soil that continued to grow away from the fracture over a 27 month period
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Hydraulic Fracturing of L ow Permeability Media at Portsmouth Gaseous Diffusion
Plant, X-231A, Piketon, Ohio

Costs:

e Theactua costs for the demonstration were $1,258,700, including $715,900 (Phase 1 operation), $76,400 (Phase 2
operation), $157,100 (Pre-demonstration site characterization), and $102,300 (project management)

» Costsfor sand-propped fractures generally range from $850 to $1,500 per fracture; costs at this site were higher due to
working within a radiation zone and higher costs for reactive agents

Description:

The Portsmouth Gaseous Diffusion Plant (PORTYS) is|ocated approximately 80 miles south of Columbus, in south-central
Ohio. Theindustrialized portion of PORTSis 1,000 acres of a 3,714 acre DOE reservation. PORT S was constructed
between 1952 and 1956 and has operated since 1955 enriching uranium for electrical power generation. The X-231A unit
islocated in the southeastern portion of the PORTS site and consists of an old waste oil biodegradation site. The unit, with
an area of 950 ft by 225 ft, was reportedly used for the treatment and disposal of waste oils and degreasing solvents.

A field demonstration of hydraulic fracturing was conducted in the southeastern portion of the X-231A unit from 1996 to
1998. The demonstration involved construction of four test cells, with each cell testing hydraulic fracturing in conjunction
with a different remediation technology - steam injection, hot air injection, iron PRB, and potassium permanganate. Four
to five fractures were created in each cell (total of more than 25 fractures) at depths from 4-18 ft bgs and at spacings as
little as 2-3 ft. The passive remediation technol ogies appeared to be more effective than those using fluid injection (steam
or hot air). Of the two passive technol ogies, permanganate appeared to be more effective than iron.
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Incineration at Drake Chemical Superfund Site, Operable Unit 3,

L ock Haven, Pennsylvania

Site Name:

Drake Chemical Superfund (DCS) Site, Operable Unit 3

L ocation:
Lock Haven, Pennsylvania

Period of Operation:

o Trial Burn: 1/25/97 to 2/4/97

* Full-Scale Operation: 3/4/98 to
4/22/99

Cleanup Authority:
CERCLA - Remedial Action
* ROD signed 1992
» ESD signed 1995

Vendor:

Mr. Frederick Santucci
OHM Remediation Services
180 Myrtle Street

Lock Haven, PA 17745
(570) 748-4102

santucci @ohm.com

Purpose/Significance of Application:

Remediation designed to provide permanent destruction of soil contaminants; no
long-term waste management requirements following on-site backfill of

incinerator ash

Cleanup Type:
Full-scale Remedial Action

Contaminants:

» 470 to 1,500,000 mg/kg b-Naphthylamine

» 3.810 8,200 mg/kg Fenac

» Halogenated and non-halogentated VOCs and SV OCs detected in soil

Waste Sour ce;

Two lined and two unlined waste
management lagoons; disposal of
drums of chemical waste, chemical
dudge and demolition debris on the
ground surface and in the shallow
subsurface

Project Management:

Mr. William Werntges

USACE, Harrisburg Area Office
CENAB-COF-HA285

18th Street

DDRE, Bldg S-285
Newcumberland, PA 17070

(717) 782-8750
william.h.werntges@usace.army.mil

Mr. Mike Ogden

USACE, Harrisburg Area Office
CENAB-COF-HA285

18th Street

DDRE, Bldg S-285
Newcumberland, PA 17070
(717) 782-3750
m.odgen@usace.army.mil

Regulatory Contacts

Mr. Gregg Crystal

U.S. EPA Region

31650 Arch Street
Philadelphia, PA 19103-2029
(215) 814-3207
crystall.gregg@epa.gov

Mr. Michael Welch
Pennsylvania Department of
Environmental Protection

208 West 3rd Street, Suite 101
Williamsport, PA 17701-6448
(570) 321-6518

wel ch.michael @al.pader.gov

Technology:
On-Site Incineration:

» Theincineration system consisted of a co-current, rotary kiln and a secondary

combustion chamber (SCC)

» Thekiln operated at an exit gas temperature above 1599 °F and the SCC

operated above 1801 °F

» Hot gases exiting the SCC passed through an evaporative cooler, a baghouse,
aventuri guench unit, and a caustic scrubber.
» Excavated soil was dried and screened to remove oversized organic and

inorganic debris.

» Excavated soil and shredded combustible material were fed to the incinerator.
» Treated soil and fly ash were stockpiled for compliance sampling.
e Treated soil and fly ash that met treatment standards were used as fill material

at the site.

Type/Quantity of Media Treated:

e 273,509 tons (180,296 cubic yards) of contaminated soil
» Moisture Content: 17.6% average, range of 10 to 25.5%

« BTU Vaue 274 Btu/lb
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Incineration at Drake Chemical Superfund Site, Operable Unit 3,
L ock Haven, Pennsylvania

Regulatory Requirements/Cleanup Goals:
Destruction and Removal Efficiency (DRE) of 99.99% for POHC.

» Treated soil objectives were 55 mg/kg for b-Naphthylamine and 1,000 mg/kg for Fenac.

» Treated soil and fly ash with TCLP concentrations in excess 25 times the drinking water standard for any one of eight
metals were stabilized.

» Air emission requirements included control of metals, hydrogen chloride, total dioxins and furans, carbon monoxide,
nitrous oxides, and particulate matter in the stack gas.

Results:

» Sampling of treated soil indicated that the cleanup goals were met. Three percent of the soil required re-treatment to
achieve cleanup levels.

» Two batches of fly ash required stabilization prior to on-site backfill

» Emission data from the trial burn and full-scale operations indicated that all emissions standards were met.

Costs:
» Thetotal cost for this project was $112,381,000, with a technology-specific cost of $92,930,000.
* The technology-specific unit cost was $340 per ton of soil treated.

Description:

The DCS Site included a chemical manufacturing facility that operated from 1951 to 1982, producing chemical
intermediates used in dye, cosmetic, textile, pharmaceutical, pesticide and herbicide manufacturing. Two lined wastewater
treatment lagoons, a dry unlined sludge lagoon, and an unlined |eachate lagoon were constructed at the site during the late
1950s, probably for use as waste impoundments. Drums of chemical waste, chemical sludge, and demolition debris were
disposed on the ground surface and in the shallow subsurface at the site.

Site soil and chemical sludge were contaminated with VOCs, SV OCs including b-naphthylamine, the herbicide Fenac, and
metals. These compounds were detected throughout the site regardless of sampling depth. A ROD was signed in
September 1988, specifying on-site incineration as the remedial technology for addressing soil contamination at the site.
Contaminated soil/sludge/sediment and groundwater were identified as Operable Unit (OU) 3.

Site work for construction of the incinerator commenced in April 1995. Incinerator shake down and a clean burn were
conducted in January 1996. The incinerator was then shut down until September 1996 due to alawsuit filed to stop the
remediation project. System optimization and preliminary testing were conducted in the Fall of 1996. Thetrial burn and
risk burns were conducted in January and February 1997. Following approval of the test results, the incinerator was put
into full-scale operation in March 1998. All site soil was excavated down to the water table (about 15 feet below ground
surface) and treated. The total area of the DCS Siteis 9.6 acres. The incineration system consisted of a co-current, rotary
kiln followed by a SCC. After confirming that treated soil and fly ash met the cleanup criteria, the materials were
backfilled at the site. Treatment was completed in April 1999.
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Thermal Desor ption at the M etaltec Superfund Site, Franklin Borough, New Jer sey

Site Name: L ocation:
Metaltec Superfund Site Franklin Borough, New Jersey
Period of Operation: Cleanup Authority: EPA Remedial Project Manager:
December 1994 - January 1995 CERCLA Daniel Weissman

* ROD issued June 30, 1986 U.S. EPA Region 2

290 Broadway, 19th Floor

New York, NY 10007

Telephone: (212) 637-4384

Fax: (212) 637-4429

E-mail: weissman.daniel @epa.gov

Purpose/Significance of Application: Cleanup Type:

Use of thermal desorption to treat soil contaminated with chlorinated volatile Remedial

organic compounds

Contaminants: Waste Sour ce:
Chlorinated Volatile Organic Compounds (VOCs) and Heavy Metals Disposal in lagoon; spills

» Maximum concentrations in soil were trichloroethene (TCE) - 7,600 mg/kg
and 1,2-dichloroethene (DCE) - 6,600 mg/kg

USACE Contact: Technology:

Ronny Hwee Thermal Desorption - A low temperature enhanced volatilization system

USACE provided by Williams Environmental was used to treat soil at the site

214 State Highway 18 » The desorber was a direct-heated, rotary dryer equipped with a gas burner and

East Brunswick, NJ 08816 operated using countercurrent flow under negative pressure

Telephone: (973) 674-1598  Soil was heated in the desorber to atemperature of 750°F for 15-20 minutes

Fax: (973) 674-1668 » Emission controlsincluded a baghouse, thermal oxidizer, quench, and
scrubber

Vendor:

Mark A. Fleri, P.E. Type/Quantity of Media Treated:

Project Manager Sail

Williams Environmental Services, Inc. | * 4,215 yd® treated

2075 West Park Place  Soil was characterized as stiff sandy clays; silty, sandy clays; and sands and

Stone Mountain, GA 30087 gravel

Telephone: (800) 892-0992 * Moisture content was <20%

Fax: (770) 879-4831

E-mail: mfleri@wmsgrpintl.com

Regulatory Requirements/Cleanup Goals:

» The ROD specified the following cleanup goals: vinyl chloride - 33 mg/kg; tetrachloroethene (PCE) - 0.05 mg/kg;
trans-1,2-DCE - 33 mg/kg; TCE - 5.6 mg/kg; chloroform - 5.6 mg/kg; 1,1,1-trichloroethane - 0.41 mg/kg; and 1,1-
dichloroethane - 7.2 mg/kg

» The ROD required that treated soil that failed to meet the TCLP metals requirements be shipped off-site for stabilization
and disposal at an approved RCRA permitted facility.

» Air emissions standards were specified in a NJDEP air permit, including a destruction and removal efficiency (DRE) for
the thermal oxidizer of 99.99%

Results:

» All soil met the cleanup goals on the first pass through the desorber and no soil was retreated. Data on the concentration
of individual constituentsin the treated soil were not provided

» A performance test was performed to demonstrate compliance with soil cleanup requirements and air emissions
standards, and to establish operating parameters for the remainder of the project. During the performance test (three
runs), all treated soil samples were below the detection limit of 0.002 mg/kg for PCE and TCE. All emission results met
the test objectives with the exception of lead and sulfur oxides, which were deemed acceptable by the USACE and EPA.
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Thermal Desor ption at the M etaltec Superfund Site, Franklin Borough, New Jer sey

Costs:

» Thetotal cost for treatment of 4,215 cubic yards of contaminated soil at this site was $998,238. Thisincluded costs for
technology mobilization, setup, and demobilization, planning and preparation, and equipment and appurtenances.

» Thecaculated unit cost for this application was $237 per cubic yard of soil (based on atotal of 4,215 cubic yards of soil
treated).

Description:

From 1965 to the mid 1980s, the Metaltec Corporation, a subsidiary of Aerosystems Technology Corporation, operated a
metal-plating facility in Franklin Borough, Sussex County, New Jersey. The facility produced assorted metal parts
including metal ballpoint pen casings, paint spray guns, and lipstick cases. During that time, wastewater from the plating
operations was discharged on-site to an unlined wastewater lagoon. In addition, wastes were spilled and dumped in
various locations at the facility. The unlined wastewater lagoon was abandoned sometime in the 1980s and subsequently
backfilled by the owners. 1n 1980, the New Jersey Department of Environmental Protection (NJDEP) conducted several
investigations of the former wastewater lagoon and a pile of green material that was stored at the site, and found that soil
and groundwater in these areas were contaminated by VOCs and heavy metals. The site was placed on the National
Priorities List (NPL) in September, 1983.

A thermal desorption system was used at the site to treat soil contaminated with VOCs. This system treated 4,215 yd® of
contaminated soil to below cleanup goalsin less than 2 months, with no soil requiring retreatment. According to the
vendor, the thermal desorption system was operated at a 75% on-stream efficiency despite severe weather conditions. In
addition, the vendor was able to maintain the contract-required schedule despite delaysin the air permitting process. The
vendor indicated that developing an active relationship with the community allowed operations to be extended from 12
hours/day to 24 hours/day, which was critical to maintaining the project schedule.
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Thermal Desor ption/Gas Phase Chemical Reduction at the New Bedford Harbor
Superfund Site, New Bedford, M assachusetts

Site Name:
New Bedford Harbor Superfund Site

L ocation:
New Bedford, Massachusetts

Period of Operation:
November 1996

Cleanup Authority:
CERCLA
* ROD signed April 1990

Purpose/Significance of Application: Cleanup Type:
Demonstration of thermal desorption/gas phase chemical reduction to treat PCB- | Field demonstration
contaminated sediments

Contaminants: Waste Sour ce;

PCBs

» Maximum concentrations in sediments of more than 200,000 mg/kg

Discharge of polychlorinated biphenyl
(PCB)-contaminated wastewater from
€l ectronics manufacturing

EPA RPM:

James M. Brown

U.S. EPA Region 1 (MC HBO)
1 Congress Street, Suite 1100
Boston, MA 02114-2023
Telephone: (617) 918-1308
E-mail: brown.jim@epa.gov

Technology Vendor:

Beth Kimmling

ELI Eco Logic International, Inc.
143 Dennis Street

Rockwood, Ontario NOB 2K0

Canada

Telephone: (519) 856-9591 (ext. 203)
Fax: (519) 856-9235

E-mail: kummlib@eco-logic-intl.com

Technology:

Thermal Desorption/Gas Phase Chemical Reduction (GPCR)

* Pilot-scale test of Eco Logic’s GPCR process - thermal desorption followed
by gas phase chemical reduction

» Three main components - athermal reduction mill (TRM), a GPCR reactor,
and a gas scrubbing and compression system

* TRM - operated with indirect heat, using a molten tin bath (heated by
propane) to transfer heat to the sediments; volatilized organic compounds and
steam were removed from the TRM using hydrogen sweep gas which was
vented to the GPCR reactor

* GPCR reactor - operated in a hydrogen atmosphere at a minimum temperature
of 900°C. Asthe gas passed through the reactor (typical residencetime of 4
to 10 seconds), the organics were reduced to methane and hydrochloric acid,
which were sent to the gas scrubber

» Gas scrubbing and compression system - two-stage caustic scrubbing system;
scrubbed gas compressed and stored before being burned in the Excess Gas
Burner prior to release to the atmosphere

« Pilot testing included acclimation runs to provide preliminary data for
optimizing process conditions and performance verification runs to evaluate
the process

Type/Quantity of Media Treated:

Sediment

» Fine sandy silt with some clay-sized particles present; some small shell
fragments present

* Moisture content - 50% by weight

Regulatory Requirements/Cleanup Goals:
» Target goasfor demonstration were 50 mg/kg for PCBs and the Toxicity Characteristic Leaching Procedure (TCLP)

criteriafor metals

Results:

* TRM reduced PCB concentrations to 28 to 77 mg/kg in treated sediment, with an average of 52 mg/kg; the PCB
desorption efficiency ranged from 98.36 to 99.52%, with an average of 99.06%

* GPCR reactor achieved a PCB destruction efficiency ranging from 99.99972% to 100%

» TCLP metals concentrations in the treated sediment were below the regulatory criteria
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Thermal Desor ption/Gas Phase Chemical Reduction at the New Bedford Harbor
Superfund Site, New Bedford, M assachusetts

Costs:

» Projected full-scale costs for thermal desorption/gas phase chemical reduction of sediments were $11,114,000,
including $5,865,000 in capital costs and $5,249,000 in O&M costs.

» Projected full-scale costs were based on treating 18,000 tons of sediment, for a unit cost of $617 per ton

Description:

The New Bedford Harbor Superfund Siteis located al ong the northwestern shore of Buzzards Bay in New Bedford

M assachusetts, approximately 55 miles south of Boston. From the 1940sto 1978, PCB-contaminated wastewater from
€l ectronics manufacturing operations was discharged onto the shoreline and into the harbor. Site investigations determined
that sediments were contaminated with PCBs and heavy metals. The site was listed on the National PrioritiesListin
September 1983. The ROD for afive acre area known as the “Hot Spot area” included dredging of PCB-contaminated
sediments followed by incineration. However, due to opposition to incineration, EPA postponed the incineration
component of the Hot Spot remedy to explore alternative treatment technologies. EPA evaluated four technologies as
possible alternatives to incineration - solvent extraction/dechlorination, vitrification, thermal desorption/gas phase
chemical reduction, and solidification/stabilization. This report covers the pilot-scale test of athermal desorption/gas
phase chemical reduction process.

The pilot test was performed using Eco Logic's GPCR process, which consisted of a TRM, a GPCR reactor, and agas
scrubbing and compression system. During the pilot test, the concentration of PCBsin the treated sediment from the TRM
ranged from 28 to 77 mg/kg, with an average of 52 mg/kg. The TRM PCB desorption efficiency ranged from 98.36 to
99.52%, with an average of 99.06%. The PCB concentrationsin treated sediment were higher than Eco Logic expected,
and may be attributed to the treated sediment accumulating in the auger. The GPCR reactor achieved a destruction
efficiency ranging from 99.99972% to 100% for PCBs and an average destruction efficiency for total dioxins and furans of
99.9923 and 99.99959, respectively. TCLP metals concentrationsin the treated sediment were below the regulatory
criteria. The pilot-scale TRM unit did not alow for the collection of isokinetic (flow representative) gas samples. The
vendor concluded that the results of the pilot study can be used for a summary assessment of performance, but that
additional data would be needed to draw definitive conclusions regarding dioxin and furan production and the
concentrations of contaminants downstream of the TRM.
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Thermal Desor ption at the Reich Farm Superfund Site, Pleasant Plains, New Jer sey

Site Name:
Reich Farm Superfund Site

L ocation:
Pleasant Plains, New Jersey

Period of Operation:
November 1, 1994 to March 10, 1995

Cleanup Authority:
CERCLA
* ROD signed September 30, 1988

Purpose/Significance of Application: Cleanup Type:

Thermal desorption treatment of soils contaminated with VOCs and SVOCs Full scale

Contaminants: Waste Sour ce:

Volatile Organic Compounds (VOCs) and Semivolatile Organic Compounds Leaking drums and disposal of wastes
(SVOCs) in trenches

EPA Remedial Project Manager Technology:

(RPM): Thermal Desorption

Jonathan Gorin » Low temperature volatilization system (LTV S) owned by Four Seasons

EPA Region 2 Environmental, Inc.

290 Broadway, 19" Floor » Transportable thermal desorption unit mounted on artrailer; the desorber was
New York, NY 10007 38 feet long and eight feet in diameter and had a maximum throughput of 45
Telephone: (212) 637-4361 tons/hour

Fax: (212) 637-4429 * The primary treatment unit was directly heated with a 50 million BTU/hr
E-mail: gorin.jonathan@epa.gov burner that used #2 fuel oil
* Air pollution control equipment for the system included a multi-cyclone,

PRP Project Lead: thermal oxidizer, heat exchanger, dry scrubber, and baghouse

Craig Wilger » Residencetime - 8 to 12 minutes; soil exit temperature - 650 to 750 °F
Union Carbide Technical Center

P.O. Box 8361

South Charleston, WV 25303 Type/Quantity of Media Treated:

Telephone: (304) 747-3707 Soil

Fax: (304) 747-3680 » 14,836 cubic yards

E-mail: wilgerca@ucarb.com » Primarily coarse sand with small amounts of clay and silt
* Moisture Content - < 10%

Vendor:

Shawn Todaro

Vice President

Four Seasons Environmental, Inc.
3107 South EIm Eugene Street
Greensboro, North Carolina 27416
Telephone: (336) 273-2718

Fax: (336) 274-5798

Regulatory Requirements/Cleanup Goals:
The soil cleanup levels specified in the ROD were 1 mg/kg for total VOCs and 10 mg/kg for total SV OCs

Results:

 All treated soil met the cleanup goals of 1 mg/kg for total VOCs and 10 mg/kg for total SV OCs, and was backfilled on
site

» No information was provided about the specific VOC and SV OC concentrations in the treated soil or whether any soil
required retreatment prior to meeting the cleanup goals

Costs:

» Thetotal project cost was $4,115,000, including $2,205,000 for the thermal treatment application and $1,910,000 in
other project costs such as excavation sampling, soil excavation, and sheeting and shoring of the excavation

 The unit cost for the thermal treatment application was $147 per cubic yard of soil treated
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Thermal Desor ption at the Reich Farm Superfund Site, Pleasant Plains, New Jer sey

Description:

The Reich Farm Superfund Site (Reich Farm) is athree acre site located in Pleasant Plains, New Jersey. In 1971, the site
was leased by an independent waste hauler and used for a five-month period to dispose of 55-gallon drums containing
organic solvents, still bottoms, residues, and other wastes. In December 1971, the owners of Reich Farm found 4,950
drums at the site (4,500 drums containing waste and 450 empty drums), along with several trenches that had been used for
waste disposal. Labelsindicated that the drums belonged to Union Carbide. Results of the Remedial Investigation showed
that groundwater and subsurface soils at the site were contaminated with VOCs and SV OCs, and the site was listed on the
National Priorities List in September 1983. A ROD for the site, signed in September 1988, specified excavation and on-
site treatment using enhanced volatilization of soil.

The thermal treatment system used for this application was a transportable low temperature volatilization system (LTVYS)
owned by Four Seasons Environmental, Inc. The primary treatment unit was directly heated and had a maximum
throughput of 45 tong’hour. From November 1, 1994 to March 10, 1995, 14,836 cubic yards of contaminated soil was
treated using the LTVS. All treated soil met the cleanup goals of 1 mg/kg for total VOCs and 10 mg/kg for total SV OCs,
and was backfilled on site. No information was provided about the specific VOC and SVOC concentrations in the treated
soil or whether any soil required retreatment prior to meeting the cleanup goals.
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Thermal Desor ption at the Rocky Flats Environmental Technology Site,

Golden, Colorado

Site Name:

Rocky Flats Environmental Technology Site; Mound Site

L ocation:
Golden, Colorado

Period of Operation:
July - August 1997

Cleanup Authority:
CERCLA

EPA Contact:

Tim Rehder

U.S. EPA Region 8

999 18th Street, Suite 500
Denver, CO 80202

Phone: (303) 312-6293

E-mail: rehder.timothy@epa.gov

DOE Final Action Memorandum
3/97

Purpose/Significance of Application: Cleanup Type:
Thermal desorption of soil contaminated with halogenated volatile organic Full scale
compounds

Contaminants: Waste Sour ce;

Hal ogenated Vol atile Organic Compounds (VOCs)
* Tetrachloroethene (PCE) was the primary VOC, with concentrations as high

as 760 mg/kg

 Trichloroethene (TCE), carbon tetrachloride, and methylene chloride were not
detected above their cleanup goalsin any soil samples

Burial of drums of waste

Site Contacts:

Norma Castaneda

U.S. DOE

Rocky Flats Field Office

10808 Highway 93, Unit A

Golden, CO 80403

Phone: (303) 966-4226

E-mail: norma.castaneda@rfets.gov

Tom Greengard

SAIC

10808 Highway 93, Unit B
Golden, CO 80403

Phone: (303) 966-5635

E-mail: tom.greengard@rfets.gov

Technology Vendor:

Ron Hill

McLaren Hart

9323 Stockport Place
Charlotte, NC 28273

Phone: (704) 587-0003
E-mail:
ronnie_hill@mclaren-hart.com

Technology:
Thermal Desorption

The McLaren Hart IRV-150 Batch Thermal Desorption Unit was used,
including four ovens

Each oven is 8-feet wide by 18-feet long by 1.5-feet high, and includes two
removable trays, with a capacity of 2.25 cubic yards of soil per tray

The desorber was operated at 1800F and a soil residencetime of 2.5 - 3.5
hours

Off-gases were treated with HEPA filtration, condensation, and vapor-phase
GAC

Condensate was treated using chemical precipitation, microfiltration,
neutralization, dewatering, ultraviolet/peroxide oxidation, ion exchange, and
liquid-phase GAC adsorption

Type/Quantity of Media Treated:
Sail

724.5 cubic yards of soil from two groups. (1) above claystone/sandstone
layer; and (2) weathered claystone/sandstone material

Soil in first group consisted of clay (15-50%), silt (10-40%), sand (20-30%),
and gravel (10-40%)

Soil in second group consisted of clay (45-90%), silt (40-85%), and sand
(5-55%)

Moisture content of both groups ranged from 10-18%

Regulatory Requirements/Cleanup Goals:

* Cleanup goalsfor treatment of soil were identified for PCE (6.0 mg/kg), TCE (4.0 mg/kg), carbon tetrachloride (2.0
mg/kg), and methylene chloride (5.77 mg/kg)
» Based upon air dispersion modeling results, stack monitoring for radionuclides was not required

Results:

» Except for two batches, al treated soil samples met the cleanup goals on the first pass, with all results below detection

limits

» Thetwo batchesthat did not meet the treatment goal for PCE were re-treated met the goals after re-treatment
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Thermal Desor ption at the Rocky Flats Environmental Technology Site,
Golden, Colorado

Costs:

» A tota of $2,316,000 was expended for cleanup of this site, including $580,000 for planning and site preparation,
$210,000 for project management, and $1,526,000 for excavation, treatment, waste disposition, and site restoration.
Information about the portion of the $1,526,000 for excavation, treatment, waste disposition, and site restoration that
was directly attributable to thermal treatment was not available. Therefore, a unit cost for treatment of contaminated
soil was not calculated. DOE considers information about the amount expended for thermal desorption treatment
confidential business information.

Description:

The U.S. Department of Energy (DOE) used the Rocky Flats Environmental Technology Site (RFETS) to fabricate
components for nuclear weapons from 1951 to 1989. Hazardous mixed wastes generated from the associated machining
operations were disposed at various locations at the site, including the Mound Site. Approximately 1,400 drums
containing hazardous mixed waste, including uranium, beryllium, hydraulic oil, carbon tetrachl oride and PCE were placed
at the Mound Site between April 1954 and September 1958. These drums were covered with soil thus generating a
"mound". Over time, contamination leaked from these drums into the surrounding soils and groundwater.

Thermal desorption technology was selected to treat contaminated soils from the Mound Site. A batch process design was
selected based on the relatively small volume of soil to be treated, and a desire to minimize size reduction activities
because of the presence of radionuclide contamination. This application included several enhancements to the McLaren
Hart thermal treatment system, including use of traysto hold the soil instead of placing the soil directly into the ovens, and
use of a preheater in the off gas treatment train between the condenser and the HEPA filters to raise the temperature of the
off gas leaving the condenser above its dew point. Treated soil samples met the cleanup goals on the first pass, with results
below detection limits for al but two batches. These two batches were re-treated and met the goals after re-treatment.
Information was not available about the cost for thermal desorption treatment at this site.
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Thermal Desor ption at the Sarney Farm Superfund Site, Amenia, New York

Site Name:
Sarney Farm Superfund Site

L ocation:
Amenia, New York

Period of Operation:
August through December 1997

Cleanup Authority: EPA Remedial Project Manager

CERCLA (RPM):
* ROD signed September 27, 1990 Kevin Willis
EPA Region 2

290 Broadway, 19" Floor
New York, NY 10007
Telephone: (212) 637-4252
Fax: (212) 637-3966

E-mail: williskevin@epa.gov

Purpose/Significance of Application: Cleanup Type:

Thermal desorption treatment of soils contaminated with VOCs Full scale

Contaminants: Waste Sour ce:

Volatile Organic Compounds Leaking drums and disposal of wastes
» Seven contaminants of concern (COCs) were identified including 1,2- in trenches

dichloroethane, 2-butanone, 4-methyl-2-pentanone, chloroform, toluene,

trichloroethene, total xylenes

Vendor:

Mark A. Fleri, P.E.

Project Manager

Williams Environmental Services, Inc.
2075 West Park Place

Stone Mountain, GA 30087
Telephone: (800) 247-4030

Fax: (770) 879-4831

E-mail: mfleri@wmsgrpintl.com

Prime Contractor:

Jim Bannon

ESE

410 Amherst Street, Suite 100
Nashua, NH 03063

Telephone: (603) 889-3737
Fax: (603) 880-6111

E-mail: jpbannon@mactec.com

Technology:

Thermal Desorption

» Low temperature thermal desorption (LTTD) system owned by Williams
Environmental, Inc

» System included a desorber unit that consisted of a direct-heated rotary kiln,
feed belt, thermal desorber burner, and discharge screw conveyor; a baghouse
unit; athermal oxidizer unit; and a control unit

» Average system throughput - 27 tong’hr; residence time - 15 to 20 minutes;
soil exit temperature - 650 to 750°F

Type/Quantity of Media Treated:

Soil

» 10,514 tons of soil

* Primarily coarse sand with small amounts of clay and silt
* Moisture content of <25%

Regulatory Requirements/Cleanup Goals:
The ROD specified the following soil cleanup levels: 1,2-dichloroethane - 0.1 mg/kg, 2-butanone - 0.3 mg/kg, 4-methyl-2-
pentanone - 1.0 mg/kg, chloroform - 0.3 mg/kg, toluene - 1.5 mg/kg, trichloroethene - 0.2 mg/kg, total xylenes - 7.0 mg/kg

Results:

 All treated soil met the cleanup goals for the seven COCs on the first pass through the system
» Data on concentrations of specific COC contaminants was provided for samples collected between September and
November 1997; these data showed that all s