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NOTICE

This report 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,
completeness, or usefulness 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-99-003.



FOREWORD

This report is a collection of abstracts summarizing 78 case studies of site remediation applications
prepared by federal agencies. The case studies, collected under the auspices of the Federal Remediation
Technologies Roundtable, were undertaken to document the results and lessons 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, U.S. Department of Defense,
and U.S. Department of Energy, expect to complete many site remediation projects in 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 in a multi-volume set listed below. The
78 new case studies are available on a CD-ROM, and cover a variety of in situ and ex situ technologies.
Remediation Case Studies, Volumes 1-13, and Abstracts, Volumes 1-3, were published previously, and
contain 140 projects, and are also available on the CD-ROM. Abstracts, Volume 4, covers a wide variety
of technologies, including full-scale remediations and large-scale field demonstrations of soil and
groundwater treatment technologies. In the future, the set will grow as agencies prepare additional case
studies.

2000 Series

Published on CD-ROM, FRTR Cost and Performance Case Studies and Related Information,
EPA-542-C-00-001; June 2000

1998 Series

Volume 7: Ex Situ Soil Treatment Technologies (Bioremediation, Solvent Extraction,
Thermal Desorption), EPA-542-R-98-011; September 1998

Volume 8: In Situ Soil Treatment Technologies (Soil Vapor Extraction, Thermal Processes),
EPA-542-R-98-012; September 1998

Volume 9: Groundwater Pump and Treat (Chlorinated Solvents), EPA-542-R-98-013;
September 1998

Volume 10: Groundwater Pump and Treat (Nonchlorinated Contaminants), EPA-542-R-98-
014; September 1998

Volume 11: Innovative Groundwater Treatment Technologies, EPA-542-R-98-015;
September 1998

Volume 12: On-Site Incineration, EPA-542-R-98-016; September 1998

Volume 13: Debris and Surface Cleaning Technologies, and Other Miscellaneous
Technologies, EPA-542-R-98-017; September 1998



Volume 5:

Volume 6:

Volume 1:

Volume 2:

Volume 3:

Volume 4:

Volume 1:

Volume 2:

Volume 3:

Volume 4:

1997 Series

Bioremediation and Vitrification, EPA-542-R-97-008; July 1997; PB97-177554

Soil Vapor Extraction and Other In Situ Technologies, EPA-542-R-97-009;
July 1997; PB97-177562

1995 Series
Bioremediation, EPA-542-R-95-002; March 1995; PB95-182911
Groundwater Treatment, EPA-542-R-95-003; March 1995; PB95-182929
Soil Vapor Extraction, EPA-542-R-95-004; March 1995; PB95-182937

Thermal Desorption, Soil Washing, and In Situ Vitrification, EPA-542-R-95-
005; March 1995; PB95-182945

Abstracts
EPA-542-R-95-001; March 1995; PB95-201711
EPA-542-R-97-010; July 1997; PB97-177570
EPA-542-R-98-010; September 1998

EPA-542-R-00-006; June 2000

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
users to 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 them 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 are also available on individual agency web sites, such as for the Department of Energy.

In addition, a limited number of hard copies 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 is a national priority. The selection and use of more
cost-effective remedies requires better access to data on the performance and cost of technologies used in
the field. 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 projects. Previously, the Roundtable published 13 volumes of case study
reports. At this time, the Roundtable is publishing a CD-ROM containing 78 new case study reports,

primarily focused on soil and groundwater cleanup.

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 several large-scale demonstration projects. They are meant to serve as primary
reference sources, and contain information on site background and setting, contaminants and media
treated, technology, cost and performance, and points of contact for the technology application. The
studies contain varying levels of detalil, reflecting the differences in the availability of data and
information. Because full-scale cleanup efforts are not conducted primarily for the purpose of

technology evaluation, data on technology cost and performance may be limited.

The case study abstracts in this volume describe a wide 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; explosives/propellants; metals; and radioactivity. Many of the
applications described in the case study reports are ongoing and interim reports are provided

documenting their current status.

Table 1 provides summary information about the technology used, contaminants and media treated, and
project duration for the 78 technology applications in this volume. This table also provides highlights

about each application. Table 2 summarizes cost data, including information on quantity of media

1



treated and quantity of contaminant removed. In addition, Table 2 shows a calculated unit cost for some
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 media treated and contaminant
removed, as appropriate.) Cost data are shown as reported in the case studies and have not been adjusted
for inflation to a common year basis. The costs should be assumed to be dollars for the time period that

the project was in progress (shown on Table 1 as project duration).

While a summary of project costs is useful, it may be difficult to compare costs for different projects
because of unigue site-specific factors. However, 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. Factors that 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.
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In Situ Soil Treatment
Dover Air Force Base, Building 719, Delaware [ Soil (450,000 Ibs) May 1998 to July 1999 Field demonstration of in situ cometay
(Bioventing) bioventing to treat chlorinated solvents in
soll
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Alaska (In Situ Thermal Treatment; Six Phase Heating) 7,150 tons) 1997 (treatability $tudy)  contamination in saturated soils.
Argonne National Laboratory - West, Waste Area [ Soll May 1998 to October Bench-scale testing of phytoremediatio
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Ensign-Bickford Company - OB/OD Area, Connectiqut [ Soil April 1998 to October Phytoremediation of lead in soil using b
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Table 1. Summary of Remediation Case Studies (continued)
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Patrick Air Force Base, Active Base Exchange Service | @ Soil vapors January 1994 to Demonstration of treatment of extracte
Station, Florida (Soil Vapor Extraction) February 1994 vapors from an SVE system using
biofiltration
Patrick Air Force Base, Active Base Exchange Service | @ Soil vapors October 1993 to Janualy  Demonstration of treatment of extract
Station, Florida (Soil Vapor Extraction) 1994 vapors from an SVE system using an
internal combustion engine
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Longhorn Army Ammunition Plant, Burning Ground | @ Soil (32,293 yd or February 1997 to Thermal desorption of soil with high
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Rocky Flats Environmental Technology Site, Trenchie® @ | Soil and debris June 1996 to August Application of thermal desorption to tn
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Table 1. Summary of Remediation Case Studies (continued)
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Other Ex Situ Soil Treatment
Joliet Army Ammunition Plant, lllinois [ Soil July 1994 to August Use of bioslurry technology for treatment
(Bioremediation (ex situ) Slurry Phase) 1995 of explosives wastes
Fort Polk Range 5, Louisiana (Chemical [ Soil (1,098 tons) August 1996 to Demonstration of physical separation and
Reduction/Oxidation) December1996 acid ¢aching to treat metals in soil
Los Alamos National Laboratory, Technical Area 33 @ | Soil and debris April 1999 to May 1994 Use of a gate system to reduce soil vojume
New Mexico (Physical Separation; Segmented Gate (2,526 yd ) requiring off-site disposal
System)
Pantex Plant, Firing Site 5, Texas (Physical Separation ® | Soil and debris (294 yd )| March 1998 to May Use of a gate system to reduce soil vglume
Segmented Gate System) 1998 requiring off-site disposal
Sandia National Laboratories, ER Site 16, New ® | Soil (661.8yd) February 1998 to March  Use of a gate system to reduce soil vdlume
Mexico (Physical Separation; Segmented Gate System 1998 requiring off-site disposal
Sandia National Laboratories, ER Site 228A, New ® | Soil (1,352yd) July 1998 to Novembe Use of a gate system to reduce soil vojume
Mexico (Physical Separation; Segmented Gate System 1998 requiring off-site disposal
Tonapah Test Range, Clean Slate 2, Nevada (Physical ® | Soil and debris (333 yd )] May 1998 to June 1998 Use of a gate system to reduce soil olume
Separation; Segmented Gate System) requiring off-site disposal
RMI Titanium Company Extrusion Plant, Ohio ® | ® | Soil (64 ton; 38 batches)|] January 1997 to Demonstration of chemgadihg
(Solvent Extraction) February 1997 process for treatment of uranium-
contaminated soil
Oak Ridge National Laboratory, Tennessee ® (® | Sludge (16,000 Ibs) October 1997 Demonstration of a transportable
(Vitrification) vitrification system to treat low-level mixefl
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Table 1. Summary of Remediation Case Studies (continued)
Principal
Contaminants*
0| =
5lz|2|2
=N
HEEE R
AN=|2|x 3
HEIF R
HMEIETEINE
Slx|c|8|2|5
SRIEE HE Media Project
Site Name, State (Technology) olal||S|=[8 (Quantity Treated**) Duration Highlights
In Situ Groundwater Treatment
Abandoned Manufacturing Facility - Emeryville, [ [ Groundwater Ongoing, data from Bioremediation of a site contaminated jwith
California (Bioremediation (in situ) Groundwater) April 1997 to Octobe both chlorinated solvents and hexavilent
1998 chromium
Avco Lycoming Superfund Site, Pennsylvania [ J [ J Groundwater Ongoing, data through One of the first applications of molassps
(Bioremediation (in situ) Groundwater) July 1998 injection technology on a full scale at p
Superfund site
Dover Air Force Base, Area 6, Delaware [ Groundwater Testing Phase: Firstesessful bioaugmentation project
(Bioremediation (in situ) Groundwater) September 1996 to Jiine  using live bacteria from another site
1999 TCE using reductive dechlorination
Edwards Air Force Base, California (Bioremediation| @ Groundwater February 1996 to April Field demonstration using groundwate}
(in situ) Groundwater) (12,132°m pumped) 1997 recirculation wells to remediate TCE I|n a
two-aquifer system
Hanford 200 West Area, Washington (Bioremediation® Groundwater January 1995 to March In situ bioremediation of chlorinated
(in situ) Groundwater) 1996 solvents and nitrate
Moffett Field Superfund Site, California [ Groundwater September 1986 to One of the earliest field demonstratiors of
(Bioremediation (in situ) Groundwater) November 1988 aerobic in situ bioremediation
Naval Weapons Station Sead&ch, California [ Groundwater (in situ), September 1997 to Demonstrate anaerobic bioremediatign for
(Bioremediation (in situ) Groundwater) Soil (in situ), LNAPL October 1998 treating fuel hydrocarbons
Watertown Site, Massachusetts (Bioremediation (in | @ Groundwater Ongoing, data from Combined anaerobic/aerobic system for
situ) Groundwater) November 1996 to treatment of chlorinated solvents
October 1997
Savannah River Site, South Carolina (Bioremediatiqr@® Groundwater and February 1992 to April Demonstration using horizontal wells §nd
(in situ) Groundwater) sediment 1993 methane injection
Texas Gulf Coast Site, Texas (Bioremediation (in sit@ Groundwater Ongoing, data from Juje  Groundwater recirculation system using
Groundwater) 1995 to ecembed 998 | trenches for extraction and injection
Hanford Site, 100-H and 100-D Areas, Washington [ Groundwater September 1995 to Demonstrate in situ redox manipulatign for
(Chemical Reduction/Oxidation) September 1998 treatment of hexavalent chromium
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Table 1. Summary of Remediation Case Studies (continued)
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Portsmouth Gaseous Diffusion Plant, X-701B Facility® Groundwater (in situ) Spring 1997 (operated Demonstrate in situ chemical oxidatid
Ohio (Chemical Reduction/Oxidation) for one month) treating chlorinated solvents
Milan Army Ammunition Plant, Tennessee [ Groundwater June 1996 to July 1994 Use of constructed wetlands for treat
(Constructed Wetlands) of explosives-contaminated groundwater
328 Site, California (Dual-Phase Extraction) [ Soil and Groundwater November 1996 to Maly = Use of DPE with pneumatic fracturing
1999 VOCs in silty clay soils and shallow
groundwater
Defense Supply Center, Acid Neutralization Pit, [ Soil, Groundwater July 1997 to July 1998 Use of DPE to treat soil and groundwater
Virginia (Dual-Phase Extraction) (17 million gallons) contaminated with chlorinated solvent
Tinkham's Garage Superfund Site, New Hampshire | @ Soil (9,000 yd ) November 1994 to Use of DVE to treat soil and groundwa|
(Dual-Phase Extraction) Groundwater September 1995 contaminated with chlorinated solve]
Oak Ridge National Laboratory, Tennessee (Frozen @ | Soil, Sediment, September 1996 to Demonstrate frozen soil barrier for
Soil Barrier) Groundwater September 1998 containment of contaminated surface
impoundment
Portsmouth Gaseous Diffusion Plant, X-701B Facility® Groundwater (in situ) 1988 to 1993 Demonstrate use of horizontal wells tg
Ohio (In Situ Oxidation) groundwater at multiple sites and locations
Naval Air Station Pensacola, OU 10, Florida (In Situl @ Groundwater November 1998 to May Field demonstration of in situ chemical
Oxidation; Fenton's Reagent) 1999 oxidation using Fenton's reagent to treat
chlorinated solvents
Naval Submarine Base Kings Bay, Georgia (In Situ | @ Groundwater (78,989 November 1998 to Use of Fenton’s Reagent to remediatg
Oxidation; Fenton's Reagent) gallons) August 1999 chlorinated solvents in groundwater
Confidential Manufacturing Facility, lllinois (In Situ | ® Soil and groundwater June 1998 to April 1999  Use of SPH to remediate chlorinated
Thermal Treatment; Six Phase Heating) (34,600 yd ) solvents in soil and groundwater
Visalia Superfund Site, California (In Situ Thermal Groundwater June 1997 to mid-1p99 Use of HPO/DUS for treatment of
Treatment; Dynamic Underground Stripping) guantity of creosote in groundwater
Fort Devens, AOCs 43G and 43J, Massachusetts [ J Groundwater March 1997 to June Intrinsic remediation for a site
(Monitored Natural Attenuation) 1999 contaminated with BTEX
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Table 1. Summary of Remediation Case Studies (continued)
Principal
Contaminants*
0| =
2|_|3|2
Slo
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SRIEE HE Media Project
Site Name, State (Technology) olal||S|=[8 (Quantity Treated**) Duration Highlights
Keesler Air Force Base Service Station, AOC-A [ [ Soil, groundwater, and September 1997 to Agril  Monitored natural attenuation for a
(ST-06), Mississippi (Monitored Natural Attenuation soil gas 1999 gasoline contaminated site
Kelly Air Force Base, Former Building 2093 Gas [ Soil, groundwater, and July 1997 to July 1994 Monitored natural attenuation for a
Station, Texas (Monitored Natural Attenuation) soil gas gasoline-contaminated site
Fry Canyon, Utah (Permeable Reactive Barrier) ® | ® | Groundwater Ongoing, data from Demonstration of three types of PRBs
(33,000 ff or 200,000 September 1997 to treat uranium-contaminated groundwgter
gallons) September 1998
Moffett Field Superfund Site, California (Permeable | @ Groundwater April 1996 to &cember | Demonstration of PRB to remediate
Reactive Barrier) 1997 groundwater contaminated with chlorinated
solvents
Tacony Warehouse, Pennsylvania (Permeablcive | @ Groundwater (393,165 May 1998 through 2001  Use of an extraction well surrounded
Barrier; Pump and Treat) gallons during the first (projected) permeable reactive media at site
year) contaminated with chlorinated solvents.
Debris/Solid Media Treatment
Lawrence Livermore National Laboratory, California| @ [ Waste streams from Not identified Pilot-scale demonstration of the DCO
(Chemical Reduction/Oxidation; Direct Chemical LLNL operations process to treat a variety of organic
Oxidation) agueous waste streams
Savannah River Site, South Carolina (Chemical @ | Organic wastes 1996 to 1997 Demonstrate acid digestion of organic|
Reduction/Oxidation) wastes as an alternative to incineration
Argonne National Laboratory - East, lllinois (Physicgl @ | Debris (concrete) August 1997 to Demonstration of a remotely-controlledl
Separation) September, 1997 concrete demolition system to remove
radioactively contaminated concrete
Argonne National Laboratory - East, lllinois (Physicgl @ | Debris (concrete floor) Not identified Demonstration of a remotely-operated
Separation) scabbler to decontaminate radioactive
concrete flooring
Fernald Site, Ohio (Physical Separation) @ | Debris August 1996 to Demonstration of soft blast media to clgan
September 1996 swdes contaminated with uranium




Table 1. Summary of Remediation Case Studies (continued)
Principal
Contaminants*
gl €
IREE
oo
HEE R
31215|5] |2
HEIEIHRE
Slx|c|8|2|5
SRIEE HE Media Project
Site Name, State (Technology) olal||S|=[8 (Quantity Treated**) Duration Highlights
Hanford Site, Washington (Physical Separation) @® | Debris (concrete) (54%t )| November 1997 Demonstration of a light weight hand-held
grinder to decontaminate radioactive
concrete surfaces
Hanford Site, Washington (Physical Separation) @ | Debris (concrete) November 1997 Demonstration of a concrete shaver tg
decontaminate radioactive concrete
surfaces
Hanford Site, Washington (Physical Separation) @ | Debris (contaminated January 1998 First demonstration of the hand-held
concrete walls and concrete spaller on contaminated surfafes
floors) (4.6m )
Argonne National Laboratory - East, lllinois o Salt-containing waste Not identified Demonstration of phosphate-bonded
(Solidification/Stabilization) streams ceramics to stabilize a variety of high shlt-
containing wastes
Clemson University, South Carolina [ Incinerator fly ash 1995 Treatability study of stabilization of mixgd
(Solidification/Stabilization) waste fly ash using a sintering process
Hanford Site, Washington (Solidification/Stabilizatiop) ® | ® | Process waste streams Not identified Treatability study of various polyester fesins
to stabilize high salt-containing mixed wasfe
Idaho National Engineering and Environmental @ | Soil and debris Summer 1994 to Field demonstration of innovative jet
Laboratory, Idaho (Solidification/Stabilization) Summer 1996 grouting and retrieval techniques tha{ are
applicable to TRU wastes
Idaho National Engineering and Environmental [ Process waste streams 1997 to 1998 Demonstration of polysiloxane to
Laboratory, Idaho (Solidification/Stabilization) encapsulate high-salt content wastes
Idaho National Engineering and Environmental [ Liquid mercury (75 kg) 1998 Demonstrate amalgamation of elementgl
Laboratory, Idaho (Solidification/Stabilization) mercury
Los Alamos National Laboratory, New Mexico [ Liquid mercury (132 kg) 1998 Demonstrate amalgamation of elementgl
(Solidification/Stabilization) mercury
Los Alamos National Laboratory, New Mexico o ® | ® | Sludge (1,253 Ibs) September 1997 to Demonstrate stabilization of low level
(Solidification/Stabilization) Laboratory Wastes September 1998 mercury in radioactive wastes




Table 1. Summary of Remediation Case Studies (continued)
Principal
Contaminants*
AE
IREE
Slo

HEE R

() a 3

HEEEIRE

HEIEIHRE

Slx|c|8|2|5

SRIEE HE Media Project

Site Name, State (Technology) olal||S|=[8 (Quantity Treated**) Duration Highlights
Pacific Northwest National Laboratory, Washington [ Salt waste surrogates Not identified Laboratory testing of the sol gel proceps to
(Solidification/Stabilization) stabilize high salt content waste
Portsmouth Gaseous Diffusion Plant, Ohio ® | ® | lon exchange resin 1998 Demonstrate stabilization of low level
(Solidification/Stabilization) (160 kg) mercury in radioactive wastes
Idaho National Engineering and Environmental ® | ®@ | Wastes - including slag, 1997 to 1998 Demonstrate DC arc plasnaecéutm treat
Laboratory, Idaho (Vitrification) plutonium-238 waste, a variety of wastes from DOE facilities|
neutron generators
STAR Center, Idaho (Vitrification) ® | ® | Fly ash, soil, sludges, 1993 to 1997 Demonstration of a plasma hearth furpace
debris to treat metals and radionuclides in a
variety of waste types

* Principal contaminants are one or more specific constituents within the groups shown that were identified during giédiamgesti
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Table 2. Remediation Case Studies: Summary of Cost Data

Quantity of Key Factors
Technology Cost Quantity of Media Contaminant Calculated Unit Cost Potentially Affecting
Site Name, State (Technology) % Treated Removed for Treatmeht Technology Costs**f
In Situ Soil Treatment
Dover Air Force Base, Building 719, Delaware Not provided 450,000 Ibs Not provided Not provided Not provided

(Bioventing)

rea

Multiple Air Force Test Sites, Multiple Locations P: $92,300 200 to 270,000 Not provided P: $10 to $60 per ¢ubic Volume akshil
(Bioventing) cubic yards per site yard with lower costs for

sites with >10,000 yds
White Sands Missile Range, SWMU 143, New Mexico  P: $798,163 Not provided Not provided P: $43 to $100 pey cubic  Size of the walste sit

(Chemical Reduction/Oxidation)

yard

Active Power Substation, Confidential Location
(Electrokinetics)

Not provided

Not provided

Not provided

Not provided

Not provided

Naval Air Weapons Station Point Mugu, Site 5,
California (Electrokinetics)

Not provided

Not provided

Not provided

Not provided

Not provided

Sandia National Laboratories, Unlined Chromic Acid
Pit, New Mexico (Electrokinetics)

Not provided

Not provided

Not provided

Not provided

Not provided

Former Mare Island Naval Shipyard, California (In
Situ Thermal Treatment; In Situ Thermal Desorption

Not provided

Not provided

Not provided

$100 to $250 per t
(vendor estimate)

PN

Not provided

Fort Richardson Poleline Road Disposal Area, OU H, $967,822 3,910 cubic yafds Not provided $189 to $288 pef cubic Availabgityoand
Alaska (In Situ Thermal Treatment; Six Phase Heatipg) yard, $726 to $2,552 per  power

Ib of contaminant

removed
Argonne National Laboratory - West, Waste Area P: $2,247,000 Not provided Not provided Not provided Amount of time

Group 9, OU 9-04, Idaho (Phytoremediation)

to meet goals and size
of area treated

needed

Ensign-Bickford Company - OB/OD Area, Connectid
(Phytoremediation)

ut  Not provided

Not provided

Not provided

Not provided

Not provided

Twin Cities Army Ammunition Plant, Minnesota
(Phytoremediation)

Not provided

Not provided

Not provided

$30.34 per cubic ya
soil per year ($153 per
cubic yard over the life of
the project)

d of

to meet goals and size
of area treated

Amount of time peeded

Patrick Air Force Base, Active Base Exchange Serv
Station, Florida (Soil Vapor Extraction - Biofiltration)

ce  Not provided

Not provided

Not provided

$18.66 to $38.06
(costs estimates were
provided by other
vendors)

per kg

rate

Contaminant

concentration and|flow

11



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

Site Name, State (Technology)

Technology Cost
(3

Quantity of Media
Treated

Quantity of
Contaminant
Removed

Calculated Unit Cost
for Treatmeht

Key Factors
Potentially Affecting

Technology Costs**

Patrick Air Force Base, Active Base Exchange Serv
Station, Florida (Soil Vapor Extraction - Thermal
Destruction)

ce

Not provided

Not provided

Not provided

Operating costs g
to $15.40 per kg TVH
destroyed, $97 to $550
per kg of BTEX
destroyed

f$0.83  Contaminant

concentration and
supplemental fuel

requirement

Vandenberg Air Force Base, Base Exchange Service DEMO: $36,634 Not provided 570 gals of DEMO: $23 per kg of Contaminant
Station, California (Soil Vapor Extraction - Resin hydrocarbons hydrocarbon removegd concentration and flow
Adsorption) rate
Idaho National Engineering and Environmental P: $67,860 Not provided Chlorinated P: $100 per cubic fyard Size of contanjinated
Laboratory, Pit 2, Idaho (Soil venting BERT ) solvents ranged area and length of
from 0.25t0 2.9 operation
gms/day
Incineration
Former Weldon Springs Ordnance Works, OU 1, $13,665,997 30,000 tons Not provided Not provided Types and properties of
Missouri (Incineration (on-site)) (18,000 cubic materials treated (sych
yards) as moisture content,
85,230 feet of BTU value)
pipeline
Thermal Desorption
Arlington Blending and Packaging Superfund Site, C: $4,293,893 41,431 tons Not provided $105 per ton Types and properties of
Tennessee (Thermal Desorption) O: $62,351 materials treated such
as moisture content angl
types of contaminants
(pesticides)
Letterkenny Army Depot Superfund Site, K Areas, $4,647,632 13,986 cubic yards Not provided $220 per cubic yard Types andbprgperties
OU1, Pennsylvania (Thermal Desorption) materials treated such
as moisture content angl
types of contaminants
(high oil and grease
content)
Longhorn Army Ammunition Plant, Burning Ground $4,886,978 32,293 cubic yafds Not provided $151 per cubic yafd Types and properties o
No. 3, Texas (Thermal Desorption) (51,669 tons) materials treated STjCh
as moisture content an
types of contaminants
(solvents)
Rocky Flats Environmental Technology Site, Trenches  $1,934,203 3,796 cubic yards Not provided $350 per cubic yird Use oflradiolpgica

T-3 and T-4, Colorado (Thermal Desorption)

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

Site Name, State (Technology)

Technology Cost
(3

Quantity of Media
Treated

Quantity of
Contaminant
Removed

Calculated Unit Cost
for Treatmeht

Key Factors
Potentially Affecting
Technology Costs**

Other Ex Situ Soil Treatment

Joliet Army Ammunition Plant, Illinois
(Bioremediation (ex situ) Slurry Phase)

Not provided

Not provided

Not provided

P: $290 to $350 per
cubic yard

Use of additives 4
frequency of
replacement

Fort Polk Range 5, Louisiana (Physical Separation gnd DEMO: $1,169,000 DEMO: 835 tpns Not provided DEMO: $1,400 per ton Vaktme of w

Acid Leaching) P: $17,00,000 PC: 10,000 tons P: $170 per ton treated and level off
treatment required to
regenerate leachate

Los Alamos National Laboratory, Technical Area 33 $275,745 2,526 cubic yards Not provided $109 per cubic ydrd Quantity of material

New Mexico (Physical Separation; Segmented Gate processed

System)

Pantex Plant, Firing Site 5, Texas (Physical Separafion; $203,887 294 cubic yardls Not provided $111 per cubic yard Quantdly of mater

Segmented Gate System) processed

Sandia National Laboratories, ER Site 16, New $164,109 661.8 cubic yalds Not provided $236 per cubic ygrd Quantity of material

Mexico (Physical Separation; Segmented Gate System) processed

Sandia National Laboratories, ER Site 228A, New $220,040 1,352 cubic yards Not provided $154 per cubic ygrd Quantity of material

Mexico (Physical Separation; Segmented Gate System) processed

Tonapah Test Range, Clean Slate 2, Nevada (Physjcal $138,126 333 cubic yards Not providep Not provided Quantity of material

Separation; Segmented Gate System)

processed

RMI Titanium Company Extrusion Plant, Ohio Pilot: $638,670 64 tons (38 batghes)  Not provided P: $250 to $350 ger ton Contaminant
(Solvent Extraction) of soil concentrations and
amount of heating
required for solvent
Oak Ridge National Laboratory, Tennessee C: $5,000,000 16,000 Ibs of gond Not provided Not provided Size of area tr{
(Vitrification) AO: $10 to $44 per | and neutralization energy requirements;
kg of waste sludge and level of emission

controls required

bated;

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

Quantity of Key Factors
Technology Cost Quantity of Media Contaminant Calculated Unit Cost Potentially Affecting
Site Name, State (Technology) (3§ Treated Removed for Treatmeht Technology Costs**f
Pump and Treat
Fort Lewis Logistics Center, Washington (Pump andg $5,208,000 2.147 million 2,772 Ibs of TCE Not provided Length of system
Treat) gallons (through (through 9/97) operation; presence |of
8/98) DNAPL
In Situ Groundwater Treatment
Abandoned Manufacturing Facility - Emeryville, $400,000 Not provided Not provided Not provided Size of area treated;
California (Bioremediation (in situ) Groundwater) amount and frequency
of molasses injections
required
Avco Lycoming Superfund Site, Pennsylvania C: $220,000 Not provided Not provided Not provided Size of area treated;
(Bioremediation (in situ) Groundwater) AO: $50,000 amount and frequency
of molasses injections
required
Dover Air Force Base, Area 6, Delaware C: $285,563 Not provided Not provided Not provided Size of area tregted;
(Bioremediation (in situ) Groundwater) O: $522,620 (for 15 amount and type of
months) additives
Edwards Air Force Base, California (Bioremediation C: $323,452 Not provided 12,132 cubic rpeters  Not provided Size of areadre¢ated; t
(in situ) Groundwater) O: $14,354 contaminated aquifers
Hanford 200 West Area, Washington (Bioremediatign Not provided Not provided Not provided P: $5.80 per cubid meter Plume size - cpst
(in situ) Groundwater) effective for small
plumes (100 m
diameter)
Moffett Field Superfund Site, California Not provided Not provided Not provided Not provided Not provided
(Bioremediation (in situ) Groundwater)
Naval Weapons Station Seat&h, California DEMO$875,000 Not provided Not provided P: $4,340 per gallon of Size of area treategl; for
(Bioremediation (in situ) Groundwater) P: $1,085,000 fuel demo, analytical costs
Watertown Site, Massachusetts (Bioremediation (in DEMO: $150,090 Not provided Not provided Not provided Not provided
situ) Groundwater)
Savannah River Site, South Carolina (Bioremediatign PC: $452,407 Not provided 17,000 Ibs VCs Not provided Size of area trpated;
(in situ) Groundwater) PAO: $236,465 DNAPL present
Texas Gulf Coast Site, Texas (Bioremediation (in situ)  C: $600,000 Not provided Not provided Not provided Size of area trejpted; use
Groundwater) AO: $100,000 of methanol as additive

Hanford Site, 100-H and 100-D Areas, Washington

Not provided

(Chemical Reduction/Oxidation)

Not provided

Not provided

Not provided

Not provided
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Table 2. Remediation Case Studies: Summary of Cost Data (continued)

Quantity of Key Factors
Technology Cost Quantity of Media Contaminant Calculated Unit Cost Potentially Affecting
Site Name, State (Technology) (3§ Treated Removed for Treatmeht Technology Costs**f
Portsmouth Gaseous Diffusion Plant, X-701B Facility, = DEMO: $562,000 Not provided Not provided P: $64 per cubic yprd Size afeatea tre
Ohio (Chemical Reduction/Oxidation) P: $516,360 DNAPL present
Milan Army Ammunition Plant, Tennessee P: $3,466,000 Not provided Not provided P: $1.78 per 1,000 Type of system|used
(Constructed Wetlands) gallons of groundwater (gravel vs. lagoon-
based), size of area
treated, and climate
328 Site, California (Dual-Phase Extraction) C: $300,000 Not provided 1,220 Ibs VOCs $53 per cubic yard Use of pneumdtic
O: $550,000 (based on treatment of fracturing;
16,000 cubic yards) contamination in two
aquifer zones
Defense Supply Center, Acid Neutralization Pit, Treat: $538,490 17 million gallops 145 Ibs VOCs| Treat: $0.03 per dallon Volumelwhtgr
Virginia (Dual-Phase Extraction) of groundwater treated; contaminatipn
confined to upper
aquifer
Tinkham's Garage Superfund Site, New Hampshire $1,500,000 9,000 cubic ygrds Not provided $170 per cubic yard Size of area [reated;
(Dual-Phase Extraction) contamination in two
aquifer zones
Oak Ridge National Laboratory, Tennessee (Frozen DEMO: $1,809(000  Not provided Not provided Not provided Complex hydrpgeology
Soil Barrier) due to presence of
fractured bedrock
Savannah River Site, Aiken, South Carolina Not provided Not provided Not provided Not provided Not provided
(Horizontal Wells)
Naval Air Station Pensacola, OU 10, Florida (In Sity DEMO Not provided Not provided Not provided Volume of reagept
Oxidation; Fenton's Reagent) C: $97,018 injected and frequency
O: $81,320 of injections
Naval Submarine Base Kings Bay, Georgia (In Situ Phase 1: $223,000 Phase 1: 78,989 Not provided Not provided Volume of repgent
Oxidation; Fenton's Reagent) gallons injected and frequency

of injections

Confidential Manufacturing Facility, lllinois (In Situ
Thermal Treatment; Six Phase Heating)

Not provided Not provided

Not provided

$32 per cubic yard

Size of arel treat
power requirements

[¢)

Visalia Superfund Site, California (In Situ Thermal
Treatment; Dynamic Underground Stripping)

Not provided Not provided

141,000 gal of
creosote

P: $39 per cubic ygrd

Groundwettene
capacity and plumg

ktra
size

Fort Devens, AOCs 43G and 43J, Massachusetts
(Monitored Natural Attenuation)

$671,642
PAO: $50,000

Not provided

Not provided

Not provided

Length of remg
monitoring

diation;

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

d

Quantity of Key Factors
Technology Cost Quantity of Media Contaminant Calculated Unit Cost Potentially Affecting
Site Name, State (Technology) (3§ Treated Removed for Treatmeht Technology Costs**
Keesler Air Force Base Service Station, AOC-A PO: $15,000 pe Not provided Not provided Not provided Length of reme
(ST-06), Mississippi (Monitored Natural Attenuation event monitoring

requirements

Hiation;

Kelly Air Force Base, Former Building 2093 Gas
Station, Texas (Monitored Natural Attenuation)

Not provided

Not provided

Not provided

Not provided

Not provided

Fry Canyon, Utah (Permeable Reactive Barrier)

DEMO C: $674,
PAO: $55,000 to
$60,000

000

(200,000 gallons
through 9/98)

33,000 cubic f

pet

Not provided

Not provided

daqivefmedia;
size of PRB

Moffett Field Superfund Site, California (Permeable

PC: $4,910,942

Not provided

Not provided

Not provided

Size of PRB an

d type of

Reactive Barrier) PAO: $72,278 reactive material;
projected costs assumg
PRB constructed in twg
sections
Tacony Warehouse, Pennsylvania (Permeabbcive | $607,336 393,165 gallons Not provided Not provided Size of PRB and ty
Barrier; Pump and Treat) C: $416,777 during the first yegar eactive material
AO: $16,880

Other: $132,417

pe of

Debris/Solid Media Treatment

Lawrence Livermore National Laboratory, California
(Chemical Reduction/Oxidation)

Not provided

Not provided

Not provided

P: $9.88 per kg of
in the waste if oxidant
recycled; $79 per kg of
carbon if not recycled

arbon

Amount aficarb
waste stream; whethg
oxidant is recycled

o
>

Savannah River Site, South Carolina (Chemical
Reduction/Oxidation)

P: $2,000,000 t
$8,000,000

Not provided

Not provided

Not provided

Physical and ¢
characteristics of wastg]
stream; volume treated

hemical

Argonne National Laboratory - East, Argonne, lllinoi
(Concrete Scabbling)

3 C: $165,000
O: $1,995/day

Not provided

Not provided

Not provided

Area and depth
concrete surface treate
extent of particulate
controls used

1=

Fernald Site, Fernald, Ohio (Soft Media Blasting)

Not provided

Not provided

Not provided

DEMO: $4.60 per
foot

bquare

size and depth of
concrete surface treate
noise protection used

Grade of media used;

Hanford Site, Hanford, Washington (Concrete Grind

pr)  C: $854 (purchd

se);

$75/week (rental)

54 square fee

Not providetr

Not provided

Size and depf

concrete surface treate

16



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

Quantity of Key Factors
Technology Cost Quantity of Media Contaminant Calculated Unit Cost Potentially Affecting
Site Name, State (Technology) (3§ Treated Removed for Treatmeht Technology Costs**
Hanford Site, Washington (Concrete Shaver) C: $17,861 Not provided Not provided $1.32 per square foot Size and dept

concrete surface treate

h of

Hanford Site, Washington (Concrete Spaller)

Not provided

4.6 square met

PI's

Not provided

$128 per squarg)

meter Size and def
concrete surface treate

th of

Argonne National Laboratory - East, Illinois
(Phosphate Bonded Ceramic Stabilization)

PC: $2,000,000
PO: $6,510 per
cubic meter of wastdg

Not provided

Not provided

Not provided

Salt loading in Wj
types and
concentrations of heavy
metals

hste;

Clemson University, Clemson, South Carolina
(Stabilization Using Clemson’s Sintering Process)

Not provided

Not provided

Not provided

Not provided

Not provided

Hanford Site, Hanford, Washington (Polyester Resi
Encapsulation)

PC: $2,000,000
PO: $5,940 per
cubic meter of wastdg

Not provided

Not provided

Not provided

Salt loading in
types and
concentrations of heavy
metals

Wwaste;

Idaho National Engineering and Environmental
Laboratory, Idaho (Innovative Grouting and Retrievg

)

P: $19,000,000
(1-acre);
$64,000,000(4-acre

Not provided

Not provided

Not provided

Size of area tre
physical and chemical
characteristics of waste)

hted;

Idaho National Engineering and Environmental
Laboratory, Idaho (Polysiloxane Stabilization)

Not provided

Not provided

Not provided

cu

$8 per pound ($57,
bic foot) of salt waste

3 per

Salt loading in

types and
concentrations of heavy
metals

waste;

ste

bte

Idaho National Engineering and Environmental Not provided 75 kg of mercuny Not provided P: $300 per kg (bgsed on  Quantity of wa
Laboratory, Idaho (Amalgamation of Mercury using treating more than 1,500  treated (costs
the NFS De HY" Process) kg) prohibitive for small
quantities)
Los Alamos National Laboratory, New Mexico Not provided 132 kg of mercufy Not provided P: $300 per kg (baged on  Quantity of wa:
(Amalgamation of Mercury using the ADA Process) treating more than 1,500  treated (costs
ka) prohibitive for small
guantities)
Los Alamos National Laboratory, New Mexico Not provided Not provided 1,253 Ibs of slufige,  Not provided Not provided
(Solidification/Stabilization - GTS Duratek Process) 3 containers of
laboratory wastes

Pacific Northwest National Laboratory, Washington
(Solidification/Stabilization - Sol Gel Process)

P: $600,000 to
$1,000,000

Not provided

Not provided

Not provided

Salt loading in
types and
concentrations of heavy
metals

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

Quantity of Key Factors
Technology Cost Quantity of Media Contaminant Calculated Unit Cost Potentially Affecting
Site Name, State (Technology) (3§ Treated Removed for Treatmeht Technology Costs**
Portsmouth Gaseous Diffusion Plant, Ohio PC: 30,000 160 kg of resin Not provided $1.73 per kg Types and

(Solidification/Stabilization)

PO: $95 per hour

concentrations of heavy
metals

Idaho National Engineering and Environmental
Laboratory, Idaho (Graphite Elctrode DC ARC
Furnace)

PC: $50 to $80
million
PO%$12 to $18
million (startup);
$48 to $62 million
(for 5yrs)

Not provided

Not provided

P: $7,400 to $10,4
cubic meter (based or]
17,000 cubic meters)

00 per  Physical atrg
of waste (moisture
content); cost of pov

hcterist

er

STAR Center, Idaho (Plasma Hearth Process)

PC: $50 to 86.2
million
PO: $12 to $18
million (startup);
$48 to 62 million

(for 5 yrs)

Not provided

Not provided

P: $7,400 to $10
cubic meter

800 per  Physical cha
of waste (moisture
content); cost of power

acteristi

2

Actual full-scale costs are reported unless otherwise noted.
Cost abbreviation: AO = annual operation and maintenance (O&M) costs, C = capital costs, D = disposal costs, DEMO =idarnoststr& = total O&M costs,

