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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
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(Bioventing) bioventing to treat chlorinated solvents in
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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
Vandenberg Air Force Base, Base Exchange Service | ® Soil vapors February 1994 to June Demonstration of treatment of extract
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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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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)
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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
HEEE R
AN=|2|x 3
HE R FIE
HEIEIHRE
=|x[2|8]|2|5
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
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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**

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

14



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
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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**
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,

P = projected costs, Pilot = pilot-scale costs.
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Cometabolic Bioventing at Building 719,
Dover Air Force Base, Dover Delaware

Site Name:
Dover Air Force Base, Building 719

Location:
Dover, Delaware

Period of Operation:
Propane acclimation period: December 1997 to April 1998
Bioventing operation: May 1998 to July 1999

Cleanup Authority:
CERCLA

Purpose/Significance of Application:
Field demonstration of in situ cometabolic bioventing to treat chlorinated
solvents in soil

Cleanup Type:
Field demonstration

Contaminants:

Chlorinated Solvents

» Maximum concentrations of chlorinated aliphatic hydrocarbons (CAHS) i
soil found during site investigations were TCE (250 mg/kg); TCA (1,000
mg/kg); DCE (20 mg/kg)

» Estimated mass of CAH in test plot - 26 pounds; TCA made up
approximately 70% of the total estimated mass of contaminants

» Soil in the area is sand with varying amounts of clay, silt and gravel. So

n

permeability is 1.9x10 to 7.0x£0 ém.

Waste Source:
Discharges to a drainage ditch an
sanitary sewer; leaks from
underground and above groun

E tanks

Contacts: Technology:
EPA Remedial Project Manager:
Darius Ostrauskas

Remedial Project Manager

U.S. EPA Region 3

1650 Arch Street (3HS50)
Philadelphia, PA 19103

(215) 814-3360
ostrauskas.darius@epa.gov

of 4,506 ft of soil

EPA Contact for Demonstration:

In Situ Bioremediation; Cometabolic Bioventing
» Test plot - approximately 30 ft long, 20 ft wide, and 10 ft deep with a vol

« Three injection wells, screened to a depth of 10 ft bgs

* A blower and a mass flow controller were used to inject a mixture of a

propane (300 ppm in air) through the three wells at a rate of 1 cfm
13 soil gas monitoring points to monitor soil gas conditions throughou
demonstration. Each soil gas monitoring point was equipped with two
probes (one at a depth of 4-5 ft and one at a depth of 8-9 ft bgs); an

11 “temporary” soil gas monitoring points were used during initial air

permeability testing, and during system operation, to monitor soil gas

lhime

' and

the
kas
dditional

Dr. Gregory Sayles

U.S. EPA (mail stop 420)

26 W. Martin Luther King Drive
Cincinnati, OH 45268

(513) 569-7607

Fax: (513) 569-7105

E-mail: sayles.gregory@epa.gov

Type/Quantity of Media Treated:

Soil/ 450,000 Ibs, based on an assumed density of 100 Ibs/ft

Regulatory Requirements/Cleanup Goals:

The objectives of the pilot test included evaluating in situ cometabolic bioventing to treat chlorinated solvents in

to collect data for potential full-scale application of the technology at the site

oil and

Results:

» After 14 months of operation, concentrations of TCE, TCA, and DCE were reduced in the soil in the test area

» Reductions included TCE from >10 mg/kg to <0.25 mg/kg; TCA from >100mg/kg to <0.5mg/kg; and DCE from

>20mg/kg to <0.25mg/kg

Costs:
Not provided
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Cometabolic Bioventing at Building 719,
Dover Air Force Base, Dover Delaware

Description:
Dover Air Force Base (AFB), located in Dover, Delaware, is a 4,000 acre military installation that began operating in
1941. Building 719 is a jet engine inspection and maintenance shop where a variety of materials, including solvgnts and
fuel, were used un base operations. Until the mid-1960s, wastes from the shop were discharged to a drainage djtch and
sanitary sewer. During site investigations, leaking tanks were identified in the area to the northeast of the shop, jand soll
and groundwater at the site was found to be contaminated with chlorinated solvents. Dover AFB was listed on the
National Priorities List in March 1989. As part of the interim ROD for the site, a pilot test of in situ cometabolic
bioventing was conducted at Building 719 to evaluate the ability of the technology to remove CAHs. The test pld
selected for the pilot study was an area contaminated with high concentrations of CAHs. Prior to the pilot test, Iﬁboratory
tests were performed on soils from the test plot area to evaluate candidate substrates. Propane was selected bgcause of its
ability to stimulate cometabolic activity towards both TCA and TCE.

the lowest expected water table elevation. In addition, soil gas conditions were monitored throughout the demorstration
using soil gas monitoring points. In situ cometabolic bioventing was successful in reducing CAH concentrationsfjn test
plot soils. After 14 months of operation, TCE and DCE were reduced to concentrations of less than 0.25 mg/kg{fand TCA
was reduced to concentrations of less than 0.5 mg/kg. According to the researchers for the pilot test, results of Jaboratory
treatability testing identified propane as a useful cosubstrate for driving the cometabolism of TCE and TCA. "al

The bioventing system used for the pilot test included three injection wells, screened to a depth of 10 ft bgs, whi'Hh was
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Bioventing at Multiple Air Force Test Sites

Site Name:

Multiple Air Force Test Sites (145 total; refer to case study for names and

locations of each test site)

Location:
Multiple locations throughout

Period of Operation:

» Overall program: April 1992 to December 1995
» Each test: varied by site; typical operation about one year

Cleanup Authority:
Sites are being addressed undef
CERCLA, RCRA, and state
underground storage tank programg

Purpose/Significance of Application:

Major initiative to demonstrate the feasibility of bioventing to remediate
petroleum-contaminated soil at 145 Air Force sites

Cleanup Type:
Pilot scale

Contaminants:

Benzene, Toluene, Ethylbenzene, and Xylenes (BTEX) and Total Petroleu

Hydrocarbons (TPH)

» Data provided for average initial concentrations of BTEX and TPH in soil
and soil gas (based on 328 samples from 100 test sites)

» Average BTEX constituent concentrations in soil (soil gas) - benzene - 106
mg/kg (88 ppmv); toluene - 250 mg/kg (13 ppmv); ethylbenzene - 276 mg/kg
(64 ppmv); xylenes - 1,001 mg/kg (46 ppmv)

» Average TPH concentration in soil - 3,301 mg/kg; Total Volatile
Hydrocarbons (TVH) in soil gas - 22,555 ppmv

Waste Source:
m
tanks, including tanks used to stor

oils, and waste oils

Contacts:

Air Force Contact:

Lt. Col. Ross N. Miller
U.S. Air Force Center for
Environmental Excellence
Brooks, AFB

Texas

Telephone: 210-536-4331

Technology:
In Situ Bioventing
 Specific configuration varied by site for number, depth of vent (air inject
wells, number of monitoring wells, and blower size and type
» Typical configuration included vent wells (1 to 9 per site; depths -7 to |

Leaks from underground storEge

gasoline, JP-4, diesel fuel, hedfing

on)

33

feet below ground surface); vapor monitoring wells (1 to 6 per site); blpwer

(1 to 5 horsepower; either rotary vane or regenerative)
» Horizontal vent wells used at five sites

Type/Quantity of Media Treated:
Soil

» Quantities treated at each test site ranged from 200 to more than 270,0[)0

cubic yards; based on radius of influence of vent well(s) at each site

» Soil gas permeability - about 20% of the test sites contained greater thzm 50%
t

silt and clay fractions; the radius of oxygen influence from a single ven
was equal to or greater than the contaminated area at about 50% of thg
sites

» Soil pH - pH ranged from 5 to 9 at the majority of sites

» Soil moisture - ranged from 5% to 20% at the majority of sites

» Total Kjeldahl nitrogen - ranged from <50 to 200 mg/kg at the majority of
sites

ell
test

» Soil temperature - not measured at each site; soil temperatures bef@eer) 0

and 25C observed at test sites

Regulatory Requirements/Cleanup Goals:
» The objectives of the bioventing initiative included documenting the ability of bioventing to remediate petroleufp-

contaminated soils in a variety of conditions, and obtaining a significant set of bioventing data
* No specific cleanup goals were identified for the test sites
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Bioventing at Multiple Air Force Test Sites

Results:

Results from data collected after one year of bioventing (328 sampling locations at 100 sites):

» Average reduction in BTEX concentrations of 97% in soil and 85% in soil gas; average TPH concentrations rgduced by
24% in soil; average TVH concentrations reduced by 90% in soil gas

» Biodegradation rates measured at the test sites - at start of test ranged from <300 mg/kg/yr to >6000 mg/kg/yll average
1,200 mg/kglyr

» Average biodegradation rate decreased to 700 mg/kg/yr, as a result of the decreasing bioavailability of hydrodarbons
over time

» Bioventing was effective in a variety of climate conditions, ranging fré@ifi Alaska to 25C in California; higher
biodegradation rates were observed in warmer climates

» A combination of high moisture content and fine-grained soils made bioventing infeasible at only two of the 14b test
sites

Costs:

» The average actual cost for design, installation, and 1-year of operation of pilot-scale bioventing at a single vgnt well
site was $60,000

» The projected cost of full-scale bioventing generally ranges from $10 to $60 per cubic yard of soil treated

At sites with more than 10,000 cubic yards of contaminated soil, costs are less than $10 per cubic yard; at sitgs with
less than 500 cubic yards of contaminated soil, costs are greater than $60 per cubic yard

» Projected costs for a typical full-scale bioventing system (defined as an Air Force site with 5,000 cubic yards dff soil
contaminated with 3,000 mg/kg of JP-4 fuel; bioventing system consisting of four vent wells at a depth of 15 fget,
operated for two years) - $92,300, including $27,000 for pilot testing and $27,500 for full-scale construction

Description:
In April 1992, the Air Force Center for Environmental Excellence (AFCEE), in cooperation with the Air Force Arnjjstrong
Laboratory and the U.S. Environmental Protection Agency, began an initiative to demonstrate the feasibility of ugeng
bioventing to remediate petroleum contaminated soils in a variety of climatic, soil, and contaminant conditions. Between
April 1992 and December 1995, initial bioventing tests were conducted at 145 Air Force sites throughout the coUntry.

The pilot-scale systems included vent (air injection) wells, monitoring wells, and blowers. The specific configurafjon
varied by test site, and horizontal vent wells were used at five of the sites. Concentrations of BTEX and TPH were
measured in soil and soil gas from over 300 sampling locations at 100 sites at the start of bioventing operations gnd after
one year of operation. Results showed that bioventing was effective in reducing concentrations of BTEX and THH in soll
and soil gas in a variety of site conditions. Soil BTEX and TPH concentrations were reduced by 97% and 24%,
respectively. Soil gas BTEX and TVH concentrations were reduced by 85% and 90%, respectively. According o the
Air Force, the reductions in BTEX are sufficient to meet the most conservative EPA risk-based cleanup criteria fgr soils,
and regulatory acceptance of this technology was obtained in 38 states and the 10 EPA regions. The pilot-scalg|systems
have been converted to full-scale systems at about half of the test sites, saving the Air Force an estimated $5 to|$10
million in design and construction costs.
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In Situ Gaseous Reduction System Demonstrated at White Sands Missile Range,

New Mexico
Site Name: Location:
White Sands Missile Range, SWMU 143 NM
Period of Operation: Cleanup Authority:

April - June 1998

Not identified

Purpose/Significance of Application:
Demonstrate use of injection of,H S for in situ reduction of hexavalent

chromium

Cleanup Type:
Field demonstration

Contaminants:
Heavy metals
.« Cr%

Waste Source:
Spills

Contacts:

Technical Contacts:

Ed Thornton

Pacific Northwest National
Laboratory (PNNL)

(509) 373-0358

DOE Contacts:
Jim Hanson
DOE EM50
(509) 372-4503

James A. Wright
DOE SRS
(803) 725-5608

Technology:
In Situ Gaseous Reduction (ISGR)

* ISGR involves injection of a low concentratiog H S gas mixture (100-20{)

ppmv) into soils, where it reacts with oxidized metals suct‘as Cr and
uranium, followed by extraction of gas containing reduced metals, sud
C}+

N as

» System included an injection pump, extraction pump, water knockout thnk,

scrubber, one central injection well, and six extraction wells; wells were
completed to approximately 20 ft bgs

» Treatment progress was measured by breakthrough of H S at the extrgction

wells

Type/Quantity of Media Treated:
Soil (in situ)

Regulatory Requirements/Cleanup Goals:

» Objectives of demonstration were to provide technical and cost information about ISGR; obtain operational
information; and determine site air flow characteristics

* No specific cleanup goals were identified

Results:

» After completion of the demonstration, soil samples were collected from nine boreholes; these results showed
nearly all the C¥ in the interval from 4 - 10 ft bgs was reduced - this zone contained clean white gypsum sang that
initially contained the highest concentrations of*Cr

» The mass of Ct did not change appreciably in the 10-16 ft bgs interval, which contained a brownish sand cofjtaining

gypsum plus clay

» These results suggested that the effectiveness of ISGR is limited by subsurface heterogeneities, with channe
injected gases in the most permeable white sand

» Comparison of pre- and post-demonstration soil samples showed that >70% &f the Cr mass was reduced, afyd all post-
treatment samples had <30 mg/kg of'Cr

that

ng of the

Costs:

 Projected costs for a full-scale application of ISGR were a total cost of $798,163, of $43/yd
« Projected unit for ISGR were estimated to range as high as $100/yd , depending on the size of the waste site
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In Situ Gaseous Reduction System Demonstrated at White Sands Missile Range,
New Mexico

Description:

The White Sands Missile Range lies within the Mexican Highland Section of the Basin and Range Province.
Contamination was discovered at SWMU 143 in January 1990 when greenish-yellow soil was found in a corner §f the
equipment yard. A review of facility records indicated that several 55-gallon drums of Entec 300 had spilled direfitly onto
the ground in 1982 or 1983.

In a cooperative effort between DOE and DoD, ISGR was demonstrated at this site in the spring and summer of{{1998.

The technology involved injecting 200 ppm H S mixture into chromate-contaminated soils. Results showed that p70% of
the CF* in the soil was reduced ta®Cr during the demonstration, and that all post-treatment soil samples had <3P mg/kg

of Cr**. The amount of H S consumed during the test was greater than the amount predicted in laboratory studigls, and is
likely due to interfering reactions in the field or slower reaction kinetics. A life-cycle cost analysis suggested tha{{ISGR
should be a less expensive remedy than excavation, especially for sites where the depth of contamination is mojle than 15 -
20 ft bgs. During FY 1999-2000, a deployment is planned at the DOE Hanford site to remétiate Cr -contaminafed soils

in the 100 Area.
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Electrokinetics at an Active Power Substation (Confidential Location)

Site Name: Location:

Active Power Substation (Confidential Location) Southern U.S.

Period of Operation: Cleanup Authority:
Summer 1998 (6 month pilot-scale study) Not identified
Purpose/Significance of Application: Cleanup Type:

First field demonstration of electrokinetic remediation in the U. S. by Field demonstration

Electrokinetics, Inc.

Contaminants: Waste Source:
Heavy Metals Herbicide use
» Arsenic concentrations ranged from 1-1,400 mg/kg
Contacts: Technology:

Electrokinetics
Vendor: + Pilot-scale testing was conducted in two adjacent treatment cells — one
Laurie LaChiusa arsenic extraction and one for arsenic stabilization — each measuring |
Vice President long by 20 ft wide by 31 ft deep (18,680 ft)
Electrokinetics, Inc. « Each treatment cell had three anodes spaced 10 ft apart and one cat
11552 Cedar Part Avenue located 30 ft from the middle anode; the cathode was made of carbo
Baton Rouge, LA 70809] and inserted to a depth of 31 ft
Telephone: (225) 753-8004 « Inthe first cell, a depolarizing agent was pumped in at the cathode tg
E-mail: ekinc@pipeline.com neutral to slightly basic catholyte

binding compound into the soil mass

 The first cell (extraction) required 80 kW-hr pefyd ; the second cell
(stabilization) 74 KW-hr per yd ; for each cell, the pH was 5 and moistur
content was 25%

 Prior to the pilot-scale tests, bench-scale studies were conducted using
samples from several substation sites located in the southeastern U.S.

or
0 ft

de
steel

create a

* In the second cell, proprietary reactive anodes were used to inject an afsenic-

Isoil

Type/Quantity of Media Treated:
Soll
 Silty sands without heavy clay

« Soil properties include pH of 5 and hydraulic conductivity of 6 X 10 cmfsec

Regulatory Requirements/Cleanup Goals:
» Assess the performance of extraction and stabilization systems, and determine which configuration would yie
results for extracting arsenic and preventing off-site migration

1 the best

Results:

* Bench-scale test results showed that >99% of arsenic was extracted; tests of arsenic-binding compounds shd
soil passed both the TCLP and SPLP leachability tests

» A final report for the pilot-scale demonstration had not yet been submitted, and performance results are not a
for release to the public

* Results are expected to be available in the first quarter of 2000

wed that

ailable

Costs:
» Cost data are not yet available for release to the public; these are expected to be available in the first quarter

bf 2000
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Electrokinetics at an Active Power Substation (Confidential Location)

Description:

A large southern U.S. power company performed bench- and pilot-scale studies of electrokinetic extraction and
electrokinetic stabilization for selected arsenic contaminated sites. After extensive analysis of both the results of|bench-
scale studies on representative soils and site conditions at several substations, one active power substation site|
(confidential location) was selected for pilot-scale electrokinetic treatment. Both electrokinetic extraction and
electrokinetic stabilization configurations were explored at this site.

The pilot-scale demonstration was performed using one treatment cell for arsenic extraction, that used a depolafzing
agent, and one cell for arsenic stabilization, that used proprietary reactive anodes. Results from the bench-scalg tests
showed extraction of >99% of the arsenic from the soil, and that soil passed both TCLP and SPLP leachability tests.
Results from the pilot-scale tests are expected to be made available in the first quarter of 2000.
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Electrokinetics at Site 5, Naval Air Weapons Station Point Mugu, California

Site Name: Location:
Naval Air Weapons Station Point Mugu, Site 5 Point Mugu, California
Period of Operation: Cleanup Authority:
March 1998 - June 1999 Not identified
Purpose/Significance of Application: Cleanup Type:
Field demonstration of electrokinetics for treatment of metals in a sandy sail Field demonstration
Contaminants: Waste Source:
Heavy metals Lagoons used for wastewater
» Total concentrations of chromium up to 25,100 mg/kg and cadmium up to discharges from electroplating{and
1,810 mg/kg metal finishing activities
» TCLP concentrations of chromium were nondetect and cadmium were 10.5
mg/L
Contacts: Technology:
Electrokinetics
Technology Researcher: « Two 1/8-acre test cells; one cell (#1) contained the two former waste lagoons
Gene L. Fabian and the surrounding berms, and was an artificially confined treatment jarea
Mechanical Engineer « The second cell (#2) was an unconfined treatment area that was oper to
US Army Environmental Center groundwater and tidal effects
Attn: SFIM-AEC-ETD « Operations within test cell #2 were never initiated due to performance
5179 Hoadley Road problems observed in cell #1
APG-EA, MD 21010-5401 » An electrically nonconductive sheet pile barrier wall was installed to a lepth
Telephone: (410) 436-6847 of 20 feet around the perimeter of cell #1
E-mail: » Three rows of anode wells and two rows of cathode wells were installeg to a
gene.fabian@aec.apgea.army.mil depth of 10 ft; initial current density was 0.2 mA/cm
» By 5/98 (3 months of operation), the size of the test area was reduced ([L/16
Vendor: acre), and the current density was increased from 0.2 MA/cm to more tan
Lynntech, Inc. 0.33 mA/ch
» In 10/98 (22 weeks of operation), the field demonstration was temporarily
suspended
* From January to June 1999, system operation resumed in a further redgiced
area (approximately 500t )
Type/Quantity of Media Treated:
Soll
» Soil type was sandy soil and sediment, with 85% sand, 7% gravel, 6% gjit,
and 1% clay
» Soil properties included pH of 5.84, total organic carbon of 6,390 mg/kgﬂ
hydraulic conductivity of 0.045 cm/sec, and cation exchange capacity 01|3.9

Regulatory Requirements/Cleanup Goals:
* Metals - meet TCLP levels and California state total threshold limit concentration, and soluble threshold limit
concentration levels

Results:
* Analytical results of multiple soil and pore fluid samples were used to track the movement of heavy metals ovér time
» October 1998 results indicated that chromium was migrating towards the cathode
* June 1999 results indicated that cadmium was moving toward the surface and towards the cathode region, and that

chromium was moving toward the cathode region
» During the demonstration, elevated levels of trihalomethanes and free chlorine were found in the electrolyte sH)Iutions
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Electrokinetics at Site 5, Naval Air Weapons Station Point Mugu, California

Costs:
Not provided

Description:
The U.S. Army Environmental Center and the Engineer Research and Development Center of Waterways Expefiment
Station conducted a field demonstration of electrokinetics at a metal-contaminated site at Site 5 of Naval Air Wedpons
Station Point Mugu, California. NAWS Point Mugu comprises approximately 4,500 acres, and is located approximately
50 miles northwest of Los Angeles. Site 5, the Old Area 6 Shops, is a large area where electroplating and metal|finishing
operations were conducted. The area of study was approximately one-half acre in and around two former waste [lagoons
located in the center of Site 5. The lagoons are unlined and were used between 1947 and 1978 to receive wastgwater
discharge from electroplating and metal finishing activities. Prior to the field demonstration, extensive laboratoryjtesting
was conducted to assess the potential effectiveness of electrokinetic extraction at NAWS Point Mugu.

this technology is not considered to be sufficiently developed to be considered as a commercially available techfjology.
Issues to be resolved prior to full-scale commercialization include formation of trihalomethanes; effects on naturglly
occurring ions; a methodology for predicting treatment performance; electrode design and its effects on electric fjeld
shape and intensity; and a methodology for determining the configuration of the electrodes under field conditiong.
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Electrokinetic Extraction at the Unlined Chromic Acid Pit, Sandia National

Laboratories, New Mexico

Site Name: Location:
Sandia National Laboratories (SNL), Unlined Chromic Acid Pit New Mexico
Period of Operation: Cleanup Authority:

May 15 to November 24, 1996

Not identified

Purpose/Significance of Application:
The first field demonstration of electrokinetics for removal of contaminant ig
from arid soil

n

Cleanup Type:
S Field demonstration

Contaminants:

Waste Source:

Heavy metals (chromium) Waste pit
* Total chromium concentrations were measured in soil as high as 200 mg/kg,

up to 17 ft bgs
» TCLP chromium concentrations were measured in soil as high as 28 mg/L
Contacts: Technology:

Electrokinetics

Technology Researcher: * SNL'’s patented electrode - constructed of a porous, ceramic outer casifjg and
Dr. Eric R Lindgren an inner, iridium-coated titanium electrode; extracts contaminants by Zrlkving
Sandia National Laboratories them into water held under tension (a partial vacuum) inside the outeff casing
P.O. Box 5800  For demonstration, three rows of electrodes in144 ft area; center row|- five
Albuquerque, NM 87185-0719 anodes; outer two rows - each five cathodes
Telephone: (505) 844-3820 « Voltage applied between electrodes - 1,572 kW hrs total; current appflied to
E-mail: erlindg@sandia.gov each electrode was about 15 amps

» Additional components included a liquid control system, a vacuum contipl
system, a power application system, and a monitoring system

Type/Quantity of Media Treated:
Soil

deposits

» Water table located 485 ft bgs

» Near surface geology consists of alluvial fan deposits with some eolian

» Sediments consist of intercalated fine-to-coarse grained, well-sorted to
poorly-sorted sands, gravels, and cobbles

» Soil moisture content about 10 weight percent; conductivity is <10 mS/n

Regulatory Requirements/Cleanup Goals:

» Demonstrate extraction of chromate from unsaturated soils without addition of significant amounts of water

Results:

» 13 tests were performed in the demonstration (12 operating conditions; 1 system performance testing)

» A total of approximately 600 grams of hexavalent chromium were removed from the soil after 2700 hours of ogeration

(0.22 g/hr)

» At the system's preferred operating conditions, approximately 200 grams of hexavalent chromium were removed during

700 hours of operation (0.29 g per hour)

» After treatment, soil samples adjacent to the cathodes had total chromium concentrations of 72 ppm and TCL

concentrations less than 5 mg/L
» Addition of significant amounts of water was not required

\>J

Costs:
Not provided
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Electrokinetic Extraction at the Unlined Chromic Acid Pit, Sandia National
Laboratories, New Mexico

Description:
Sandia National Laboratories (SNL) is located southeast of Albuquerque, New Mexico, within the boundaries of Kirtland
Air Force Base. The Unlined Chromic Acid Pit is located in the Chemical Waste Landfill at SNL, which is located in

Technical Area lll. The chromium disposed of in the Unlined Chromic Acid Pit was in the form of chromic sulfuri
acids. A chromium plume resides in the vadose (unsaturated) zone beneath the pit, with the most contaminated|jhorizon
beneath the pit containing concentrations of chromium higher than 200 mg/kg.

A field demonstration oifh situ electrokinetic extraction technology was conducted at the Unlined Chromic Acid Pifto
show that chromate could be extracted from unsaturated soils on a field scale without the addition of significant mounts
of water. The field demonstration targeted the floor of the former pit at a horizon 8 to 14 feet below the surface, fvith
three rows of electrodes placed in a 12-foot by 12-foot area. Test results met the goal, with the soil samples adjgcent to
the cathodes showing total chromium concentrations of 72 ppm and TCLP concentrations less than 5 mg/L. In g@ddition,
the electrokinetic process was found to be stable over long periods of time. While SNL's electrokinetic extractiof] system
was successful in removing chromium from unsaturated sandy soil, SNL noted that the electrode system was a fesearch
prototype and was not specifically engineered for commercialization. After the 1996 field demonstration, SNL bdgan
developing a passive system, where the system is operated at a lower power, thereby avoiding the expense of agtively
cooling the electrokinetic electrode system. The new system uses a solid matrix capture system, eliminating the|peed for
the liquid control and vacuum systems.
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In-Situ Thermal Desorption at the Former Mare Island Naval Shipyard, California

Site Name: Location:
Former Mare Island Naval Shipyard California
Period of Operation: Cleanup Authority:

September to December 1997

California EPA

Purpose/Significance of Application:

Field demonstration of in situ thermal desorption to treat PCBs in shallow and

deep contaminated soils

Cleanup Type:
Field demonstration

Contaminants:
PCBs

» PCB levels were measured as high as 2,200 mg/kg, with an average of

mg/kg during a RI

Waste Source:
Contaminated wash water discharggd
220 to soll

Contacts:

Vendors:

Mr. Gary R. Brown, P.E.
Project Oversight Manager

RT Environmental Services, Inc.
215 West Church Road

King of Prussia, PA 19406
Telephone: 610-265-1510

Fax 610-265-0587

Email: grbrwn@aol.com

Mr. Vince Fredrick, Project Manager
TerraTherm Environmental Services
Inc.

19510 Oil Center Blvd.

Houston, TX 77073

Telephone: 281-925-0400

Fax: 281-925-0480

Email: vfredrick@terratherm.com

U.S. Navy Contacts:

Mr. Ken Spielman

EFA West, NAVFAC
Code 182

900 Commodore Drive
San Bruno, CA 94066
Telephone: 650-244-2539
Fax: 650-244-2553

Email:
khspielman@efawest.navfac.navy.m

Mr. Chris Lonie

EFD Pacific

Env Restoration 258 Makalapa Dr
Pearl Harbor 96860-3134
Telephone: 808-474-5962

Email:
LonieCM@efdpac.navfac.navy.mil

Technology:
In-Situ Thermal Desorption (ISTD)

Two demonstrations were conducted thermal well and a thermal blankej{
using the MU-125 (125 cfm capacity) unit
» 12 thermal/vapor extraction wells, installed to a depth of 14 ft bgs and|
screened from 6 inches to 14 ft, used to treat deeper soil
» Two thermal blankets used to treat shallow soils
Emissions control system includedfl@neless thermal oxidation unit, a hegt
exchanger, and GAC augmented with pelletized calcium hydroxide
Heating was conducted for a total of 35 days (over a period of 3 monthd) to
reach the target temperature of 8Bt four central monitoring locations
Process flow rates ranged from 38 to 82 scfm

Type/Quantity of Media Treated:
Soll

Aquifer material - siltstone/fine-grained sandstone
Groundwater depth - approximately 9 feet to 15 feet bgs
Moisture content - approximately 20%

Porosity - approximately 30%
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In-Situ Thermal Desorption at the Former Mare Island Naval Shipyard, California

Regulatory Requirements/Cleanup Goals:

» The primary performance objective for the demonstration was to treat PCBs in soil to a concentration of less than 2
mg/kg

» Off-gas limits included an HCL emission rate limit of 4.0 Ibs/hr

Results:

» All post-treatment samples had total PCB concentrations below the quantitation limit (10 ug/kg) and met the
performance objective of <2 mg/kg

* On average, the thermal wells reduced total PCBs from 53,540 ug/kg to <10 ug/kg, to a 12 ft depth

» On average, the thermal blankets reduced total PCBs from 20,607 ug/kg to <10 ug/kg, to a 1 ft depth

» The HCI emission rate limit of 4.0 Ibs/hr was not exceeded during the demonstration

» CO emissions were below 10 ppmV with a mean concentration of approximately 2 ppmV

» Total hydrocarbon emissions ranged from 0 to 8 ppmV with a median discharge rate of less than 0.002 Ib/hr gs CH

» Excess oxygen wasl2%, except during the change over to the thermal blanket

Costs:

» Actual construction and operating costs for this project are not available

» Depending on site-specific factors, the vendor has established an overall cost range of approximately $100 tq|$250 per
ton

Description:
The Former Mare Island Naval Shipyard includes an electrical workshop, known as Building 866, which was usdg@d from
1955 to 1994. From 1955 to 1978, transformers washed in the workshop contained polychlorinated biphenyl (P{LB) oils,
which were drained and washed into a 30-gallon sump through floor grates and drains. The liquid waste and slyidge that
accumulated in the sump were pumped to a 3,000 gallon grease trap near the western corner of the building. The test site
was located in the area of the former grease trap and adjacent paved areas located at the northwest corner of Blilding 866.
Levels of PCBs as high as 2,200 mg/kg were identified at the site during the remedial investigation. A demastration
In-Situ Thermal Desorption (ISTD) using thermal blankets and thermal wells was condutiiecarea by the U.S. Na

and the Bay Area Defense Conversion Action Team (BADCAT) Environmental Technology Project (ETP).

ISTD is a combination of thermal desorption and vacuum extraction, and is conducted in-situ. Two demonstratigins were
conducted (thermal well and thermal blanket) and were found to be effective in treating PCB impacted soils, achjleving the
performance objective of 2 mg/kg. The results of the demonstrations suggested minor modifications in well heater
materials, control, and monitoring to aid in more even soil heating and extend heater life and efficiency. The hedter
failures experienced on this project were attributable to the use of 316 stainless steel heater strips (rather than 310
stainless steel), and the initially high operating temperature of heaters.
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Soil Vapor Extraction Enhanced by Six-Phase Soil Heating at Poleline Road
Disposal Area, Fort Richardson, Alaska

Site Name:
Poleline Road Disposal Area (PRDA), Operable Unit B

Location:
Fort Richardson, Alaska

Period of Operation:
Treatability Study - July through December 1997

Cleanup Authority:

CERCLA and State
Record of Decision (ROD) date
August 8, 1997

Purpose/Significance of Application:
Treatability study of SVE enhanced with SPSH to treat soil contaminated with
VOCs.

Cleanup Type:
Treatability study

Contaminants:

Organic Compounds

» Volatiles (halogenated)
- 1,1,2,2-Tetrachloroethane (TCA)
- Tetrachloroethene (PCE)
- Trichloroethene (TCE)

- Maximum concentrations: 2,030 mg/kg TCA, 159 mg/kg PCE, 384 mg/kg TCE

Waste Source:
Chlorinated solvents were usgd
as a carrier for neutralization
chemicals after burning of
materials in disposal trenche

Contacts: Technology:
Project Management:

USACE, Alaska District

P.O. Box 898

Anchorage, Alaska 99506-0898 vapors
Kevin Gardner to a condenser
US Army, Dept of Public Works
Fort Richardson, Alaska

(907) 384-3175

liquid phases

atmosphere
Vendor:

David Fleming

Current Environmental Services
P.O. Box 50387

Bellevue, Washington 98015
(425) 603-9036

Soil Vapor Extraction (SVE) with Six-Phase Soil Heating (SPSH)
 Electrical power was delivered to the soil by steel electrodes inserted
vertically in a circular array. Each electrode served as an SVE vent
 Electric current passed through the soil creating steam and contaminafpt

» A blower pulled soil vapors from the SVE vents and through a knockoutjtank
» The condenser cooled and condensed hot vapors and separated the fjas and
» The gas phase passed through a knockout tank and was discharged tg the

» The liquid stream was treated by air stripping and was discharged on si

david@cesiweb.com

http://cesiweb.com/index.cfm Type/Quantity of Media Treated:

 Soil Moisture Content: 7.3 13.9%
Regulatory Contacts: ! ISt 0

Lewis Howard

Alaska Department of Environmenta
Conservation

555 Cordova

Anchorage, Alaska 99501

(907) 269-7552
Lhoward@envircon.state.ak.us

» Soil Porosity: 21 27%

Matt Wilkening

US EPA Region 10

1200 &' Street

Seattle, Washington 98101
(206) 553-1284
wilkening.matt@epamail.epa.gov

» 3,910 cubic yards or 7,150 tons of soil in situ

 Air Permeability (within the soil volume): 1.6 x 10 tm
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Soil Vapor Extraction Enhanced by Six-Phase Soil Heating at Poleline Road
Disposal Area, Fort Richardson, Alaska

Regulatory Requirements/Cleanup Goals:
» System performance was evaluated against three primary criteria:
1. The ability of each of the three six-phase heating arrays to heat soil in-situ
2. Demonstrated removal of contaminants, as measured in the condenser off-gas and condensate
3. Demonstrated reduction of soil contamination, as measured in the pre- and post-treatment soil samples
» The air stripper effluent was compared to the Alaska maximum contaminant levels (MCLs) for drinking water

Results:
* The treatability study met all of the criteria established for system performance
* The air stripper effluent met Alaska MCLs

Costs:

» The total cost for this project was $967,822

 The total cost for treatment ranged from $189 to $288 per CY ($103 to $158 per ton) of soil. The soil treatmeft costs
ranged from $726 to $2,552 per pound of contaminant removed 1

» The large power requirement of the treatment equipment was a significant operating cost because the site w
remote location and power was provided by diesel generators

ina

Description:
The PRDA was active from approximately 1950 to 1972. Chlorinated solvents were used as a carrier for neutral|zation
chemicals that were applied after burning of materials in disposal trenches. These materials included chemical Wjarfare
agents, smoke bombs, and Japanese cluster bombs (detonated prior to burial). Four disposal areas have been||dentified in
an area encompassing approximately 1.5 acres. Two solvents, TCA and TCE, were found in higher concentratigpns and
over a larger area than any other chemicals detected. PCE was also detected above action levels. A 1996 treathbility study
at the PRDA concluded that SVE was capable of removing solvent vapors from the subsurface, but at a rate thaf would
require more than 10 years of treatment. Based on these results, it was recommended that SVE treatment enhgnced with
in-situ soil heating could be used at the site as a means for completing treatment more rapidly.

A treatability study was conducted between July and December 1997 to evaluate SVE enhanced by SPSH. Thrgle arrays
were constructed and operated at PRDA. Two arrays were 27 feet in diameter and one array was 40 feet in diajneter.
Each array was operated for six weeks after a shakedown period. The smaller arrays demonstrated over 90% rgmoval of
soil contaminants; the larger array demonstrated over 80% removal of contaminants. These results indicated thpt there
may be limitations to the size of the array that can effectively treat soil at a particular site. The size of the atealy i§ limi

by the resistivity of the soil and power requirements.
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Phytoremediation at Argonne National Laboratory — West, Waste Area Group 9,
Operable Unit 9-04, Idaho Falls, Idaho

Site Name: Location:
Argonne National Laboratory — West, Waste Area Group 9, Operable Unit9-04  Idaho Falls, Idaho

Period of Operation: Cleanup Authority:
May to October 1998 CERCLA
* ROD dated 9/29/98
Purpose/Significance of Application: Cleanup Type:
Bench-scale testing of phytoremediation to treat heavy metals in soil Bench scale
Contaminants: Waste Source:
Heavy metals Scientific and engineering research

» Contaminants of concern included chromium, mercury, selenium, silver,jand  activities
zinc.

» Soil concentrations are 44.85 mg/kg Cr, <1.5 mg/kg total Hg, and 56.32
mg/kg total Zn

Contacts: Technology:
Phytoremediation
Technology Provider: » Greenhouse experiments were performed using contaminated soil and fflean
Ray Hinchman/M. Cristina Negri sand
Argonne National Laboratory « Three candidate plant species were tested: Prairie Cascade hybrid wi|low;
9700 S. Cass Avenue canola; and kochia
ES-Bldg 362  For the soil experiment, the soil was spiked with EDTA and citric acid
Argonne, IL 60439 » For the sand experiment, the soil was spiked with metals (soluble fornis of
Telephone: (630) 252-3391/9662 Cr, Zn, Hg, Ag, and Se)
E-mail:
hinchman@anl.gov/negri@anl.gov 'Sl'yﬂe/Quantity of Media Treated:
oi
Site Contact: » Site is a relatively flat, semi-arid, sagebrush desert
Scott D. Lee » Climate conditions are a temperature range of 7.9°F - 84.8°F; a growing
Argonne National Laboratory - West season of April to mid-October; and annual average precipitation of 8.7
P.O. Box 2058 inches
Idaho Falls, ID 83403-2528 » Soil texture is loam, with particle size distribution of 47% sand, 34.6% sit,
Telephone: (208) 533-7829 18.4% clay
* Soil composition is 1.59% organic matter, 5.41% lime, 5,310 mg/kg

extractable Ca, 510 mg/kg extractable Mg, 76 mg/kg extractable Na, 43

mg/kg extractable K, 48 mg/kg extractable P, 71 mg/kg soluble SO , and 76

mg/kg soluble Na; soil pH is 8.57

Regulatory Requirements/Cleanup Goals:

» Determine uptake rates and metal concentration factors for each plant species
» Determine the most effective, non-hazardous chelating agent to increase the availability of metals from impacfed soils
» Evaluate potential maximum uptake of metals by candidate plant species under selected conditions

Results:

* The optimum formulation of chelating agents for treating the metals was determined to be a 0.05 molar solutigh of 40%
EDTA and 60% citric acid

* In the sand experiment, the best recovery levels for zinc, chromium, mercury, and silver were found in the willfpw with
96%, 38%, 42%, and 24% recovery, respectively

» Testing using actual soils yielded significantly lower removals than with the sand experiment; the amount of zihc and
chromium removed was 4-5% and 2%, respectively

» The willow roots had better removal of the metals than either kochia or canola

It was concluded that willows would be used in the field; possible removal rates of up to 14% of Zn and 3 to 4{6 Cr per
year were predicted, which could result in cleanup times between 6 - 7 years for Zn and 9 years for Cr
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Phytoremediation at Argonne National Laboratory — West, Waste Area Group 9,

Operable Unit 9-04, Idaho Falls, Idaho

Costs:

» Use of phytoremediation at full-scale for four sites at ANL-W was projected to cost $2,247,000, including man
- $528,000; documentation - $98,000; construction - $841,000; and O&M - $780,000

» The construction cost consisted of an initial 2-year field test at $300,000 and a contingency of $542,000 for fi
additional years of phytoremediation

gement

Description:

The Idaho National Engineering and Environmental Laboratory (INEEL), located in Idaho Falls, Idaho, is a govefpment
facility managed by the U.S. DOE. Various sites at ANL-W are contaminated with wastes generated from the sgjentific
and engineering research at ANL-W and contain various levels of petroleum products, acids, bases, PCBs, radignuclides,
and heavy metals. The ROD for Waste Area Group 9 identifies seven areas that will undergo remediation and iflentifies

phytoremediation as the remedy, with a contingent remedy of excavation and disposal. As a pre-condition for
implementing phytoremediation in these areas, bench scale (laboratory and greenhouse) tests were performed
the applicability of phytoremediation as well as to determine operating parameters and time frames for full-scale
implementation

The bench-scale tests were conducted in a greenhouse using contaminated soil and sand that was spiked with
Results from these tests showed that use of contaminated soils yielded significantly lower removals than sand,
removals from soil of chromium - 2% and zinc - 4 to 5%, and that willows were the best species for use at the si
on these results, ANL-W calculated the number of years of phytoremediation that would be required to meet the
remediation goals for several site areas, and these estimates ranged from 6 to 122 years. As a next step, each
at ANL-W will be treated using phytoremediation during a two-year field test. Each site will be planted with threq
tall bare-root willow trees in a grid pattern, and whole tree harvesting (roots and above ground) will occur at the

evaluate

etals.

ith

. Based
Df five sites

Lfoot
nd of

each growing season. Excavated trees will be chipped and transported to an on-site incineration facility for disppsal.
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Phytoremediation at the Open Burn and Open Detonating Area, Ensign-Bickford
Company, Simsbury, Connecticut

Site Name:

Ensign-Bickford Company, Open Burn and Open Detonating Area

Location:
Simsbury, Connecticut

Period of Operation:
April - October 1998

Cleanup Authority:
Not identified

Purpose/Significance of Application:

Phytoremediation of lead in soil using both phytoextraction and

phytostabilization

Cleanup Type:
Full scale

Contaminants:
Lead

» Average concentration of total lead was 635 mg/kg; concentrations were
higher than 1,000 mg/kg in many areas of the site, with some areas exceeding

4,000 mg/kg

» Leachable lead concentrations were higher than 0.015 mg/L using the
Synthetic Precipitation Leaching Procedure (SPLP)

Waste Source:
Open burn and open detonation

Contacts:

Vendor:

Dr. Michael Blaylock
Edenspace Systems Corp.
11720 Sunrise Valley Drive
Reston, Virginia 20191
Telephone: (703) 390-1100
Fax: (703) 390-1180
E-mail: SoilRx@aol.com

Technology:

Phytoremediation

» Combination of phytoextraction (for treatment of four areas with high legd
concentrations - Areas 1-4) and phytostabilization (for treatment of ong

area

with low lead concentrations - Area 5) to reduce total soil lead concghtrations

and SPLP extractable lead

was added to adjust soil pH
« Fertilizers and lime were tilled into the soil to a depth of 15 to 20 cm;
overhead irrigation system was used to provide moisture
+ Areas 1-5 were seeded with Indian mustard and sunflower; 3 treatment
were planted
» Supplemental foliar fertilizers were added through the irrigation system
» Area 5 also treated with stabilizing amendments

» Soils were fertilized with nitrogen, phosphorus, and potassium; doloml[e lime

N

Type/Quantity of Media Treated:

Soil

» Soil type is silty loam with a pH of 6.5t0 7.5

« Water table ranges in depth from 2 to 4 ft below surface soil

Crops

 Site drainage is poor; soil remains saturated throughout the growing segson

(April to October)

Regulatory Requirements/Cleanup Goals:
» Reduce total lead concentrations; specific cleanup levels not identified

Results:

» Plant growth for each of the treatment crops was generally good
» Some areas within the treatment area remained saturated; these areas exhibited poor plant growth and redud

yields

» Total lead concentrations in Areas 1-4 decreased from an average of 635 mg/kg (4/98) to 478 mg/kg (10/98);
the highest concentrations in Areas 1-4 had been reduced
» Lead uptake ranged from 342 mg/kg (dry weight) in the Indian mustard in treatment crop 1 to 3252 mg/kg in t

mustard in treatment crop 3

» Average lead uptake measured in the sunflower plant material and Indian mustard were similar, having avera]re lead
concentrations from all crops of approximately 1000 mg/kg (dry weight).
» The average reduction in SPLP lead concentration in Area 5 was 0.95 mg/L.

Costs:
Not provided
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Phytoremediation at the Open Burn and Open Detonating Area, Ensign-Bickford
Company, Simsbury, Connecticut

Description:
The Ensign-Bickford Company in Simsbury, Connecticut, conducted open burn/open detonation (OB/OD) activitigs,

resulting in near surface soils in the area becoming contaminated with lead. From 1996 to 1997, Edenspace Sy§tems
Corp. (formerly known as Phytotech, Inc.) conducted phytoremediation treatment of a 1.5 acre area surrounding|the
OBJ/OD area. In 1998, this effort was expanded to include a total of 2.35 acres and to address not only reductiof}s in total
lead concentrations, but also stabilizing leachable lead in the soil.

Phytoremediation was conducted using three treatment crops of Indian mustard and sunflower over a six monthffperiod.
Total lead concentrations in a portion of the site decreased from an average of 635 mg/kg (4/98) to 478 mg/kg, With hot
spots also reduced. In the area where phytostabilization also was used, the average reduction in SPLP lead cofjcentration
was 0.95 mg/L. Further treatment is planned during 1999 and 2000.
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Phytoremediation at Twin Cities Army Ammunition Plant,
Minneapolis-St. Paul, Minnesota

Site Name: Location:
Twin Cities Army Ammunition Plant (Site C and Site 129-3) Minneapolis-St. Paul, Minnesots
Period of Operation: Cleanup Authority:
Spring and Summer 1998 Not identified
Purpose/Significance of Application: Cleanup Type:
Phytoremediation of heavy metals in soil in a northern climate Field demonstration
Contaminants: Waste Source:
Heavy metals Burn areas, pits used for wastewater
» Site C: antimony, arsenic, beryllium, lead, and thallium; average of 2,61( disposal

ppm lead in surface soil
* Site 129-3: antimony, barium, chromium, and lead; average of 358 ppm |ead

in surface soil

Contacts: Technology:

Phytoremediation
Technology Contact: « Demonstration used 0.2-acre plots at Site C and Site 129-3
Ms. Darlene F. Bader  Sites were prepared by clearing, fencing, plowing, and installing an irjjgation
U.S. Army Environmental Center system
SFIM-AEC-ETD (Bader » Two crops were grown on each site; first corn and second white mustgyd
5179 Hoadley Road, Bldg E4430 * Amendments (acetic acid and EDTA) were added to the soil to aid injthe
Aberdeen Proving Ground, MD solubilization and uptake of lead
21010-5401 « Each crop was harvested and smelted

Telephone: (410) 436-6861
E-mail: t2hotline@aec.apgea.army.m iI-Sryqe/Quamity of Media Treated:
o]

» Climate conditions included an average annual precipitation rate of 28.6
inches and an average annual temperature of B9tBe location also can
have early/late frosts

» Soil type at Site C is peat, underlain by fine sand and sandy clay; at Sitg 129-
3, fine- to medium-grained sand

» Depth to water table at Site C is 2 to 6 ft bgs; at Site 129-3, 140 to 200 {f bgs

Regulatory Requirements/Cleanup Goals:
» Determine if phytoextraction is a technically and economically feasible means of reducing lead contamination [from
near-surface soils; specific cleanup levels not identified

Results:
» Results from the first year's demonstration showed less than anticipated biomass yields and lead uptake in thig
harvested plant material
» Cornyielded 2.1 to 3.6 tons per acre, compared to the anticipated yield of 6.0 tons per acre; poor yields were|attributed
to agronomically low producing soils at the site and the presence of other soil contaminants
» Lead concentrations in harvested corn averaged 0.65% and 0.13% dry weight for Sites C and 129-3, compar@d with the
0.85% removal obtained during a prior greenhouse study
» White mustard yielded 1.9 to 2.1 tons per acre; on a per plot basis, the total yields for Site C were half of this ffalue
since the white mustard grew in only about 50% of the plot area
* In the areas where plants grew, the yields were comparable to the expected yield of 2 tons per acre of musta:uj
» Lead concentrations in harvested white mustard averaged 0.083% and 0.034% dry weight for Sites C and 124-3
compared with the 1.5% obtained during greenhouse studies
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Phytoremediation at Twin Cities Army Ammunition Plant,
Minneapolis-St. Paul, Minnesota

Costs:
» USAEC developed a preliminary cost estimate for a typical full-scale phytoextraction project in a northern U.S

location, with two crops grown per year (one corn and one white mustard), sub-optimal soil conditions for plan

growth, soil lead levels of about 2,500 ppm, and five years of remediation required to meet the regulatory starlfard

» The projected cost for full-scale phytoextraction was $30.34 per cubic yard of soil per year, or about $153 pe
yard of soil over the life of the project

cubic

Description:
The Twin Cities Army Ammunition Plant (TCAAP) is a 2,370-acre facility located in Arden Hills, Minnesota,
approximately 10 miles north of Minneapolis-St. Paul, Minnesota. The TCAAP was used for the production and

storage

of small arms ammunition, related materials, fuzes, and artillery shell materials. A phytoremediation demonstratigpn was

conducted at areas within Sites C and 129-3 at the TCAAP. Site C was used for burning production materials
decontamination equipment. Site 129-3 contained pits that were believed to have contained contaminated wast
from a lead styphanate production facility. The project is a two-year field demonstration executed under a partn

d
water
ring

agreement among the U.S. Army Environmental Center (USAEC), Tennessee Valley Authority (TVA), TCAAP, ghd the

U.S. Army’s Industrial Operations Command (I0C).

During the first year, phytoremediation was conducted at thee sites using corn and white mustard, and results wgre less

than anticipated. Changes planned for 1999 to improve performance included use of alternate mustard varieties

. use of

higher fertilizer rates to encourage greater biomass; varying the irrigation scheme to encourage rooting and grov"th;

alternate amendment delivery systems; deep tilling; and alternate EDTA 