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¢ Implementation of Zero Valent Iron for Source Zone Treatment via Soil Mixing

Patrick Evans, CDM Smith, USA
¢ Slow-Release Chemical Oxidants for In Situ Treatment of Dioxane and Chlorinated Solvents

Malcolm Fabiyi, Praxair Inc., USA
e From the Lab to the Field - A Decade of Commercializing Advanced Oxidation Technologies
in Biological Wastewater Treatment

Steven Gaito, ARCADIS, USA
» Title Is Being Received Soon

Jay Hodny, Amplified Geochemical Imaging, LLC, USA
s High Resolution Site Characterization

Scott G. Huling, U.S.EPA, USA
¢ ISCO and CVOCs: Oxidant Delivery and Deployment Optimization, and Comprehensive
Performance Evaluation

Vladimir Jirku, Institute of Chemical Technology, Czech Republic
e Mitigating the Biostatic Effect of Zero Valent Iron Nanoparticles

Stephen Koenigsberg (Brown and Caldwell), Joseph Guarnaccia (BASF), Kevin 0'Driscoll, Robert M.
DiFilippo, Paul Piccillo (Thermocyclomics) and Raymond Sambrotto {Columbia University)
e Degradation of Persistent PCBs in Soil during Incubations with a Thermophilic Bacterium

Laurie LaPat-Polasko, ENVIRON, USA
e In-Situ Bioremediation of Chlorinated Solvents using Bio-stimulation and Bio-augmentation

Hope Lee, Pacific Northwest National Laboratory, USA
e Use of Molecular Biological Tools and CSIA to Assess Microbial Activity and Contaminant
Degradation in Environmental Systems

Tamzen Macbeth, CDM Smith, USA
e Overview of Mass Flux and Mass Discharge as Compliance Metrics for DNAPL Cleanup

Bruce K. Marvin, Ehsan Rasa and Ryan Fimmen, Geosyntec Consultants, USA
¢ Reaction Kinetics in the Design of In Situ Chemical Oxidation Systems

Denis M. O’Carroll and Chris Kocur, Western University, Canada
e Pilot Scale Demonstration of a Coupled Abiotic and Biotic Remediation using nZVI

Jane Piper, Piper Environmental Group, USA
e (zone Process Advances for Groundwater and Soil Remediatilon

Felicity Roddick, Royal Melbourne Institute of Technology, Australia
» Impact of Advanced Oxidation Processes on Reverse Osmosis Concentrate from Municipal
Wastewater
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e Long-term Remediation and Management for a Co-mingled Chlorinated Solvent and 1,4-
Dioxane Source Area and Plume

Julio Zimbron, Colorado State University, USA
+ Estimation of Rates of Petroleum Biodegradation in Soils using Passive CO2 Flux Traps

Preliminary List of Platform Presentations (Alphabetical Order)

Some of the invited presenters have also offered platform presentations cited in this section. However,
much more platform presentations will be chosen from abstracts that will be submitted on Friday, july 18,
2014 in response to “Call for Abstracts”.

Darren Burgett, Environmental Resource Management, USA - Prefers Poster
¢ Utilizing Variations in Tidal Cycle and Hydrated “Quick” Lim as Catalysts for Persulfate
Activation

Grace Chen & Kershu Tan, CDM Smith, Edison, NJ; Frank Tsang, CDM Smith, Fairfax, VA; Tamzen
Macbeth, CDM Smith, Helena, MT, Ian Bowen, USACE, Kansas City, MO
¢ Performance of a Vegetable 0il Biobarrier in a Geochemically Complex Glauconite Aquifer

Patrick Evans, CDM Smith, USA
¢ Biogeochemical Transformation for In Situ Remediation of Chlorinated Solvents

Stephen Koenigsherg (Brown and Caldwell), Sandy Britt (ProHydro), Lawra Dodge, Ron Harwood
(Excel), Gregg Gustafson (INW), Bob Kelley (ARS}, Mark Kram (Groundswell), Fayez Lakhwala
(PeroxyChem), Frank Loeffler (UT Knoxville), Dora Ogles (Microbial Insights), Bob Pirkle (Microseeps)
and John Sohl (Columbia Technologies)

¢ A Multivariate Diagnostic Strategy to Examine Product Performance Claims

Tamzen Macbeth, CDM Smith, USA
e Thermally-Enhanced In Situ Reduction for Cleanup of Chlorinated Benzene and Ethene DNAPL

Bruce Marvin, Mary DeFlaun and Ryan Wymore, Geosyntec Consultants, USA
¢ Push-Pull Testing for Evaluation In-Situ Chemical and Biological Remediation Processes -
Platform Presentation

Kent Sorenson, Jr. and Nathan Smith, CDM Smith, USA
* Bioremediation for Full-Scale Remediation of a TCE- Contammatecl Source Area and Large,
Dilute Plume

Omer Uppal & Co-authors, LANGAN, USA
¢ Performance Evaluation of a Pump and Treat System for Containment of a Large PCE Plume
» AnlIntegrated Hydraulic Fracturing and Push-Pull ISCO Approach for Crystalline Bedrock Aquifer
¢ Innovative Vapor Intrusion Mitigation Designs for Complex Building Foundations

Ryan Wymore, Bob Mueller and Lesley Hay-Wilson, Geosyntec Consultants, USA
e ITRC’s Environmental Molecular Diagnostics: New Tools for Better Decisions
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C. Strategies for Managing Contaminated Soil, Sediment and Water

1.

Green and Sustainable Remediation

2. Sustainable Sediment Management

3. Integrated DNAPL Remediation Approaches

4, Integrating Remediation with Development (brownfields)
5. Regulatory Initiative Impacting Contaminated Sites -

6.
7
8
9.
1

Managing Natural Resource Damages

. The Economics of Remediation
. Effective Portfolio Management for Contaminated Properties

Control versus Treatment

0. Managing Third Party Liabilities

D. Wastewater Treatment

E. Management of Water Systems

F. Vapor Intrusion Assessment and/or Mitigation

Scientists, Engineers, and business professionals who are interested in Remediation and Management of Soil,
Sediment and Groundwater are strongly encouraged to submit abstracts of up to 500 words in MS word
format describing their work. All abstracts are due by Friday, July 18, 2014. Authors who need few more
days to get the. approval of their management and/or clients should write to Hussain Al-Ekabi

Call for Abstracts

(hussain@alekabi.com) informing him about the extra days they need.

In addition to the invited speakers, a large number of abstracts that will be submitted based on “Call for
Abstracts” will be chosen for platform presentations. The rest of the abstracts will be presented in the poster
sessions. Although the program will be constructed on the merit of the contributions (abstracts), authors are
advised to indicate their preference of presentations (Platform or Poster). Each poster will have 1.2 m x 1.2

m of display space.

Guidelines to Prepare Abstracts

Please follow the following guidelines in preparing your abstract(s):

« Type single space Using, if possible, Times New Roman 12-point font (preferred);

e Keep all material within a one-inch margin on all sides;

o The title should be typed in boldface (Title Case, 14- points) centered at the top of the page;

e Leave a double space between the title and the names of the author(s};

» The names of the authors should be typed in boldface in single space, followed the addresses of the authors

in single space; Underline the name of the presenting author;

» Leave a double space between the end of the addresses and the opening paragraphs;
« Abstracts should be sent, in Microsoft Word format, to Dr. Hussain Al-Ekabi {E-mail: hussain@alekabi.com).

Companies involved in soil, Sediment and groundwater are invited to exhibit their products and/or services.
Exhibits will be displayed throughout the conferences in a central area near the registration desks, coffee breaks,
poster sessions and lecture rooms. The cost of an 8-ft x 10-ft exhibiting space is $1750.00 if payment is received

Call for Exhibits
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Session 1: Keynote Lectures |
{Combined Session for CSM-2014 & AQTs-20)

8:30 - 9:00am

9:00 - 9:30am

9:30 - 10:00am

10:00 - 10:20am

Developments and Trends in Hazardous Waste Site Remediation
Jim Cummings

Technology Innovation and Field Services Division 0SWER/USEPA, Washington,
D.C., USA

The Evolution of Brazilian Remediation Regulations and Standards
Ana Paula Queiroz, Giovanna Setti, Thiago Gomes

Brazilian Association of Environmental Engineering and Consulting
Companies/Waterloo Brasil Ltda., Sdo Paulo, SP, Brazil

Role of Advanced Oxidation in Potable Water Reuse

Shane A. Snyder, Tarun Anumol, Xuhao Nie, and Shimin Wu
University of Arizona, Tucson, AZ, USA

Coffee Break

Session 2: Advanced Oxidation Processes for Contaminanis Removal

{Combined Session for CSM-2014 & AO0Ts-20)

10:20 - 10:40am

10:40 - 11:00am

11:00 - 11:20am

11:20 - 11:40am

Impact of Advanced Oxidation Processes on Reverse Osmosis

"Concentrate from Municipal Wastewater

Felicity Roddick, Muhammad Umar, Thang Nguyen and Linhua Fan
Royal Melbourne Institute of Technology, Melbourne, Victoria, Australia

Is Advanced Chemical Oxidation a Viable Treatment for
Micropollutants in Sewage Sludge?

I. Akmehmet Balcioglu and N. Bilgin Oncii
Bogazici University, Bebek-Istanbul, Turkey

Effect of Organic and Inorganic Water Matrix Components during
the Application of Advanced Oxidation Processes for Water
Remediation :

Paola Villegas-Guzman, Javier Silva-Agredo, Oscar Florez, Ana L.
Giraldo-Aguirre, Efraim A. Serna-Galvis, Ricardo A. Torres-Palma
Universidad de Antioquia, Medellin, Colombia

In-situ Chemical Oxidation (ISCO) and CVOCs: Design,
Deployment, and Comprehensive Performance Evaluation

Scott Huling and Ken Jewell
U.S.EPA, Ada, OK, USA
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3:30 - 3:55pm

3:55-4:20pm

4:20 - 4:45pm

LNAPL Sheen Impacts to Surface Water: Development of
Multiphase Flow Process-Based Sheen Remedies

Julio Zimbron
E-Flux, LLC, Fort Coliins, CO, USA

Large Diffuse Plume Alternative Approach to Pump & Treat/
MCLs: A Sustainable Plume Management Approach Using the
Arizona WQARF Model

Scott Zachary, Eric Pigati?, Paula R. Chang3

1Haley & Aldrich, Inc., San Diego, California, USA

2Haley & Aldrich, Inc., Tucson, Arizona, USA
3Haley & Aldrich, Inc., Phoenix, Arizona, USA

Advances in Surfactant Selection for LNAPL Remediation
David F. Alden?, Gary M. Birk!and John Sankey?

1Tersus Environmental, Wake Forest, North Carolina, USA

2True Blue Technologies, Long Beach, CA, USA

Session 4: Molecular Diagnostic Tools

4:45 - 5:10pm

5:10 - 5:35pm

'5:35 - 6:00pm

SCORE: A Multi-Criteria Decision Analysis Method for Assessing
the Sustainability of Remediation at Contaminated Sites

Lars Rosén?, Pir-Erik Back?, Tore Soderqvist3, Jenny Norrman?, Petra
Brinkhofft, Tommy Norbergl, Yevheniya Volchko!, Malin Norin¢,
Magnus Bergknut$, Gernot Déberl®

1Chalmers University of Technology, Sweden

2Swedish Geotechnical Institute, Sweden

3Enveco Environmental Economics Consultancy, Sweden

4NCC Construction, Sweden

5Umea University, Sweden

§Umweltbundesamt, Austria

A Multivariate Diagnostic Strategy to Examine Product
Performance Claims

Stephen Koenigsberg!, Sandy BrittZ, Lawra Dodge3, Ron Harwoods3,
Gregg Gustafson4, Bob Kelleys, Mark Kramé, Fayez Lakhwala?, Frank
Loefflers, Dora Ogles?, Bob Pirkle1? and John Sohl11

1Brown and Caldwell; 2ProHydro; 3Excel; 4INW; SARS; ¢Groundswell;
7PeroxyChem; 8UT Knoxville; ®°Microbial Insights; 1%Microseeps; 11Columbia
Technologies

Environmental Molecular Diagnostics (EMDs): New Tools for
Better Decisions
Ryvan A. Wymore, Lesley Hay Wilson?, Bob Mueller3

1Geosyntec, Greenwood Village, CO, USA
2Sage Risk Solutions LLC, Austin, TX, USA,




Suiuad [eyewwols puk uoneSUo[q 100y JO JUdWIdURYUH 21)

saonpuj sapnredoue) 3 0) pubypy ] sisdopiqo.y Jo asodxy weQz:IT - SS:0T

onquday yoez) ‘enfeld ‘K8o[ouyas [, [B2IWAY) JO SINIISU]
. yeselw uef
pue eaoy(a) euary YIpzo[ pIeydry ‘eaoaped eurjorey NI JIIWIPE[A

sapn.Iedoue)N uoa] JUI[BA 0197 Jo 199139 Jneisolg ay) SuneSiw wess:0T - 0€:0T

UONEIpowioy Ul UOJ] JUI[EA 0197 :g UO0IS508

yeoag sayyol wdogior - 0101

VSN ‘AN WEPSI0q ‘ANSIDAIUL UOSHIEDg

VSN “11 ‘o[ese] ‘uonelodio) snied,

VSN VM ‘enas[ag YHWS WD

STUILL) S[[OYI pue ;uesdn( e[pued ‘;SuUeaq | PLred

SIUAA[OS PaJRULIO[) PUE

auEXoI(] JO JUSUNEIL], NS U] .I0] SJUBRPIX() [EIUBY) ISEI[DY-MO[S

vSn “11 ‘o3edty3 kDA

VSN XL ‘uoisnofy YOI

#lapey ALre] GPalIe) Sno( EIE[NOqy JBES]

Surduing pue Surdung,

UR1) IO UOTIEPIXQ [edruay) ms-uj yo uonedijddy pataauisuy

VSN 'V ‘0aspuel ues ‘uesuer,

VS ‘Aosia] maN HIed poommy ‘ueduey

SWEIqQY

"H MEM3)S ‘sun[g UeLlg ‘7997 aluly ‘.IeuiZ1als esLry ([eddy Toug
JI3JInby yooapag aureIsin)

10} yoeoaddy Q)S] [[nd-yshd pue Surmioel] siherpAy pajeidajuj uy

VSN VI ‘seulop sa(] 159 ‘dnoan esjuy,

VSN ‘¥ ‘@sof ues ‘dnoan eajuy,

VSN ‘VD ‘euy ejues Huf ‘dnoan Sunnsuo’ Hy|;

gUOP[aYS }IE[ puk ‘zpnesIad S[0dIN THU0I) ATED

pouIEdT SUOSSY]

PUE MIIADY APHIS 9SB) V :9)eJ[NS.I9d WINIPOS PIIeAlDY J1ISNE)
Suis) usyp SuonEIBPISU0) uonafu] pue udisa(q Suresuisuy

Wegr-01 - S¥-6

wesyi6 - 026

weQz:6 - 558

wess:ig-0¢e:8

SIUEUIIEIU0) JO JUotIEa. ], 10J UONEPIX( [EI WP MJIS-U] :G UOISSIS

$T0Z ‘ST JOqUIDAON ‘Aepson],

vsn ‘[N 'uolua.a], ‘g Aesas{ maNg



Jae-Hwan Kim and Yoon-Seok Chang
School of Environmental Science and Engineering, POSTECH, Pohang, Korea

11:20 - 11:45pm Pilot Scale Demonstration of a Coupled Abiotic and B10t1c
Remediation using nZVI

Denis M. O’Carroll and Chris Kocur
Western University, London, ON, Canada

11:45 - 12:10pm Implementation of Zero Valent Iron for Source Zone Treatment
via Soil Mixing
Hilde Decuyper?, N. Vermeiren?, J. Gemoets3, R. Lookmans3, I. Van
Keers, L. Bastiaens?
1 A+E Consult bvba, Lauwe, Belgium
2Smet F&C N.V,, Dessel, Belgium
3VITO, Mol, Belgium

12:10-1:30pm Lunch

1:30 - 1:55pm  Design, Construction, and Monitoring of a Field-Scale Discontinuous
Permeable Reactive Barrier for Chromium Removal

Patrick Hsieh, Natasya Gray, and Miao Zhang
AMEC Environment & Infrastructure, Inc., Seattle, WA, USA

Session 7: Applications of Compound-Specific Isotope Analvsis (CSIA

1:55-2:20pm  Advancement in the Application of Compound-Specific Isotope
Analysis (CSIA) in Assessing the Fate of Chlorinated Solvents in
the Subsurface

Orfan Shouakar-Stash
University of Waterloo, Waterloo, ON, Canada

2:20-2:45pm  Evolution of a Conceptual Site Model Using Multimedia CSIA
Devon Rowel, Carol Serlin?, Tom Chandlerz Steve LuisZ, Farshad

Razmdjoo?, and Seema Turner3

1IENVIRON International Corporation, Clackamas, OR, USA
2ENVIRON International Corporation, Irvine, CA, USA
3ENVIRON International Corporation, Los Angeles, CA, USA

2:45-3:10pm  Use of Molecular Biological Tools and CSIA to Assess Microbial
Activity and Contaminant Degradation in Environmental Systems

Hope Lee and Brady Lee
Pacific Northwest National Laboratory, Richland, WA, USA

3:10-3:30pm _ Coffee Break
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8:55-9:20

9:20 - 9:45am

9:45-10:10am

10:10-10:30am

Optimizing Chemical Reduction Strategies to Achieve Treatment
Standards for Chlorinated Compounds at Two Industrial Sites in
Brazil

Jack Sheldon
Antea Group, West Des Moines, A, USA

A Full-Scale, Eight Year Study of the Remediation of Chlorinated
Solvents and Heavy Metals Through In-situ Reduction

Brian Hitchens and Sam Williams
Geosyntec Consultants, San Diego, CA, USA

Evaluation of In Situ Chemical Reduction to Treat Chlorinated
Ethenes in High Sulfate Aquifers -

Daniel Leigh?, Daniel E. Johnson? and Keith L. Etchells2
1PeroxyChem LLC, Philadelphia, PA, USA

25CS Engineers, San Diego, CA, USA

Coffee Break.

Session -10: Combining Remedial Technologies

10:30 - 10:55am

10:55-11:20am

‘11:20 - 11:45am

11:45-12:10am

12:10 - 1:30pm

Combining In Situ Remediation Technologies for Optimal
Treatment Performance

Jeremy Birnstingl

REGENESIS, Bath, UK

Costs and Benefits of Multicompohent Remedies for Complex

Groundwater Cleanups
Kent S. Sorenson, Jr., Tamzen Macbeth, Nathan Smith
CDM Smith, Denver, CO, USA

Multi-Component Remediation of Petroleum and Metals at an
Industrial Site in San Francisco, California

Belinda Butler-Veytial, Jim Warner?, Arun Chemburkar?, Katie Wolf?,
Marcelo Germani2, and Gina Sperinde?

1ERM, Greenwood Village, CO, USA

2ERM, Walnut Creek, CA, USA

Push-Pull Testing for Evaluation In-Situ Chemical and Biological
Remediation Processes

Bruce Marvin, Mary DeFlaun and Ryan Wymore
Geosyntec Consultants, Oakland, CA, USA

Lunch
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' 5:10-5:35pm

TRC Companies, Inc., Concord, CA, USA

Soil Bioremediation with Low Levels of Orgamc Res1dues in a
Former Refinery

Rodriguez-Vizquez Refugio, Alejandro Islas —Garcia, Juan Manuel Arce-
Ortega

Depto. de Biotecnologia y Bioingenieria, CINVESTAV-IPN

Departamento de Biotecnologia y Bioingenieria, Centro de Investigacion y de
Estudios Avanzados del IPN, Av. Instituto Politécnico Nacional No. 2508, Col. San
Pedro Zacatenco, México, D.F., México

Thursday, November 20, 2014

Session 11: In-Situ Bloremedlatmn Putting the Microbe to Work

Continued ..

8:30 - 8:55am

8:55 - 9:20pm

9:20 - 9:45am

9:45 -10:10am

10:10 - 10:30am

10:30 - 10:55am

Measurement of Hydrocarbon Natural Attenuatlon Rates in Soils
Using Passive CO; Flux Traps :

Julio Zimbron
E-Flux, LLC, Fort Collins, CO, USA

Lessons Learned from an Aerobic Bioremediation Program

Jack Sheldon
Antea™Group, West Des Moines, IA, USA

Microbially-Mediated Treatment of Oil Well Drill Cuttings
M. S. Showellt, ]. ]. P. Roberts?, R.S. Carpenterl, N. Pal?, and

Y. Nelson2
1BiOWISH Technologies, Inc., Cincinnati, OH, USA
2California Polytechnic State University, San Luis Obispo, CA, USA

Performance of a Vegetable Oil Biobarrier in a Geochemically
Complex Glauconite Aquifer .

Grace Chenl, Kershu Tan?, Frank Tsang2, Tamzen Macbeth3 and

Ian Bowen#*

1CDM Smith, Edison, NJ, USA

2CDM Smith, Fairfax, VA, USA

3CDM Smith, Helena, MT, USA

4USACE, Kansas City, MO, USA

Coffee Break

| Biogeochemical Transformation for In Situ Remediation of

Chlorinated Solvents

Patrick Evans
CDM Smith, Bellevue, WA, USA
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3:10 - 3:35

3:35pm

Column Tests Results Vineland Chenncal Company Superfund
Site, New Jersey

Lily Sehayek?, Nica Klaber? Juan Corona?, Tricia North?,

Loeper Joseph!, Mark Chamberlain?, Laura Bittneri

1US Army Corps of Engineers, Philadelphia, PA, USA,

21).S.EPA Region ], New York, NY, USA

Innovative Vapor Intrusion Mltlgatlon Design for Complex
Building Foundations

Omer J. Uppall, Matthew Ambrusch?, Steven Ciambruschini?,

Nadira Najib?, Stewart H. Abrams? and Matthew Wenrick?

1Langan, Elmwood Park, NJ, USA

ZLangan, Lawrenceville, N], USA

Adjourn
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ACCELERATED REMEDIATION TECHNOLOGIES, INC.

ART

|

ACCELERATED REMEDIATION TECHNOLOGIES, INC. (ART)
INTEGRATED REMEDIATION SYSTEM

1.0 Introduction

Numerous technologies have been implemented at sites worldwide to remediate
contaminated groundwater. Some of the most commonly used technologies such
as air sparging, soil vapor extraction and ex-situ (above-ground) air-stripping are
based on the physical removal of contaminants; however, significant shortcomings
are inherent with each method. A remediation technology that combines the
advantages of air sparging, soil vapor extraction and air-stripping plus in-situ active
treatment would be more effective. This technology would compensate for
shortcomings associated with pump-and-treat such as long project life and costs of
water disposal and the deficiencies related to air sparging such as a limited radius
of influence and removal rate.

2.0 ART Integrated Remediation System

Accelerated Remediation Technologies, Inc (ART) has developed innovative,
proprietary remediation technologies that are based on well-proven and established

concepts. The systems are designed to fit in four inch wells (minimum) and be very

cost effective when compared with other remediation technologies.

2.1 Technical Description

“The ART Technologies combine in-situ air stripping, air sparging, soil vapor

extraction and enhanced bicremediation/oxidation — plus, dynamic subsurface
circulation in an innovative wellhead system. Figure 1 (below) illustrates a dual
screened well casing and the combined remediation concepts and their effects in
the subsurface. -

The air sparging component results in reduced water density and lifting (mounding)
of the water table in the vicinity of the well. This in turn causes a net negative
pressure gradient to the well resulting in water flowing back towards the well. This
upwelling force created by the sparging results in an in-well “packer” concept
resulting in a pressure gradient from the lower screened interval to the upper
screened interval that assists in driving the dynamic subsurface circulation forces.

Vacuum pressure (the vapor extraction component) is applied atop of the well point
to extract vapor from the subsurface. The negative pressure from vacuum
extraction creates additional water mounding, boosts the net gradient back towards
the well and removes vapors from the unsaturated vadose zone and well annulus.
The SVE and sparging technologies combined in the same well further enlarge the
radius of influence.

A submersible pump is placed at the bottom of the well to re-circulate water to the
top for downward discharge through a spray head. The water cascades down the
interior of the well and system piping, providing multiple wetted surfaces for volatile
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mass transfer - similar to what occurs in a packed-column air-stripping tower.
Enhanced stripping via air sparging near the bottom of the well occurs
simultaneously. In essence, the well will act as a subsurface air-stripping tower. In
addition to the air stripping resulting from the pumping/cascading, the pumped,
stripped, highly oxygenated water will flow down the well annulus and over the
mounded water back into the aquifer and vadose zone — hydraulically enhancing
the radius of influence. These combined synergistic technologies effects will set up
a circulation zone surrounding the well that will further enhance cleanup. -

In summary, contaminants are stripped from the water as a result of the combined
effects of in-well air stripping and in-well air sparging. The “radius of results”, or
dynamic subsurface circulation cleaning zone, is created by a combination of a
negative hydraulic pressure gradient as a result of air sparging, additional negative
gradient resulting from the application of vacuum extraction, and subsurface water
circulation induced by a submersible pump. All of these different components can
be integrated and installed in a four-inch or larger groundwater well.

3.0 ART-Jection Remediation Technologies Option

As part of our continued efforts to improve the ART Technologies and increase
efficacy, the ART-Jection Technologies alternative has been developed. This .
technology builds on the proven ART Integrated design and allows for the addition
of amendments (gas or liquid) directly into the formation as part of the in-well
processes. Amendments may include ozone, nitrogen and other chemical or
biological amendments (gas or liquid). Chemicals added into the saturated zone
via the injection point will be mixed further by the subsurface circulation to be
delivered throughout the sphere of influence. This innovative design, detailed in
Figure 2, will provide clients a wider range of options to maximize the chances of
success. The injection process and pumping may occur alternately depending on
site specifics and to minimize the potential of extracting some of the chemicals into
the well prior to dispersion into subsurface.

The ART In-Well Integrated Technologies have proven capabilites at very
challenging sites for remediation of chlorinated solvents, hydrocarbons and
recalcitrant compounds. The ART design can be retrofitted to existing legacy
systems or can be employed as a new site-wide solution. The addition of the ART-
Jection alternative provides for increased flexibility and confidence for our clients to
remedy even the most difficult sites.

o
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VOC and 1,4 Dioxane Case History
ART In-well Remediation Technology

Accelerated Remediation Technologies, LLC (ART) was sccured by a major acrospace company to
implement the ART In-Well Technology at a 1,4-dioxane impacted site in North Carolina. The client and
consultant elected to install the ART In-Well Technology in a single well in the source area to evaluate its
ability to treat VOCs and 1,4-dioxane. ART worked closely with the client’s consultant to configure and
install the ART Technology in a saprolitic soil over fractured bedrock.

The ART Demonstration Well was installed in the source area where 1,4-dioxane concentrations exceeded
43,000 p/L. Two monitoring wells were positioned 10 and 20 feet downgradient from the ART well. The
1,4-dioxane concentrations in the adjacent groundwater monitoring wells and in extracted vapors were
analyzed. Groundwater results for 1,4 dioxane are listed below. Analytical testing of the vapor stream
indicated that significant amounts of 1,4-dioxane and other chlorinated compounds were being stripped
from the subsurface. '

o Ae g s Tt L MWL o e MW S Vdporit- o
Distance from ART Well 10 fest 20 feet

Initial Concentrations (pg/L) : 25,000 28,000 490

30 Days Concentrations (pg/l) 7,500 2,600 740

60 Days Concentrations (ug/L)* 27,000 7,700 ND

90 Days Concentrations (pg/L) 7,400 2,400 1,100

* Evaluation of sampling procedures indicates that results for this round may be inaccurate.

The integrated remediation concepts employed by the ART Technology result in multiple, in-situ stripping
passes of each unit of water, flushing of the vadose zone and circulation within the soil/water column.
Accordingly, it is believed that the flexibility of the ART design enabled the treatment of each unit of
water several times to compensate_for the low stripability of 1.4-dioxane. Further, for total VOC
recovery. the sinele ART well outperformed a 10 SVE and 6 sparge point system that had been operating

since 1994 (see below).

T System. | i 1,040CA" | | 1iDGA ] -TAiDCE: | RCE | TOTAL®s)_
AS/SVE 0.06 0.07 . 0.06 0 0.19
ART Well* 8.06 0.37 0.58 0.38 9.39

*similar time period as AS/SVE system

Summary: The ART Technology proved that it effectively and cost efficiently reduced 1,4-dioxane
concentrations in surrounding wells by more than 90% in a few weeks. At this site, the ART approach has
been deemed to be more cost efficient than groundwater extraction and surface treatment technologies
and has outperformed the existing AS/SVE system. The ART Technology has now been approved by the

state as the primary remediation method for the site.

For Additional Information Contact:

Marco M. Odah, Ph.D., P.E. Iohn R. Isham, P.G. ‘
Accelerated Remediation Technologies, LLC Delta Environmental Consultants Inc.
913.438.4384 8008 Corporate Center Dr.
modah@ARTinwell.com Charlotte, NC 28226

704.543.3935

jisham @deltaenv.com

P.O. Box 2607 ¢ Olathe, Kansas 66063 ¢ (913) 438-4384 ¢ Fax (913) 438-4388




Chlorinated Solvent Plume

Remediation
Midwest Uni_ted States

ERM was contracted by a confidential client to implement
a remedial action program to address groundwater
impacted by chlorinated solvents. The site is a former
manufacturing facility, which used an underground
storage tank for waste 0il generated by manufacturing
operations and cleaning activities. During excavation of
the tank, it was determined the feeder line was leaking
waste oil containing chlorinated solvents, including PCE
and 1,1,1-TCA. :

The site is located in the river deposits of a Midwestern
United States river characterized by interbedded silts and
sands to a depth of about 12 feet, and medium to fine
grained sands below 12 feet. Groundwater was
encountered at a depth of approximately 30 to 35 feet.

ERM’s Approach

ERM evaluated several different remedial technologies
including air sparge and soil vapor extraction, pump and
treat, and in-situ chemical oxidation oxidation. When
evaluating these alternatives, ERM considered several
different factors, including: :

Stratigraphy

Short term capital investment and operating costs
Impact to current operations and neighbors

» Potential longer term costs to closure

ERM identified the ART In-Well Stripping System as the
preferred technology at this site. ERM designed an
approach that initially included one ART well with a
mechanical system capable of manifolding up to three wells,
if required. The ART well was installed to a depth of 65
feet, with the pump installed at a depth of 50 feet. ERM
worked closely with ART to establish the optimum
operating parameters and observe the impact of the system
on the aquifer system. ERM operated the system in different
configurations to establish the efficacy of each component
of the system, as well as assessing where the majoreite of
mass was expected to be recovered. ERM recorded water
levels and vacuum reading in observation wells and existing
monitoring wells, collected frequent groundwater

samples, collected frequent air samples from the system
piping, while varying the flow and pumping rates within the
system, and dissolved oxygen levels in observation points

and groundwater monitoring wells to assess the sphere of
influence from the system

After reviewing the data obtained from the pilot study and
establishing the longer term operating parameters, ERM
implemented the system on a full scale basis.

Resalts

Induced vacuum was detected in wells located up to
about 40 feet from the ART well, while the water levels
showed impacts approximately 30 feet away from the
ART well. The analytical results from groundwater
samples collected over time showed that the
concentrations of constituents of concern (primarily
PCE) decreased from approximately 200
micrograms/liter (ng/L) to less than the MCL (5 ug/L) in
the source area in about 8 months.

The system was operated for approximately 14 months
total, and then shut down. Rebound sampling showed
very little rebound in groundwater concentrations at the
source area. Site is pursuing a No Further Action
conclusion from the regulatory authority.

Conclusions

The installation of the ART In-Well system achieved the
remedial cleanup objective at the source in a time frame
that was faster than anticipated with other traditional
remedial technologies at a cost estimated to be
approximately 20 to 30 percent less than other
technologies, including installation and power costs.
Importantly though, the ART system did not require
above ground treatment of groundwater or wasting of
water to the sewer, thus providing a sustainable approach
to the remediation of the impacted groundwater.

For additional information, please contact:
Mike Eversman '

ERM

350 Eagleview Blvd, Suite 200

Exton, FA 19341

(610) 524 3644

Mike.Eversman(@erm.com
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Accelerated Remediation Technologies, Inc.

Soil and groundwater remediation is our “art”

Remediation Services

Effective - %
| Eﬁ’icient ~
Proven

Technologies that make sense...




ART Integrated Technologies

Accelerated Remediation Technologies, Inc. (ART) coniinues to provide our clients the most effect
site closure in months, not years. We made it happen at sites where other technologies did not del
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The ART Technologies combine ‘in-well -3if. Strlppmé air sparglng, vapor extraction, flushing,

bioremediation/oxidation and other processes a\pglngfslmultaneously in an innovative re-circulation
well design. The ART Technologies proved effective_at a wide range, of subsurface ~conditions
mcludlng fractured bedrock formations at sites worldwide. The" ART, TechrLoIogle?s) have . been
: ,lmpresswe‘ln treatmg ‘a myrlad of contammants [ncludln' hloririated and etrol ds,. .




ost efficient in-situ remedial technologaes The ART Technologies consist of eight proven concepts working sy
clients range from governmental agéncies and Fortune 500 companies to small single operations, worldwide
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ART developed the Low Perma Technologies to remedy soil and groundwater in low permeability

formatlon lmpacted W|th volatlle sem -volatile and- 0 her compounds The technologies are based on




ART-Jection Technologies

Air, Ozone or other Amendments (\ In-Well Air Sparging
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The ART-Jection Technologles buﬂd on the ;%Fo\fen AﬁT Integrated design and allows for the additic
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Consulting e Design . Installation

Flexibility is an inherent part of the ART design. Well heads may be completed above
or below grade depending on site specific needs.

P IR

Our demonstration units may be leased to pilot test anc
evaluate performance of the ART Technologies at any site
The mobile units contain air compressors and regenerative
blowers with process controls similar to full scale systems
These units provide clients a low cost option to determine
the feasibility and effectiveness of the ART Technologies
at sites prior to a full-scale implementation. The AR
.demonstration option simplifies the decision on the nex
remediation stép. .






