
AEHS
Foundation¤

ABSTRACT
BOOK

presented by The Association for Environmental Health & Sciences Foundation

October  
21-24, 2019

Partners

35th A
nnual International C

onference on S
oils, S

edim
ents, W

ater and Energy  
O

ctober 21-14, 2019

Conference Co-Directors
Paul Kostecki, Ph.D. University of Massachusetts Amherst 
Edward J. Calabrese, Ph.D. University of Massachusetts Amherst 
Clifford Bruell, Ph.D. University of Massachusetts Lowell

www.AEHSFoundation.org

University of  
Massachusetts 
Amherst, MA

Sponsors, Supporters, and Contributors
Remediation  

Partners



TABLE OF CONTENTS 
PLATFORM SESSIONS  

Session 1: PFAS Remedial Strategies 1 

Session 2: Advances in Site Remediation: Solutions and Applications 9 

Session 3: Evaluating LNAPL Concerns and Alternative Remedial Technologies 17 

Session 4: Risk Assessment 25 

Session 5: Combined Technology Remediation 33 

Session 7: Environmental Security 41 

Session 8: PFAS Sampling and Chemistry: New Information 49 

Session 9: Innovative Remedial Technologies 57 

Session 10a: Frameworks to Approach Sustainable Remediation 65 

Session 10b: Climate Change Impacts on Remediation 71 

Session 11: PFAS (Per- and Polyfluoroalkyl Substances) Hot Topics 77 

Session 12: Remediation 85 

Session 13: Synergistic Remediation Technology Solutions 93 

Session 14: Environmental Forensics 101 

Session 15: PFAS: State Case Studies, Policy Developments, and Lessons Learned 107 

Session 16: Site Characterization Methodologies 115 

Session 17: Vapor Intrusion 123 

POSTER PRESENTATIONS  131 

PRESENTER CONTACT INFORMATION 217 

 



Session 1: PFAS Remedial Strategies 
 
Evaluating the Predictive Ability of Bench-Scale Tests for Full-Scale PFAS 
Adsorption Systems 
Adam Redding, Calgon Carbon, Moon Township, PA  
 
In Situ PFAS Sequestration – Plume Management Strategies Using 
Colloidal Activated Carbon 
Kristen Thoreson, REGENESIS, San Clemente, CA; Maureen Dooley, 
REGENESIS, Wakefield, MA  
 
Sustainable PFAS Resin Technology Applied at Multiple Locations for 
Military Base Aquifer Remediation 
Steve Woodard, ECT2, Inc., Portland, ME  
 
The Pease Tradeport Water System PFAS Experience – Five Years Later 
Brian Goetz and Albert Pratt, Public Works, City of Portsmouth, Portsmouth, NH  
 
PFAS: The Legacy of Better Living Through Chemistry – The Kennebunk, 
Maine Experience 
Norm Labbe, Kennebunkport & Wells Water District (retired), Kennebunk, ME  
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Evaluating the Predictive Ability of Bench-Scale Tests for Full-Scale PFAS 
Adsorption Systems 

Adam Redding  

Rapid Small-Scale Column Tests (RSSCTs) are commonly used for comparing different granular 

activated carbon (GAC) and ion exchange (IX) media types and estimating full-scale performance. As a 

relative comparison of PFAS adsorption between carbon types, the actual RSSCT column design 

parameters are less relevant if each column utilizes consistent parameters (column size, carbon size, 

assumed diffusivity, and flowrate). Additionally, RSSCTs can be used to gauge the impact of background 

organic compounds, whether they be chlorinated solvents (e.g. TCE) or natural organic matter. However, 

specifically for PFAS, minimal data exists that demonstrates predictability of the RSSCT to large-scale 

systems, in particular when PFAS co-occurs with other man-made contaminants. Often when RSSCTs 

are applied to gain understanding of PFAS treatment, a single set of conditions are run on the RSSCT, 

and the subsequent large scale system data are not matched with and compared to the precision of the 

RSSCT prediction.  

This work presents a comparison of RSSCT column operations under various diffusivity conditions and 

compared to large scale columns operating with the same influent water. Moreover, the data set includes 

several different types of carbons, including bituminous coal, modified coconut shell, sub-bituminous, and 

lignited-based GACs. The results are a novel evaluation of RSSCT design parameters to maximize 

confidence in predicting large scale systems for removal of PFAS. 

Adam Redding, Calgon Carbon Corporation, 428 E Waring Ave, State College, PA, 16801, United States, 
Tel: 412-417-7250, aredding@calgoncarbon.com 

Presenting Author: Adam Redding 
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In Situ PFAS Sequestration – Plume Management Strategies Using Colloidal 
Activated Carbon 

Kristen Thoreson and Maureen Dooley  

Colloidal activated carbon is emerging as a low cost in situ method to manage the risk associated with 

PFAS compounds in groundwater. By coating flux zones of an aquifer with colloidal activated carbon, a 

permeable sorption barrier is created in situ, and PFAS constituents from up-gradient source zones are 

rapidly sorbed. In this manner, colloidal activated carbon is able to increase the retardation factors of the 

migrating PFAS species by orders of magnitude and provide a strategy to passively manage PFAS 

plumes. 

Data are presented from three field case sites where a single application of colloidal activated carbon 

resulted in orders of magnitude reduction in PFAS groundwater concentrations to below USEPA health 

advisory levels. Design considerations for plume management are discussed, including the potential for 

competitive sorption/elusion and applications such as amending existing pump & treat systems to reduce 

project cost and to eliminate down-gradient risk to public health. Plume modeling is presented indicating 

longevity of in situ colloidal carbon treatment for PFAS to be on the order of multiple decades before 

reapplication is required. 

Kristen Thoreson, REGENESIS, 1011 Calle Sombra, San Clemente, CA, 92673, United States, Tel: 949-
366-8000, kthoreson@regenesis.com 

Maureen Dooley, REGENESIS, 19 Belmont Road, Wakefield, MA, 01880, United States, Tel: 781-245-
1320, mdooley@regenesis.com 

Presenting Author: Kristen Thoreson 
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Sustainable PFAS Resin Technology Applied at Multiple Locations for Military 
Base Aquifer Remediation 

Steve Woodard  

Emerging Compounds Treatment Technologies (ECT2) was engaged to supply, install and operate PFAS 

removal systems at three locations at the Royal Australian Air Force (RAAF) Base Williamtown, located in 

Australia. A stormwater treatment system was installed at Moors Drain, and two groundwater pump and 

treat systems were installed; one at the former Fire Training Area (FTA) and one on the PFAS plume 

identified in the Southern Area. 

Regenerable ion exchange (IX) resin treatment systems were selected as the best solution for this 

application. Through the installation and use of a central regeneration system to service all three 

treatment systems on the site, minimal waste is generated, primarily because the spent resin is 

regenerated onsite. Additionally, the programmable logic control systems installed on these treatments 

systems allow for seamless transition between extraction wells and treated water discharge methods, 

ensuring maximum reduction in groundwater contamination while operating 24/7. Multiple treatment 

systems were installed to ensure the primary issue in each of the areas could be managed without 

impacting overall operations on the property. 

Installing multiple IX water treatment systems, along with a central regeneration facility, has proven to be 

an effective, efficient, sustainable approach to removing PFAS and achieving consistent compliance with 

Australia’s HBGVs and other project objectives. The combination of treatment systems is already having 

a measurable impact on source area PFAS concentrations. Regenerating the resin on site, rather than 

disposing of spent resin, has resulted in minimal PFAS waste generation. The considerable reduction in 

waste generation, storage and thermal destruction has had a positive impact on the environment. The 

lessons learned to date have been largely around optimization of the pretreatment processes and resin 

regeneration system.   

Steve Woodard, ECT, 75 Washington Avenue, Suite 1A, Portland, ME, 04101, United States, Tel: 207-
210-1551, swoodard@ect2.com 

Presenting Author: Steve Woodard 

5



The Pease International Tradeport Water System PFAS Experience - Five Years 
Later 

Brian Goetz and Albert Pratt  

The Pease International Tradeport's drinking water system was impacted by the discovery of elevated 

levels of PFAS compounds in May 2014. One of the three wells, the Haven Well, exceeded the 

preliminary health advisory for PFOS and was taken offline. Since that time this site has gained national 

attention for being one the first impacted public drinking water systems affected by firefighting foam from 

a former Air Force Base, the Pease Air Base. This talk will describe the extensive investigation, 

monitoring and treatment system design that has gone into this site. Agreements with the Air Force to 

cover the cost of the design and construction of the treatment system have resulted in a system that will 

include both resin and activated carbon for the final treatment of the Pease wells. This talk will describe 

the five years of work, including extensive public meetings and outreach that has gone into this response. 

Brian Goetz, City of Portsmouth Department of Public Works, 680 Peverly Hill Rd, Portsmouth, NH, 
03801-5356, United States, Tel: 603-766-1420, bfgoetz@cityofportsmouth.com 

Albert Pratt, City of Portsmouth Department of Public Works, 680 Peverly Hill Rd, Portsmouth, NH, 
03801-5356, United States, Tel: 6035200622, anpratt@cityofportsmouth.com 

Presenting Author: Brian Goetz 
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PFAS: The Legacy of Better Living Through Chemistry – The Kennebunk, Maine 
Experience 

Norm Labbe  

This presentation will describe our (the Kennebunk, Kennebunkport & Wells Water District) experience 

with PFAS, from its discovery during our UCMR 3 testing through the installation of a permanent PFAS 

removal facility utilizing granular activated carbon. It will also include local, regional and national 

regulatory, legal and public perception ramifications. What makes this case unique is that the PFAS 

source was not related to a military installation, airport or other identified risk site. It came from approved 

soil amendments on a nearby farm. 

Norm Labbe, Retired as of June, 2019, 174 Guinea Road, Biddeford, ME, 04005, United States, Tel: 
2072296324, norm.labbe@gmail.com 

Presenting Author: Norm Labbe 
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Session 2: Advances in Site Remediation: 
Solutions and Applications 
 
Invasive Species Management and Realistic Goal Setting for Post 
Remediation Restoration 
John Schaffer, Tetra Tech, Inc., Parsippany, NJ  
 
Vapor Treatment Challenges During Rapid Heat-Up at an Insitu Thermal 
Remedy 
Russell Hogdahl and Dan Bryant, Woodard & Curran, East Windsor, NJ; Duff 
Collins, Woodard & Curran, Dedham, MA 
 
Treating 1,4-Dioxane with Activated Potassium Persulfate 
Dustin Bytautas, AECOM, Rocky Hill, CT; Brant Smith and Ravi Srirangam, 
PeroxyChem, Philadelphia, PA; Brianna Desjardins, PeroxyChem,  
Tonawanda, NY 
 
1,4-Dioxane Bioremediation: Options for this Challenging Groundwater 
Contaminant 
Phil Dennis, Sandra Dworatzek, and Jeff Roberts, SiREM, Guelph, ON, Canada 
 
State-of-the-Art Large-Scale SVE Case Study 
Dennis Keane, XDD Environmental, Stratham, NH  
 
Enhanced NAPL Recovery Through Combined Surfactant and Hydrogen 
Peroxide Flushing 
Dan Socci, Geeta Dahal, and Samantha Higley, EthicalChem, South  
Windsor, CT  
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Invasive Species Management and Realistic Goal Setting for Post Remediation 
Restoration 

John Schaffer  

Post remediation operation and maintenance efforts are most often associated with ground water 

treatment systems, soil or sediment cap stability monitoring or long term monitoring of water quality. 

These are often specified as part of the remedial action alternative. However, remediation within 

landscapes or habitats such as wetlands or mature forests require a restoration plan and long term 

monitoring program to assess recovery of these natural systems following remediation. Monitoring 

requirements can extend up to 3-10 years and often require the restoration goal of minimizing coverage 

to less than some standard for occurrence within restoration areas. Such goals can be unachievable if 

invasive plants already dominate the existing and surrounding landscape. Achievement of coverage 

control requires proactive measures in the management of invasives. Factors to be considered for control 

include presence within existing habitats prior to remediation and ecology of the species present (i.e., 

seed bank establishment, reproduction strategies, etc.) and expansion strategies. Occurrence of invasive 

species have become natural landscape components in disturbed areas and marginal ecotones in 

developed areas often forming mosaic communities with native species. Often this balance in a mosaic 

setting is beneficial for wildlife habitats in these ecotones. In other circumstances, invasive species can 

transform native communities through aggressive growth and establish near mono-cultures of plant 

growth. Management strategies require the integration of multiple control methods for both short and long 

term strategies in controlling encroachment and advancement. Other factors that need to be considered 

include the occurrence of seed bank stock in reused top soils or occurrence in seed mixtures used in the 

restoration plan implementation. Permitting requirements for post remedial success criteria in regards to 

invasive coverages should be documented in the context of existing and adjoining communities to ensure 

that post remedial monitoring goals are feasible and prior conditions well documented. 

John Schaffer, Tetra Tech, Inc., 7 Century Drive, Parsippany, NJ, 07054, United States, Tel: 973-630-
8530, John.Schaffer@tetratech.com 

Presenting Author: John Schaffer 
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Vapor Treatment Challenges During Rapid Heat-Up at an Insitu Thermal Remedy  

Russell Hogdahl, Duff Collins, and Dan Bryant  

Rapid efficient heating is typically an objective during implementation of In-Situ thermal remedies. 

Electrical resistance heating (ERH) of a 14,000 square foot aquifer to the target temperature of 89°C 

occurred much more rapidly than expected. While rapid heating is considered favorable, this resulted in 

significant and unanticipated vapor treatment management challenges. The 89°C design temperature 

was achieved in only 52 days, whereas the expected time period was 80 to 90 days. The rapid heat-up 

resulted in exponential increases in VOC mass recovery over a short period of time and instantaneous 

VOC recovery rates that were higher than anticipated. VOC mass recovery peaked at approximately 700 

pounds per day. Vapor was treated with on-site steam-regenerated activated carbon followed by 

sacrificial activated carbon. Due to the high VOC recovery rates continuous operation, maintenance, and 

regeneration of the primary carbon were necessary to maintain system operating air permit compliance. 

The high VOC recovery rates also contributed to increased change-outs of sacrificial carbon beds. Other 

responsive measures, including lowering energy delivery to reduce steam production and introduction of 

vapor dilution flows to lower subsurface vacuum and influent concentrations, were implemented to reduce 

mass loading and achieve better management of the vapor treatment system. This presentation will 

highlight that, while heating and temperature are often the primary focus of planning thermal projects, the 

same level of importance needs to be given to planning for the O&M of the associated treatment systems. 

We show how below-grade heating and above-grade treatment cannot be viewed as separate elements, 

but as one unit operating in concert and how subsurface response to heating directly dictates the 

preemptive O&M measures that should be implemented at the aboveground treatment system. A better 

understanding of this relationship and proactive planning for the O&M approach provide a more effective 

and efficient thermal remedy. 

Russell Hogdahl, Woodard & Curran, 50 Millstone Road, East Windsor, NJ, 08520, United States, Tel: 
609-608-0547, rhogdahl@woodardcurran.com 

Duff Collins, Woodard & Curran, 980 Washington Street, Dedham, MA, 02026, United States, Tel: 781-
613-0270, dcollins@woodardcurran.com 

Dan Bryant, Woodard & Curran, 50 Millstone Road, East Windsor, NJ, 08520, United States, Tel: 609-
375-8026, jbryant@woodardcurran.com 

Presenting Author: Russell Hogdahl 
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Treating 1,4-Dioxane with Activated Potassium Persulfate 

Brant Smith, Brianna Desjardins, Ravi Srirangam, and Dustin Bytautas  

Background: 1,4-Dioxane has emerged as a contaminant of concern for numerous sites. It is most 

commonly found at sites co-mingled with the chlorinated solvents it was used to stabilize and their 

daughter products. The co-mingling of 1,4-dioxane with chlorinated solvents can make treatment of the 

entire contaminated suite more complex as 1,4-dioxane is typically treated using a oxidative radical 

pathway and several of the chlorinated solvents are best treated with a reductive pathway. In several 

instances this has led to sites where the chlorinated solvents were treated only to expose the untreated 

1,4-dioxane. 

Approach: Alkaline activated potassium persulfate was evaluated at two separate sites contaminated 

with a mixture of 1,4-dioxane, chlorinated ethenes, and chlorinated ethanes. The sites were first 

evaluated in a series of column reactors where site groundwater was then run through the columns until 

the potassium persulfate had been consumed. One of the sites subsequently had a successful field pilot 

test with alkaline activated potassium persulfate applied with a full-scale application in 2018. 

Results: This presentation will provide the results from each site and highlight key conclusions in terms of 

the effectiveness of the oxidative and reductive pathways and comparative benefits of two activation 

schemes for potassium persulfate. The data indicate hydrated lime induced alkaline-activated potassium 

persulfate reduced 1,4-dioxane, chlorinated ethenes, and the chlorinated ethanes concentrations to below 

the detection limit. ZVI-activated persulfate resulted in treatment to non-detect of 1,4-dioxane and 

chlorinated ethenes while reducing chlorinated ethanes by 20 to 60 percent.  Field data not only 

evaluated treatment effectiveness but also the persistence of potassium persulfate compared to the sites 

groundwater velocity.  Field data indicates the potassium persulfate was persisting as expected based on 

the observed groundwater velocities and that 1,4-dioxane was treated to below the detection limit at the 

PRB and significant reduced down gradient. 

Brant Smith, PeroxyChem, 2005 Market Street, Philadelphia, PA, 19103, United States, 
Brant.Smith@peroxychem.com 

Brianna Desjardins, PeroxyChem, 78 Sawyer Avenue, Tonawanda, NY, 14150, United States, Tel: 716-
879-0493, brianna.desjardins@peroxychem.com 

Ravi Srirangam, PeroxyChem, 2005 Market Street, Philadelphia, PA, 19103, United States, Tel: 312-480-
5250, ravi.srirangam@peroxychem.com 

Dustin Bytautas, AECOM, 500 Enterprise Drive, Suite 1A, Rocky Hill, CT, 06067, United States, Tel: 860-
263-5771, dustin.bytautas@aecom.com 

Presenting Author: Dustin Bytautas 
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1,4-Dioxane Bioremediation: Options for this Challenging Groundwater 
Contaminant  

Phil Dennis, Sandra Dworatzek, and Jeff Roberts  

1,4-dioxane (1,4-D) is a probable carcinogen commonly detected in groundwater due to its use as a 

solvent stabilizer. The high solubility of 1,4-D often leads to large dilute plumes with associated 

remediation challenges. Fortunately, available options for implementing bioremediation in 1,4-D 

contaminated groundwater are increasing. 

Aerobic cometabolic bioventing utilizes the addition of oxygen and alkane gases to groundwater and has 

been tested in the lab and successfully implemented in the field. For example, sequential methane and 

oxygen gas infusion was has been used to enhance cometabolic 1,4-D degradation. Delivery of sufficient 

oxygen identified as a major challenge for in situ bioremediation of 1,4-D and in some cases may favor ex 

situ approaches, such as bioreactors. 

Bioremediation of 1,4-D by aerobic energy yielding pathways shows growing promise. A major milestone 

was the discovery of Pseudonocardia dioxanivorans CB1190, a microorganism that uses 1,4-D as an 

energy source. Molecular tools to quantify CB1190 1,4-D functional genes in groundwater allow 

assessment of intrinsic bioremediation potential at 1,4-D sites. Where indigenous 1,4-D biodegraders are 

absent, bioaugmentation is also an option. Bench-scale studies are demonstrating successful 

bioaugmentation with 1,4-D cultures and help to verify and optimize remediation strategies prior to field 

testing. 

Phytoremediation can provide hydraulic control and delivery of oxygen to groundwater and has been 

deployed at 1,4-D sites in North America and in Europe. Interest in phytoremediation paired with 

bioaugmentation is growing and the potential for this combined approach for treatment of 1,4-D plumes 

will be discussed. 

Phil Dennis, SiREM, 130 Stone Road W., Guelph, ON, N1G 3Z2, Canada, Tel: 519-515-0836, 
PDennis@Siremlab.com 

Sandra Dworatzek, SIREM, 130 Stone Road W., Guelph, ON, N1G 5Z3, Canada, Tel: 519-515-0839, 
sdworatzek@siremlab.com 

Jeff Roberts, SiREM, 130 Stone Road W., Guelph, ON, N1G 5Z3, Canada, Tel: 519-400-8807, 
jroberts@siremlab.com 

Presenting Author: Phil Dennis 
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State-of-the-Art Large-Scale SVE Case Study 

Dennis Keane  

This presentation will provide an overview of the regulatory, design engineering, and performance 

components of a large-scale state-of-the-art soil vapor extraction (SVE) system designed to efficiently 

remove hundreds of thousands of pounds of benzene and chlorobenzene in heterogeneous soils located 

in a highly industrialized region. 

A two million gallon benzene storage tank was formerly located at a chemical manufacturing facility 

located in Illinois, in the floodplain of the Mississippi River. Soil characterization work completed in 2009 

and 2010 within the proposed treatment area estimated the total benzene and chlorobenzene mass to be 

approximately 390,000 pounds. 

A pre-design program evaluated the variable intrinsic permeability of the heterogeneous soils. Pilot 

testing was performed using multiple injection and extraction configurations to refine full-scale design 

parameters, estimate timeframes via pore volume exchanges, and identify recalcitrant soil intervals. 

Based on the pre-design testing data, the full-scale remedial design included approximately 160 nested 

extraction / air injection wells and two thermal oxidizers (one temporary) to treat the 2.5-acre area. 

The SVE system removed (as vapor) 470,000 pounds of benzene and chlorobenzene from the treatment 

area in 2.5 years. The SVE system was shut down after having met closure criteria; however, the 

regulatory agency required subsequent additional evaluations, including: risk from soil-to-vapor transfer, 

repartitioning of the residual contaminant mass to groundwater, and the projected impacts of future 

fluctuations in groundwater level from underlying impacted soils to the remediated vadose zone soils. As 

a result of the evaluations and regulatory negotiations, the system was restarted for several months in 

2018 and then shut down again after removing an additional 870 pounds of benzene and chlorobenzene. 

Dennis Keane, XDD Environmental, 22 Marin Way, Stratham, NH, 03885, United States, Tel: 603-778-
1100, keane@xdd-llc.com 

Presenting Author: Dennis Keane 
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Enhanced NAPL Recovery Through Combined Surfactant and Hydrogen Peroxide 
Flushing 

Geeta Dahal, Dan Socci, and Samantha Higley  

Non-aqueous phase liquid (NAPL) is the source of groundwater and soil contamination at many sites and 

is a technically challenging problem to address in the subsurface. Conventional In Situ Chemical 

Oxidation (ISCO) implementations are limited to aqueous phase reactions and are unable to address bulk 

NAPL plumes cost-effectively as they typically require very large amounts of oxidant to meet cleanup 

goals. Pump-and-treat approaches for NAPL removal produce very gradual, continuous contaminant 

extraction and are often in operation for many years. These systems tend to exhibit reduced effectiveness 

through time. 

This presentation will focus on simultaneous application of optimized surfactant blends and low doses of 

hydrogen peroxide to enhance NAPL removal using SEPRTM (Surfactant Enhanced Product Recovery) 

technology. SEPR can greatly improve treatment economics and performance compared to traditional 

contaminant removal approaches. Surfactants used in the SEPR process lower interfacial tension and 

decrease the capillary forces, which keep NAPL sorbed to soil, resulting in mobility of the NAPL phase. 

Additionally, simultaneously injected hydrogen peroxide also loosens the NAPL and provides buoyancy, 

facilitating NAPL transport towards recovery wells. A SEPR alone treatment typically will suffice if the 

endpoint criteria is NAPL mass removal or NAPL removal to sheen and/or no measureable free product in 

the monitoring wells. A follow up S-ISCO® (Surfactant-enhanced In-Situ Chemical Oxidation) treatment is 

recommended when low soil and groundwater remediation criteria are required. Bulk NAPL removal in 

the preceding SEPR phase provides improved cost/performance of subsequent surfactant enhanced 

oxidation of the residual soil contamination. This presentation will discuss lab data on surfactant selection 

and also include field case studies where contaminant mass reductions were achieved using SEPR and 

S-ISCO technologies. 

Geeta Dahal, EthicalChem, 177 Governors Highway, South Windsor, CT, 06074, United States, 
gdahal@ethicalchem.com 

Dan Socci, EthicalChem, 177 Governors Highway, South Windsor, CT, 06074, United States, 
dsocci@ethicalchem.com 

Samantha Higley, EthicalChem, 177 Governors Highway, South Windsor, CT, 06074, United States, 
shigley@ethicalchem.com 

Presenting Author: Dan Socci 
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Session 3: Evaluating LNAPL Concerns and 
Alternative Remedial Technologies 
 
Horizontal Air Sparging for Remediation of Jet Fuel at DOD Sites 
Michael Sequino, Directional Technologies, Inc., Wallingford, CT; Kyle Carlton, 
Directional Technologies, Inc., Miramar Beach, FL 
 
Lessons Learned from Surfactant Enhanced Aquifer Remediation of Light 
and Dense NAPLs 
David Alden and Gary Birk, Tersus Environmental, Wake Forest, NC; Sangho 
Bang, Tersus Environmental, Cary, NC  
 
Enhancing Biodegradation: How Bioventing Compares to Traditional 
LNAPL Recovery Methods 
Steven Gaito, AECOM, Providence, RI; Brad Koons, AECOM, Minneapolis, MN; 
Jonathon Smith, AECOM, Southfield, MI; Andrew Kirkman, BP, Naperville, IL  
 
NAPL Drawdown Calculations: How Fractured Bedrock is Similar and 
Different to Unconfined LNAPL in Sand 
Andrew Kirkman, BP, Naperville, IL  
 
Applicability of Vertical Screening Distances for Petroleum Vapor Intrusion 
Risk Assessment of Non-BTEX Compounds 
Matthew Lahvis, Shell, Spring, TX; Eric Nichols, Substrata LLC, Newfields, NH  
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Horizontal Air Sparging for Remediation of Jet Fuel at DOD Sites 

Kyle Carlton and Michael Sequino  

Horizontal air sparging remains a proven remedial technique to cover large areas and to access areas 

beneath multiple types of surface infrastructure. This presentation will detail three case studies where 

horizontal air sparge wells were installed and operated to remediate jet fuel plumes at two Department of 

Defense installations, as well as a pipeline release in the Southeast. 

Site 1: Air Force Base in New York State 

Soil and groundwater was impacted from at least two documented jet fuel releases and other site 

activities. The site is underlain by a complex geological formation providing a porous media for migration 

of petroleum LNAPL and dissolved constituents in groundwater. To maximize oxygen distribution without 

impacting site redevelopment, horizontal biosparge wells were selected as the preferred remedial 

technique. Within three years of operation of the horizontal biosparge system, groundwater sampling 

results indicated no volatile organic compound (VOC) concentrations above the regulatory groundwater 

standards. 

Site 2: Joint Air Force Base and International Airport in the Southeast 

Based on the successful remediation of the DOD site in New York State, the DOD approved horizontal 

biosparging at a second facility in the Southeast. Unlike the site in New York State, this site was underlain 

by estuarine deposits with a shallow groundwater table. One main target area for remediation was located 

beneath an active tarmac and taxiway used by military and commercial aircraft. A total of 10 horizontal 

biosparge wells were installed with directional drilling to access these areas for remediation without 

impeding aircraft traffic. 

Site 3: Vertical Air Sparge System Enhancement with Horizontal AS Wells – Pipeline Release 

Beneath Intersection 

Remediation of a dissolved BTEX plume beneath an intersection within the Piedmont Geologic Province 

utilized horizontal air sparge wells to enhance the existing vertical air sparging system to optimize air 

delivery into the target zones. 

Kyle Carlton, Directional Technologies, Inc., 130 S. Geronimo Street, Unit 2, Miramar Beach, FL, 32550, 
United States, Tel: 877-788-4479, kcarlton@directionaltech.com 

Michael Sequino, Directional Technologies, Inc., 77 North Plains Industrial Road, Wallingford, CT, 06492, 
United States, msequino@directionaltech.com 

Presenting Author: Michael Sequino 
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Lessons Learned from Surfactant Enhanced Aquifer Remediation of Light and 
Dense NAPLs 

David Alden, Gary Birk, and Sangho Bang  

Background/Objectives: Surfactants, solvents and polymers have been used as aggressive NAPL 

removal methods. Published work on thoroughly monitored projects shows that over 90% of the NAPL 

contaminant mass can be removed. How have more commercial remediation projects following these 

methods performed? 

Approach/Activities: Technology developed at the University of Oklahoma, originally focused for 

enhanced oil recovery at petroleum reservoirs and subsequently adapted to the environmental arena, can 

lower the IFT sufficiently to allow physical mobilization of residual LNAPL with the limited production of 

thermodynamically stable emulsions. Part of this talk will focus on market acceptance and lessons 

learned from the use of artfully formulated surfactant blends that reduce solubilization and simply allow 

LNAPLs in saturated soils to become mobile. Lessons learned from other Department of Defense 

surfactant flood projects addressing DNAPL will be used to highlight similarities and differences to LNAPL 

recovery projects. 

Results/Lessons learned: The presentation will review surfactant flood design methods and highlight 

results and lessons learned from various projects. 

David Alden, Tersus Environmental, 1116 Colonial Club Road, Wake Forest, NC, 27587, United States, 
Tel: 919-453-5577, david.alden@tersusenv.com 

Gary Birk, Tersus Environmental, 1116 Colonial Club Road, Wake Forest, NC, 27587, United States, 
gary.birk@tersusenv.com 

Sangho Bang, Tersus Environmental, Cary, NC, United States, sangho.bang@tersusenv.com 

Presenting Author: David Alden 

20



Enhancing Biodegradation: How Bioventing Compares to Traditional LNAPL 
Recovery Methods 

Steven Gaito, Brad Koons, Jonathon Smith, and Andrew Kirkman  

Research on Natural Source Zone Depletion (NSZD) rates at petroleum-affected sites has demonstrated 

that the rate of natural LNAPL depletion is typically on the order of hundreds to thousands of gallons of 

LNAPL per acre, per year. Both academic and industry research studies and measurements made by 

practitioners have shown that the rate of LNAPL mass depletion by NSZD is often greater than what can 

be or has been achieved through active LNAPL recovery efforts. These findings suggest that enhancing 

NSZD may be more effective than hydraulic LNAPL recovery, even at sites where LNAPL transmissivity 

measurements indicate that LNAPL is hydraulically recoverable. Conceptual models of NSZD show that 

the soil gas within the LNAPL smear zone is rich in methane and depleted of oxygen. These observations 

suggest that bioventing may be an effective technology to enhance biodegradation rates and deplete 

LNAPL source mass. Best practices for bioventing field screening, system design, and performance 

monitoring have been in place since the 1990's. While the remediation science behind bioventing has not 

changed, the conceptual understanding of biological LNAPL depletion processes and the framework for 

evaluating remedial efficacy for different LNAPL remediation technologies has changed markedly since 

the 1990’s. Advances in our understanding of biodegradation of LNAPL and a review of bulk LNAPL 

mass removal rates that can be achieved through bioventing indicate that bioventing can be an effective 

approach for addressing LNAPL saturation concerns in certain settings. Bioventing is a potentially cost-

effective alternative to hydraulic recovery that not only degrades the mobile fraction (limits of hydraulic 

recovery) but also the residual fraction of LNAPL. The observation that the biologically-mediated 

processes responsible for LNAPL depletion do not appear rate limited under most circumstances indicate 

that mass removal through enhanced biological depletion can be sustained over longer periods of time 

than hydraulic recovery technologies. 
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NAPL Drawdown Calculations: How Fractured Bedrock is Similar and Different to 
Unconfined LNAPL in Sand 

Andrew Kirkman  

NAPL transmissivity is a metric used to evaluate the recoverability of NAPL and establish a quantitative 

basis for compliance with regulatory standards for NAPL recovery to the maximum extent practicable. 

LNAPL transmissivity measurements have been utilized for unconsolidated materials since the 1990’s. 

Applied research on NAPL transmissivity provided in guidance documents and journal literature greatly 

improved the understanding of NAPL transmissivity testing methods and data analysis practices. 

However, the focus of the applied research has been on porous media and not on NAPL in bedrock. 

This talk will discuss application of NAPL transmissivity testing to bedrock. An important element of 

baildown test data analysis is to correctly calculate NAPL drawdown induced by removal of NAPL from a 

well. A theoretical model to ensure the correct relationship is used to estimate NAPL drawdown for 

bedrock will be presented and compared to NAPL drawdown in unconfined sands. Discussions of DNAPL 

and LNAPL behavior will be provided. Additionally, an example of non-ideal behavior will be provided to 

contrast ideal and non-ideal behavior. 

While the talk highlights NAPL drawdown, the discussion of drawdown will illustrate the multiple scenarios 

of NAPL occurrence and distribution in bedrock. This understanding alone will aid development of NAPL 

conceptual models and selection of remedial technologies. 
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Applicability of Vertical Screening Distances for Petroleum Vapor Intrusion Risk 
Assessment of Non-BTEX Compounds 

Matthew Lahvis and Eric Nichols  

Several regulatory agencies in the US are recommending the use of vertical source-building separation 

distances as a metric for screening petroleum vapor intrusion (PVI) risks at underground storage tank 

(UST) sites. The method accounts for biodegradation and thus reduces much of the unnecessary data 

collection (e.g., soil-gas sampling) triggered by application of conventional, and overly conservative, risk-

based screening levels. The suitability of the vertical screening distances for constituents of potential 

concern (COPCs) other than benzene, toluene, ethylbenzene, xylenes (BTEX) remains somewhat 

uncertain, however. The COPCs being questioned include: total petroleum hydrocarbon (TPH), 

naphthalene, hexane, lead scavengers, 2,2,4-trimethylpentane, and methane metabolically produced 

through anaerobic hydrocarbon biodegradation.   

This presentation examines the applicability of the vertical screening distances for non-BTEX COPCs at 

UST sites through a review of recent research. General conclusions and recommendations drawn from 

these studies can be summarized as follows: 

1. The vertical screening distances recommended by US regulatory agencies are broadly applicable 

to most gasoline and diesel-related COPCs; 

2. vertical screening distances for these compounds are likely to become more conservative over 

time in response to declining source concentrations; 

3. site-specific source concentrations (groundwater or soil gas) must also be considered in 

screening distance assessments at certain sites with less readily biodegradable COPCs (e.g., 

lead scavengers); and 

4. collection of soil-gas data prior to indoor air or sub-slab sampling is generally recommended at 

PVI sites with insufficient source-building separation distance. 

It is expected that successful implementation of these guidelines would minimize unnecessary data 

collection and direct limited resources toward sites that pose the greatest potential risk for PVI. 
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Prioritization of Exposure Pathways at Sites Impacted by Per and Polyfluoroalkyl 
Substances  

Jennifer Arblaster, Jason Conder, and Emily Larson  

Many scientific and regulatory data gaps are currently associated with the assessment and management 

of per and polyfluoroalkyl substances (PFAS). To assist with understanding critical exposure pathways 

and key risk drivers, a recently published (Larson et al., 2018) empirically-based bioaccumulation model 

for seven PFAS was used to evaluate the key exposure pathways of concern. For ecological receptors, 

the potential risks to aquatic life and aquatic-dependent birds and mammals were evaluated at five PFAS-

impacted sediment sites to understand relative exposures from multiple PFAS. Aquatic species sensitivity 

distributions were used to characterize the potential for direct aquatic toxicity from exposure to PFOS, 

and relative risks to aquatic life and wildlife were evaluated. For human health exposure pathways, 

comparisons of direct contact exposures and consumption of fish and shellfish were evaluated for relative 

risks from PFOS and PFOA at each of the five sites included in the bioaccumulation model. The 

evaluation of relative risks indicated that bioaccumulation of PFAS in the food web may result in adverse 

effects to aquatic life-dependent birds and mammals at lower concentrations than those that indicate a 

potential risk to aquatic invertebrates and fish. Risk-based threshold concentrations of PFOS in 

sediments and surface water for consumption of fish are lower than concentrations of PFOS associated 

with acceptable risk via drinking water or recreational use. Based on this evaluation, for PFAS-impacted 

sites with aquatic habitats where exposure pathways for avian, mammalian and human receptors are 

complete, human health fish consumption exposures are likely to drive risk management decisions, 

followed by aquatic-dependent wildlife and then aquatic life. 
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Using Horizontal Wells to Mitigate Risk at Sites with Access Issues  

Erik Piatt, Stephen Koenigsberg, Lance Robinson, and Wes Wiley  

The deployment of horizontal wells for site assessment can dramatically impact risk assessment. 

Horizontal wells, when nested and segmented, with individual communication of the separate well 

elements to the surface, have brought about a paradigm shift in management protocols. The latter is 

specifically tied to moving from monolithic single well systems, which are subject to preferential path 

distortions, to the kind of information that can be provided by segmented well systems. From a risk 

perspective standpoint, there are clear advantages to obtain required data, at sites challenged by access 

issues. These include the built environment, natural obstacles, secure locations, property interferences. 

Two case studies will be presented that illuminate the advantages of a next generation horizontal well 

system for site assessment and the concomitant risk management advantages. One of them involves 

challenges with the built environment and the other had a primary issue with resistance by adjacent 

property owners to allowing access, addition to some on site access issues. 

Lastly, this technological advancement creates a new paradigm in contrast, or rather as an adjunct to, 

vertical profiling and high resolution site characterization (HRSC). In fact, it opens up a new strategic 

approach that can be called high resolution contaminant distribution (HRCD), because flexible horizontal 

segmented well systems can be used to navigate “up the spine of the plume” providing discretized data 

sets that illuminate contaminant locations in new ways, thus mitigating risk centered on unknown 

conditions. 
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Assessing and Communicating Environmental Exposures and Risks at 
Brownfield Sites 

Michael Musso  

Communicating technical information associated with a contaminated waste site to a public audience of 

diverse stakeholders can be difficult. Add in the complexities of risk perceptions, different types of 

chemicals and impacted environmental media, potential exposure pathways and sensitive receptors, 

plans for re-development, and input from government agencies and local decision makers, and a whole 

new set of circumstances (including opportunities) is presented. This presentation will discuss unique 

aspects of Brownfields and contaminated waste sites, the exposure and risk analyses conducted, and 

approaches for risk communication. Two to three real project examples will be presented, describing 

different types of stakeholder involvement that shaped the nature of the site investigations, data 

presentations, remedial approaches and monitoring, site reuse, and monitoring "post development." 

Observations on risk perceptions and the roles played by media/social media will also be discussed. The 

presentation concludes with summaries of lessons learned and provides opportunity for attendees to 

interact and share experiences. 
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A Comparative Plume Study of TPHg, TPHd, Benzene, and MTBE: Implications for 
Risk Management 

Kirk O'Reilly, Matthew Lahvis, George DeVaull, and Andrew Deines  

Risk management of groundwater at petroleum release sites often focuses on indicator compounds such 

as benzene or MTBE. Some regulatory jurisdictions require analysis of total petroleum hydrocarbons 

(TPH). But TPH measures more than hydrocarbons, so the results may include other extractable organic 

compounds. Depending on the age of the release and the position of a monitoring well within a dissolved 

plume, TPH may be primarily dissolved hydrocarbons or may include a mixture of oxygen containing 

compounds (OCCs) such as alcohols, aldehydes, esters, and carboxylic acids generated as products of 

petroleum biodegradation. Improving our understanding of the composition of these complex chemical 

mixtures is an area of growing interest. Recent research indicates that the toxicity of OCCs is typically 

less than that of the parent hydrocarbons. A proposed risk management strategy suggests that, when 

present, indicator compounds and/or dissolved hydrocarbons should drive risk-based site decisions. In 

their absence, the risk of the OCCs may be considered. 

Investigating the applicability of this strategy requires comparing the soluble plume characteristics of 

indicator compounds and TPH. Using data from California’s GeoTracker database, attenuation rates, 

plume stability, and plume lengths of measured benzene, MTBE, gasoline range TPH (TPHg), and diesel 

range TPH (TPHd) were characterized at hundreds of sites. New methods were developed that allowed 

comparative evaluation of these parameters over time. This presentation will discuss how the results 

inform our understanding of the fate and transport of these chemical constituents. Implications for risk 

management at fuel release sites will be highlighted. 
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Drive for Regulatory Action on 1,4-Dioxane in Drinking Water and Controversy 
Surrounding its Mode of Action 

Michele Garber, Douglas Covert, and Christopher Teaf  

Questions persist concerning how 1,4-dioxane at very low levels in drinking water should be handled by 

health agencies, as well as potentially responsible parties (PRPs) that may be responsible for site 

cleanup. USEPA included 1,4-dioxane on its December 2016 list of 10 chemicals that will undergo risk 

evaluations as required by the Toxic Substance Control Act (TSCA; as amended by the Lautenberg 

Chemical Safety Act). There is currently no federal Maximum Contaminant Level (MCL) identified by 

USEPA for 1,4-dioxane, although the agency has established drinking water health advisories (HA) and 

regional screening levels (RSLs). While some states await USEPA guidance, New York, New Jersey, and 

other states have implemented early steps to regulate 1,4-dioxane in state drinking water. In December 

2018, the New York State Drinking Water Quality Council recommended an MCL of 1 part per billion 

(ppb) for 1,4-dioxane with no explanation as to how this value was derived.  While a number of states 

have extant guidelines, New York would have the first MCL for 1,4-dioxane, creating a legally enforceable 

standard that would require water systems to monitor, report (including public notification), and to 

maintain 1,4-dioxane below this level. This would have enormous financial implications for public water 

systems in this state. In contrast to the 1 ppb proposed MCL by New York, Health Canada (HC) proposed 

a maximum acceptable concentration (MAC) of 50 ug/L (ppb) in August 2018. The HC calculation was 

developed using benchmark dose (BMD) modeling which addressed liver toxicity in male and female rats. 

A variety of animal studies have concluded that a threshold mechanism of action (MOA; nongenotoxic) 

exists for 1,4-dioxane, with a basis of regenerative cell proliferation initiated by oxidative stress, 

cytotoxicity or another process. Other data have been put forth to support a genotoxic mechanism of 

action. The latest toxicological status is evaluated. 
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Planning and Implementing Proactive Combined Technology Remediation 

Paul Dombrowski  

Combined remedy treatment programs are being applied at many contaminated sites where more than 

one remediation technology is implemented to treat and/or remove contamination in efforts to achieve 

site-specific objectives. More often multiple technologies are performed reactively where additional 

technologies are used when one remediation technology was no longer effective or was not adequate to 

achieve site criteria, and then another remediation process is proposed. In contrast, a proactive combined 

remedy approach incorporates multiple treatment processes/technologies into the remedial design. 

Proactively utilizing a combined technology remediation approach where can improve treatment 

performance, increase efficiency, and reduce clean-up time and cost. A proactive combined remedy plan 

will harness the advantages of each individual technology, determine the most optimal remediation 

schedule, and better predict overall cost and cash flow requirements. Such proactive remediation 

planning is especially appropriate for redevelopment projects with aggressive timelines. 

This presentation will detail projects where combined remediation approaches were proactively planned 

to identify synergies in treatment and limit inhibitory effects. Example combinations that were designed 

proactively and implemented that will be detailed for planning and lessons learned will include in-situ 

chemical oxidation (ISCO) with bioremediation via enhanced reductive dechlorination (ERD), ISCO 

applying two different oxidants, surfactants with ISCO, injectable activated carbon with ERD, and thermal 

remediation with bioremediation. Consideration will be presented on reaction byproducts, contaminant 

mobilization, and spatial and sequential combined remediation application. In addition, the presentation 

will discuss combined remedy remediation projects where additional technologies were applied reactively, 

and will be identifying indicator parameters to support making the decision to change treatment 

technology or to continue with another application of the previously selected technology. 
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Bioremediation of Chlorinated VOCs and 1,4-Dioxane Using Anaerobic/Aerobic 
Treatment 

David Falatko and Sami Fam  

Background/Objectives: A combined anaerobic and aerobic in-situ groundwater treatment system is 

being operated to biologically treat both chlorinated VOCs and 1,4-dioxane. Enhanced anaerobic 

dechlorination (EAD) is being conducted to remediate a 2-acre chlorinated VOC plume of groundwater 

impacted primarily with TCE and TCA. Aerobic conditions are also concurrently being established in an 

area hydraulically down gradient of the anaerobic process to promote co-metabolic degradation of 1,4-

dioxane. It appears that ethane generated from the dechlorination process may act as a metabolite for 

ethanotrophs that co-metabolically degrade 1,4 dioxane in the downgradient portion of the plume. 

Laboratory microcosm testing is being completed to confirm this process and asses the effects of ethane 

on 1,4-dioxane degradation. 

Approaches/Activities: The anaerobic treatment zone consists of 4 extraction and 13 injection wells to 

distribute electron donor, nutrients, and pH buffers across the targeted treatment area. The aerobic 

treatment zone is down gradient of this area and includes low-flow oxygen sparge wells. Anaerobic 

groundwater containing residual dissolved gases (methane and ethane) flow into the aerobic zone where 

1,4-dioxane is degraded. Prior laboratory research by others has shown the aerobic degradation of these 

gases can concurrently degrade 1, 4-dioxane, and field studies have shown correlation between 

dissolved oxygen concentrations and 1,4-dioxane degradation.  

Results: The anaerobic portion of the treatment system has operated for approximately 2 years and has 

achieved near full dichlorination of the VOCs. The aerobic portion of the treatment system has operated 

for approximately 10 months. At the target 1,4 dioxane treatment location, 1,4 dioxane concentrations 

were reduced to approximately 5 ppb from a high of 230 ppb using the anaerobic/aerobic treatment 

approach. On-going laboratory microcosm studies indicate that aerobic ethane degradation leads to 

degradation of 1,4-dioxane. Efforts to optimize the process and determine design parameters to 

effectively complete the remediation are also being investigated.  
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Successful In Situ Chemical Oxidation of PCE-Impacted Source Areas Using 
Sodium Permanganate and a Surfactant 

Elizabeth Wilson, Donald Podsen, and Karnam Ramanand  

Groundwater and soil at a one-third acre urban location (Site) are impacted with tetrachloroethene (PCE), 

and there are multiple lines of evidence indicating the likely presence of dense non-aqueous phase liquid 

(DNAPL). The Site is surrounded by commercial businesses, and safety was a concern while 

implementing remediation. The primary health threat posed by the Site has been the detection of elevated 

levels of PCE in the indoor air of adjacent commercial buildings caused by the vapor intrusion pathway. 

The remedial objectives are to reduce PCE concentrations in soil and groundwater and eliminate the 

threat posed by vapor intrusion. The remedy selected was in situ chemical oxidation (ISCO) treatment 

using sodium permanganate (NaMnO4) and a surfactant in the source areas, and NaMnO4 only for the 

dissolved plume. Full-scale design consists of three rounds of injections with the first injection delivering 

51,000 pounds (lbs.) of NaMnO4 (40% strength) and 2,000 lbs. of surfactant (35% strength) into the soils 

and groundwater during late spring 2017. Approximately 44,000 gallons of 5% to 20% NaMnO4 and 

surfactant were delivered into groundwater through 108 Geoprobe®-driven injection points. The first 

round of oxidant injections revealed promising results. Before the injections, 12 of the 17 monitoring wells 

sampled exceeded the site cleanup standard of 50 µg/L for PCE. Seven months after the injections, PCE 

exceedances were limited to 2 of these 17 wells. At 10 months post-injection, a slight rebound was 

observed and the number of wells with PCE exceedance increased to 4. The overall decrease in PCE 

concentrations in groundwater has coincided with a decrease in the vapor concentrations (monitored as 

part of sub-slab depressurization system), thus helping to meet the objective of mitigating the vapor 

intrusion concerns. A second injection event was conducted in the spring of 2018 and these results are 

being reviewed for presentation. 
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Optimization of Heat Enhanced Bioremediation Systems: Combined Remediation 
Strategies, Designs, and Considerations 

Robert Danjou, Allen Swift, Steffen Griepke, and Michael Dodson  

With the onset of improved technology and understanding of remediation processes, remedial options for 

sites of increasing difficulty are emerging. Yet, the challenge of addressing these increasingly complex 

sites will require smarter and more up-to-date remediation strategies, often in the form of combined in situ 

remedy approaches. Innovative remedial designs involving the spatial and(or) temporal integration of 

multiple in situ remediation technologies helps optimize treatment, increase overall project efficacy, and 

minimize project costs. 

This presentation will focus on Heat Enhanced Bioremediation (HEBR) strategies, which combine one or 

more In Situ Thermal Remediation (ISTR) technologies with enhanced bioremediation systems, in order 

to effectively remediate the entirety of a plume, from source area to the most distal end of dissolved 

phase impacts, and in an abbreviated timeline. Moderate heating (i.e. 35°C) accelerates 

dissolution/desorption and enhances biotic degradation. Anaerobic dehalorespiration reactions 

responsible for the in situ degradation of chlorinated solvents can approximately double with every 10°C 

increase in groundwater temperature. Whereas aerobic BTEX biodegradation has been shown to triple 

(3X) from 10 to 20°C and aerobic petroleum hydrocarbon biodegradation rates have been shown to peak 

between 30 and 40°C. 

Multiple successful projects where combined in situ remedial designs have effectively utilized the heat 

generated from the ISTR system to enhance the microbial kinetic rates associated with full anaerobic or 

aerobic biodegradation will be presented. Ultimately, this presentation will use several successful HEBR 

projects to develop a discussion as to how ISTR technologies can be seamlessly integrated with a 

bioremediation strategy to meet site cleanup goals expeditiously while minimizing the overall project cost. 

Key discussion points will focus on strategies for seamless integration of the two remedial systems, and 

considerations that must be addressed in order to optimize treatment, maximize the efficacy of the 

combined remedial effort, and ultimately shorten the timeline and cost-to-completion. 
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Leveraging Thermal Source Remedy Heat Plume for Synergistic Degradation of 
Downgradient Dissolved Plume  

Russell Hogdahl, Duff Collins, and Dan Bryant  

Warmth from source area thermal remedies persists and where hydrogeologic conditions are favorable 

can generate a warm water plume downgradient from the thermal treatment area. This warmth can 

accelerate microbial activity as well as contaminant desorption. At this site located in a dense urban area, 

the warm water was leveraged to optimize a synergistic biotic and abiotic remedy in the proximal portion 

of the dissolved downgradient plume. The plume is comprised primarily of TCE and its daughter products 

and extends 2,000 feet downgradient. Two permeable reactive treatment zones were constructed in 

accessible areas of the plume directly downgradient of the thermally treated former DNAPL source area. 

Both ZVI and fermentable solid carbon source were injected to leverage the enhanced biological activity 

anticipated from the warm water. The ZVI component also provides an abiotic reaction mechanism to 

ensure continued degradation as a contingency in the event that groundwater temperatures are too warm 

for microbial activity. Temperature monitoring data confirm minimal escape of warm groundwater while 

the thermal system operated. Shortly after thermal operations shutdown, temperature increased in the 

downgradient plume area. Groundwater sampling data confirm nearly 100% degradation of VOCs in the 

upgradient barrier (i.e. barrier closer to source) and in the deep zone of the downgradient barrier (i.e. 

barrier further from the source), and 75% degradation in the shallow zone of the downgradient barrier. 

This presentation highlights how a thermal source zone remediation effectively enhanced downgradient 

plume remediation and how combined insitu remediation technologies can be leveraged for substantial 

contamination reduction benefit. 
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Remediating DNAPL at a Complex Urban Brownfield 

Peter Zawadzkas and Elizabeth Bishop  

Haley & Aldrich was retained to assist in the redevelopment of a brownfields site located across the street 

from a public school in a densely populated Boston neighborhood. The Site had experienced generations 

of industrial/commercial use since the 1800s resulting in overlapping and interconnected foundations and 

utilities throughout the subsurface. High Resolution Site Characterization, along with traditional 

subsurface detective work, uncovered historic structures and process equipment dating back to the steam 

power days. Initial response actions identified and mitigated releases of free-phase petroleum, 

polychlorinated biphenyls and asbestos-containing material. In addition, trichloroethene and its 

degradation products were identified in soil, groundwater and former structures at concentrations 

indicative of the presence of dense non-aqueous phase liquid (DNAPL). 

A program of membrane interface probe explorations, in combination with geologic characterization and 

incremental groundwater sampling, was employed to delineate the vertical and horizontal extent of 

chlorinated solvent impacts. Once delineated, an aggressive remediation program was designed to meet 

an accelerated development schedule while keeping vapor emissions down to safe levels to protect the 

nearby school and neighborhood. The remedial response ultimately included soil blending, initial 

groundwater injections and a second, polishing, round of groundwater injections, all using different blends 

of electron donor and zero valent iron. Bioaugmentation was not necessary because robust native 

populations of dehalococcoides (DHC) bacteria were found to be in the range of concentrations generally 

indicative of bioaugmentation. 

New construction was coordinated and intentionally modified to not interfere with and allow for ongoing 

remediation. The presentation will focus on the use of a combination of tools to incrementally characterize 

a complex urban site and the successful use of native bacteria populations to supplement in-situ 

anaerobic remediation. 

Peter Zawadzkas, Haley & Aldrich, 465 Medford Street, Boston, MA, 02129, United States, Tel: 617-886-
7335, pzawadzkas@haleyaldrich.com 
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Environmental Health Challenges at the Nexus of Security, Climate Change, and 
Resource Extraction 

Casey Bartrem, Ian von Lindern, Margrit von Braun, and Simba Tirima  

Traditional applications of the word security include domestic security, food security, and economic 

security. In addition to these concepts, environmental security also includes the impacts of environmental 

degradation and climate change. This is highlighted by the environmental health challenges at the nexus 

of conflict, resource extraction, and climate change. These issues effect countries around the world, but 

the impacts are most pronounced in vulnerable and marginalized communities. For example, mining can 

act to stabilize nations when natural resource revenues are used to build infrastructure and fund 

government services however, there are countries where high-value resources are contrasted by violent 

conflict and low development indicators in health, economic stability, and environmental resilience. And 

while renewable and nonrenewable resource extraction contribute to anthropogenic climate change, there 

is some evidence that climate change impacts may include increasing shifts towards informal sector 

mining and mineral recycling. Environmental health crises in mining/recycling communities in Bangladesh, 

Nigeria, and Kyrgyzstan will be highlighted as examples of populations struggling with the impacts of 

conflict, climate change, and resource extraction. 
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Role of Security, Emergency Management and Resilience in Critical Infrastructure 

Lawrence Fitzgerald  

Critical Infrastructure (CI) owners/operators as well as the government entities that regulate them are 

realizing that risks from various unidentified or unmitigated vulnerabilities can compromise the 

functionality of these CI. Risk can be associated with natural hazards (e.g., hurricanes, wildfires, and 

seismic activity), technological hazards (hazmat spills, blackouts, cyber intrusions, etc.) or man-made 

threats (theft, terrorism, sabotage, etc.). The resultant loss of CI functionality can have a broad impact on 

the ability for US society to function and meet the needs of its people. Damage to CI can also have 

negative environmental impacts as well as loss of shareholder value. For example, sabotage of chemical 

storage or production can result in a catastrophic release of hazardous air pollutants, or worse, the 

creation of a weapon of mass effect (WME). Regulations have been developed to secure and make more 

resilient CI such as the electrical grid, chemical production, transportation networks and water supply 

systems. 

Lawrence Fitzgerald, TRC, 14 Gabriel Drive, Augusta, ME, 04330, United States, Tel: 207-620-3881, 
LFitzgerald@TRCSolutions.com 
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The Impact of Extreme Weather on Hazardous Material Releases 

Nicholas Santella  

Extreme weather has an outsized impact on petrochemical industries, in part because many are located 

along coastal and inland waterways. One aspect of this impact is an increased frequency of spills due to 

natural hazards in recent decades. 

In the analysis of federally reported releases presented, natural hazards are the underlying cause of 

between 1 and 7 percent of spills each year. Releases caused by natural hazards have increased 

sharply, in large part due to increased damage from hurricanes as well as floods and wind. Inter annual 

variability and trends over time for these spills generally match reported variation in extreme weather and 

associated climate indexes. For example, releases caused by floods in the last five years were 

approximately 50 percent greater than in the early 1990s and this increase is correlated with similar 

increases in extreme precipitation both nationally and for select US regions. 

Although many releases caused by natural hazards are minor, some are large and expensive. 

Centralized records on the impacts of these events is imperfect, but federal records identify at least 180 

evacuation events, 84 injuries and two deaths along with release of 11 million gallons of petroleum, 1.5 

million gallons and 16 million pounds of chemicals and $32 million in damages. These values vastly 

underestimate actual impacts but serve to document that impacts have increased over time. 

Predicted increases in the incidence of extreme weather in the future suggest that these types of releases 

will continue to multiply resulting in an increased potential for serious human and environmental impacts. 

Greater attention to management of natural hazard risk to industry, and in particularly to bulk storage 

facilities, is required to manage the frequency and severity of these events and this work can inform that 

effort.  

Nicholas Santella, BSTI, 3157 Limestone Road, Cochranville, PA, 19330, United States, Tel: 610-593-
5500, nsantella@bstiweb.com 
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Armed Conflict, Women and Climate Change – Assessing Operational Risk 

Jody Prescott  

The international community has recognized that armed conflict has differentiated and more severe 

impacts on women and girls, in general, than it does upon men and boys. The development community 

has likewise recognized that climate change has differentiated and more severe impacts on women and 

girls, in general, than it does upon men and boys. In areas affected both by armed conflict and climate 

change, the negative effects of these forces to at-risk populations (such as women and girls in 

conservative societies that marginalize them socio-economically) could compound each other. Military 

operations that are civilian-centric, such as stability or peace operations, could find their efforts to build 

social, economic and political stability undermined unless they assess the operational threat posed by 

failing to recognize this compounding relationship upon at-risk civilians, and take steps to mitigate it. 

In terms of conducting actual operations, today most militaries appear to treat climate change merely as a 

fact, rather than as a process which populations must work to mitigate or adapt to. Further, few militaries 

have made meaningful progress in operationalizing gender issues in civilian-centric operations.  Thus, 

most military organizations do not have the doctrine, curriculum, training and planning mechanisms 

established to recognize the threat posed by the compounding effects of armed conflict and climate 

change on at-risk population cohorts such as women and girls. Specific examples of military efforts do 

exist that address these relationships, and efforts like them should be widely fostered to enable militaries 

to conduct more successful operations in "wars amongst the people" in a time of changing climate. 

Operational risk provides a focal point for including environmental and gender factors in a functional way 

suited to military training and operations. 
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Presenting Author: Jody Prescott 

46



US Army Engineer Research and Development Center Environmental Security 
Research 

Jay Clausen  

The US Army Engineer Research and Development Center has conducted research over the past 

decade on environmental security issues. The environmental security focus has been on governmental 

stability whereby natural disasters or anthropogenic activities are the impetus for shifting a functioning 

society to a tipping point and possibly into a failed state status. Recognizing when this may occur is of 

interest to the military. The presentation will consist of a series of examples whereby hard science is 

integrated with soft social science to yield actionable outcomes. For example, high resolution crop 

mapping was conducted to determine types of crops, acreage planted, and yields to quantify agriculture 

capacity and equate it with societal stability. Another example is the use of spatio-temporal threads 

derived from journalistic and social media and to illuminate embedded relationships between datasets 

related to environmental security. Finally, a tool to anticipate and forecast impacts of climate and 

environmental threats on population’s in the future operational environment will be discussed. 

Jay Clausen, USACE ERDC-CRREL, 72 Lyme Road, Hanover, NH, 03755, United States, Tel: 603-646-
4597, jay.l.clausen@usace.army.mil 
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The EPA PFAS Methods: The Latest Information 

Linda Gaines  

EPA has validated an analytical method for 24 PFAS in non-potable waters. Method SW-846 8237 is a 

direct inject LCMSMS method validated for groundwater, surface water, and wastewater effluent. 

Statistical results from the validation study will be presented including recovery ranges and relative 

standard deviation for the different analytes and different media. Method 537.1 is also available for 18 

PFAS in drinking water. EPA is also working on other methods for different media including an isotopic 

dilution method for non-potable waters. The current status of those methods will be discussed. Other EPA 

work, especially with regards to Superfund, will be presented.   

The views of the authors of this abstract are those of the authors and do not represent Agency policy or 

endorsement. 
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Obtaining Appropriate PFAS Data for Environmental Decision Making – ITRC 
Guidance Update 

Nancy Rothman and Elizabeth Denly  

The Interstate Technology & Regulatory Council (ITRC) has brought together a team of over 400 

volunteer experts from federal and state regulatory agencies, academia, and industry to develop technical 

and regulatory guidance on Per-and Polyfluoroalkly Substances (PFAS). This guidance covers broad 

areas of interest including the following core PFAS topics: 

1. PFAS Chemistry and Naming Conventions, History and Use, and Sources of PFAS Releases in 

the Environment 

2. Firefighting Foams (Aqueous Film-Forming Foams (AFFF)) 

3. Physical & Chemical Properties 

4. Environmental Fate and Transport Processes 

5. Media-Specific Occurrences 

6. Human and Ecological Health Effects 

7. Basis of Regulations 

8. Site Risk Assessment 

9. Site Characterization 

10. Sampling and Analytical Methods 

11. Treatment Technologies 

12. Stakeholder Perspectives 

13. Risk Communication 

14. Case Studies 

This presentation will provide an overview of this ITRC guidance, with a focus on PFAS analytical 

methods and data evaluation. The authors, who directly participated in generating this guidance and who 

are active in the on-going process of keeping the PFAS information current, will describe updates to 

analytical methods (e.g., Method 537.1, SW-846 Method 8328) and quality control (e.g., DOD/DOE QSM 

5.2 Table B-15) including issues that must be considered by data users to ensure the accuracy and 

usability of PFAS data for project decisions. 

Nancy Rothman, NEH, Inc., 34 Pheasant Run Drive, Skillman, NJ, 08558, United States, Tel: 908-874-
5686, nrothman_neh@comcast.net 
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Passive Sampling of PFAS – Advantages, Challenges, and Recent Progress 

Eliza Kaltenberg and Kavitha Dasu  

Per- and polyfluoroalkyl substances (PFAS) are a diverse group of chemicals consisting of a fully or 

partially fluorinated carbon chain and a functional group. Because of their unique properties, including 

hydrophobicity and oleophobicity, PFAS found application in many industrial and household products, 

including aqueous film-forming foams, stain-resistant carpeting, water-proof outdoors gear, and food 

wrappers. As the evidence of adverse health effects of PFAS emerges, new contaminated sites are being 

identified and new, improved methods for PFAS assessment, monitoring, and remediation are being 

sought. 

Passive sampling has been widely appreciated by the scientific community for decades. More recently, 

increasing regulatory acceptance of passive sampling became apparent though the number of guidance 

documents released by the U.S. Environmental Protection Agency and other government organizations. 

Not surprisingly, the idea of passive sampling of PFAS is gaining a lot of interest. However, passive 

sampling of PFAS has been challenging. Traditional passive samplers perform reasonably well for the 

non-ionic PFAS precursors but fail to accurately capture the ionic species, so the search for better ways 

to measure the full spectrum of PFAS compounds, including anionic, cationic, and zwitterionic species 

continues. 

In this presentation, advantages and disadvantages of using a passive sampler to monitor PFAS at 

contaminated sites will be briefly discussed. We will also review and summarize the existing literature 

data on different types of passive samplers that were tested for PFAS. Finally, experimental data from our 

new PFAS passive sampler currently in development will be presented. Battelle’s passive sampler is an 

equilibrium regimen passive sampler which allows relatively simple calculation of the water concentration 

from extracted passive samplers. The passive sampler was recently tested in the field to compare the 

results obtained through passive sampling with the bulk water analysis results. 

Eliza Kaltenberg, Battelle Memorial Institute, 141 Longwater Drive, Norwell, MA, 02061, United States, 
Tel: 781-681-5517, kaltenberg@battelle.org 
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PFAS Leachability from Soils: Principles, Regulatory Review, and Considerations 
for Site Investigations 

Harrison Roakes, Stephen Zemba, and Ned Beecher  

Given that drinking water is generally the primary exposure pathway of concern for per- and 

polyfluoroalkyl substances (PFAS) in the context of waste site cleanup and other environmental media 

management activities, PFAS leachability from impacted soils or other solids can be a key consideration. 

There are a few state and federal soil screening levels for the protection of groundwater, but they range 

over several orders of magnitude. Efforts to establish screening levels for PFAS concentration in 

materials placed on soils (e.g. relocated soils, biosolids, etc.) have also proved challenging. Stakeholders 

are left in a situation where soil may be recognized as an important media for site characterization at 

PFAS sites, but there is limited guidance on how soil data may be translated into meaningful information 

for risk-based decision making. 

We will start with a review of the dynamics of PFAS leaching from soil and the state of knowledge on 

critical parameters (e.g., soil organic content and exchange capacity, PFAS partitioning coefficients and 

solubility). Then, various approaches taken to develop the existing guidance and regulatory values will be 

summarized, including analysis of key assumptions and their potential applicability to media of concern 

(e.g., background soils, soils impacted by air deposition, AFFF-impacted soils/sediments, and biosolids). 

These assumptions will be tested by comparison to published and current field research evaluating PFAS 

migration and impacts on groundwater. Finally, we will conclude by presenting simple strategies for 

calibrating PFAS migration models and incorporating PFAS analytical data for soil into conceptual models 

for site-specific applications. 

Harrison Roakes, Sanborn, Head & Associates, Inc., 20 Foundry Street, Concord, NH, 03301, United 
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Is TOP Assay Effectively Oxidizing/Detecting the Majority of PFAS in Complex 
Matrices? 

Elizabeth Denly, Michael Eberle, Kenneth Quinn, James Occhialini, and Phillip 
Bassignani  

This presentation will look at a comparison of results generated using isotope dilution, TOP Assay, total 

fluoride, and total fluorine analyses of complex matrices. Three sources were selected for analysis 

including a first generation AFFF source (C8-based), a second generation AFFF source (telomer-based), 

and a mixed organic sludge waste from a paper mill. Samples of the two AFFF sources are from a 

northeast airport; the soil matrix is similar for both sources and the time of release is known for both 

areas. The first generation AFFF site was associated with a mid-1990s emergency response and the 

second generation AFFF site was associated with a nozzle test area that was utilized in the mid-2000s. 

Three samples will be evaluated from each site including: dry vadose zone soils, shallow smear zone 

soils, and surface water (puddled). Paper mill samples are from a PFAS-impacted sewer line and include 

sediment/sludge, grab turbid water samples, and filtered/settled clear water samples. 

Based on current literature, the first generation AFFF samples are expected to show a strong correlation 

between all analyses. The correlation is likely to be more complex for the second generation AFFF 

samples with the largest variation associated with the smear zone and the paper mill sediment samples. 

The presentation will show the differences in total PFAS concentrations between all analyses performed 

and the effectiveness of the oxidation for zwitterions from the smear zone soils that were potentially 

present in the second generation AFFF samples and the effectiveness of the oxidation for complex 

charged PFAS compounds in the high organic content paper mill samples. 
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Graphical Analysis of Poly and Perfluoroalkyl Substances (PFAS) for Source 
Fingerprinting 

Ian Phillips and John Kastrinos  

The demand for forensic approaches to identify the source(s) of poly and perfluoroalkyl substances 

(PFAS) will continue to expand with increasing detections above regulatory standards as States expand 

their groundwater monitoring programs for PFAS. The intent of this presentation is to examine PFAS 

testing data over multiple monitoring events to assess whether the distribution and ratios of PFAS 

compounds change over time. We will present radar charts of PFAS concentrations plotted on 

monitoring-point location plans for multiple monitoring rounds, in “small-multiples” format, to evaluate 

spatial variability in the PFAS signature. The application of the radar charts is then validated through the 

comparison of documented source area(s) with PFAS signatures at downgradient monitoring points. The 

application of radar-chart patterns will be assessed as a line of evidence, in combination with other 

environmental measurements, to identify PFAS source(s).  
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Injection of Calcium Polysulfide to Remediate a Soluble Cadmium Groundwater 
Plume in Central Massachusetts 

Steven Hash, Prasad Kakarla, Michael Purchase, and William Caldicott  

In situ chemical reduction was used to treat soluble cadmium groundwater impacts at a site in central 

Massachusetts. Historical operations at the site included rotogravure printing. Cadmium was released 

from multiple sources including a former process waste pipeline and stormwater management system. 

Groundwater at the site is naturally acidic and oxidizing, which results in cadmium speciating as a soluble 

cation (Cd2+). Because of high groundwater flux and low organic carbon content in the aquifer matrix, 

soluble cadmium impacts have migrated downgradient towards a gaining river and present a chronic risk 

to ecological receptors. 

Bench- and field-scale testing indicated that calcium polysulfide (CPS) was viable for treating soluble 

cadmium. Site-specific Eh-pH data generated for varying CPS doses was evaluated relative to 

established cadmium reduction models with further evaluation of the effects of aeration and pH back-

titration. Based on the data collected, a CPS injection program was implemented to treat a 28,600-

square-foot area with treatment zone thicknesses ranging from 12 to 24 feet. An area-specific pilot test 

was initially conducted to verify and optimize design parameters, as needed. Approximately 146,000 

gallons of dilute CPS solution were injected across 92 temporary points over 19 days.  

Systematic injections were conducted into smaller treatment parcels including intensive field monitoring to 

evaluate reagent distribution during injection. Daily comparison of Eh-pH conditions to target levels 

ensured that desired conditions were being attained. Samples were collected with expedited analysis to 

evaluate short-term cadmium treatment and allow for near real?time optimization including installation of 

supplemental injection points. Post-treatment sampling results indicated that soluble cadmium in all 8 

compliance wells were below remediation goals. Data collected during and after injection activities will be 

used to design a treatment program for the remaining soluble cadmium plume. Long-term quarterly 

monitoring data will be available at the time of the conference. 
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In-Situ Stabilization (ISS) at a Former Connecticut Manufactured Gas Plant (MGP) 

Matthew Rood, Drew Blicharz, Larry Hogan, Craig MacPhee, and Bryan MacDonald  

The former Waterbury North MGP in Waterbury, Connecticut includes 2 former gas holders containing 

soil with MGP residuals. Remediation of these impacts was required to comply with Connecticut’s RSRs. 

Due to the nature of impacts in the former gas holders, off-site disposal became cost prohibitive, and 

warranted an alternative approach. ISS was selected as a viable option for remediation. However, prior to 

this project the CTDEEP had not previously approved ISS. Pre-design work included subsurface 

investigations to evaluate soil impacts, determine groundwater quality, depth to groundwater, identify 

NAPL and determine the approximate depth of the holders. This information was presented to the 

CTDEEP during the summer of 2017 and they determined that a Temporary Authorization (TA) for 

Groundwater Discharge permit was the most appropriate mechanism to approve ISS under the current 

regulations. The results of pre-design investigation work and treatability testing were submitted to 

CTDEEP, who approved the TA in January 2018. ISS preparation activities included: removal of large 

debris in the holders, removal of recoverable NAPL, and dewatering. ISS mixing proceeded for each 

holder on an alternating cell basis for maximum efficiency using an 8% Portland cement mix. Physical 

mixing was performed using an excavator and bucket method. Performance samples collected for 

laboratory testing were analyzed for strength, permeability, free liquids and mass loss. Performance 

testing results indicated that all design parameters were met or exceeded. Lessons learned include 

modifying the pre-design investigation to include test pits in the ISS areas. Test pits would have 

potentially more accurately revealed the amount and size of debris in the holders during the planning 

stage, facilitating the decision on mixing methods. Conducting treatability testing early in the process 

provided key data for obtaining permits and helped during the bidding process. 
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Effective In-Situ Treatment for Chromium Impacted Soils and Groundwater 

Robert Kelley and Howard Nichols  

A full scale in situ treatment program was implemented to remediate hexavalent chromium (Cr(VI)) 

impacts at a former metal plating facility. Chromium impacts were present in soil and groundwater in a 

complex hydrogeological system that consists of multiple lithological units within the overburden 

(saprolite) and bedrock (gneiss). In situ reductant amendments were selected to convert Cr(VI) to Cr(III) 

to reduce contaminant toxicity and mobility. These amendments were injected into the vadose zone using 

Direct Push injection with pneumatic fracturing to deliver Zero Valent Iron (ZVI), to create a long-lasting 

reactive barrier preventing further migration of Cr(VI) into the overburden groundwater. Ferrous sulfide 

(FeS) was selected as the saprolite groundwater treatment amendment based on laboratory treatability 

studies that confirmed the effectiveness of both sulfide and ferrous iron at reducing Cr(VI): Significant 

improvements in chromium concentrations were observed in the treatment with a limited zone of 

moderate concentrations remains within the deeper bedrock.  
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Economics of MBTs 

Matthew Burns  

Deeper knowledge of contaminant degradation pathways and analytical capability to demonstrate 

degradation along these pathways is fundamentally changing remediation approaches away from 

conventional horsepower-based technologies toward in situ remedies. A key aspect of implementing 

successful in situ remedies is the use of MBTs to provide actionable data on treatment efficacy along 

highly site-specific degradation pathways. These data enable the cost to closure for in situ remedies to be 

better defined and compared to conventional liability management strategies. 

Actionable MBT data collection strategies and life-cycle cost comparisons between conventional and in 

situ technologies will be presented for several sites. At each site, data collection plans were designed to 

assess activity along naturally-occurring or simulated degradation pathways in a fail small/succeed big 

approach that utilized in situ microcosms and pilot-scale testing. Site-wide in situ remedy implementation 

costs were then scaled and compared to actual or estimated life-cycle costs for conventional treatment 

systems. The sites that will be discussed include: 

• A long-term liability management site where decommissioning a hydraulic containment system 

and implementing a series of combined in situ remedies is desired to address a large dissolved 

chlorinated solvent plume. 

• A site with a large, oxic, dilute TCE plume with no apparent degradation products present. At this 

site, both cometabolic oxidation and abiotic reduction were assessed using several MBTs 

including carbon-14 TCE assays 

• A large chlorinated VOC plume in fractured sandstone where back diffusion is a confounding 

factor. 

MBTs data successfully demonstrated degradation along specific biological and abiotic pathways at each 

site presented. At all but one of the sites, discounted lifecycle cost models also showed an economic 

case for implementation of the in situ remedy. The combination of technical and economic efficacy at 

these two sites provided stakeholders with the actionable data needed to define and approve/fund full-

scale implementation of the in situ remedies. 
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A Vertical Recirculation System for In-Situ Removal of Per- and Poly-fluoroalkyl 
Substances (PFASs) 

William Kerfoot and Andrew Brolowski  

In the early 2000’s, vertical recirculation wells injecting microbubble ozone were successfully tested to 

remove PCE and DCE to below MCLs for site closure. A modification of the recirculation well has been 

designed to inject peroxide-coated micro to nanobubble ozone to remediate PFASs from saturated soil 

and groundwater. The well is composed of a lower injection point which reduces adsorbed soil fractions 

and a four-inch overlying double well screen recirculation well. 

A fraction of the recirculated groundwater containing residual Perozone® is directed to an above-ground 

canister containing absorbent and activated carbon. The cleaned water is redirected to the outer cycle of 

incoming water. The adsorbed fraction within the canister of residual PFASs is decomposed in place at 

such a rate to not immediately require replacement of the activated carbon. 

The well system has been tested on soils and groundwater contaminated by the first generation of 

firefighting foam, dominated by PFOS, PFHxS, PFHxA, PFOA, and PFHpS. Precursors consisting of 6:2 

and 8:2 fluorotelomer sulfonates were shown to be decomposed during injection. 
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Engineered and Biogenic ISCR Technologies to Address Heavy Metals – 
Challenges and Lessons Learned 

Ravi Srirangam, Fayaz Lakhwala, Alan Seech, and Brant Smith  
Background: Trace metals constitute a significant class of groundwater contaminants originating from 

mining effluents, industrial wastewater, landfill leachate, agricultural wastes and fertilizers, and fossil 

fuels. Depending on their aqueous form, the mobility of metals in groundwater is affected by various 

chemical reactions, including dissolution-precipitation, oxidation-reduction, adsorption-desorption and 

complexation. Engineered ISCR products have been extensively used to reduce and complex heavy 

metals into stable mineral forms based on iron sulfides. The talk will focus on applicability of ISCR 

technologies for various heavy metal sites and identify the key differences between products based on a 

combination of organic-inorganic formulations (carbon/ZVI) and exclusive inorganic formulations (ZVI and 

iron minerals) and their applicability to geochemically complex sites. 

Approach: Based on the chemical properties of dissolved species, trace metals can be divided into two 

distinctive groups: reducible metals and metalloids, which are present in natural waters as anions and 

oxyanions (e.g.; Cr, As, Se, Mo, U), and metal cations, which occur in aqueous environment as divalent 

cations (e.g.; Cu, Zn, Cd, Pb, Hg, Ni). Engineered ISCR technologies use Zerovalent iron (ZVI) and/or 

organic carbon substrates to immobilize metals via a two-step process 

• Reductive precipitation on ZVI surfaces as iron sulfides (created either through microbial 

mediatied sulfate reduction or using iron sulfides in the engineered formulation) 

• Adsorption onto iron corrosion products, like iron oxides and iron oxy-hydroxides that form on the 

ZVI surfaces. 

Results/Lessons Learned: This presentation will review results from various overburden aquifers where 

ISCR was used to address heavy metals. In addition, some key parameters that govern the success of 

the approach would be discussed that includes: 

• Site geochemistry (Eh, pH, background sulfate) 

• Dissolved metal concentrations (order of magnitude reductions vs diffused plumes) 

• Shallow aquifers and use of injection vs mixing approach 

• Groundwater flow conditions 

Ravi Srirangam, PeroxyChem, 2005 Market Street, Philadelphia, PA, 19103, United States, Tel: 312-480-
5250, ravi.srirangam@peroxychem.com 

Fayaz Lakhwala, PeroxyChem, 2005 Market Street, Philadelphia, PA, 19103, United States, Tel: 908-
230-9567, fayaz.lakhwala@peroxychem.com 

Alan Seech, PeroxyChem, 3334 E. Coast Highway #114, Corona Del Mar, CA, 92625, United States, Tel: 
949-514-1068, Alan.Seech@peroxychem.com 

Brant Smith, PeroxyChem, 2005 Market Street, Philadelphia, PA, 19103, United States, 
Brant.Smith@peroxychem.com 

Presenting Author: Ravi Srirangam 

64



Session 10a: Frameworks to Approach 
Sustainable Remediation 

 
Using United Nations Sustainable Development Goals to Develop Key 
Project Indicators 
Betsy Collins, Jacobs, Raleigh, NC; Paul Favara, Jacobs, Gainesville, FL; Kristin 
Brickman, Jacobs, Cary, NC  
 
Integration of Sustainability and Resiliency into a Remedy Optimization 
Review Framework 
Melissa Harclerode, CDM Smith, Edison, NJ; Sharon Ohannessian, BRAC 
Program Management Office, Washington Navy Yard, DC; Danielle Janda, 
BRAC Program Management Office, San Diego, CA; Eric Blischke and Tamzen 
Macbeth, CDM Smith, Helena, MT; Mitra Fattahipour, Insight Environmental, 
Engineering, and Construction, Inc., San Diego, CA  
 
The Evolving Quest to Establish a Formal Sustainable Remediation 
Program with Successes and Challenges 
Kyle Waldron, Andeavor, Auburn, WA; Karin Holland, Haley & Aldrich, Inc. 
Boston, MA 

  

65



Using United Nations Sustainable Development Goals to Develop Key Project 
Indicators  

Betsy Collins, Paul Favara, and Kristin Brickman  

In January 2016, the United Nations issued 17 global Sustainable Development Goals (SDGs) with 169 

actionable targets as a blueprint to achieve a better and more sustainable future by 2030. These SDGs 

address global challenges including those related to poverty, inequality, climate, environmental 

degradation, prosperity, and peace and justice and reflect the ideal that development everywhere must 

integrate economic growth, social well-being and environmental protection. 

The UN SDGs can be used as an additional tool to enhance identification of sustainable remediation key 

project indicators (KPIs). Some SDGs titles are clearly applicable to traditional sustainable remediation 

practices, such as “Clean Water and Sanitation: Ensure Availability and Sustainable Management of 

Water and Sanitation for All” and “Responsible Consumption and Production: Ensure Sustainable 

Consumption and Production Patterns”. From there, the actionable targets can be used to focus KPIs. 

Other SDGs titles such as “Good Health and Well-Being: Ensure Healthy Lives and Promote Well-Being 

for All at All Ages” don’t immediately suggest a correlation with sustainable remediation; however, 

actionable targets provide additional insight that can lead to more meaningful KPIs. One actionable 

target, “halve the number of global deaths and injuries from road traffic accidents”, could lead to a KPI 

related to reducing project related road miles for personnel, material, equipment, or waste. 

This presentation will review the 17 SDGs and highlight which of the 169 actionable targets are most 

relevant to the environmental remediation practice. Examples will be presented of ways that the 

actionable targets could potentially relate to project conditions, spark ideas, and lead to the development 

of KPIs. 
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Integration of Sustainability and Resiliency into a Remedy Optimization Review 
Framework 

 
Mel Harclerode, Sharon Ohannessian, Danielle Janda, Eric Blischke, Tamzen Macbeth, 

and Mitra Fattahipour  

It is not uncommon to revisit a remedy evaluation study to take into consideration current treatment 

technologies, new site data such as pilot study results, and advancements in risk management strategies. 

This phase in the project life cycle is an ideal opportunity to revisit and redefine site-specific sustainability 

and resiliency metrics. For the Hunters Point Naval Shipyard Site Parcel F sediment remedial unit, an 

Optimization Review, comprised of a Remedial Alternative Analysis and Green and Sustainable Remediation 

(GSR) Evaluation, was performed to ensure the most appropriate remedies are screened, evaluated, 

designed, and implemented. Historical activities at the Site have resulted in contamination of offshore 

sediments with polychlorinated biphenyls (PCBs), copper, lead and mercury at Area III and Areas IX and X.   

The Optimization Review process provides an independent assessment of the following proposed remedial 

components: technical approach (i.e., proposed remedial technologies versus monitoring techniques, risk 

management, and conceptual site model); regulatory issues (i.e., selection of preliminary remediation goals); 

(3) sustainability impacts from remedy implementation; (4) resiliency measures to address climate change 

impacts, and (5) cost implications from optimization recommendations.  

The Optimization Review assisted with selection of a proposed remedial alternative based on the 2008 FS 

for Area III and determined that a refined remedial alternative was feasible for Area IX/X based on new site 

findings (e.g., in situ pilot study results) and more recent regulatory guidance on GSR and resiliency. 

Furthermore, identified opportunities to maximize the technical efficacy, risk management, and resiliency, 

whilst minimizing sustainability and cost impacts of remedy implementation in both Area III and Areas IX/X. 

These potential refinements included incorporation of PCB background concentrations, incorporation of in 

situ treatment, optimization of engineering controls, beneficial use of excavated sediments, optimization of 

areas targeted for active remediation, and integration of sustainable and resilient best management practices 

into remedial design.   
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The Evolving Quest to Establish a Formal Sustainable Remediation Program with 
Successes and Challenges 

Kyle Waldron and Karin Holland  

This presentation will provide a summary of the challenges and successes that have occurred during the 

evolution of an Oil and Gas Company and how the development of a remediation sustainability program 

has progressed. Prior to proceeding with implementing a remediation sustainability program support from 

management and buy-in among various project managers was acquired. Since the initial commitment, the 

company experienced consistent change through acquisitions, restructuring, and then being acquired by 

another Oil and Gas Company. The original sponsors and supporters of the program have departed and 

then the process of engaging with new management has been reinitiated. Throughout there has been a 

push to continue to conduct standardized sustainability assessments which has resulted in successes. 

These successes have occur through establishing trusting relationships with regulatory agencies, 

landowners, and contractors; shutting down remediation systems sooner than originally estimated; 

transitioning systems to greener technologies, and seeking new tools and processes to reduce 

remediation timeframes and/or lifecycle costs. The decision making among those incorporating 

sustainable remediation has slowly permeated into the remediation team. The original goals of the 

program are still the focus of assessments and progress. Data and information from assessments have 

influenced decision making resulting in the use of renewable energy by fabricating and installing solar 

powered soil vapor extraction and biovent systems at remote sites, transitioning from mechanical 

remediation systems to phytotechnology at a cold weather site, collaborating with agencies to offer 

knowledge on different technologies including phytoremediation and plume analytics, and closing sites by 

demonstrating net environmental benefit weighed against risk to human health and the environment. 
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Climate Change Resilience – Leveraging Local Regulations 

Susan Chapnick and Nathaniel Stevens  

Cities and towns across the Commonwealth are realizing that they have the opportunity and responsibility 

to help build climate change resiliency in their communities. Several have implemented or are considering 

implementing local Climate Change Resilience regulations, including the Town of Arlington and the City of 

Boston. Wetland Resource Areas are a critical component in building a municipality’s resilience to the 

many impacts of climate change. At the same time, wetland Resource Areas can be adversely impacted 

by climate change. We discuss how local action, through implementation of local wetland laws and 

regulations, can address climate change resiliency. We provide recent examples of climate change 

resilience provisions in local wetland bylaws and regulations and discuss performance standards, 

definitions of climate change terms, and other possible regulatory considerations through case studies. 

The authors are members of the Town of Arlington Conservation Commission, which has charted a path 

in implementation of local Climate Change Resilience by adding a specific section in its local Wetland 

Regulations (March 2018) requiring applicants to “integrate considerations of adaptation planning into 

their project to promote climate change resilience so as to protect and promote resource area values into 

the future.” 
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Resilient Remediation of Contaminated Land, Strengthening Massachusetts’ Most 
Vulnerable Communities  

Barbara Maco, Thomas Potter, Katelyn Tarrio, Cathy Rockwell, Rick Reibstein, and Eric 
Mielbrecht  

Background/Objectives: At hazardous waste sites, climate change can undermine the effectiveness of 

the original site remediation design and can also impact contaminant toxicity, exposure, organism 

sensitivity, fate and transport, and long-term operation, management, and stewardship of remediation 

sites 

The Sustainable Remediation Forum (SURF) spearheaded two years of research and knowledge 

exchanges that culminated in a report recently published in the Remediation Journal: Resilient 

Remediation: Addressing Extreme Weather and Climate Change, Creating Community Value 

The report outlines both general principles and site-specific protocols and provides global examples of 

mitigation and adaptation strategies. SURF’s recommendations can guide owners and project managers 

in developing a site resiliency strategy. Because of its leadership in both climate change and sustainable 

remediation, Massachusetts was selected to be the location of SURF’s inaugural pilot. 

Approach/Activities: With strategic seed investment from SURF in 2018 the project team of SURF, 

Mass Department of Environmental Protection, EcoAdapt, Boston University and r3 environmental began 

Phase I: State-Wide quantitative screening that looks at both the vulnerability of site remedies and 

integrity and surrounding communities and environment. 

Phase II consists of priority site specific vulnerability assessment, economic value assessment and 

adaptation strategy development. Another key project component is outreach/capacity building with the 

Massachusetts Municipal Vulnerability Preparedness Cities, regulators, the regulated community, 

watershed associations, and Licensed Site Professionals. 

Results/ Lessons Learned: Project results are expected to serve as building blocks for a template and 

tools scalable for national resiliency projects that address the full range of climate change impacts. 
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Massachusetts Climate Change Vulnerability and Preparedness for Hazardous 
Waste Sites 

Thomas Potter  

The Massachusetts Department of Environmental Protection (MassDEP) Bureau of Waste Site Cleanup 

(BWSC) will provide an overview of Governor Baker’s 2016 Climate Change Strategy Executive Order 

569, the Massachusetts State Hazard Mitigation and Climate Adaptation Plan, the MassDEP’s 

Vulnerability Assessment Report and the Municipal Vulnerability Preparedness (MVP) program as they 

relate to the assessment and remediation or oil and/or hazardous material (OHM) release sites. The 

presentation will highlight efforts by MassDEP BWSC to mitigate and reduce greenhouse gas emissions, 

evaluate and build resilience and adapt to the impacts of climate change. 

The focus of this talk will be on the following points: 

• Overview of Massachusetts State goals and waste site mitigation and adaptation efforts related to 

climate change. 

• 2019 Massachusetts Contingency Plan climate change regulatory considerations and the nexus 

with assessment and remediation 

• Results of Vulnerability Assessments for OHM sites using the Sustainable Remediation Forum 

(SURF) model 

• Adaptation and resiliency measures and resources for OHM sites 

The information will be presented using a combination of overview presentations and facilitated Q&A. 

This platform will help to connect the regulated community, municipalities, project developers, job 

seekers, students and the interested public with Massachusetts’s climate change goals and initiatives. 
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PFAS Cycling Between Landfills and Wastewater Treatment Plants 

Stephen Zemba and Harrison Roakes  

Per- and polyfluoralkyl substances (PFAS) are receiving ever growing attention as more states set 

stringent drinking water standards to protect public health, with some states establishing values even 

lower than the 70 part-per-trillion Lifetime Health Advisory issued by EPA in 2016. In parallel, regulatory 

agencies have been expending considerable effort at identifying environmental sources of PFAS that may 

be contributing to groundwater and surface water contamination. Two of the potential PFAS sources 

identified so far are landfill leachate and wastewater treatment plant (WWTP) sludge. Interestingly, these 

waste systems are frequently linked because landfill leachate is commonly discharged to wastewater 

treatment plants and WWTP biosolids may be disposed of in landfills. 

Our presentation will explore the nature and potential significance of PFAS cycling between landfills and 

WWTPs. We will provide some introductory material on PFAS (emerging contaminants that may be 

unfamiliar to some colleagues). We will focus on presenting recent PFAS data collected at landfills and at 

WWTPs in the Northeast and nationally. We will then discuss and evaluate potential PFAS cycling 

between landfills and WWTPs with respect to overall mass balances for these facilities. Understanding 

relative source contributions is relevant to whether landfills should consider restrictions on PFAS loadings 

from WWTP sludge and whether there should be limits on leachate acceptance by WWTPs. In both 

cases, it is important to recognize that there are multiple sources of PFAS loadings, including 

contributions from the general industry and citizenry that contribute PFAS in discarded municipal solid 

waste and sewage discharge. 
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Assessment of PFAS Treatment in Landfill Leachate 

Sheau-Yun Chiang  

Per and polyfluoroalkyl substances (PFAS) including precursors of Perfluoroalkyl acids (PFAAs) are 

frequently detected in landfill leachates, with short chain PFAS becoming increasingly abundant due to 

the industry shift towards the use of shorter-chain compounds. The high N, P, C content and persistence 

of PFAS create challenges on removing PFAS from landfill leachate and possess significant 

environmental and treatment risks. The development of novel and practical technologies in real-world 

applications is of the utmost importance. The source control approach of PFAS contamination in 

leachates (i.e., on-site treatment at landfills) will result in reducing PFAS levels in landfill discharges and 

therefore lowering the PFAS concentrations entering POTW or the environment and significantly reducing 

the risk of PFAS releases into various environmental compartments (e.g., soil, sediments, groundwater 

and surface waters). The extent and treatability of PFAS in landfill leachate is still largely unknown. This 

presentation will assess current understanding of PFAS compositions in landfill leachate, the fate, 

transport and treatability of PFAS in the processes of traditional landfill treatment technologies. 

Additionally, the considerations, challenges and opportunities of removing PFAS from the landfill leachate 

will be discussed. 
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Bioaccumulation and Biomagnification of PFAS in Sediments 

Karen Kinsella  

Per- and polyfluoroalkyl substances (PFAS) are organic chemicals which are emerging contaminants: 

chemicals which have previously not been considered a risk to humans or the environment. PFAS include 

thousands of different chemicals with diverse, useful properties due to the unique chemistry of their 

strong, stable carbon-fluorine bonds. Some types of PFAS are persistent in the environment and can 

bioaccumulate in living organisms. This presentation will provide a brief overview of our current 

knowledge regarding bioavailability, uptake, bioaccumulation, and biomagnification of PFAS in sediments, 

summarize what is known about sediment PFAS, and provide references relating to: 

• Partitioning between sediment and water, and sediment accumulation; 

• Bioconcentration factors and biota-sediment accumulation factors; and 

• Trophic transfer and magnification: the cumulative risk of sediment PFAS bioconcentration. 

Understanding site-specific risk assessment needs first requires researchers to identify which PFAS to 

investigate. Currently, the choice is driven by (1) preliminary studies of human and ecological health risks 

and (2) the availability of calibration standards for instrumental analysis. Some of the sediment risk 

assessment activities that are needed to inform additional research include: 

• Identifying the physical and geochemical factors affecting sediment bioavailability of different 

types of PFAS; 

• Understanding the relationship between bioavailability, uptake, bioaccumulation, and 

biomagnification and PFAS chain length, functional groups, and degree of fluorination; 

• Determining the rate and extent of PFAS uptake from sediments by lower-trophic level 

organisms; 

• Understanding the uptake and excretion rates of PFAS by different organisms, including 

competitive uptake and selective bioaccumulation at different trophic levels; 

• Understanding the biotransformation of polyfluoroalkyl substances to perfluoroalkyl substances; 

and 

• Assessing preferential PFAS distribution throughout a food web. 
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PFAS Contamination in New Hampshire – Identifying Sources of Contamination 
and Occurrence 

Brandon Kernen  

PFAS sampling has occurred at hundreds of water systems, hundreds of waste sites, thousands of 

private drinking water wells, dozens of wastewater facilities and at dozens of surface water 

bodies. Drinking water, groundwater, soil, air, sludge biosolids, landfill leachate and surface water have 

been sampled in areas with near known sources of PFAS and in areas with no known sources of PFAS 

nearby. A brief summary of PFAS occurrence data associated with each of sampling programs will be 

provided. Actions NHDES has taken or is currently undertaking to reduce exposures of PFAS to humans 

and environmental receptors will be also be described. 
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Comparative Evaluation of Short-Chain PFAS Treatment Technologies 

Scott Crawford, Fred Taylor, Ryan Thomas, Sophia Dore, Michael Marley, Laurel 
Crawford, and Matthew Cook  

Activated Carbon (AC) technology persists as the conventional technology to remove low levels of per- 

and polyfluoroalkyl substances (PFAS), despite varying reports of early breakthrough of short-chain 

PFAS compounds and high operating costs. Single use and regenerable adsorption/ion-exchange 

processes are emerging as practical and economic alternatives, but similar to AC technology, 

removal efficiencies can potentially be lower for some short-chain PFAS molecules. Treatability studies 

were performed to directly compare select regenerable media technologies (surface-modified natural 

media) with synthetic resin and activated carbon. Testing using batch-equilibration reactors and column 

flushing apparatus was implemented to evaluate removal efficiency and longevity of each media when 

tested under identical conditions. Studies are being conducted using groundwater from a municipal water 

well. The primary objective was to determine the removal efficiency and breakthrough of short-chain 

PFAS molecules, such as polyfluorobutylic acid (PFBA). Long term removal performance for the more 

commonly studied perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) was 

also confirmed.  Regeneration of the media using solvent regeneration techniques, followed by treatment 

of the concentrated PFAS compound solution using ultra-violet UV/oxidation and electro-chemical 

technologies is being tested. The results are intended to provide the practitioner with a direct comparison 

of the various approaches and provide a better understanding of practical advantages/disadvantages of 

each technology, and specifically for short-chain PFAS removal which is of growing concern. 
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PFAS Background in Vermont Shallow Soils 

Harrison Roakes, Stephen Zemba, Wenyu Zhu, and Appala Raju Badireddy  

Shallow soil samples were collected from 66 properties across the State of Vermont to determine the 

background concentrations of select per- and polyfluoroalkyl substances (PFAS). The samples were 

collected at a subset of properties sampled in a recent VTDEC Background Study, which were selected 

by overlaying a 100-square mile grid across the state, identifying the largest municipality in each grid, and 

then sampling within the town or municipality at state or municipal parks, forests, greens, or building or 

school lawns. Many (though not all) of the locations were rural in character. A total of 17 PFAS were 

investigated as target analytes in this study. Additionally, six field duplicate samples were collected and 

submitted to an independent laboratory for analysis of 24 PFAS, including the target analyte list. 

Statistical and spatial analyses were performed to contextualize and visualize the data. We will present 

general statistics for detection frequencies and concentrations detected in soil, and we will present 

preliminary, calculated background threshold values (BTVs). The relatively low method detection limits 

and reporting limits achieved in this study allowed for high detection frequencies for several PFAS, 

including perfluorooctanoic acid (PFOA) at 91% detection and perfluorooctane sulfonic acid (PFOS) at 

100% detection. Median detected levels of PFOA and PFOS were 0.4 µg/kg (ppb) and 0.7 µg/kg, 

respectively. Four additional PFAS were detected in at least 70% of samples (PFHpA, PFNA, PFDA, and 

PFUnDA). To provide some additional context to the data, the presentation will include the correlative and 

spatial analyses that considered concentrations of PFAS across samples and across geography. 

This study was supported through partial funding from VTDEC, with significant in-kind contributions from 

the University of Vermont, Sanborn Head, and Alpha Analytical. 
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Wait... Can You Even Do That? Sustainable Remediation Meets Environmental 
Compliance 

Kristin Brickman, Erin Twamley, Paul Favara, and Betsy Collins  

Sustainable remediation as a practice has become well established over the past decade. Tools such as 

ASTM E2893 Standard Guide for Greener Cleanups, and information repositories such as EPA's 

Contaminated Site Clean-Up Information (CLU-IN) Green Remediation Focus and the SURF library make 

sustainability accessible by providing a wealth of best management practices (BMPs). Additionally, as 

sustainable remediation gains traction with a broader audience, practitioners are still undergoing the 

process of defining sustainability for their projects and clients, while at the same time innovating and 

responding to rapidly changing global conditions and shifting political priorities. In some cases, local, 

state, or federal regulations have not always kept pace with these practices and may become a barrier to 

implementation. Using a combination of literature and regulatory review and case studies this 

presentation asks the questions: Are there truly regulatory or policy barriers preventing the 

implementation of green and sustainable remediation BMPs? If so, why are they in place and what can be 

done to responsibly and sustainably remediate hazardous waste sites, while at the same time complying 

with these regulations? 

This presentation will review the major components of a remediation project that these BMPs affect, such 

as air quality, water use and quality, and material and waste management, discuss select federal and 

state regulations that affect these categories, provide case studies that demonstrate barriers to 

implementing BMPs and cases that successfully navigated potential barriers, and provide a summary of 

tactics to aid practitioners in differentiating between real or perceived barriers to effectively apply 

sustainable remediation BMPs. 
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Water Treatment Technologies for PFAS: Current and Next Generations 

Corey Theriault  

The use of conventional sorbents, such as granular activated carbon (GAC) and anion exchange (AIX) 

resins, to address PFAS in water have become a “de facto” interim measure in response to immediate 

needs for PFAS removal from drinking water. GAC has minimal effectiveness on short chain PFAAs, and 

both GAC and AIX are relatively unproven against polyfluorinated compounds. Additionally, both GAC 

and AIX may struggle to handle geochemical and/or co-contaminant competition. Challenges of more 

comprehensive PFAS treatment and geochemical/co-contaminant competition in water treatment may be 

addressed using technologies such as reverse osmosis or nanofiltration (RO/NF); however, for larger flow 

systems RO/NF may have unacceptable reject ratios as high as 35% and the capital cost may preclude 

these technologies. Extending these technologies to natural waters, which have various degrees of 

geochemical and co-contaminant competition, often requires a treatment train, combining conventional 

sorbents and engineered filtration with more innovative and emerging remediation solutions for PFAS. 

Water treatment for PFASs presently requires multiple technologies to protect human health in a cost-

conscious manner. An investment in research and development to explore new technologies is part of a 

key initiative for protection of human health. The technologies discussed in this presentation will be 

discussed with respect to their applicability/readiness to the water treatment market. 
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Advances in Micron-Scale Colloidal Reagent Performance and Delivery for In Situ 
Groundwater Remediation 

Kristen Thoreson and Alana Miller  

There is growing interest in the use of colloidal reagents to expedite groundwater cleanup though a 

combinations of sorption, biological degradation, and chemical reduction. This presentation examines the 

use of a colloidal suspensions of activated carbon and zero valent iron (ZVI) for in situ remediation. 

Colloidal suspensions of activated carbon and ZVI allow for low-pressure injection and uniform 

distribution of solid-state reagents. ZVI has long been used as a solid-state reagent for reactive barriers in 

the treatment of chlorinated solvents. The development of colloidal activated carbon has demonstrated its 

ability to act as a passive barrier while treating chlorinated solvents. With the introduction of colloidal ZVI, 

these two reagents may be co-applied. This innovative combined remedy allows for a duel approach and 

the rapid removal of contaminants, providing long term in-situ treatment with a single application of the 

amendments. 

One of the advantages of this treatment approach utilizing colloidal activated carbon is the ability to sorb 

and treat a wide range of contaminants including chlorinated solvents, petroleum hydrocarbons, and 

PFAS compounds. The treatment of petroleum contamination using injectable activated carbon 

amendments is also increasing in popularity, in part due to the rate with which drops in contaminant 

concentrations are usually seen after application. Rapid removal of contamination from groundwater by 

adsorption is attractive, yet in situ biodegradation is often also needed to properly manage higher 

contamination levels frequently seen in petroleum sites. Here we present a new activated carbon-based 

amendment that combines micron-sized activated carbon with nitrate (NO3-) and sulfate (SO42-) salts 

serving as electron acceptors. Results from field testing indicate that the conditions in the treatment area 

appear to be favorable for long-term biodegradation of hydrocarbons as indicated by increasing methane 

concentrations and increases in the populations of BTEX degrading bacteria. 
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Estimated Timeframes for Groundwater Systems to Stabilize Following In Situ 
Remediation 

Lucas Hellerich, Cathy Rockwell, and Mike Apfelbaum 

Background/Objectives: Implementation of in situ remediation to cleanup contamination temporarily 

alters the geochemistry of groundwater systems. Oxidative technologies (e.g. in situ chemical oxidation 

(ISCO) and oxygen addition) and reductive technologies (e.g. enhanced reductive dechlorination (ERD) 

and in situ chemical reduction (ISCR)) result in the temporary creation of geochemically oxidizing and 

reducing conditions, respectively. In situ thermal remediation (ISTR) raises the temperature, enhances 

microbial activity, and mobilizes certain constituents. Once remediation objectives have been achieved, 

the effects of these remediation technologies can continue for an extended period of time. Final 

compliance with remediation criteria can be verified once geochemical conditions have stabilized. The 

timescales for stabilization and completion of post-remediation monitoring requirements are a function of 

numerous factors, including longevity of remediation processes, groundwater flowrate, and background 

geochemistry. This work explores those factors and their impact on remediation timescales. 

Approach/Activities: A summary of regulatory requirements for stabilization of groundwater conditions 

following groundwater remediation for several states in the Northeast United States will be provided. The 

results of a review of technical literature and guidance documents for information related to factors 

affecting the stabilization of groundwater geochemical conditions following remediation will be discussed. 

A summary of factors and their relationship to the stabilization of geochemistry will be presented. 

Case studies of in situ groundwater remediation (ERD, ISCR, ISCO, and ISTR) will be presented. The 

case studies will summarize: site hydrogeology and geochemistry; remedial operational conditions; 

geochemical changes during remediation; and timescales for stabilization. 

Results/Conclusions: Groundwater geochemical perturbations included: changes in pH; decrease in the 

concentrations of electron acceptors; altering of redox conditions; modifications in total organic carbon 

concentrations; temporarily mobilized metals; changes in specific conductivity; and temperature 

increases. Timescales for stabilization of groundwater conditions ranged from approximately one to ten 

years, and were correlated to the effects caused by groundwater remediation. 
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Combined Remedy Treatment of Multi-Chemical Solvent Plume in Fine-Grained 
Low-Permeability Sediments 

Bill Brab  

A former Chemical Plant started operations at this site in 1957. The facility stored, repackaged and 

distributed chemicals, including but not limited to: hydrogen peroxide, methylisobutyl carbinol, 

tetrachloroethene, acetone, ethanol and diesel fuel. In the early 1980s a release of approximately 29,000-

pounds of MIBC was released into the environment. Reportedly, neither free product nor soils were 

removed. Numerous investigations were completed between 1991 thru 1999 that identified approximately 

ten halogenated solvents were present in soil vapor, groundwater, and soil. Dual-phase extraction was 

utilized from 2000 to 2010 with limited results. Alternative remedial technologies were evaluated in 2011; 

the selected technologies involved a combination of ex-situ and in-situ methods to achieve the site clean-

up goals in a multi-phased approach. 

High-density quantitative soil and groundwater sampling was conducted in 2011 and 2012 to refine the 

existing Conceptual Site Model (CSM). High density soil and groundwater sampling verified vertical and 

horizontal distribution of contaminant mass on and off-site. Significant unsaturated mass confirmed a 

sustained NAPL source for potential vapor intrusion issues in adjacent residential properties and a 

dissolved solute plume downgradient further off-site. A phased approach utilizing combined remedies was 

selected as the remedial option for the facility. Interim corrective action was completed in 2013 and 2014 

and included 1) an off-site in-situ permeable reactive barrier utilizing Trap & Treat® BOS 100® to capture 

dissolved impacts leaving the facility and 2) shallow soil mixing using activated persulfate to mitigate 

unsaturated soil impacts adjacent to source media. Full Scale Phase 1 conducted in December 2016 

utilized Trap & Treat® BOS 100® + ERD to mitigate saturated source mass soil and groundwater 

impacts. Full Scale Phase 2 was completed in September 2018 will include additional off-site source and 

dissolved-phase treatment utilizing Trap & Treat® BOS 100® + ERD. Phases 3 and 4 are pending for 

2019 and 2020. 
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Sensitivity of Polychlorinated Biphenyl (PCB) Fate to Volatilization Models in 
Long-Term Contaminant Transport Numerical Modeling 

Lindsey Gilman and Chris Flanary  

Long-term numerical contaminant fate and transport models are often used for both hindcasting and 

forecasting in marine and freshwater aquatic systems. A long-term hindcast (>10 years) contaminant fate 

and transport model can be used to investigate the spatial and temporal distribution of contaminants, 

such as polychlorinated biphenyls (PCBs), in sediments from historical discharges, while forecast models 

can be used to predict the fate of contaminants based on natural recovery and various remediation 

strategies. In these long-term models, it is important to include all of the potential fates of the contaminant 

such as dissolution in the water column, volatilization into the atmosphere, partitioning to sediments, and 

incorporation into biota. For PCBs, the volatilization flux is typically thought of as a small or even 

negligible fate, but detailed evaluation of commonly used volatilization models show that for long-term 

models, volatilization can cause major losses of PCB mass and needs to be treated carefully for models 

that are evaluating time periods greater than 10 years. 

This study focuses on one particular approach that utilizes a two-layer resistance model to determine 

PCB volatilization rate across an air-water interface. The rate of volatilization is primarily controlled by the 

contaminant concentration in dissolved phase in the water column, the wind speed at the air-water 

interface, and the water temperature. It was found through sensitivity testing of the two-layer resistance 

model that the liquid phase transfer coefficient, a relationship of the molecular weight of the contaminant 

of concern and the molecular weight of oxygen, is the dominant factor in the calculation of the 

volatilization flux. When varying the molecular weight of PCBs, as found in different PCB compounds, the 

computed volatilization flux can vary over two orders of magnitude. This testing supports that volatilization 

in an important contaminant fate in long-term models. 
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Customizing Site Specific Formulations for Biological and Abiotic Degradation 

Richard Raymond and Michael Lee  

There are multiple carbon substrate package alternatives for anaerobic bioremediation of chlorinated 

solvents and multiple zero valent iron (ZVI) formulations for abiotic degradation along with numerous 

combinations of these products. Site geology, geochemistry, type of contaminants and their 

concentrations, and site cleanup objectives all have an impact on the composition of the substrate 

package or abiotic reductants. Key factors that impact the selection of the substrate package and abiotic 

reductant ingredients, particle size, and time release characteristics will be discussed. In addition to the 

package components for the biological degradation of the contaminants, we will also discuss the inclusion 

of abiotic reductants within the substrate package and their impact on treatment time and cost. Proper 

selection of both biotic and abiotic components can minimize the potential for over runs in substrate and 

ZVI packages, injection, and monitoring costs. 
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Cost-Effective Remedial Actions Implementing High-Resolution Site 
Characterization Technologies 

Eric Garcia  

Historically the typical use of direct push High-Resolution Site Characterization (HRSC) technologies such 

as Membrane Interface Probe (MIP), Hydraulic Profiling Tool (HPT), Ultra-Violet Optical Scanning Tool 

(UVOST®) have been in the characterization of the subsurface prior to remedial action in order to 

enhance Site details and reduce uncertainties in the conceptual site model (CSM). Current use of these 

technologies can support the Quality Assurance/Quality Control (QA/QC) function of remedial actions by 

further refining the CSM and improving the remedial action contemporaneously. Knowing the state of the 

subsurface environment before and after remedial action is integral to an effective QA/QC program. 

These HRSC technologies can be used to verify the presence and/or absence of remedial compounds in-

situ through changes in pore space characteristics such as permeability/hydraulic conductivity, and 

geo/electrochemistry. Additionally, in remedial actions requiring environmental fracturing technologies to 

enhance or create openings in soil with low effective porosity, HRSC technologies such as HPT and the 

Optical Image Profiling (OIP) tool can be used to identify and delineate the placement and extent of the 

subsurface fractures. 
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Managing Environmental Data from the Field to the Map 

Dave Rich  

The amount of data being gathered on water, groundwater, and soil investigation and monitoring projects 

is growing at ever increasing rates. Action levels are becoming more varied and stringent, leading to more 

exceedences, and the expectations for using the data are also growing rapidly. Most people recognize 

the need for efficient tools for managing laboratory and field data for water and other matrices. Tools such 

as affordable GPS receivers, field data entry devices, target levels (MCLs) available in digital form, and 

readily available base map data in a variety of formats, are making it easier to manage most or all project 

data without resorting to paper. 

This presentation follows the data through the data management process from the field to the final uses 

of the data. It covers the various steps in the process, from preparing for a field event, gathering field 

data, interaction with laboratories, data import, checking and validation, data selection, reporting, and GIS 

mapping, using both local and cloud systems. It also discusses problem areas and pitfalls in running a 

data management project, and addresses how to overcome them. We will pay particular attention to the 

specific problems of managing laboratory data, as well as to issues related to mapping groundwater and 

related data. Cost savings of 50% or more can be documented resulting from more efficient data 

management and display, and these savings can result in a high return on investment for software 

purchases, staff training, and data conversion. 
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FROG-5000, VOCAM, and VMS: Expanding the Capabilities of MEMS GC Systems 

Patrick Lewis  

Defiant Technologies continues to develop its line of products. In 2011 Defiant produced the world’s first 

MEMS (micro electro-mechanical systems) based portable gas chromatograph (GC). Defiant is 

introducing VOCAM and VMS. The VOCAM is a new distributed sensing product for continuous 

monitoring applications. VOCAM uses a new PID that is robust in even harsh chemical environments like 

refineries. The product is easy to use and compatible with technologies that leverage the internet of 

things (IoT). Defiant is working with partners to deploy our VOCAM portable GC product for remote 

sensing applications like process monitoring and fence line monitoring. VMS is the first micro-GC product 

that enables ultra-low detection limits and calibration with liquid standards. VMS uses two stages of 

preconcentration to provide unparalleled detection limits in a field environment while eliminating 

consumables like carrier gas or specialty detector gases. VMS can be used for low level detection of 

volatile organic compounds or it can be adapted for detecting gas phase concentrations of semi-volatile 

organic compounds. 

We will present a brief background on the underlying technology especially the micro preconcentrator and 

micro gas chromatographic column. We will show data from VOCAM demonstrating its detection 

capability even when low vapor pressure compounds are present. We will present data showing detection 

of both VOC and SVOCs on the VMS. 
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Applying Multiple Remediation Amendments to Optimize In-Situ Treatment 
Effectiveness 

Paul Dombrowski, Prasad Kakarla, and William Caldicott  

A wide-range of soil and groundwater treatment amendments are available to remediation practitioners 

that have evolved through the gradual maturation of the in-situ remediation marketplace over the past two 

decades. Each remediation chemical has associated strengths and weaknesses that need to be 

considered in the overall remedial design for both successful field application and positive outcome. 

Typically Feasibility Studies and/or Remedial Design processes comparatively evaluate multiple 

amendments and dosing rates in order to select an approach for a site, which often results in the 

selection of a single amendment. Nonetheless, incorporating multiple remediation amendments, selective 

reagent sequencing and/or applying different approaches for specific areas of concern at a given site has 

been found to improve treatment performance, increase efficiency, reduce clean-up time and cost by 

harnessing the advantages of each product for site conditions. 

The presentation will include numerous case studies where multiple remediation amendments were 

proactively incorporated into a treatment plan. Enhanced bioremediation case studies will include a site 

that used both a quick-release electron donor (sodium lactate) and a slow-release (emulsified vegetable 

oil) electron donor injected together, and another site where different bioremediation amendments were 

used in different vertical intervals within the same injection point. Chemical oxidation case studies will 

focus on the use of two different oxidants applied in sequence, the use of different sodium persulfate 

activators applied to enhance treatment, and combining surfactants with chemical oxidants. Additionally, 

sequential and simultaneous application of chemical oxidation and bioremediation amendments will be 

discussed. Treatment process synergies and rationale for multiple amendments will be discussed for 

each case study. 
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Integration of Conceptual Site Model, Characterization Data, and Modelling into 
Groundwater & Sediment Remedies 

John Collins  

Introduction: At contaminated sites, a first and important step in an evaluation is to develop an overall 

conceptual site model (CSM). To develop and utilize the CSM for remedy selection, site characterization 

data is required.  Fate and transport of contaminants is often complex and depends on the 

physical/chemical properties of the contaminant and soils/sediments, among many other factors. It is 

important that the CSM be both detailed and complete. Generally two types of CSMs are developed 

during the course of a site investigation and remediation. The first characterizes the hydrogeological 

construct of the area of concern and depicts contaminant fate and transport (the source location of the 

contaminants, where are they currently found, any biological or geochemical transforms, and where will 

they eventually end up). This information is developed by careful and sometimes extensive sampling and 

characterization. Whereas a CSM describes and evaluates the potential risks that the contaminants have 

to human health and ecosystems, modelling and remedies are designed to address these risks with a 

specific approach. 

Modeling & Lab Testing: As remedy alternatives are developed, it is common to utilize various models 

to evaluate outcomes and potential life of the remedy. Once such model is the CapSim Model developed 

by Dr. Danny Rebile of Texas Tech University. This model has become accepted and is commonly 

applied to evaluate reactive caps utilized for contaminated sediment remediation. An overview of the 

model and required inputs will be provided along with a discussion of how data, assumptions and 

variables used can impact results. Examples of model output will be presented that show variation in 

results based on changes in expected material assumptions or data. In addition, data from lab treatability 

and column testing will be presented to illustrate how such data is important to verifying the validity of an 

approach. 

Remedy Implementation & Summary: An example of a remedy implementation together with post-

installation monitoring will be presented to provide a comparison and illustration of the importance of the 

CSM and collection of pre-design data in the modelling and design of a sediment remedy. 
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Legionnaires' Disease: The Unintended Hazard of Federal Regulations 

David Krause  

Since 2002, the US has experienced a dramatic increase in Legionnaires’ disease as the number of 

cases increased five-fold over the past sixteen years. Outbreak investigations endeavor to trace the 

underlying conditions that cause the amplification of waterborne pathogens. Inadequate levels of 

disinfectants in municipal water supplies are frequently identified as a significant underlying factor. 

Implementation of regulations intended to protect the health and safety of the public, and conserve limited 

energy and water resources, accompanied the sudden and dramatic observed increase in Legionnaires’ 

disease throughout the US. Municipal water suppliers were required to comply with Stage 1 of the 

Disinfectants and Disinfectant Byproducts (D/DBP) Rule in 2002 and with Stage 2 in 2012. The D/DBP 

rule effectively reduced the levels of disinfectants in potable water that are needed to control pathogens 

such as Legionella. The year after Stage 1 of the D/DBP rule was implemented there was a 70% increase 

in Legionnaires’ disease cases reported to the Centers for Disease Control and Prevention (CDC). The 

trend continued to rise at an alarming rate until 2013, the year after Stage 2 of the D/DBP rule was 

implemented, when the number of cases increased 34% above the previous year. The coincidence of the 

increased rate of Legionnaires’ disease with requirements to reduce disinfectants suggests a possible 

association. The environmental conditions that are known to support and encourage the amplification of 

Legionella bacteria include low levels of disinfectants. Other requirements to reduce water usage and 

prevent scalding hazards by limiting hot water temperatures are also recognized as 

favoring Legionella amplification in building water systems. Past and future efforts to implement protective 

requirements for municipal water systems should closely examine the potential impacts on waterborne 

pathogens such as Legionella. 

David Krause, Forensic Analytical Consulting Services, ?2976 Wellington Circle West, Tallahassee, FL, 
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Application of a Diagnostic Ratio Evaluation Model to Distinguish MGP-Derived 
PAHs from Urban Background 

Deborah Chiavelli, Mike Rury, Peter Kwon, and George Dang  

A common challenge at MGP sites in urban waterways is distinguishing PAHs derived from urban runoff 

(“urban background”) from MGP-derived PAHs. This distinction is particularly important where 

background PAH levels may exceed cleanup thresholds, making PAH concentration alone insufficient to 

delineate site-related impacts. PAH fingerprinting is a tool that can improve site characterization and 

delineation because the relative abundance of individual PAHs (PAH fingerprints) can indicate sources of 

PAHs. 

PAH fingerprints of unweathered MGP tar or DNAPL are distinct from urban background, but 

environmental weathering can change MGP tar such that its PAH fingerprint becomes similar to the 

typical pattern for urban background PAHs. This may make distinguishing between weathered tar and 

background difficult using qualitative PAH fingerprint examination. Diagnostic PAH ratios are one of 

several quantitative methods that may be used to distinguish PAH sources in these cases. 

PAH fingerprints have site-specific characteristics; therefore, diagnostic ratios should be site-specific. 

Practitioners frequently default to commonly used ratios that may be ineffective to distinguish background 

from MGP tar because they are not sufficiently distinct between the source fingerprints at that site. 

Anchor QEA developed a diagnostic ratio evaluation model to find effective diagnostic ratios when 

provided with sample sets representing two different PAH sources such as upgradient urban background 

and MGP-impacted samples. Ideal diagnostic ratios are consistent within a source (low coefficient of 

variation), statistically distinct between sources, and resistant to changes due to weathering. The model 

tests all possible PAH pairs to find the most suitable diagnostic ratios using statistical analysis to evaluate 

within-source consistency and between-source differences, and then further screens ratios using 

indicators of weathering rates. Case studies will demonstrate the identification of model-derived 

diagnostic ratios and their application to evaluate site samples which were otherwise difficult to attribute 

to site versus background. 
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Low Rate Biodegradation Demonstration for Natural Attenuation of Benzene in 
Saline Groundwater 

Charles Sharpe, Robert Hinchee, Thomas Conklin, Robert Mutch, Charles Andrews, 
and Paul Hare  

Deep groundwater beneath Onondaga Lake (Syracuse, NY) has been impacted by the regional halite 

brine from salt beds and leachate from Solvay Process waste historically placed in lakeshore settling 

basins. Benzene is a primary contaminant of concern, and upward groundwater discharge to the lake 

through confining sediments is the primary pathway of concern. Geochemical data suggested the 

potential for anaerobic biodegradation, but temporal benzene trends were difficult to discern, and 

conventional lines of evidence for natural attenuation were of limited value. Benzene was clearly 

biodegrading at lower rates than found at many sites; however, even low rates of biodegradation would 

be protective of the lake given the slow groundwater flow (> 1,000-year modeled travel time). 

A deep groundwater investigation was performed at the lakeshore sites involving the collection of 

conventional contaminant, geochemical, natural attenuation, and compound specific isotope analysis 

(CSIA) data for carbon (?13C) and hydrogen (?2H) isotopes. The evaluation integrated these data and 

refined the conceptual site model for the lakeshore sites and Onondaga Lake. CSIA-derived half-lives 

were utilized in the groundwater flow path analysis and compared with modeled vertical travel times from 

the deep groundwater zone below Onondaga Lake. 

The isotope data was consistent with EPA 600/R-08/148 and indicated that natural attenuation of 

benzene is occurring in the deep groundwater along the lakeshore at a much lower rate (degradation half-

life of approximately 24 to 48 years) than observed at many sites. A clear biodegradation pattern was 

evident with the lighter carbon and hydrogen isotopes of benzene depleted downgradient. The difference 

between high and low ?13C and ?2H was sufficient to provide unequivocal evidence of degradation. 
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Formulating PFAS Regulatory Policy with Uncertain Science 

David Wright  

Maine’s Department of Environmental Protection (MeDEP) is charged with protecting public health and 

the environment from chemical hazards. Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are the 

latest class of compounds recognized by the State as potentially posing a risk to public health and the 

environment. PFAS’ widespread use in a host of commercial products, environmental persistence, 

unusual transport mechanism, and toxicity at relatively low concentrations suggest a need for DEP action 

to reduce public and environmental exposure to these compounds. However, while PFAS have been 

released for over half a century, the specific toxicity of only a handful of the thousands of PFAS is known 

to regulators. Most cannot even be detected using routine analytical procedures. The compounds within 

the PFAS class have varying properties influencing their fate and transport and toxicity. There is high 

uncertainty in the science known to regulators, but enough is known to cause concern when the science 

is compared to the risk posed by other regulated contaminants.  

DEP’s regulatory actions within this uncertain scientific arena need to balance protection of public health 

and the environment, concern by the regulated community of unnecessary economic impacts, concern of 

citizens potentially exposed to PFAS, and resources available to the Agency. This talk discusses how 

Maine DEP used strategies learned from policy development for other emerging contaminants to develop 

its current PFAS policy and regulations. DEP also leveraged existing programs to mitigate resource 

impacts to the Agency. 
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Interesting Times: MassDEP Actions to Address PFAS Contamination (and More) 

Paul Locke  

The Massachusetts Department of Environmental Protection is tackling the issue of PFAS contamination 

across several regulatory programs in a coordinated manner, including the development and 

promulgation of notification criteria, cleanup standards in soil and groundwater, and a Massachusetts 

MCL for public drinking water systems. This presentation will describe issue that have arisen in the 

stabndard-setting process as well as on-the-ground application of the Department's coordinated PFAS at 

contaminated sites and drinking water supplies. 
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PFAS in Vermont: Summary of Results for Vermont's Comprehensive MultiMedia 
Sampling Program 

Richard Spiese  

In February of 2016 the Department of Environmental Conservation (DEC) discovered perfluoroalkyl 

substances (PFAS) (primarily perfluorooctanoic acid (PFOA)) from a former Teflon coating factory in the 

village of North Bennington in the southwestern part of Vermont. In response to the discovery of PFAS, 

the Vermont DEC undertook investigation of numerous potential sources of PFAS using a strategic 

sampling strategy that is updated and adapted based on the latest scientific research. This presentation 

will provide an overview of the findings of this work and provide a look into potential future additional 

work. It will also present the findings of additional basic research into sampling methods, analytical 

approaches, and background shallow surface soil PFAS concentrations. The initial part of this 

presentation will be an update the most recent activities at the North Bennington Teflon coating factory 

site (known as Chemfab). The Vermont DEC entered into two legal agreements with the Potentially 

Responsible Party (RP) (Settling Defendant) at this site, the first in 2017 and the most recent one in April 

of 2019. The major conditions in this agreement include extending approximately 10 miles (16 kilometers) 

of municipal water lines to homes affected above Vermont’s Drinking Water Standard (DWS) for the sum 

of 5 PFAS; PFOA, PFOS, PFHxS, PFNA, and PFHpA. Additionally, the Settling Defendant will attempt to 

drill replacement wells at the homes that are affected above Vermont’s DWS and when not possible to 

maintain a point-of-entry-treatment (POET) system, including sampling. The Settling Defendant will also 

continue to sample all homes with wells in the site area (approximately 15 sq. mi. (40 sq. km)); currently 

about 165 wells, until groundwater standards are met in these water. 
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The Development of MCLs for PFAS in New Hampshire – An Overview of the 
Science, Stakeholder Perspectives, and Costs 

Brandon Kernen  

In July 2019, the New Hampshire Department of Environmental Services adopted rules that established 

Maximum Contaminant Levels (MCLs) for PFOA, PFOS, PFNA and PFHxS. The process associated with 

developing the MCLs included an extensive review of peer reviewed literature and receiving hundreds of 

recommendations and comments from a diverse group of stakeholders. The process also included 

assessing how the implementation of the MCLs will affect the public, water systems, contamination waste 

sites, landfills and wastewater facilities. 

Brandon Kernen, NHDES, PO Box 95, Concord, NH, 03302-0095, United States, Tel: 603-271-0660, 
Brandon.Kernen@des.nh.gov 
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PFAS in New York: Air Emission Testing Results from Manufacturing Sources 

Thomas Gentile  

Emissions testing of manufacturing sources using polytetrafluoroethylene (PTFE) aqueous dispersions 

and powders is becoming an extremely important issue for environmental regulatory agencies. The 

characterization of air emissions is becoming a priority due to the persistence of PFOA and other PFAS 

compounds in the environment which results in the bioaccumulation of these substances in humans, fish 

and wildlife. There is a strong need to properly characterize target and non-targeted PFAS emissions 

from these sources utilizing appropriate emissions testing methodology. The emissions testing results for 

PFAS compounds and an assessment of the existing air pollution controls at a large manufacturer will be 

discussed. Ongoing collaborative work with the USEPA Office of Research and Development about 

characterizing the PFAS emission profiles from process manufacturing sources will also be discussed. 
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Results of Rhode Island's Statewide Study on PFAS in Drinking Water 

Amy Parmenter  

In 2019, the Rhode Island Department of Health Center for Drinking Water Quality and State Health 

Laboratory, in partnership with the RI Department of Environmental Management and the Brown 

University Superfund Research Program, conducted the second phase of a statewide vulnerability 

analysis for PFAS that started in 2017. This second phase was completed because of new information on 

PFAS that because available after the 2017 study, including the potential contribution of PFAS from floor 

waxes at schools and AFFF at individual fire stations, as well as new lab capabilities to report PFAS at 

lower concentrations. The results of this study will be used to protect public health by limiting exposure to 

PFAS in drinking water, educating consumers about the health advisory, and to better understand the 

occurrence, distribution, and sources of PFAS contamination in RI’s drinking water sources. By the end of 

the study, 100% of school water systems and 49% of Community water systems in the state were 

sampled, which provide drinking water to approximately 90% of Rhode Islanders. 

Amy Parmenter, Rhode Island Department of Health, Center for Drinking Water Quality, 3 Capitol Hill, 
Room 209, Providence, RI, 02908, United States, Tel: 401-222-7771, amy.parmenter@health.ri.gov 

Presenting Author: Amy Parmenter 

114



Session 16: Site Characterization 
Methodologies 
 
Mass Discharge vs. Aquifer Assimilation Capacity: A Complex Fractured 
Bedrock Site Case Study 
Ernest Ashley, CDM Smith, Boston, MA; Dan Folan, AECOM, Chelmsford, MA  
 
Assessment of Bedrock Aquifer Behavior and Fracture Connectivity by 
Measuring Aquifer Response during Rotary Drilling 
Dariusz Chlebica, Joseph Jeray, David Adilman, Chapman Ross, and Chris 
Martin, Geosyntec Consultants, Acton, MA  
 
High-Resolution Bedrock Surface Topography Mapping: Key to Remedial 
Success (Overview and Case Studies) 
William Brandon, USEPA, Boston, MA  
 
Handheld Field Chemical Sensors: A Replacement for Conventional 
Laboratory Analysis for Environmental Characterization 
Jay Clausen, Michael Morgan, Ashley Mossell, Samuel Beal, Holly Vermeulen,  
and Elizabeth Corriveau, USACE ERDC-CRREL, Hanover, NH; Richard Hark, 
Yale University, West Haven, CT; Russell Harmon, North Carolina State 
University, Raleigh, NC; Sandy Throckmorton, Signal Analysis Solutions, 
Bahama, NC; Karen Harmon, JR Plumer Assoc. LLC, Raleigh , NC; John 
Plumer, JR Plumer Assoc. LLC, Belmont, NH  
 
Using Thoron and Radon to Locate Vapor Entry Points and Choose Indoor 
Air Sample Locations 
Anthony Miller, Gannett Fleming, Madison, WI  
 
Three-Dimensional Conceptual Site Models: A Tool for Evaluating Site 
Characterization and Remediation 
Jason Ruf, S2C2 Inc., Raritan, NJ  
 

  

115



Mass Discharge vs. Aquifer Assimilation Capacity: A Complex Fractured Bedrock 
Site Case Study 

Ernest Ashley and Dan Folan  

Multiple characterization and remediation efforts over 15 years have not succeeded in closing a fractured 

crystalline bedrock DNAPL site. Additional recent characterization efforts have focused on estimating 

contaminant mass discharge and the assimilation capacity of the downgradient stratified glacial drift 

aquifer and wetlands. Bedrock characterizations have included combinations of rock coring and more 

rapid drilling techniques combined with high resolution site characterization utilizing CORE DFN core 

subsampling crystalline bedrock, FLUTe liner transmissivity testing, Active Line Source temperature 

logging, full geophysical suites, heat pulse flowmeter testing and wireline groundwater sampling. Bedrock 

monitoring well networks were established in transects using multi-level well completion techniques 

including Water FLUTe liners and multiple depth traditional completions. Overburden characterizations 

included multi-level well installations, isotopic and compound specific isotopic analysis of groundwater 

and plume stability analysis. Detailed hydraulic conductivity/transmissivity profiles and multi-level 

contaminant concentrations were used to estimate mass flux and contaminant mass discharge. Molar 

sums, CSIA and plume stability analyses were used to estimate aquifer assimilation capacity in the 

downgradient stratified glacial drift aquifer and wetlands. These evaluations were used to identify “zones 

of irrelevance” and develop remedial approaches based on the balance between contaminant mass 

discharge and the assimilation capacity of the site-specific environment. This presentation will highlight 

the significant challenges in crystalline bedrock site characterization, and mass flux/mass discharge and 

aquifer assimilation capacity estimation. It will also present alternative approaches to establishing realistic 

remedial goals for DNAPL bedrock sites. 
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Assessment of Bedrock Aquifer Behavior and Fracture Connectivity by 
Measuring Aquifer Response During Rotary Drilling  

Dariusz Chlebica, Joseph Jeray, David Adilman, Chapman Ross and Chris Martin  

Monitoring water levels in nearby bedrock wells during air-rotary drilling can provide insight into whether 

the fractures intercepted in the borehole are connected to the surrounding bedrock monitoring wells, 

which is an important factor in the design of injection remedies. This approach was used to evaluate the 

fracture network at a Site in Southeastern Massachusetts during installation of a bedrock injection well. A 

network of pressure transducers monitored the water levels in bedrock wells near the drilling location. The 

transducers were programmed to collect data at a higher frequency during drilling to detect fluctuations in 

water levels, which indicate that the fractures intersected by the monitoring wells are connected to 

fractures encountered during drilling. The drilling and potentiometric data were used to interpret fracture 

connectivity and evaluate the expected response of the aquifer to an injection test. These results were 

used to design the injection test by selecting injection rates and adjusting the monitoring strategy to be 

used during the test. Additionally, the high frequency water level data from monitoring wells in parallel 

with tracking of the borehole depth and the time of fracture breach were used to decipher the connection 

of the borehole to monitoring wells and transmissivity of the connecting fractures. Data collected during 

drilling and corresponding adjustments to the monitoring strategy increased the efficiency of the injection 

test and allowed the team to focus its monitoring on specific wells along the inferred flow paths. By 

monitoring for tracer in these wells after the injection test, the team confirmed the fracture connectivity 

and identified fractures that will be targeted for injection of remedial additives. The project demonstrates 

that careful and detailed collection of data during drilling at minimal additional cost can be very insightful 

and improve planning and execution of tasks in the later phases of the project. 
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High-Resolution Bedrock Surface Topography Mapping: Key to Remedial 
Success (Overview and Case Studies) 

William Brandon  

In the glaciated northeastern U.S., and elsewhere, the geologic contact between the unconsolidated 

overburden geologic materials and the dense consolidated bedrock is one of the most important 

hydrogeologic features of a site. This contact commonly presents a sharp interface separating distinct 

permeability and porosity regimes, contrasted by many orders of magnitude. In many cases, overburden 

units with porosity values on the order of 20-30 percent, and relatively large hydraulic conductivity values 

(on the order of feet per day) abruptly transition into bedrock materials with bulk porosities of less than a 

percent with bulk hydraulic conductivity values on the order of tenths or hundreds of feet per day. It is 

perhaps not surprising that understanding the position and shape of this interface is critical to remedial 

success. Simple, effective, and inexpensive techniques for mapping the shape of the bedrock-overburden 

contact have been used by geologists for decades, yet, unfortunately, many site remediation efforts are 

not based on a well resolved understanding of the bedrock surface morphology. A number of case study 

examples are presented which illustrate the benefits of a higher degree of resolution on the bedrock 

surface with respect to remedial design and implementation. Lastly, a series of recommendations are 

made relative to a range of improved practices for data collection and analysis which may result in more 

widespread application of high-resolution bedrock surface mapping moving forward. 
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Handheld Field Chemical Sensors: A Replacement for Conventional Laboratory 
Analysis for Environmental Characterization 

Jay Clausen, Richard Hark, Russell Harmon, Sandy Throckmorton, Michael Morgan, 
Karen Harmon, John Plumer, Ashley Mossell, Samuel Beal, Holly Vermeulen, and 

Elizabeth Corriveau  
Commercially available handheld chemical analyzers for forensic applications have been available for 

over a decade. Portable systems from multiple vendors can perform X-ray fluorescence (XRF) 

spectroscopy, Raman spectroscopy, Fourier transform infrared (FTIR) spectroscopy, and recently laser-

induced breakdown spectroscopy (LIBS). Together, we have been exploring the development and 

potential applications of a multi-sensor system consisting of XRF, Raman, and LIBS for environmental 

characterization with a focus on soils from military ranges. Handheld sensors offer the potential to 

substantially increase sample throughput through the elimination of transport of samples back to the 

laboratory and labor-intensive sample preparation procedures. Further, these technologies have the 

capability for extremely rapid analysis, e.g. analysis time on the order of tens of seconds or less. We have 

compared and evaluated results from the analysis of several hundred soil samples using conventional 

laboratory benchtop inductively coupled plasma atomic emission spectroscopy (ICP-AES) for metals 

evaluation and high-performance liquid chromatography (HPLC) and Raman spectroscopy for detection 

and characterization of energetic materials against handheld XRF, LIBS, and Raman analyzers. The soil 

samples contained antimony, copper, lead, tungsten, and zinc as well as energetic compounds such as 

2,4,6-trinitrotoluene (TNT), hexahydro-1,3,5-triazine (RDX), nitroglycerin (NG), and dinitrotoluene isomers 

(DNT). Precision, accuracy, and sensitivity of the handheld field sensor technologies were compared 

against conventional laboratory instrumentation to determine their suitability for field characterization 

leading to decisional outcomes. 
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Using Thoron and Radon to Locate Vapor Entry Points and Choose Indoor Air 
Sample Locations 

Anthony Miller  

The migration of vapors into buildings is increasingly becoming a focal point in the investigation and 

remediation of sites impacted by volatile organic compounds (VOCs). Assessments of the vapor intrusion 

(VI) pathway often require the collection of numerous sub-slab and indoor air samples to determine if 

VOCs are migrating into a building and, if so, to what extent. Because it has many of the same physical 

properties as VOCs and moves by advection and diffusion, radon is increasingly being used as a 

surrogate for VOCs to identify entry points and reduce sampling costs in VI assessments. 

As part of a VI assessment at a large food-processing facility, Gannett Fleming used passive radon 

detectors at 13 locations to identify areas where there may be openings in the building’s foundation. 

Because radon is 8 to 9 times denser than air, its vertical distribution within the building was also 

measured by placing paired radon detectors at the floor level and in the breathing zone to determine if its 

density affected its use as a surrogate. An electronic radon detector was then used to measure thoron 

and radon to further pinpoint openings in the building’s foundation. Those results, combined with total 

VOC concentrations measured in sub-slab vapors with a photo-ionization detector (PID), were used to 

choose indoor air sample locations. Paired indoor air and sub-slab vapor samples were then collected for 

radon and VOC analyses from areas where the highest radon and PID concentrations were measured. 

The paired radon and VOC indoor air and sub-slab vapor sample results were then used to calculate the 

attenuation factor of the building’s foundation at each location. 

The results of the VI assessment including the vertical and areal distribution of thoron, radon, and VOC 

concentrations in the sub-surface vapors and indoor air will be presented. 
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Three-Dimensional Conceptual Site Models: A Tool for Evaluating Site 
Characterization and Remediation 

Jason Ruf  

Traditional data visualization and data management techniques often fail to provide an adequate platform 

for evaluating complex environmental data sets and often lead to incomplete conceptual site model(s) 

(CSM). Decisions based on these incomplete CSMs can result in repeated site characterization events, 

failed remedy implementations, and poor communication of site conditions to stakeholders. Developing 

an accurate CSM ultimately requires collecting sufficient data density to overcome uncertainty inherent in 

a heterogeneous subsurface. It also requires incorporating a sound geologic framework, and the ability to 

evaluate spatial and temporal relationships between environmental data sets (direct-sensing data, 

laboratory data, geophysical information, survey information, etc.). By utilizing three-dimensional 

visualization software, environmental professionals have a platform to quickly retrieve information and 

visualize relationships between geologic, chemical, and spatial features. 

The presented case study includes the evaluation of high-resolution characterization (HRSC) data 

collected using a membrane interface probe (MIP) and hydraulic profiling tool (HPT), discrete 

groundwater grab sampling data for chlorinated volatile organic compounds (CVOCs) as well as 

traditional groundwater well data. In order to evaluate the data sets, a geologic hierarchy was established, 

and geologic contacts were interpreted based on USGS mapped Quaternary glacial deposits interpreted 

from MIP and HPT logs. A geologic grid was created within C Tech’s Earth Volumetric Studio (Studio), 

which was subsequently used to krig both HRSC data and chemical data. The creation of the 2D/3D CSM 

ultimately provided a mechanism to evaluate multiple data sets in a single framework. This included 

providing a visual depiction of contaminant mass distribution in relation to geologic units, identifying data 

gaps for further data gathering, and assisting with evaluating possible remedial alternatives. Most 

importantly, the 3D CSM provides a tool that can be continually updated during the sites lifecycle and can 

be used to explain complex data to nontechnical and technical stakeholders. 

Jason Ruf, S2C2 Inc., 5 Johnson Drive, Raritan, NJ, 08869, United States, Tel: 908-256-2710, 
jruf@s2c2inc.com 
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Summary of EPA Workshop on Measurement-based Methods for Protective & 
Defensible Chlorinated VI Exposure Determinations 

Henry Schuver  

This session will present a summary of the most important and useful information presented in the day-

long EPA workshop, as well as ideas from the synthesis, interpretations, feedback and follow-up 

discussions. The main objective of the workshop is to share: 1) the results of additional analyses of 

practicably-implemented measurements, such as temperature, pressure, and radon, that could be useful 

indicators, tracers and/or surrogates (ITS) of soil gas intrusion, possibly including chemical vapors, from 

many more buildings, settings, climates, and source types, than have been measured in the past; and 2) 

draft Standard Operating Procedures (SOPs) for the collection of ITS data. The purpose of the analyses 

was to test associations so that we may be able to develop better approaches for minimizing the number 

of indoor air samples needed to make confident VI determinations. Key to the workshop, and this session, 

is input from VI regulators and other experts on what additional data, testing and/or modifications in 

approaches, and what minimum numbers of samples are recommended before applying such 

approaches in regulatory CVI decision-making. 

Henry Schuver, US EPA, 1200 Penn. Avenue NW, Washington, DC, 20460, United States, Tel: 703-308-
8656, schuver.henry@epa.gov 
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Evaluation of the Vapor Intrusion Pathway at a Non-Residential Facility Using 
VaporSafe Continuous Air Monitoring  

Stacy Metz and Darby Litz  

TRC has been assisting with site investigation and cleanup at a USEPA Region V RCRA Corrective 

Action Site. Following completion of Corrective Action, as outlined in the Final Decision, USEPA 

published revised trichloroethene (TCE) toxicity values, and new remediation goals were set for indoor 

air. Despite installation of passive sub-slab ventilation (SSV) system and a favorable indoor air sampling 

results, USEPA was hesitant to lift the occupancy restrictions which would return the 225,000 square foot 

building to full industrial use since recent risk assessment guidance raises concerns with short-term TCE 

exposures during pregnancy. 

Tight clay soils make active mitigation very costly. However, the continuation of traditional canister 

sampling, may not have ever addressed concerns with short-term data variability. Therefore, TRC 

recommended using VaporSafeTM which uses a portable gas chromatograph (GC) to provide on-site, real-

time indoor air results. During the initial phase of the project, air samples were collected for direct injection 

into the GC to identify preferential pathways. Afterwards, the VaporSafeTM system was setup to 

automatically collect continuous samples from twelve sample locations over a period of several days. 

Differential pressure and weather data were also collected over the same time period. These data were 

used as a basis for highly targeted building improvements. After which, the VaporSafeTM system was 

deployed a second time to document post-mitigation building conditions. 

TRC evaluated the data to better understand the variability of TCE in indoor air.  Data were used to 

identify encroachment locations and an indoor air source unrelated to historical operations. Additionally, 

TRC could document how weather conditions and site operations affected indoor air concentrations. 

These data allowed TRC to recommend a targeted mitigation strategy to address those areas with 

lingering vapor intrusion concerns. TRC performed subsequent building improvements and a second 

sampling event was completed to document their effectiveness. 

Stacy Metz, TRC, 1540 Eisenhower Place, Ann Arbor, MI, 48108, United States, smetz@trcsolutions.com 

Darby Litz, TRC, 1540 Eisenhower Place, Ann Arbor, MI, 48108, United States, Tel: 734-904-5246, 
dlitz@trcsolutions.com 
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Evaluation of Soil Vapor Extraction Data to Characterize Mass Flux at the Vapor 
Intrusion Boundary 

Lloyd Stewart, Robert Truesdale, Christopher Lutes, Brian Schumacher, and John 
Zimmerman  

Current methods for assessing contaminant mass flux for vapor intrusion (VI) rely primarily on two 

approaches. First, mass removal is measured during operation of mitigation systems, either in basements 

or subslabs, however, climate variables as well as building usage introduce significant uncertainties. The 

second approach evaluates upward vapor diffusion from persistent sources in the vadose zone and/or 

contaminated groundwater using measured vapor concentration profiles and assumed vapor diffusion 

coefficients. Consistent measures of soil gas concentration can usually be attained; however, these 

profiles are usually measured under steady conditions. The flux calculation assumes an average, 

unmeasured diffusion coefficient that can vary by order of magnitude in native soils. Contaminated 

groundwater requires assumptions about mass transfer across the capillary fringe. To overcome these 

limitations, this project demonstrated the utility of transient concentration profiles measured after ceasing 

soil vapor extraction (SVE) for VI assessments. 

Results are presented from a field study that included three periods of rebound between active SVE 

operations over a three-year period at an industrial site with modestly stratified soil and sources of PCE 

and TCE in the vadose zone and groundwater. The SVE data yielded estimates of diffusion-limited mass 

transfer along with a volume-averaged maximal mass flux and its decay with mass removal during 

subsequent periods of soil gas extraction. The estimated mass flux of PCE and TCE before SVE was 

found to be reduced by more than two orders-of-magnitude at the end of SVE. The results provide a 

relationship for assessing acceptable source vapor concentrations at the close of SVE that are sufficient 

to obviate future active mitigation of vapor intrusion. The results are supported with measures of indoor 

air before, during and after SVE. In addition, the transient vapor concentration profiles identified shallow, 

low-level residual contaminant vapor sources within the overlying concrete slab. 

Lloyd Stewart, Praxis Environmental Technologies, Inc., 1440 Rollins Road, Burlingame, CA, 94010, 
United States, Tel: 650-548-9288, bo@praxis-enviro.com 
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Extending Pressure Fields in Low Permeability Soil Using Horizontal Directional 
Drilling 

Daniel Nuzzetti and Upendra Soni  

Native reddish-brown shale of the Passaic Formation yields low permeability resulting in a limited radius 

of influence for sub-slab depressurization (SSD) systems. As a result, installing a traditional SSD system 

requires a large number of suction points spaced closely together. This makes system layout challenging, 

which leads to increased installation costs and extended construction schedules. Horizontal directional 

drilling (HDD) provides a cost-effective and time saving alternative to the traditional SSD system 

installation techniques. 

This paper will detail a case study of an SSD system servicing 30,000 square feet of a large commercial 

building located in Union County, New Jersey. Extensive pre-mitigation sub-slab permeability mapping at 

the site revealed a radius of influence (ROI) of approximately 10 feet. In order to utilize existing building 

features, primarily columns, as locations for traditional suction points, a radius of influence of 

approximately 25 feet would be required. The low permeability of the formation and limited ROI made 

installation of a traditional SSD system impractical and cost prohibitive. In addition, an extensive network 

of sub-slab utilities and multiple slab layers made concrete trenching unfeasible. Because of the 

impedances to traditional SSD techniques, a new strategy for extending ROI had to be developed. 

In order to provide adequate depressurization to the entire area of concern, a design was prepared and 

executed utilizing HDD. Individual varied length HDD wells were installed from strategically placed entry 

pits around the building interior. These wells were intercepted with vertical risers that extended to the roof 

via a network of overhead piping where they were manifolded and connected to blowers. The system 

successfully depressurized the entire area of concern and met all success criteria as set forth by the New 

Jersey Department of Environmental Protection. 

Daniel Nuzzetti, OBAR Systems, 2969 Route 23 South, Newfoundland, NJ, 07435, United States, Tel: 
800-949-6227, dnuzzetti@obarsystems.com 

Upendra Soni, ERM, 295 Madison Ave #8a, New York, NY, 10017, United States, 
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Effects of Seasonal Temperature and Barometric Pressure Changes on Vapor 
Intrusion and Contaminated Building Materials 

Scott Calkin, Glen Gordon, Darrell Moore, and Dan Groher  

Releases of TCE to shallow soils at the Cold Regions Research and Engineering Laboratory (CRREL) in 

Hanover, NH resulted in a large, persistent soil gas plume and vapor intrusion (VI) into multiple buildings. 

A six-year study of the Main Laboratory has demonstrated that traditional assumptions regarding 

seasonal VI trends do not reflect actual conditions. 

Study of the Main Laboratory involved daily sampling of indoor air in multiple locations resulting in a total 

of over 35,000 indoor air samples. Weather data from a nearby airport is used for evaluation of the 

influence of temperature, barometric pressure, and other weather conditions on indoor air quality. 

Additional investigations included a blower door test to estimate the building air exchange rates, testing of 

multiple vapor intrusion mitigation and remediation techniques, and periodic sampling of soil gas and 

ambient air. 

Data show concentrations are not stable and can change by orders of magnitude over several hours. 

Indoor air concentrations rise quickly during times of rapidly decreasing barometric pressure. These 

barometric events result in high sub-slab pressure relative to ambient air pressure thus increasing the 

rate of VI. Because storm systems that result in sudden drops in barometric pressure are typically 

predicted days in advance, VI events related to barometric changes can be reliably anticipated. 

Data also show clear seasonal trends, with the highest indoor air concentrations during summer months, 

not the winter months. An inverse correlation between indoor air TCE concentrations and the indoor to 

outdoor differential temperature was observed. This is believed to be a result of a high air exchange rate 

that results from a high temperature differential, resulting in dilution of indoor air concentrations. Data 

evaluation has also been used to show the limited effectiveness of indoor air filtration, and the high 

effectiveness of SSDS, SVE, and sealing of VI pathways. 

Scott Calkin, Wood Environment & Infrastructure Solutions, 511 Congress Street, Portland, ME, 04101, 
United States, scott.calkin@woodplc.com 
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Mitigating the VI Pathway Beneath a Challenging Industrial Building Using Interior 
SVE 

Joe Corsello and David Shea  

Conveyance of outside makeup air to the heating, ventilating, and air conditioning (HVAC) units of a 

large, old industrial building through subsurface intake tunnels located just above shallow chlorinated 

volatile organic compound (CVOC)-containing groundwater presented a unique challenge for mitigating 

the vapor intrusion (VI) pathway. A VI assessment indicated the potential for CVOC-impacted soil vapor 

to enter the subsurface air intake tunnels through cracks and joints in the tunnel walls and floors, leading 

to widespread impact to indoor air quality throughout the building. Mitigation measures evaluated included 

eliminating the tunnels, sealing/lining the tunnels, subslab depressurization, and soil vapor extraction 

(SVE) using horizontally or vertically installed extraction wells. SVE pilot testing from vertically installed 

interior extraction wells offered the most favorable approach by controlling subsurface pressure gradients 

proximate to the tunnels as well as the floor slab, thereby limiting soil vapor entry from the two main VI 

pathways. Based on the successful results of SVE pilot testing, a full-scale system was implemented. 

Following construction and startup of the full-scale SVE system, real-time, near-continuous monitoring of 

CVOCs in indoor air was performed using a gas chromatograph-electron capture detector (GC-ECD). The 

GC-ECD results provided real-time feedback on the performance of the SVE system, which allowed for 

prompt and efficient adjustments and balancing of the system operations. The post-startup GC-ECD 

indoor air monitoring instilled confidence that 8-hour time-weighted average analytical samples could be 

collected and prove successful performance operation of the SVE system in reducing indoor air CVOC 

concentrations throughout the building. 

Joe Corsello, Sanborn, Head & Associates, 239 Causeway Street, Boston, MA, 02114, United States, 
Tel: 857-327-9741, jcorsello@sanbornhead.com 
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Brownfields Redevelopment – Successful Vapor Intrusion Solutions 

Marylou Armstrong and William Nineve  

After years of being vacant and underutilized, a former industrial manufacturing complex was 

redeveloped into a double hockey rink complex in downtown Worcester. Contaminants of concern at this 

property included asbestos, PCBs, petroleum and volatile organic compounds (VOCs) in soil, ground 

water, soil gas, indoor air and building materials. A vapor barrier system was successfully installed as part 

of the hockey rink complex construction to eliminate potential VOC exposure pathway(s) into the 

complex. Trident Environmental and Nover-Armstrong, A Division of BETA Group, Inc. teamed with the 

developer for this innovative brownfields project. The construction of this new hockey rink complex not 

only serves the "skating population" but has also increased the support of the local restaurants, hotels, 

and retail options within the immediate area. Additionally, the creation of this new destination has 

strengthened and created pedestrian connections throughout the Canal District of Worcester, boosted 

economic development, increased property values, and encouraged additional private investment within 

the area.  

Marylou Armstrong, Nover-Armstrong, A Division of BETA Group, Inc., 89 Shrewsbury Street, Worcester, 
MA, 01604, United States, Tel: 508-756-1600, MArmstrong@BETA-Inc.com 
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Quantifying Groundwater Contaminant Discharge to Surface Water  

Ernest Ashley  

Background/Objectives: Understanding the magnitude and effects of groundwater discharge to surface 

water is a critical aspect of site characterization at contaminated sites adjacent to water bodies. However, 

the quantification of groundwater discharge is challenging and complex due to limitations of measurement 

techniques and access, heterogeneous stratigraphy and bottom substrates (sediment), fluctuations in 

hydraulic heads and discharge rates and, in tidal areas, reversals of hydraulic heads and flow directions. 

Modeling of groundwater discharge and contaminant transport based on limited site characterization 

typically requires many assumptions that result in significant uncertainty. Due to the detectable 

concentrations of VOCs in surface water, a hydraulic control/pump and treat interim remedial action (IRA) 

was implemented at the site. Multiple methods of assessing groundwater discharge to surface water have 

now been employed before and after startup of the hydraulic containment groundwater pump and treat 

system allowing for comparison of the techniques, their results and the effectiveness of the IRA. 

Results/Lessons Learned: The data collected at this site provides for comparison of multiple methods of 

assessing groundwater and contaminant mass discharge to surface water (i.e., modeling, monitoring well 

PFMs, SBPFMs, surface water monitoring, and the effectiveness of hydraulic containment). Differences 

between estimates from water balance and SBPFM methods illustrated the influence of flow convergence 

through the SBPFMs, requiring correction for overestimation of mass discharge. Additional 

characterization of sediment hydraulic conductivities enabled more site-specific convergence corrections. 

Initial contaminant capture from the hydraulic containment system exceeded prior estimates of 

contaminant mass discharge. Surface water monitoring documented a significant reduction of VOCs in 

surface water over the area of greatest concern. This presentation will review the capabilities and 

challenges of the various methods of quantifying groundwater contaminant mass discharge to surface 

water and the methods for evaluating the effectiveness of hydraulic containment. 

Ernest Ashley, CDM Smith, 75 State Street, Boston, MA, 02109, United States, Tel: 617-452-6416, 
ashleyec@cdmsmith.com 
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The Financial and Temporal Efficacy of Various Therapeutic Horticulture 
Activities 

Nicholas Bentley, Lee Newman, and Daniel Collins 

Therapeutic horticulture is an emerging medical intervention that has historically yielded improvement in 

participants’ mental and emotional health. Though implemented in many health care facilities throughout 

history, the quantitative benefits that therapeutic horticulture programs have on patients are not well 

documented. However, therapeutic horticulture is becoming of interest to clinicians because it is 

multifaceted in practice, as a form of recreational therapy that can reinforce physical therapy while 

simultaneously integrating social interactions, artistic expression, and exposure to nature. At SUNY-ESF, 

a research group specializing in therapeutic horticulture has developed research questions to understand 

the benefits of such programs better. The patient populations that experience significant benefit of 

therapeutic horticulture programs are those that remain in medical facilities for extended periods. 

Because residents and patients in long term care facilities may have scheduled activities, and in some 

cases limited resources, the development of time-effective activities is essential. Similarly, financially 

effective activities are preferable by health care facilities because of financial budgets. As a result, this 

preliminary project accesses the temporal and financial efficacy of various therapeutic horticulture 

activities performed with a population in an assisted living facility specializing in dementia and Alzheimer 

care. 

Nicholas Bentley, SUNY College of Environmental Science and Forestry, 8 Barbara Lane, Camillus, NY, 
13031, United States, Tel: 315-530-7560, npbentle@syr.edu 
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Use of MBTs for Remedial Path Decision Making 

Elizabeth Bishop  

Shotgun metagenomic gene sequencing, 16S ribosomal gene sequencing and qPCR was used at 

multiple sites across the country to provide information for remedial decision making and evaluation of the 

potential for monitored natural attenuation (MNA) as the remedy. Through the use of molecular biological 

tools (MBTs) to determine the need and timing of additional remedial amendments, remedy decisions 

were made to achieve Site remedial goals. These MBTs have been used at Sites contaminated by a 

variety of contamination classes including but not limited to chlorinated solvents and petroleum 

contamination. 

These advanced MBTs enable the: 

• Ability to obtain a snapshot of biological populations to make decisions on remedial progress, 

• Ability to predict when to amend the subsurface conditions to enhance the growth of the “right 

bugs” following aggressive remedial technology applications, 

• Ability to identify additional bacterial populations that may be useful in the biodegradation of the 

site contaminants via direct or indirect pathways, 

• Ability to determine whether additional amendments are necessary, or an MNA remedy could be 

pursued 

Cost-effective sampling programs that include MBT analyses were designed at a variety of Sites for 

evaluation purposes. The use of these MBTs has the ability to tailor remedies to the current site 

conditions and provide additional information for both remedial alternatives and timing for additional 

polishing or remedial actions. 

Elizabeth Bishop, Haley & Aldrich, Inc, 299 Cherry Hill Road, Parsippany, NJ, 07054, United States, Tel: 
973-658-3911, ebishop@haleyaldrich.com 
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Thermally Enhanced Bioremediation for Xylene – Using Conductive Heating to 
35oC 

Amber Bonarrigo  

Background: A xylene-rich LNAPL site in NY was treated in approximately one year by using thermally 

enhanced bioremediation. The COCs were aerobically degradable, but the site had limited oxygen and 

relatively tight soils. Over decades, little mass reduction had occurred, and soil concentrations of TPH 

and xylene remained above 1,000 mg/kg in large volumes. The contamination existed between ground 

surface and approximately 15 ft below grade, with a water table fluctuating near the bottom of this 

interval. The microbial population was characterized and found to be amenable to aerobic degradation of 

xylene and other COCs. The objective was to reduce soil concentrations of target COCs to below 1000 

mg/kg. 

Approach: To stimulate biological degradation, oxygen needed to be delivered to the target volume, and 

gentle heating to temperatures between 30 and 40oC was shown to greatly enhance rates. Using 

Waterloo profiling, layers of high and low permeability were defined across the site, and a system of 

injection wells, vacuum extraction wells, and heater borings was designed. The subsurface was heated 

while air was delivered into the xylene-rich zones, facilitating bioremediation. Interim soil sampling was 

used to track the progress. 

Results: The first interim soil sampling round revealed that goals had been met in over 75% of the 

volume, with two hotspots remaining – xylene concentrations remained above 1000 mg/kg. System 

enhancements were made to improve distribution of heat and more time allowed for remediation. 

Subsequent soil sampling events in the two smaller areas showed significant progress towards the goals, 

and eventually the completion. This project demonstrated how TCH, counter to common claims, was 

effective in heating the subsurface to a modest temperature (30-40oC range), and to stimulate biological 

degradation. Combined with a targeted investigation of permeability, and a system to deliver oxygen for 

aerobic reactions, very substantial rates of biodegradation, and eventually site closure, were attained. 

Amber Bonarrigo, Cascade Thermal, 151 Suffolk Lane, Gardner, MA, 01440, United States, Tel: 978-730-
1200, abonarrigo@cascade-env.com 

137



In-Situ LNAPL Removal following Pipeline Transmission Rupture 

Bill Brab  

Failure of a 16” stopple fitting at a petroleum pipeline transmission meter station in Michigan resulted in 

the release of approximately 1,700-barrels of gasoline fuel in 2000. ~1,400-barrels of fuel were recovered 

and ~30,000-tons of impacted soil was removed to approximately 4-feet bgs. Groundwater extraction and 

monitoring continued following the release, groundwater extraction was terminated in 2012. Access 

issues and compatibility concerns with multiple buried pipelines through the area of remediation required 

an innovative technology that could be implemented within the constraints present. The technology had to 

remove LNAPL and provide significant reductions in total mass, control further plume migration, and be 

implemented without compromising the buried petroleum transmission lines. Additional characterization 

was conducted in 2013 to quantify and define the vertical and horizontal extent of total mass at the 

facility. It was determined that two (2) injection events would be required to accomplish the site clean-up 

goals. Initial injection using Trap & Treat® BOS 200® was performed in 2014. One year following the 

completion of the first injection event, resampling of soil and groundwater was preformed to determine 

mass removal and a current baseline for the second injection event. Total mass removal estimates across 

the treatment area averaged ~85% for benzene and ~65% for TVPH for sorbed-phase and ~72% for 

benzene and ~89% for TVPH for dissolved phase. The second injection event was completed in 2016, 

performance groundwater monitoring has continued quarterly since completion. Results as of the 

December 2018 groundwater monitoring event indicate average benzene removal at ~82% and TVPH at 

~92% when compared to pre-injection analytical data. The occurrence of LNAPL is sporadic and isolated 

to an occasional sheen in 2 monitoring wells within the source area of treatment. 

Bill Brab, AST Environmental, 665 McKinney Avenue, Midway, KY, 40347, United States, Tel: 895-846-
4900, bbrab@astenv.com 
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Characterization and In-situ Remediation in a Complex Fracture-Flow Regime 

Bill Brab  

Since 2007, TDEC-UST instituted a standardized program to accelerate response to releases and 

shorten the time required for investigation and cleanup. This included purchase and use of approximately 

200 DPE systems, which resulted in a closure success rate of 95% with an average time to closure of 

about 2 years. Some sites have conditions which limit the effectiveness or use of traditional mechanical 

systems and TDEC has been evaluating effective alternative technologies. One such site in rural east 

Tennessee has numerous drinking water well receptors. The site is underlain by relatively shallow clay 

soils weathered in place from limestone and dolomite. Bedrock is part of the Pine Mountain Thrust 

Sequence with deformed and fractured geologic units striking southwest-northeast and dipping steeply to 

the southeast. Groundwater occurs within the secondary fracture and solution porosity of the bedrock. A 

release prompted free product recovery and remediation using various mechanical systems from 1993 

through 2017 with limited success. Free product and contaminant rebound would occur when the 

treatment system was turned off. 

Alternative technologies considered for effective remediation of low concentration dissolved phase 

constituents and LNAPL in a fractured bedrock groundwater flow regime included in-situ chemical 

oxidation, enhanced bioremediation, liquid activated carbon injection, and Trap & Treat® BOS 200® 

(BOS). BOS was selected by TDEC for its comprehensive methodology consisting of a high resolution 

remedial design characterization (RDC) using surface resistivity and downhole geophysical 

investigations, high density soil sampling and analysis, rock coring, and aquifer characterization. The 

RDC was used to develop a detailed conceptual site model (CSM) which then supported a surgical and 

aggressive in-situ remedial plan. BOS injection was specifically selected because it demonstrated the 

ability to address and remediate LNAPL, could effectively be installed into a fracture-flow bedrock regime, 

could provide long-term degradation of contaminants, and had a reduced time to closure compared to 

other considered technologies. 

Bill Brab, AST Environmental, 665 McKinney Avenue, Midway, KY, 40347, United States, Tel: 895-846-
4900, bbrab@astenv.com 
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Bench Scale Treatability Study of Soil Contaminated with 1,4-Dioxane 

Tomecia Bradley  

The compound 1,4-Dioxane is a clear liquid with a faint, pleasant odor. It is used as a solvent in the 

manufacture of other chemicals and a as a laboratory reagent. It is also a trace contaminant of some 

chemicals used in cosmetics, detergents, and shampoos. 1,4-Dioxane can be released into the air, water 

and soil at places where it is produced or used as a solvent. It does not stick to soil particles so it can 

easily move form soil into groundwater. High levels of 1,4-Dioxane are unhealthy due to the fact it is a 

known carcinogen. 

The Applied Technology Group of KEMRON Environmental Services, Inc. (KEMRON) performed a bench 

scale laboratory study to evaluate the reductive ability of thermal treatment methods to reduce total 

concentrations of 1,4-Dioxane from site soil materials. Testing was performed on one soil material from a 

site in Michigan. Site history consisted of the manufacturing of micro-porous filters, which resulted in the 

release of 1,4-Dioxane. 

The primary objective of the study was to identify candidate thermal treatments based on effectiveness, 

as well as gathering feasibility parameters for remediation. This study involved evaluating two treatment 

alternatives including hot air injection and steam injection. The hot air treatments were conducted at 40°C 

and 60°C for 7 days and the steam injection treatment was conducted until two pore volumes of 

condensate was collected. 

The treatability study revealed that each of the technologies evaluated were successful in reducing the 

concentration of 1,4-Dioxane in the contaminated soil. It was then determined that full-scale remediation 

would depend on cost and feasibility of each treatment option. 

Tomecia Bradley, KEMRON Environmental Services, Inc., 1359 Ellsworth Industrial Blvd, Atlanta, GA, 
30318, United States, triley@kemron.com 
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Three-Dimensional Geologic Modeling with EVS 

David Carstens, Luc Turbide, and Corey Hedges  

Computer-based geologic modeling tools can allow project stakeholders to visualize the subsurface in 

greater detail than traditional presentations of geologic data (e.g., boring logs, cross-sections). CTech 

Development Corporation’s Earth Volumetric Studio (EVS) is one of the leading software packages 

developed for geologic modeling, incorporating tools to visualize both geology and contaminant 

distribution within a volumetric framework. 

A case study is presented for the development of a three-dimensional (3D) conceptual site model (CSM) 

for a client site in Quebec, Canada. The CSM was custom-built in EVS’s modular system, incorporating 

LIDAR surficial mapping data, orthophotography, and subsurface information including borehole geology, 

groundwater elevation data, free-product thickness measurements, soil chemistry data, and accumulated 

vapors into a single CSM. The CSM was then exported in three-dimensions into a commonly available 

(e.g., Adobe®) format for use amongst the project’s stakeholders. 

The CSM allowed for improved communication between stakeholders, through the ability to quickly 

distinguish contaminant-mass loading amongst the differing subsurface materials. The distribution of the 

contamination and the unconsolidated materials, which include debris-laden historic landfill deposits, will 

be a driving-force in the strategic approaches to residential development and the remedial design for the 

site. 

David Carstens, WSP USA, 75 Arlington Street, Boston, MA, 02116, United States, Tel: 781-933-7340, 
david.carstens@wsp.com 
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Bacterial Contamination of Drinking Water Wells in Jefferson County, West 
Virginia 

Carissa Caruso-DiPaolo 
The objective of this study was to identify high-risk areas of biological contamination within Jefferson 

County, West Virginia. There is a high population within Jefferson County that relies upon private wells for 

their main source of drinking water. These private wells are not regulated under the Safe Drinking Water 

Act and are therefore the responsibility of the well owner. Bacterial contamination from private wells can 

have serious public health consequences, such as gastrointestinal illness and death in some vulnerable 

populations. Data over a 7-year time-period collected from the state (July 2012 - June 2019) and was 

comprised of 770 water samples from private drinking water wells with physical addresses. All of the 

private well water samples had been analyzed using the Colilert test. ArcMap Pro was used to identify 

geospatial trends of bacterial contamination within the county. Although there was found to be no specific 

areas at high risk for biological contamination, it was found that 46% of the drinking water wells in the 

study had been contaminated with surface water, feces, or both, and 11% had been contaminated with 

feces from septic systems, pets, wild animals, livestock, or application of manure or poultry litter. The 

potential number of county residents affected is estimated to be about 12,000 persons. This information 

will be used to advise homeowners of these issues so they can take steps to protect their health going 

forward. 

Carissa Caruso-DiPaolo, SUNY College of Environmental Science and Forestry, 1 Forestry Drive, 
Syracuse, NY, 13210, United States, ccarusod@syr.edu 
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National Disaster Resilience Regional Stormwater Infrastructure Toolkit NJDEP 
Public Workshop 

Mel Harclerode, David Ksyniak, William Cesane Cesanek, Jonathan Carey, and Sarah 
Cascarino  

Background/Objectives: The National Disaster Resilience (NDR) toolkit seeks to create a set of 

voluntary tools to aid New Jersey communities with regional stormwater management planning 

processes. The toolkit focuses on developing best management practices for stormwater infrastructure 

operations and maintenance (O&M) and associated job training methods, with an emphasis on green 

infrastructure (GI). The New Jersey Department of Environmental Protection (NJDEP) invited municipal 

planners, licensed site remediation professionals, public works officials and other stakeholders to 

participate in a professional development workshop for the NDR Toolkit. The workshop covered a variety 

of related topics from asset management to GI, as well as provided an opportunity to talk to leaders in the 

field and share experiences. 

Approach/Activities: The January 2019 workshop comprised of lectures from guest speakers and a 

group breakout session to discuss stormwater O&M successes, challenges, and recommendations. The 

workshop presented information on GI techniques, the status of stormwater infrastructure O&M in New 

Jersey, utility and asset management systems, native plant usage for GI design, responsibility charting as 

a management tool, and an overview of training programs for GI maintenance professionals.  

Results/Lessons Learned: Workshop report out comprised of: (1) general feedback from participants; 

(2) evaluation of the O&M breakout session input; and (3) compilation of meeting minutes. The report out 

identified recommendations for future stakeholder involvement and provided performance metrics for the 

toolkit and future stormwater management projects. It also compiled and identified trends for successful 

O&M components, implementation challenges, and implementation recommendations. The report out 

findings will also be used to assist in defining future toolkit modules and determine further stakeholder 

participation in the toolkit development and rollout. This presentation will provide a brief overview of the 

workshop, followed by report out findings. 

Mel Harclerode, CDM Smith, 110 Fieldcrest Avenue, Edison, NJ, 08837, United States, Tel: 610-739-
0994, harclerodema@cdmsmith.com 
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Total Oxidizable Precursors for Assessing PFAS Treatment Performance  

Sheau-Yun Chiang  

Per- and polyfluoroalkyl substances (PFAS) have been manufactured and used for the past sixty years as 

surfactants, processing aids, oil and water repellent coatings, and in firefighting foams. Perfluoroalkyl 

acids (PFAAs) are persistent, recalcitrant, and have been widely detected in the environment and human 

sera. Precursors can biotically and abiotically transform into PFAAs. Although no U.S. regulatory criteria 

have been established for PFAA precursors, concerns regarding their migration and transformation into 

PFAAs are growing. The total oxidizable precursor assay (TOPA) is the only newly available commercial 

method that is based on the oxidation of polyfluorinated precursors to PFCAs. The abundance of 

precursors is estimated based on the net increase in individual PFCA concentrations after oxidation. At 

this point, there is no US EPA standard analytical method established for the TOPA. The assay has value 

for understanding remedial targets and remedial technology effectiveness. This presentation will provide 

evidence on the advantages and limitations of this assay based on case studies and to reveal the 

misconceptions of using this assay for understanding PFAS mass balances. 

Sheau-Yun Chiang, CDM Smith, 3200 Windy Hill Road SE, Atlanta, GA, 30339, United States, Tel: 404-
405-1214, chiangsd@cdmsmith.com 
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Characterizing the PFAS Contamination of the Barnes Aquifer in Westfield, MA 

Christopher Clark and Kristen Mello  

In May 2013, the City of Westfield, MA received test results indicating the presence of per- and 

polyfluoroalkyl substances (PFAS) in four of its eight municipal water supply wells, which were tested as 

required by the Unregulated Contaminants Monitoring Rule 3 (UCMR3). These four wells all tap into the 

Barnes Aquifer, north of the Westfield River. The presence of these compounds has been attributed to 

firefighting training that occurred at the Barnes Air National Guard Base from the 1950s to 1987, which 

utilized PFAS containing Aqueous Film Forming Foam (AFFF) since the early 1960s. The objective of this 

work is to characterize the PFAS contamination of the Barnes Aquifer in Westfield, MA using all the 

currently publicly available data. Analyses were conducted by certified testing facilities using the modified 

method EPA 537.1 or, previous to its modification, EPA 537 or a proprietary method. Samples taken from 

municipal and monitoring wells and during a Massachusetts Department of Environmental Protection 

(MassDEP) study of private wells, had results indicating total PFAS concentrations within the Barnes 

Aquifer ranging from  

Christopher Clark, University of Massachusetts Amherst, 98 Roosevelt Av, Westfield , MA, 01085, United 
States, Tel: 413-519-8694, cwclark@umass.edu 

Kristen Mello, Westfield Residents Advocating for Themselves, 29 Moseley Av, Westfield, MA, 01085, 
United States, klm.wraft@gmail.com 
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Bioaugmentation to Increase Reduction of Residual VC  

Betsy Collins, Mike Perlmutter, Matt Louth, David Cleland, and Charity Delaney  

Jacobs has conducted two innovative pilot studies evaluating the effectiveness of bioaugmentation to 

enhance the current remedy and increase reduction of residual vinyl chloride (VC) at a military facility in 

North Carolina. 

At the first site, an AS system operated from October 2010 to March 2012 until milestones for system 

shutdown were met and MNA was initiated. VC concentrations decreased during AS operation but 

increased after the AS was shut down and continue to exceed cleanup levels with a maximum 

concentration of 110 micrograms per liter. In-well bio-traps were used to evaluate the use of 

biostimulation, bioaugmentation, or both to stimulate reduction of residual VC. Based on the bio-trap 

results, bioaugmentation was selected as it promoted VC reduction without having to biostimulate. 

Injection of approximately 2.7 L bioaugmentation culture will be conducted via permanent injection wells 

in two areas of highest concentrations. Results will be monitored during three quarterly groundwater 

sampling events.  

At the second site, a solar-powered 625 square foot subgrade biogeochemical reactor (SBGR) pilot study 

was implemented in 2015 to accelerate modest natural attenuation rates. Downgradient of the SBGR, 

concentrations of 1,1,2,2?tetrachloroethane, trichloroethene, and cis?1,2?dichloroethene decreased while 

VC concentrations increased between May 2015 and June 2016. During the same time, and without 

outside bioaugmentation, Dehalococcoides increased from 254 to 1,550 cells per milliliter (cells/mL) and 

VC R?Dase increased from below detection limits to 83.2 cells/mL. In 2018, a bioaugmentation culture 

and supplemental liquid substrate was added to the SBGR and recirculated via existing distribution 

piping. Operation of the SBGR continues and results monitored during quarterly sampling events.  

It is anticipated that the results of the implementation and two rounds of performance monitoring will be 

available at the time of the presentation. This platform will present analytical results and trends, cost 

savings and sustainability implications, and lessons learned. 

Betsy Collins, Jacobs, 3120 Highwoods Blvd, Raleigh, NC, 27604, United States, Tel: 919-859-5001, 
Betsy.Collins@jacobs.com 
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Charity Delaney, MCB Camp Lejeune, Jacksonville, NC, United States, charity.delaney@usmc.mil 
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Promoting Health Through Horticulture 

Daniel Collins and Lee Newman 

With the growing understanding that health is a multi-faceted construct, as evidenced by the Veterans’ 

Affairs Whole Health program, there is a shift occurring in healthcare. This change is ensuring that needs 

of the physical and mental health are still addressed, but involves complementary improvements in other 

areas important to health such as social bonds, recreation, nutrition, and intellectual stimulation, to name 

a few. Therapeutic horticulture, which is the use of plants and garden-based activities to promote health 

and mental wellness, is a relatively low-cost, easy to implement form of recreation that can double as a 

therapeutic program, and can meet many of these needs. The practice is based in theories such as 

Wilson’s Biophilia Hypothesis and Kaplan and Kaplan’s Attention Restoration Theory. Therapeutic 

horticulture can also be a subset of green exercise, which is a field that is gaining popularity both in 

practice and research, and “shinrin-yoku” which is a term coined in Japan by the Ministry of Agriculture, 

Forestry and Fisheries in the 1980s which means “forest bathing”. The health benefits of horticulture have 

been recognized in the United States since the late 18th century, and grew in popularity after WWII with 

the return of veterans from the war. Since then, organizations like the American Horticultural Therapy 

Association have promoted its use as a treatment modality, research into the benefits to participants, and 

advocacy for professional registration of horticultural therapists. In the spring of 2013, a therapeutic 

horticulture program was established by faculty and students at the SUNY College of Environmental 

Science and Forestry with the Syracuse Veterans Affairs Medical Center, and has expanded to include a 

memory-care nursing home, a non-profit community veterans’ organization, and a nursing home with 

facilities including low-income, senior housing, assisted living, dementia care, and adult day care. 

Daniel Collins, SUNY College of Environmental Science and Forestry, 683 E. Seneca Tpk., B-23, 
Syracuse, NY, 13205, United States, Tel: 631-561-1315, collins.danielb@gmail.com 
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Syracuse, NY, 13210, United States, Tel: 315-470-4937, lanewman@esf.edu 
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Data Optimization for Forensic Analyses – Ensuring Data Are Fit for Use 

Linda Cook and Laurie Benton  

Site investigation of contaminated urban waterways are growing increasingly more complex with sample 

analytical data collected over many years and decades, with different investigation purposes, and by a 

variety of parties. At some point in this process, data from a full array of the investigative studies are 

compiled into a comprehensive dataset to address questions related to contaminant sources, remedial 

actions, and equitable allocations. Once compiled, the underlying variability in the data between studies 

and laboratories may not be fully understood by the data users. Failure to evaluate differences in the data 

between studies and laboratories can lead to inaccurate or misleading forensic analyses. This can be 

further complicated by laboratories bringing on-line more complex forensic and specialty analyses without 

adequate in-house expertise to ensure production of high-quality data. 

For this presentation, case studies will be used to illustrate the potential impacts of data variability on 

forensic and sediment trend analyses. Case studies will highlight challenges associated with: 1) 

anomalous PAH data associated with MGP impacted sediments in an urban waterway, 2) sediment trend 

analysis impacted by mid-study change in analysis laboratory, and 3) PCB congener analysis 

inconsistencies. From these case studies, approaches will be presented to identify data-use challenges in 

existing data and to minimize them for future site investigations. 

Linda Cook, Exponent, One Mill and Main Place, Maynard, MA, 01880, United States, Tel: 978-760-9000, 
lcook@exponent.com 
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Light Non-Aqueous Phase Liquid (LNAPL) Site Closure Using Non-Traditional 
Field Data and Analyses 

Harrison Roakes, Lilly Corenthal, Stephen Zemba, and Anne Sheehan  

The presence of free product in the subsurface has historically been a barrier to regulatory site closure in 

many states. At a manufacturing facility located in Ohio, Sanborn Head supported recovery efforts of light 

non-aqueous phase liquid (LNAPL) for more than 20 years. Despite implementation of various LNAPL 

recovery technologies, up to 10 feet of oil remained in some monitoring wells and the 1-acre LNAPL 

footprint was relatively unchanged. Rather than continue further LNAPL recovery efforts indefinitely, an 

innovative risk-based closure assessment was used. 

High-resolution characterization of LNAPL mobility included UV photography, pore fluid saturation 

analysis, and centrifuge testing of cryogenically frozen cores. These advanced methods for characterizing 

LNAPL in the subsurface, when corroborated by long-term LNAPL monitoring data, informed a more 

nuanced conceptual model for understanding LNAPL mobility. Potential LNAPL toxicity via vapor 

migration was assessed by adapting the Ohio Bureau of Underground Storage Tank (BUSTR) risk 

assessment methodology. Results supported the conclusion that LNAPL remaining at the site lacks 

sufficient mobility and toxicity to pose a material threat to human health or the environment and supported 

the recommendation for site closure and cessation of LNAPL recovery efforts. To our knowledge, this 

project represents the first closure of a site with free product in the subsurface under Ohio BUSTR 

regulations. 

Harrison Roakes, Sanborn, Head & Associates, Inc., 20 Foundry Street, Concord, NH, 03301, United 
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Factors Impacting the Rate of Natural Source Zone Depletion of Light Non-
Aqueous Phase Liquids 

James Doherty and William Parry  

Extensive investigations were conducted at an LNAPL release site that included both confined and 

unconfined LNAPL. Petroleum recovery efforts at the site have been ongoing for over 20-years and the 

site is characterized as a late stage release. Investigations conducted at the site included: soil LNAPL 

saturation measurement using laboratory sampling, Laser Induced Fluorescence (LIF) profiling, 

petrophysical analyses, laboratory saturation and mobility testing, field recoverability testing, soil vapor 

sampling for methane, and carbon dioxide (CO2) flux measurements. 

Recovery of LNAPL using hydraulic methods was no longer effective. This was supported by the results 

of petrophysical and laboratory analytical sampling of pore fluid LNAPL saturation that indicated that 

petroleum concentration in approximately 20% of the samples exceeded residual saturation in the smear 

zone, and further indicating that approximately 80% of the samples collected below the water table 

contained petroleum at low concentrations and were immobile. Additional sampling indicated the 

presence of LNAPL above residual saturation in discontinuous lenses below the water table, but this was 

not mobile due to its discontinuous nature. 

Because active remedies were no longer effective, natural source zone depletion (NSZD) was evaluated 

using CO2 flux measurements. These measurements indicated degradation rates between 150 and 8,300 

gallons per acre-year. Methane in soil vapor measurements also supported NSZD. The wide range in the 

measured NSZD rates was attributable to a variety of site conditions including the presence of a confining 

layer. 

James Doherty, TRC, 350 Suffolk Street, Lowell, MA, 01854, United States, Tel: 978-656-3680, 
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In-Situ Thermal Remediation to Accelerate Site Redevelopment: Construction to 
Demobilization in 9 Months  

Paul Dombrowski, William Caldicott, Prasad Kakarla, Matthew Dotto, and Grant 
Geckeler  

In-Situ Thermal Remediation (ISTR) was selected to aggressively remediate chlorinated impacts 

comingled with petroleum hydrocarbons within low permeable soils to comply with an uncompromising 

property redevelopment schedule. Limited on-site utilities and numerous subsurface features within the 

treatment area posed challenges to planning and implementation. The remedial goal approved by the 

state regulatory agency for thermal remediation was 75% reduction in tetrachloroethene (PCE) and 

trichloroethene (TCE) soil concentrations with predetermined institutional controls. 

The 5,000 square foot treatment area consisted of heterogeneous soils with variable bedrock depths and 

PCE concentration up to 20,000 mg/kg. ISTR was selected utilizing thermal conductive heating (TCH) 

due to its rather uniform heat transfer throughout heterogenous subsurface lithologies. Propane was the 

selected energy source due to the absence of existing onsite utilities and the expense required to bring 

electricity or natural gas to the treatment area. Three soil vapor extraction (SVE) well designs were 

installed throughout distinct areas of the treatment area to capture contaminant vapors. The vapor stream 

was treated by a C3 system which cools, compresses and condenses extracted CVOCs recovering NAPL 

for offsite disposal. 

The project was completed in 9 months (construction, operations, demobilization) to support the site 

redevelopment schedule. Following 104 days of subsurface heating, confirmation soil samples were 

collected that demonstrated a 98.7% mean reduction of PCE and TCE throughout the target treatment 

zone. A total of approximately 3,200 lbs. of contaminants were physically removed from the subsurface. A 

combination of daily photoionization detector measurement with regular laboratory analysis was used to 

track system progress and keep state regulators updated, to secure approval of project completion. 

Variability in the bedrock surface elevation (20 ft swings) throughout the thermal remediation volume 

required modification to the heating strategy during operations. The presentation will summarize lessons 

learned from the project that resulted in minimizing on-site remediation time. 

Paul Dombrowski, ISOTEC Remediation Technologies, 11 Princess Road, Lawrenceville, NJ, 08648, 
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Remediation of Groundwater and Soil Impacted by Per- And Polyfluoroalkyl 
Substances using a Modified Clay 

Bei Yan, Chenyang Wang, Michael Donovan, John Allen, and Jinxia Liu  

Repeated discharges of aqueous film forming foams (AFFF) in designated firefighting training areas are 

closely linked to severe soil and groundwater contamination by per- and polyfluoroalkyl substances 

(PFAS). Increasingly stringent regulations require cost-effective treatment technologies that can control 

the spread of PFAS or clean up impacted sites. Modified clays, produced by inserting organic cations 

(e.g., quaternary ammonium surfactants) in the exchange sites of smectite clays, can immobilize many 

organic contaminants via adsorption. The goal of this study is to evaluate the performance of a modified 

clay product for removing PFAS from groundwater and reducing the leachability of PFAS from field 

contaminated soils. The contaminated sandy soils and groundwater were first characterized to 

demonstrate the significant presence of anionic, cationic and neutral PFAS. Batch adsorption and 

desorption experiments were conducted. The modified clay demonstrated the high removal efficiencies 

(95~99%) of anionic PFAS from groundwater, which is dominated by perfluorooctane sulfonate (PFOS), 

perfluorohexane sulfonate (PFHxS), and perfluorooctane carboxylate (PFOA). The performance was 

superior to granular activated carbon and hard-wood biochar, which were evaluated under the same 

condition. A desorption test suggested that adsorption of PFAS on the modified clay is not readily 

reversible. Furthermore, the modified clay was tested as a soil amendment in immobilizing PFAS present 

in contaminated sandy soils. The significant reduction (95~99%) of anionic PFAS from soil leachate were 

achieved in 1-3 days with a dosage as low as 0.5% (w/w). There was also a significant reduction of 

several cationic and neutral PFAS (sulfonamide and quaternary ammonium), but a higher dosage was 

necessary. To simulate field conditions, a long-term test using unsaturated soil was also conducted, and 

PFAS leachability was assessed using EPA Toxicity Characteristic Leaching Procedure. The results 

demonstrate the high efficacy of modified clay for PFAS treatment in AFFF-impacted sites Leaching 

Procedure. 
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Towards Increased Confidence in Compound Identification using Comprehensive 
Two-Dimensional Gas Chromatography for Environmental Forensics 

Brian Drollette, Kirk O'Reilly, and Desiree Plata  

Correct compound identification is critical for proper environmental forensic investigation. Traditional 

analytical chemistry requires multiple lines of evidence for structure assignment of a tentatively identified 

compound. However, next-generation analytical techniques can effectively reduce effort, time, and costs 

associated with compound identification short of confirmation with an analytical reference standard. 

Comprehensive two-dimensional gas chromatography (GCxGC) provides enhanced separation of 

nonpolar complex mixtures. Chromatographic separation on two orthogonal capillary column phases 

along with detector signal intensity provides three dimensions of data for one peak. Paired with mass 

spectrometry, four dimensions of data are available. 

Unique and predictable elution patterns of compounds separated in GCxGC analyses are an effective 

substitute for identification using authentic reference standards when performing routine environmental or 

petrochemical analyses. Lines of evidence in addition to the four default dimensions of acquired data are 

available to assign compound identities. For example, relative physical-chemical properties of each peak 

are inherently associated with measured retention time. Through deductive reasoning, the operator can 

use several lines of evidence to effectively move towards a correct identification, and developments in 

machine learning techniques can start to automate this process. 

This presentation will focus on harnessing acquired data and leveraging it towards enhanced compound 

identification. Examples of increasingly focused levels of confidence through raw chromatogram 

interpretation, paired chromatographic and mass spectrometric information, and automated data analytics 

will demonstrate the benefits of GCxGC for environmental forensic investigations. 
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Regeneration of PFAS Contaminated Granular Activated Carbon Using Non-
Thermal Plasma 

Marina D'souza, Asa Lewis, Alexander Rabinovich, Alexander Fridman, Charles Bailey, 
Gregory Fridman,and Christopher Sales 

Per- and polyfluoroalkyl substances (PFASs) are an expansive set of organofluorine compounds that are 

now classified as emerging contaminants by the US EPA due to their potential human and ecosystem 

health risks. Due to contamination from various sources like firefighting foams and biosolids applied from 

water treatment plants, PFASs are being detected in waterways all over the US. PFASs are recalcitrant to 

degradation by many traditional remediation strategies. Current PFAS removal techniques like ion 

exchange resins have limited effectiveness and can prove to be expensive. 

The objectives of this project were to (1) test the use of granulated activated carbon (GAC) as an 

adsorbent for PFASs, and (2) explore the feasibility of using dielectric barrier discharge (DBD) plasma to 

regenerate PFAS-contaminated GAC. 

Adsorption densities of virgin and regenerated GAC were measured using adsorption tests. Virgin GAC 

from initial adsorption tests was regenerated using DBD plasma and then reused in subsequent tests to 

measure its capacity to adsorb PFASs after treatment. Plasma parameters were adjusted to obtain the 

most effectively regenerated GAC. It was found that 30 minutes of plasma exposure at 94 kV showed the 

best regeneration results. The regenerated GAC achieved concentrations very similar to that of the virgin 

GAC. For example, at hour 45 of the adsorption tests, treated GAC reached a PFOA concentration of 

0.018 mg/L while virgin GAC reached a concentration of 0.011 mg/L. Similar results were observed 

during tests conducted using PFOS.  Regenerated GAC also adsorbed more PFOA than untreated GAC 

(contaminated GAC not exposed to DBD plasma). For example, at approximately hour 22 of the 

adsorption tests, untreated GAC reached a PFOA concentration of 4.617 mg/L while regenerated GAC 

reached a concentration of 1.265 mg/L. The results show that plasma treatment can be a promising 

technique for effectively regenerating PFAS-contaminated GAC for reuse. 
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Water Scarcity: An Insecurity Catalyst 

Mallory Dutil 

Water scarcity affects over 2 billion people living in countries experiencing high water stress. In several of 

these areas, a degrading environment and social and political unrest are exacerbating conditions already 

deteriorating under a changing climate. Starting with Israel, a leader in water technology, despite being in 

a conflict prone region - this study evaluated the government assistance and technological advancements 

in multiple regions including arts of Africa, Singapore, Australia, and California, to assess the impact of 

these solutions. Technologies included desalinization, drip irrigation, and inflow and infiltration reduction. 

Areas with water conflicts were also mapped in relation to political unrest around the world. The findings 

revealed similarities between developed areas facing the same scarcity issues, such as Israel and 

Singapore in their water resource management and technology implementation; the stark contrast 

between Israel and a developing area, such as Sub-Saharan Africa; and the difference in technology 

implementation in Israel and the United States, which faces a much less harsh climate. 
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Fate, Transportation, and Transformation of PFAS Implications For WWTPs – 
Where 1 Plus 1 Does Not Equal 2 

Michael Edelman, Michael Eberle, and Elizabeth Denly  

A bench-scale study was conducted to evaluate the effect of divalent cations on the adsorption of PFAS 

on to soil particles. The study entailed producing a synthetic soil consisting of a mix of sand, silt, clay and 

organic matter, introducing water collected from an impacted PFAS source and batch-testing the 

effectiveness of a range of Epsom Salt (soluble magnesium sulfate heptahydrate). Although those results 

will be discussed, the discussion will focus on unanticipated result of the test revealing apparent bio-

mediated transformation of Polyfluorinated Alkylated Sulfonates (PFAS – Telomers) to Perfluoroctanoic 

Acid (PFOA), Perfluorohepantanoic Acid (PFHpA) and Perfluotonanoic Acid (PFNA). We believe this is 

the first time the complete transformation of 6:2 FTS to PFHpA has been observed and reported under 

ambient less-aggressive surface water conditions within six months. The transformation results are an 

important process currently being evaluated for the F&T of PFAS in the environment and through WWTP 

processes. 

Although the indication that transformation occurs under less aggressive conditions is relevant to many 

environmental systems the implication with regard to more aggressive WWTP conditions is significant. 

The presentation is based on research completed for the bench scale test described above and 

assessment of PFAS monitoring results compiled from a variety of sources that are representative of 

differing WWTP biological, physical and chemical treatment trains. Specific adsorption/desorption and 

transformation phenomena will be evaluated in the presentation, including the potential for WWTP 

operations to increase total and individual PFAS concentrations in effluent samples as a result of PFAS 

transformation rates. Perfluorinated telomers, initially thought to be more environmentally friendly, may 

pose a similar risk as the potentially more hazardous perfluorinated carboxylates (e.g., PFOS, PFHpA, 

PFNA), due to transformation. The presentation will conclude with consideration of potential options to 

decrease undesirable PFAS accumulation in biosolids and discharge rates from WWTPs. 
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Development of an In-Situ Chemical Treatment for PFAS in Co-Contaminated 
Groundwater 

Scott Grieco, Jessica Persons, Laura Cook, Mark Strong, Doug Gustafson, and Paul 
Favara  

Background/Objectives: Per and polyfluoroalkyl substances (PFAS) are increasingly being identified in 

groundwater and potable water supplies at concentrations exceeding Provincial and Federal guidance 

values and standards. PFAS are recalcitrant, mobile in the environment, and difficult to treat in situ. 

Currently, only stabilization techniques, such as sequestering or binding which do not provide degradation 

of PFAS, are being promoted for in situ remediation. To replace or supplement pump-and-treat 

technologies, in-situ destructive technologies for PFAS need to be demonstrated at scale. 

Previous work has shown significant rates of degradation of PFOA and PFOS (>85%) via hydrogen 

peroxide catalyzed ozonation under alkaline conditions (Lin, et. al, 2012). For this work, methods similar 

to those employed in the Lin study were employed using a commercially available system.  

Approach/Activities: Groundwater samples were collected from the most impacted portion of the PFAS 

groundwater plume at the subject sites. A screening matrix was developed to evaluate performance 

variables. Based on this screening matrix, bench-scale testing was conducted to assess application 

methodology, pH, and oxidant dosage on the destruction efficiency of PFAS using site groundwater 

impacted by a co-mingled plume containing high concentrations of both PFAS and other organics 

(chlorinated volatile organic compounds [VOCs] and petroleum-related constituents). 

The results of the screening matrix were used to select optimum conditions to establish destruction dose-

response curves for targeted contaminants and identify the optimal conditions needed to translate the 

bench-scale results into a field-scale pilot study. The testing considered 14 PFAS constituents included in 

USEPA Method 537 Revision 1.1, chlorinated VOCs, and petroleum-related constituents. 

Results/Lessons Learned: This study is the first of its kind to translate previous academic testing into a 

potentially field-worthy application using commercially available advanced oxidation equipment. Impacts 

of process variables will be analyzed and discussed. The field pilot implementation plan will also be 

presented. 
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Advancing the Ball: Using Guinea Pigs to Study Perfluorinated Alkyl Substances 
(PFAS) 

Laura Carolyn Green and Edmund A.C. Crouch  

Hundreds of studies, and dozens of agencies, have attempted to estimate risks to human health posed by 

perfluorinated alkyl substances (PFAS). Essentially none of these studies, guidelines, or regulations has 

been based on evidence of health effects in humans exposed to PFAS (as all of us are, to greater or 

lesser extents). At the same time, guidelines for allowable levels of PFAS in drinking water and other 

media are exceptionally stringent — making perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic 

acid (PFOS), for example, appear to be much riskier to human health than arsenic, mercury, benzene, 

and countless other, better characterized chemicals. The same is true for various "second generation" 

PFAS, such as various shorter-chain alkyl compounds, and ethers, that are also fully fluorinated. As a 

scientific matter, such stringency seems unjustified. Part of the problem is that, to date, PFAS have been 

studied almost exclusively in laboratory rats and mice; and these rodent-species, unfortunately, are quite 

poor models for humans — at least when it comes to this particular class of compounds. To rectify this 

situation, we propose a simple solution: Bring back the guinea pig as the laboratory rodent model of 

choice. Notably, PFAS are “peroxisome proliferators”, working through peroxisome proliferator-activated 

receptors (PPARs) to cause biological effects that may vary according to animal-species. As noted by Bell 

and colleagues (1998), “The guinea pig models the human response to peroxisome proliferators, where 

other rodents differ fundamentally in their regulation of hepatic lipid metabolism.” Because of these 

differences, guinea pigs are employed preferentially in research focused on developing drugs, such as 

fibrates, used to treat people who have hyperlipidemia in order to prevent atherosclerosis and other 

diseases (Fernandez and Volek, 2006). This presentation explores the bases, strengths, and weaknesses 

of our proposed use of the guinea pig to study PFAS. 
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Field Sampling Protocol to Minimize False PFAS Detections in a Public-School 
Groundwater Supply Well 

Sarah Rathay, Michael Trovato, and Nick Guidi 

In recent years, per- and polyfluoroalkyl substances (PFAS) have been the subject of growing state- and 

nationwide concern, partly due to the emergence of a standardized testing method able to detect very low 

PFAS concentrations. The low reporting limit of 2 parts-per-trillion (ppt), drinking water guideline of 70 ppt, 

and ubiquity of PFAS in commercial products means special care must be taken to avoid cross-

contamination during sample collection. In this project, a sampling protocol was developed and utilized to 

sample groundwater in monitoring wells near a public-school groundwater supply well to evaluate PFAS 

impacts from an adjacent fire training facility in Granby, Massachusetts. The sampling protocol, designed 

to limit the false introduction of PFAS chemicals, expanded upon the methodology outlined in the PFAS 

sampling guidance documents issued by the Massachusetts Department of Environmental Protection and 

Michigan Department of Environmental Quality. A two-person team was employed with one person 

responsible for handling sample bottles and the other person for managing sampling equipment. 

Waterproof, water-resistant, and stain-resistant materials, including field equipment, clothing, and 

personal care products were avoided. Bottles were sealed in individual plastic bags and stored on ice. 

Quality control involved collection of two samples per well, two duplicates, and one field blank. Laboratory 

results showed that the 14 analyzed PFAS compounds were non-detect in the field blank and seven of 

the 14 compounds were non-detect (<2 ppt) in the six monitoring wells. The summation of the five PFAS 

compounds comprising the drinking water guideline was less than or equal to 23.9 ppt in the six 

monitoring wells, indicating that cross-contamination was successfully prevented. This protocol 

demonstrates a straightforward, step-by-step workflow procedure that can be followed to obtain 

representative groundwater samples for PFAS analysis during future groundwater sampling efforts. 
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Successful Application of ISS Bucket Mixing for Excavation Support and to 
Minimize Dewatering 

Adam Gutta  

In situ solidification (ISS) or soil mixing is a well-documented process of mixing reagents (e.g., portland 

cement, ground granulated blast furnace slag, and others) with soil and groundwater to create a solidified 

mass. Similarly, gravity retaining walls are a time-tested technology and the first topic we learned about in 

foundations 101 for soil retention. This summer, a combination of these two technologies will be utilized to 

construct a gravity retaining/groundwater cutoff wall to facilitate excavation of contaminated soil at a 

former manufactured gas plant (MGP) site located in upstate New York. The contaminated media at the 

Site is the result of byproducts and wastes, such as coal tar and spent purifier wastes, associated with the 

former MGP operations. Shallow competent bedrock (at depths generally between 6 and 14 feet below 

ground surface) prevented the cost-efficient use of cantilevered retaining walls (e.g., sheet piles, soldier 

piles) for excavation support. Additionally, without a groundwater cutoff wall, the anticipated dewatering 

rates were estimated to be very high due to a shallow groundwater table (generally between 4 and 6 feet 

below ground surface) and permeable soil (historic fill placed on top of bedrock).   

Space requirements can often exclude the use of a gravity retaining wall as a feasible alternative because 

of large space requirements. However, when site conditions are favorable, such as at this Site, it can be a 

cost-effective approach. An approximate 1,100-foot long soil mix wall will be constructed at the Site 

utilizing bucket mixing methods. Installation via bucket mixing creates intimate contact between the wall 

and the bedrock surface, minimizing leakage beneath the wall, and allows for efficient management of 

subsurface debris. This presentation will explore the design considerations, performance requirements, 

and construction of the soil mix wall at this site. 
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Use of Hyperspectral Imaging for Perfluorooctane Sulfonate Detection in Populus 
deltoides x P. nigra var. OP-367 

Elizabeth Hacherl, Amalia Kenyon, Amy Keith, Mark David Lewis, and Lee Newman 

Perfluorooctane sulfonate (PFOS) is an emerging contaminant that is becoming a major environmental 

concern due to its widespread use and recalcitrant nature in the environment. Due to this recalcitrant 

nature, PFOS can persist in a wide range of environments including soils and sediments, as well as 

ground and surface waters. Phytoremediation is a proposed method for reducing the amount of PFOS in 

the environment. Additionally, plants may have the potential to be used as screening tools, to help identify 

where PFOS is present in groundwater. 

In this study, a hybrid poplar species (Populus deltoides x P. nigra var. OP-367) was used to take up 

PFOS from hydroponic growth media spiked with PFOS. Throughout the study, hyperspectral images of 

the leaves were taken to determine if there is a difference in the spectra of reflected light from the leaves 

following exposure to PFOS. Scanned leaves were harvested and will be examined to compare PFOS 

concentrations and changes in spectral images. If there is a correlation, hyperspectral imaging has the 

potential to be used as a screening tool to help identify PFOS contamination in the environment. 
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ITRC PFAS Team Risk Communication Toolkit Development 

Mel Harclerode, Kerry Kirk Pflugh, and Julie Kadrie  

Effective risk communication engages stakeholders in the process of risk assessment and management, 

communicates actual risk and options for risk reduction, and facilitates participation during the risk 

management decision making process. Challenges to effective risk communication arise when emerging 

contaminants, such perfluoroalkyl substances (PFAS) present in water. Potential challenges include: 

uncertainty/variability in regulatory cleanup criteria and policies; misperceptions of proposed risk 

management strategies; ineffective risk communication to vulnerable sub-populations; and difficulties 

managing stakeholder expectations. The Interstate Technology and Regulatory Council (ITRC) PFAS 

Team has responded to these challenges by developing a guidance and toolkit to assist practitioners 

implement the risk communication process in a meaningful and effective manner. 

The ITRC PFAS Risk Communication Subteam, co-led by the co-authors, is comprised of a technical 

team of academia, responsible parties, regulatory agencies, and consultants who performed a literature 

review of public health agency documentation and peer reviewed scientific articles focused on risk 

communication of PFAS sites and emerging contaminants in drinking water. 

A successful risk communication process guides practitioners in defining site-specific engagement goals 

and stakeholder context first, followed by determining the relevance and applicability of available tools 

based on established goals, community demographics and concerns. Risk communication principles and 

a comprehensive plan provide the basis for performing meaningful and effective stakeholder 

engagement. This presentation will begin with a presentation of risk communication principles and a high-

level walk through of the risk communication planning process, followed by an introduction to the ITRC 

PFAS risk communication toolkit currently in development. The toolkit is comprised of a risk 

communication plan template and examples of tools to help practitioners identify and assess the target 

audience, aid in the development of SMART goals and key messages, evaluate stakeholder needs and 

values, and communicate media results and risk reduction measures to the public and media. 
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What is Machine Learning and How Does It Know Where my Plume is Going 
Jason Dalton and Anna Harrington 

Background/Objectives: In 2017, Azimuth1 received funding from the National Science Foundation to apply 

machine learning technology to the contaminated site investigation and remediation process. We did this by 

compiling and augmenting a database containing the findings from thousands of contaminated site 

investigations and then applying a machine learning model. We are able to leverage thousands of observations 

to then predict contaminant dispersion at uncharacterized sites. The goal is the provide an additional line of 

evidence for an environmental investigation, emphasizing the common and most likely results consistent with 

sites that have similar soil, groundwater, climate, and topographic characteristics.   

Approach/Activities: We’ve compiled what is, to our knowledge, the largest database of contaminated site 

data in the world. We did this primarily by approaching individual states’ departments of environmental quality to 

obtain their data, which had the level of detail we needed (detailed soil, depth, and groundwater profiles). The 

data are then categorized according to contaminant type, soil conditions, groundwater conditions, climate, and 

age of the site. The machine learning algorithm is trained using subsets of the database containing similar sites; 

the algorithm then produces a statistical prior probability model. The algorithm’s purpose is not to predict exactly 

the resulting contaminated zone, but to provide the weight of evidence from many previously observed cases, 

and serve as a starting point for further refinement, reducing uncertainty and providing confidence bounds on 

the extent or source of a known contaminant. Using many observations serves to filter out variation and 

determine if there are predictable patterns of contaminant behavior in the environment. To do this we first shift 

each site polygon into a common orientation. Next, each plume geometry is oriented so that the groundwater 

gradient is oriented in the positive X axis direction. We then import the plume geometries into the machine 

learning model to create a forecast for unknown plumes.  Specifically, we are using a geospatial kernel density 

estimation that produces a probability estimate for the extent and dispersion of future plumes. 

Results/Lessons Learned: The machine learning model produces two results- an unknown source model, and 

an unknown destination model. The unknown destination model shows the highest probability estimates for the 

location of the farthest detectable contaminated area down hydraulic gradient from the contamination source 

zone. The unknown source model is for situations where contamination is detected, but the source of the 

contaminant is unknown. This often occurs when one property is contaminated, while a neighboring property 

may be the source of the contamination. Our analysis has shown that beginning a site investigation using 

machine learning reduces uncertainty and bias in the site characterization process. This presentation will review 

what machine learning is and how applying machine learning to the site characterization process provides 

unique benefits. The presentation will also discuss some interesting lessons learned from collecting the largest 

database of contaminated sites in the world. 
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Problems and Solutions Associated With Collecting Deep Groundwater Samples 
via Inertial Pumping 

Christopher Hayden  

When tasked with collecting groundwater samples from a deep aquifer, inertial pumping through 

temporary drivepoints is not the most popular means of sample collection, but it is quite efficient and 

inexpensive, compared to the price of sonic drilling. This method was performed in a region of thick sand 

and silt deposits, and encountered several difficulties associated with the technology and the processes 

involved in sample collection via these means. Simple and inexpensive solutions to project-halting 

problems are the difference between project abandonment and project completion. This poster 

presentation will involve all the difficulties associated with this form of deep groundwater sample 

collection and their solutions. 
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Enhancing Conceptual Site Models with 3-Dimensional Analysis and Visualization 

Karilyn Heisen, Thomas Cook, and Laurie Kellndorfer  

A robust and comprehensive Conceptual Site Model (CSM) requires understanding the spatial and 

temporal relationships of data from multiple sources. Application of three-dimensional analysis and 

visualization (3dVA) software enhances this process and allows for interactive collaboration between 

internal consulting team members, clients and regulators, as well as providing a communication tool for 

the public stakeholders. This presentation will draw on CDM Smith’s decades of experience with 3D 

visualization for complex environmental sites such as groundwater contamination, sediment remediation 

and coastal and riverine systems. The benefits, limitations and requirements for common software for 

development of 3dVA models and potential pitfalls of 3dVA will be discussed. The presentation will 

include discussion of multiple data types, geologic interpretation, and site features. Example data sources 

include CPT (cone penetrometer test), MIP (membrane interface probe), borehole geophysical logs, 

surface geophysics, hydropunch and monitoring well quality data, soil boring logs, and soil sample data. 

Geologic interpretation examples include pre-existing cross-sections, regional stratigraphic interpretation, 

bedrock and hydraulic conductivity interpretations. Examples of site features include historical fill 

activities, underground structures such as basements, and river and surface water interactions. The 3dVA 

can be used to develop or revise numeric groundwater flow and contaminant transport models, visualize 

model results and compare to observed data sources. The analysis portion of the 3dVA tools includes the 

ability to estimate the volumes of impacted soil and groundwater as well as the contaminant mass within 

the impacted material based on multiple site criteria. Recent developments have allowed for the coupling 

of 3dva tools with tablets and augmented reality. These technologies have the potential to improve field 

data collection and stakeholder communication, however there are limitations to the current technology. 
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Conceptual Site Model Evaluation with Benchtop Experiments 

Shahen Huda, Rhiannon Scott, David Adilman, Jeff Gillow, and Sandra Dworatzek  

Diethylenetriamine (DETA) is an inactive component present in flotation reagents used at a processing 

plant. The flotation process removes mineral impurities, and the resulting tailings are placed in a facility 

with a leachate management system; samples are routinely collected from leachate sumps to measure 

the presence of DETA. 

DETA has been detected in tailings leachate samples at concentrations up to 26 mg/L, more than five 

times the regulatory limit. DETA concentrations in tailings leachate are more than an order of magnitude 

higher than concentrations in process water samples (maximum 1.1 mg/L). The mechanism of up-

concentration of DETA in the tailings leachate is not known. 

Based on Site observations and client knowledge of DETA chemistry, Geosyntec has developed a 

conceptual model with two hypotheses to explain how DETA may be up-concentrating in the tailings: (1) 

DETA may form in situ from the breakdown of the amidoamine in the flotation reagent, especially at 

elevated pH; and (2) DETA complexed to metals in the tailings is released as the metals solubilize when 

oxidation-reduction potential (ORP) decreases. 

Geosyntec is currently conducting experiments to assess (1) whether DETA forms over time from 

breakdown of the amidoamine in a mixture of flotation reagent and water at multiple pH levels, and (2) 

whether the ORP in mixtures of tailings, flotation reagent, and water influences DETA concentrations due 

to metals dissolution. The results of these experiments (anticipated by summer 2019) may provide an 

explanation for why DETA concentrations in tailings leachate are much greater than in process water and 

are also expected to validate or refute the conceptual model for DETA concentration changes due to 

changing pH or ORP in tailings leachate. These results will inform future management of tailings at the 

plant. 
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Cometabolism of Beta Blocker Pharmaceuticals by Nitrifying Mixed Culture 
Biomass Communities 

Amy Hunter and C. Andrew Ramsburg 

There is increasing concern of pharmaceutically active compounds (PhACs) in the natural 

environment as studies have detected the presence of an array of PhACs downstream of water 

resource recovery facilities (WRRFs) and have attributed these facilities as a point source for 

introduction into the environment. Much of the research has emphasized PhACs that act as 

endocrine disruptors that impact development, reproduction, metabolism, growth, and cardiovascular 

functions of aquatic species. Of these compounds, beta blocker pharmaceuticals are frequently 

detected at the ng/L to low mg/L level downstream of WRRFs 

Biological nutrient removal (BNR) processes have shown to fortuitously remove some PhACs by 

biotransformation. This research aims to elucidate the biotransformation mechanisms that contribute 

to the removal of beta blockers by BNR processes. More specifically, this work explores the 

cometabolism of these PhACs by ammonia oxidizing bacteria (AOB). Cometabolism in this context is 

the transformation of the non-growth substrate, PhAC, in the presence of a required energy 

substrate, ammonia, and is attributed to the broad substrate range of the enzyme ammonia 

monooxygenase 

Previous research has explored beta blocker biotransformation by activated sludge enriched for 

AOB. While cometabolic biotransformation by AOB appeared to be significant, the results are based 

upon experiments that used biomass taken from a nitrification enrichment culture. Thus, important 

questions remain regarding the relevance of cometabolic biotransformation by activated sludge 

communities in WRRFs which are dominated by ordinary heterotrophs and where AOB typically 

comprise only a small fraction of the community (typically <5%). Thus, the work presented here aims 

to explore beta blocker cometabolism by AOB in laboratory batch experiments using activated 

sludge obtained from two local-area treatment facilities with different AOB fractions.  Results are 

interpreted within the context of the cometabolic process based model and model coefficients 

previously developed with data obtained from the nitrification enrichment culture.       
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Use of Liquid Activated Carbon™ Technology for a Barrier Application Results at 
a Large Chlorinated Plume 

Glenn Iosue and Chris Lee  

Liquid Activated Carbon™ (LAC) has been used in a barrier application to secure rapid groundwater 

contaminant reduction via partitioning out of the aqueous phase in a bedrock aquifer in Texas. Numerous 

private water wells have dispersed the solute plume throughout the site, so arresting plume migration 

utilizing LAC was implemented as an in situ remedy instead of groundwater extraction for hydraulic 

control. LAC provides a low-cost, long-term performance monitoring solution by reducing rigorous 

sampling requirements associated with typical ERD technologies, while providing an alternative to 

prevent biofouling impacts to the downgradient potable wells. 

Prior to the barrier application, a high-resolution site characterization was completed to guarantee product 

delivery into the bedrock aquifer and ensure performance. Additionally, field calibration testing was 

conducted to confirm the injection porosity and optimize the injection rates necessary to achieve the 

required ROI for optimal product placement in the sandstone bedrock unit. 
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Use of Ex Situ Passive Sampler to Measure Bioavailable PAHs at a Manufactured 
Gas Plant 

Susan Kane Driscoll, Sungwoo Ahn, Ariette Schierz, Joy McGrath, James Romer, and 
Jeffrey Clock  

Concentrations of freely dissolved polycyclic aromatic hydrocarbons (PAHs) in sediment pore water are 

related to the bioavailability of sediment-associated PAHs to aquatic organisms. The objective of this 

work was to demonstrate the use of passive samplers in the laboratory (ex situ) for measuring the 

concentration of freely dissolved PAHs in pore water from impacted sediment at a former manufactured 

gas plant site. Nine samples of surface sediment were homogenized and 1) analyzed for 34 PAHs, total 

organic carbon, and black carbon in bulk sediment and 2) exposed to polyethylene (PE) passive samplers 

in the laboratory. Pre-cleaned PE strips were added to sediment slurries in glass jars. After six weeks on 

a shaker table, PE strips were retrieved, cleaned, and extracted immediately. Freely dissolved PAH 

concentrations in pore water were calculated from concentrations in PE using PE-water partition 

coefficients and compared to pore water concentrations predicted from equilibrium partitioning models. 

Results indicate that concentrations measured using passive samplers are lower than concentrations 

estimated using standard sediment organic carbon to pore water partition coefficients (Koc), but higher 

than concentrations estimated using a partitioning model that incorporates sorption to both natural 

sediment organic carbon and black carbon. The Sum of Toxic Units (Sum-TU) based on concentrations of 

34 PAHs in bulk sediment >1 indicates further assessment is warranted for these sample locations, but 

the Sum-TU based on concentrations of PAHs measured using passive samplers  
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Rapid Degradation of Selected Carbamates Using Fungal Bioaugmentation and 
its Kinetic Study 

Parminder Kaur and Chandrajit Balomajumder  

Global use of pesticides to meet the higher demands of agricultural produce has raised serious 

environmental concerns, which needs to be addressed with utmost attention. Carbamates have been 

widely applicated to agricultural lands. In this study, using sequential enrichment with selected 

carbamates as a sole energy source, two fungal strains ((Fusarium strain 8-11P and Fusarium sp. 

zzz1124) previously isolated with the capability of degrading pyrethroids were investigated for their ability 

to degrade selected carbamates. The experiment was conducted in minimal media inoculated with fungal 

spores; enriched with variable concentrations of Carbamates between 50 to 150 mg L-1, incubated in 

an orbital shaker (27.5±1 oC, 120 rpm). Parameter optimization (initial concentration, pH, temperature, 

and treatment time) was done using a central composite design matrix of Response Surface Methodology 

(RSM). The bio-augmented mixture could completely degrade 150 mg L-1 mixture of selected carbamates 

within 15 days when incubated in minimal medium. After 15 day incubation, the residual carbamates 

concentration in bio-augmented experiments were conspicuously lower than without bioaugmentation; 

indicating the carbamates elimination with the half-life (t1/2) of 4.6 d and R2 ranging from 0.989-0.992. The 

results presented here suggest that the bioaugmentation increased the rate of degradation of carbamates 

compare to the bioremediation experiments. The study will complement our current understanding of the 

bioremediation of carbamates and also potentially heighten the importance of considering 

bioaugmentation strategy as an effective alternative for expanding the degradation capability of natural 

degraders. The current study would have important implications in detoxification and bioremediation of 

carbamates contaminated environment milieu. 
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Building an Algal Water Quality Index with High Throughput Sequencing 

Alison Watts and Aaron Kearnan 

Management of aquatic ecosystems must be supported by spatially and temporally explicit understanding 

of the causes and consequences of anthropogenic stressors. Biological indicators, such as benthic 

invertebrates, eelgrass, or attached algae, are currently used for quantifying the integrated 

biogeochemical impacts associated with human activity, and effectively linking those impacts to relevant 

stressors and management options. Attached algae, including both diatoms and soft algae are highly 

responsive to environmental factors, and have been incorporated into water quality indices in several 

New England states. One of the fundamental steps in understanding the relationship between water 

quality and algae is knowing what algae are present. Taxonomic analysis has been historically performed 

by microscopic examination and identification of species within a sample. Although thousands of species 

can be identified through this method, microscopic taxonomy faces several challenges, including 

consistency, operator-bias error, inability to identify very small (<0.5um) organisms and inability to 

identify organisms which are present in small amounts. Recent advances in high throughput 

sequencing of environmental DNA allow us to differentiate a much wider range of species at lower 

cost. The method is potentially both powerful and inexpensive, but does not replicate traditional 

taxonomic based indices. A pilot project conducted in New Hampshire is applying high throughput 

metabarcoding at a range of sites to develop proof of concept for taxonomy-free algal response 

indicators to support regulatory programs. 
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Design and Installation of Zero Valent Iron Reactive Barriers 

Patrick Randall and Robert Kelley  

The use of Zero Valent Iron (ZVI) for remediation of chlorinated solvents is becoming more prevalent, 

especially in large scale brownfield remediation projects. ZVI may be a good choice because 1) it 

provides measurable results in the short term, and 2) it will continue to remediate contaminates for 

several years after the site has been developed.  Gaining access to the site after development is often not 

possible, making technologies which may require additional applications impractical. 

The paper discusses ZVI barrier projects which have been designed and implemented using two ZVI 

reactive design models. The first model estimates ZVI required to oxidize chlorinated compounds based 

on concentration, flow, and ZVI reactivity. The second model estimates the longevity of the ZVI based on 

geochemical demand and groundwater flow. 

Projects using these models will present in detail the process of designing an effective reactive barrier 

using ZVI; 1) Data Requirements, 2) Reactive modeling calculations, 3) Longevity due to ZVI 

consumption by geochemical demands, and 4) overview of barrier construction methods, a) injection, b) 

excavation/backfill, c) continuous trenching, d) soil mixing, and 5) post construction performance 

monitoring. 

Using these methods I have been able to guide several project through the design phase to final 

construction. The project manager found real value using site parameters in the design which each 

member of their team could discuss. These projects will be discussed as examples in the paper. 
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Practical Guide for Performance Monitoring of Reductive Degradation of 
Chlorinated Compounds 

Robert Kelley  

Determining the effectiveness of an in-situ remediation application is not only knowing the disappearance 

of parent compound, but also all the associated daughter compounds. However, interpreting these results 

is difficult because degradation of these compounds follows complicated kinetic models that could include 

microbial population dynamics, contaminate concentration and desorption. Whether you are applying a 

chemical or a biological remediation approach, we should also attempt to get multiple lines of evidence of 

degradation of the compounds of concern. This evidence usually comes in the form of some combination 

of biogeochemical characterization of the treatment zone before and after the application of the remedial 

approach. Finally, getting representative samples from heterogenic sites from monitoring wells that are 

probably not in optimum locations makes dubious any chemical or biological analyses, and interpretation 

of the data akin to reading tea leaves. Developing best practice for performance monitoring must consider 

all these issues. This presentation will review results from l00's of site over the past 30 years and provide 

a practical guide for best practices for performance monitoring for in-situ remediation. 
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Uptake and Metabolism of Perfluoroalkyl Substances PFOA and PFOS by Wetland 
and Phreatophytic Plants 

Amalia Kenyon, Elizabeth Hacherl, Wenjun Cai, Jacky Wu, Jessica Masisak, Michael 
Satchwel, David Kiemle, and Lee Newman 

Per-and Polyfluoroalkyl substances (PFAS) are pervasive emergent contaminants of global concern. The 

potential of aquatic and phreatophytic plants to take up two of these carbon-fluorine compounds 

(Perfluorooctanoic acid (PFOA) and Perfluorooctanesulfonic acid (PFOS)) when grown in contaminated 

water was investigated. Certain plant species have the ability to take up, sequester, and metabolize 

environmental pollutants. This ability can be utilized to remediate contaminated sites with minimal 

disruption to the ecosystem in a process known as phytoremediation. Two free-floating 

hydrophytes, Echhornia crassipes and Pistia stratiotes, were grown in spiked water for a period of seven 

days, with water samples taken on days 0, 1, 4, and 7. Water samples were analyzed to determine the 

concentration of PFOA and PFOS on each day, and plant tissue was extracted and analyzed after 7 days 

to determine the concentration and mass of the substances in root and shoot tissue. Both plant species 

was able to take up PFOA and PFOS, although the amount removed from water after 7 days was 

comparatively small. Root tissue contained a greater amount of PFOA and PFOS than shoot tissue, and 

both E. crassipes and P. stratiotes accumulated a greater amount of PFOS than PFOA. In a follow-up 

study, hybrid poplar, a phreatophytic tree species, was grown in water and nutrient solution spiked with 

PFOS for a period of 20 days. Water samples were taken throughout the experiment in order to measure 

the concentration of PFOS, and the plants were broken down into separate tissue types on Day 20 

preparatory to LC/MS-MS analysis. Additional plant species are currently under investigation in order to 

evaluate optimal uptake and removal abilities. 
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Glutamic Acid Assisted Phytoremediation of Chromium by Sunflower (Helianthus 
Annuus L.); Morpho-Physiological and Biochemical Alterations 

Moeen Khalid, Mujahid Farid, and Mateen Shafqat  

Chelator assisted phytoremediation is an economical, sustainable and ecological method to impound 

heavy metals and metalloids from the soil through the aquatic medium. Organic chelators are supposed 

to enhance the metal uptake and mobility in the medium to improve phytoextraction. The present study 

was carried out to examine the improvement in the management of phytoextraction of chromium (Cr) 

using glutamic acid (GA) activity through sunflower (Helianthus annuus L.). Seeds procured were initially 

grown in plastic pots filled with 5.0 kg of local agricultural soil. Diverse concentrations of Cr (100, 200 and 

500 µM) and GA (5.0 mM) were applied in varying combinations to soils bearing sunflower plants which 

were harvested after 8 weeks. Results demonstrated that increasing Cr stress signi?cantly inhibited plant 

growth, consequently reducing plant biomass up to 73%, photosynthetic pigments decline of 82%, 

reduction of antioxidant enzymes activities (>100%) and reduced leaf area of the sunflower plant. The 

addition of GA significantly reduced the effects of toxicity of Cr and it also increased the bioavailability and 

accumulation of Cr in the plant. Moreover, the increase in the concentration of Cr increased the 

fabrication of Reactive-Oxygen-Species (ROS) that further reduced the activities of antioxidant enzymes. 

The results revealed that the application of GA to the topsoil of the pots enhanced the uptake of Cr and 

reduced Cr pressure in the plants that could be helpful to enhance the phytoextraction of Cr into 

sunflower plants. 
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System Design for Reducing PFAS to Non-Detect with PFAS-Selective Resin 

Francis Boodoo and Joe Klimek  

Since the issuance by US EPA of a health guideline of 70 ng/L for PFOS and PFOA in drinking water in 

2016, individual states such as New Jersey, Vermont, and Michigan have issued their own, more 

restrictive, guidelines for a growing number of such PFAS. Technologies that can simultaneously and 

effectively remove a suite of PFAS to non-detect levels are highly desirable. But the current methods of 

operating field pilots or running accelerated column testing to evaluate the effectiveness of competing 

removal technologies is inefficient and can significantly delay the implementation of viable full-scale 

treatment systems. The paper provides some early insights in the development of a desktop modeling 

tool for PFAS-selective resin that has been field-proven to effectively remove a suite of PFAS to non-

detect levels. Inputs to the model includes individual PFAS concentrations, background chemistry, and 

reduction targets such as non-detect or higher. The paper compares predicted and actual results for 

removal of common PFAS such as PFOS, PFOA, PFHxS, PFHpA and PFNA. Included is a discussion on 

system design and operating guidelines that can be useful to both consultants and end-users. 
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The Potential Influence of PFAS Precursors on Sediment Management Decisions 

Wen Ku, Dan Opdyke, Madison Bell-Rosof, Jennifer Benaman, and John Connolly  

Per- and polyfluoroalkyl substances (PFAS) are emerging environmental contaminants of increasing 

regulatory interest because of exposure through drinking water and fish consumption. Criteria have been 

established in various jurisdictions for a subset of PFASs, namely selected perfluoroalkyl acids (PFAAs), 

such as perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA). Unlike typical chemicals 

that drive sediment remediation, e.g., mercury and PCBs, PFAAs are expected to depurate relatively 

rapidly from the sediments (due to low sorption) and not constitute a long-term sediment concern. 

However, with the presence of certain PFAS (“precursors”), which transform to PFAAs and may be more 

tightly bound to sediments, a long-term sediment source of PFAAs to biota is possible. The objective of 

this study is to provide insights regarding the PFAS characteristics and site conditions under which PFAS 

may constitute a sediment management concern due to the formation of PFAAs from precursors. A 1-D 

chemical fate and transport sediment bed model was used to simulate potential scenarios to evaluate 

how combinations of precursor transformation rates, partitioning, diffusion, and groundwater flux affect 

PFAAs depuration and remediation decisions. For precursors with rapid transformation rates, the overall 

rate of PFAAs depuration from the sediments is similar to a case without precursors, although the total 

mass of PFAAs is increased. For precursors with slower transformation rates, the generation of PFAAs 

extends the duration of PFAAs presence.  
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Dissociation Conditions of Methane Gas Hydrates: A Theoretical Approach 

Anupama Kumari, Chandrajit Balomajumder, and A K Misra  

Gas hydrates are stable at certain conditions, i.e low temperature, and high pressure. The stability 

conditions of gas hydrates in pure water and seawater will be different because of the existence of ions 

and salts in seawater. The pressure and temperature values for the equilibrium conditions for gas 

hydrates are different. Gas hydrates are stable at high pressure in seawater as compared to pure water, 

but the temperature can be lower for seawater as compared to pure water. The stability conditions of gas 

hydrates can be disturbed by the simple addition of salts, electrolytes in the host sediments or water of 

hydrates. 

The co-existence of all dissolved ions in seawater depresses the dissociation temperature for the stability 

of methane hydrate ranges between pressures of 2.75-10 MPa. For seawater with the salinity of 33.5%, 

the observed offset in dissociation temperature was 1.1 as compared to pure water.  Various researchers 

have done various experiments to find the stability conditions of gas hydrates at different temperature and 

high pressure. The concentration of methane can also affect the stability conditions of methane hydrates. 

Some researchers conducted the dissociation experiment with the different concentration of methane and 

ethane to show the variation of temperature and pressure [2]. Addition of some salts in the host water of 

hydrates can also disturb the equilibrium conditions of methane gas hydrates. The stability condition of 

methane gas hydrates in water and in methanol solutions can be different because of the inhibiting 

strength of salts. The inhibiting strength of salt species are in the order of NaCl>CaCl2>KCl in pure water 

and NaCl>KCl>CaCl2 in methanol solutions [3]. 
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State-Specific Considerations for Investigative Strategies in Vapor Intrusion 
Guidance Documents: Overview and Comparison 

Laurent Levy, Christopher Lutes, and Loren Lund  

The regulatory strategies for characterizing vapor intrusion (VI) vary substantially among states and other 

jurisdictions. These differences are often related to the degree of conservatism adopted by the states 

(e.g., acceptable risk target, exposure duration, toxicity level, exclusion distance), but also to different 

conceptual understandings of the VI pathway. The investigative strategies in state regulatory guidance 

and policies are often based on state priorities and risk management decisions. States may borrow from 

“common wisdom” or “typical practices” without necessarily assessing whether the strategies are 

applicable to their geography.  For example, a regulatory agency may devise a guideline that indoor air 

sampling should be conducted in the winter because of a “winter-is-worst” perception. In doing so, it is 

assumed that advection is primarily driving vapor migration from the sub-slab to the indoor air and that 

such migration is most pronounced during the heating season because of “stack effects.” Adopting this 

guideline, however, may not recognize the potential for diffusive transport across the slab, which may be 

more prevalent based on the local or regional climate, especially during the summer when temperatures 

are greatest. 

This presentation will review key factors selected in state guidance documents for developing VI sampling 

strategies. The degree to which these strategies are predicated on practical, state-specific considerations, 

including regional climate and building styles, will also be discussed. The presentation will focus on the 

following: (i) sampling timing and frequency; (ii) building-specific considerations; (iii) diffusive versus 

advective transport considerations; (iv) conventional versus preferential VI pathways; and (v) specific 

guidelines for when the VI source is located in the vadose zone. These VI conceptual model strategies, 

considerations, and recommendations can be used to facilitate application of the most scientifically 

defensible investigative strategies. 
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Cation Adsorption Mechanisms on Montmorillonite 

Yayu Li and Cristian Schulthess  

Montmorillonite has a wide application in agriculture and industries due to its high cation exchange 

capacity, chemical and thermal stability, large quantity in nature and low cost. Understanding its 

adsorption mechanisms is essential for its appropriate and efficient application.    

Alkali cation (Li+, Na+, K+, Cs+) adsorption experiments have been conducted on Na-Wyoming 

montmorillonite, and three types of adsorption sites were found. A Density Functional Theory (DFT) 

simulation was conducted to investigate to properties of these types of adsorption sites. A montmorillonite 

structural model ((H)0.5[Al3Mg0.5Fe0.5]Si8O20(OH)4) with similar composition to the Wyoming 

montmorillonite was built, where two octahedral Al were respectively substituted by Fe and Mg, and H+ is 

the charge compensating cation. The DFT simulation result showed that that three groups of adsorption 

sites with different H+ adsorption strengths exist in the montmorillonite, and the distance of Fe to Mg in the 

octahedral sheet is the main factor influencing the H+ adsorption strength. The three groups of adsorption 

sites in the DFT simulation correspond to the three types of adsorption sites observed in the alkali cation 

adsorption data. 

The 23Na Nuclear Magnetic Resonance spectroscopy analysis showed that three magnetic environments 

of Na+ exist on montmorillonite, which further confirms the existence of three types of adsorption sites. 

In summary, the cation adsorption on montmorillonite is influenced by its chemical composition and 

structural cation distribution. This study provides a better understanding of the adsorption mechanisms on 

montmorillonite. 
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Hydroeconomic Modeling Framework to Reduce Damages from Saltwater 
Intrusion 

Christopher Wade, Justin Baker, Ted Lillys, and Jennifer Richkus  

Groundwater is one of the most important resources in the United States, providing around 40% of the 

nation’s public water supply, along with over 40 million people obtaining drinking water from domestic 

wells. Groundwater also supplies nearly 60% of water for irrigated agriculture systems in the United 

States. The sustainable management of groundwater resources is vital as populations expand, demand 

for agriculture production increases, and climate change leads to additional stresses on water resources. 

When groundwater resources are inefficiently managed, spatial and temporal externalities can arise as 

water tables decline, leading to a wide range of economic damages. With about 70% of the world’s 

population living in coastal areas, saltwater intrusion has the potential to greatly diminish the quality of 

many of the world's most vital groundwater resources. To address this concern and provide policymakers 

with projections of saltwater intrusion due to increased demand for groundwater resources, we have built 

a spatial optimization model based off the simulation framework presented in Wade et al. (2018). This 

model projects the efficient allocation of groundwater from the Potomac Aquifer in the Chesapeake Bay 

Region of Southeastern Virginia while minimizing the damages that farmers face from increased salinity 

levels due to saltwater intrusion. We compare the optimal pumping location across two scenarios, the first 

includes just the cost of pumping, while the second also includes the cost of lost yields to farmers due to 

increased salinity from saltwater intrusion. Due to spatially heterogeneity in land use, individual crops’ 

response to salinity levels, and the zone of dispersion within the aquifer, the optimal location of pumping 

varies significantly when saltwater intrusion is included in the full cost of extraction. Our results provide 

further evidence that spatially heterogeneous groundwater policies which consider heterogeneous 

economic damages can result in more efficient spatial resource consumption patterns. 
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Occurrence and Distribution of Illicit Drugs in the Merrimack River: Source of 
Drinking Water for Communities of New England Area 

Jiayue Luo, Sheree Pagsuyoin, and Akarapan Rojjanapinun  

Illicit drugs are emerging micropollutants whose ecological impacts and ecotoxicity are largely unknown. 

These chemicals have been frequently detected in surface waters in Europe, Australia, and Asia, but 

there are comparatively fewer studies on their environmental occurrence in the United States. The 

present study examines the levels and spatial distribution of illicit drugs in the Merrimack River in the 

northeast US. The 125-mi Merrimack River is the only major river in New England that is used as a 

drinking water source. Duplicate 1-L composited grab water samples were collected in summer 2018 from 

9 locations along the main channel and were analyzed for illicit drugs (cocaine, methadone and their 

metabolites, benzoylecgonine and EDDP, respectively). Sample clean-up was accomplished through 

filtration followed by solid phase extraction (200 mg/6-cc Phenomenex Strata X), and the extracted 

analytes were analyzed in a liquid chromatograph tandem mass spectrometry with positive electrospray 

ionization. Measured drug concentrations were:  
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Locating and Mapping Confined Spaces to Improve Worker’s Safety 

Olivia Malvasi 

The purpose of this project was to locate, map and define hazards of confined spaces at the Onondaga 

County Water Authority (OCWA) in Syracuse, New York. The dangers of confined spaces are often 

underestimated by workers, which leads to injuries and death. The confined spaces in this project 

involved water tanks, manholes, meter pits and valve pits. These spaces contained hazards which 

included: limited oxygen levels, toxic chemicals, slips/fall potentials, and engulfment. It is important to 

locate, map and define hazards of confined spaces to avoid risk to worker’s health. 

Engineering plans containing OCWA’s infrastructure network were reviewed to mark each confined 

space. These spaces were transferred to ArcGIS and the maps were cross-referenced with Google Earth 

for clearer virtual locating. Spaces were separated into two groups based on if they needed GPS 

coordinates found or not. Spaces in need of locating were found in the field by physically going to the 

sites. Leica Geosystems equipment were used to obtain the exact coordinates. Once the coordinates 

were put into the software, the hazards were matched with each type of confined space. 

The final map contained around 1,300 confined spaces total in five different counties around Central New 

York. Each was labeled with the type of confined space and their corresponding hazards. The maps were 

uploaded onto electronic tablets which are updated as new confined spaces are created. For all future 

projects, workers now can use these tablets in the field so they can do their jobs more efficiently and 

safely. 
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Soil Gas Concentration Mapping to Predict and Optimize Soil Vapor Extraction 
System Design 

Collin Martin  

Background/Objectives: Subsurface soils and groundwater impacted by a release of volatile organic 

compounds (VOCs) often generate vapor phase VOCs which can migrate to off-site properties through 

the interconnected pore spaces in unconsolidated soils. Vapor intrusion (VI) exposure risks have been 

linked to these large soil gas plumes, increasing the need for soil gas investigation, delineation, and 

remediation activities. Soil vapor extraction (SVE) is one of the most commonly used source area soil 

remediation technologies, and has also been used to reduce soil gas plume concentrations. While soil 

gas concentration data can define properties for VI screening, soil gas plume mapping may also provide 

insight into SVE vacuum propagation tendencies. Four sites with chlorinated solvent releases, soil gas 

plumes, and active SVE systems were evaluated to determine if soil gas plume mapping could be used 

as a pre-design tool for SVE systems. 

Approach/Activities: Pre-remediation soil gas data was evaluated to determine plume concentrations 

and extents. Influence from groundwater plume off-gassing, lithology characteristics, grain size data, and 

average moisture content were also evaluated. SVE pilot testing data was assessed to determine the 

initial single well ROI shape, and full-scale SVE system vacuum ROI data was plotted against the soil gas 

concentration plume to determine if there was a correlation between the two. 

Results/Lessons Learned: The result of this assessment indicates that the same subsurface factors 

influencing soil gas plume migration also play a significant role in determining SVE vacuum propagation. 

This evaluation indicates that it is possible to use existing site data to help refine the SVE system design 

for off-site areas or areas of the site not included in the SVE pilot test. This assessment tool will help 

optimize system design, minimize system infrastructure costs, and more efficiently mitigate VI concerns 

stemming from soil gas plumes. 
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Methodology for Collecting Samples for PFAS Analysis from Sediment Cores 
Collected Near a Former Tannery in the Upper Midwestern United States 

Katherine McDonald, Richard Beach, Kevin Hedinger, Mark Westra, and Leslie Nelson  

The Site contained a tannery from 1908 until 2009. The tanning process included use of salt, trivalent 

chromium, dyes, and solvents. In the late 1950’s per?uoroalkyl and poly?uoroalkyl substances (PFAS)-

containing Scotchgard™ were added to the process as a water and stain repellent. During this time, 

treated process water was discharged to the adjacent river. After decommissioning, the owner identified 

potential for PFAS in sediment. 

R&W/GZA developed SOPs for sediment core collection and processing. Each SOP was designed to 

reduce the likelihood of cross-contaminating the samples with other sources of PFAS. More than a dozen 

field staff and subcontractors were trained in the new SOPs, which limited the use of items that could 

contain PFAS (leather, Teflon™, lubricants, adhesives, and waterproof paper). To further reduce cross-

contamination, the only items that were permitted to contact the laboratory samples were pre-cleaned, 

single-use, stainless steel spoons. At least two inches of undisturbed core was required between any 

tube cuts and samples collected, further reducing the opportunity for cross-contamination. 

Field QC sampling included field duplicates (1 per 20 samples) and rinsate blanks from the sampling 

spoons, vibracore head, and core-cutting saw blade. The rinsate blank for the spoons and vibracore did 

not contain detectable PFAS, while the blank for the saw contained both PFOS and PFOA at a ratio of 

15:1. The ratios of PFOS to PFOA in samples where both were detected ranged from 1:1 to 27:1, and the 

expected contamination potential from the saw blade is estimated to be more than an order of magnitude 

lower than the detections in the sediment. Furthermore, PFOS and PFOA were not detected in 45% of 

samples analyzed suggesting that the recommendations within the SOP were sufficient to limit cross 

contamination of samples submitted for analysis. 
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Analysis of the Implications of the California 2017 and 2018 Wildfires: An Energy 
Security Perspective 

Steven Meersma  

California’s 2017 and 2018 wildfires were some of the most costly and most destructive in US history. 

Privately-owned utilities, such as San Diego Gas & Electric, Southern California Edison, and Pacific Gas 

and Electric Co. (PG&E), face significant challenges in avoiding, responding, and recovering from 

wildfires. For instance, in 2017 and 2018, over 2.9 million acres (4,530 square miles) were burned, with 

approximately 26,000 structures destroyed, 150 civilian deaths, and economic losses in the hundreds of 

billions of dollars. 

The energy security implications in the context of climate change, power grid reliability and resiliency; as 

well as the financial, legal, and political/regulatory ramifications will be explored. The losses associated 

with the wildfires will be summarized and possible contributors to catastrophic wildfires and trends will be 

discussed in the context of climate change.  Emerging approaches to managing these types of risks from 

engineering, operations, regulatory, and economic standpoints will also be outlined. For instance, Wildfire 

Mitigation Plans which outlines steps utilities are preparing to implement to lessen the frequency and 

implications of catastrophic wildfires will be described. These steps include specifics on vegetation 

management, enhanced grid infrastructure inspection, installation and monitoring of weather stations, and 

system hardening and upgrades. Most controversially, plans also call for mandatory power shutdowns 

during periods and in locations of perceived high risk. 
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Bemidji Area Vector Surveillance Guidelines – Starting a Vector Surveillance 
Program 

Katherine Miller 

The purpose of this project was to compile all the information needed to start a vector surveillance 

program for any office within the Bemidji Area Indian Health Service that has yet to establish one. This 

document was based on the direction that the Rhinelander District Office had taken to establish a 

program, in the hopes that it would be implemented throughout the entire Bemidji Area. The vectors being 

studied were ticks, specifically Ixodes scapularis (Black-Legged Tick) as they have the potential to carry 

Lyme disease, Dermacentor variabilis (Wood Ticks), and mosquitoes. Information regarding where to 

sample each vector, how to sample; whether it be by a tick drag or certain mosquito trap, as well as how 

to assemble each trap, how to catalog findings for the Center for Disease Control, and how to identify 

each vector by genus and species are included within this document. 
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Development and Validation of a New Transport Model for Co-injection of 
Nonionic Polymers and Nanoparticles in Porous Media 

Hamed Mohammadnejad, Bonnie Marion,, Kurt Pennell, and Linda Abriola, 
The development of mathematical models capable of reliably predicting nanoparticle (NP) transport in 

subsurface systems is crucial to assess their environmental fate and to improve NP delivery methods. To 

enhance the stability of NP suspensions, NP production often involves the use of nonionic polymers as 

stabilizing agents, many of which have been shown to affect NP transport in porous media. Thus, the 

influence of secondary stabilizing constituents on NP deposition must be incorporated in NP transport 

models. This will require development and validation of a model for nonionic polymer transport and 

sorption in porous media.  

Based upon a number of experimental studies that have reported bilayer sorption of nonionic polymers, 

this works presents a multi-constituent nanoparticle transport model that incorporates two-stage kinetic 

co-polymer sorption and competitive sorption/attachment.  The sorption module was validated and 

parameterized using data from a series of column experiments. These scenarios involve injection of two 

different nonionic polymers (Gum Arabic and Witconol 2722) into sand columns packed with several size 

fractions of Ottawa sand (OS) and crushed Berea sandstone (CSS) as well as various flow rates and 

influent concentrations.  Following validation, the two-stage sorption model was implemented in a one-

dimensional subsurface flow and transport simulator, employing a revised version of the multi-constituent 

site-blocking model (MCB) framework first introduced by Becker, et.al. (2015). The enhanced model was 

then applied to simulate a series of column experiments in which Gum Arabic was co-injected with 

magnetic nanoparticles (nMag) in several size fractions of OS and CSS.  Comparisons of experimental 

observations and model predictions are used to highlight the utility of the two-stage kinetic modeling 

approach in conjunction with the MCB model. 
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Impacts of Application of Herbicide Safener on Nickle Uptake and Toxicity in  Zea 
mays 

Nikita Morrison, Elizabeth Hacherl, Amalia Kenyon, and Lee Newman 

Phytoremediation of heavy metals is limited to the level at which the plant can survive. Herbicide safeners 

are a class of chemicals added to herbicides to make the herbicide safe for the desired plant. Herbicide 

safeners work by turning on the stress mechanisms of a plant to “prime” it for adverse conditions. 

Benoxacor is a common herbicide safener frequently sold in solution with the herbicide S- Metolachlor. 

Due to the capabilities of Benoxacor to increase the stress response of grasses, Zea mays was treated 

with Benoxacor at 7x field strength to see if there was an increase in survival and growth of the plants in 

contact with NiCl2. Zea Mays was transplanted into six different soil treatments: NiCl2 at 30mg/kg, 

NiCl2 at 60mg/kg, NiCl2 at 30mg/kg with Benoxacor, NiCl2 at 60mg/kg with Benoxacor, Benoxacor only, or 

plain soil. Controls were unplanted soil with NiCl2 at 30mg/kg, NiCl2 at 60mg/kg. The plants survived, but 

the growth of the plants in soil only treated with NiCl2 were severely stunted compared to the plants 

treated with only Benoxacor or Benoxacor and NiCl2. These preliminary results are promising as they 

mean that the addition of an herbicide safener may be a plausible treatment to increase the capabilities of 

plants to survive metal stress. 
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Contaminant Mass Flux as a Characterization Tool and Performance Metric: 
Chlorinated Solvent Site in France 

Sean Murphy, Andrew Ashton, Sam Warner, Bradley Green, and Linda Daubert  

Contaminant mass flux analysis has been gaining more traction as a valuable method to assess remedial 

approaches, monitor remediation progress, manage stakeholder expectations, and inform regulatory 

decisions. Mass flux and mass discharge estimates improve assessment of risks posed by contamination 

to downgradient receptors, such as supply wells or surface water bodies, especially in heterogeneous 

aquifers with back-diffusion potential. One tool that allows for high-resolution in-situ measurement of 

contaminant mass flux using traditional monitoring wells is the passive flux meter (PFM). The PFM allows 

for simultaneous measurement of contaminant concentration and groundwater velocity, which can be 

used to calculate contaminant mass flux. PFMs were deployed at a chlorinated solvent site in southern 

France within discrete lithologic intervals to assess heterogeneity in contaminant flux. We incorporated 

these results with other high-resolution site characterization methodologies to inform the conceptual site 

model (CSM) and assist in evaluation of site remedial alternatives including in-situ chemical oxidation. In 

addition, mass flux estimates were used to evaluate back-diffusion potential following in-situ treatment. 

Because the compliance point for remediation at this site was at a downgradient, off-site location, flux-

based remediation goals were established within the source area that were protective of potential 

downgradient receptors. 
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Distributed Temperature Sensing and Fluorescein Core Sampling to Resolve Preferential 
Groundwater Flow and Optimize Remediation 

Bradley Green, Sam Warner, Andrew Ashton, Carlos Maldaner, Jonathan Munn, Steven Chapman, 
Beth Parker, Linda Daubert, and Sean Murphy 

Effective in-situ groundwater treatment remedies are founded upon a sound understanding of contaminant distribution 

and groundwater flow variability. However, conventional aquifer testing methods such as slug tests, pumping tests, or 

injection/tracer tests often do not provide adequate resolution of groundwater flow conditions because the monitoring 

device (e.g., a 2-inch diameter well with 10-ft long screen) is not capable of resolving finer scale hydrogeologic features 

that significantly influence groundwater flow, contaminant transport and reactions; and therefore, the ability to effectively 

deliver treatment amendments to contaminated portions of the aquifer. This presentation will describe how high-

resolution investigation methods were used to inform and optimize design of an in-situ remediation approach for a 

chlorinated solvent site in a poorly cemented sandstone aquifer in southern France.  

Active distributed temperature sensing (A-DTS) was implemented under ambient and induced hydraulic gradients by 

deploying fiber optic/heating cables in grouted boreholes. A-DTS provided detailed resolution of preferential flow and 

allowed estimation of groundwater flow rates within these zones. In addition, numerous, depth-discrete samples from 

continuous cores were collected following completion of a fluorescein tracer injection test. These cores were frozen, 

photo-documented under UV light, and sampled and analyzed for fluorescein concentrations. Detailed geologic logging 

combined with the clear visual signature from the fluorescein tracer when observed under UV light provided compelling 

evidence for how non-uniformly the tracer was delivered into the aquifer. The combined results from these two methods 

suggest that groundwater flow occurs within the poorly cemented rock matrix, preferential lithologic units, and discrete 

fractures. This information along with detailed contaminant concentration data, also derived from core samples, were 

used to estimate contaminant mass flux within a range of high and low transmissivity zones, which in turn, informed the 

design of an in-situ chemical oxidation injection system, and helped to establish expectations for remedial performance. 
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Efficient High-Resolution Characterization at New Hampshire’s Newest Superfund 
Site 

Sean Murphy and Scott Nerney  

Balancing the cost of subsurface investigation with the data density desired for proper site 

characterization is a challenge nearly all stakeholders share for contaminated sites. The challenge is 

magnified at larger sites, where data resolution can suffer because of limited resources. One solution is to 

employ technologies and techniques that realize efficiencies and limit extraneous investigation. High-

Resolution Site Characterization was performed over an approximately 25-acre area that includes several 

potential source areas at a Superfund site in Farmington, New Hampshire. Site soils consist of stratified 

glaciolacustrine and glaciofluvial deposits of silt and sand with intermixed gravel, cobbles, and boulders. 

Prior to beginning field activities, an analytical plan was developed with the intention of limiting data gaps 

while maintaining data coverage. Decision frameworks and communication hierarchies were established 

to streamline potential deviations from the plans. The USEPA Region 1 mobile laboratory mobilized to the 

Site to provide real-time analysis of soil samples and inform the decision-making process. Two rotosonic 

drilling rigs were used to ensure the mobile laboratory was at or near analytical capacity. Three geologists 

were on-Site to efficiently document subsurface conditions and communicate observations, enact office-

based decisions, and ensure accomplishment of project goals. A total of eighty soil borings, totaling 

approximately 2,040 feet, were advanced to bedrock over 15 days. The mobile laboratory analyzed 548 

samples from those borings for various chlorinated volatile organic and petroleum-related compounds, 

and 136 of those samples were submitted for further chemical analysis to a series of fixed laboratories. 

Analytical and drilling results were combined to improve the conceptual site model and bedrock elevation 

map. In addition to further delineating several suspected source areas, this characterization effort and 

subsequent visualization work indicate that a bedrock trough may be a pathway for contaminants to be 

transported to off-property areas. 
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Use of High-Resolution Mass Spectrometry to Assess Phytoremediation of PFAS 
at the Former Loring Air Force Base 

Sara Nason, Chelli Stanley, and Nubia Zuverza-Mena  

The use of Aqueous Film-Forming Foams (AFFFs) has caused widespread contamination with per- and 

polyfluoroalkyl substances (PFAS) in areas that have been used for fire-fighter training. Such is the case 

at the Burn House site of the former Loring Airforce Base in northern Maine, USA, where the land now 

belongs to the Aroostook band of the Micmac nation. A group of concerned citizens is growing industrial 

hemp on the land in an attempt to reduce the contamination levels, and scientists at the Connecticut 

Agricultural Experiment Station (CAES) are assisting them with assessing the effectiveness of their 

efforts. At CAES, we are developing methods to evaluate levels of AFFF related PFAS in soil and hemp 

tissue using liquid chromatography coupled with quadrupole-orbitrap mass spectrometry. This tandem, 

high resolution mass spectrometry method has the advantage that we can both screen for a wide range 

of compounds and develop sensitive quantification methods for a more limited number of contaminants. 

Our preliminary results tentatively identified 41 PFAS in soil from the Burn House site, including both 

cationic and anionic compounds. Hemp is being grown on the site for the first time in summer 2019, and 

we will use our analysis methods to compare the amounts and distribution of PFAS in the soil and plant 

tissue. Our poster will focus on the design of this collaborative project, as well as on our initial results. 
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Hudson River PCB Superfund Site – Riverine Fringing Wetland and Submerged 
Aquatic Vegetation Reconstruction Inspections 

Sean O'Hare, Conor Veeneman, and Matthew Petty  

Background/Objectives: The Hudson River Polychlorinated Biphenyls (PCBs) Superfund Site includes a 

40-mile reach of the Upper Hudson River in upstate New York. Following dredging and reconstruction 

efforts performed on behalf of the responsible party as part of the remediation, regulatory oversight began 

conducting visual inspections to assess the overall condition of the reconstructed riverine fringing wetland 

(RFW) and submerged aquatic vegetation (SAV) areas. 

Approach/Methods Used: The RFW and SAV areas were assessed visually for elevation, hydrology, 

percent cover of native and invasive vegetation, soil, and wildlife. Depending on the year of 

reconstruction, the total percent cover determined if corrective action was recommended or if the wetland 

area was likely on a trajectory to reach reconstruction benchmarks. Benchmarks previously created were 

considered insufficient by some stakeholders. Therefore, the benchmarks were re-created based on the 

Cary Institute rating system combined with professional judgment from wetland scientists. 

Results/Lessons Learned: Monitoring has been conducted since 2015. Several issues related to 

inadequate reconstruction were observed within the RFW and SAV areas, including the presence of 

stone backfill, invasive species, and insufficient plant cover. Significant differences were observed 

between the reconstructed RFW areas and the reference wetlands that were never dredged. Vegetation 

in the reference wetlands appeared to be in better condition, with multiyear growth and plants possessing 

colors and heights typical of maturity. The poor condition of several reconstructed wetland areas were 

largely a result of improper elevations and growing media. Three main corrective actions should be 

undertaken to improve the condition of reconstructed RFW and SAV areas: survey existing grades and 

establish optimal wetland elevations; improve soil conditions; and re-plant and/or re-seed to supplement 

existing native vegetation or establish populations in areas with nonexistent or very sparse vegetation. 
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3-D Finite Element Modeling Tools for Vapor Intrusion Mitigation Techniques 

Ana Oliveira  

Vapor intrusion (VI) is defined as the migration of volatile contaminants from the subsurface into indoor air 

spaces of overlying buildings. There are many tools available to environmental practitioners for 

investigating a site for vapor intrusion. The vapor intrusion pathway is generally assessed by collecting, 

weighing, and evaluating multiple lines of empirical evidence. However, these field studies lack detailed 

enough characterization to allow definitive assignment of the many parameters of modeling importance. 

Meanwhile, 3-D finite element models (FEM) can offer a complete theoretical framework which is 

applicable to scenarios involving complicated boundaries and geometries, reaction and equilibrium 

processes, and multi-species transport. In this poster, these models are used to predict the efficacy of 

mitigation schemes and to examine VI field studies. 
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A Metabolomics Evaluation of Oxygen-Containing Organics in Groundwater from 
Petroleum Release Sites 

Kirk O'Reilly, Dawn Zemo, Rachel Mohler, Sungwoo Ahn, Renae Magaw, and Catalina 
Espino Devine  

Petroleum was formed through the reduction of compounds synthesized by living organisms. 

Biodegradation returns carbon to the biosphere through oxidative processes. A goal of this study was to 

compare extractable oxygen-containing compounds identified in groundwater from petroleum fuel release 

sites with chemicals in the biosphere that were not derived from hydrocarbons. Site groundwater was 

collected upgradient of the release, within the source area, and downgradient of the hydrocarbon source 

but within the presumed “metabolites plume”. Sample extracts were analyzed using targeted (GC-FID and 

GC-MS) and non-targeted (GC-MS and GCxGC-TOFMS) methods. Two types of evaluations will be 

discussed. In the first, compounds identified in downgradient wells were compared to those identified in 

upgradient wells. In the second, compounds in each type of well were matched against those in the 

metabolomics database FooDB. Of the 345 compounds identified in the 46 downgradient samples, only 

44 were detected four or more times, and about 60% of these were also detected in upgradient wells. A 

majority of compounds found in both upgradient or downgradient wells were fatty acids or esters of fatty 

acids. Of those commonly detected in downgradient but not upgradient wells, over half were alcohols. 

Principal component analysis indicated a continuum of biodegradation between the source area and 

downgradient samples with the latter becoming more consistent with upgradient samples. About 98% of 

the chemical formulas identified in downgradient wells were in the FooDB database. Using the more 

specific chemical structure, about 24% of the downgradient compounds and 43% of the upgradient 

compounds were in the FooDB. This experimental program was built on the hypothesis that the 

compounds identified in downgradient wells are intermediates of petroleum biodegradation. Based on the 

analyses presented an alternative hypothesis, that the compounds are consistent with the products of 

microbial growth on non-hydrocarbon substrates, will be discussed. 
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Proactive Waste Characterization, Identification of Disposal Facilities, and 
Analytical Data Management During Remediation 

Michael Paonessa  

Geosyntec recently provided site investigation, design, and onsite construction management and 

oversight for the remediation of a glass manufacturing plant’s onsite sand borrow pit, Ada Pond, 

repurposed as an unlined basin for stormwater, and cooling and quenching process water. A layer of fine-

grained particles, Stratum 1, had collected within the pond impacted by EPH, metals, SVOCs, and PCBs. 

Geosyntec conducted delineation and preliminary waste characterization sampling, and assisted the 

client with the procurement of a transportation and disposal contractor ahead of a removal contractor. 

Due to the selected disposal facilities location in Pennsylvania and its state-specific requirements for early 

submission of waste characterization reports, Geosyntec modified the disposal sampling program from 

the planned ‘post-dewatering’ batch program to a pond-wide sampling and pilot dewatering program. 

Geosyntec also provided onsite construction management, in particular coordinating the sediment 

dewatering process flow and control, and coordinating transportation and disposal scheduling and 

shipments. 
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Sediment Site Characterization Downgradient of a Former Chemical 
Manufacturing Facility 

Laura Pasquine, Joseph Jeray, and Christopher Greene  

A field investigation was conducted to evaluate conditions in a tidally-influenced cove that has been 

impacted with mercury, polychlorinated biphenyls (PCBs), and chlorinated benzenes from a former 

upgradient chemical manufacturing facility. The Site is regulated by the United States Environmental 

Protection Agency (EPA) under the Resource Conservation and Recovery Act (RCRA). 

The objective of the investigation was to provide a preliminary assessment of whether natural recovery 

(i.e., deposition of sediments with lower concentrations on top of sediments with higher concentrations) is 

occurring. The field investigation used a simplified approach consisting of methods that could be 

implemented manually by a small field crew. This approach provided a cost-effective means of assessing 

current conditions to inform remedy selection and identify what (if any) more detailed data collection may 

be warranted. 

The investigation included sediment cores, high resolution samples, sediment depth probing, and 

sediment accumulation monitoring. The sediment cores were collected from selected locations adjacent 

to historical sampling locations to evaluate current conditions and temporal trends. High resolution 

samples were collected from 2-centimeter intervals at three locations to evaluate concentrations in 

surface sediments. Sediment probing provided information on the depth of soft sediments. Sediment mats 

were installed and measured several times over a six-month period to qualitatively evaluate sediment 

accumulation and erosion potential. 

The results from the investigation indicate that natural recovery is occurring in the cove. Concentrations of 

mercury, PCBs, and chlorinated benzenes were stable to decreasing compared to the historical results. 

Sediment accumulation monitoring and high-resolution sampling indicate that the cove is net depositional 

and that the surficial sediment contains concentrations lower than those found in the deeper sediment. 

This presentation will discuss the methods used during the field investigation and how the results may be 

used to inform remedy selection. 
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Enhanced Removal of Antibiotics from Water Using Functionalized PVDF 
Membrane Filters 

Akarapan Rojjanapinun and Sheree Pagsuyoin  

The extensive use of antibiotics has resulted in their widespread environmental occurrence and increased 

concerns over their potential to induce antimicrobial resistance in pathogens. Because of the chemical 

stability of antibiotics, there is a need for advanced treatment technologies that remove them from 

sewage. The present study evaluates the removal of two human antibiotics, sulfamethoxazole and 

trimethoprim, from water through filtration with membrane composites. Thin-film membrane composites 

were prepared by incorporating different additives (rice husk ash, RHA; nanoclay, NC; titanium oxide, 

TiO2;and two metal-organic frameworks: OPA-UiO-66 and OPA-UiO-66-SO3) to polyvinylidene fluoride 

(PVDF) at a 1:20 mass ratio. Three-hour dead-end filtration tests were carried out to examine the removal 

of SMX and TMP in de-ionized water (C0= 200 ng/L). For sulfamethoxazole, the highest removal was 

observed for PVDF/OPA-UiO-66 and PVDF/OPA-UiO-66-SO3composites (both70%), followed by 

PVDF/TiO2(25%); negligible removal was observed for PVDF/RHA, PVDF/NC, and PVDF. For 

trimethoprim, highest removal was observed for the metal organic frameworks (both100%), followed by 

PVDF/TiO2(50%), and PVDF/RHA (30%); negligible removal was observed for PVDF/NC and PVDF. It is 

hypothesized that these observed removal trends are likely due to the chemical interactions between the 

antibiotics and the functional groups of the additives on the membrane surface (e.g., sulfonyl-hydroxyl 

groups in metal-organic frameworks). These preliminary results also indicate the potential benefits of 

modifying substrate blends to enhance the efficacy of membrane filters in removing antibiotics in water. 
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Application and Interpretation Pitfalls of Principal Component Analysis (PCA) for 
Assessment of Contaminated Sediment Sites  

Tarek Saba and Linda Cook  

At Superfund sediment Sites, identifying sources of contamination and tracking their spatial extent of 

impacts could have a direct implication on allocation of response costs. To analyze chemical patterns in 

sediment samples as part of a forensic investigation, PCA is frequently used as a fingerprinting pattern 

recognition tool. However, in some cases, attempts to use PCA to identify contamination sources (in 

addition to fingerprinting patterns) result in incorrect interpretation of the chemistry data, and ultimately, 

liability of contamination.  

This work presents PCA analysis of a PAH forensic dataset (parent and alkylated PAH data) obtained 

from analyzing a Superfund Site sediment samples. The output from PCA (i.e., scores plot) was used to 

infer the PAH sources that resulted in the sediment PAH contamination (i.e., the number of contamination 

sources and their corresponding PAH fingerprints). However, numerical mixing of the PCA-identified PAH 

source fingerprints was not able to replicate the sediment chemistry data. The implication is that PCA may 

not be the appropriate tool for contaminant source identification, and one needs to understand the 

strengths and limitations of PCA. Analysis tools intended for source identification such as Positive Matrix 

Factorization (PMF) are more appropriate for source identification. 
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Simulation of Contaminant Flow Through Fractured Bedrock to Calculate Oil and 
Gas Impoundment Leakage Date 

Tarek Saba  

Groundwater flow in heterogeneous fractured bedrock can be challenging to characterize. One method of 

analysis is to resolve the fractures into a series of flow tubes, oriented in different directions. Although 

independent, these stream tubes would be subjected to the same constraints as the global constraints on 

the aquifer system. An integration of the response of the stream tubes would reproduce the global aquifer 

system response. The concept of stream tubes is applied to a case study where chloride-rich produced 

water from oil and gas operations leaked from an impoundment (called the S-pit) into fractured bedrock 

aquifer. The S-pit leaked because of hundreds of holes that were found in the pit liner when it was 

drained. Chloride breakthrough curves were measured in groundwater monitoring wells, seeps, and 

springs that intercepted different fracture groups oriented in different directions. By using different sets of 

streamtubes to represent the bedrock aquifer, the S-pit leak date was calculated, and the hydraulic 

characteristics of the fractures were captured. This methodology can be used in situations where 

breakthrough curves, coupled with operational information such as start and end dates of contaminant 

introduction are available to construct the hydrogeological properties of a fractured bedrock. 
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A Thermally Enhanced, Bio-Augmentation Approach for Degrading Total 
Petroleum Hydrocarbons in Soils 

Ray Sambrotto, Averil Rance, Michael Chin, and Paul Lane  

Background/Objectives: Environmental releases of Total Petroleum Hydrocarbons (TPH) are 

widespread and present significant challenges to the remediation of approximately 100 million tons of 

TPH contaminated soil that are excavated each year in the U.S. We report on the use of a bioremediation 

approach based on the ex-situ treatment of TPH contaminated soils with a thermophilic bacterial strain. 

This strain previously was shown to be capable of degrading a variety of organic compounds including 

the larger poly-aromatic hydrocarbons (PaHs) that characterize the more recalcitrant fractions of TPH. 

The objectives were to evaluate the ability of this process to: 1) reduce the volatile and semi-volatile 

fractions that complicate incineration; 2) reduce the concentrations of extremely toxic components such 

as Benzo[a]pyrene (BaP); and 3) identify a cost-effective approach that can be used commercially. 

Approach/Activities: Most tests were done in 55-gallon, steel drums containing ~200 lbs. of soil heated 

to 150?F with electric blankets. A series of 2 x 2 factorial design experiments were done to evaluate the 

impact of soil pH, moisture, aeration methods and other factors on the degradation rates of TPH and 

PaHs. Larger-scale experiments were also done on soil piles of 1 ton in nylon bulk bags. Experiment 

durations ranged from 5 to 10 days. Aeration approaches included turning the soil daily with an auger and 

alternately aerating through vertical tap wells and the moisture content was monitored and adjusted to 15-

20% if needed. TPH levels were measured with EPA method 8015B and 19 PAHs were measured using 

EPA method 8270D. 

Results/Lessons Learned: TPH concentrations decreased in 8 out of 9 soil samples treated with the 

thermophilic bacteria solution and 4 of the decreases were significant at the 95% significance level. The 

concentrations of 7 PaHs on the EPA’s list of priority pollutants decreased in all five of the 
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Ecological Risk Assessment for a Wetland Based Food Chain: Predictive and 
Measured Endpoints Using a Weight of Evidence Approach 

John Schaffer  

Ecological Risk Assessments (ERAs) rely upon a multiple line of evidence approach in the assessment of 

exposure and risk from environmental stressors on community or individual levels of ecosystem 

organization. The only exception to this process is the consideration of exposure and risks to endangered 

and threatened species which would be considered at the individual level of ecosystem organization. A 

weight of evidence approach incorporates both mechanistic and probabilistic approaches in the 

assessment process as well as a paradigm for reduction in uncertainty through the ERA process. These 

measures can be important in the assessment of non-Site related stressors impacting specific 

communities at the ecosystem level versus a community level of organization. A multiple line of evidence 

approach incorporating predictive mechanistic tools in the assessment of exposure and effects was 

compared to laboratory and field based studies to determine how refinement in the predictive measures in 

consideration of bioavailability or other factors compared to measures of community diversity, body 

burdens and toxicological based effects. Evaluations were conducted by comparing predictive cumulative 

effects using a hazard quotient approach for multiple environmental contaminant stressors to measures of 

body burden, community diversity and toxicological effects based endpoints. These comparisons allow for 

the assessment of uncertainty in the application of conservative measures in screening level ERAs 

versus the inclusion of actual field or laboratory based data to reduce this uncertainty in the ERA process. 

Data comparing predictive measures of effects to actual responses or predicted body burdens were 

reviewed to assess how predictive measures compared to actual measurements of body burden levels 

and community based effects. 
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Assessment of VI Potential after Groundwater Plume Cleanup 

David Shea and Kevin Whalen  

A large TCE plume in groundwater in Endicott, NY has been cleaned up to the degree that TCE 

concentrations are near, or less than, laboratory reporting limits throughout most of the former plume. 

However, the long-term historical presence of the plume led to the installation of subslab depressurization 

(SSD) systems in 2003-2004 in about 350 structures within a 100-acre area to prevent potential vapor 

intrusion (VI). With the recent groundwater cleanup, the residual TCE mass in the vadose zone and 

associated potential for VI were assessed using a mass flux approach based on samples of soil vapor 

captured by certain SSD systems and exterior soil gas samples. While the TCE mass flux potential has 

decreased by more than an order of magnitude since the installation of the SSD systems, the most recent 

data indicate a gradual cleanup of the vadose zone that lags the cleanup of the underlying dissolved-

phase plume due to residual VOC mass storage in the vadose zone. The mass flux estimates were 

compared to thresholds that if exceeded would result in indoor TCE levels greater than certain guidelines 

under typical assumptions of structure air exchange rate and mixing height. This evaluation suggests that 

VI potential has significantly diminished over peripheral portions of the former plume, but remains in 

former core areas, despite underlying “clean” groundwater. In aggregate, the mass flux data provide a 

useful measure of overall progress and rate of vadose zone cleanup affecting the potential for VI and 

necessity for continued SSD system operations. 
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A Green BMP for Mitigation of Nutrients in Stormwater: Buffer Strip Study 

Virinder Sidhu, Dibyendu Sarkar, and Rupali Datta  

Stormwater runoff is a major source of nutrients in surface waters. The goal of our project was to develop 

“green” and inexpensive stormwater Best Management Practices (BMPs) to reduce stormwater-induced 

nutrients (N, P) loads to NJ coastal waters. We conducted a buffer strip study utilizing Al-WTR (@5%), 

non-native, non-invasive hyperaccumulator vetiver grass (compared to native non-accumulator 

switchgrass plant) infour different plots (8 ft x 4 ft each) was performed at a field site in Holiday City, NJ. 

Al-WTR was added at a rate of 5% to the top 6-inch soil of all the plots except control plot. After 

equilibrium, 76 plants each of vetiver and switchgrass were transplanted into two plots separately. All the 

four plots were subjected to six periodic simulated stormwater events with N and P concentrations as 50 

and 0.50 mg/L, respectively. 726 liters of simulated storm water was passed through each plot 

gravitatively for 30 minutes. Vetiver plot performed the best in reducing P concentrations in the surface 

runoff and leachate samples. Al-WTR amendment worked very well in binding P to surface soils. Erosion 

was much less in plots with plant cover than the ones without plant cover. Although, none of the plots 

were able to remove N because of high surface flow as the plots were on a slope and water moved fast 

with very little residence time. Once N removal mechanism is in place, the buffer strip can be utilized for a 

pilot scale study because of its proven capacity to retain phosphorus and lowering erosion.Field 

demonstration of the BMPs –buffer strips - for removal of nutrients from stormwater will have tremendous 

effect on developing environmental resiliency in our coastal communities by eliminating the most pressing 

contamination problems of nutrients entering coastal waters during flooding and other typical coastal 

storm events. 
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In Situ Stabilization and Solidification (ISS) Optimized: Benefits of Adding Sodium 
Persulfate 

Brant Smith, Brianna Desjardins, and Ravi Srirangam  

Background: In situ stabilization and solidification (ISS) is a well-established remedial technology often 

used to treat highly contaminated sites. ISS decreases the contaminant flux by decreasing the hydraulic 

conductivity and solidifying site soils. In addition to hydraulic conductivity, ISS is often used to target 

specific post application unconfined compression strength (UCS) of soils following the application for 

purposes such as site redevelopment. Reagent doses can result in displacing 10 to 30 percent of site 

soils by weight, necessitating treatment or disposal of these excess contaminated soils. 

Activities: The objective of these studies was to demonstrate the effect of adding low levels of alkaline 

activated persulfate during ISS on hydraulic conductivity, contaminant leachate concentration and post 

application compressive soil strength. Various combinations of ISS reagents and alkaline activated 

sodium persulfate were evaluated on the bench and field scale in treating contamination including MGP 

residuals. In situ soil mixing was utilized in the field and simulated in the laboratory to ensure complete 

mixing of the contaminated soils with the reagents. 

Results: The data show that similar or lower hydraulic conductivities and similar or higher UCS can be 

achieved by adding low levels of alkaline activated persulfate with Portland cement in 

solidifying/stabilizing soils. Using less Portland cement decreases the amount of displaced soil and 

decreases the carbon foot print of an ISS application. Reagents were balanced to achieve a wide array of 

post application soils strengths all with hydraulic conductivities of 10-6 to 10-9 cm/sec, resulting in 

considerable design flexibility. 
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Integrating Surfactant Enhanced Bioremediation, Product Recovery and Chemical 
Oxidation for Treatment of Petroleum Hydrocarbons  

Geeta Dahal, Dan Socci, and Samantha Higley  

A major limiting factor in remediation of hydrocarbon contaminants is their relatively low solubility in water. 

Enhancing the solubility of contaminants by use of surfactants can significantly improve the efficiency of 

bioremediation, free product removal and chemical oxidation treatment approaches. 

Combined application of surfactant and nutrients at sites with petroleum impacts can greatly enhance 

bioremediation of petroleum hydrocarbons. Surfactants desorb and emulsify the tightly sorbed, 

hydrophobic contamination from soil into the aqueous phase while the nutrients facilitate the stimulation 

and proliferation of micro-organisms which will degrade hydrocarbon contamination. 

To enhance contaminant removal, using a combined surfactant and low concentration hydrogen peroxide 

solution achieves reduction in viscosity, loosening of the NAPL, and buoyancy to facilitate contaminant 

removal via extraction. For chemical oxidation applications, when a combined oxidant-surfactant solution 

is applied delivery of contaminants to oxidants in the aqueous phase can be optimized. This optimization 

occurs via contaminant desorption and emulsification generated by the surfactants. Liberation of the 

sorbed hydrophobic contaminants and emulsification into the aqueous phase as small particles 

significantly increases surface area available for reactions with oxidants, thereby improving soil and 

groundwater remediation effectiveness. 

This presentation will discuss multiple surfactant enhanced technologies that include the patented 

SEPR™ (Surfactant Enhanced Product Recovery), S-ISCO® (Surfactant-enhanced In Situ Chemical 

Oxidation) and Surfactant Enhanced Bioremediation integrated to implement an innovative treatment 

approach for remediating subsurface petroleum impacts at an active gas station. Sequenced applications 

of SEPR and S-ISCO at a creosote site will also be discussed. Additionally, this presentation will also 

draw upon independent research by the University of Madrid highlighting the benefit of a combined 

surfactant-oxidant and optimized surfactant selection approach for remediation. 
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Modeling And Understanding Temporal Variability In Vapor Intrusion 

Jonathan Stroem and Eric Suuberg  

Long-term, high resolution studies of two vapor intrusion (VI) sites, ASU house in Utah and USEPA house 

in Indianapolis, has revealed significant temporal variability in indoor air contaminant concentrations. 

Understanding how much, and the causes of this variability, is crucial for determining human exposure at 

a VI site. This study uses statistical analysis and three-dimensional numerical models to investigate the 

conditions that give rise to the temporal variability in indoor air contaminant concentrations. VI is found to 

be the most significant during winter and fall, with the largest variability during these seasons. The 

significant seasonal differences in distributions of indoor/outdoor pressure difference, air exchange rate, 

and other factors, help to explain the seasonal differences in VI potential. In particular, changes in 

indoor/outdoor pressure difference are key drivers for the variability: independently affecting contaminant 

entry and air exchange rate, the combination of which gives rise to the observed variability. Using our 

numerical model, and the recorded seasonal mean diurnal pressure change, predicting potential 

maximum temporal variability. 
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Alkali Assisted Microwave Pretreatment of Sorghum Straw for Effective Biofuel 
Production  

Bahiru Tsegaye, Chandrajit Balomajumder, and Partha Roy  

The limited supply, and related negative environmental consequences caused by the use of fossil fuels 

are driving researchers to finding sustainable alternative sources of energy. Lignocellulose biomass like 

sorghum straw is considered a cheap, renewable and abundantly available source of energy. However, 

lignocellulose biomass conversion to bioenergy like bioethanol is hindered due to the reluctant nature of 

lignin in the biomass. Therefore, the aim of this study is to use microwave pretreatment for disruption of 

sorghum straw components. It was also aimed to optimize microwave pretreatment conditions using 

design expert software to remove maximum possible lignin and to release maximum possible 

polysaccharides from the biomass for efficient hydrolysis and fermentation process. Three factors, 

Sodium hydroxide concentration between 0.5-1.5%, v/v, pretreatment time from 5-25 minutes and 

pretreatment temperature from 120-2000C were considered for microwave pretreatment to depolymerize 

sorghum straw. The effect of pretreatment was studied by analyzing the compositional changes before 

and after pretreatments by renewable energy laboratory procedure. Analysis of variance (ANOVA) was 

used to test the significance of the model used for optimization. About 32.8%-48.27% of hemicellulose 

solubilization, 53% -82.62% of cellulose release, and 49.25% to 78.29% lignin solubilization were 

observed during microwave pretreatment. Pretreatment for 10 minutes with alkali concentration of 1.5% 

and temperature of 1400C released maximum cellulose and lignin. At this optimal condition, maximum of 

82.62% of cellulose release and 78.29% of lignin removal was achieved. Sorghum straw at optimal 

pretreatment condition was subjected to hydrolysis and fermentation. The efficiency of hydrolysis was 

measured by analyzing reducing sugars by 3, 5 dinitrisylicylic acid method. Reducing sugars of about 619 

mg/g of sorghum straw were achieved after hydrolysis. The study demonstrates the potential of 

microwave assisted alkali pretreatments for enhancing bioethanol yield from sorghum straw. 
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Chemical Oxidation Treatment of Transformer Oils that Contain Antioxidant Di-
tert-butyl-para-cresol (DBPC) 

Jennifer Wasielewski, Sophia Dore, Donald Pope, Ryan Thomas, Alan Weston, and 
Rene Filion   

Transformer oils are used as insulating and heat transfer media in the electrical industry. DBPC (also 

known as butylated hydroxytoluene BHT) converts peroxy radicals to hydroperoxides by donating a 

hydrogen atom. Each molecule of DBPC consumes two peroxy radicals. Treatment of these oils is of 

interest to energy providers such as Hydro Quebec. 

At the request of Hydro Quebec, a laboratory study was performed to test the effectiveness of chemical 

oxidation treatment of transformer oils and DBPC using sand and limestone spiked with high and low 

transformer oil concentrations and high and low DBPC concentrations. Chemical oxidation was tested on 

the spiked samples to test its effectiveness on transformer oils and DBPC. DBPC will absorb free radicals 

generated by the oxidant, therefore the oxidant dose delivered had to be high enough to overcome the 

neutralization by DBPC. 

The results showed that chemical oxidation treatment is effective for the destruction of DBPC and also 

effective for treatment of transformer oil. DBPC appears to be more readily oxidizable than transformer oil 

and in many cases was completely removed before any treatment of transformer oil was observed. 

Sodium persulfate, both NaOH catalyzed and heat catalyzed, appears to be effective for the destruction 

of DBPC. Fenton’s reagent was effective for the destruction of low levels of DBPC but was not effective 

when concentrations of DBPC were higher, particularly in the presence of higher concentrations of 

transformer oil. 

Based on the results from the laboratory study, sodium persulfate would be the recommended oxidant 

and NaOH would be the recommended catalyst. If initial concentrations of DBPC are low then treatment 

of the DBPC is expected to be fast. Higher concentrations will require a longer treatment time. A long 

treatment time and multiple oxidant injection events would be required to treat the transformer oil. 
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Sustainable Use of Copper and Arsenic Contaminated Soils for Red Brick 
Manufacture – Regulation based on Leaching Characteristics 

Pei-Yao Wu, Shyh-Wei Chen, Ping-Hsiung Ni, Jen Wang, Chih-Hung Huang, and Chien 
Jung Lai  

This study focuses on how to establish the legal manufacturing criteria of the red bricks with copper (Cu) 

and arsenic (As) contaminated soils. The use of the red bricks is in contact with soil, rain water, 

groundwater, and landfill leachate, and thus a series of leaching tests are performed to determine its 

environmental impacts. Besides, the debris of the red bricks can ultimately become part of soil so the two 

contaminant concentrations in the red bricks are also tested. The results showed that the Cu and As 

concentrations in bricks (aqua regia) are lower than those in soils. The TCLP tests showed that the Cu 

leaching decreased but the As leaching increased. The up-flow percolation tests showed similar results 

and As leachability was as high as 6%. The SPLP tests also showed similar results but As leachability 

varied between 2% and 6%. The study also tested different kiln temperatures and the lowest leachability 

of the bricks was obtained with kiln temperature 1,000?. Considering environmental impacts and 

regulatory standards in Taiwan, the As contaminated soils are not permitted to be used in red brick 

manufacturing, and the top copper concentration in soil to be used in red brick manufacturing is 4,400 

mg/Kg. 
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A Study of Trichloroethylene (TCE) Sorption on Various Building Materials 

Shuai Xie and Eric Suuberg  

Trichloroethylene (TCE) is a volatile organic compound (VOC) classified as a potential human health 

hazard. Vapor from groundwater contaminated by TCE could be introduced into the indoor air 

environment. It is well acknowledged that building materials could affect indoor air quality by adsorbing 

and releasing VOCs, decreasing the peak concentration and prolonging the exposure time. Therefore, it 

is important to study how indoor VOCs concentrations might be affected by sorption processes and how 

this will impact the risk of exposure to these chemicals. In widespread vapor intrusion problems, TCE is a 

VOC of significant current concern, particularly when it is at low concentration. In this project, adsorption 

isotherms and partition coefficients data will be collected to understand the equilibrium and dynamic 

process of different building materials, using experimental chamber method and gas chromatography 

(SRI 8610C). The adsorption and desorption parameters could improve the computational vapor intrusion 

model to predict the real indoor contaminant concentration. 
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Modeling Microbial Reductive Dechlorination in a Heterogeneous Laboratory 
Aquifer Cell 

Lurong Yang, Jason Hnatko, Jack Elsey, John Christ, Kurt Pennell, Natalie Capiro, and 
Linda Abriola 

Although microbial reductive dechlorination has proven to be an effective approach for in situ treatment of 

trichloroethene (TCE), field implementation of this technology is complicated by many factors, including subsurface 

heterogeneity, electron donor availability, and distribution of microbial populations. While numerous studies have 

utilized numerical models to assess dechlorination rates in uniform, well-characterized, laboratory (e.g., batch and 

column) systems, successful application of these rates for predictions of field-scale degradation has been hampered 

by the presence of natural subsurface variability. Thus, there is an urgent need to improve our understanding of the 

influence of heterogeneity on “effective” transformation rates and to explore the relationship between effective and 

laboratory-measured rates. 

This work describes the mathematical modeling of a bioremediation experiment conducted in a laboratory -scale 

aquifer cell that was packed with materials from the Commerce Street Superfund site in Williston, VT, configured to 

mimic site conditions. Modeling results reveal that application of microcosm (liquid-to-soil volume ratio of 4:1)-derived 

dechlorination, and microbial growth and decay rates for TCE, cis-1,2-dichloroethene (cis-DCE), and vinyl chloride 

(VC) reproduced measurements of aquifer cell concentrations. Normalized root mean square errors for predicted and 

measured effluent concentrations were 18.1%, 23.2%, 51.0%, 36.6% and 16.7% for TCE, cis-DCE, VC, ethene and 

lactate (electron donor and carbon source), respectively. Additional simulations, comparing predictions for the 

heterogeneous domain with those for a homogeneous (averaged permeability, porosity, and initial concentrations) 

domain, demonstrate that an assumption of uniformity resulted in incomplete dechlorination (i.e., “cis-DCE stall”) and 

underprediction of VC and ethene by factors of 2 and 3. This underprediction of transformation rates contrasts with 

the literature, which commonly reports model overprediction of observed field-scale dechlorination. These results 

suggest that ethene formation varied spatially within the domain and was primarily associated with zones with longer 

residence times, demonstrating the influence of local heterogeneity on dechlorination. 
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Vapor Pressure of Nine Perfluoroalkyl Substances (PFASs) Determined using the 
Knudsen Effusion Method 

Mengke Zhang  

Sublimation vapor pressures of nine pure perfluoroalkyl substances, including GenX ammonium salt, 8:2 

FTOH and C5 to C11 perfluorocarboxylic acids (PFCAs), were measured using the Knudsen technique at 

near ambient temperatures. Melting temperatures and fusion enthalpies of these compounds were also 

measured using differential scanning calorimetry. The vapor pressure of GenX ammonium salt is 

comparable to that of the much higher molecular weight perfluoroundecanoic acid. GenX ammonium salt 

also did not show actual melting behavior but instead decomposed at around 470K. The measured near 

ambient temperature sublimation vapor pressures of the PFCAs were compared with some earlier 

reported liquid phase vapor pressures obtained at higher temperatures, and reasonable agreement exists 

between the data obtained in the different studies. The sublimation enthalpies of the PFCAs indicate that 

the contribution to the sublimation enthalpy of the CF2 group in the alkyl chain is comparable to that of 

the CH2 group in the corresponding non-fluorinated analogues, even though the PFCAs show 

consistently higher vapor pressures than do the corresponding carbon number alkanoic acids. 
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Dewatering Challenges and Solutions on Linear Urban Infrastructure Projects 

Leah Zivalic and Michael Martin  

Management of groundwater dewatering for urban long linear utility installation projects that pass through 

multiple permitting jurisdictions and receiving water bodies is both challenging and integral to construction 

advancement. To meet route and project specific dewatering challenges, treatment options may include 

either a mobile or stationary system consisting of various treatment trains. The selection of the 

appropriate treatment system depends on the project needs and constraints, including required 

dewatering flowrates, project length, availability of a laydown yard to operate a centralized system, 

effluent limits, groundwater quality, availability of existing infrastructure, flowrate restrictions and traffic 

considerations (e.g., turning radius). 

This presentation will discuss permitting and design considerations used in specific case studies of 

mobile and stationary dewatering systems in the Boston region. These case studies will highlight the 

complex permitting process, challenges in the field, such as managing treated water that does not meet 

permit standards, and lessons learned that will be implemented in future linear dewatering projects, such 

as preliminary bench scale media testing. 
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