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PFAS has evolved from emerging contaminant status to potentially becoming the key concern in 
the groundwater field.   A PFAS Experts Symposium in 2019 presented a consensus message that 
“PFAS present far more complex challenges to the environmental community than prior 
contaminants” (Simon et al., 2019).    However, to our knowledge there has not been a formal 
quantitative comparison of remediation challenges of PFAS vs. well established contaminants in 
the groundwater remediation field.  Therefore a comparison of nine quantitative scale-of-
remediation metrics was performed for PFAS, benzene, chlorinated solvents, 1,4-dioxane and 
MTBE.  The nine metrics included proxies for prevalence, attenuation potential, remediation 
difficulty, and research intensity.  The results were mixed as some metrics identified PFAS as 
having the highest remediation challenge but others did not.    This comparison between other 
contaminants and PFAS led to a qualitative analysis where selected lessons learned over the past 
three decades remediating other contaminants might be applied to our field’s newest challenge, 
PFAS. 
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Advancements in quantitative passive sampling methods for vapor intrusion and site 
investigations: Significant implications for California 2020 VI Guidance Update 
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When determining potential health risks from the vapor intrusion of organic compounds, indoor air samples typically 
have been collected over 24-hours or less in the United States.  Research completed by Dr. Paul Johnson (President of 
the Colorado School of Mines) and others have determined that the temporal variability of indoor air contaminant 
concentrations from vapor intrusion can vary by orders of magnitude and that long-duration samples collected over 
days or weeks may better represent the health risks to building occupants. Recent California guidance by DTSC and 
RWQCB (DTSC, Feb 2020)1 recommends employing longer collection periods with time-weighted average 
concentrations as it is expected to yield a more reliable basis for estimating both long-term and short-term exposure 
than a one-day sample event and coincides with recent EPA OSWER VI Guidance Document (2015).2  
 
Using sorbent samplers to passively sample soil gas or air over days or weeks will provide long-duration, time-weighted 
average concentrations that overcome the temporal variability and episodic occurrences of vapor intrusion.  Further, 
passive samplers can target chlorinated and petroleum compounds at trace levels with reporting limits in the pptv range 
in both air and soil vapor.  Beacon participated in a third-party study with the Health and Safety Laboratory (HSL) in 
the United Kingdom to validate the uptake rates of multiple compounds.  The uptake rates were found to be consistent 
up to and beyond 2+ week sampling intervals with low uptake rates (i.e., <1.0 ml/min).  The low uptake rates, which 
are less than 1 ml/min, make these passive samplers ideal for also reporting concentration data when sampling soil 
vapor, as was determined in an ESTCP funded study (ER-200830).3 
 
Passive sorbent samplers do not require any pumps or mechanical equipment to operate.  Sorbents used in passive 
samplers have a demonstrated affinity for a range of organic compounds and have pre-determined uptake rates that 
allow the results to be reported in units of concentration. Passive samplers are extremely efficient to clean and are not 
prone to false positives as was found with canisters (Method TO-15) in a recent study where a comprehensive review 
of California Geotracker data revealed a high occurrence rate of false positives from canisters due to incomplete 
cleaning and/or passivation.4  Data from this study will be presented. 
 
A discussion on the applications of the technology also will be provided, including an on-going indoor air monitoring 
program where passive samplers have replaced summa canisters in a United States Department of Defense (DoD) 
program to sample annually more than 2,000 homes and commercial buildings that are located above a chlorinated 
solvent plume. The talk will cover the benefits and limitations of passive methods, applications, range of target 
compounds, detection limits, complimentary technologies, research work completed by BEACON, and gained 
confidence from data that are collected over more than 25% of a heating season.  
 
Harry O’Neill is President of BEACON and has managed soil gas and vapor intrusion investigations for more than 25 
years, working on federal, state, and commercial projects throughout the United States, including throughout California, 
as well as internationally across seven continents.  Under his direction, BEACON has achieved DoD ELAP Vers. 5.3, 
NELAP, and ISO 17025:2017 accreditation for the analysis of air and soil gas samples using sorbent samplers.  Harry 
has been working with regulators, as well as multiple universities on research projects, and has managed the 
implementation of thousands of soil gas and air sampling surveys. He is a member of AWMA, ITRC, and ASTM; is 
the lead author of ASTM Standard D7758:  Standard Practice for Passive Soil Gas Sampling in the Vadose Zone; and 
has published and presented findings throughout the United States, as well as internationally as an invited speaker 
across five continents. 

 
1 Department of Toxic Substances Control and California Water Resources Control Boards, Public Draft - Supplemental 
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2 U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, 2015, OSWER Technical Guide 
for Assessing and Mitigating the Vapor Intrusion Pathway from Subsurface Vapor Sources to Indoor Air, OSWER 
Publication 9200.2-154. 
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4 McHugh, et al (2018): Evidence of canister contamination causing false positive detections in vapor intrusion 
investigation results, Soil and Sediment Contamination: An International Journal, DOI: 10.1080/15320383.2018.157726 
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Summary 
Many groundwater contaminants such as chlorinated solvents can be effectively treated with a variety 
of existing technologies, but the pace of remediation, which is influenced by the remedial processes, 
system design, and geologic complexity, has a significant control on overall costs. Heat transfer 
properties of a subsurface soil matrix do not vary considerably and are relatively independent of grain 
size, unlike hydraulic properties that can vary many orders of magnitude. Consequently, thermal 
remediation can readily address contaminant mass present in both high- and low-permeability aquifer 
settings, including fractured rock. Traditional high-temperature thermal options, which are designed to 
remove contaminants primarily through volatilization, are readily available but require significant 
infrastructure, capital costs, operational and maintenance costs, and presents scale-up challenges. 
However, low-temperature heating (in the mesophilic range of ~15 to 40°C), which is much easier and 
less costly to implement, can significantly increase the rates for multiple biotic and abiotic treatment 
processes. We will present on several field applications of low-temperature solar-powered thermal 
technology known as Thermal In Situ Sustainable Remediation (TISR) for accelerating treatment by 
enhancing biotic and abiotic contaminant degradation rates by modest increases in subsurface 
temperatures. TISR is an inexpensive and practical method for modest heating temperature of target 
contaminant treatment zones in the subsurface by solar collection and closed loop heating via low 
maintenance borehole heat exchangers (BHEs). Thermal conduction and some advection results in the 
heating of a subsurface target zone by approximately 20°C. This elevated temperature results in the 
enhancement of biological, chemical, and physical processes that attenuate, degrade, and remove 
contaminants. TISR is most appropriate for dissolved phased mass located in low-permeable zones, 
although it may also offer potential for high concentrated source zones and large dissolved plumes in 
some cases (e.g., using TISR transects). Furthermore, because it is complimentary to many other 
remedial technologies (e.g., air sparge/soil vapor extraction [AS/SVE], chemical oxidation, and reductive 
dichlorination), it can be readily  incorporated into existing remediation systems for a moderate 
additional cost. TISR is particularly well suited for accelerating treatment rates for existing in situ 
remediation systems designed to promote bioremediation of chlorinated solvents. 
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Superfund Site Case Study:  
99.5% reduction within months of surgical emplacement of ZVI by hydraulic 

fracturing  
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The focus of this presentation is on the design selection criteria for amendment injection and 3D 
visualization performance verification via tilt metering as applied to the Woods Cross Superfund Site. 
After approximately 9 years of continuous bioremediation of chlorinated solvents across the source area 
and plume at the Site, together with EPA, CDM elected to perform high resolution site characterization 
of the persistent hot spot that remained in the low K silty zone. Utilizing Leapfrog 3D to visualize the 
results of the investigation and the location of remaining residual mass, it was determined that 
surgically emplaced hydraulic permeability enhancement combined with chemical reduction with ZVI 
would lead to the desired aggressive treatment approach. Hydraulic permeability enhancement is 
achieved by combining granular ZVI with sand in a combined injected reagent. To verify the 
emplacement and accuracy of the injected reagents, tilt metering was employed to provide 3-
dimensional visualization of the emplaced ZVI. Within three months of injection, orders of magnitude 
reductions of PCE and degradation products were observed in the low K source area in some monitoring 
wells and within 12 months for the others. Rebound has not occurred and additional injections of 
bioremediation reagents or recirculation of them has been postponed indefinitely.  

 

Environmental hydraulic fracture injection is described, photographs of fractures to help visualization 
are included and advantages and disadvantages are outlined. The presentation introduces 3D tiltmeter 
mapping as a technique for visualizing the geometry and configuration of subsurface reagent filled 
fractures. Permeation injection is also discussed in the context of injection mechanics including 
governing equations for determining the feasibility of injecting various amendments through disparate 
lithologies, and for determining expected flow rates in lower permeability soils.  
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New Perspectives on Horizontal Wells for Assessment and Remediation 
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Remediation technologies can sometimes be established, but are not prevalent, for a variety of 
reasons; however, creative economics and process improvements can drive new applications 
and levels of acceptance.  We submit that this is what is happening with the deployment of 
nested, segmented horizontal wells for site assessment and remediation, where each segment 
is plumbed to the surface. In essence, decreasing costs and “greater systems flexibility,” are two 
factors that have brought about a resurgence of new designs in horizontal well systems as 
described.  These evolutionary features specifically migrate the industry away from monolithic 
single well systems, which present certain complications for sampling and treatment.   
 
The two central applications of the new designs are in discrete site assessment and subsequent 
treatment, as objectives warrant.  In assessment, gas and water can be extracted providing 
additional accuracy to site conceptual models (CSMs).  This is especially important for sites 
challenged by access issues (e.g., the built environment, natural obstacles, secure locations, 
property interferences).  Further, the same operations have a remediation application as well, if 
contaminant gases or liquids are actively extracted, but as required, the well systems are also 
an important tool for the surgical deployment of treatment reagents.  In essence, the surgical 
precision of these systems can significantly enhance conceptual site models with a new 
strategic approach that can be called high-resolution contaminant distribution (HRCD), in the 
horizontal plane, that marries well with high resolution site characterization (HRSC) that 
addresses its domain.  For site treatment, the “discretized management” of extraction and 
injection operations, and the economic advantages therein, is self-evident - noting it is the 
individual communication of well segments to the surface that makes this possible. 
 
Several case studies will be presented that illuminate the advantages of a next generation 
horizontal well system.  In the site assessment arena, two cases will be presented that quickly 
illuminate how access under the built environment can be achieved and radically alter the CSM.  
In terms of site remediation, another two cases will illustrate treatment management 
advantages.  One example involves the discrete application of a chemical oxidant in a series of 
“as needed” injections, thus saving time and cost to site closure.  In a second application, a 
large site with extensive dissolved phase contamination was effectively addressed with a 
combination of air sparging (AS) and soil vapor extraction (SVE) operations mediated by the 
well systems as described.  The presentation will also introduce design software that can help 
remediation professionals consider the operational and economic advantages of horizontal well 
systems over vertical well systems in these cases.  In general terms, one horizontal well unit 
system can substitute for up to a dozen vertical wells, depending on variable site conditions, 
and those principles and benefits will be featured by example.   
 


