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* Michelle is a Professor at Clarkson with 20 years of experience developing and
evaluating new technologies for treating contaminated groundwater

* Fiona is a former PhD candidate in Environmental Science & Engineering at
Clarkson; now an Environmental Engineering at AECOM
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Groundwater Contamination
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Pump-and-treat with granular
activated carbon (P&T GAC)
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The New Way... RemWell’s InSRT
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® - - The HRX well t has been validated and
HRX Well™ Description

* The HRX Well* is a large-diameter horizontal well
installed along the groundwater flowpath that is
filled with reactive or other treatment media  ratent us2012026112541

Treatment
5 Media
FIOW' &“.

focusing”

‘ ‘
Impacted Treated
Groundwater Grouadwater

» Passive in-situ treatment »Can be applied in relatively deep settings
»Many solid-phase reactive media options » Limited above-ground footprint

» Efficient use of reactive media »Minimal O&M

» Treatment train approach possible »No ongoing energy requirements

»Not limited to high-permeability aquifers »Pumping can enhance treatment zone size
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Field Demonstration

Courtesy of Arcadis
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' In situ reactor technology (InSRT)




Sonolysis- Background

Sound waves >19 kHz create
cavities in liquids

PFAS sorb to the cavity interface

Cavities collapse at maximum
radius creating extreme
localized conditions

— High heat (5000 °K)

— High pressure (1000 bar)

— Cleaves bond
between hydrophobic
and hydrophilic
portions of molecules
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In situ remediation technology
(INSRT)




RemWell offers 40% savings

in annual operating costs
compared to carbon treatment

Sampling Maintenance Electricity Water Disposal

> $90K
per site
per year
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The Competition

Factor RemWell Pump-and-treat Incineration Oxidation Membrane
GAC Reduction Filtration

Destroys PFAS
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Experimental conditions

Experiment Color Matrix Concentration Percent Treatment
(ug/L) Power time
(minutes)
1A PFOA/DI water 100 60% 90
1B PFOA, PFOS 10 each 60% 270
1C PFOA, PFOS 10 each 75% 270
1D PFOA, PFOS 1 each 60% 270
1E — PFOA, PFOS 1 each 75% 270

Groundwater (Site 1) Cipros = 351
Groundwater (Site 1) Cipros = 402
Groundwater (Site 2) Cipros = 241

Groundwater (Site 3) Ci,pros = 2000
Groundwater (Site 3) Cipros = 4000

Groundwater (Site 4) Cipros = 44
1L — PFBA 1300 60% 660
M — Site 6 Cipros = 0.08 100% 270
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Results

Values above bars = treatment time (min)
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Results: Site 3, Condition J

Example precursors Example shorter-chain compounds PFOA and PFOS
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Results

Percent reduction (%)
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Results

* Shorter-chain

compounds
are produced
as reaction
intermediates,
but are also
degraded by
sonolysis

— Example:
PFBA in
spiked
system
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Results: TOP Assay

Increase in PFCA concentrations
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How can WRF help?

* Improved understanding of relationship between utilities and
sources/owners of groundwater contamination

* Connections to sources/sites contributing to contaminated
drinking water

* |dentify opportunities for pilot testing
— Can offer complimentary treatability tests
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Questions?
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