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Presentation Overview

ÅEffectiveness of CAC Treatment

ÅCase Studies
ÅEver-changing Remediation Goals
ÅDesign & Implementation Process
ÅLong-term Data 
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ά¢ƘŜ ǊŜǎǳƭǘ ƻŦ ŀǇǇƭȅƛƴƎ ŀƴ 
enhancement that sustainably 
manipulates a natural 
attenuation process, leading to 
an increased reduction in mass 
flux of contaminants.έ

Permeable Reactive Barrier 
of colloidal activated carbon

Plume Management Solution: 
Enhanced Attenuation 



re·me·di·a·tion
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Noun

A Process used to reduce or eliminate the risk for 
humans and the environment that may result from 
exposure to harmful chemicals

Source: ITRC

https://youtu.be/2OEeJ9qR9nA


Eliminating Risk

Risk = Hazard x Exposure

Colloidal activated carbon adsorbs PFAS in situ, 
reducing mobility and exposure

US EPA: Natural attenuation processes may reduce 
the potential risk posed by site contamination in 
three ways:

1. Transformation of contaminants to a less toxic form
2. Reduction of contaminant concentrations
3. Reduction of contaminant mobility and bioavailability 

U.S. EPA.Use of Monitored Natural Attenuation for Inorganic Contaminants at Superfund Sites, Directive 9283.1-36. Published online 2015.
Newell CJ, et al. Monitored Natural Attenuation to Manage PFAS Impacts to Groundwater: Scientific Basis. Groundwater Monitoring & Remediation. 2021;41(4):76-89. 
Newell CJ, et al. Monitored natural attenuation to manage PFAS impacts to groundwater: Potential guidelines. Remediation Journal. 2021;31(4):7-17. 
ER21-5198. Accessed December 15, 2021. https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/ER21-5198/ER21-5198.



How Effective is CAC for in situ PFAS treatment?



Independent assessment of PFAS CAC 
applications at Airport Sites

Å PoreWater Solutions
Å InSitu Remediation Services Ltd
Å University of Waterloo
Å University of Toronto 

Å Treatment Expected to last decades
Å Source reductions extend longevity

±ƻƭǳƳŜ ооΣ bƻΦ м
Winter 2022



Paper Highlights
Å Airports PFAS Sites (96 reviewed) 
Å 82% dominated by PFOS and  PFHxS 

(Grayling)
Å Preferentially sorbed to AC

Å 17 Field Sites show Success with Co-
Contaminants PHC/VOC (Grayling)

Å In Situ  CAC has much Longer 
Breakthrough Time vs. ex situ AC
Å particle size and extended retention

Å Longevity Impacted Mostly by Incoming 
Mass Flux



Summary REGENESIS AIRPORT Projects
PFOA/PFOS 
max (ug/L) Results

MA airport barrier Met remediation Goals in 3 months
Camp Grayling Air 
Field barrier ND/.06 Met Remediation Goals,  maintained 4+ years

MI airport barrier 0.024/.511 Met Remediation Goals in 3 months

UK Int airport barrier .316/.014 Met remediation goals
UK commercial 
airport barrier 5.66/.62 Met Remediation Goals, project under Plume Shield Warranty

Fairbanks AK barrier .24/.28 Met Remediation Goals, maintained 2+ years
Federal Facility 
Airport grid Met Remediation Goals 

Ontario barrier 0.042/1.5
downgradient wells trending downward  50% reduction observed, 
does not have near barrier well

NY airport barrier 0.172/.823 waiting for data 



Case Study #1



Grayling Army Airfield ς Case Study

Grayling, MI



Background

ÅFounded 1913

Å147,000 Acres

ÅLargest National Guard Training 
Center in the Country

ÅHome to Grayling Army Airfield 
(900 Acres)

ÅContaminant Release History:
ÅDiesel, PCE/TCE, PFAS

ÅRemediation History:
ÅPump and Treat, Air Sparging/SVE



Case Study:  Pilot Test

GAAF

N

Former Bulk Storage 
Tanks Location

Site Details

GW Velocity ~250 ft/yr

Vertical Treatment
Interval

мрΩ-нтΩ bgs.

Injection Points 9

Soil Type Coarse, Medium to Fine 
{ŀƴŘ  ǿƛǘƘ /ƭŀȅ ŀǘ нтΩ ōƎǎ

Sensitive Receptors Residences, Surface water 
bodies, Property Boundary

Contaminants of 
Concern

8 µg/L PCE and 130 ng/L Total 
PFAS, Primarily PFOS &  PFHxS



Ever-changing Remediation Goals

ÅFall 2018: 70ppt Total 
PFOS/PFOA USEPA Health 
Advisory Level

ÅAugust 2020: Michigan 
MCLs

ÅMarch 2023: Proposed  
USEPA MCLs

Source: https://www.michigan.gov/pfasresponse/drinking-water/mcl
Source: https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas

https://www.michigan.gov/pfasresponse/drinking-water/mcl
https://www.epa.gov/sdwa/and-polyfluoroalkyl-substances-pfas


Simple Plume Cut-Off Barrier



Modeling in the Design Process
ÅKey Factors:
ÅTarget contaminant of concern
ÅVOCs, PFAS, etc.
ÅCompound Specific Isotherms

ÅContaminant Mass Flux
ÅNon-target compounds present
ÅCompetitive Sorption and Degradation 

(if applicable)

ÅModel Considerations:
ÅCarbon Dose
ÅVertical Variations
ÅBarrier Thickness
ÅTime



ÅSubsurface investigation specific to application requirements

ÅSeparate mobilization ahead of the principal application

5ŜƭƛƴŜŀǘƛƻƴ ŦƻǊ Ǌƛǎƪ ґ ŘŜƭƛƴŜŀǘƛƻƴ ŦƻǊ ǊŜƳŜŘƛŀǘƛƻƴ

ÅDetailed stratigraphy, feasible flow rates, appropriate tooling, 
aquifer response to injection (clean water)

ÅInforms design refinement and placement optimization

ÅInjection Test, Soil Cores, High Resolution Sensing Tools, 
FluxTracer

Design Verification Testing 





Pilot Test Layout

Å9 Direct-Push Injection 
Points

ÅPaired Wells UG & DG

ÅBottom up DPT Injection 
ǳǎƛƴƎ оΩ ǊŜǘǊŀŎǘŀōƭŜ ǎŎǊŜŜƴǎ

Å~8500-gallons of CAC 
Solution

ÅAvg. injection pressure of 
16 psi

ÅAvg. flow rate of 6.45 gpm

G
W 



Placement Validation

ÅPlanned field steps to confirm 
and optimize CAC distribution

ÅPre- and Post-Soil Cores

ÅPiezometers

G
W 



CAC-Distribution Confirmation



CAC-Distribution Confirmation



Analytical Results



Years post application

Reporting Limit

ng/L

Average Total PFAS Concentrations in Upgradient and Downgradient Well Pairs



Pilot Test Layout

ÅAt 6 Months we Added Four 
Downgradient Wells

G
W 



Years post application

Reporting Limit

ng/L
10ng/L to 2ng/L

bŜǿ ǿŜƭƭǎ όнсΩ ϧ прΩύ

Average PFAS Concentrations in Upgradient and Downgradient Well Pairs



Years post application

Reporting Limit

ng/L

bŜǿ ǿŜƭƭǎ όнсΩ ϧ прΩύ

Average Total PFHxS/PFOS Concentrations in Upgradient & Downgradient Wells Pairs



Case Study #2



Case Study: 
Fairbanks International Airport

ÅPFAS detected onsite

ÅFAI responded 
immediately

ÅProperties connected 
to municipal water 
line



PlumeStop Application

ÅPurpose:
ÅTreatment designed to address PFOS, PFOA, 

PFHpA, PFHxS, and PFNA

ÅObjectives

ÅInject PlumeStop to address contamination in 
vicinity of  MW1902-20

ÅMonitor PFAS levels in MW for minimum of one 
year

ÅExtend barrier 2024



Injection Locations





PlumeStop Pilot Study - Application



PlumeStop Application ς Injection Controls



Results

Baseline Sampling

ÅPFOS = 270 ng/L 

ÅPFOA = 240 ng/L

ÅPFHxS = 530 ng/L 

ÅPFHxA = 200 ng/L 

ÅPFBS = 100 ng/L 

ÅPFBA = 24 ng/L

June 2021 ς Removal Rates 

ÅPFOS = 100%

ÅPFOA = 100%

ÅPFHxS = 100%

ÅPFHpA = 100% 

ÅPFNA = ND



Case Study #3



aŀǊǘƘŀΩǎ ±ƛƴŜȅŀǊŘ !ƛǊǇƻǊǘ {ŜƭŜŎǘǎ 
PlumeStop to Address PFAS

Cost-Effective In Situ 
Approach Addresses PFAS Risk 
with No Greenhouse Gases or 
Hazardous Waste



aŀǊǘƘŀΩǎ ±ƛƴŜȅŀǊŘ !ƛǊǇƻǊǘ {ŜƭŜŎǘǎ 
PlumeStop to Address PFAS

ÅaŀǊǘƘŀΩǎ ±ƛƴŜȅŀǊŘ !ƛǊǇƻǊǘ ƛǎ ŎŜƴǘǊŀƭƭȅ 
located on an island off the coast of 
Massachusetts. 

ÅAFFF leached into the underlying 
groundwater impacting it with PFAS and 
plume extends beyond airport property 
boundaries

ÅPrivate water wells supplying drinking water 
to residents at risk



Remedy Selection

Remediation Goal:

ÅPrevent further PFAS movement away from 
the site

ÅPrevent PFAS exposures to downgradient 
residents
ÅAchieve regulatory standard:

20 ppt sum of:
PFOA, PFOS, PFHxS, PFNA, PFBS, PFDA

Å15+ year Design single application

Key factors in the selection included:
ÅAvoiding greenhouse gas emissions
ÅAvoiding PFAS hazardous waste disposal
ÅCost


