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Presentation Overview

• Effectiveness of CAC Treatment for PFAS
• Ever-changing Remediation Goals
•Design & Implementation Process
• Long-term Data 



“The result of applying an 
enhancement that sustainably 
manipulates a natural 
attenuation process, leading to 
an increased reduction in mass 
flux of contaminants.”

Permeable Reactive Barrier 
of colloidal activated carbon

Plume Management Solution: 
Enhanced Attenuation 



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.



Colloidal Activated Carbon

• Form of Activated Carbon 
• Particle Sizes 1 – 2 µm
• Suspended as a colloid in a polymer 

solution
• Distributes Widely Under Low Pressure
• Provides extremely fast sorption sites
• Converts underlying geology into 

purifying filter



Treatment of Flux Zones and Control of Back 
Diffusion & COC Migration



How Effective is CAC for in situ PFAS treatment?



Independent assessment of PFAS CAC 
applications at Airport Sites

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

• Treatment Expected to last decades
• Source reductions extend longevity
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Paper Highlights
• Airports PFAS Sites (96 reviewed) 

• 82% dominated by PFOS and  PFHxS 
(Grayling)

• Preferentially sorbed to AC

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

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

• Longevity Impacted Mostly by Incoming 
Mass Flux



Combined Soil and Groundwater Source Treatment

Source 
Treatment

Benefits of combined treatment:
• Prevents mass discharge from source

• Immediately stops advection from site

• Enhanced natural attenuation of plume

Downgradient Plume 
Treatment



Grayling Army Airfield

Grayling, MI



Background
• Founded 1913
• 147,000 Acres
• Largest National Guard Training 

Center in the Country
• Home to Grayling Army Airfield 

(900 Acres)
• Contaminant Release History:
• Diesel, PCE/TCE, PFAS

• Remediation History:
• Pump 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

15’-27’ bgs.

Injection Points 9

Soil Type Coarse, Medium to Fine 
Sand  with Clay at 27’ bgs

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

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

• August 2020: Michigan 
MCLs

• March 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
• Key Factors:
• Target contaminant of concern

• VOCs, PFAS, etc.
• Compound Specific Isotherms

• Contaminant Mass Flux
• Non-target compounds present
• Competitive Sorption and Degradation 
(if applicable)

• Model Considerations:
• Carbon Dose
• Vertical Variations
• Barrier Thickness
• Time



Pilot Test Layout
• 9 Direct-Push Injection 

Points
• Paired Wells UG & DG
• Bottom up DPT Injection 

using 3’ retractable screens
• ~8500-gallons of CAC 

Solution
• Avg. injection pressure of 

16 psi
• Avg. flow rate of 6.45 gpm
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Placement Validation

• Planned field steps to confirm 
and optimize CAC distribution
• Pre- and Post-Soil Cores
• Piezometers

G
W



CAC-Distribution Confirmation



CAC-Distribution Confirmation



Did the CAC Application change the 
Characteristics of the Site? 

Source: Mankowski, Len, VP of Geology WSP, AIPG Presentation February 2020,
https://cdn.ymaws.com/aipg.org/resource/resmgr/documents/events/seminars/2020_wi_pfas_seminar/mankowski_len.pdf

Pre-/Post-Injection Slug Test
Results Relatively Unchanged 



Analytical Results



Years post application

Reporting Limit

ng/L

Average Total PFAS Concentrations in Upgradient and Downgradient Well Pairs



Reporting Limit

ug/L

Years post application

Average PCE Concentrations in Upgradient and Downgradient Well Pairs



Pilot Test Layout

• At 6 Months we Added Four 
Downgradient Wells

G
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Years post application

Reporting Limit

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

New wells (26’ & 45’)

Average Total PFAS Concentrations in Upgradient and Downgradient Well Pairs



Years post application

Reporting Limit

ng/L

New wells (26’ & 45’)

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



Reporting Limit

ug/L

New wells (26’ & 45’)

Years post application

Average PCE Concentrations in Upgradient and Downgradient Wells Pairs



Summary
• Very Successful Test
• Verified distribution of CAC
• Sustained reductions of PFAS and PCE over time
• Treatment Below Proposed USEPA MCL

• CAC is an effective, in situ option to address PFAS Risk
• Nearly 40 sites to date
• Third-Party Evaluations
• Treatment Expected to last for Decades



Questions?

Ryan E. Moore, CHMM
Senior District Manager and PFAS 
Program Manager

rmoore@regenesis.com

219-286-4838


