
A Study of t he Effect iveness of Colloidal 
Act ivat ed Carbon as an In-Situ Treatment  t o 
Mit igat e  PFAS Migrat ion in Groundwater at  
a  Michigan Army Nat ional Guard Sit e

Ryan E. Moore, CHMM
REGENESIS, Sr. Technical Manager/Great Lakes

Patricia Byrnes Lyman
Investigation/Remediation Manager
Environmental Section, JFHQ
Michigan Army National Guard



• Mult iple PFAS point  sources 
• Comingled with PCE plume
• Ident ified at  the property boundary and migrat ing off-site
• Many potent ial downgradient  receptors
• Limited budget  for field test ing of remedial technologies

• Quest ion:
Can CAC be used as a means to mit igate the risk of PFAS 
to the sensit ive receptors? 

Problem Stat ement



Grayling Army Airfie ld

Grayling, MI



Sit e  Descript ion

• Founded 1913 
• 147,000 acres
• Largest  Nat ional Guard t raining center in the count ry
• Training facility for military, emergency responders, and 

private-sector from all over the world 
• Home to the Grayling Army Airfield

Grayling Army Airfield (GAAF) 
• 900-acre
• Built  during World War II 

Sit e  Locat ion:
Camp Grayling Joint  Maneuver Training Center



Former Bulk Fuel Storage Area
• Generally flat , slight  slope downward 

toward the south

• Surficial geology: sand and gravel 

• Non-cont inuous clay layer at  ~ 25-27 
feet  bgs 

• 2nd deeper clay layer in some areas at  
~45-60 feet  bgs 

• GW at  ~ 17 feet  bgs and  flows south 
toward Au Sable River, ~4000 feet  away

GAAF

N



Remediation History

Diesel fuel release, GW 
extraction, GAC, and 

reinjection/infiltration for 
diesel fuel replaced by 

1984

1988

GW extraction /ex situ bio-
film treatment system to 

improve diesel fuel 
remediation, not  effective on 
newly discovered volat iles, 

replaced by 

GW extraction, GAC 
treatment for PCE

1992

1999

Air Sparge/  Soil Vapor 
Extraction system installed to 
address identified PCE source 

areas

AS/SVE system expanded and 
operated continually until 

2002

2001

2004

Recovery well network and 
GAC system expanded

GAC replaced by air stripper, 
which is st ill act ive

2006

2016

PFAS first  discovered in 
monitoring wells; Precise dates 

and locations are not known, 
but suspected from AFFF 

VAP conducted at  boundary 
fence identified PFAS at  

property boundary

2017

2018

CAC Field Test Initiated 
in the Former Bulk Fuels 

Storage Area



Colloidal Act ivat ed Carbon
• Size: 1 – 2 µm

• 2-3 OOM smaller than GAC (500-1,000 µm)
• Size of a red blood cell 
• Suspended in water/polymer 
• Dist ributes widely at  low pressure
• Extremely fast  sorpt ion
• Huge surface area
• Converts polluted aquifer into purifying filter



Treatment  of Flux Zones and Cont rol of 
Back Diffusion



Field Test  Locat ion

GAAF

Former Bulk Storage Tanks Locat ion

N



Simple Plume Cut -Off Barrier



Modeling in t he Design Process

Considerat ions
• Soil Type/Porosity
• Groundwater Seepage 

Velocity/Mass Flux
• Vert ical Variat ions
• Barrier Thickness
• Carbon Demand

• Specific COCs
• Full Scans 8260/537
• Non-Target  Compounds

• Time (>75yrs)

Groundwater Flow

CAC Barrier



Field Test  Layout
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Field Test  Layout



Field Test  Layout
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CAC-Dist ribut ion Confirmat ion

30 feet  bgs

15 feet  bgs

27 feet  bgs

0 feet  bgs



Soil Vial Shake Test

CAC-Dist ribut ion Confirmat ion



CAC-Dist ribut ion Confirmat ion



Field Test KitSample MW-29c

CAC-Dist ribut ion Confirmat ion



Total PFAS Result s: 
132 Days Post -applicat ion
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PCE Result s: 
132 Days Post -applicat ion
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Summary

• Very Successful Test
• Verified dist ribut ion of CAC
• Sustained reduct ions of PFAS and PCE over t ime
• Ant icipated to last  for decades
• Low cost  alternat ive for possible remediat ion 

• ANSWER: Yes, CAC can be used to eliminated 
risk to potent ial mult iple receptors! 



Next  St eps

• Pilot  Test  (2019)
• Addit ional monitoring wells to assess further downgradient  impacts
• Cont inue to monitor

• Remedial invest igat ion (2019/2020)

• Develop Sitewide Remedial St rategies (2020/2022)



PFAS Research Articles

• In-Situ t reatment  of PFAS-impact ed 
groundwater using colloidal 
act ivat ed carbon

• ht tp://www2.regenesis.com/pfas-
wiley-art icle

• Evaluat ing t he longevity of a  PFAS in 
situ colloidal act ivat ed carbon 
remedy

• ht tp://www2.regenesis.com/grant -
carey-wiley-remediat ion-journal

http://www2.regenesis.com/pfas-wiley-article
http://www2.regenesis.com/grant-carey-wiley-remediation-journal


Thank you!
QUESTIONS?

Ryan Moore
Sr. Technical Manager/Great Lakes
rmoore@Regenesis.com

Patricia Byrnes Lyman
Investigation/Remediation Manager
Environmental Section, JFHQ
Michigan Army National Guard
lymanp@michigan.gov


	A Study of the Effectiveness of Colloidal Activated Carbon as an In-Situ Treatment to Mitigate PFAS Migration in Groundwater at a Michigan Army National Guard Site
	Problem Statement
	�Grayling Army Airfield
	Site Description
	Former Bulk Fuel Storage Area
	Remediation History
	Colloidal Activated Carbon
	Treatment of Flux Zones and Control of �Back Diffusion
	Field Test Location
	Simple Plume Cut-Off Barrier
	Modeling in the Design Process
	Field Test Layout
	Field Test Layout
	Field Test Layout
	CAC-Distribution Confirmation
	CAC-Distribution Confirmation
	CAC-Distribution Confirmation
	CAC-Distribution Confirmation
	Total PFAS Results: �132 Days Post-application
	PCE Results: �132 Days Post-application
	Summary
	Next Steps
	PFAS Research Articles
	Thank you!�QUESTIONS?

