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Disclaimer
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•This presentation is intended to be informational and does not indicate endorsement of a particular 
product(s) or technology by the Department of Defense or NAVFAC EXWC, nor should the 
presentation be construed as reflecting the official policy or position of any of those Agencies. 
Mention of specific product names, vendors or source of information, trademarks, or 
manufacturers is for informational purposes only and does not constitute an endorsement or 
recommendation by the Department of Defense or NAVFAC EXWC. Although every attempt is 
made to provide reliable and accurate information, there is no warranty or representation as to the 
accuracy, adequacy, efficiency, or applicability of any product or technology discussed or 
mentioned during the seminar, including the suitability of any product or technology for a particular 
purpose.

•Distribution A: Approved for public release; distribution is unlimited.
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PFAS Challenges

• Concern at exceeding low concentrations (ng/L)
• Complex array of structures with differing behaviors
• Extremely recalcitrant class of organic compounds
• Challenges with traditional in situ destructive approaches

–Bioremediation
–Chemical Oxidation
–Chemical Reduction

• P&T is current principal remedial approach
• Potential Alternatives?

–Foam Fractionation with Foam Destruction
–In Situ Sequestration

By Manuel Almagro Rivas - Own work using: Avogadro, Discovery Studio, GIMP, 
CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=47567609
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Colloidal Activated Carbon

• Granular activated carbon (GAC) is the most common for PFAS removal in liquids
• PFAS binding : heterogeneous surface functional groups + microporous regions 
• High affinity for long chain PFAS
• CAC  AC with a particle size in the lower μm range

– GAC generally 0.4 – 1.2 mm; PAC ~ 0.075 mm 
– CAC can be suspended for better aquifer injection, mobility in porous media, and deposition onto 

soils and sediment
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Colloidal Activated Carbon

• Colloidal Activated Carbon is 
now being marketed and applied 
as an in situ adsorbent and 
sequestrant for PFAS

Micrographs from Birnstingl et al (2019))
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NESDI 569

• NESDI 569 - Field Demonstration of Colloidal Activated Carbon for In Situ Sequestration 
of Per- and Polyfluoroalkyl Substances

n CAC barrier cross-gradient of 
groundwater flow

n Tasks
n Site Selection
n Site Characterization
n Laboratory Testing
n Field Activities
n Monitoring
n Reporting
n Technology Transfer

7
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Site Assessment

Demo Location

800 ft

8
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Column Testing

• Evaluate PFAS removal during 2+ years of simulated GW transport
• Quantify carbon distribution

9
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Control Column

CONTROL COLUMN DATA
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Carbon Column

CARBON COLUMN DATA
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Carbon Distribution

CAC DISTRIBUTION DATA – COMBUSTION METHOD

Mean increase 0.5% (5 g/kg)
Range (0.2 to 0.7 %)

Mean increase 0.5% (5 g/kg)
Range (0.2 to 0.7 %)
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Carbon Barrier Design

DEMONSTRATION WELL AND INJECTION POINT LAYOUT

10’

30’ Long x 10’ Wide barrier
2 injection rows / 12 points

MW-01

13
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Carbon Injection
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9,600 lbs / 1,065 gal of CAC and 10,456 gal mix water
Target concentration = 2,000 mg carbon per kg soil

14
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Performance Monitoring

MW-01

15
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Carbon Distribution
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Fine Sand

Silty / 
Clayey Sand
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PFAS Data - Upgradient
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Upgradient– 1.5 YRS

• Pre-injection baseline values ~ 
52,000 to 58,000 ng/L. 

• Over time, concentrations range 
from 18,000 ng/L (Day 523) to 
83,000 ng/L (Day 349)

• Quarterly variability suggests 
vadose zone impacts  - 
groundwater elevation/rainfall 
events?

• Will evaluate further as we get 
more data
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PFAS Data – Shallow Zone
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Shallow Monitoring 
Wells – 1.5 YRS

• 98.2% reduction in total 
PFAS at downgradient 
edge of barrier after ~ 1.5 
yrs (PMW-02S)

• Complete breakthrough of 
PFBA – least sorbed 
common PFAS.

• Excluding PFBA, > 99.94% 
removal at downgradient 
edge

• Five ft downgradient 
84.7% decline

• Unexplained increase from 
Q5 to Q6

Downgradient Barrier EdgeIn Barrier

5’ Downgradient 10’ Downgradient
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Deep Monitoring Wells

• 97.8% reduction in total 
PFAS at downgradient 
edge of barrier after ~ 
1.5 yr (PMW-02D)

• Complete breakthrough 
of PFBA & appreciable 
for PFPeA

• Excluding PFBA and 
PFPeA, > 99.0% 
removal at downgradient 
edge

• Five ft downgradient 
96.6% decline

PFAS Data – Deep Zone

In Barrier Downgradient Barrier Edge

5’ Downgradient 10’ Downgradient
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Passive Flux Meters
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Baseline and First Year Passive Flux Meters
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• Darcy velocities ranged from    
~ 3-6 cm/day (0.1-0.2 ft/day)

• Residence time in the barrier   
~ 50-100 days

• Baseline data to be 
compared to year 1 and year 
2 PFM data
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 Baseline vs Year 1 groundwater velocity data

• Baseline average Darcy 
Velocities ranged from  ~ 2.8-
5.4 cm/day (Avg: 3.8 ± 0.9 
cm/day) 

• Year 1 average Darcy Velocities 
ranged from  ~ 2.3-3.7 cm/day 
(Avg: 2.9 ± 0.6 cm/day) 

• Most significant reduction 
upgradient shallow well

• No evidence of aquifer 
clogging at one year

22
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 Baseline vs Year 1 PFM data – Upgradient (shallow)

• 9% increase in PFAS 
mass flux (ug/m2/day) 
upgradient of barrier 
after 1 yr in shallow 
zone (BMW-01S)
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 Baseline vs Year 1 PFM data – Upgradient (deep)

§ 90% decrease in PFAS 
mass flux (ug/m2/day) 
upgradient of barrier 
after 1 yr in deep zone 
(BMW-01D)

§ Most of the decline 
reflects PFOS, PFOA, 
PFHxS

§ Did a small amount of 
CAC reach the zone?
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   Baseline vs Year1 PFM data – Downgradient barrier edge (shallow)

• 95.5% decrease in PFAS 
mass flux (ug/m2/day) at 
downgradient barrier 
edge  after 1 yr in the 
shallow zone (PMW-02S)
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 Baseline vs Year 1 PFM data – Downgradient barrier edge (deep)

• 99.7% decrease in PFAS 
mass flux (ug/m2/day) at 
downgradient barrier 
edge  after 1 yr in the 
deep zone (PMW-02D)



Anticipate • Innovate • Accelerate 
27

Baseline vs Year 1 PFM data – 10 ft downgradient (shallow)

• 94.2% reduction in 
PFAS mass flux 
(ug/m2/day) 10 ft 
downgradient of 
barrier after 1 yr 
(PMW-04S))
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Baseline vs Year 1 PFM data – 10 ft downgradient (deep)

• 98.2% reduction in 
PFAS mass flux 
(ug/m2/day) 10 ft 
downgradient of 
barrier after 1 yr 
(PMW-04D)
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Summary
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CAC Injection represents a potential option to:
• Cut-off dilute PFAS plumes and protect downgradient receptors
• Reduce source area concentrations and mass flux

NESDI Field Study Results to Data:
• Overall good CAC distribution in aquifer 
• Good effectiveness for 1.5 years overall: > 98% PFAS Reduction
• PFBA and PFPeA show rapid breakthrough – not unexpected from isotherms
• No signs of hydraulic conductivity changes at 1 yr
• Need modeling to predict downgradient response
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