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Remediating PFAS With Colloidal Activated Carbon (CAC)

Typical CAC soil concentration in PRBs: 2,000 mg/kg
Fraction of CAC (f_,.): 0.2%

CACPRB
Injection

AccV. Spot Magn .
120 kV 3.0 1500x ~

Courtesy of REGENESIS
PRB: Permeable Reactive Barrier
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Remediating PFAS With Colloidal Activated Carbon (CAC)

PFPeS  Pre-injection

PFSAs o
In-barrier monitoring well T

PFHxS

PFBS

[
10,000 1,000 100

O Non-detect
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Note: Radial diagram illustrated using Visual
CHEM which was developed by Porewater
Solutions.

More info: www.porewater.com/PFAS.html
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Remediating PFAS With Colloidal Activated Carbon (CAC)
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Remediating PFAS With Colloidal Activated Carbon (CAC)

CACPRB
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U.S. DoD SERDP/ESTCP Project Involvement

ESTCP ER21-3959

ESTCP ER20-5182

ESTCP ER21-1070

ESTCP ER24-8200

An Investigation of Factors Affecting In Situ PFAS
Immobilization by Activated Carbon

Validation of Colloidal Activated Carbon for
Preventing the Migration of PFAS in Groundwater

Hydraulic, Chemical, and Microbiological Effects of
In Situ Activated Carbon Sorptive Barrier for PFAS
Remediation in Coastal Sites

Two PFAS Remediation Models for Understanding
and Managing PFAS in the Saturated Zone
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The In-Situ Remediation Model (ISR-MT3DMS)

South Dakota Air Force Base

* Proprietary 3-D reactive transport model
o . . . . g:/)J @{ &) rronsamenen
* CAC injection and PFAS immobilization s — © e
Booeer
* Longevity of CAC remedies for PFAS of Gj @ E
Concern CJ G o
g 4 T
* PFOS, PFOA, PFNA, PFHXS, Gen-X GG
* PFBS if at least one other is present Navy Coastal Site
Modeling Tidal Fluctuations
* ISR-MT3DMS used in SERDP/ESTCP projects || |
* 2024 model development ' S

* Competitive adsorption

* Kinetic adsorption and desorption

e Higth tide

Shore

[ Low tide

* Colloidal transport
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1. PFAS competitive adsorption effects

e 17 Field case studies

2. Case Studies of PFAS remediation using CAC
* South Dakota site — CAC PRB placement
* Coastal site — tidal effects, geochemistry

e Eastern US site — short- vs. long-chain, CAC heterogeneity effects

3. Long-term PFAS remediation strategies
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PFAS Competitive Adsorption
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Evaluating CAC Effectiveness for PFAS Remediation

Carey et al. (2022)

Single Species and Groundwater Sample Isotherms (Freundlich)
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Longevity of colloidal activated carbon for in situ PFAS

remediation at AFFF-contaminated airport sites 10,000

Grant R. Carey’ Seyfollah G. Hakimabadi® Mantake Singh™ | Rick McGregor® |
Claire Woodfield® | Paul J. Van Geel® | Mnh Le-Tuan Pham?®
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Chemicals Competing with PFAS for Adsorption

* Long-chain vs. short chain

* Sulfonates vs. carboxylates

* Precursors vs. PFAAs

* Hydrocarbons (if present)

* Natural organic matter (DOC, TOC in groundwater)

PFAS of Concern: Lower competition in
downgradient PRBs vs. source area

Copyright 2024 Porwater Solutions 12



PlumeStop” Results at 17 PFAS Field Sites

PlumeStop® successfully reduced PFAS mass flux in the CAC zone by
orders of magnitude with up to 6 years of monitoring.

Average Most- Carey et al. (2022)

Site Impacted

Concentrations at site (ug/L): PFOS 1.0 152

PFOA 0.9 29

Ridalellef-AAN Silty sand or fine sand (13 of 17 sites)

0.02% to 0.8% (average 0.2%)

Competitive adsorption observed? | Co-contaminants: No

DOC: Yes, at a landfill

Copyright Porewater Solutions (2023) 13



Case Studies of PFAS

Remediating Using CAC

Section 2
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South Dakota Site: Integrated PRB Alternative

Carey et al. (2023)
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Coastal Site Conceptual Model

Source

Area

PFOA Concentration

a) Prior to CAC injection

Tidally-influenced
dilution (50%) at shore

Distance

Semi-confining silt layer

Freshwater aquifer

Clay aquitard

PFOA Concentration

Carey et al. (2024)

b) Two years after CAC injection

Distance

\
Accumulation inside
downgradient CAC

boundary

e High tide
—p Low tide

Shore
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PFOA vs PFOS Trends

CAC Zone CAC Zone
a) CAC boundary O ‘ b) Shore #
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Eastern U.S. Site CAC Permeable Reactive Barrier

Carey et al. (2024) — in progress

APTIM
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Field Demonstration of Colloidal
Activated Carbon for In Situ
Sequestration of Per- and

Polyfluoroalkyl Substances

&
o

'@'ﬁ"ﬁ'fﬂn Eqﬁﬁﬁﬂu Tony Danko, Ph.D., P.E.

Environmental Engineer
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September 2023
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Eastern U.S. Site CAC Permeable Reactive Barrier

INJECTION
ROW

UPGRADIENT DOWNGRADIENT
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Modeled vertical extent includes

the shallow well screen interval
(5 ft thick).
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Eastern US Site: Calibrated PFAS Adsorption Isotherms
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Modeled PFAS Trends at In-Barrier Monitoring Wells
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Modeled PFOS Concentrations in Cross-Section
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East US Site: PFAS Desorption Downgradient of PRB

PFHXS: Kinetic vs Equilibrium Desorption
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Long-Term

Remediation Strategies

Section 3
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Simulated Remedial Alternatives

Alternative No. 1
CAC PRB

Alternative No. 2
CAC PRB + Partial Wall

Alternative No. 4
CAC PRB + Cover

Alternative No. 4
CAC PRB + Full Wall + Cover

Scale, in feet

| I
a 300 500

Copyright 2024 Porwater Solutions

> Pre-remediation plume outline

Source mass discharge
declines with half-life of 30
years (Carey et al., 2019)

CAC: colloidal activated carbon
PRB: permeable reactive barrier
Md: Mass discharge
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Modeled PFOA Plumes 30 years Post-Injection
e tonae Y > Pre-remediation plume outline

PFOA (ug/L)

Alternative No. 1

CAC PRB
Source Md =30 8/y S —

CAC Longevity: 46 y

Alternative No. 2

CAC PRB + Partial Wall

CAC Longevity: 53 y

Alternative No. 4

CAC PRB + Cover
Source Md =18 g/y i

10 to 100

B > 100

CAC Longevity: >100 y

Alternative No. 4

CAC PRB + Full Wall + Cover
Source Md < 1

CAC: colloidal activated carbon
PRB: permeable reactive barrier
T Scele,infeet Md: Mass discharge

| I
a 300 500
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CAC Long-Term Remediation Strategies

Downgradient PRBs
* Greater longevity
* Faster goal attainment at downgradient receptors

Short-Term Goal: PFAS mass discharge ‘

Longer Term Goal: Cleanup criteria attainment

* Attenuation between compliance bdy and receptor?

Copyright 2024 Porwater Solutions 27



What Happens to CAC PRBs In the Long-Term?

BSERDP QESTCP

Future options when CAC is
spent:

Development antrApplication of Injectable % h ;
Fuels/Adjuncts &P n SitusTreattrent of ‘ :"E‘

1 * I nJ eCt fOI |OW‘U p CAC P R B PFAS and Co-Oecurring Qwenwicals in . .4 .,,.. :
SI Ig ht | y d owhn g ra d e nt % Source Argas'by Smoldering Cembustion. © # ‘

' l.i

* Low Net Present Value (NPV) cost Objective

2. In 10-20 years, we may have
technologies to treat PFAS-

laden CAC in-situ (e.g.,
thermal)
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Questions?

Grant R. Carey, Ph.D.

Porewater Solutions
gcarey@porewater.com
Phone: 613-890-2286

POREWATER SOLUTIONS
Expertise ¢ Experience ¢ Innovation

www.porewater.com/PFAS.html

2024 Chlorinated Confet SR | - - 7 - - | | Porewater Solutions
June 2-6, 2024 | Denver, Coloraciomms T : :L"Lm i = Booth No. 244

battelle.org/chlorcon | #Chlorinated2024
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New EPA PFAS MCLs (April 2024)

EPA Final MCL (pg/L
PFAS e/

o PFOS PFOA PFHXS PEFNA | HFPO-DA
oy e 0.004 0.004 0.010 0.010 0.010

ard Index (HD MCI,—(

Hazard Index (HI) MCL for PFAS Mixtures

0.01,,g/L

AN I .
PFNA )+( PEFHXS

0.01 ..E/L)+

( PEFBS
2n2/L

)+ (00T e/t

Mixtures of two or more of these PFAS are not to exceed HI of 1

PFHxS and PFNA adsorb well in CAC PRBs
PFBS is not of concern on its own
Establishing site background will be critical

Copyright 2024 Porwater Solutions
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Influence of Competition on Relative K|

S (mg/g)

PFBS Isotherms Singh et al. (2024)
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>
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. |

o
o

PEBS Adsorption Trends

* Decreased 3x to 4x from 1 to 2 species

* Decreased 25% from 2 to 3 species

PFBS
3.0 ,
,:":@
2.5
2.0
o PFBS + PEHXS
1.5 q;“ ...........
-. ® 3’ ...................... .
1.0 @ o e (? ................... Qenererreeereeer 5
i 0 oy )
é T 2
: @ Q..
L PFBS + PFHXS + PFOS
0.5 0 ow
0.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Cw (mg/L)
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Carey et al. (2023)
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2016: First PFAS In-Situ Remediation

a) PFOS Prior to CAC injection
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