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U.S. DoD SERDP/ESTCP Project Involvement

ESTCP ER24-8200

ESTCP ER20-5182

ESTCP ER21-3959

ESTCP ER21-1070

Two PFAS Remediation Models for Understanding 
and Managing PFAS in the Saturated Zone

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

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

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



The In-Situ Remediation Model (ISR Model)
• Originally developed in 1998 as       

BioRedox-MT3DMS

• Field and research projects since 2017

• PFAS-related functionality
 PFAS adsorption to CAC
 Kinetic sorption
 Competitive adsorption
 CAC aging
 Colloid transport
 Branched decay chains
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Recent ISR Model & PFAS Publications
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Papers in progress
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Observed PFHxS Injection Starts
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Model-Eq. (2 x Smax)

b) PFBS concentrations at t=400 days after CAC injection.a) Depth-varying CAC in upgradient PAB region
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CAC Zone

Alternative
Downgradient PRB

CAC Core/Fringe Concentration Source Control
Installation

Cost*
Total
Cost+

Modeled PRB
Longevity (y)

1.1 CAC 1000/500 mg/kg n/a $1.6M $4.0M 31
1.2 CAC 2000/500 mg/kg n/a $2.0M $4.7M 62

1.3 CAC 1000/500 mg/kg plus 
Re-injection at 15 years n/a $2.4M $5.4M n/a

2.1 CAC 1000/500 mg/kg Cover $2.0M $4.9M
35 to 45

(based on 20% to 
50% Md reduction)

2.2 CAC 1000/500 mg/kg Cover + Wall $3.2M $7.0M >100
2.3 CAC 1000/500 mg/kg Soil Stabilization $5.6M $10.3M >100

www.porewater.com/PFAS.html



Outline

Modeling Field Performance at NESDI Site

• PFAS adsorption isotherms (short- and long-chain)

• CAC Heterogeneity

Cost-Benefit Analysis

• Downgradient CAC barrier

• Integrate with source control?
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Field Performance at 
NESDI Site (Eastern USA)

Section 1
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NESDI PRB Performance: PFSAs
PMW-1S PMW-2S PMW-3S PMW-4S

CAC Barrier

Pre-Injection

Post-Injection
(3 months)

Non-detect
MCL exceedance
Pre-injection (Baseline)
Post-injection (3 months)
Post-injection (24 months)

Post-Injection
(24 months)
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NESDI PRB Performance: PFSAs
PMW-1S PMW-2S PMW-3S PMW-4S
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NESDI PRB Performance: PFSAs
PMW-1S PMW-2S PMW-3S PMW-4S

CAC Barrier

Non-detect
MCL exceedance
Pre-injection (Baseline)
Post-injection (3 months)
Post-injection (24 months)
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Eastern U.S. Site CAC Permeable Reactive Barrier

Modeled thickness: 5 ft



Model Domain and Boundary Conditions
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2-D (60 layers, 1-inch thick)

C
A

C

K = 150 ft/y
i = 0.001 ft/ft
v = 220 ft/y

foc = 0.2%
e = 0.25
b = 1.6 kg/L
x = 0.03 m

Carey et al. (2015)
z = 0.08 K-0.16

z = 0.3 mm
Note: K in m/s
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CAC Influence on PFAS Transport in Barrier
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Preliminary Isotherm Calibration (First Six Quarters)

14CAC

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFBS

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFPeS

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFHxS

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFOS

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFBA

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFPeA

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600
Co

nc
en

tr
at

io
n 

(n
g/

L)

Time After Injection (days)

PFHxA

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFHpA

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFOA

0.001
0.01

0.1
1

10
100

1000
10000

100000

0 200 400 600

Co
nc

en
tr

at
io

n 
(n

g/
L)

Time After Injection (days)

PFHpS

Observed: PMW-1S (x=5 ft)
Observed: PMW-2S (x=10 ft)
Modeled: PMW-1S (x=5 ft)
Modeled: PMW-2S (x=10 ft)

Copyright 2024 Porewater Solutions

DRAFT



15

Adsorbed Concentration Based on Calibrated Isotherms
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East US Site: PFAS Desorption Downgradient of PRB
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Cost-Benefit Analysis
Section 2
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Hypothetical Site Setting & Model Domain

foc: 0.1%
Saturated thickness at PRB: 8 m

K = 25 ft/day
Effective porosity = 0.20

GW seepage velocity: ~175 to 200 ft/y
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AFFF-Impacted Site Conceptual Model
Near-Source Area

• High PFAS of Concern (POCs), precursors, etc.
• Higher CAC dose needed
• Source zones difficult to delineate

Downgradient PRB Area
• Lower POCs, lower precursors, etc.
• Lower CAC dose needed

Source Control-Only (long distance to bdy)
• Decades to attain goals at boundary
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Modified from ITRC Fact Sheet, March 16, 2018 (Figure 1)

Plume

Clay

Source

Copyright 2024 Porewater Solutions

Source

Desorption, Back-diffusion, Infiltration



Maximum PFAS Statistics for 96 AFFF-Impacted Sites
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PFBS statistics are in Mole et al. (2024)

no. PFBS results:  93
Minimum (ug/L):  0.0059

Q1 (ug/L):  0.145
Median (ug/L): 3.0

Q3 (ug/L):  12
Maximum (ug/L):  230
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Pre-Remediation Plumes (at end of 50 year simulation)

PFOS plume is expanding 
over time. 

Proposed downgradient 
PRB location

PFBS

PFOA

PFHxS

PFOS



23

Plumes at t=20 years after CAC Injection
Barrier width = 20 ft

fcac = 0.1% (1000 mg/kg)
Breakthrough Time

PFBS: 15 years

PFOA: 32 years

PFHxS: 31 years

PFOS: >>50 years
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PRB Design with Target Longevity of 30 Years

North Fringe
L = 150 ft

Core
L = 210 ft (46%)

South Fringe
L = 100 ft

600 ft

Total depth:  40 ft
Saturated thickness:  27 ft

Total PRB Length:  460 ft
PRB Volume:  9,200 cy

Copyright 2024 Porewater Solutions

PFHxS
Concentration

(ug/L)

PRB Component
Proportion

of PRB
Target CAC

(mg/kg)
Core 46% 1000

Fringes 54% 500

Annual Average Plume



What Happens to CAC PRBs In the Long-Term?

Future options when CAC is 
spent:

1. Inject follow-up CAC PRB 
slightly downgradient

• Low Net Present Value (NPV) cost

2. In the next decade, we may 
have technologies to treat 
PFAS-laden CAC in-situ 

e.g., smoldering

Copyright 2024 Porewater Solutions 25

BOOTH #211
Dave Liefl and Laura Kinsman



Downgradient PRB Costs
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Construction Costs
PlumeStop® + Injection
+ Well Installation
+ Professional Services (26%)

• Detailed design, work plan, H&S plan, permitting (12%)
• Construction mgt and as-built report (8%)
• Health and safety (2%)
• Project management (6%)

+ Contingency cost (30%)

Annual O&M (30 years, NPV, 4.5%)
Copyright 2024 Porewater Solutions

TOTAL COSTINSTALLATION COST

PlumeStop® + Injection 

BOOTH #112



Downgradient PRB Costs (NPV at 4.5% Discount)
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Scenario 1.1: Minimum CAC dose
CAC 0.1% / 0.05% in PRB Core/Fringes

Installation: $1.6M / Total: $4.0M

Copyright 2024 Porewater Solutions

PRB

CAC: 0.05%

CAC: 0.05%

CAC: 0.1%

500 mg/kg

1,000 mg/kg

500 mg/kg

Scenario 1.2: Double Dose & Longevity
CAC 0.2% / 0.05% in PRB Core/Fringes

Installation: $2.0M / Total: $4.7M

Scenario 1.3: Longevity 50% of Modeled
CAC 0.1% / 0.05% in PRB Core/Fringes
Re-injection at 15 years (NPV)

Installation: $2.4M / Total: $5.4M



Site-Specific PFAS Adsorption Testing
• Site-specific chemistry will influence CAC longevity

• Relative PFAA concentrations
• PFAS Precursors
• DOC
• Other organic chemicals (e.g., DRO)
• pH

• Site-specific isotherm testing – minor investment 
($15K to $25K) to increase confidence in CAC dose 
and remedy longevity
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PFAS-Sorbent 
Isotherm Testing 

Services

Contact:  BOOTH 215
Sandra Dworatzek
519-515-0839
sdworatzek@siremlab.com

Copyright 2024 Porewater Solutions



29

Source Control Alternatives

Copyright 2024 Porewater Solutions

1. Durable cover
2. Wall + cover
3. In-situ soil stabilization (ISS)

Source Control Alternatives

Main benefit: Increased PRB longevity



Integrated PRB and Source Control Alternatives
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Questions?

Booth No. 316

Grant R. Carey, Ph.D.
Porewater Solutions

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

www.porewater.com/PFAS.html

Coming January 2025: 
Visual PFASTM  for Site 

Characterization and Forensics

MCL Exceedance

Source Area

Well


