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PFAS Visualization Case Studies:
Site Characterization, 

Remediation, and Forensics
By Grant Carey, Ph.D.

Porewater Solutions
Email: gcarey@porewater.com
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Porewater Solutions Involvement In SERDP-ESTCP PFAS Projects

1. SERDP ER21-3959

2. SERDP ER21-1070

3. ESTCP ER20-5182

4. ESTCP ER24-8200

6. ESTCP ER25-8483

5. ESTCP ER25-8624

7. ESTCP ER25-8875 Evaluation of an Injected Surface Modified Clay Permeable Adsorptive Barrier for PFAS 
Sequestration

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

Hydraulic, Chemical, and Microbiological Effects on the Performance of In Situ Activated 
Carbon Sorptive Barriers for PFAS Remediation at Coastal Sites

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

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

Demonstrating the SERDP-ESTCP e-Learning Platform for Enhancing Technology Transition

Colloidal Activated Carbon for In Situ PFAS Remediation at Coastal Sites: Field Assessment 
and Modeling of Long-Term Efficacy

Copyright (2026) Porewater Solutions
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ESTCP ER25-8483: PFAS e-Learning Modules

Online quizzes available for licensed professionals needing Certificates of Completion

Copyright (2026) Porewater Solutions
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ESTCP ER25-8483: PFAS e-Learning Modules

Carey

Carey

Adamson/Newell

Newell/Adamson

CAC: Colloidal Activated Carbon

Copyright (2026) Porewater Solutions

Interested Reviewers: 
Please contact 

gcarey@porewater.com 
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Feasibility Studies / Remedial DesignVisualization / Forensics

Specialized PFAS Services

Soil Screening Levels

PRB

Copyright (2026) Porewater Solutions
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Agenda

1

2

Quick PFAS Primer

PFAS Visualization Methods

AFFF-Impacted Site Case Studies

PFAS in the Vadose Zone
• Porewater sample validation, SPLP comparison

3

4

5 Wrap-up Case Studies, Q&A

• Site characterization, remediation, forensics

Copyright (2026) Porewater Solutions
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Quick PFAS Primer
Section 1

7Copyright (2026) Porewater Solutions

EPA Method 1633 (40 Analytes)

PFAAs
Perfluoroether acids

ECF-Based FT-Based

Precursors PFEAs

Replacement
PFAS

Perfluoroalkyl acids

Electrochemical
Fluorination

Fluorotelomerization

2-9c

Sulfonates
(PFSAs)

Carboxylates
(PFCAs)

2-8Copyright (2026) Porewater Solutions
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EPA Method 1633 (40 Analytes)
PFAAs

Sulfonates Carboxylates ECF-Based FT-Based

Precursors PFEAs

Replacements

PFBA (C4)
PFPeA (C5)
PFHxA  (C6)
PFHpA  (C7)
PFOA  (C8)
PFNA  (C9)
PFDA  (C10)
PFUnA  (C11)
PFDoA  (C12)
PFTrDA  (C13)
PFTA  (C14)

PFBS  (C4)
PFPeS (C5)
PFHxS  (C6)
PFHpS  (C7)
PFOS  (C8)
PFNS (C9)
PFDS (C10)
PFDoS (C12)

NEtFOSA (C10)
NMeFOSA (C9)

PFOSA (C8)
NEtFOSAA  (C12)

NMeFOSAA  (C11)
NEtFOSE (C12)

NMeFOSE (C11)

3:3 FTCA (C6)
5:3 FTCA (C8)

7:3 FTCA (C10)
4:2 FTS (C6)
6:2 FTS (C8)

8:2 FTS (C10)

11Cl-PF3OUdS  (C10)
9Cl-PF3ONS  (C8)

ADONA  (C7)
HFPO-DA  (C6)

NFDHA (C5)
PFEESA (C4)
PFMBA (C5)
PFMPA (C4)

Biodegrade to:
PFOS

Biodegrade to:
C4 to C8

Carboxylates

2-17b2-9Copyright (2026) Porewater Solutions

6:2 FTS and 8:2 FTS Transformation Pathways

PFHxA

PFPeA

PFBA

Precursor Transformation Pathways

(C6) (C6)

(C5)

(C4)

6:2 FTS PFOA

PFHpA

PFHxA

(C8) (C8)

(C7)

(C6)

8:2 FTS

2-19Copyright (2026) Porewater Solutions 3-10

Exercise caution when incorporating enhanced bioremediation or chemical 
oxidation at AFFF-impacted sites.
These remedies may stimulate precursor biodegradation which can cause 
increased concentrations of regulated PFAAs.

Modern AFFF Legacy AFFF

9
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PFAS Overview: Sulfonates (PFSAs)

Long-chain Sulfonates
Stronger adsorption to:
• Natural organic matter
• Air-water interfaces
• NAPL-water interfaces
• Sorbents (e.g. GAC/CAC)

PFOS (C8)

PFHxS (C6)

PFBS (C4)

2-122-11

NOM: Natural Organic MatterTail
Copyright (2026) Porewater Solutions

PFAS Adsorption Processes

Natural Organic Matter (NOM), Air-Water Interface, 
and NAPL-water Interface

Site Characterization

NAPL: Non-aqueous phase liquid

Brusseau (2018)

2-14a.1

(See Section 2.2)

PFAS adsorption is important to 
characterize at sites because these 
processes govern:
• Retention in vadose zone or below the 

water table
• Travel time in expanding plumes
• Remediation viability
• Remediation timeframe

12Copyright (2026) Porewater Solutions
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Impacts from AFFF Products
ITRC AFFF Fact Sheet (2024)

Legacy FT
(Late 1970s-2016)

Modern FT

High FtS
High PFCAs (PFBA  PFOA)

Lower PFSAs

Long-chain Short-chain

Product differentiation clues:
• Sulfonates vs Carboxylates
• Long-chain vs short-chain Carboxylates

ECF: Electrochemical Fluorination
FT:   Fluorotelomerization

Soil/GW Impacts:

13

Legacy ECF
(Late 1960s-2002)

High PFOS, PFHxS
Lower PFCAs (e.g., PFOA)

Soil/GW Impacts:

Copyright (2026) Porewater Solutions

PFAS Visualization Methods
Section 2

14Copyright (2026) Porewater Solutions
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PFAS Site Characterization
GW/Soil Samples
• Up to 40 PFAS analytes

• Precursors, regulated PFAS
• Organic co-occurring chemicals
• Redox indicators

Copyright (2026) Porewater Solutions

How Can We Effectively Communicate PFAS Results?

16Copyright (2026) Porewater Solutions
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Single Species Options
• PFAS concentrations – symbol colors (and size) based on conc. 

• Exceedance magnitudes

• Concentration contours

Copyright (2026) Porewater Solutions 174-4b

Exceedance Magnitude maps show:
1. Exceedance locations
2. Magnitude of reduction needed to 

attain remedial goals

EM = 
Well concentration
Cleanup criterion

Evaluating PFAS Inter-Relationships

1. All exceedances

2. Short vs long-chain

3. Sulfonates vs carboxylates

4. Precursor degradation 

5. Flow path attenuation

6. Site vs background

7. Remediation monitoring

8. Source fingerprints

Trend Evaluation:

4-7b

3-D Bars Heat Matrix

Radial Diagram Map Stacked Bar Map Pie Diagram Map

Maps:
Spatial Trend

Analysis

ECF-Based
Precursors

FT-Based
Precursors

Sulfonates

Carboxylates

PFEAs

4 5 6 7 8 9 10 11 12 13 14
Carbon No.

11Cl-PF3OUdS

NMeFOSAA NEtFOSAAPFOSA NMeFOSA NEtFOSA

NMeFOSE NEtFOSE

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTrA PFTeA

PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS

4:2 FtS 6:2 FtS 8:2 FtS

PFEESA NFDHA ADONA 9Cl-PF3ONS

3:3 FTCA 5:3 FTCA

PFMPA PFMBA HFPO-DA

6:3 FTCA

ND ND

ND ND

ND ND ND

ND ND

ND

1.4 0.032

75 150 450 830

270 350

710

0.09 0.06

32

48 17 43 3.1 0.17

18 22

0.007

Non-detect

≤0.03

0.03 to 0.1

0.1 to 1

1 to 10

10 to 100

>100

Concentration (ug/L)

n/a Not available

ND

NDNDND

ND ND ND ND

ND ND

ND

18Copyright (2026) Porewater Solutions

Single
Sample or

Source Area

Gamlin et al. (2024)

Carey et al. (2025)

17
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Heat Matrix for EPA Method 1633 Analytes

ECF-Based
Precursors

FT-Based
Precursors

Sulfonates

Carboxylates

PFEAs

4 5 6 7 8 9 10 11 12 13 14
Carbon No.

11Cl-PF3OUdS

NMeFOSAA NEtFOSAAPFOSA NMeFOSA NEtFOSA

NMeFOSE NEtFOSE

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTrA PFTeA

PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS

4:2 FtS 6:2 FtS 8:2 FtS

PFEESA NFDHA ADONA 9Cl-PF3ONS

3:3 FTCA 5:3 FTCA

PFMPA PFMBA HFPO-DA

6:3 FTCA

ND ND

ND ND

ND ND ND

ND ND

ND

1.4 0.032

75 150 450 830

270 350

710

0.09 0.06

32

48 17 43 3.1 0.17

18 22

0.007

ND

NDNDND

ND ND ND ND

ND ND Method 1633 Heat Matrix Template.pptx

Non-detect

≤0.03

0.03 to 0.1

0.1 to 1

1 to 10

10 to 100

>100

Concentration (ug/L)

n/a Not available

ND

Class  
Total
(ug/L)

ECF-Based Precursors: 1.4
Sulfonates: 1540

Carboxylates: 730
FT-Based Precursors: 750

PFEAs: 0.007
Total PFAS: 3020

Visual PFASTM for Mapping PFAS Inter-Relationships

www.VisualPFAS.com

1-20Copyright (2026) Porewater Solutions
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NGWA PFAS Forensic Methods White Paper

National Ground Water Association
PFAS Forensic Methods White Paper (Draft)

Heat Maps Box and Whisker Plots

Radial Diagram & Stacked Bar Maps

Correlation Matrices PCA AnalysisCluster Analysis

1-21Copyright (2026) Porewater Solutions

PFAS Site Characterization
South Dakota AFB

Section 3.1

22

PFCAs
%

%

%

%

%

%

gcarey@porewater.com

Exceedance
Non-detect

Email: gcarey@porewater.com
Copyright (2026) Porewater Solutions
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AFFF Source Areas
AFFF
Area Location

AFFF-1 Current FTA

AFFF-2a
AFFF-2b

70, 80, 90 Rows; and
Outfall #3

AFFF-3 Building 618

AFFF-4 Former Fire Station
(Building 7506)

AFFF-5 B-52 Crash (1972)
AFFF-6 B-1 Crash (1988)

AFFF-7 Delta Taxiway West Crash 
(2000)

AFFF-8 Marten Crash (2006)
AFFF-9 Crash 4 (2001)

AFFF-10 Wastewater Treatment Plant

AFFF-11 Spray Nozzle Test Area

AFFF-12 Building 88240
OU-1 Former Fire Training Area

AFFF: Aqueous film-forming foam

Copyright (2026) Porewater Solutions
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PFSAs Radial Diagram: Near-Source Well
GW-04

Monitoring Event Series: 2011

Reference Series: 
Source Maximum

Copyright (2026) Porewater Solutions

Precursor
(FHxSA  PFHxS)

26

PFSAs Radial Diagram: Near-Source Well
GW-04

PFOS     1.5 OoM

Monitoring Event Series: 2011

Reference Series: 
Source Maximum

Declining concentrations from source area
FHxSA:

PFBS, PFHxS:
PFOS:

1 OoM
0.5 OoM
1.5 OoM
OoM: Orders of Magnitude

Copyright (2026) Porewater Solutions

25

26



2026-01-14

14

27

PFSAs Radial Diagram: Trends Along Flow Path
GW-04

Exceedance
Non-detect

DO Infusion
Well

McGuire et al. (2014)

Copyright (2026) Porewater Solutions
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PFSAs Radial Diagram: Trends Along Flow Path
GW-04

Exceedance
Non-detect

MW89-105

DO Infusion
Well

Copyright (2026) Porewater Solutions
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AFFF Source Areas: PFAAs (Site Inspection)

29Copyright (2026) Porewater Solutions

Source Area Maximum

Basewide Maximum

Stacked Bar Chart Example

AFFF Product:
Electrochemical Fluorination 

(ECF) Process

AFFF Product:
Fluorotelomerization

(FT) Process

30Copyright (2026) Porewater Solutions
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Stacked Bar Chart Example

31

Note: Values in brackets below the 
stacked bar labels represent Total 
PFAA concentrations.

AFFF-1
Sulfonates ~60%

AFFF-12
Sulfonates ~40%

AFFF-6
Sulfonates ~20%

AFFF-3
Sulfonates ~85%

Note: 6:2 FtS and 8:2 FtS are only 1% 
of total PFAAs at AFFF-3.

Copyright (2026) Porewater Solutions

Source Area Short vs Long-Chain PFCAs

Short-Chain
PFCAs

Long-Chain
PFCAs

32

AFFF-12
Short chains ~95%

Modern 
FT-Based AFFF

Copyright (2026) Porewater Solutions
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Stacked Bar vs Pie Chart Maps

Advantages of Stacked 
Bar Maps:
• Estimating proportions

• More intuitive (linear 
short- to long-chain)

• Comparing between 
wells

Copyright (2026) Porewater Solutions
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OU-1 (Former FTA): TOP Assay Results
OU-1

Former FTA
(FT001)

Former 
burn pit

3-34

33
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Ratios as Evidence of 
Precursor Transformations

Copyright (2026) Porewater Solutions 3-35

South Dakota Installation: 6:2 FTS Ratios at MW89-105

PFHxA

PFPeA

PFBA

Ratio =
Parent

Daughter Product

6:2 FTS
Biodegradation Process

Precursor concentration:

Daughter product (PFAA) concentration:

Ratio:

2-20aCopyright (2026) Porewater Solutions 3-36

35
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OU-1 (Former FTA): 6:2 FtS Ratios

Reference
Ratio = 1

Well Ratios

OU-1
Former FTA

(FT001)

Former 
burn pit

+ DO Infusion Well

3-37

Carey et al. (2025)

Ellsworth AFB 
Vadose Zone Case Study

38Copyright (2026) Porewater Solutions
Rayner et al. (2024)

Carey et al. (2026a,b)

Email: gcarey@porewater.com

Sw Ct

37
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Ellsworth AFB Case Study Acknowledgements
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Current and Former Fire Training Areas
b) Current and former fire training areasa) Former fire training area in 1985 (Rita Krebs, 2025)

Current FTA

Former FFTA and
burn pit area

OU-1

N
N

Approximate
OU-1

Former
burn pit

Copyright 2025 Porewater Solutions 3-40
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Vadose Zone Cross-Section

Unsaturated zone

Saturated zone

Capillary fringe

Vadose zone

Air-water 
interfaces 

within pores

Sand grainAir

Copyright (2026) Porewater Solutions 4-41
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PFAS Mass Components in Soil

Sand Grain

4-42

NOM coating

NOM: Natural organic matter
AWI: Air-water interface

Three Mass Components in total soil concentration:
1. Aqueous phase
2. Adsorbed to NOM
3. Adsorbed to AWI

41
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Long-Chain PFAS Adsorb to Air-Water Interfaces

Copyright (2026) Porewater Solutions 43

Brusseau et al. (2018)

Retardation Coefficient (R)

Saturated Zone

ܴ = 1 +
r௕
q௪

௢௖ܭ ௢݂௖

Unsaturated Zone

ܴ = 1 +
r௕
q௪

௢௖ܭ ௢݂௖ +
௔௪ܣ௔௪ܭ
q௪

R = Retardation coefficient (dimensionless)
Koc = organic carbon partitioning coefficient (L/kg)
foc = fraction of organic carbon content (g/g)
b = dry bulk density (kg/L)
w = water-filled porosity (m3/m3)
Kaw = air-water interfacial adsorption coefficient (cm3/cm2)
Aaw = air-water interfacial area (cm2/cm3)

Copyright (2026) Porewater Solutions 4-44

Brusseau and Guo (2022)

Kd

43
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Lysimeter Locations: DGI and RI

Former burn pit area

Current burn pit

Concrete apron

OU-1

FT001P

Anderson et al. (2022)
Area for estimating PFAS mass 

discharge from vadose zone

4-45

Anderson et al. (2022)

Checking Porewater Sample Reproducibility

Q1

Q2
Q3

Q4

Sample yields (mL) by event:
(25/75/40/35)

(25/75/40/35) (215/330/155/140)

(125/140/130/80)

(170/170/140/140)
(130/80/125/65)

(290/240/180/145)
(70/65/60/20)

(105/50/70/25)

(330/280/380/225)

(--/45/20/10)

(160/--/5/--)

(240/365/260/185)

Non-detect

-- Insufficient sample volumetric yield

Copyright (2026) Porewater Solutions 4-46
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RI Lysimeters

April 2022

November 2021

Maximum

4-47

Shallow versus Deep Porewater Concentrations

ID-012d

Site Maximum

Shallow

Deep

Data from Anderson et al. (2022)

Former
Burn Pit

Copyright (2026) Porewater Solutions 4-48
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Case Studies of PFAS Attenuation in Vadose Zone
Semi-Arid Climate (P = 16 inch/year)
AFvz 2000x

Copyright (2026) Porewater Solutions 4-49

Sw Ct

Copyright (2026) Porewater Solutions 50

SPLP Tests: 20x Mass Ratio (Liquid-Solid)
Mixed with 2 liters of water4 Tablespoons of soil

(0.1 kg ~ 0.06 L)

S w

V PW
(Liters)

Dilution
Factor,
LLDF

15% 0.004 530
50% 0.012 160

b = 1.6 kg/L
t = 0.40 L/L

49
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Ratio of Porewater to SPLP Leachate

0.1

1

10

100

1000

PFBA PFPeA PFHxA PFHpA PFOA

Porewater/SPLP: Carboxylates

0.01

0.1

1

10

100

1000

PFBS PFPeS PFHxS PFHpS PFOS PFOSA

Porewater/SPLP: Sulfonates

400 490
220

48

4.6

260
65

7

0.6
0.2

0.05

LYRI-9: Sw = 13%

Carey et al. (2026b)

Copyright (2026) Porewater Solutions 52

SPLP versus Porewater Concentrations

SPLP
PW-2022

Non-detect

LYRI-13 Carey et al. (2026b)

51
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PFAS Composition: SPLP versus Porewater
a) SPLP b) Porewater

Carey et al. (2026b)

Copyright (2026) Porewater Solutions 54

PFAS Mass Distribution in the Vadose Zone

a) PFOS (Kaw = 0.05 cm3/cm2)  b) PFOA (Kaw = 0.003 cm3/cm2)  c) PFHxA (Kaw = 0.0002 cm3/cm2)  

0%

20%

40%

60%

80%

100%

15% 25% 50% 75% 100%

Pr
op

or
tio

n 
of

 To
ta

l S
oi

l M
as

s

Water Saturation, Sw

0%

20%

40%

60%

80%

100%

15% 25% 50% 75% 100%

Water Saturation, Sw

0%

20%

40%

60%

80%

100%

15% 25% 50% 75% 100%

Water Saturation, Sw

94% 92% 82% 60% 0% 87% 81% 60% 31% 0% 38% 28% 11% 3% 0%

53

54



2026-01-14

28

PFAS Leach: Mass Discharge at Former Burn Pit

Area = 6500 sq ft (LYDG-4 polygon)
Md based on PW: 0.20 g/y

Md based on Model: 0.08 g/y

https://github.com/GuoSFPLab/PFAS-LEACH-Tier-3-4

(PFOA)

Copyright (2026) Porewater Solutions 4-55

New Jersey State-wide 
Background Soil Survey

Section 3.3

Copyright (2026) Porewater Solutions 3-56
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New Jersey Statewide PFAS Soil Survey
• Goal: To assess atmospheric deposition 

influence on PFAS in shallow soil

• 157 State-wide surficial soil samples

NJDEP (2025)

Copyright (2026) Porewater Solutions 3-57

ECF-Based
Precursors

FT-Based
Precursors

Sulfonates

Carboxylates

PFEAs

4 5 6 7 8 9 10 11 12 13 14
Carbon No.

11Cl-PF3OUdS

NMeFOSAA NEtFOSAAPFOSA NMeFOSA NEtFOSA

NMeFOSE NEtFOSE

PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTrA PFTeA

PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS

4:2 FtS 6:2 FtS 8:2 FtS

PFEESA NFDHA ADONA 9Cl-PF3ONS

3:3 FTCA 5:3 FTCA

PFMPA PFMBA HFPO-DA

6:3 FTCA

ND

ND ND ND

ND ND

NDND

ND ND

ND ND ND

ND ND ND ND ND

NDND 0.95

2.7 3.6 2.6 3.2 9.4 8.1 4.8 15 3.8

1.00.3795.20.0490.830.0870.22

2.4 1.4

0.37

Non-detect

0 to 3

3 to 6

6 to 9

9 to 12

12 to 15

Concentration (ug/kg)

n/a Not available

State-wide Maximum Surficial Soil Concentrations (ug/kg)

Method 1633 Heat Matrix Template.pptx 

Copyright (2026) Porewater Solutions 3-58
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Heat Map Example: Total PFAS Contours

Copyright (2026) Porewater Solutions 3-59

Stacked Bar Map: PFCAs

Copyright (2026) Porewater Solutions 3-60

PFUnA

PFNA

PFOA

Note: County stacked bars plotted at 
Locations with maximum Total PFAS

59
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Radial Diagram Map: PFCAs (Arithmetic Scale)
Chemical-Specific Ranges

Non-detect

Copyright (2026) Porewater Solutions 3-61

State Maximum

County Result

C4

C5
C6

C7

C8

C9

C10

C11C12

C13

C14

Radial Diagram Map: PFCAs (Arithmetic Scale)

Chemical-Specific Ranges

Non-detect

Copyright (2026) Porewater Solutions 3-62
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Stacked Bar Map: PFSAs

Copyright (2026) Porewater Solutions 3-63

Michigan Case Study
Section 3.2

64Copyright (2026) Porewater Solutions
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Groundwater Discharge Conceptual Model
• Discharge filtered in organic-rich sediments
• PFOS adsorption in sediments >> shorter-chains

Copyright (2026) Porewater Solutions
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PFAS Sample Results Table
Sample Location SW CM P23D SW CM P23D SW CM P12D SW CM P3D SW CM P3D PW CM 01 PW CM 02 PW CM 03 PW CM 04 PW CM 05 PW CM 06 MW013 (2-7) MW013 (13.5-14.5)MW-0013 (24-25) MW013 (34-35)

Sample FD1808301515GC SW1808301515GC SW1808301600GC FD1808310950GC SW1808310950GC PW1808311100GC PW1809041355GC PW1809041415GC PW1809041445GC PW1809041545GC PW1809041630GC
Sample Type Surface Water Surface Water Surface Water Surface Water Surface Water Pore Water Pore Water Pore Water Pore Water Pore Water Pore Water GW GW GW GW

Date Sampled 8-30-2018 8-30-2018 8-30-2018 8-31-2018 8-31-2018 8-31-2018 9-4-2018 9-4-2018 9-4-2018 9-4-2018 9-4-2018 01-Oct-18 01-Oct-18 01-Oct-18 01-Oct-18
Lab Report 1802887 1802887 1802887 1802887 1802887 1802887 1802900 1802900 1802900 1802900 1802900

PFAS Compound Duplicate Duplicate
Perfluorobutanoic acid (PFBA) 17.2 16.6 33.3 25.2 25.1 196.0 43.1 44.7 56.6 53.9 116.0 48.6 8.2 8.7 12.4
Perfluoropentanoic acid (PFPeA) 48.7 48.7 110.0 59.1 59.4 310.0 98.6 123.0 135.0 140.0 159.0 178.0 20.7 19.5 42.9
Perfluorohexanoic acid (PFHxA) 37.1 38.1 131.0 51.5 50.2 260.0 93.4 97.3 109.0 76.5 446.0 249.0 18.5 13.2 52.8
Perfluoroheptanoic acid (PFHpA) 10.8 11.4 48.8 20.3 19.3 77.1 24.2 27.5 37.4 8.8 121.0 77.2 1.4 1.9 13.5
Perfluorooctanoic acid (PFOA) 33.2 33.0 145.0 30.8 31.9 162.0 186.0 50.6 113.0 73.9 612.0 294.0 1.8 <1 41.0
Perfluorononanoic acid (PFNA) 1.6 1.9 8.9 ND ND 5.5 2.3 4.4 16.5 3.9 3.8 7.9 <1 <1 <1
Perfluorodecanoic acid (PFDA) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perfluoroundecanoic acid (PFUnA) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perfluorododecanoic acid (PFDoA) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perfluorotridecanoic acid (PFTrDA) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perfluorotetradecanoic acid (PFTeDA) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perfluorodecane sulfonic acid (PFDS) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Perfluorobutane sulfonic acid (PFBS) ND ND 8.4 2.3 2.4 21.3 2.3 2.2 10.1 ND 41.2 44.1 1.4 2.2 4.5
Perfluoropentane sulfonic acid (PFPeS) 2.3 2.2 12.6 3.0 3.4 15.3 2.9 2.6 15.4 1.8 34.6 33.9 <1 <1 6.1
Perfluorohexane sulfonic acid (PFHxS) 151.0 153.0 478.0 116.0 106.0 358.0 328.0 122.0 463.0 115.0 1100.0 932.0 4.1 1.7 102.0
Perfluoroheptane sulfonic acid (PFHpS) 12.6 10.8 19.2 4.0 3.9 7.5 155.0 8.8 33.4 16.0 ND 23.0 <1 <1 <1
Perfluorooctane sulfonic acid (PFOS) 271.0 281.0 1410.0 88.0 83.0 146.0 6240.0 994.0 3810.0 2120.0 42.2 425.0 1.7 <1 2.9
Perfluorononane sulfonic acid (PFNS) ND ND ND ND ND ND ND 1.7 3.3 1.8 ND ND ND ND ND
Perfluorooctanesulfonamide (PFOSA) ND ND 5.3 ND ND ND ND 11.9 3.5 122.0 ND ND ND ND ND
4:2 Fluorotelomer sulfonic acid (4:2 FTS) 1.9 1.7 ND ND ND ND ND ND ND ND ND ND ND ND ND
6:2 Fluorotelomer sulfonic acid (6:2 FTS) 47.7 44.6 75.1 8.3 9.2 27.7 231.0 61.3 81.0 67.7 7.5 101.0 15.7
8:2 Fluorotelomer sulfonic acid (8:2FTS) ND ND 3.9 ND ND ND ND 75.4 32.8 45.4 ND ND ND ND ND
N-Ethyl Perfluorooctane sulfonamindo acetic acid (EtFOSAA) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
N-Methyl Perfluorooctane sulfonamide  (MeFOSAA) ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

PFOA+PFOS 304.2 314.0 1555.0 118.8 114.9 308.0 6426.0 1044.6 3923.0 2193.9 654.2 719.0 3.5 ND 43.9
Total PFAS 635.1 643.1 2489.5 408.4 393.7 1586.4 7406.7 1627.4 4920.0 2846.6 2683.3 2413.7 57.8 47.2 293.8
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Nested Groundwater Samples (MW-13)

MW-13

Depth (ft)

2 to 7

13.5 to 14.5

24 to 25

34 to 35

Ground surface

Non-detect

Maximum

Sample
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Adjacent GW and PW Samples – Stacked Bars

Sulfonates

Carboxylates

PW-1
(1.6)

MW-13
(2.4)

Sulfonates ~ 60%

Sulfonates ~ 35%

Note: Values in brackets are total PFAAs in ug/L. Copyright (2026) Porewater Solutions
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Wurtsmith AFB: GW, PW, SW

Sulfonates

Carboxylates

PW-1
(1.6)

PW-2
(7.4)

PW-3
(1.7)

PW-6
(2.7)

PW-5
(2.9)

PW-4
(4.9)

SW-3D
(0.4)

MW-13
(2.4)

SW-12D
(2.5)

SW-23D
(0.6)
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Visual PFASTM Hands-On Demonstration

Copyright 2024 Porewater Solutions 70

www.VisualPFAS.com
To learn more about Visual PFASTM:

Email gcarey@porewater.com for a hands-on demonstration, 
or to receive demo videos. 
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Questions?

Grant R. Carey, Ph.D.
Porewater Solutions

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

www.VisualPFAS.com

Visual PFASTM

MCL Exceedance

Source Area

Well

Extra Slides
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Theissen Polygons
a) Theissen polygons for DGI lysimeters only b) Theissen polygons for DGI and RI lysimeters in the FFTA

TW0122
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MW95-102

MW93-102

TW0122
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MW93-102
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Mass Discharge (Md) Estimates

Groundwater Md

Vadose Zone Md

4-74

Carey et al. (2026a)
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Navy Pre-Pilot Test: PFAAs Stacked Bar Map
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CLAY

PFOS

PFOS

PFOS

PFOA

PFOA

C4 to C8
PFCAs
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Navy Pre-Pilot Test: Precursor Radial Diagrams

Non-detect
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Radial Diagram Map: PFCAs (Uniform Ranges)

Arithmetic Scale, Uniform Ranges

Non-detect
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Radial Diagram Map: PFCAs (Log Scale)

Log Scale, Uniform Ranges

ARITHMETIC LOG

Non-detect
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Radial Diagram Map: PFSAs (Arithmetic Scale)

Non-detect
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Ratio of 6:2 FtS versus PFHxA in Groundwater

6:2 FtS to PFHxA
biodegradation zones

6:2 FtS: 

PFHxA: 

Note: 
1. Multiple lines-of-evidence 

approach will strengthen a 
forensic analysis

2. Potential for differential 
adsorption needs to be assessed 
with ratio analyses

Check 6:2 FtS plume stability to 
confirm if differential adsorption 

is causing ratio decrease
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