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Porewater Solutions Involvement In SERDP-ESTCP PFAS Projects

BSERDP $ESTCP

. SERDP ER21-3959

. SERDP ER21-1070

. ESTCP ER20-5182

. ESTCP ER24-8200

. ESTCP ER25-8624

. ESTCP ER25-8483

N[O~ W[N

. ESTCP ER25-8875

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

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

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

Evaluation of an Injected Surface Modified Clay Permeable Adsorptive Barrier for PFAS
Sequestration
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ESTCP ER25-8483: PFAS e-Learning Modules

2026-01-14

Course Resources including:

Collapse menu Course Title * Link to course survey
(e.g., on mabile devices) * Printable course notes and reference ist
* Links to related SERDP-ESTCP project web
pages and other documents

- . 1.2 SERDP and ESTCP PFAS Efforts
able of Contents with
collapsible section
headers to track SERDP
progress and provide ‘Strategic Environmental Research

" - Treatment
quick access for ‘and Dovelopment Program

focused refreshers ESTCP Eecotonicty

Environmental Security Technalogy
5 Cerification Program Fata, Tranapost and

Characterizaton

Aensytcal et Samghing
Mathods

Funding broad range of =
PFAS-related projects PRAS Fres AFFF

TIP

#SERDP QESTCP

Settings

Play/Pause [ user-contrallabe siide scrollfprogress bar [ Replayside from start |
button

Volume control

Online quizzes available for licensed professionals needing Certificates of Completion
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Interested Reviewers:
Please contact
gcarey@porewater.com

Introduction to PFAS at Sites Managed by the DoD AFFF-Impacted Site Conceptual Model
* Enhanced :
= Guide field
knowledge :
e investigations
* Visualization
* Improved CSM
methods

* More informed
remedial decisions

, | * Fundamentals for
e other modules

EREL-0102: EREL-0103:

PFAS Remediation Using CAC: Case Studies and PFAS Monitored and Ent d R ion (PMR/PER)
Frequently Asked Questions Processes for Managing Sites
) « Field investigation
CAC case studies checklist
/ * Field investigation * Expand PFAS
; checklist remedial

b LT * Modeling approach
e + Lessons learned

alternatives
= Lower costs

CAC: Colloidal Activated Carbon

BSERDP QESTCP
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EN

SAFE %

POREWATER SOLUTIONS
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Specialized PFAS Services

Visualization / Forensics

3-D Bars

Feasibility Studies / Remedial Design

Heat Matrix

Camhe

FAS Class (Condensed)

5-02-13 PFAS (Ua/ka)

Stacked Bar Map

Radial Diagram Map

t="5y
=
PRB '
t=10y t=20y
& <<
t = 30y ‘ t = 50y

<

Soil Screening Levels

Site-specific criteria for
soil (8) and porewater (Cp)

Attenuation from adsorption
to air-water interface

Representative Attenuation in Vadose Zone

r GW MCL|
~ SOURCE
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Quick PFAS Primer
PFAS Visualization Methods

AFFF-Impacted Site Case

PFAS in the Vadose Zone

Studies

Site characterization, remediation, forensics

Porewater sample validation, SPLP comparison

Wrap-up Case Studies, Q&A
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Quick PFAS Primer

Section 1
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EPA Method 1633 (40 Analytes)

Perfluoroalkyl acids Perfluoroether acids

PFAAS Precursors PFEAs

N\ |

Sulfonates Carboxylates ECF-Based FT-Based Replacement

(PFSAs) (PFCASs) Electrochemical Fluorotelomerization PFAS
Copyngﬁlumﬂmrﬁ@nﬂ Solutions 2.8
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EPA Method 1633 (40 Analytes)

PFAAs Precursors PFEAs
PFBS (C4) PFBA (C4) NEtFOSA (C10) 3:3FTCA (C6) 11CI-PF30UdS (C10)
PFPeS (C5) PFPeA (C5) NMeFOSA (C9) 5:3FTCA (C8) 9CI-PF30ONS (C8)
PFHxS (C6) PFHXA (C6) PFOSA (C8) 7:3FTCA (C10) ADONA (C7)
PFHpS (C7) PFHpA (C7) NEtFOSAA (C12) 4:2FTS(C6) HFPO-DA (C6)
PFOS (C8) PFOA (C8) NMeFOSAA (C11) 6:2FTS(C8) NFDHA (C5)
PFNS (C9) PFNA (C9) NEtFOSE (C12) 8:2 FTS (C10) PFEESA (C4)
PFDS (C10) PFDA (C10) NMeFOSE (C11) PFMBA (C5)

PFMPA (C4)

PFDoS (C12) PFURA (C11) ; -
PFDOA (C12) Biodegrade to: B'ngq[ragg to:
PFTIDA (C13) PFOS o
PFTA (C14) Carboxylates

‘ e
Sulfonates Carboxylates ECF-Based FT-Based Replacements

Copyright (2026) Porewater Solutions 9

6:2 FTS and 8:2 FTS Transformation Pathways

Precursor Transformation Pathways

(C6) PFHxXA | (C6) (C8) PFOA | (C8)
PFPeA | (C5) PFHpA | (C7)
PFBA | (C4) PFHXA | (C6)

Modern AFFF Legacy AFFF

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.

Copyright (2026) Porewater Solutions
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PFAS Overview: Sulfonates (PFSASs)

PFOS (C8) Long-chain Sulfonates
Stronger adsorption to:

— ¢ Natural organic matter

PFHxXS (C6) e Air-water interfaces

_ NAPL-water interfaces

Sorbents (e.g. GAC/CAC)

PFBS (C4)

Ta | I NOM: Natural Organic Matter

Copyright (2026) Porewater Solutions 2-11
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PFAS Adsorption Processes

Site Characterization
Natural Organic Matter (NOM), Air-Water Interface, PFAS adsorptiOn iS important tO

and NAPL-water Interface ] :
characterize at sites because these
processes govern:

Brusseau (2018)

W solid
o Retention in vadose zone or below the
S water table

Travel time in expanding plumes

NAPL: Non-aqueous phase liquid

Remediation viability

Remediation timeframe

Copyright (2026) Porewater Solutions 12
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Impacts from AFFF Products

ITRC AFFF Fact Sheet (2024)

ECF: Electrochemical Fluorination
FT: Fluorotelomerization

Legacy ECF
(Late 1960s-2002)

Legacy FT

Long-chain Short-chain

(Late 1970s-2016) Modern FT

J

I
Soil/lGW Impacts:

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

|
Soil/GW Impacts:
High FtS
High PFCAs (PFBA > PFOA)
Lower PFSAs

Product differentiation clues:

» Sulfonates vs Carboxylates
» Long-chain vs short-chain Carboxylates

Copyright (2026) Porewater Solutions
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PFAS Visualization Methods

Section 2

Copyright (2026) Porewater Solutions
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GW/Soil Samples
* Up to 40 PFAS analytes
* Precursors, regulated PFAS

* QOrganic co-occurring chemicals
* Redox indicators

i
HE
i

Copyright (2026) Porewater SoluttorT

PFAS Site Characterization

15

How Can We Effectively Communicate PFAS Results?

7

Copyright (2026) Porewater Solutions
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Single Species Options

* PFAS concentrations — symbol colors (and size) based on conc.

* Exceedance magnitudes

20000

@ =1.000xRsL

@ =2100xRSL and <1,000xRSL
210xRSL and <100xRSL
>RSL and <10xRSL
Detection <RSL

Non-detect (LOQ>RSL)
Non-detect (LOQ<RSL)

EM = Well concentration Exceedance Magnitude maps show:
B9 CliEE 1. Exceedance locations
o s 2. Magnitude of reduction needed to

attain remedial goals

* Concentration contours

Copyright (2026) Porewater Solutions
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Evaluating PFAS Inter-Relationships

Trend Evaluation:

© N o g bk~ Db =

All exceedances

Short vs long-chain

Sulfonates vs carboxylates

Precursor degradation
Flow path attenuation
Site vs background
Remediation monitoring

Source fingerprints

3-D Bars

Gamlin et al. (2024) PEAS (ualka)

Single
Sample or
Source Area

Radial Diagram Map  Stacked Bar Map Pie Diagram Map
-5 : e B
oA e B
Maps: k Q@ ) ;
Spatial Trend ®, &
Analysis (@ e
e P
e
= &

Copyright (2026) Porewater Solutions
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Heat Matrix for EPA Method 1633 Analytes
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PFOSA NMeFOSA NEtFOSA NMeFOSAA NEtFOSAA
14 ND ND ND
ECF-Based
Precursors T NMeFOSE NEtFOSE
ND ND
PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS
PFNA PFDA PFURA PFDoA PFTrA PFTeA
Carboxylates 34 0.47 nn ND || ND
8:2FtS
710
FT-Based Total
Precursors T 3:3FTCA 5:3FTCA 6:3FTCA Class | (ug/L)
ECF-Based Precursors: 1.4
ND ND ND Sulfonates: | 1540
Carboxylates: 730H
PFEESA NFDHA ADONA 9CI-PF30NS
FT-Based Precursors: 750!
0.007 ND ND ND ND PFEAs: 0.007
Total PFAS: 3020
P F EAS T PFMPA PFMBA HFPO-DA
ND ND ND
T T T T T T T T T T T
4 5 6 7 8 9 10 11 12 13 14
Carbon No.

Concentration (ug/L)

Non-detect
[ <003
B 003001
[ Jotts
[ ]t
B o100
| L

n/a Notavailable
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Visual PFAS™

SRS

mansenl

Visual PFAS™

Users Guide (v1.1.1) N

Improving Conceptual Models for PFAS Site Characterization, |
Remediation, and Forensic Analysis -

Radial Diagram Maps
Strengthen Conceptual
Models and Communication
Strategies

| Stacked Bar Maps for
Source Foren:

20
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NGWA PFAS Forensic Methods White Paper

A=
’m
A A A

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

Radial Diagram & Stacked Bar Maps

Heat Maps Cluster Analysis  Box and Whisker Plots Correlation Matrices PCA Analysis
""‘“E"W V. ‘*“ L ""“ Cluster 3 Cluster 1  Cluster 2 = ' PCA Scores.
 — ! = Rural 2 — i B 5
™ Urban B g # ‘g
ggéfg a1 | ™ B :..E! § é == :
Sites: -_-"' — — QD_ : . %" o
16 =4 | = I - Bz E . B
= e =
. -E __I Ces B 1 ] g H i o
o - —I' = i
e e » 3 i ol T L
ti
Copyright (2026) Porewater Solutions 1-21
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[om—— WILEY Section 3.1
| REseARCH ARTICLE CIIEID
Visualizing PFAS Trends at a South Dakota PFCAs
AFFF-Impacted Site PFHXS (ug/L)
1000
PFOS (ug/L) 0 - PFBS (ug/L) PFNA
1000 ; PFOA
Il Exceedance
/A Non-detect ERHpA
: . %o ‘.', 10 100 1000 PFHxA
PFNA (ug/l) — ; L1 1 PFBA (ug/L)
1000 100 10 % : PFPeA
PFBA
PFOA (ug/L) PFPeA (ug/L)
Email: gcarey@porewater.com PFHPA (ug/L) PFHXA (ug/L)
y—— o Copyright (2026) Porewater Solutions 22
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AFFF Source Areas

AFFF-12
% I )
Yy i
(/ ]
4 !
., i
~ AFFF-9 i
., i
., i
X, AFFF-2a i
\ ¢
N\ 1
\ i
\
A
\, AEFF-5. AFFF-4
\
AFFF-2b i
i
]
i AFEF-11
1
i
]
i AFFF AFFF-3
i AFFF-1 ©)
0u-1 |
(Former FTA) ———__| 3y

Scale, in feet RN

| ]
0 2500 5000

5 ; AFFF: Aqueous film-forming foam

AFFF Location
Area
AFFF-1 Current FTA
AFFF-2a 70, 80, 90 Rows; and
AFFF-2b Outfall #3
AFFF-3 Building 618
Former Fire Station
AFFF-4 (Building 7506)
AFFF-5 B-52 Crash (1972)
AFFF-6 B-1 Crash (1988)
Delta Taxiway West Crash
AFFF-7 (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

"\-;f.\Copw\ght (2026) Porewater Solutions
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PFSAs Radial Diagram: Near-Source Well

GW-04

PFBS (ug/L)

Reference Series:
Source Maximum

Precursor
FHxSA (ug/L)

1000 —y

Monitoring Event Series: 2011

PFHXS (ug/L) (FHXSA > PFHxS)

1000 100 e, 1NO1 001
s

PFOS (ug/L)

Copyright (2026) Porewater Solutions

25

25

PFSAs Radial Diagram: Near-Source Well

Reference Series:
Source Maximum

FHxSA (ug/L)

GW-04
PFBS (ug/L)

1000 —

Monitoring Event Series: 2011

PFHXxS (ug/L)

B
[T

1000 100 Ia, 1W01 o001
.

PFOS | 1.5 OoM

— 1000

PFOS (ug/L)

Declining concentrations from source area

FHxSA: 1 OoM
PFBS, PFHxS: 0.5 OoM
PFOS: 1.5 OoM

OoM: Orders of Magnitude

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

GW-04

PFBS (ug/L)

ELBNE =

Evidence of Aeration of

*+300 1000

PFHXS (ug/L) )
DO Infusion

p
B
.
[T T T
.

1000 100 in.. 1901 001
e,

FHXxSA (ug/L)

Well
.‘._... —".16.
B Exceedance L oo ‘
A Non-detect PFOS (ug/L) ‘
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PFSAs Radial Diagram: Trends Along Flow Path

GW-04 MwW89-105

PFBS (ug/L)

(*+100 1000 ol 9 001 01 1 10%J00 1000
FHxXSA (ug/L) I - T PFHXS (ug/L) . T T
1000 100 18, 1 . 1000 100 io._ 1 01 00
- DO Infusion .
Well 9
S 100 S
Il Exceedance L o ‘ L 0o
/A Non-detect PFOS (ug/L)
Copyright (2026) Porewater Solutions 28
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AFFF Source Areas: PFAAs (Site Inspection)

AFFF-12 H

PFHXxS (ug/L) .
Source Area Maximum

PFOS (ug/L) PFBS (ug/L)

Basewide Maximum

N

! .

i do1 01 1% 10 100 1000

! PFNA (ug/l)  — 1 1% 11 preA(ug/l)
i 1000 100 1 1 H

i

i

i

: 1000

i PFOA (ug/L) ¥ PFPeA (ug/L)

i,

7 Bl Exceedance 1000

A Non-detect PFHpA (ug/L) PFHXA (ug/L)
Scale, in feet ¥
p 0 2500 5000 \\‘,;\ Copyright (2026) Porewater Solutions 29
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Stacked Bar Chart Example

Total PFSAs and PFCAs

100%

AFFF Product:
Fluorotelomerization ———
(FT) Process

>

60%

. Total PFCAs

AFFF Product: o || [ ot

Electrochemical Fluorination
(ECF) Process o

0%

Copyright (2026) Porewater Solutions 30
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Stacked Bar Chart Example

i AFFF-12 i
i (7 i
) arrr-2 . Total PFSAs and PFCAs
N I Sulfonates ~40% i 100%
< g !
™, ) i
“ ’ i
. (4.3) i
% i
N r
"\ / AFFF-4 i
J (©9) -
i
i 60%—
AFFF-Z'b‘\i . Total PFCAs
@2 ! o
i AFFF-3 ~
! ﬂ AFFF-11 (2.6) ; Sulionates S65% D Total PFSAs
i (.9) AFFF-10 | Note: 6:2 FtS and 8:2 FtS are only 1% 40—
! AFFF7 I (0.08) | of total PFAAs at AFFF-3.
i : AFFF-1 i
i (240) !
AFFF-1 A 3 20%—
Sulfonates ~60% =
_, g - AFFF-6
L AN i : i Sulfonates ~20%
i 0%
Note: Values in brackets below the
) stacked bar labels represent Total
Scale, in feet R )
e — N ) PFAA concentrations.
0 2500 5000 “~  Copyright (2026) Porewater Solutions 31

31

AFFF-12
(10) AFF Modern

1
< ;
AFFF-2a i
(1.3) ! -
™ AFFF-4 .'. PFNA
N AFFF-5 (3.6) !
It (0.38) o PEOA | Long-Chain
N i PFCAs
AFFF-zb‘\i :
@1 ! g :
B PFHPA |
i (0:64) AFFF-10 | 7
! AFFF-7 (0.03) !
i (009 AFFF-1 i BRI
H (88) L Short-Chain
; 2 i A PFPeA [  PFCAs
iy - ‘
i NS
L P PFBA
Scale, in feet y
O_ZSH)IOO S Copyright (2026) Porewater Solutions 32
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Stacked Bar vs Pie Chart Maps

E- """"""""""""""""""" , PFCAS : :_ ________________ . I PFNA
; i[O Proa
E W e i ! [ PFHpA
) D PFOA e A L B PFHxA
L9 R ] Advantages of Stacked
< O erven | | < D preeA | Bar Maps:
* o . PEHxA "\‘ Yy [] pFBA
pEven . + Estimating proportions
"\ a5 ! . . .
C R L e * More intuitive (linear
wrran @ = iy short- to long-chain)
e Q@ » Comparing between
! @ Af;m‘ AFFF-3 H wells
(0.35) ]
@ AFFF-10 :
@ (0.03) o~
AFFFA b
A AR Vi
N 1
O, . ., :_‘._._._.-,.i
:: AFFF-§
i (0.05)
Scale, in feet Scale, in feet £
0 2500 5000 R 0 2500 5000 s
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Former
burn pit

MW97-101

Scale, in feet

[ —
0 100 200

Ou-1
Former FTA
(FT001)

MW08-103

MW06-105

PFPeA (ug/L)
w1 PFCAs
25
PFCAs + ATOP ' o PFHXA (ug/L)
PFBA (ug/L)
100 80
40
PFHpA (ug/L)
200
PFOA (ug/L)
Copyright (2026) Porewater Solutions 3-34
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Ratios as Evidence of

Precursor Transformations

Copyright (2026) Porewater Solutions
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South Dakota Installation: 6:2 FTS Ratios at MW89-105

Ratio =

Biodegradation Process
PFHXA
Precursor concentration: l
PFPeA
] Daughter product (PFAA) concentration: t
"\ PFBA
Ratio: l
Parent

Daughter Product

Copyright (2026) Porewater Solutions
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OU-1 (Former FTA): 6:2 FtS Ratios

GW10
OuU-1 Carey et al. (2025)

Eorme.l’t Former FTA
urn pi (FTOOl) 6:2 FtS : PFHXA w0 6:2 FtS: PFPeA

Gw11

\GW12
GW15

owrs V ot
‘q,n
Reference ™

Ratio = 1

Gw18

+
mMwo7-101, W04 +

MW97-101 v + VV
08-102 6:2 FtS : PFBA
T ow e

\ + DO Infusion Well

1000

qW89-10 Gw21
GW20 +
. aad
W
Gw22
MW08-103
. +
Scale, in feet
——
0 100 200 MW06-105
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Ellsworth AFB
Vadose Zone Case Stu

6a,b)

PFAS Vadose Zono Mass Dischargo at an AFFF-impacted Site: 1. Validation Based
on & Multiple Lines-of-Evidence Approach

By Grant R. Carey'>", David T, Adamson’, Rita K. Krobs*, Mia Rebeiro-Tunstall', Kovin
G. Mumord, Bo Guo, Gabriel T. Carey', Kiera Rooney', and Sabrina Moga'

Porawater Soluions, Otiawa, Onlario

| Carey et al. (

f{} i Site Maximum "
) - \ A
\‘ P08 fug/)
g % ) Shallow —
hallow
/ =

% / yanm ~ ;
*é% (% / Deep

PROA (ugh) PhpA (ugh)

Correspondence: Grant Carey (qcarey porcwal )
Keywords: PFAS, AFFF, vacose zone, ar-water interface, mass discharge Scale, In feel Oata f

Abstract: Quastions have recenty boen raksad about the sullabidty of Using porewater : X5 =

vadase zone. Mulipie lines of evidence were evaluated Lo determine f porewater
‘sampies coblected Suring 3 dath GIPS investgation [DGI) i the former fre training area
Lines.of

= Pl which show the
presence of. iy layar dirocly above the wal

much of the FFTA, results

waler flow at & depth of 15  is substantally kmited due to semi-arkd climatic condilions.
Radial

n porewaler CoNCnratons caused by varying sampie yiesds in he deep Zone
Addiionallysimelers installed in the FFTA during the remedial investigation (RI) did not
resulin o tne estimated

demonsirates that the number of lysimeter sampling points in this ared is suffiient.

et ar) S

2 Department of Civil and Environmental Engineering, Cartoton Uriversity, Ottiwa,

Ontario " P (ugh)

5,240
681 Environmantal, Inc., Houston, Texas
* Alr Forcs Civil Engincer Center (AFCEC), Ellsworth AFB, South Dakota | 11,467
® Departmant of Civil Engineering. Quaen's University, Kingsion, Ontaria

2,703

® Hydrology and Atmespheric Sciences, University of Arizona, Tucson, Arizana

1,600

648

15%

52

‘magnitude reduction betwean shalow and deep porawater ConCeNITatons. observed
near the former bun pit. Vadose zone PFAS mass discharge s shown to be 4% fo 19%

i Nleachate | Grounduwater
’ Email: gcarey@porewater.com Rayner et al. (2024) : < /
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Current and Former Fire Training Areas

a) Former fire training area in 1985 (Rita Krebs, 2025)

et Y — —

Copyright 2025 Porewater Solutions

b) Current and former fire training areas

- 250

_ Current FTA

i 8 Former FFTA and

burn pit area

Scale, in feet

3-40
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Vadose Zone Cross-Section

Air-water
interfaces " 4
within pores ol l“”

Chemicals Heat

Unsaturated zone
Vadose zone

Air Sand grain

Capillary Fringe - Capillary fringe
Groundwater

Saturated zone

4-41

PFAS Mass Components in Soil

Sand Grain

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

Copyright (2026) Porewater Solutions 4-42
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Long-Chain PFAS Adsorb to Air-Water Interfaces

2026-01-14

Brusseau et al. (2018)

TEaenc
Science of the Total Environment .
~=~Solid-phase Adsorption
journal homepage: www.elsevier.com/locate/scitotenv 160
=@=Air-water Interfacial Adsorption
140
wmmTotal Retardation
Assessing the potential contributions of additional retention processes to @Cmm 5 120
S 14
PFAS retardation in the subsurface &
3
Mark L. Brusseau S
©
429 Shantz Bldg, Soil, Water and Environmental Science Department, Hydrology and Atmospheric Sciences Department, School of Earth and Environmental Sciences, University of Arizona, T “®
United States 2
[
e e
HIGHLIGHTS GRAPHICAL ABSTRACT
40
+ A comprehensive model for PFAS
retention in porous media is proposed. B solid 20
+ Adsorption at the air-water interface B Water
contributes greatly to PFOA/PFOS
retention. W narL 0
- Adsorption at the NAPL-water interface 7] air 0 0.2 04 0.6 0.8 1
and NAPL partitioning are also P g )
significant. “Not toscale Water Saturation
Fig. 2. Impact of water saturation on PFOS retardation factors for solid-phase adsorption,
air-water interface adsorption, and the sum of the two (total).

Copyright (2026) Porewater Solutions 43
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Retardation Coefficient (R)

R = Retardation coefficient (dimensionless)
K, = organic carbon partitioning coefficient (L/kg)

f.. = fraction of organic carbon content (g/g)

P, = dry bulk density (kg/L)

6, = water-filled porosity (m3/m3)

K,,, = air-water interfacial adsorption coefficient (cm3/cm?)
A, = air-water interfacial area (cm?/cm3)

Brusseau and Guo (2022)

Unsaturated Zone

KA
R=1420 K, f, +—2wfaw
9W ew

Saturated Zone

by
0

Capillary Fringe

R=1+ K oc fo c Groundwater
W )

Kd 4-44

44
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Lysimeter Locations: DGl and Rl

Chemosphere

Joumal homepege:

Assessment of PFAS in collocated soil and porewater samples at an
AFFF-impacted source zone: Field-

ale validation of suction lysimeters

Richard H. Anderson ™, James B, Feild ", Heldi Dieffenbach-Carle", Omaeya Elshamouby *,

Anderson et al. (2022)
Area for estimating PFAS mass
discharge from vadose zone

Copyright (2026) Porewater Solutions

Current burn pit

Concrete apron

Former burn pitarea ———

a1
A

e
A FT001P

ez

LRy

Lreis

froca w
HL LYDG-9
{ a

iooen
L]

Scale, in feet
| I
0 250 500

4-45
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(105/50/70/25)

LYDG-1D
(130/80/125/65)
(1701170/140/140)
LYDG-2D
(290/240/180/145)
(70/65/60/20) LYDG-4D
LYDG.3D (~145120/10)
LYDG-7D

LYDG-5D

4‘!’%‘ ./ _——— (330/280/380/225)
AN

.
" (160/-I51-)
LYDG-8D

LYDG-10D (125/140/13080)

YDG-9D
240/365/260/185)

PFHXA (ug/L)
LYDG-11D (215/330/155/140)
(25/75/40/35) ( LYDG-12D ) QZ
100000
PFOA (ug/L) PFHpA (ug/L)
/\ Non-detect
Scale, in feet
26) Porewater Solutions 4-46
0 100 200

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

-- Insufficient sample volumetric yield

PFHxS (ug/L)

100000

PFOS (ug/L)

Q4

10000

PFBS (ug/L)

100000

1000 10000 100000

62-FtS (ug/L)
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Rl Lysimeters

Copyright (2026) Porewater Solutions 4-47

Maximum April 2022

PFHxS (ug/L)
PFOS (ug/L) w2

1000

November 2021 . ™

\ b

PFBS (ug/L)

62-FtS (ug/L) v’ PFHXA (ug/L)

r T

1000 100 4@

PFOA (ug/L) PFHpA (ug/L)

47

., LYS-101 LYS-102

LYS-103

LYs-107

LYS-105 ™ ),

LYS-108 e LYS-109

Lys-110

Lys-11 &

LYsS-112

Scale, in feet
| I
0 100 200
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Site Maximum "¢

100000

PFOS (ug/L) PFBS (ug/L)

o
ot
N
s

PFHxA (ug/L)

PFOA (ug/L) PFHpA (ug/L)

Data from Anderson et al. (2022)

48

24



Case Studies of PFAS Attenuation in Vadose Zone
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Semi-Arid Climate (P = 16 inch/year)

3195+
AF,, 2000x
SW

3190 208 [ ] Norecovery
- 4% B sc:sittorclay
) 1% [ ssorca: Silty sand or clayey gravel
E 3185+ 229 I:] FS: Very fine sand to fine sand
© o
= s3I 1000 D MS or CS: Medium to coarse sand
= D SG or G: Gravel
[ - —
e) 3180 . B: Bedrock
—
© 15%|®| 648
5 ----- Top of silt/clay layer in other soil borings
m 3175+ 66%(®| 52 | 0 e Water table (January 2018)

I —— 275 Sum of PFAS of Interest in porewater or groundwater (ug/L)
.................................... v @ 02 Sum of PFAS of Interest in soil (ug/kg)
20% Water saturation estimated based on moisture content
3170

Copyright (2026) Porewater Solutions
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SPLP Tests: 20x Mass Ratio (Liquid-Solid)

intorocas 4 Tablespoons of soil
wnhu—;pures .Q'. (01 kg ~ 0 06 L)
A" Sa;d grain
[ :
Dilution
Vew Factor,
Sw (Liters) LLDF
15% 0.004 530 P, = 1.6 kg/L
50% 0.012 160 0,=0.40L/L

LLDF =

where

(20 L/kg) py,
Sw O
LLDF = liquid-to-liquid dilution factor (dimensionless);
po = soil dry bulk density (kg/L);
Sw = water saturation (%); and
& = total porosity (L/L).

Mixed with 2 liters of water

water Solutions

50
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Ratio of Porewater to SPLP Leachate

1000

100

=

0.1

LYRI-9: S, = 13%

Porewater/SPLP: Carboxylates

400 490
220
| i

PFBA PFPeA PFHxA PFHpA

PFOA

1000

100

0.1

0.01

Porewater/SPLP: Sulfonates

260
65
7
0.6
‘I 0.2

0.05
PFBS  PFPeS  PFHxS PFHpS PFOS  PFOSA

Carey et al. (2026b)

Cspp = Cp (pb

w

by Pp , Kawaaw
(1+de’ 4 rans )
(Kq+20L/kg)

51

SPLP versus Porewater Concentrations

LYRI-13

Carey et al. (2026b)

LYRI-1

LYRI-9

LYRI-15

1000
1 ft

62-FtS (

A Non-detect

PFHxS (ug/L)

1000

PFOS (ug/L) PFBS (ug/L)
0

PW-2022

10 100 1000
ug/L) PFBA (ug/L)
1000 100 10 1 )
1000
PFOA (ug/L) 1o PFPeA (ug/L)

1000

PFHpA (ug/L) PFHXA (ug/L)

Copyright (2026) Porewater Solutions
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PFAS Composition: SPLP versus Porewater

2026-01-14

a) SPLP L b) Porewater  “f*
Carey et al. (2026b)
LYRI-3 LYRI-13 100%
(0.10) (55)
LYRI-1 LYRI
(3.9) (19)
B ros
80%
PFHXS
s o — gy .
LYRI-14 LYRI2 PFBS
(0.30) (0.90) LLRBI.-Q - D
%
\ 62-FiS
LYRI-§ D
050 B o
f '-“"5')5 "'(‘:2[]" 1 I 5&? LYRL7 LYRLS 1
I | [ (420] 890)
n : = ez | 20% O eren
i \ : B erxa
} ‘ . PFPeA
LRI :r'fil:? ) § \ 20%
3 _— LRs PFBA
LYRI-10 L = LYR10 {zron) D
(0.00) \/ 38 L
e 8
“\ \
i 0%
LYRI-15 -
(.1 Y
o 500 00
]
0 500 1000 53
] ft

PFAS Mass Distribution in the Vadose Zone

100%

80%

60%

40%

20%

Proportion of Total Soil Mass

0%

a) PFOS (K,,

94%

15%

=0.05 cm®/cm2)

92% 82% 60%
25% 50% 75%

Water Saturation, Sw

b) PFOA (K,,, = 0.003 cm3/cm?) ¢) PFHxA (K, = 0.0002 cm3/cm2)

0% 87% 81% 60% 31% 0% 38% 28% 1% 3% 0%

100% 100%

80% 80%

60% 60%

40% 40%

20% 20%
. 0% 0%
100% 15% 25% 50% 75% 100% 15% 25% 50% 75% 100%

Water Saturation, Sw

’ M Aqueous phase [JAdsorbed to NOM B Adsorbed to AWI

Copyright (2026) Porewater Solutions

Water Saturation, Sw
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PFAS Leach: Mass Discharge at Former Burn Pit

S, 17 D S

Computed Results from PFAS-LEACH-Analytical T e % T : 5
Development and Demonstration of PFAS-

Select what to plot @

Vadose-zone mass discharge rate L Download data = LEACH—A Comprehensive Decision
4 Support Platform for Predicting PFAS
. Vadose-zone mass discharge rate (PFOA) ¢ LeaChlﬂg ln Source Zones
jzi: Area = 6500 sq ft (LYDG-4 polygon) ERZLR0A1 POINT OF CONTACT
pr— Md based on PW: 0.20 g/y e
o004 Md based on Model: 0.08 g/y Bo Guo, Ph.D

00E+04

w & o

.00E+04

Principal Investigator

Mass discharge rate (ug/yr)

2.00E+04

University of Arizona
Phone: (520) 626-9971

1.00E+04

0.00E400

= https://github.com/GuoSFPLab/PFAS-LEACH-Tier-3-4
Copyright (2026) Porewater Solutions 4-55
55
New Jersey State-wide
Background Soil Survey
Section 3.3
Copyright (2026) Porewater Solutions 3-56
56
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New Jersey Statewide PFAS Soil Survey

2026-01-14

S - - B

Per- and Polyfluoroalkyl Substances in
New Jersey Soils:
A Statewide Investigation

Authors:

New Jersey Department of Environmental Protection

September 2025

Department of
Emvironmental Frotection
Shaven AL LaTourene,

State of New Jersey
P Mgy, Goresmor

* Goal: To assess atmospheric deposition
influence on PFAS in shallow soil

» 157 State-wide surficial soil samples

0 510 Miles
Copyright(2026) Porexvater Solutions 3-57
57
State-wide Maximum Surficial Soil Concentrations (ug/kg)
PFOSA NMcFOSA | NE(FOSA | NMeFOSAA | NEtFOSAA
ND ND ND ND ND
ECF-Based | Concentration (ug/kg)
Precursors R e [ ] Non-detect
ND ND
[Jows
PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS PFDoS
Sulfonates 4 o022 || oos7 || 083 || 0.4 ND || oa79 10 - 3to6
PFBA PFPeA PFHXA PFHPA PFOA PFNA PFDA PFURA PFDOA PFTrA PFTeA |:| 6to9
Carboxylates 4 7 26 04 - 24 14 |:| 9t0 12
42Fts 6:2 FtS 8:2FtS - 12t0 15
FT-Based ND o ND n/a Not available
Precursors T 3:3 FTCA 5:3 FTCA 6:3FTCA
ND ND ND
PFEESA NFDHA ADONA | 9CI-PF3ONS 11CIPF30UdS
ND ND ND ND ND
PFEAs - PFMPA PFMBA HFPO-DA
ND ND 0.95
T T T T T T T T T T T Method 1633 Heat Matrix Template.pptx
4 5 6 7 8 9 10 " 12 13 14
Co@r@ﬁb@ﬂbNQewatcr Solutions 3-58
58
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Heat Map Example: Total PFAS Contours

Total PFAS
(ug/kg)

34

NNNNN W W
O N B o ®O N

PR R e
oON D O ®

ON DO ®

ight (2026) Porewater Solutions 3-59

59

-
B N . PECAs (ATL-URB-4)
= N - i 100%
. E . [ rrreoa
=m 80%
i ! i [] prooa
Note: County stacked bars plotted at = e
Locations with maximum Total PFAS i ‘ 60% |:| PEDA
-
e 40%
Eﬂ; =
’ | 20%
= B
= [] prea
0%
Copjri (2026) Porewater Solutions 3-60
60
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Radial Diagram Map: PFCAs (Arithmetic Scale)

2026-01-14

’ Chemical-Specific Ranges ‘

PFHxA (ug/kg) o8]
PFPeA (ug/kg)

PFHpA (ug/kg) [exg

.
aanannet® '-..
e

.

(8 PFBA (ug/ke) 3

State Maximum ¥

(k'MW PFTeDA (ug/kg)

PFOA (ug/ke) et

S County Result |
o
PENA (ug/kg)

/\ Non-detect

--4-......___ $:15
BB rroon uerke)  pruna (ug/ke) ISR

Copyright (2026) Porewater Solutions 3-61
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(Arithmetic Scale)

Chemical-Specific Ranges
PFHxA (ug/kg)
PFPeA (ug/kg)
PFHpA (ug/kg)
PFBA (ug/kg) L
PFOA (ug/kg)
PFTeDA (ug/kg)
PFNA (ug/kg)

3 .
PFTrDA (ug/kg) PFDA (ug/kg)

/\ Non-detect

PFDoA (ug/kg) PFUNA (ug/kg)

CopyrigHt (2026) Porewater Solutions 3-62
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! 100%

PFSAs (ESS-RUR-1)

Stacked Bar Map: PFSAs

2026-01-14

80%
. PFDoS
D PFDS
604 ] eens
B eros
40% I:l PFHxS
W eees
pras
20% .
0%
Coplyright (2026) Porewater Solutions 3-63
63
Michi C Stud
Section 3.2
Copyright (2026) Porewater Solutions 64
64
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roundwater Discharge Conceptual Model

2026-01-14

* Discharge filtered in organic-rich sediments
* PFOS adsorption in sediments >> shorter-chains

Copyright (2026) Porewater Solutions

PFAS Sample Results Table

Sl ocatr] w0 SWaTPiD SWoTED o AL G0z G GH0F UG0S WIS IWO13 (13.5-14.5] Mv-001 AWOI3 (3433
Sonpie| FOISORDSISGE | SWISOSOISISGE |  SWISOS0e006e | Foisosai SHIO0950GC | PWISUSSIIIONE | PWISOSOIISSEC | PWIGONAIAISGC | PWISOSOAIMSGE | PWISIOOTISISGE | PAISISIAIENGT
Sarple Type| _ Surface iater Sufoce ater face Vister Sutoce Water Surtace Vister Pore Water o Water e Viater Pore Viter o Wister Pore Water aw G
Date Sorpled| 3020 S0 018 31208 31 312018 Sa01n 2018 S 201 52018 [IXeeaTy [Ty [Ty 0L-0c IS
b Repor] 1002897 1802607 002867 1802607 1002887 1802807 1602900 1802500 1502900 1502900 1902500
PP Compound Dupicate Dupicate
[Perfucrobefanoic 3 (PFEA) 72 % EX] %52 g3} w0 w1 w7 %% 59 750 e 52 57 JPX)
Perfucroperneic o (PFPeA) %7 w7 1100 1 EX) 300 %6 0 50 00 0 780 %7 ©5 29
Perfucrohesana acd (FFo) EAY 1 Bio sis 52 %00 54 573 100 755 w60 2050 s 52 528
3 108 JiE] s 23 53 771 312 75 54 (1] B0 72 |1 | 15 | ns
Perlucroocanoi acid (PFOA) B2 30 1950 308 1620 1850 6 60 79 120 w0 a
ok acid (PP o5
Perfuorodecanoc acd (PFDA)
et )
(PeDoA)
Perucrotidecanic cd (PFTIDA)
Perliorotelradecanor a0 (PFTEDA)
Perfucrodecane sulone acd (PF05)
Pefucrobutane sulfonic acd (°8S) 3 101 2
e Sufonc 304 (PFPeS) 6 3 54 £ 59 E
Perfucrobesane sl acd (PFF55) 510 1530 70 60 050 %0 250 20 %50 TS0 TI000 20 0 i 020
e T [Gao) 26 108 2 550 s ) 50 70 < < <
Perucrooctane sufric 31 (PF05) 710 10 00 160 w00 o 5100 w00 50 f <
Perfucrononane sufonc 44 (PFTS) ) 7 33 18 ) I I
[Perfusroocanesuforamic ) o 5 35 20 o I [T
[£2 Forarsome suffonc a0d (42 F15) 17 D 0 [ o w N
52 Fluortsiomes sulfoic a0 (62 F15) 5 710 3 510 w7 00
52 Fuortsiomer sl acd (8:2°15) ) 754 =8 EX) w o w
Nty Perfuorooctane suonamind aceic acid EEFOSAR) ] [0} o i) o W W
et Perfurooctane sufonamie (HEFOSAA) ] > > o ) ) )
Pron+#r03| 052 3140 1550 1185 149 3060 w250 046 20 2955 6542 7190 35 )
Tota eS| 51 1 29995 7 15864 74067 w74 200 2956 %03 37 5] 2 938

Copyright (2026) Porewater Solutions
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Nested Groundwater Samples (MW-13)

Ground surface DeEth !ft'_
— 2to7
N Maximum Pl
PFOS (ug/L) PFBS (ug/L)
Lo, ®
H 13.5t0 14.5
| Sample ,', A Non-detect
PFOA (ug/l) 1 ) pFBA (ug/L)
10
L 24 to 25
PFHpA (ug/L) ' PFPeA (ug/L)
PFHxA (ug/L)
Copyright (2026) Porewater Solutions 67
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Adjacent GW and PW Samples — Stacked Bars

PFAAs (PW-1)

100%

80% B o

|:’ pFHxs [ Sulfonates

60% |:| PFBS

PFOA
] MW-13 -
A"/ 24) . PFHpA

40%
Sulfonates ~ 60% - PFHxA [ Carboxylates
D PFPeA

20% — D PFBA |

PW-1
(1.6)

Sulfonates ~ 35%

Scale, in feet
[ —
0 500 1000 0%

Note: Values in brackets are total PFAAs in ug/L. Copyright (2026) Porewater Solutions 68
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Wurtsmith AFB: GW, PW, SW

2026-01-14

PW-6

PFAAs (PW-1)

100%
80% . PFOS
D PFHxs [ Sulfonates
PFBS
60% D -
- PFOA
. PFHpA
40%
- PFHxA [ Carboxylates
D PFPeA
20% — D PFBA
Scale, in feet
SW-12D SW-23D || 0%
(2.5) (0.6) 0 500 1000
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Visual PFAS™ Hands-On Demonstration

Radial Diagram Maps

To learn more about Visual PFAS™:
www.VisualPFAS.com

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

PlumeA *

o
(= EAFB-2 = a X
Strengthen Conceptual = o
1 5 ol Diagram _Bar Chart_Window _ About
Models and Communication =
o
= - Current Axi AFFF-020 Y
— 8 . m
@
= £ Base-wide PFAAs (AFFF-02a)
g Angle: | 160
9 ; =
— s Cleanup eriterior: | 00
o} - ,
Eg s - Options Concentration Rai
2 @ oo ot peope
) £ v o | | Chomict sty
— B Eﬁj @ ot iy efr
() = g
gy P Miniumy oo
bl
= E
E= o
(V)] o ears2 —
o
< 5
LL =
=
o 5
T
pr— N
=
® %
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h
w ©
—— g
= z
2
®
2
w
o

! x POREWATER SOLUTIONS

Expertse + Experence « Innovation Copyright 2024 Porewater Solutions 70
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Questions?

Visual PFAS™

Grant R. Carey, Ph.D.

Porewater Solutions

gcarey@porewater.com J ‘
Phone: 613-890-2286 /’ ’!5;:@:;
www.VisualPFAS.com
POREWATER SOLUTIONS
Expertise « Experience = Innovation
§ WATER SERVICES
I‘ / ( {( B Copyright 2024 Porewater Solutions 71
71
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Theissen Polygons

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

Mass Discharge (gly)
D <1
[]1t010

Former
Burn Pit

¥DG-7
D a D

D O
5
g

MWO5-102
o

MW93-102
1§9G-12

Scale, in feet Scale, in feet

100 200 100 200
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Mass Discharge (Md) Estimates

Carey et al. (2026a)

600 -

a

o

o
!

Groundwater Md

N

o

o
!

Mass Discharge (g/y)
N w
o o
o o

-

o

o
!

Vadose Zone Md

) i

([
0 = =T ] ! |—I—| |_I—| ! s ! |_I—| I_I'l — = e 2l |
PFOS PFOA PFBS 6:2 FtS PFHpA  PFHxS PFHxA

012 Lysimeters @15 Lysimeters
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Navy Pre-Pilot Test: PFAAs Stacked Bar Map

SB-1

SB-2

SB-3

10

o
|

Elevation (ft amsl)

-
T

-20

PFOS

C4toC8
PFCAs

PFOS

{

SB-3A

SB-3B
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100%

80%

60%

40%

20%

0%

OO N EECC N

PFOS
PFHxS
PFBS
PFOA
PFHpA
PFHXA
PFPeA

PFBA

3-75
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Navy Pre-Pilot Test: Precursor Radial Diagrams

10

(Dissolved Oxygen (DO) in mg/L)

Elevation (ft amsl)

-104

-20

SB-1A
(5.9

SB-1B
(0.7)

SB-1C
(0.8)

SB-1D
(0.8)

SB-1E
(0.9)

Y. _ 47

SB-2A
(2.0)

SB-2B
(5.5)

SB-2C
(0.8)

SB-2D
(1.0)

SB-2E
(0.9)

SB-3A
(5.1
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(0.9)

SB-3C
(0.8)

SB-3D
(0.9)

SB-3E
(0.8)
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8:2 FtS (ug/L)

6:2 FtS (ug/L)

4:2 FtS (ug/L)
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Radial Diagram Map: PFCAs

Copyrjght (2026) Porewater Solutions

(Uniform Ranges)

&
Arithmetic Scale, Uniform Ranges
PFHxA (ug/kg)
PFPeA (ug/kg)
PFHpA (ug/kg)
PFBA (ug/kg)
PFOA (ug/kg)
PFTeDA (ug/kg)

PFTrDA (ug/kg) *
/\ Non-detect

PFDOA (ug/kg) PFUNA (ug/kg)

3-77
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77

ARITHMETIC

Copyfigh#12026) Porewater Solutions

‘ Log Scale, Uniform Ranges

PFHxA (ug/kg)

PFPeA (ug/kg)

PFHpA (ug/kg)

PFOA (ug/kg)

PFTeDA (ug/kg)
PFNA (ug/kg)
PFTrDA (ug/kg) ™ PFDA (ug/kg)
/\ Non-detect o g
PFDoA (ug/kg) PFUNA (ug/kg)
3-78
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Radial Diagram Map: PFSAs (Arithmetic Scale)

PFPes (ug/kg)

PFBS (ug/kg) . ~ PFHxs (ug/kg)

2
PFHpS (ug/kg)

PFDS (ug/kg) 04 PFOS (ug/ke)

A Non-detect

o5

PFNS (ug/kg)

Copyright (2026) Porewater Solutions 3-79
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Ratio of 6:2 FtS versus PFHXA in Groundwater

Note:

1. Multiple lines-of-evidence
approach will strengthen a o\

forensic analysis G . >
2. Potential for differential R ’..-'

adsorption needs to be assessed ®.
with ratio analyses

Ratio of 6:2 FtS to PFHxA

O <001
© 0.01100.03

£000 2, 6...0...9. 2.00.0.9

@ 0.03t00.1
O 011003
@ 03to1
@ >1

6:2 FtS to PFHxA

7 biodegradation zones
Chegk 6':2 FtS plume stability to 6:2 FtS: |
confirm if differential adsorption
is causing ratio decrease PFHxA: t
Scale, in feet ° °
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