., PFAS source zone
Q REGENESIS stabilization: a zero-waste

solution to a global problem

Sarah Hughes
District Manager, UK & Scandinavia
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PFAS Source Zone Treatment

Talk outline:

The anatomy of a PFAS Source Zone

Zones within zones b what needs to be treated where
SourceStop Technology introduction

Usage scenarios

Lab-scale tests

Pilot trials

Full-scale examples

N o O s bhRE
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Understanding PFAS Source Zones

PFAS Source Zones: Vadose Zone

. tolls

PFAS accumulates in the ! .&\ﬁ : %‘
upper vadose zone mostly

= due to solid phase and air POt A
water interfacial

adsorption Bilayer
- ~— Hemi-micelle
55 9 = i Electrostatic interaction s? %
with positively
charged surface

- Soil particle

Air

. Natural occurring carbon (FOC)

I PFAS-contaminated water

@) REGENESIS'




Understanding PFAS Source Zones

PFAS Source Zone: Capillary Fringe and Groundwater

Hydrophobic tails oriented
toward air
(away from water)

Air

Hydrophilic heads oriented
Water toward water

Accumulation in capillary
fringe due to air water
interfacial adsorption

. Soil particle
Air
- Natural occurring carbon (FOC)

I PFAS-contaminated water

Source zones discharge =
A local high
concentrations

A plume development kY gREGENESIS@




Understanding PFAS Source Zones

PFAS Source/Plume System

On-site
Liability
e ~

[o O o] [o (o) o] .

Source Area

- .
e T e
=y

&
-
»

— P -

High PFAS concentrations =
P 2,(/SOrbed to soils

pa——— -
| — . —

Accumulation in capillary fringe due to air -water
interfacial adsorption

High PFAS
concentrations
within
groundwater



What Is Remediation?

4 L e - vy O sl
for humans and the environment that may
3 X" Ao Zs a7 XE° -7 A3¥X

*Interstate Technology
Regulatory Council (ITRC), 2020



https://www.google.com/search?q=ITRC%20PFAS%20remediation%20site%3Ayoutube.com&rlz=1C1GCEA_enUS1015US1015&oq=yo&gs_lcrp=EgZjaHJvbWUqEAgAEAAYgwEY4wIYsQMYgAQyEAgAEAAYgwEY4wIYsQMYgAQyEwgBEC4YgwEYxwEYsQMY0QMYgAQyBggCEEUYQDIGCAMQRRg5Mg0IBBAuGIMBGLEDGIAEMgYIBRBFGD0yBggGEEUYPTIGCAcQRRg80gEINTk4OWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjRqtj-9faEAxXOJkQIHeuHAVIQ2wF6BAgLEAE&ei=qJb0ZdG2BM7NkPIP64-GkAU#fpstate=ive&vld=cid:64457f64,vid:2OEeJ9qR9nA,st:0
https://www.google.com/search?q=ITRC%20PFAS%20remediation%20site%3Ayoutube.com&rlz=1C1GCEA_enUS1015US1015&oq=yo&gs_lcrp=EgZjaHJvbWUqEAgAEAAYgwEY4wIYsQMYgAQyEAgAEAAYgwEY4wIYsQMYgAQyEwgBEC4YgwEYxwEYsQMY0QMYgAQyBggCEEUYQDIGCAMQRRg5Mg0IBBAuGIMBGLEDGIAEMgYIBRBFGD0yBggGEEUYPTIGCAcQRRg80gEINTk4OWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8&ved=2ahUKEwjRqtj-9faEAxXOJkQIHeuHAVIQ2wF6BAgLEAE&ei=qJb0ZdG2BM7NkPIP64-GkAU#fpstate=ive&vld=cid:64457f64,vid:2OEeJ9qR9nA,st:0

Risk

Risk Is eliminated if there is no potential for exposure to a hazard

PFAS

Hazard
——

@) REGENESIS'




Full-Spectrum Remediation for PFAS

Liquid Activated Carbon A & -g"

©SourceStop PLUME (o3

REGENESIS



Full-Spectrum Remediation for PFAS

0

®©SourceSto
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PFAS Source Zone Treatment

Available in two formulations:

©SourceStop Y /

AStabilises PFAS source areas

AReduces leaching of soil 1
contamination \

AHalts migration of PFAS in
groundwater

Liquid Solid

#-°| A" X >(+(6(?2.?2Z2Z $-BKL- TJIH Ne AEJ°
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Distribution and Coating

AWhen mixed into moist soils:
AColloidal Activated Carbon released
AEnhancing distribution

APenetrating and coating soils
A Important for silty/clayey soils

ARapidly effective

AEasy visual confirmation minimizes
mixing time and cost

®SourceStop




Application Approaches
& Usage Scenarios
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SourceStop

Dust Minimization

A Designed to minimize dust
A Safe and easy handling
A No mess
A No need for dust suppression
A(«z «XX3XT ©°- JAE T
A And provide this!

" ." : . f .,:_.".»
oo ot @) REGENESIS:
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Application Approaches & Usage Scenarios

Source Treatment Options

| Ee

E 4

Physical capping

SourceStop Liquid

injection

Ex situ vadose

zone treatment B

SourceStop Solid

In situvadose

zone treatment

SourceStop Liquid
and Solid

@) REGENESIS



Laboratory Testing
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Laboratory Testing

Demonstrating the Benefits of CAC

100 g AFFF Soil 100 g AFFF Soil 100 g AFFF Saoll

e,

32 g SourceStop L

\__’/,
900 g Site Soil 900 g Site Soil 900 g Site Soll
Control Sample PAC Treated Sample SourceStop Treated Sample

@) REGENESIS



Laboratory Testing

Infiltration and Leaching Simulation

PAC and SourceStop

8%
oo 7%
= 6%
Q
§ 5%
© 4%
L‘E 3%
£ 2%
“ 1%

0%

- PAC

} SourceStop

Cumulative Precipitation (in)

- ©--- PFOA-SourceStop ----#--- PFBS-SourceStop ---@--- PFOS-SourceStop
—o— PFOA-PAC PFBS-PAC —#— PFOS-PAC

@) REGENESIS




Laboratory Testing

Infiltration and Leaching Simulation

-~ PAC-Treated —o— Control

—o— SourceStop-Treated

100%
80%
Cumulative Leaching
4%
e 60%
,—-°/<'/
,/"'
3% i
/ 40%
7‘,){] /~/'
,/' 20%
1% p
[ P T T S-S —e
0% —po—st—ee-e-es—s—o—00—e— 0077 0% $ast—3 e ———— PSSP
0 25 50 75 100 0 20 40 60 80 100

Cumulative Precipitation (in)

Cumulative Precipitation (in)

A Leached mass was reduced to 0.3% usingourceStop
A SourceStopreduction Order Of Magnitude >> PAC due to particle size
A Effective across a range of PFAS compounds

@) REGENESIS'




Beta Testing
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Beta Site Testing & Field Implementation

Source Treatment - Grayling, Ml

¢

Grayling, Ml

@) REGENESIS'



Beta Site Testing & Field Implementation

Source Treatment - Grayling, Ml

Application Details

Location
Treatment Area
Soil Volume Treated

Max. Total PFAS in
Leachate

Surficial Geology

Implementation Date

Michigan
20m?2
0D3 mBGL:

3,835 ng/L

Sand, topsoil cover

September, 2022

@) REGENESIS'



Beta Site Testing & Field Implementation

Source Treatment - Grayling, Ml

Site 1 - Average PFOS and Other PFAS in Soil Leachate
1500

Avg. PFOS/PFAS in Soill
LeaChate Q m PFOS m Other PFAS
Average PFOS and rest of i
PFAS concentrations in soil %1000 .
leachate at baseline and 3
post-treatment at Site 1. <
® PFOS -
® Rest of PFAS 500 |
99% Total PFAS 99% Total PFAS
Reduction All PFAS Reduction
l Non-Ietect l
0 .

Baseline Post-treatment 6 months 12 months

@) REGENESIS




Pilot Studies
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Beta Site Test & Field Applications

Source Treatment B Belgium

Alndustrial Site D No AFFF
APFAS Spill
AHeterogeneous Geology

A Concentrations

A Soil: dominant 6:2FTSD 10:FTS minor
constituents C4 B C9 carboxylic acids (PFOS)

A Groundwater: primary 6:2FTSD 8:FTS in C4D
C9 carboxylic acids o PFOS)

Alnjection of SourceStop Liquid in the
capillary and the saturated zone
Az,3--2Z -2Z N-«NX°°Z

A Stop leaching to sand beneath

e 200¢ 220 pg/kg

e gre
----------

ExCavated soil/loamy clay
20¢ 76 ng/kg

Tl G TR, DR

Clayey 10¢ 11 pg/l
18ug/kg
Sandy Peat
0,2¢ 07 ugll

- @) REGENESIS



Beta Site Test & Field applications
(Pilot

Source treatment b Belgium

/
/
Ji A
/
/
q
)
193 7 ‘7
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Beta Site Test & Field applications

Source treatment D Central Well Results

Central Well- Shallow

12000
9000
< 6000
.
3000 .
0 —
23.1.2024 19.3.2024 16.4.2024 21.5.2024 12.7.2024 6.9.2024 19.11.2024 3.2.2025

m PFBA m PFPeA m PFHXA m PFHpA m PFOA m PFNA = PFDA m6:2FTS m8:2FTS m10:2FTS

Central Well- Deep

800
700
600
500
> 400
c
300
200
100
0 ||
23.1.2024

21.5.2024

19.3.2024 16.4.2024 12.7.2024 6.9.2024 19.11.2024 3.2.2025

m PFBA mPFPeA mPFHXA mPFHpA m PFOA m PFENA = PFDA m6:2FTS m 8:2FTS m 10:2FTS

A

Datumn:

Referentieviak:
0

15-1-2024

NI

|| o 00 o0 0
o @ o0 00 0
0‘||3 e & 0 o O

o o o o o

0‘||300000100_E

e o L= T - T
o o o o000
uo||uuono.
L 8 o 0 B8 O
ool

o 08 0 | 507

Datum: 15-1-2024

braak

Braak, Zand, uiterst steenhoudend,
2 Elram

Leem, sterk zandig, sterk

steenhoudend, lichtbruin, EI. ram

Referentieviak: maaveid
O

50 il

100




Beta Site Test & Field applications —

Source treatment P External Well Results

Daturn: 15-1-2024
ShallowWell ¢ External
12000 Treatment ]
10000 D ry summer Recove ry Referentieviak: maaiveld
O
8000 é .............................
i § \\Y = o 0
? 6000 o ||§5 o o o 50_: \\ S
4000 %o d | |,° o oooo ] o
2000 — ooac”:o og oa on uoo‘ 100_5 -
0 E— I L] — uoo(”uoeooonaoo ;\
13.2.2024 19.3.2024 16.4.2024 21.5.2024 12.7.2024 6.9.2024 19.11.2024 3.2.2025 S || PSP DS =&
PFBA m PFPeA B PFHxA B PFHpA m PFOA m PFNA = PFDA m6:2FTS m 8:2FTS m10:2FTS
Daturn: 15-1-2024
DeepWell ¢ External
. braak Referentieviak: maaiveld
250 A . E‘raak. Zand, uiterst steenhoudend, 0
- —_\ .. ram
200 No Impact on deeper horizoR T o
50 . 1003 :f:f:}
£ 100
50
0
13.2.2024 19.3.2024 16.4.2024 21.5.2024 12.7.2024 6.9.2024 19.11.2024 3.2.2025

PFBA m PFPeA B PFHXA m PFHpA m PFOA m PFNA = PFDA m6:2FTS m 8:2FTS m 10:2FTS
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Full Scale Application B Trenching
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Field applications k| e, = Y

Trench Application b
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Beta Site Testing & Field Implementation

Norway Results

Mean concentrations B monthly sampling over 9 months post application

Up-gradient: Up-gradient: Down -gradient: -96%

PFOS 311 ng/L PFOS 304 ng/L

PFOS 11 ng/L -98%
PFOA 0 ng/L 2
1 PFAS35 48 ng/L -94%

PFOA 25 ng/L
1 PFAS35 783 ng/L

PFOA 12 ng/L
1 PFAS35 854 ng/L

BOFB.MB4 =
M
_BoFB.MB7 L.‘»BGFB L‘,BBF B-MB3
- B MB6
]
_BOFB.RAINN SourceStop
L BOFBRAUT i
Barrier
10m
L ¢

JAVINOR



Summary

Emerging as the default
solution for PFAS
contaminated sites

A Adaptable technology which
can be used in a variety of
settings

A Proven to achieve and
maintain EPA MCLs

A No PFAS waste generated

A Taken from lab to commercial
scale




Questions?

Sarah Hughes

District Manager,
REGENESIS

shughes@regenesis.com

@) REGENESIS



