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Presentation Overview

e Effectiveness of CAC Treatment

* Case Studies
* Ever-changing Remediation Goals
* Design & Implementation Process
* Long-term Data
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PFAS Sources/Plume System

High PFAS
concentrations
adsorbed to
soils

High PFAS
concentrations
within
groundwater

Source Area Plume
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INTERSTATE

Plume Management Solution:
Enhanced Attenuation

+ COUNCIL x
ﬁ
—
<D

* ADOTONHDAL *

AHOLYINOD3Y

Permeable Reactive Barrier “The result of applying an

of colloidal activated carbon enhancement that sustainably
| manipulates a natural

B I attenuation process, leading to

an increased reduction in mass

flux of contaminants.’
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re-me-di-a-tion

/ra médé aSH(a)n/

Noun

A Process used to reduce or eliminate the risk for
humans and the environment that may result from
exposure to harmful chemicals

Source: ITRC
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https://youtu.be/2OEeJ9qR9nA

Eliminating Risk b o
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Monitored natural attenuation to manage PFAS impacts
to groundwater: Potential guidelines

Charles J. Newell! | David T. Adamson® | Poonam R. Kulkarmi' |

US EPA: Natural attenuation processes may reduce [BesietvssiF it S
the potential risk posed by site contamination in e . e 2

A o o |t
three ways: SEIITUITIT | an donkyed fr kg el s 8 .
1. Transformation of contaminants to a less toxic form e o i e | et 200 The e vt i
2. Reduction of contaminant concentrations Z':'i?"“:"“ Ef?ﬁﬁﬁ?ﬁ%%ﬁﬁi%
3. Reduction of contaminant mobility and bioavailability o— denie, a5 ar 10 ke PFAS MNA questons an 10 Lok that an b sppbed 10

address them. Finally, a list of polential methods to enhance PEAS MMNA s provided for
sites where MNA alone may mol effectively manage the PEAS plumes. Overdl, a
practical framework for evaluating PEAS MBMA thal can result in more efficient, reliable

Colloidal activated carbon adsorbs PFAS in situ, gt o ame PEASskes & e
reducing mobility and exposure | mrrosucron L

matrix diffusion into low permeabilty media. Moy of the PEAS reten-
This paper bulds upon 2 companion paper that desoribed the scentific tion processes are rondestrsctive and reversible, soothat the key at-
basis for wsing monitonsd natural attenuotion [(MRA) 0 managing per ‘tenuation berefit of these processes: i “peak shaving™ whene the original
and polyfluoroalleyl substances [PRAS] impacts to groundwater [Mewel peak mess discharge of PRAS from the source & atteruated to lower,

- ———F —

U.S. EPA. Use of Monitored Natural Attenuation for Inorganic Contaminants at Superfund Sites, Directive 9283.1-36. Published online 2015. '
Newell CJ, et al. Monitored Natural Attenuation to Manage PFAS Impacts to Groundwater: Scientific Basis. Groundwater Monitoring & Remediation. 2021;41(4):76-89.
Newell CJ, et al. Monitored natural attenuation to manage PFAS impacts to groundwater: Potential guidelines. Remediation Journal. 2021,;31(4):7-17.
ER21-5198. Accessed December 15, 2021. https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/ER21-5198/ER21-5198.
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How Effective is CAC for in situ PFAS treatment?
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DOE: 10.1002/rem. 21741

Longevity of colloidal activated carbon for in situ PFAS
remediation at AFFF-contaminated airport sites

Grant R. Carey! | Seyfollah G. Hakimabadi® | Mantake Singh® | Rick McGregor* |
Claire Woodfield® | Paul J. Van Geel® | Anh Le-Tuan Pham?

'Porewater Solutions, Ottawa, Ontario,

Canada Abstract
“Department of Civil and Envirsnmental
Engineering, University of Wateroo, Ontario,
Waterloo, Canada

“Department of Civil and Envirenmerntal
Engineering, Carleton University, Onitario,

A review of state per- and polyfluoroalkyl substances (PFAS) guidelines indicates
that four long-chain PFAS {perfluorcoctanesulfonic acid [PFOS] and perfluoroocta-
noic acid [PFOA] followed by perfluorohexanesulfonic acid [PFHxS] and perfluor-
ononanoic acid [FFMA]) are the most frequently regulated PFAS compounds.
0 Canada
w2 Analysis of 17 field-scale studies of colloidal activated carbon (CAC) injection at
“In Situ Remediation Services Ltd,, 5t. George, . L. e
Ontario, Canada PFAS sites indicates that in situ CAC injection has been generally successful for both

short- and long-chain PFAS in the short-term (0.3-6 years), even in the presence of
Comespondence

Grant R. Carey, Porewater Solutions, 2958
Barlow Crescent, Ottawa, OM KOA 1T0,
Canada.

Ernail: grarey@porewater.com

low levels of organic co-contaminants. Freundlich isotherms were determined under
competitive sorption conditions using a groundwater sample from an agueous film-
forming foam (AFFF)-impacted site. The median concentrations for these PFAS of
interest at 96 AFFF-impacted sites were used to estimate influent concentrations for

2 information a CAC longevity model sensitivity analysis. CAC longevity estimates were shown to
*ater Solutions, Ontario Centers for

nce, and Matural Sciences and
¢ ering Research Cowncil

be insensitive to a wide range of potential cleanup criteria based on modeled
conditions. PFOS had the greatest longevity even though PFOS is present at higher
concentrations than the other species because the CAC sorption affinity for PFOS is
considerably higher than PFOA and PFHxS. Longevity estimates were directly
proportional to the CAC fraction in soil and the Freundlich K;, and were inversely
proportional to the influent concentration and average groundwater velocity.

Grant Carey

RESEARCH ARTICLE WILEY

Independent assessment of PFAS CAC
applications at Airport Sites

* PoreWater Solutions

* |nSitu Remediation Services Ltd
e University of Waterloo

e University of Toronto

* Treatment Expected to last decades
* Source reductions extend longevity

REMEDIATION

THE JOURNAL OF EXVIROAMENTAL CLEAM P COSTS, TECRNDULOGIES, & TEOHININUES

In Situ treaiment.obREASMRRacted groundwater
using cofloidal activated Carbon Volume 33, No. 1

Rick M-Grogoe

Winter 2022

WILEY
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Paper Highlights

Airports PFAS Sites (96 reviewed)
e 82% dominated by PFOS and PFHXxS
(Grayling)
e Preferentially sorbed to AC

17 Field Sites show Success with Co-
Contaminants PHC/VOC (Grayling)

In Situ CAC has much Longer
Breakthrough Time vs. ex situ AC
e particle size and extended retention

Longevity Impacted Mostly by Incoming
Mass Flux

TABLE 1a CAC field studies with a measured fraction of CAC in soil (f.,)

Maximum
Aaxi d of
PFAS gr co-C
Field concentrations before  before CAC injection
site ID Reference CAC injection(pg/L) (ug/L)
1 McGregor PFOA: 3.26 and BTEX: 300
(2018), PFOS: 1.45 GRO: 2000
Carey DRO: 3500
etal. (2019)
2 McGregor, PFBA: 6.2; PFPeA: Petroleum
2020a 24.0; PFHxA: 16.1; hydrocarbons:
PFHpA: 6.08: 3500
PFOA: 0.45; and
PFNA: 0.14
3 McGregor and PFBA: 6.405; PFPeA: Total BTEX: 6160
Benevenut- 24.0; PFHxA:
o (2021) 15.74; PFHpA:

7.25; PFOA: 0.91;
PFNA: 0.165; and

PFOS: 2.105
“ McGregor and  PFBA: 0.795; PFPeA:  TCE: 985
Zhao 12.8; PFHxA: 3.24; cis-1,2-DCE: 258
(2021) PFOA: 0.95; and vinyl chloride: 54
PFOS: 2.14

Abbreviations: BTEX, benzene, toluene, ethylbenzene, and xylenes; CAC, colloidal activated carbon; DCE, dichloroethene; DRO, diesel range organics; GRO, gasoline range organics: PFAS, per- and
polyfluoroalkyl substances; PFBA, perfluorobutanoic acid; PFHpA, perfluoroheptanoic acid; PFHxA, perfluorohexanesulfonic acid; PFNA. perfluorononanoic acid; PFOA, perfluorooctanoic acid; PFOS,

Description of

vmhhth:CAC
Soil type Measuredf.,. adsorption zone

Silty sand  0.02% Four monitoring
wells

Fine- 0.08% Three monitoring
grain- wells and one
ed well multilevel
sand with three

screened
intervals

Siity sand 0.76% Three multilevel
and wells (two wells
sand with seven

screened
intervals, and
one well with
three screened
intervals)

Sifty sand 0.07% Three monitoring
wells

perfluorooctanesulfonic acid; PFPeA, perfluoropentanoic acid: PFUnA, perfluoroundecanoic acid; TCE, trichloroethene.

Postinjectionmo-

nitoring events

(days after Summary of postinjection PFAS
injection) monitoring results

AHTIMﬂ

79,175, 298, 350, No detections of PFAS in the CAC

449, 533, 689, adsorption zone over first 10

1050, 1415, postinjection monitoring events

1780, 2145 (5 years), with the exception of a
single well with low detections of
PFOS and PFUNA at t = 533 days
(40 and 20 ng/L, respectively). First
five monitoring events included lab
analysis for only PFOS and PFOA; lab
analysis in the last six events included
a full suite of PFAAs. In Event 11
(6 years), the detection limits were
lowered to about 1 ng/L. and several
PFAS were observed slightly above
the new detection limits in this last

event,
92, 184, 278, No detections of PFAS in the CAC
366, 549 adsorption zone over all five
postinjection monitoring events (1.5
years),

182, 273, 366 No detections of PFAS in the CAC
adsorption zone in unconsolidated
media over all three postinjection
monitoring events (1 year).

122, 248, 362, No detections of PFAS in the CAC
547, 724 adsorption zone over all five
postinjection monitoring events (2
years),

W 13 AJUVD
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Summary REGENESIS AIRPORT Projects

PFOA/PFOS

max (ug/L) Results
MA airport barrier Met remediation Goals in 3 months
Camp Grayling Air
Field barrier [ND/.06 Met Remediation Goals, maintained 4+ years
MI airport barrier |0.024/.511 Met Remediation Goals in 3 months
UK Int airport barrier .316/.014 Met remediation goals
UK commercial
airport barrier |5.66/.62 Met Remediation Goals, project under Plume Shield Warranty
Fairbanks AK barrier [.24/.28 Met Remediation Goals, maintained 2+ years
Federal Facility
Airport grid Met Remediation Goals

downgradient wells trending downward 50% reduction observed,
Ontario barrier |0.042/1.5 does not have near barrier well
NY airport barrier 0.172/.823 waiting for data I
&) REGENESIS




Case Study #1
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Grayling, Mi

19th Annual EPAZ Conference
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Background

* Founded 1913
* 147,000 Acres

* Largest National Guard Training
Center in the Country

* Home to Grayling Army Airfield
(900 Acres)

* Contaminant Release History:
e Diesel, PCE/TCE, PFAS

* Remediation History:
 Pump and Treat, Air Sparging/SVE
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Case Study: Pilot Test

Site Details

Former Bulk Storage
Tanks Location

GW Velocity ~250 ft/yr
Vertical Treatment  15’-27’ bgs.
Interval

Injection Points 9

Soil Type

Coarse, Medium to Fine
Sand with Clay at 27’ bgs

Sensitive Receptors

Residences, Surface water
bodies, Property Boundary

Contaminants of
Concern

8 ug/L PCE angd-430Tg/T 1ot
PFAS, Primagily PFOS & PFHXxS
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Ever-changing Remediation Goals

Summary

EPAis proposing a National Primary Drinking Water Regulation (NPDWR) to establish legally enforceable levels, called Maximum

[ ) Fa I I 20 18 [ 70 p pt Tota I Contaminant Levels (MCLs), for six PFAS in drinking water. PFOA and PFOS as individual contaminants, and PFHxS, PFNA, PFBS, and
[

HFPO-DA (commonly referred to as GenX Chemicals) as a PFAS mixture. EPA is also proposing health-based, non-enforceable Maximum

P FOS/P FOA U S E PA H ea Ith Contaminant Level Goals (MCLGs) for these six PFAS.

Advi So ry Leve I Compound Proposed MCLG Proposed MCL (enforceable levels)
PFOA Zero 4.0 parts per trillion (also expressed as ng/L)
PFOS Zero 4.0 ppt

* August 2020: Michigan
M C LS PRHS 1.0 (unitless) 1.0 (unitless)

Hazard Index Hazard Index

PFBES

HFPO-DA (commonly referred to as GenX Chemicals)

 March 2023: Proposed
USEPA MCLs

@) REGENESIS
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Modeling in the Design Process

* Key Factors:

* Target contaminant of concern Pl m
umeForce
* VOCs, PFAS, etc. Modeling Tool
* Compound Specific Isotherms

e Contaminant Mass Flux
* Non-target compounds present

* Competitive Sorption and Degradation
(if applicable)

 Model Considerations:
e Carbon Dose
* Vertical Variations
e Barrier Thickness
* Time

@) REGENESIS



Design Verification Testing

* Subsurface investigation specific to application requirements

* Separate mobilization ahead of the principal application

* Detailed stratigraphy, feasible flow rates, appropriate tooling,
aquifer response to injection (clean water)

* Informs design refinement and placement optimization

* |Injection Test, Soil Cores, High Resolution Sensing Tools,
FluxTracer™

@) REGENESIS
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FluxTracer

Flux Mapping Tool

Well-cap to
support assembly

Pre-measured cable ——
[on transport spool)

5 pre-strung
units

Well Interval - Depth Below Top of Well Casing (ft)

29.7

30.7

3.7

327

33.7

34.7

35.7

36.7

37.7

38.7

39.7

TT-13
Darcy velocity (cm/day)
5 10 15 20

\"’ (i

1,000 2000 3000 4000 5000
Contaminant flux (ug/m?/d)

25

-&-Darcy velocity
~#8-PFPeA
-9-6:2FTS
~&~PFHxA
~+-PFBA

7,000
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Pilot Test Layout I

* 9 Direct-Push Injection
Points

e Paired Wells UG & DG

* Bottom up DPT Injection
using 3’ retractable screens

* ~8500-gallons of CAC
Solution

* Avg. injection pressure of
16 psi

e Avg. flow rate of 6.45 gpm
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&4 MW29a MW29b
21-26’ 15-20’

Placement Validation

: : MW29d MW29e
* Planned field steps to confirm RAAPAE

and optimize CAC distribution

* Pre- and Post-Soil Cores

* Piezometers
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CAC-Distribution Confirmation
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CAC-Distribution Confirmation
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Analytical Results




Average Total PFAS Concentrations in Upgradient and Downgradient Well Pairs
PLUME R[]z

Liquid Activated Carbon

160
140
120
100

20 s PEAS - Upgradient Wells

=== PFAS - Downgradient Wells
60

40

20

............................. = = EassEEsEEEEEEEEEEs Reporting Limit

ng/L 0.0 0.1 0.2 0.3 0.4

Years post application
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Pilot Test Layout

o sb2-2.5

sb1-2.5

At 6 Months we Added Four
Downgradient Wells

45’

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.

0
~

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.

4 MWwW29d
21-26’

MW29b
15-20’

sb7-2.5
° ]

MW29 ©
15-20 BWsb9-2.5
sbh9-4

MW29e
15-20’
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Average PFAS Concentrations in Upgradient and Downgradient Well Pairs

200 PLUME gafele

180
160
140
120

100 === PEAS - Upgradient Wells

=== PFAS - Downgradient Wells

50 New wells (26’ & 45’)

60
40

20
--------- . - - - - - Reporting Limit

0 10ng/L to 2ng/L
ng/l_ 0.0 0.1 0.2 0.3 04 0.5 1.0 16 2.7 35 4.5

Years post application
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Average Total PFHxS/PFOS Concentrations in Upgradient & Downgradient Wells Pairs

PLUME Yol

Liquid Activated Carbon

160

140
120
100
==@==Jpgradient Wells
w=@==6' DG (29/C)
80 —8—16' DG (29D/E)
26' DG (29F/G)
60 New wells (26’ & 45’) 8= 15' DG (29H/J)
40
20
.............. o o ° . Reporting Limit
0
0.0 0.1 0.2 03 0.4 0.5 1.0 16 2.7 3.5 45
ng/L

Years post application
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Case Study #2
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Case Study: Lo
Fairbanks International Airport

* PFAS detected onsite

* FAl responded
immediately

&5 MW-1904-35*

* Properties connected w5206
to municipal water
line

Fa
,N 0 Miles 05

Maximum Combined PFOS/ Over 65 ppt
PFOA Concentrations
Below HAL (<65 ppt)
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PlumeStop Application

* Purpose:

* Treatment designed to address PFOS, PFOA,
PFHpA, PFHxXS, and PFNA

* Objectives

* Inject PlumeStop to address contamination in
vicinity of MW1902-20

 Monitor PFAS levels in MW for minimum of one
year

 Extend barrier 2024

@) REGENESIS



ions

Locat

Jolg

Inject

@) REGENESIS



e

®

*%%

LEGEND
Injection Point
PlumaStop Monitoring Well

Temporary Well Point

=/

" = © “
| 1 l | |
B¢ - 2 { ]
Font
#.1
& 2 e
*
] .o
|
™ o P2 10
(LR w14
o PAS
wirs L
.7
o7 .
Py it
-1
P4
. B
w20 "w
o 12
.l'-u

i

&b

Fairbarks intemational Alrport
Fabanks Alaska

INJECTION WELL
LOCATIONS

November 2021 02519-005

B SHANON L WESON NG Figure 3

@) REGENESIS’



PlumeStop Pilot Study - Application
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PlumeStop Application — Injection Controls
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Results

Baseline Sampling

June 2021 - Removal Rates

PFOS = 270 ng/L
PFOA = 240 ng/L
PFHxS = 530 ng/L
PFHxXA = 200 ng/L
PFBS = 100 ng/L
PFBA = 24 ng/L

PFOS = 100%
PFOA = 100%
PFHXS = 100%
PFHpA = 100%
PFNA = ND

Observed PFAS Compounds in D-MW1903-20
Concentrations shown in ng/L

® PFOS ® PFOA ® PFHpA e PFHxS

PFNA

70 ng/L Cleanup Level

Time in Years Post-PlumeStop Application
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Case Study #3
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Martha’s Vineyard Airport Selects
PlumeStop to Address PFAS

Cost-Effective In Situ
Approach Addresses PFAS Risk
with No Greenhouse Gases or

Hazardous Waste

T | TETRA TECH g REGENESIS




Martha’s Vineyard Airport Selects
PlumeStop to Address PFAS

 Martha’s Vineyard Airport is centrally
located on an island off the coast of
Massachusetts.

* AFFF leached into the underlying
groundwater impacting it with PFAS and
plume extends beyond airport property
boundaries

* Private water wells supplying drinking water

to residents at risk

[E TETRA TECH 9 REGENESIS’




Remedy Selection

Remediation Goal:

* Prevent further PFAS movement away from
the site

* Prevent PFAS exposures to downgradient
residents

* Achieve regulatory standard:
20 ppt sum of:
PFOA, PFOS, PFHxS, PFENA, PFBS, PFDA

* 15+ year Design single application

»

Key factors in the selection included:
* Avoiding greenhouse gas emissions ‘k
* Avoiding PFAS hazardous waste disposal L
* Cost

[E TETRA TECH 9 REGENESIS'




Application and Results PLUME gSy)el:d

* PlumeStop applied in
December 2022

e Currently in performance
monitoring period

* Barrier designed to
immobilize PFAS for
decades, reducing
potential exposure risk to
nearby residents

* Plan to Expand barrier

Liquid Activated Carbon

PlumeStop PRB Application Details

Contaminants of concern PFAS

Treatment Zone Geology Coarse sand, with some silt and clay
Barrier length 60 linear feet

Target treatment zone 30 to 40 feet bgs

Injection configuration 24 pts, 5-feet spacing, two rows
PlumeStop applied 2.200 pounds/10,044 gallons

[E TETRA TECH 9 REGENESIS’




Upgradient Barrier: MA 6 PFAS

upgradient

Day 0 Day 103
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TT-25 5’ Downgradient: PFAS 6

3500
3000
2500
2000
1500
1000

500

3038

Day O

TT-25 5' downgradient

Day 103
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TT-26S 25’ Downgradient PFAS 6

3500

3000

2500

2000

1500

3325

Day O

TT-265 25' downgradient

603

Day 103
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Monitoring wells

Groundwater Contour (feet)
(dashed where inferred)

I PlumeStop Pilot

AFFF Testing Area - primary
discharge area

sl Inferred groundwater flow direction

Groundwater elevations gauged on March 23, 2023.

0 40 80’

SCALE: 1" =80'

160

primary foa
discharge area |/

¥

A L

= - 5
i DESCRIPTION , 3
Aerial Source: Martha's Vineyard Airport -
Nearmap dated April 20, 2022. Mertha's Vineyard Airport DomBr KL |
Vet Tisbury, Massachusetts 2
weaw tetratech.com Checked By: ~ REM g
109 Marean oad Potentiometric Surface Map e H
Merfoorough, MA 01752
Fhone: {508) 708-2200 Fax. (506 706-2201 WWTP Area )
— Bar Measures 1 inch

|Phase lapplication
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Case Summary #4

@) REGENESIS




PFAS Remediation Work Underway at

Alameda Point

Navy started injecting 180,000 gallons of activated
carbon at Alameda Point in June to prevent PFAS
contamination.

PFAS cleanup at the site began in 2021 after a new
EPA ruling, targeting the firefighter training area.

REGENESIS overcame challenges in grinding
carbon and preventing clumping, using colloidal
activated carbon for uniform dispersion.

PlumeStop is injected at 288 points along a 720-
foot strip; a groundwater monitoring program will
assess treatment from August 2023 to July 2025.

Alameda “Post

» Richard Bangert & July 11,2023 © 7:42am
®= Alameda Life

PFAS
Remediation
Work
Underway At
Alameda Point

the month-long process of injecting

I n late June, a Navy contractor began

over 180,000 gallons of activated
carbon solution into the ground at
Alameda Point to prevent a hazardous
substance called PFAS (Perfluoroalkyl
and Polyfluoroalkyl Substances) from
entering the Oakland Estuary.
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Summary

* CAC is an effective, in situ option to address PFAS Risk
* Nearly 50 sites to date
* Third-Party Evaluations
e Strict regulatory standards have been met
 NO waste is generated using this in situ approach
* Treatment Expected to last for Decades
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Thank You!

Dan Nunez
Vice President - West Region
REGENESIS

(949) 910-1977
dnunez@regenesis.com
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