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Colloidal Activated Carbon Used to
Treat PFAS Impacts at AFFF
Training and Use Areas at Three
Regional Airports: A Multi-Site Pilot
Testing Review
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Immobilize the PFAS within the aquifer

In Situ Remediation

Two Avallable Approaches:

Remediation of PFAS in Groundwater



In Situ CAC Remediation
How is Remediation Achieved?

« CAC particles permanently coat the aquifer
matrix creating an in-situ filter

« CAC engineers the K, of the aquifer increasing BB }ﬂ, -
the adsorptive capacity by several orders of

magnitude

 PFAS is immediately removed from groundwater

« PFAS risk is eliminated by removing the
exposure pathway to receptors
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Remediation

“A process used to reduce
or eliminate the risk for
humans and the
environment that may
result from exposure to
harmful chemicals” *
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Regulatory Council (ITRC),
2020
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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
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

Colloidal Activated Carbon
What is it?

 Form of activated carbon the size of a red
blood cell (1 -2 um)

« Small enough to move through soil pores
to evenly coat and penetrate the soll particles

 Formulated in a liquid solution or solid
conglomerate
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Independent Assessment of PFAS CAC
Applications at Airport Sites

I3 B0 B e, 71441

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

* Mixed plume (PHC/VOCs/PFAS) performance is o oy | S . it | S g |k |
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Pilot Test Site Review

 Pilot testing completed to resolve questions in efficacy and efficiency in

risk reduction
 Pilot testing also allows the practitioner to find ways to remove

variables in the design and application process to more easily scale up

to larger applications
* Three pilot tests presented here will show results and also methods for

process assessment
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Westchester County Airport
(HPN)




Case Study: Groundwater Pilot Test

Westchester County Airport (HPN) (sometimes called
White Plains) is a county-owned airport in Westchester
County, New York

* 33 miles north of Manhattan

e 702 acres at an elevation of 439 feet

* Airport opened in 1942 as an Air National Guard Unit to
protect Rye Lake, part of the NYC’s water supply system

* Local conservation advocacy groups raised concerns about
the stormwater runoff

*  PFAS compounds discovered in groundwater testing
between the airport and the watershed
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Modeling in the Design Process

Multi-phase finite-difference model accommodating dynamic sorption,
destruction and competitive interactions between target and non-target species
It predicts groundwater concentrations at any point in time in the modeled
domain.

* Key Factors:
* Target contaminant of concern
o VOCs, PFAS, etc.
o Compound Specific Isotherms
* Contaminant Mass Flux
* Non-target compounds present
* Competitive Sorption and Degradation (if applicable)

* Model Considerations:
* Carbon Dose
* \Vertical Variations
* BarrierThickness
* Time
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Modeling in the Design
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30 Year Centreline Sorption Trends
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Process

Humic Acid 1,000
PFDA -

PFOS 68,100
PFOA 22,600
PFES 72
PFPeA 146
PFBA 52
Additional PFAS 14,712

Westchester Output
* PFOS/PFOA
* 30Year Model Run
» Sensitivity Analysis
» Seepage Velocity 220 ft/yr

* Model derived carbon dose and
water volumes to obtain
necessary ROI
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Pilot Test Setup

A pilot test area was selected along the
western area of the airport grounds
downgradient of any AFFF use and
upgradient of the watershed
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Pilot Test Results

FMw-13c Downgradient FMW-13B

1/3/2023 4/18/2023  8/18/2023 & 11/1/2023 ) . 1/3/2023 4/18/2023 | 8/18/2023 : 11/1/2023
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FMW-13D “"- 5,454 : _ FMW-13A  Upgradient
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Martha’s Vineyard Airport
UAAS




Case Study: Groundwater Pilot Test

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

* PFAS from fire training activities has
iImpacted the groundwater, and the plume
has moved off-site

* Private water wells supply drinking water
to residents at risk
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Remedy Selection

Remediation Goal:

* Reduce PFAS migration to
downgradient residents

* Achieve regulatory standards for tr
MAG (sum of 20ng/L): PFOA, PFOS;
PHHxS, PFNA, PFBS, and PFDA =

Key Factors in the Selection Included: =
« Sustainability Y
* Avoiding PFAS hazardous waste koo
disposal S o7

e Short and long term cost
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Mass Flux in the Design Process
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Mass Flux in the Design Process

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

Upgradient/Near-Source

TT-13
Darcy velocity (cm/day)
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~@~Darcy velocity
—#-PFPeA
—8-6:2FTS
—#—PFHxA
—+PFBA

0 1,000 2,000 3,000 4,000

5,000
Contaminant flux (pg/m?2/d)

6,000 7,000 8,000

Flux data suggested a change in geometry of the barrier

Downgradient

TT-14
Darcy velocity (cm/day)
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: 30" long 20’ interval to 60’ long 10’ interval
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Application

December 2022
60’ PRB length, 30-40’ bgs
24 IPs in a double row

~10,000 gallons of CAC
solution

Coarse sand with silts and
clays

sting Area- [o0),
primary foam =
ischarge area

Vi ’
Approximate locatians

Monitoring wells

Groundwater Contour (feet)
(dashed where inferred)

BN FPlumeStop Pilot

AFFF Testing Area - primary
~ discharge area
| ]

mmlie-  Inferred groundwater flow direction

Groundwater elevations gauged on March 23, 2023.

- Martha's Vineyard Airport
Aerial Source:
. . . TET! ECH
e i f2 160 @ RAT] Nearmap dated April 20, 2022. vﬁi“%‘ii‘““”’“’“ Airport DBy KWL
v tetratech.com = Coodadfl,__ REM
i SCALE: 1" =80' 100 Hickssor Road Potentiometric Surface Map Phiee
~ Merinorough, Ma 01752 WF A

(8 Fhone: (508)786-2200 Fax (506) 766-2201 rea J
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Results: MVY Regulated 6 PFAS Compounds

pgradient TT-25 5' downgradient
Upgradien o ? . 1T1-265 25" downgradient

ooooooooooooooooooooooooooo

Groundwater Flow

333333

PFAS total MA 6 compounds PFOS, PFOA, PFHxS, PFNA, PFHpA, and PFDA: 20ng/L @) REGENESIS'



Midwest Regional Airport




Case Study: NV

: [ 813 | 18 |
Groundwater e LN wmo
 Depth (ft) PFOA (ng/l) Depth (ft)  PFOA (ng/l)

Pilot Test o

:,/ Depth (ft) PFOA (ng/l)
16-20
31-35
46-50

This regional airport has a PFAS plume
migrating under a small town.

* Private wells are impacted

Depth (ft) PFOA (ng/l)

* No municipal drinking water

* November 2022 82102

e 121Psin a double row She e
46-50 359

* 8,300 gallons of CAC solution

* Silty sand geology S T T
Depth (ft)  PFOA (ng/l) Depth (ft)  PFOA (ng/l)
30-34 30-34 103
51-55 51-55 102
61-65 s 85.6
81-85 R ] 1% ND_0.89
106-110 St 106-110 | ND_0.89
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Placement Validation

* Real-time and post-injection evaluation of CAC distribution

* Real-time PV allows for dynamic remediation (on-the-fly adjustments)

« Collection of pre-injection soil cores and soil cores during and after
Injection to observe distribution

 Emplacement of sentinel observation points to observe groundwater
for ROI both in presence, timing, and concentration

» Tooling can range from simple bailer testing, to field colorimetric
testing, to the use of complex multi-probes for real-time geochemical
observation and logging

* More recently, field personnel has utilized pressure/flow rate ratios for
3D mapping either in-field or post-mobilization

* Aunique PV plan is developed for each project
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Midwest Regional Airport

Limnotech|  ]Airport PFAS Pilot Figure 1 - Pilot Layout
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Midwest Regional Airport

Analytical Results

Dominated by PFOS and PFHxS

>99.9% reductions within the

target treatment zone

Currently identifying funding

sources for further monitoring and

treatment

Depth (feet below ground surface)

MW22-09A

o U om
Plumestop % % % % Compound 10/4/2022  12/5/2022  2/8/2023  6/14/2023
njection Tz Z PFHzxA ND_D.53 ND_0.98 | ND_0.8% ND_0.93
0 Location Ground Surface = === PFOA ND_0.93 ND_0.98 ND_0.89 ND_0.93
PFNA ND_D.53 ND.0.98 | ND_D.8g ND_0.33
. PFBS 14 ND.0.98 | ND.OBS | ND_0.93
/|PFHxs 9.9 ND_D.98 | ND_0.89 ND_D.93
10 Water Table PFOS ND_0.93 ND_D.98 53 ND_0.93
s ITutaI PFAS 12.4 | 0 | 77 0 !
MW22-09B
20— Compound 10/3/2022  12/5/2022  2/8/2023  6/14/2023
s PFHxA 333 ND_2 .4 ND_2.0 ND_2.0
PFOA 26.7 ND_2.4 ND_2.0 ND_2.0
20— roundwater Flow PFNA ND_D.93 ND_2 .4 ND_2.0 ND_2.0
gvat |PFBs 17.9 ND_2.4 ND_2.0 ND_2.0
e Direction H PFHXS 453 ND_2.4 ND_2.0 ND_2.0
— PFOS 511 ND_2.4 ND_2.0 ND_2.0
o = HFPO-DA (GenX) |  ND_1. ND_4.5 ND_4.0 ND_4.0
Total PFAS 1685
A = MW22-09C
S0 =" Compound 10/4/2022  12/5/2022  2/8/2023  6/14/2023
PFHzxA 327 ND_3.1 18 17.1
I PFOA 64 ND_3.1 32 23
_ |prna 2 ND_3.1 1.1 ND_D.93
I ~._|prBS 15.9 ND_3.1 8.3 8
PFHxS 670 106 368 294
o PFOS 416 8 172 144
HFPO-DA (GenX) | ND_1.9 ND_6.3 ND.0.1.9 | ND_0.1.9
I Total PFAS 1561 19 743 620
MW22-09D
Compound 10/3/2022  12/5/2022  2/8/2023  6/14/2023
PFHzxA 30.6 214 39.3 18.2
PFOA 58.4 £5.2 £8.3 57.2
. |PFna 25 24 238 23
“|pFBS 45 43 47 33
PFHxS 317 232 267 208
PFOS 319 281 329 256
HFPO-DA (GenX) | ND_1.5 ND_1.9 ND_1.9 ND_1.
Total PFAS 761 751 843 679




Conclusions

* Colloidal Activated Carbon is a commonly used and successful
means for in-situ remediation of PFAS compounds

» A well-designed process for preparing in-situ remediation plans
produces results; the process includes modeling, flux
measurement, and placement validation; many additional
technologies can be added

* Pilot test remedial technology is tested not only in contaminant
reduction to goal, but through the design and application
process

* With success clearly defined and the technology properly
vetted, the end result will be elimination of environmental risk to
human health and the environment
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Questions?

ill, LPG

Gask
Regional Remediation Design Manager
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Technical Services Group Coordinator

kgaskill@regenesis.com
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