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PFAS Remediation

Challenges:
— Limited demonstrated options

— Resistant to degradation due to carbon-fluoride

bond
— Vast number of compounds/structures
— Evolving toxicity & analytical
— Low remedial concentrations required
— Sensitive to back & matrix diffusion
— Large diffuse plumes
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PFAS InSitu Remediation

Current Approaches
— Ex Situ based
— Pump & Treat
* Sorptive based
— Granular activated carbon
— lon exchange resin
— Foam Fraction
* Concentrated waste generated
* Expensive and never ending
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In Situ Treatment

L5

— Limited demonstrated options

—Sorptive based

‘ ' rbon
* Colloidal activated carbon Powder activated carbo

(PlumeStop™) —Distribution and injection challenges

* Dozens of applications * lon exchange resin

« ESTCP (ER20-5182) —Promising laboratory results
—Field test forthcoming (ESTCP, ER21-7554)

AOUIFER® INSIT®

SERWICOS OE REMEDOIRA



Air-Water Source Zone Site

* Current approaches focus on plume treatment, excavation & stabilization
 Studies have shown PFAS

* Accumulate and attenuate at air-water interface (Anderson et al; Brusseau et al.)
Physical and chemical properties of PFAS
Surfactant-like qualities

* Factors: aquifer properties, ionic strength, LNAPL presence, etc

* Mass at interface can be orders of magnitude greater than in plume
* Potential Importance

* Longterm source
* (Can we limit mass flux from the interface (Carey et al, 2024)
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Study Site

* Former fire-fighting training area
* Geology
* Silty sand
* Hydrogeology
* Unconfined aquifer
* Watertable ~18 ft below surface
e K:1x10°to 9x10-* m/sec
* Groundwater velocity ~ 50 ft/year
* Geochemistry
* [ron & sulfate reducing
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Study Site

* Shallow groundwater source zone
* PHC & VOC plume with PFAS present
e CVOCupto459ug/L
* PHCF1/F2upto2,680ug/L
* 23 PFAS analyzed, 6 detected
 C5to C9 carbon chain
* PFBAupto6,720 ng/L
* PFHxA up to 16,890 ng/L
* PFHpA upto 5,890 ng/L
* PFNAupto 2,140 ng/L
* PFOAupto 3,560 ng/L
* PFPeAupto 31,240 ng/L
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Study Site

Porewater collected from lysimeters
* 23 PFAS analyzed, 6 detected
* (C5to C9 carbon chain
* PFBAupto 63,340 ng/L
* PFHxA upto 164,350 ng/L
* PFHpA upto 164,350 ng/L
* PFNAupto 3,145 ng/L
* PFOA upto 6,340 ng/L
* PFPeAupto 307,450 ng/L
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Study Site

* TestArea:

100 m? area

* Targeted air-water interface
* Reagents

* Colloidal activated carbon (PlumeStop™)

1,760 Ibs injected in 30,400 gallons
* [njection

e Grid - 6 foot spacing

* 23 injection points

* Direct push technology

* Multiple vertical intervals

e 20.3 fthgs & 18.4 fthgs
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Study Site

* Groundwater Monitoring
* Combination of 2” wells (2) and lysimeters (9)

* ¢VOCs, PHCs F1+F2, inorganics, general chemistry
and PFAS

e Groundwater

* Pre-injection (2 events), Days 107, 293, 564 &
930

 Porewater

* Pre-injection (2 events), Days 107, 199, 293,
381,564 & 930

ROUIFER®
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e Aquifer Solids

e Continuous cores for TOC, pre- &
post injection

e Distribution and “radius” of
detection

* AquiferTesting
 Moisture content

e (Cores for flexible wall
permeameter tests

@
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Study Site
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Study Site

* Pre-InjectionTOC

Measurement of TOC
Corrected for inorganic C

* Results

Detection limit: 0.005 g/kg
Number: 22 samples
Maximum: 0.0075 g/kg
Minimum: 0.005 g/kg
Mean: 0.0057 g/kg
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* Post-Injection TOC 2
* Measurement of TOC -
 Corrected forinorganic C "
* Results : W ——— Torget nection Zone
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* Detection limit: 0.005 g/kg

.

* Number: 88 samples 3

* Maximum: 0.91 g/kg TOC (e/kg) TOC (¢ke)

e Minimum: 0.005 g/kg S & 8 s § 5 N

* Mean: 0.276 g/kg

* MeanTIZ: 0.706 g/kg

* 100 % of samples within TIZ detected elevated TOC

* 8.9 % of samples outside TIZ detected elevated TOC et ectonzone
T I
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Study Site
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Study Site
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Study Site

Groundwater
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Summary

e Distribution

* With TIZ 100% of samples had elevated TOC concentrations post injection '-"-;'32,
* Overall within TIZ, TOC concentrations increased by > 3 orders of magnitude 43

« Outside of TIZ, less than 9% of samples had elevated TOC concentrations post injectic
* PlumeStop detected greater than 3.0 m away from injection point
* PFAS Treatment within Pore Water
* Ofthe six detected PFAS all went to ND within 3 months of injection
* PFPeA was detected in select lysimeters after 1.5 years
* PFAS Treatment within Shallow Groundwater

* Mass flux of PFAS into the shallow groundwater decreased by >80% (PFBA) t0 99.9%
(PFOA) over the 30-month monitoring period
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On Going Studies

* Fractured Bedrock
* Central Canada
* Overburden & bedrock impacted by foam
* PlumeStop™
 (C6>ND, breakthrough of C4 & C5 in rock
e Saline Aquifer
* Middle East,
* Bulk petroleum hydrocarbon facilities
* PlumeStop ™
e 36 months, ND for PFAS
* Long-term Testing
e Central Ontario site, > 8 years
* PlumeStop™

EEEEEEEEEEEEEEEEEEE
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On Going Studies

* Laboratory
* |sotherm
* Co-competition studies
Analytical issues
Column tests
* U ofToronto & U of Waterloo
Numerical modeling
* Porewater Solutions
* University of Toronto & Carleton University
Field testing (SRDEP)
* Jacksonville

ROUIFER®
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On Going Studies
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Six pilot-scale studies evaluating the insitu treatment of PFAS

in groundwater
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The Effect of Heterogeneity on the
Distribution and Treatment of PFAS in
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Distribution of Colloidal and Powdered
Activated Carbon for the in Situ
Treatment of Groundwater

Abstract

The use of tm sife technologies for the treatment of groundwater contatning
varioas compounds of concern are widely accepied. These technologies in-
<hade chemical reduction, chemical andation, amacrobic and arobic blore-
madiation. and adsorpion, amng olbiers. One fogarement fof the suconful
application of these technologies 1 the delivery of the remwedial reagent(s) 1o
the compounds of concern. A rapidly evolving in sifw technology s the injec-
tion of adsorptive media such as activated carbon and son-exchange resin in-
chading powdered or colloidal activated carbon. Activaied carbon has a
long- Bastory of for the remonal of varioes organic
and Inofpans compounds 18 above ground walef trestment sytems. Howey-
. duae 1o comstraints related to the particle e and physical propertics of the
activated carbon, the & sfw application of activaled carbon has been Bmited.

] n virsty of madia ncludn
PFAS-impacted grourdwater & extracted by purmp and teat 5|

naflective for of dssa
Imcledng PFAS but instead e comidred appicatie for
aftematve 10 pUTP and treat s in-aty veatment. The dem
toatment b PRAS impacted groundwater is Imited with
carton (CAC) bang shown 1o efectvely aftenuak FRAS of
tim perods. Active reseerch topics for the in-sits treatment of
of heterogenaity an the distbution of the CAC, the Mespan of
competitve ackomtioniabscrption, and the aflect of other geodt

RESEARCH ARTICLE
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The in situ treatment of TCE and PFAS in groundwater within

a silty sand aquifer

Tris study
and subsequent treatment of PRAS at a ste wih a muliple 8
geclogy vared from & sity sand 10 sand b fractured bedrock
impacied by PFAS and berzens [B) tolers (1), ettyltena
Paramaters evahmted incuded the distrbution of the CAC a5
treaiment of the PFAS and BTEX Resuls of groundwaber sa
PFAS dutected wihn the grandwiter wer tuatod efectvely
repodtng kits e the duration of the 1-yeer test i Dot the sy

chained PRAS. These nesuts sugoest hat competitive sorptive
0n the CAC wihin the Factured roc. Analysis of he Uncons(
cietermined that direct push npcton of the CAC wis efficfve at
target ingction 2ones wih post-rgecton loll oganc oIty
rcreasing by up 1o heee ordins of magnitude company
concentrations. Heterogenaty dd have an impact on the CA(
ydemike concuctivty zones receing more CAC mass than loy
TOones.

aywords: FYAS, TEX coloidel activated cartion, in-alis, groundwste. mmed

R = activated carbon b od
smaller partscle size allowing activated carbon 1o be applied 2 sita To eva-
Iuate 1f powdered and colioadal can be effectively d d

1n aqusfers. the two Eypes of carbon were mjected wsing direct push technolo-
7 adjacent to cach other at fous sies with vasying pealogy. Evaluation of dis-
tributton was compicted by sampling the aquifer prior 1o and post-injection
for total organic carbon. The results of the studies indicated that both forms
of actrvated carbon were effectively deftvered to the targeted injection zones
with both carbom types betng detected af least seven meters away from the
point of snpection. The colloidal form of the activated carbon showed good
distribution hroughont e four tirpeled roses of Injection wilh 93 percent
of the mmples collecied having coliosdal activated carbon presenl within
them whereas the powdered activated carbom cells wre more sascrplible o
aquifer heterogenetty with anly &7 percent of the samples collected having ac-
tivated carbon present. Preferential accumulation of activated carbon was
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Abstract
Chiornatied ethenes such as trichiomethene (TCE) cs-1 2 dichlorethene (s 1.2-
DCE and vieyl chioride slang with per- and polyfluomallyl subtances PFAS have

) vt e g ¥ M e A
-

3

Jow-up to the PFAS Exparts Symposkum No. 2 held on June 30 and
D21, the In situ
latory review of In st technologies that are potentially applcable to sites
» and polyfiuoroalicyl substances (PFAS) contamination. The technologies

meially applicable to sites with soll groundwater, surface water. and wedh-

beirg conirmed a8 being. carcinogens or wipected carcoges. Wiile there are 3

Whie the scope
s for PFAS remains Irmited, some in sity adsomtion technalogles, most

ety
there are Emited technologies avalable 1o treat PFAS in groundwater. At a former
Industrial ske shallow groundwater was Impacted with TCL, ck-1.2-0CT, and viryl
chioride at concentrationsup to P85, 258, and 54 gL respectively.

based technologes, can be considered Ruly commerdia-
ough questions remain regarding the long-tem effectivenes of these
Bt fiedd 2ppications. degioyed for 3t least 3 half Geca de or mone contirae

S0 contsired madmum concantrations of the following PFAS: 12800 rgll of
perfuompentancic acd, 3240ng/L of perforchecnckc add, 795rgl of per-
acid, 950ngL of ack, and 2M0ngL of per-
. Using 2 of adsomtion, blotic, and ablotic
pproaches, the oncer for
removal from the groundwater with acorption being utlied for PFAS whereas
adsorption, chemical mduction, and anaerchic bicdegradation were used for the
over a2 Indicated

that the detected 10 either their on,
over lts for TCE. cis-1.2-0CE,
and viewl chioride Indicatid that the concentrations of the Uhiee compounds de-
Cwased by an onder of magnitude within 4 months of injection, with TCE decreasing
10 below the analytical detection §mit over the 24-manth monitoring period. Cis-1,
2:DCL. and viewl chiaride concentrat lons decreased by over 99% within 8 months of
Inections, remaining at or below these concentrations during the 24-month man-
Rorig period. Aralyms of Dehdomoroidel ethane, and scetylene over Ui suggest

that dmd

attenuate the c! and PRAS within the aguifer.
Analysis of soll cores collected pre- and postdnjection. indicated that the distribu-
tion of the colloidsl sctvated smal

within the aquifer. However, all aquifer samples collected within the Largeted In-
Joction 2600w contsined tetd erpaic crbon o concentrMtions X lasst one onter of
magritude greater than the B ¢
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