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Current Approaches
– Ex Situ based
– Pump & Treat (current)

• Granular activated carbon
• Ion exchange resin
• Concentrated waste generated
• Point of Use vs Plume Management

– Pump & Treat (developing)
• Thermal
• Plasma

PFAS Remediation



Pilot Scale Site
• Various laboratory and limited field studies 

• Laboratory tests by others suggested possible application of various reagents
• Sorptives: activated carbon, biochar, ion exchange resin
• Oxidants: persulfate (activated and unactivated), hydrogen peroxide
• Reductants: ZVI, bimetals
• Thermal: STAR

• Evaluate various parameters
• Treatment over time
• Distribution of reagents
• Effect of heterogeneity on reagents
• “Lifespans” of reagents
• Effect of pre-existing sand packs  



Pilot Scale Site
• Large Petroleum Hydrocarbon Facility

• Large BTEX plume with PFAS present
• BTEX ~ 680 ug/L
• GRO ~ 3,500 ug/L

• 22 PFAS analyzed, 6 detected
• PFBA up to 6,200 ng/L
• PFHxA up to 16,100 ng/L
• PFHpA up to 6,080 ng/L
• PFNA up to 140 ng/L
• PFOA up to 450 ng/L
• PFPeA up to 24,000 ng/L



Pilot Scale Site
• Geology

• Fine-grained sand
• Zone of medium grained sand (~1 inch thick)

• Hydrogeology
• Unconfined aquifer
• Water table ~17 ft below surface
• Mean K 5 x 10-5 m/sec
• Groundwater velocity ~ 200 ft/year

• Geochemistry
• Iron & sulfate reducing



Pilot Scale Site
• Six permeable reactive barriers/zones created using:

• Colloidal activated carbon
• Powdered activated carbon
• Biochar
• Ion exchange resin
• Sodium persulfate- unactivated
• Hydrogen peroxide

• Injection
• Grid – 5 foot spacing
• Direct push technology
• Multiple vertical intervals



Pilot Scale Site
• Groundwater Monitoring

• Combination of 2” and CMT wells
• BTEX, GRO, inorganics, general chemistry and PFAS
• Pre-injection (2 events), Days 92, 184, 278, 366 & 549

• Aquifer Solids
• Continuous cores for TOC, persulfate and hydrogen peroxide
• Direct push technology

• Aquifer Testing
• Pre- and post-injection
• Cores for flexible wall permeameter tests



Pilot Scale Site
• Injection Program

• Each cell 40 square meters
• Eight injection points
• Direct push technology
• Multi vertical intervals (~ 2 ft)
• All reagents injected at 10 weight percent
• Pressures ranged from 20 to 250 psi

• PAC, Biochar, IER greater than 185 psi
• CAC, S2O8, H2O2 less than 35 psi



Pilot Scale Site
• Distribution of reagents

• CAC
• Inside Target Zone - 0.77 g/kg 
• Outside Target Zone - 0.11 g/kg
• Pre–Injection - 0.006 g/kg
• 100 % of samples within Target Zone had detectable TOC
• 33 % of samples outside of Target Zone had detectable TOC 
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Pilot Scale Site

• Distribution of reagents
• PAC

• Inside Target Zone - 0.79 g/kg
• Sand seam – 2.40 g/kg 
• Outside Target Zone - 0.10 g/kg
• Pre–Injection - 0.006 g/kg
• 67 % of samples within Target Zone had detectable TOC
• 17 % of samples outside of Target Zone had detectable TOC 
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Pilot Scale Site
• Distribution of reagents

• Biochar
• Inside Target Zone - 0.81 g/kg
• Sand seam – 2.13 g/kg 
• Outside Target Zone - 0.13 g/kg
• Pre–Injection - 0.006 g/kg 
• 75 % of samples within Target Zone had detectable TOC
• 50 % of samples outside of Target Zone had detectable TOC 
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Pilot Scale Site
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Pilot Scale Site

Detection Limit
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Pilot Scale Site
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Pilot Scale Site

Days After Injection
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Pilot Scale Site

Detection Limit
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Pilot Scale Site
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Pilot Scale Site
• Treatment with time

• Breakthrough observed throughout target zone 
• Except for CAC
• Hydrogen peroxide & persulfate breakthrough in 90 days
• Low C PFAS > High C PFAS

• Hydrogen peroxide = persulfate > Biochar > IER > PAC > CAC



Pilot Scale Site
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Pilot Scale Site
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Pilot Scale Site
• Effect of Well Screen

• CAC
• Sand Pack - 0.61 g/kg
• Surrounding Target Zone – 0.77 g/kg 

• PAC
• Sand Pack – 1.11 g/kg
• Surrounding Target Zone – 0.79 g/kg

• Biochar
• Sand Pack – 1.08 g/kg
• Surrounding Target Zone – 0.81 g/kg 



Pilot Scale Site
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