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Presentation OutlinePresentation OutlinePresentation OutlinePresentation Outline

• Intro to Air Intro to Air Intro to Air Intro to Air SpargingSpargingSpargingSparging

• Former Lagoon Area [FLA], Northern NJFormer Lagoon Area [FLA], Northern NJFormer Lagoon Area [FLA], Northern NJFormer Lagoon Area [FLA], Northern NJ

• BackgroundBackgroundBackgroundBackground

• Why Air Why Air Why Air Why Air SpargingSpargingSpargingSparging????

• Pilot Testing ActivitiesPilot Testing ActivitiesPilot Testing ActivitiesPilot Testing Activities• Pilot Testing ActivitiesPilot Testing ActivitiesPilot Testing ActivitiesPilot Testing Activities

• Modeling Results/ConsiderationsModeling Results/ConsiderationsModeling Results/ConsiderationsModeling Results/Considerations

• Final DesignFinal DesignFinal DesignFinal Design

• System ImplementationSystem ImplementationSystem ImplementationSystem Implementation



What is Air What is Air What is Air What is Air SpargingSpargingSpargingSparging????

AnAnAnAn inininin----situsitusitusitu remedialremedialremedialremedial technologytechnologytechnologytechnology thatthatthatthat reducesreducesreducesreduces concentrationsconcentrationsconcentrationsconcentrations ofofofof

VOCsVOCsVOCsVOCs dissolveddissolveddissolveddissolved inininin groundwatergroundwatergroundwatergroundwater orororor adsorbedadsorbedadsorbedadsorbed totototo soilssoilssoilssoils throughthroughthroughthrough

volatilizationvolatilizationvolatilizationvolatilization andandandand bioremediationbioremediationbioremediationbioremediation bybybyby thethethethe injectioninjectioninjectioninjection ofofofof airairairair....

Zone of Air DistributionZone of Air DistributionZone of Air DistributionZone of Air Distribution Air ChannelingAir ChannelingAir ChannelingAir Channeling



What is Air What is Air What is Air What is Air SpargingSpargingSpargingSparging????

http://www.clu-in.org/download/techfocus/air-sparging/ABR09-4-AS.pdf



How Air How Air How Air How Air SpargingSpargingSpargingSparging Works?Works?Works?Works?

• InInInIn----situ air stripping of dissolved VOCs in groundwatersitu air stripping of dissolved VOCs in groundwatersitu air stripping of dissolved VOCs in groundwatersitu air stripping of dissolved VOCs in groundwater

• Volatilization of trapped and adsorbed VOCs in soils:Volatilization of trapped and adsorbed VOCs in soils:Volatilization of trapped and adsorbed VOCs in soils:Volatilization of trapped and adsorbed VOCs in soils:

• Precipitation of metals in groundwater:Precipitation of metals in groundwater:Precipitation of metals in groundwater:Precipitation of metals in groundwater:

• BiospargingBiospargingBiospargingBiosparging versus Air versus Air versus Air versus Air SpargingSpargingSpargingSparging

• Aerobic biodegradationAerobic biodegradationAerobic biodegradationAerobic biodegradation• Aerobic biodegradationAerobic biodegradationAerobic biodegradationAerobic biodegradation

eeg.geoscienceworld.org



Design ConsiderationsDesign ConsiderationsDesign ConsiderationsDesign Considerations

• Radius of Influence Radius of Influence Radius of Influence Radius of Influence 

• Target IntervalTarget IntervalTarget IntervalTarget Interval

• Subsurface ConditionsSubsurface ConditionsSubsurface ConditionsSubsurface ConditionsSubsurface ConditionsSubsurface ConditionsSubsurface ConditionsSubsurface Conditions

• Contaminants of ConcernContaminants of ConcernContaminants of ConcernContaminants of Concern

• Air flow rate and pressureAir flow rate and pressureAir flow rate and pressureAir flow rate and pressure



Former Former Former Former Lagoon Area [FLALagoon Area [FLALagoon Area [FLALagoon Area [FLA]]]]

Northern New JerseyNorthern New JerseyNorthern New JerseyNorthern New Jersey



Site BackgroundSite BackgroundSite BackgroundSite Background

• Former manufacturing facility with active Former manufacturing facility with active Former manufacturing facility with active Former manufacturing facility with active 

lagoon operations through lagoon operations through lagoon operations through lagoon operations through 1967 1967 1967 1967 

• BenzeneBenzeneBenzeneBenzene, VOCs, SVOCs, and heavy metals , VOCs, SVOCs, and heavy metals , VOCs, SVOCs, and heavy metals , VOCs, SVOCs, and heavy metals 

in in in in soil and soil and soil and soil and groundwatergroundwatergroundwatergroundwater

• Former Former Former Former biospargebiospargebiospargebiosparge system operation from system operation from system operation from system operation from 

2002 through 2012 2002 through 2012 2002 through 2012 2002 through 2012 2002 through 2012 2002 through 2012 2002 through 2012 2002 through 2012 

---- Model predicted Model predicted Model predicted Model predicted 

cleanup cleanup cleanup cleanup time frames time frames time frames time frames 

over over over over 50 50 50 50 years!years!years!years!



Site LayoutSite LayoutSite LayoutSite Layout

GW Flow 

Direction DIAGNOSTIC TESTING DIAGNOSTIC TESTING DIAGNOSTIC TESTING DIAGNOSTIC TESTING 

FOCUSED AREASFOCUSED AREASFOCUSED AREASFOCUSED AREAS



FLA FLA FLA FLA –––– BackgroundBackgroundBackgroundBackground
• Former textile mills/pharmaceuticals manufacturing plantFormer textile mills/pharmaceuticals manufacturing plantFormer textile mills/pharmaceuticals manufacturing plantFormer textile mills/pharmaceuticals manufacturing plant

• Primary COCs :Primary COCs :Primary COCs :Primary COCs :

• Benzene up to 20,900 Benzene up to 20,900 Benzene up to 20,900 Benzene up to 20,900 ugugugug/L/L/L/L

• Phenol up to 12,800 Phenol up to 12,800 Phenol up to 12,800 Phenol up to 12,800 ugugugug/L/L/L/L

• Arsenic up to 31.2 Arsenic up to 31.2 Arsenic up to 31.2 Arsenic up to 31.2 ugugugug/L/L/L/L

• GeologyGeologyGeologyGeology• GeologyGeologyGeologyGeology

• Fill layerFill layerFill layerFill layer

• Alluvium layer Alluvium layer Alluvium layer Alluvium layer 

• Glacial Glacial Glacial Glacial TTTTill layerill layerill layerill layer

• HydrogeologyHydrogeologyHydrogeologyHydrogeology

• Groundwater table ranges approximately 1.5 to 6.5 feet Groundwater table ranges approximately 1.5 to 6.5 feet Groundwater table ranges approximately 1.5 to 6.5 feet Groundwater table ranges approximately 1.5 to 6.5 feet bgsbgsbgsbgs



FLA FLA FLA FLA –––– Why Air Why Air Why Air Why Air SpargingSpargingSpargingSparging????
• Past Remediation Efforts:Past Remediation Efforts:Past Remediation Efforts:Past Remediation Efforts:

• BiospargeBiospargeBiospargeBiosparge

• ExcavationExcavationExcavationExcavation

• Primary COCPrimary COCPrimary COCPrimary COC

• Size of Potential Treatment AreaSize of Potential Treatment AreaSize of Potential Treatment AreaSize of Potential Treatment Area• Size of Potential Treatment AreaSize of Potential Treatment AreaSize of Potential Treatment AreaSize of Potential Treatment Area

• Source/ConcentrationsSource/ConcentrationsSource/ConcentrationsSource/Concentrations



FLAFLAFLAFLA----Pilot Pilot Pilot Pilot TestingTestingTestingTesting

• Testing MethodsTesting MethodsTesting MethodsTesting Methods

• SVE/Point SVE/Point SVE/Point SVE/Point PermeabilityPermeabilityPermeabilityPermeability

• Air Air Air Air SpargeSpargeSpargeSparge/Helium Tracer/Helium Tracer/Helium Tracer/Helium Tracer

• Parameters Parameters Parameters Parameters of Interestof Interestof Interestof Interest

• Air flow rateAir flow rateAir flow rateAir flow rate

• PressurePressurePressurePressure

• VacuumVacuumVacuumVacuum



FLA FLA FLA FLA –––– Pneumatic Modeling Pneumatic Modeling Pneumatic Modeling Pneumatic Modeling Results/ConsiderationsResults/ConsiderationsResults/ConsiderationsResults/Considerations

MDFIT MDFIT MDFIT MDFIT –––– Computer Pneumatic Modeling Program Computer Pneumatic Modeling Program Computer Pneumatic Modeling Program Computer Pneumatic Modeling Program 
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• Leaky Confining LayerLeaky Confining LayerLeaky Confining LayerLeaky Confining Layer

• Low Permeable Low Permeable Low Permeable Low Permeable VadoseVadoseVadoseVadose ZoneZoneZoneZone

• Shallow Water TableShallow Water TableShallow Water TableShallow Water Table



MDFITMDFITMDFITMDFIT



FLA FLA FLA FLA –––– Air Air Air Air SpargeSpargeSpargeSparge Modeling Modeling Modeling Modeling Results/ConsiderationsResults/ConsiderationsResults/ConsiderationsResults/Considerations
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Test Area 1 Test Area 1 Test Area 1 Test Area 1 ---- Air Air Air Air SpargingSpargingSpargingSparging Design Design Design Design 
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Test Test Test Test Area 1 Area 1 Area 1 Area 1 ---- DesignDesignDesignDesign Percentage ReductionPercentage ReductionPercentage ReductionPercentage Reduction
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Air Sparging Flow Rate (SCFM)Air Sparging Flow Rate (SCFM)Air Sparging Flow Rate (SCFM)Air Sparging Flow Rate (SCFM)
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Air Air Air Air SpargingSpargingSpargingSparging Flow Rate (SCFM)Flow Rate (SCFM)Flow Rate (SCFM)Flow Rate (SCFM)

Upper Glacial

Deep Glacial

• Mass removal rate for each COCMass removal rate for each COCMass removal rate for each COCMass removal rate for each COC

• Target IntervalTarget IntervalTarget IntervalTarget Interval



Air Stripping ModelingAir Stripping ModelingAir Stripping ModelingAir Stripping Modeling

Modeling resulted in a more Modeling resulted in a more Modeling resulted in a more Modeling resulted in a more costcostcostcost----effective effective effective effective 

optimization strategy.optimization strategy.optimization strategy.optimization strategy.

Sparging Trench Dimensions

5 to 10 ft

Where:

C L,e = COC concentration in reactor/trench effluent (ug/L), 20 ft

C L,i = COC concentration in reactor/trench influent (ug/L),

Qg = Gas or air flow rate (ft3/day),

QL = Liquid or groundwater flow rate per unit length (ft3/day),

Hc = Henry’s law constant (unitless), and Groundwater Flow
φ = Saturation parameter

Where:

K(La)COC = Mass transfer coefficient for COCs (1/day), and

V = Volume of reactor per unit length/porosity (ft3).



Remedial StrategyRemedial StrategyRemedial StrategyRemedial Strategy

EXCAVATION EXCAVATION EXCAVATION EXCAVATION 

• Removal and disposal of 2,200 tons of NAPL impacted soil

PULSED AIR PULSED AIR PULSED AIR PULSED AIR SPARGESPARGESPARGESPARGE SYSTEMSYSTEMSYSTEMSYSTEM

• VOCs /BTEXVOCs /BTEXVOCs /BTEXVOCs /BTEX

• Volatilization/Stripping• Volatilization/Stripping

• Aerobic biodegradation 

• PHARMACEUTICALS (PHARMACEUTICALS (PHARMACEUTICALS (PHARMACEUTICALS (Phenol) and Phenol) and Phenol) and Phenol) and ALCOHOLS (Ethanol)ALCOHOLS (Ethanol)ALCOHOLS (Ethanol)ALCOHOLS (Ethanol)

• Aerobic biodegradation

• METALS METALS METALS METALS ((((Arsenic)Arsenic)Arsenic)Arsenic)

• Sorption on metal/iron oxy-hydroxides 
SEM images of Fe-Al-Si oxy-hydroxide

precipitate formed in groundwater 

(EDS analytical spectra) 



FLA FLA FLA FLA –––– Final DesignFinal DesignFinal DesignFinal Design

• High Water High Water High Water High Water TableTableTableTable

• Artificial Cap

• Horizontal Vapor Collection

• Leaky Confining LayerLeaky Confining LayerLeaky Confining LayerLeaky Confining Layer

• Impermeable Membrane

• ROIROIROIROI• ROIROIROIROI

• 10-15 feet       53 air sparge wells

• 15 feet         41 vapor collection wells

• Prevent Over PressurizationPrevent Over PressurizationPrevent Over PressurizationPrevent Over Pressurization

• Pulsing Strategy

• Chimney Wells



System DesignSystem DesignSystem DesignSystem Design

DESIGN COMPONENTS
� 53 multi-level air sparge wells
� 41 horizontal vapor collection wells 
� 17 vapor vent wells
� 11 chimney wells
� 2 dry wells
� 3-ft Clean Fill Cap
� Pulsing Strategy



Engineering DesignEngineering DesignEngineering DesignEngineering Design



System System System System ImplementationImplementationImplementationImplementation



Strategy BenefitsStrategy BenefitsStrategy BenefitsStrategy Benefits
• System Construction Ongoing

• Startup planned for January 2016

• Anticipated Cleanup Timeframe - 3 to 5 years

• Reduced Cleanup Timeframe Reduced Cleanup Timeframe Reduced Cleanup Timeframe Reduced Cleanup Timeframe 

• Cost SavingsCost SavingsCost SavingsCost Savings

• More innovative, cost effective, and sustainable inMore innovative, cost effective, and sustainable inMore innovative, cost effective, and sustainable inMore innovative, cost effective, and sustainable in----situ remediation technology than situ remediation technology than situ remediation technology than situ remediation technology than 

excavationexcavationexcavationexcavation




