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Presentation Overview

!! Review of BioremediationReview of Bioremediation
!! Background on Petroleum Hydrocarbon ImpactsBackground on Petroleum Hydrocarbon Impacts
!! Case Studies ScenariosCase Studies Scenarios

"" Soil characterizationSoil characterization
"" Treatment techniqueTreatment technique
"" Confirmatory analysesConfirmatory analyses

Summary-Summary-
"" Benefits of land treatment;Benefits of land treatment;
"" When is bioremediation appropriateWhen is bioremediation appropriate



Bioremediation relies on naturally occurringBioremediation relies on naturally occurring
microorganisms to breakdown organicmicroorganisms to breakdown organic

molecules such as petroleum hydrocarbonsmolecules such as petroleum hydrocarbons



Bioremediation builds on techniques used inBioremediation builds on techniques used in
composting and agriculturecomposting and agriculture



Microbial Activity

!! Suitability of biodegradation of soils is based onSuitability of biodegradation of soils is based on
characteristics including:characteristics including:

!! Low to medium salinityLow to medium salinity

!! Metal content below regulatory criteriaMetal content below regulatory criteria

!! pH between 5 and 9pH between 5 and 9

!! Moisture content approximately 60% fieldMoisture content approximately 60% field
capacity ( 20-40%  moisture)capacity ( 20-40%  moisture)

!! Carbon: Nitrogen: Phosphorus (100:10:1)Carbon: Nitrogen: Phosphorus (100:10:1)



Composting and
Bioremediation

Compost SystemsCompost Systems
!! Available Carbon andAvailable Carbon and

Nitrogen from freshNitrogen from fresh
residuesresidues

!! Microbial population isMicrobial population is
diversediverse

!! Wide array ofWide array of
feedstock that can befeedstock that can be
used in recipeused in recipe

BioremediationBioremediation
ChallengesChallenges

!! Hydrocarbons may beHydrocarbons may be
unavailableunavailable

!! Lack of hydrocarbonLack of hydrocarbon
degraders;degraders;

!! Naturally occurringNaturally occurring
hydrocarbons inhydrocarbons in
amendmentsamendments



Hydrocarbon impacted soils originated andHydrocarbon impacted soils originated and
were treated at active upstream oilfield sites.were treated at active upstream oilfield sites.



Soil Characterization to
Evaluate Treatment Potential
!! During a phase II assessment, soil analyticalDuring a phase II assessment, soil analytical

data compared to generic criteria (AENV TIER I)data compared to generic criteria (AENV TIER I)
!! Consideration to build a treatment cellConsideration to build a treatment cell

�background location evaluated;�background location evaluated;
!! Site evaluated for environmental receptors;Site evaluated for environmental receptors;
!! Impacted soil characterized forImpacted soil characterized for

"" Recalcitrant compounds;Recalcitrant compounds;
"" Salts and metals;Salts and metals;
"" Organic halides and Organic halides and polyaromatic polyaromatic hydrocarbons;hydrocarbons;



Case Study 1 Former Flare Pit Impacted MaterialCase Study 1 Former Flare Pit Impacted Material
Treated On Lease Using A Bulldozer Treated On Lease Using A Bulldozer 
Equipped With A CultivatorEquipped With A Cultivator



Soil Quality Compared to
AENV 1994 Criteria

!! Soil parameters reported hydrocarbonSoil parameters reported hydrocarbon
impacts including:impacts including:

!! Benzene 0.15 mg/kg soil;Benzene 0.15 mg/kg soil;
!! Toluene 1.56 mg/kg soil,Toluene 1.56 mg/kg soil,
!! EthylbenzeneEthylbenzene 2.17 mg/kg soil; 2.17 mg/kg soil;
!! Xylenes 9.91 mg/kg soil; and,Xylenes 9.91 mg/kg soil; and,
!! Total Petroleum Hydrocarbons up to 6170Total Petroleum Hydrocarbons up to 6170

mg/kg soil.mg/kg soil.
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Figure 1. Case I Comparison of Alberta 2001 Criteria Figure 1. Case I Comparison of Alberta 2001 Criteria 
and PHC Fractions After Land Treatment Complete.and PHC Fractions After Land Treatment Complete.



Land Treatment Using
Bulldozer  with Cultivator

!! Approximately 3,000 mApproximately 3,000 m33 were treated in a were treated in a
period of 18 monthsperiod of 18 months

!! Petroleum hydrocarbons were belowPetroleum hydrocarbons were below
criteriacriteria

!! Land treatment pad was reclaimedLand treatment pad was reclaimed

!! No additional land was required for on siteNo additional land was required for on site
treatmenttreatment



Case Study 2: Biopiles
Aerated with Mixing Unit

!! Petroleum hydrocarbon impacted soil:Petroleum hydrocarbon impacted soil:

!! Benzene 0.14 to 0.23 mg/kg soil;Benzene 0.14 to 0.23 mg/kg soil;

!! Toluene below criteria,Toluene below criteria,

!! EthylbenzeneEthylbenzene 2.17 mg/kg soil; 2.17 mg/kg soil;

!! Xylenes 1.36 mg/kg soil; and,Xylenes 1.36 mg/kg soil; and,

!! Total Petroleum Hydrocarbons up to 1,600Total Petroleum Hydrocarbons up to 1,600
mg/kg soil.mg/kg soil.



Track hoe can be equipped with mixing unitTrack hoe can be equipped with mixing unit



Mixing heavy clay soil and cobbles      Mixing heavy clay soil and cobbles      



Treatment Summary

!! Build treatment pad on siteBuild treatment pad on site

!! Use track hoe equipped with mixing unit toUse track hoe equipped with mixing unit to
aerate biopilesaerate biopiles

!! Add amendments NPK to stockpileAdd amendments NPK to stockpile

!! Stockpile soil in biopiles 1.5 m high;Stockpile soil in biopiles 1.5 m high;

!! Conducted confirmatory sampling inConducted confirmatory sampling in
sections of treatment padsections of treatment pad



Confirmatory Analyses

!! Benzene, Toluene,Benzene, Toluene, Ethylbenzene Ethylbenzene, , XyleneXylene, were, were
all below AENV 2001 Criteriaall below AENV 2001 Criteria

!! PHC Fractions (F1 to F4) were below AENVPHC Fractions (F1 to F4) were below AENV
2001 Criteria2001 Criteria

!! Addition of nutrients raised the EC above 2.0Addition of nutrients raised the EC above 2.0
dSdS/m;/m;

!! Loss of hydrocarbons through volatilization andLoss of hydrocarbons through volatilization and
degradation was not quantifieddegradation was not quantified



Extractable Hydrocarbons
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Bioremediation works with some of the oldestBioremediation works with some of the oldest
organisms on earthorganisms on earth



Summary

!! On site land treatment in central AlbertaOn site land treatment in central Alberta
conducted in active oil field sites using twoconducted in active oil field sites using two
different technologies;different technologies;

!! Both achieved PHC levels below regulatoryBoth achieved PHC levels below regulatory
criteria;criteria;

!! Land treatment is based on one time applicationLand treatment is based on one time application
!! Several other equipment types are availableSeveral other equipment types are available

including windrow turners, including windrow turners, rotoroto-tillers, -tillers, alluallu-bucket-bucket



Benefits of bioremediation

!! Reduced transportation and disposal fees; soilsReduced transportation and disposal fees; soils
are handled more due to turning;are handled more due to turning;

!! Soils can be treated and used as industrial fill;Soils can be treated and used as industrial fill;

!! Cost are about $50-60 /mCost are about $50-60 /m33;;

!! Suitable for remote sites where trucking costSuitable for remote sites where trucking cost
can be quite expensivecan be quite expensive



Bioremediation is appropriate if

!! Amount of soil can be treated within existingAmount of soil can be treated within existing
lease or additional land is available;lease or additional land is available;

!! Treatment can be done within 2-3 years;Treatment can be done within 2-3 years;

!! Treatment pad can be located away fromTreatment pad can be located away from
sensitive environmental receptorssensitive environmental receptors



Select land treatment pad away fromSelect land treatment pad away from
environmental receptorsenvironmental receptors



Land treatment can give you troubleLand treatment can give you trouble
 if you don�t check below the surface!  if you don�t check below the surface! 
Look closely at your analytical data.  Look closely at your analytical data.  
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