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IntroductionIntroduction

Historical Experience With BioremediationHistorical Experience With Bioremediation

!!Well Established, Proven TechnologyWell Established, Proven Technology

!!Medium-to-Long Term ApproachMedium-to-Long Term Approach

!!Conventional Methods Exhibit Potential ToConventional Methods Exhibit Potential To
Stall OutStall Out



Ways To Improve Utility of BioremediationWays To Improve Utility of Bioremediation

!!Accelerate Degradation RatesAccelerate Degradation Rates

!!Reduce Treatment TimesReduce Treatment Times

!!Degradation of More RecalcitrantDegradation of More Recalcitrant

   Organic Compounds   Organic Compounds



Overview Of EnhancedOverview Of Enhanced Aerobic Aerobic
       Bioremediation Process       Bioremediation Process

Key Elements:Key Elements:

!!Chemical AgentChemical Agent Blended W/ Nutrients Blended W/ Nutrients

!!Viable BacteriaViable Bacteria Source Source

!!Homogeneous SlurryHomogeneous Slurry Mix Mix

!!Critical Environment Critical Environment ManagementManagement



Chemical AgentChemical Agent
!!Base Formulation Contains A Non-IonicBase Formulation Contains A Non-Ionic

SurfactantSurfactant

!!Biodegrades In Sixteen Days In AqueousBiodegrades In Sixteen Days In Aqueous
SolutionSolution

!!Solubilizer Not  Dispersant/EmulsifierSolubilizer Not  Dispersant/Emulsifier

!!Non-Toxic (LC 50 Mortality)Non-Toxic (LC 50 Mortality)

         Shrimp - Mysidopsis bahia         Shrimp - Mysidopsis bahia

         Trout    - Oncorthyncus          Trout    - Oncorthyncus mykismykis



ChemicalChemical  AgentAgent  CharacteristicsCharacteristics

!!Promotes Microbial GrowthPromotes Microbial Growth



Chemical Effect on MicroorganismsChemical Effect on Microorganisms
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ChemicalChemical  AgentAgent  CharacteristicsCharacteristics

!!Promotes Microbial GrowthPromotes Microbial Growth

!! Increases Contaminant SolubilityIncreases Contaminant Solubility

!! Increases Contaminant BioavailabilityIncreases Contaminant Bioavailability



Chemical Effect on ConcentrationChemical Effect on Concentration
ReductionReduction
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Treatment ProcessTreatment Process

BiocellBiocell Construction Construction



Treatment ProcessTreatment Process
         Biocell Construction



Treatment ProcessTreatment Process

BiocellBiocell Construction Construction

Spread Contaminant In LiftsSpread Contaminant In Lifts



Treatment ProcessTreatment Process
Contaminant LoadingContaminant Loading



Treatment ProcessTreatment Process

BiocellBiocell Construction Construction

Spread Contaminant In LiftsSpread Contaminant In Lifts

Mixing In Soil AmendmentMixing In Soil Amendment



Treatment ProcessTreatment Process
Blending In Soil AmendmentBlending In Soil Amendment



Treatment ProcessTreatment Process

BiocellBiocell Construction Construction

Spread Contaminant In LiftsSpread Contaminant In Lifts

Mixing In Soil AmendmentMixing In Soil Amendment

Application of Chemical AgentApplication of Chemical Agent



Treatment ProcessTreatment Process
Chemical Mixing



Treatment ProcessTreatment Process
Topical Application of ChemicalTopical Application of Chemical



Treatment ProcessTreatment Process

BiocellBiocell Construction Construction

Spread Contaminant In LiftsSpread Contaminant In Lifts

Mixing In Soil AmendmentMixing In Soil Amendment

Application of Chemical AgentApplication of Chemical Agent

Maintenance and TillageMaintenance and Tillage



Treatment ProcessTreatment Process
Treatment Mixing & MaintenanceTreatment Mixing & Maintenance



Treatment ProcessTreatment Process
Homogeneous SlurryHomogeneous Slurry



CASE STUDY 1CASE STUDY 1

Controlled Field TrialControlled Field Trial

Contaminant Contaminant �� Oil-Based Drilling Mud Oil-Based Drilling Mud

Initial PHC Concentration RangeInitial PHC Concentration Range

3.2% - 3.5%3.2% - 3.5%



CS 1 ApplicationsCS 1 Applications

1:207.6 (2 gals)Soil,Water,ChemicalTreated

NANASoil, WaterControl

Application
     Ratio
 (Chem/Wtr)

  Application
        Rate
       (L/m3)

       AmendmentsTest Plot



CS 1 Operating ParametersCS 1 Operating Parameters

Ambient  (24-33 0C)Temperature

Maximum Treatment
Period-7 days

Residence Time

13 - 21 %
by weight

Moisture Content

 DailyMixing Frequency

ValueParameter



CS 1 PHC ConcentrationCS 1 PHC Concentration
Reduction-ControlReduction-Control

PHC DEGRADATION
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CS 1 Control Cell ReductionCS 1 Control Cell Reduction

35.126.611.41.318450168

35.126.615.41.31777772

0.0041.015.41.32747148

0.0041.016.81.32641224

0.0041.020.71.3265231.5

0.0041.014.91355440

%kg%x initialmg/kghrs

ReductionMassWtVolumeFID

MassContaminantMCS.A.   GCTime



CS 1 PHC ConcentrationCS 1 PHC Concentration
Reduction-TreatedReduction-Treated

PHC DEGR ADATION
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CS 1 Treated Cell ReductionCS 1 Treated Cell Reduction

96.81.216.12523168

95.41.718.2274072

95.41.719.51.32111948

83.26.318.11.32411424

82.26.721.01.2546651.5

0.0037.613.31325790

%kg%x initialmg/kghrs

ReductionMassWtVolumeFID

MassContaminantMCS.A.GCTime



CS1 Performance SummaryCS1 Performance Summary

PHC Concentration Reduction:  PHC Concentration Reduction:  32,579 mg/kg to32,579 mg/kg to
523 mg/kg523 mg/kg

96% Contaminant Mass Reduction In Treated Cell96% Contaminant Mass Reduction In Treated Cell

35% Contaminant Mass Reduction In Control Cell35% Contaminant Mass Reduction In Control Cell

61% Greater Reduction Than Control Cell61% Greater Reduction Than Control Cell



CASE STUDY 2CASE STUDY 2

Abandoned Oilfield Drill SiteAbandoned Oilfield Drill Site

After Two Years of CompostingAfter Two Years of Composting

Contaminant Levels Reached ApparentContaminant Levels Reached Apparent

Asymptotic LimitsAsymptotic Limits

   Contaminant    Contaminant �� Oil-Based Drill Cuttings Oil-Based Drill Cuttings

Initial PHC Concentrations - 30,600 mg/kgInitial PHC Concentrations - 30,600 mg/kg



CS 2 Operating ParametersCS 2 Operating Parameters

AmbientTemperature

28 daysResidence Time

7.1-7.6pH (treatment zone)

18 - 31 %
by weight

Moisture Content (treatment zone)

 WeeklyMixing Frequency

ValueParameter



CS 2 PHC DegradationCS 2 PHC Degradation
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CS 2 Dilution EffectCS 2 Dilution Effect

Media      Vol.    Density    Conc.      WeightMedia      Vol.    Density    Conc.      Weight
                 m3      kg/m3    mg/kg           kg                 m3      kg/m3    mg/kg           kg

DCDC       120     1200      120     1200       30600      30600      144000     144000
SASA         40     1500        40     1500      0     0        60000       60000

Concentration Reduction Due to DilutionConcentration Reduction Due to Dilution
     160     160       21600      21600      204000     204000



CS 2 Performance DataCS 2 Performance Data

18%3 x 1063,72028 days

---33 x1066,97021 days

24%---10,30014 days

---112 x1069,930   7days

---365 x10617,0003.5 hrs

31%10 x10630,600Waste-Initial

Moisture
Content

Plate Count
(cfu/gm)

Hydrocarbon
(mg/kg)

Sample ID



CS2 Performance SummaryCS2 Performance Summary

PHC Concentration Reduction  PHC Concentration Reduction  30,600 mg/kg30,600 mg/kg
to 3,720 mg/kgto 3,720 mg/kg In 28 Days In 28 Days

26% Initial26% Initial Reduction In Contaminant Mass Reduction In Contaminant Mass

Total Reduction Based on Tilling PracticesTotal Reduction Based on Tilling Practices

62% Min.62% Min. Contaminant Mass Reduction Contaminant Mass Reduction

84% Max.84% Max. Contaminant Mass Reduction Contaminant Mass Reduction



Performance of EnhancedPerformance of Enhanced
Aerobic BioremediationAerobic Bioremediation

on on RemediatingRemediating Upstream Upstream
Oilfield WastesOilfield Wastes
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