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BioventingBioventing
!! Popular in-situ remediation technology forPopular in-situ remediation technology for

hydrocarbon contaminationhydrocarbon contamination

!! ApplicationApplication
"" nutrientsnutrients
"" oxygenoxygen
""waterwater

!! Stimulates growth of hydrocarbons degradersStimulates growth of hydrocarbons degraders
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ChallengesChallenges

!! Nutrient requirementsNutrient requirements
"" type of nutrienttype of nutrient

""concentrationconcentration

!! Means of supplying nutrientsMeans of supplying nutrients
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ObjectiveObjective

!! Investigate the possibility of injecting anhydrousInvestigate the possibility of injecting anhydrous
ammonia into subsurface to satisfy nutrientammonia into subsurface to satisfy nutrient
requirementsrequirements

"" popular agricultural amendmentpopular agricultural amendment
"" gaseous formgaseous form
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MethodMethod

!! ModellingModelling
""2-D finite difference2-D finite difference

""application approachapplication approach

!! LaboratoryLaboratory
"" respirometryrespirometry

""comparison of two ammonium sourcescomparison of two ammonium sources

""microbial countsmicrobial counts
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Method - ModellingMethod - Modelling

!! Determine plausibilityDetermine plausibility
of easily and safelyof easily and safely
dispersing AA into thedispersing AA into the
subsurfacesubsurface

!! Model written toModel written to
describe radial flow ofdescribe radial flow of
AAAA
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Method � Modelling Method � Modelling � cont.� cont.

!! AssumptionsAssumptions
""AA behaves as ideal gasAA behaves as ideal gas

""aqueous and organic phases stagnantaqueous and organic phases stagnant

""biological and chemical degradation of AAbiological and chemical degradation of AA
during injection negligibleduring injection negligible

""gas flow according to Darcy�s lawgas flow according to Darcy�s law
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Method - Modelling Method - Modelling � cont.� cont.

!! Boundary ConditionsBoundary Conditions
""Depth of contamination 2.5 mDepth of contamination 2.5 m

""Well screened for 2 mWell screened for 2 m

""Radius of influence 7.5 mRadius of influence 7.5 m
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Method - LaboratoryMethod - Laboratory

!! RespirometerRespirometer
Plug Valve
Pressure Transducer

Cord to Dat alogger

Tef lon Stopper

1L Glass Bot t le

Aeration Tube

KOH Solu tion

Con taminat ed Soil
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Method - Laboratory Method - Laboratory � cont.� cont.

!! Soil testedSoil tested
"" gasoline contaminated soilgasoline contaminated soil
"" fine sandfine sand
"" TPH @ 2300 mg/kgTPH @ 2300 mg/kg
""water content @ 10 wt%water content @ 10 wt%

!! Nutrients added to attain C:N of 10:1Nutrients added to attain C:N of 10:1
""NHNH44Cl powderCl powder
""Anhydrous Ammonia gasAnhydrous Ammonia gas

!! Incubator temperature @ 25 CIncubator temperature @ 25 C
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Method - Laboratory Method - Laboratory � cont.� cont.

2,5,10,15,302,5,10,15,301515AAAA10:110:122

2,5,10,15,302,5,10,15,301515NHNH44ClCl10:110:111

IncubationIncubation
Period (d)Period (d)

HH220 (wt%)0 (wt%)NutrientNutrientC:NC:NRun No.Run No.

Experiments Completed
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Method - Laboratory Method - Laboratory � cont.� cont.

!! Tests completedTests completed
""TPH levels over timeTPH levels over time

""microbial countsmicrobial counts
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Results - ModellingResults - Modelling

!! AA could easily be injected into subsurfaceAA could easily be injected into subsurface
"" sparge time of 30 min @ 2 sparge time of 30 min @ 2 atmatm

"" resulting concentration 0.15 kg/mresulting concentration 0.15 kg/m33

!! SafetySafety
"" handling protocol availablehandling protocol available

"" application concentrations should be less than 0.15 kg/mapplication concentrations should be less than 0.15 kg/m33

!! BehaviorBehavior
"" satisfactory degradation of hydrocarbonssatisfactory degradation of hydrocarbons

"" replenish AA every 30 dreplenish AA every 30 d
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Results - LaboratoryResults - Laboratory

!! pHpH
""NHNH44Cl: 7.7 to 8.2Cl: 7.7 to 8.2
""AA: 9.1 to 9.2AA: 9.1 to 9.2

!! Microbial countsMicrobial counts
""NHNH44Cl: 10Cl: 1055 to 10 to 106 for hydrocarbon degraders for hydrocarbon degraders
""AA: 10AA: 1044 for hydrocarbon degraders for hydrocarbon degraders

!! Degradation RateDegradation Rate
""NHNH44Cl: 0.028 dCl: 0.028 d-1-1

""AA: 0.023 dAA: 0.023 d-1-1
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Results - LaboratoryResults - Laboratory

TPH Concentrations over Time
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ConclusionsConclusions

!! Modelling showed that AA easily andModelling showed that AA easily and
safely injectedsafely injected
""sparge time of 30 minutessparge time of 30 minutes

""AA would reduce by 80% over 30 dAA would reduce by 80% over 30 d

!! AA effective in degrading gasolineAA effective in degrading gasoline

!! AA inhibits the growth of microorganismsAA inhibits the growth of microorganisms
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