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Range of activities Sensatec

Application of innovative 
remediation technologies
for contaminated sites

Development and 
application of environm. 
In-Situ-sensor technology

Environmental laboratory



RemediationRemediation technologiestechnologies

1.1. ReactiveReactive gas gas injectioninjection

2. 2. RedoxbasedRedoxbased fluidfluid zoneszones

3. 3. InIn--SituSitu--ChemicalChemical

Oxidation (Oxidation (FentonFenton‘‘ss, , 

MnOMnO44
--, Ozon), Ozon)

4. 4. PhysicalPhysical ContaminantContaminant

extractionextraction ((AirspargingAirsparging

/ SVE)/ SVE)

5. 5. ChemicalChemical contaminantcontaminant

mobilisationmobilisation

6. Pump and 6. Pump and TreatTreat



Analysis of Analysis of Analysis of Analysis of dynamicdynamicdynamicdynamic InInInIn----SituSituSituSitu----ProcessesProcessesProcessesProcesses

Process analysis

Reactant-
distribution

• ROI

• reaction time
• conc..-gradient

• consumption

Biological
processes

• ROI

• reaction time
• reactant availab.

• Redox cond

Chemical/
geochemical
processes

• Oxidation
• acidification
• pH-buffer

• reaction time

Hydrogeol.
processes

• flow velocity

• flow direction
• variability

• contaminant mob

WhichWhichWhichWhich tooltooltooltool areareareare usefulusefulusefuluseful forforforfor thethethethe observationobservationobservationobservation of of of of 

dynamicdynamicdynamicdynamic processesprocessesprocessesprocesses in in in in thethethethe groundwatergroundwatergroundwatergroundwater?  ?  ?  ?  



Sensor based environmental monitoring

1. General 1. General characterizationcharacterization ((pHpH, , 

LfLf, t, Eh), t, Eh)

2. 2. IonIon--selectiveselective Sensors (OSensors (O22, NO, NO33, , 

NHNH44, Br, Br--, Cl, Cl--))

3. 3. PressurePressure, , flowflow velocityvelocity

4. Gas 4. Gas saturationsaturation ((LfLf, t, , t, 

GeophysicalGeophysical measurementsmeasurements) ) 

5. CAN5. CAN--Bus Bus basedbased sensorsensor

systemssystems, , remoteremote datadata transfertransfer

6. Aquifer 6. Aquifer integratedintegrated sensorssensors



Monitoring of distribution processes

• Radius of Influence of  Reactants?
• Reaction time?
• Spatial variability of Reactant concentrations?
• Distribution efficiency?



decontaminated
groundwater flow

contaminated
groundwater flow

Process operation (carrier gas+reactive gas) [p, Q, H], In-situ-process control [Eh, NO3, T]
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ROI LZK-O2 LVO-N2 LSi

BIOXWAND-Process (AZ: 102004001802-44)

�� vvGasGas >> 0,5 0,5 –– 1,0 m/d1,0 m/d

�� roiroi >> 5 5 –– 20 m20 m



Drilling Drilling injectioninjection lanceslances

�� smallsmall diameterdiameter sonicsonic drillingdrilling -- tubetube lanceslances, , 

-- injectioninjection of of bentonitebentonite mixturesmixtures

-- formationformation of gas of gas blockagesblockages

-- surveysurvey of of layerlayer compactioncompaction

-- geophysicalgeophysical undergroundunderground gas gas storagestorage
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Construction of gas injection technology

CMTCMT--injectioninjection lanceslances

Robust Robust inin--situsitu SensorsSensors

�� installationinstallation byby „„lost lost tiptip drillingdrilling““

-- groundwatergroundwater samplingsampling



Quality control gas injection lances

�� qq--constconst. . InjectionInjection

-- high high balancebalance accuracyaccuracy

-- high high pp--amplitudesamplitudes

�� pp--constconst. . InjectionInjection
-- lowlow balancebalance accuracyaccuracy

-- high high qq--amplitudesamplitudes

�� LanceLance characterizationcharacterization

-- leakleak detectiondetection



On-site technology – gas distribution



On-site technology – gas supply



Gas distribution Monitoring wells



Analysis  of aquifer gas transport

�� coherentcoherent

gas gas transporttransport

�� 300 mV/d300 mV/d

�� incoherentincoherent gas gas transporttransport

�� 30 mV/d30 mV/d



II

I

Reactant distribution with gas injection

3D3D--SauerstoffverteilungSauerstoffverteilung

GaswandtransekteGaswandtransekte

DIL

Eh
CMT

roi

I II
TheThe oxygenoxygen distributiondistribution

isis generallygenerally complexcomplex

and and dependentdependent on on thethe

followingfollowing factorsfactors: : 

�� soilsoil compactioncompaction

�� flowflow velocitiesvelocities

�� gas gas flowflow barriersbarriers

�� biol. + chem. Obiol. + chem. O22--

consumptionconsumption



Chemical / geochemical processes

• Radius of Influence for oxidation
• Degree of acidification
• pH-buffer capacity
• spatial variability of redox processes
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Monitoring of hydrogeological processes

• water level
• flow velocity
• flow direction
• contaminant mob.



Contaminant distribution near  rivers  

Water level changes affect

Groundwater flow direction

Groundwater flow velocity

Contaminant distribution

Requires stable measurement conditions



Summary

What makes the application of in-situ-
sensors useful?

1. Analysis of reactant distribution

2. Control of fast processes in the subsoil

3. Monitoring of processes with high spatial variance

4. Monitoring of processes with high data stability



Future requirements

1. Low energy consuming sensors + data collection
and transfer technology

2. Powerful wireless sensor networks

3. Long-term stability even under harsh environmental
conditions



ThankThankThankThank youyouyouyou forforforfor youryouryouryour attentionattentionattentionattention!!!!


