Resear ch Objective

Nearly all Departmenf Enegy (DOE) facilities have landfills and buried wasteareas. Of the
variouscontaminantpresentt thesesites,densenon-aqueouphasdiquids (DNAPL) arepartic-
ularly hardto locateandremove. Thereis anincreasingneedfor externalor non-irvasive sensing
techniquedo locateDNAPLs in the subsurlceandto tracktheir spreadandmonitortheir break-
down or removal by naturalor engineereaneans.

G. Olhoeftandcolleagueshave publishedsereral reportsbasedon laboratorystudiesindi-
catingthatstrongelectricalsignaturesare producedvhenorganicsolvents,notablytoluene,PCE,
andTCE, residein clay-bearingsoils. Theseelectricalsignaturesare apparentlycharacteristiof
anduniqueto the particularorganicsolventinvolved. The experimentsareperformedby packing
the contaminatedoil in asampleholderanda 4-electrodecomplex electricalresistvity measure-
mentis made wheretwo of the electrodesreusedto imposea sinusoidaklectriccurrentandthe
remainingtwo electrodesare usedto sensethe responsevoltageof the specimen.The phase(or
time) lag betweerthe sourceandtheresponsesignalsatlow excitationfrequenciess a particularly
sensitve measuref electrochemicaprocessesccurringwithin the specimen.This suggestshe
basisof anidealnenv measuremertechniqueor geophysicatharacterizatiof NAPL pollution.
Despitethe promisinglaboratoryresults,attemptso measurgheseeffectsin thefield for charac-
terizing pollutedsites,includingstudiessupportedy DOE funding,have beenseldomsuccessful.

Basedon this promisingpreviouswork we have proposedo bring thefield measuremertuf
comple resistvity asameansof pollution characterizatiofrom the conceptuaktageto practice.
For this purposeave intendto documenthedetectabilityof clay-oiganicinteractionswith geophys-
ical measurements thelaboratory developfurtherunderstandingf the underlyingphysicaland
chemicalmechanismsandthen apply theseobsenationsto develop field techniquego monitor
theremediatiorof organicpollutants.

Resear ch Progress and I mplications

Thisreportsummarizesvork after1.5yearsof a 3-yearproject. Progres®ver thelastyearfor the
two institutionsis asfollows:

e New England Research A primary task of this work is to determinethe magnitudeand
robustnesf the effectsof organicsolvent contaminatioron the comple resistvity prop-
ertiesof soils. Therefore,we first hadto develop a measurementechniqueand carefully
documentts capabilitiesandreliability. To datewe have independentlydesignedandbuilt
a laboratorysystem(sampleholder electrodeselectronicsanddataanalysissoftware)for
the measuremendf the complex electricalresistvity propertiesof soil contaminatedvith
organicsolvents. This new systemhasa measuremertandwidthfrom <0.001Hzto about
10kHz. We typically usethe 0.01-1000Hz range.

We have designedh sampleholdersystemfrom thin-walledteflontubingwhich fits directly
into an agriculturalsoil samplingauger allowing naturalsampledo be collectedandtheir
electricalpropertiesmeasuredvith minimal disturbancéo thesoil microstructure Theelec-
trodesarel4k gold discsandwire (standargewelry materials) andwe have comparedhese



Figurel: Bench-topsoil resisitvity apparatus.

to Ag-AgCl (dry), Cu-CuSO4(wet), and Pt wire with goodresults. This sampleholderis
simple,robust,cheapandthegold electrodegperformwell.

Usingresistorandbrinestandardsve have beenperformingmeasuremerdccurag, repeata-
bility, and noiseimmunity testsof this system. At the presentiime we canresole, with
confidencecomple resistvity phaseanglechangesf abouta milliradian over the entire
frequeny range.

For eventualtestingand catalogingof naturalvariability, we have taken randomsamples
from the SouthBurlington Vermontlandfill cap,clayey soil nearSandiaNationalLaborato-
ries, New Mexico, clayey soil from the town of Los Alamos,New Mexico, and Columbia
River river bankmudfrom Hanford,Washington.

For eventualfield use,we aredesigningandconstructinga portablebattery-paveredfunc-
tion generatoandoscilloscopéox with a singleserialportinterfacebasedon a bitscope”
and”protopod” (www.bitscope.com).Oncethe electronicsbread-boardingnd serial port
programmings finishedandthis systemworkswith a Linux computerwe will explorethe
possibility of usinga Palm Pilot asthe acquisition/controtomputer

Ourimmediatetasknow is to reproducesomekey comple resistvity effectsquotedin the
literature,suchasmembrangolarizationdueto claysandphasdag effectsdueto dissemi-
natedsulfides— bothof which have beenobsenedby avarietyof otherresearcherandhave
physicalmodelsexplaining them. Membranepolarizationis an electrical effect resulting
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from clay particlespartially blocking pore throatswhich givesrise to a phaselag similar
to thatdiscusseabove. OtherresearcherbBave suggestedhat NAPL contaminatiorinter-
fereswith the membrangoolarizationprocess. The purposeof our attemptsto reproduce
thesekey previousresultsis to lay a solid foundationdocumentinghe performanceof our
measuremergystem Jeadingto a clearunderstandin@f the true effectsof organicsolvent
contamination. Thesemore fundamentaktudiesare importantin looking for geophysical
indicatorsof NAPL contamination.

e Boston College We have developeda unifiedmodelfor theelectricalimpedanceesponsef
rocksandsoils. We have usedthis modelto successfullypredictthe hydraulicconductvity
and capillary pressurecurvesfor a suite of eight sandstonesamples. Estimationof these
hydraulic parameterss essentiain orderto predictthe flow andtransportof DNAPLSs in
the subsuréce. We have alsotestedthis modelusing broad-bancelectricalimpedanceex-
periments(10~2 Hz to 10° Hz) on Bereasandstonenadeasa function of the poresolution
compositionconcentrationandpH. This modelis formulatedin termsof the physiochemi-
cal propertieof theporousmediumandit will beusedto interpretthe DNAPL experiments
onrock andsoil sampleswhich we arecurrentlyconducting.

Planned Activities

e Remainder of FY 2001: Laboratoryparameterstudieson idealizedsystems. Perform
comple resistvity laboratorystudiesof baselinesoil samplesandsamplesontaminatedby
variousorganicsolvents.

e FY 2002: Continueparametestudiesand preparea journal article containingthe results
of attemptsandfailuresto reproducevork by previousworkers. Work will continuetoward
understandinghe electricalrespons@f NAPL contaminatedoilswith theaim of assessing
thefeasibility of field measurements.
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