
Research Objective

Nearly all Departmentof Energy (DOE) facilities have landfills andburied wasteareas.Of the
variouscontaminantspresentat thesesites,densenon-aqueousphaseliquids (DNAPL) arepartic-
ularly hardto locateandremove. Thereis anincreasingneedfor externalor non-invasivesensing
techniquesto locateDNAPLs in thesubsurfaceandto tracktheir spreadandmonitor their break-
down or removal by naturalor engineeredmeans.

G. Olhoeft andcolleagueshave publishedseveral reportsbasedon laboratorystudiesindi-
catingthatstrongelectricalsignaturesareproducedwhenorganicsolvents,notablytoluene,PCE,
andTCE, residein clay-bearingsoils. Theseelectricalsignaturesareapparentlycharacteristicof
anduniqueto theparticularorganicsolvent involved. Theexperimentsareperformedby packing
thecontaminatedsoil in a sampleholderanda 4-electrodecomplex electricalresistivity measure-
mentis made,wheretwo of theelectrodesareusedto imposea sinusoidalelectriccurrentandthe
remainingtwo electrodesareusedto sensethe responsevoltageof thespecimen.The phase(or
time) lagbetweenthesourceandtheresponsesignalsat low excitationfrequenciesis aparticularly
sensitive measureof electrochemicalprocessesoccurringwithin thespecimen.This suggeststhe
basisof anidealnew measurementtechniquefor geophysicalcharacterizationof NAPL pollution.
Despitethepromisinglaboratoryresults,attemptsto measuretheseeffectsin thefield for charac-
terizingpollutedsites,includingstudiessupportedby DOEfunding,havebeenseldomsuccessful.

Basedon this promisingpreviouswork wehaveproposedto bring thefield measurementof
complex resistivity asa meansof pollution characterizationfrom theconceptualstageto practice.
For thispurposeweintendto documentthedetectabilityof clay-organicinteractionswith geophys-
ical measurementsin thelaboratory, developfurtherunderstandingof theunderlyingphysicaland
chemicalmechanisms,andthenapply theseobservationsto develop field techniquesto monitor
theremediationof organicpollutants.

Research Progress and Implications

This reportsummarizeswork after1.5yearsof a3-yearproject.Progressover thelastyearfor the
two institutionsis asfollows:

� New England Research A primary task of this work is to determinethe magnitudeand
robustnessof theeffectsof organicsolventcontaminationon thecomplex resistivity prop-
ertiesof soils. Therefore,we first hadto develop a measurementtechniqueandcarefully
documentits capabilitiesandreliability. To datewe have independentlydesignedandbuilt
a laboratorysystem(sampleholder, electrodes,electronics,anddataanalysissoftware)for
the measurementof the complex electricalresistivity propertiesof soil contaminatedwith
organicsolvents.This new systemhasa measurementbandwidthfrom � 0.001Hzto about
10kHz.We typically usethe0.01-1000Hz range.

We havedesigneda sampleholdersystemfrom thin-walledteflontubingwhich fits directly
into anagriculturalsoil samplingauger, allowing naturalsamplesto becollectedandtheir
electricalpropertiesmeasuredwith minimaldisturbanceto thesoil microstructure.Theelec-
trodesare14kgolddiscsandwire (standardjewelry materials),andwehavecomparedthese
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Figure1: Bench-topsoil resisitivity apparatus.

to Ag-AgCl (dry), Cu-CuSO4(wet), andPt wire with goodresults. This sampleholderis
simple,robust,cheap,andthegoldelectrodesperformwell.

Usingresistorandbrinestandardswehavebeenperformingmeasurementaccuracy, repeata-
bility, andnoiseimmunity testsof this system. At the presenttime we canresolve, with
confidence,complex resistivity phaseanglechangesof abouta milliradian over the entire
frequency range.

For eventualtestingandcatalogingof naturalvariability, we have taken randomsamples
from theSouthBurlingtonVermontlandfill cap,clayey soil nearSandiaNationalLaborato-
ries,New Mexico, clayey soil from the town of Los Alamos,New Mexico, andColumbia
River riverbankmudfrom Hanford,Washington.

For eventualfield use,we aredesigningandconstructinga portablebattery-poweredfunc-
tion generatorandoscilloscopebox with a singleserialport interfacebasedon a ”bitscope”
and”protopod” (www.bitscope.com).Oncethe electronicsbread-boardingandserialport
programmingis finishedandthis systemworkswith a Linux computer, we will explorethe
possibilityof usingaPalmPilot astheacquisition/controlcomputer.

Our immediatetasknow is to reproducesomekey complex resistivity effectsquotedin the
literature,suchasmembranepolarizationdueto claysandphaselag effectsdueto dissemi-
natedsulfides– bothof whichhavebeenobservedby avarietyof otherresearchersandhave
physicalmodelsexplaining them. Membranepolarizationis an electricaleffect resulting
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from clay particlespartially blocking pore throatswhich givesrise to a phaselag similar
to thatdiscussedabove. Otherresearchershave suggestedthatNAPL contaminationinter-
fereswith the membranepolarizationprocess.The purposeof our attemptsto reproduce
thesekey previousresultsis to lay a solid foundationdocumentingtheperformanceof our
measurementsystem,leadingto a clearunderstandingof thetrueeffectsof organicsolvent
contamination.Thesemorefundamentalstudiesare importantin looking for geophysical
indicatorsof NAPL contamination.

� Boston College Wehavedevelopedaunifiedmodelfor theelectricalimpedanceresponseof
rocksandsoils. We have usedthis modelto successfullypredictthehydraulicconductivity
andcapillary pressurecurves for a suiteof eight sandstonesamples.Estimationof these
hydraulicparametersis essentialin order to predict the flow andtransportof DNAPLs in
the subsurface. We have alsotestedthis modelusingbroad-bandelectricalimpedanceex-
periments(10�

3 Hz to 106 Hz) on Bereasandstonemadeasa functionof theporesolution
composition,concentration,andpH. This modelis formulatedin termsof thephysiochemi-
calpropertiesof theporousmediumandit will beusedto interprettheDNAPL experiments
on rockandsoil samples,whichwearecurrentlyconducting.

Planned Activities
� Remainder of FY 2001: Laboratoryparameterstudieson idealizedsystems. Perform

complex resistivity laboratorystudiesof baselinesoil samplesandsamplescontaminatedby
variousorganicsolvents.

� FY 2002: Continueparameterstudiesandpreparea journal article containingthe results
of attemptsandfailuresto reproducework by previousworkers.Work will continuetoward
understandingtheelectricalresponseof NAPL contaminatedsoilswith theaimof assessing
thefeasibilityof field measurements.

Information Access
� Lesmes,D. P., andFrye,F. K., 2001,Theinfluenceof porefluid chemistryon thecomplex

conductivity andinducedpolarizationresponsesof Bereasandstone,J. Geophys. Res., 106,
4079-4090.

� Lesmes,D. P., andMorgan,F. D., 2001,Dielectric spectroscopy of sedimentaryrocks,J.
Geophys. Res., in press.

� Slater, L., andLesmes,D. P., 2001,IP Interpretationin environmentalinvestigations,Geo-
physics, in press.

� Slater, L., andLesmes,D. P., Electrical-hydraulicrelationshipsobservedfor unconsolidated
sediments,Water Resour. Res., submitted.
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