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Intr oduction

Theelectrokineticeffect representsa groupof processesin which thereis a conversionfrom elec-
tromagneticto kinetic energy andvice versa.In thecaseof this transfertakingplacein a porous
mediumwe nametheeffectselectro-osmoticfor the transferfrom electromagneticto kinetic en-
ergy, andseismo-electricfor thetransferfrom kinetic to electromagneticenergy. Thereexist other
effectsalsocalledelectro-kineticlike thepiezo-electriceffector themodulationof rock resistivity
by seismicwaves,but wewill not take thoseeffectsinto accountin this paper.

Although theexistenceof theseismo-electricconversionis known sincetheearly1930s,thede-
velopmentof the seismo-electricmethodhasbeengreatlyenhancedsincethe publicationof the
experimentalwork of ThompsonandGist (1993)andthe theoreticalwork of PrideandHaartsen
(Pride,1994; PrideandHaartsen,1996; HaartsenandPride,1997). In all the publishedpapers
it is shown that the seismo-electricmethodis a useful tool to characterizeparameterslike fluid
contentandfluid geochemistryin theporousEarth’s subsurface;hence,possibleapplicationsin-
cludegroundwaterdetectionandthemonitoringof pollutantmigration. This effect canalsofind
applicationsin boreholemeasurementsasawayto determinepermeableformationsor monitoring
multiphaseflow throughporousareas.

On theotherhandtheelectro-osmoticeffect hasnot receivedsomuchinterestin thegeophysical
world,-althoughit doesamongthe chemistryresearchers-.Acording to A. H. Thompson(1993)
this effect looks very promisingasa tool for geophysicalexploration: the amplitudegenerated
in thesubsurfacein anaverageelectro-osmoticeffect experimentalsetupmaybegreaterthanthe
onegeneratedby a vibrator truck. This maygive theelectro-osmoticsurveying a very interesting
futurein thegeophysicalresearch.

Electrokinetic effects

Seismo-electric effect

The seismo-electricmethodis a surveying techniquefor the shallow subsurfaceof the Earth, in
which seismicsourcesandelectromagneticreceiversareused. The conversionfrom seismicto
electromagneticenergy occursdueto therelativemotionbetweenthesolid andthefluid phasesin
theporousrocksin thesubsurface.This conversiontakesplacevia two differentmechanisms:(i)
thebodyandsurfacewavesduringtheirpropagationgenerateaseriesof compressionsandrarefac-
tionsof theporousmedium,creatinga chargedisplacementthatmovesalongwith thewave, and
thereforeanelectricfield confinedinsideof it. (ii) theseismicwaveswhenarriving at interfaces
wherethereis acontrastin themechanicalor electricparametersgenerateelectromagneticwaves.
This EM wave generationcanbe approximatedby an oscillatingdipole placedat the interface.
TheseEM wavesandelectricfieldscanbemeasuredwith simpleelectrodesplacedon thesurface
of the earth,or alonga borehole. To study this couplingbetweenseismicandelectromagnetic
wavesPride(1994)deriveda setof equations.Whenwe solve themwe find that they uncouple
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Figure1: Forward modelfor theelectro-kineticreflection.

into two independentsetsof partial differentialequations.Thesetwo setsshow us the different
typesof couplingexisting in theseismo-electriceffect. Whena horizontallypolarizedshearwave
(SH-mode)propagatesin the � - � plane,its propagationis not coupledto theotherthreeseismic
wavefields(thefastandslow P-wavesandthevertically polarizedshearwave); however, theSH-
wavegenerateselectriccurrentsin the � -directionandthesecurrentscoupleto theelectromagnetic
wavefieldwith transverseelectricpolarization(TE-mode).Whena fastP-wave, slow P-wave, or
a vertically polarizedshearwave (SV-mode)propagatesin the � - � plane,it generateselectriccur-
rentsin the � - � planeandthesecurrentscoupleto theelectromagneticwavefieldwith transverse
magneticpolarization(TM-mode).

Electro-osmotic effect

Theelectro-osmoticmethodusesantennason thesurfaceasa sourcegeneratinga timedependent
electricfield. This field generatesa time dependentpressureon the discontinuitieswherethere
is a changein themechanicalor electricproperties.This pressurepropagatesasa seismicwave
that canbe recordedat the surfacewith geophones.This effect usedasa prospectingtool has
its greatestsignalswith largepermeabilitycontrasts.Theelectro-osmoticeffect is widely known
amongthechemistryresearchers,but is almostnew asageophysicalexplorationtool.

Forward model

This sectionshows how we apply a known seismicapproachto the electrokineticproblem. Let����
in Figure 1 be the sourcefunction, it can be both seismicor electromagnetic.The opera-

tors that representthedown andupgoingwavefieldsare
��	��

and
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� respectively, where ����������� � ��� � ��� � ��� ��� �!��"��$# representthedifferentwavesmentionedin theprevioussection.Theplus

sign is for downgoingwavesandtheminusis for upgoingwaves. Thereforetheseoperatorswill
be
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Then,e.g.
�� �I)J �� IKJ would representthedowngoingfast-Pwavefield. Thereflectionis represented

by the operator
�L �� where”  ” and ” � ” are the reflectedand incident waves respectively. The

reflectedwaveis measuredatthesurfacebyanarrayof detectors,thisis representedby theoperator�M � . Finally theproductof all theseoperators
�M � ���
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representsthesignalfrom thefirst



Figure 2: Incomingfast P-waveand reflectedTM-wavewith velocity
��NPO.QPR

(
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Hz): thereflectioncoefficient
L^] O_<` asa functionof thehorizontalslowness

�
timesvelocity a �bNPO.QPR a .

In upper porous half-space: salinity cd�fe�gih��je�kVl.�mY\[ 
=n mol/liter, porosity op�j[ H U , and
permeability qsrt�/[ H Y\u Darcy. In lower poroushalf-space: c	�vY\[ 
=w mol/liter (solid line) andc$�!Y\[ 
yx mol/liter (dashedline) with oz�{[ H U and qVrb�{[ H Y�u Darcy.

reflectorrecordedby the detectors.The main advantageof our approachto this problemis that
this schemeis valid for any kind of wave propagatingor reflectingat the subsurface,seismicor
electromagnetic.

Thereflectionandtransmissioncoefficientsneededin this calculationhavebeenderivedby Shaw
etal. (2000)from thecoupledequationsdeducedby Pride(1994).Thesecoefficientsshow aclear
dependency betweenthecontrastin thepropertiesof themediaandfluids andthestrengthof the
electro-kineticresponse.Theinterfacesthatshow a greaterseismo-electricresponsearecontrasts
in theion concentrationof theporefluid andthepermeabilityasit canbeseenin Figure2.

Theoretical resultsand fieldwork

Thenext stepin thisprojectwill beto implementthewholeschemein orderto obtainatheoretical
modelandresultsfor thewavefieldrecordedat thedetectors.

During the fieldwork we expect to measurethe two electro-kineticphenomenarelatedwith the
streamingpotential,seismo-electricandelectro-osmoticeffects. Thereare alreadypaperspub-
lishedaboutexperimentalresultswith the first of thesetwo, but it is our purposeto experiment
with new configurationsandtypesof receiversin anattemptto improve thesignal-to-noiseratio
caracteristicof this effect.

Regardingtheelectro-osmoticeffectwehavenotfoundany paperapartfrom theoneby Thompson
andGist (1993)in whichsuchaneffect is mentionedasausefulgeophysicalsurveying technique.
It is now ouraimto studyandexperimentthiseffect in theframeof theelectro-kineticphenomena.

Concluding remarks

In thispaperwepresentedourpointof view in theelectro-kineticeffects.Wepresentedawideview
that includesboth seismo-electricandelectro-osmoticeffectsaspart of the samephenomenon.
This way allows us to easily calculatethe theoreticalresponsesof the mediumfor any caseof
incidentandreflectedwaves.
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