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Intr oduction

Theelectrokineticeffect representa groupof processes which thereis a corversionfrom elec-
tromagnetido kinetic enegy andvice versa.In the caseof this transfertaking placein a porous
mediumwe namethe effectselectro-osmotidor the transferfrom electromagnetito kinetic en-
ergy, andseismo-electriéor thetransferfrom kinetic to electromagnetienegy. Thereexist other
effectsalsocalledelectro-kinetidik e the piezo-electriceffect or themodulationof rock resistvity

by seismicwaves,but we will nottake thoseeffectsinto accountin this paper

Althoughthe existenceof the seismo-electriconversionis known sincethe early 1930s,the de-
velopmentof the seismo-electrienethodhasbeengreatly enhanceaincethe publicationof the
experimentalwork of ThompsonandGist (1993)andthe theoreticalwork of PrideandHaartsen
(Pride, 1994; Pride and Haartsen,1996; Haartserand Pride, 1997). In all the publishedpapers
it is shavn that the seismo-electrienethodis a usefultool to characterizgparametersik e fluid
contentandfluid geochemistryn the porousEarth's subsuréce;hence possibleapplicationsn-
cludegroundwvaterdetectionandthe monitoring of pollutantmigration. This effect canalsofind
applicationgn boreholemeasuremenissa way to determingpermeabldormationsor monitoring
multiphaselow throughporousareas.

Onthe otherhandthe electro-osmotieffect hasnot receved so muchinterestin the geophysical
world,-althoughit doesamongthe chemistryresearchers-Acordingto A. H. Thompson(1993)
this effect looks very promisingas a tool for geophysicakxploration: the amplitudegenerated
in the subsurécein anaverageelectro-osmotieffect experimentalsetupmay be greaterthanthe
onegeneratedby avibratortruck. This may give the electro-osmotisureying a very interesting
futurein thegeophysicatesearch.

Electrokinetic effects

Seismo-electric effect

The seismo-electrienethodis a surwying techniquefor the shallov subsuréceof the Earth,in
which seismicsourcesand electromagneticecevers are used. The corversionfrom seismicto
electromagnetienegy occursdueto therelatve motionbetweerthe solid andthefluid phasesn
the porousrocksin the subsuréce. This corversiontakesplacevia two differentmechanisms(i)
thebodyandsurfacewavesduringtheir propagatiorgenerata seriesof compressionandrarefic-
tions of the porousmedium,creatinga chage displacementhatmovesalongwith thewave, and
thereforean electricfield confinedinsideof it. (ii) the seismicwaveswhenarriving at interfaces
wherethereis a contrasin the mechanicabr electricparametergeneratelectromagnetigvaves.
This EM wave generationcan be approximatedoy an oscillating dipole placedat the interface.
TheseEM wavesandelectricfieldscanbe measureavith simpleelectrodeplacedon the surface
of the earth,or along a borehole. To study this coupling betweenseismicand electromagnetic
wavesPride (1994)derived a setof equations.Whenwe solve themwe find thatthey uncouple
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Figurel: Forward modelfor the electio-kineticreflection.

into two independensetsof partial differentialequations. Thesetwo setsshow us the different
typesof couplingexistingin the seismo-electrieffect. Whena horizontallypolarizedsheawave
(SH-mode)propagates the z-z plane,its propagations not coupledto the otherthreeseismic
wavefields(the fastandslow P-wavesandthe vertically polarizedsheamwave); however, the SH-
wave generateglectriccurrentan they-directionandthesecurrentscoupleto theelectromagnetic
wavefield with trans\erseelectricpolarization(TE-mode). Whena fastP-wave, slow P-wave, or
avertically polarizedsheamwave (SV-mode)propagate the z-z plane,it generateglectriccur
rentsin the z-z planeandthesecurrentscoupleto the electromagnetievavefield with trans\erse
magnetigoolarization(TM-mode).

Electro-osmotic effect

Theelectro-osmotiecnethodusesantenna®n the surfaceasa sourcegeneratinga time dependent
electricfield. This field generates time dependenpressureon the discontinuitieswherethere
is a changein the mechanicabr electricproperties. This pressurepropagatessa seismicwave
that can be recordedat the surfacewith geophones.This effect usedas a prospectingool has
its greatessignalswith large permeabilitycontrasts.The electro-osmotieffectis widely known
amongthe chemistryresearcherdyut is almostnew asa geophysicaéxplorationtool.

Forward model

This sectionshovs haw we apply a known seismicapproachto the electrokineticproblem. Let
S, in Figure 1 be the sourcefunction, it can be both seismicor electromagnetic.The opera-
tors thatrepresenthe down andupgoingwavefieldsare " andW, respectiely, wherea, b =
{pf, ps, sv, sh,tm, em} representhedifferentwavesmentionedn the previoussection.Theplus
signis for downgoingwavesandthe minusis for upgoingwaves. Thereforetheseoperatorswill
be

W;— (p7 Zry 2oy LLJ) = e_jw'la(zr—zo) (1)

Wbi (p’ ZO; Z’r‘, W) = ejwqb(’zO*Zr). (2)

Then,e.g. W* Spf would representhe downgoingfast-Pwavefield. Thereflectionis represented

by the operatorR“ where”a” and”b” are the reflectedand incident waves respectiely. The
reflectedvaveis measureatthesurfaceby anarrayof detectorsthisis representetly theoperator
D,. Finally the productof all theseoperatorsDbW R“W+S representshe signalfrom thefirst
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Figure 2: Incomingfast P-waveand reflectedTM-wavewith velocity v, v (f = w/27 = 100
Hz): thereflectioncoeficient R asa functionof the horizontalslownesg timesvelocity [vem, ul -
In upper porous half-space: salinity C = nx, = nc = 107% mol/liter, porosity ¢ = 0.2, and
permeabilityk, = 0.16 Darcy. In lower porous half-space:C = 10~> mol/liter (solid line) and
C'=10~* moll/liter (dashedine) with ¢ =0.2 andk,=0.16 Darcy.

reflectorrecordedby the detectors.The main advantageof our approachto this problemis that
this schemas valid for arny kind of wave propagatingor reflectingat the subsurlce,seismicor
electromagnetic.

Thereflectionandtransmissiorcoeficientsneededn this calculationhave beenderivedby Shav
etal. (2000)from the coupledequationsieducedy Pride(1994). Thesecoeficientsshow aclear
dependeng betweenrnthe contrastin the propertiesof the mediaandfluids andthe strengthof the
electro-kinetiresponseThe interfacesthatshow a greaterseismo-electricesponsearecontrasts
in theion concentratiorof the porefluid andthe permeabilityasit canbe seenin Figure2.

Theoretical resultsand fieldwork

Thenext stepin this projectwill beto implementthewholeschemen orderto obtainatheoretical
modelandresultsfor thewavefieldrecordedat the detectors.

During the fieldwork we expectto measurehe two electro-kineticpohenomenaelatedwith the
streamingpotential, seismo-electri@and electro-osmoticeffects. Thereare alreadypaperspub-
lished aboutexperimentalresultswith the first of thesetwo, but it is our purposeto experiment
with new configurationsandtypesof receversin an attemptto improve the signal-to-noiseatio
caracteristiof this effect.

Regardingtheelectro-osmotieffectwe have notfoundary paperapartfrom theoneby Thompson
andGist (1993)in which suchaneffectis mentionedasa usefulgeophysicasureying technique.
It is now ouraimto studyandexperimentthis effectin theframeof theelectro-kinetigphenomena.

Concluding remarks

In thispapemwe presentedurpointof view in theelectro-kinetieffects.We presentedwide view
that includesboth seismo-electri@and electro-osmoticeffects as part of the samephenomenon.
This way allows us to easily calculatethe theoreticalresponse®f the mediumfor any caseof
incidentandreflectedwaves.
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