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Nt odilam o

Selsmic waves can generate
electromagnetic waves

It has been observed since 1930s

Renewed 1nterest since 1990s with
recent theoretical developments



Data example
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Conceptual model
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time-varying electrical dipole

Interface signal

dipole magnetic

electric field accompanying
seismic wave (1 st type)

EM emissions travelng at

the speed of light (204 type)

Interface
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layer

Electrical double layer in porous
medium at the grain scale

diffusive layer
(mobile ions)

adsorbed layer
~ (immobile layer)
< 1 nm thickness




Mof 1 valson

@ Electromagnetic wave production
depends on relative motion between
fluid and solid 1n porous media

@ Properties like porosity are
accessible from seismoelectric
signal
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Linear analysis

Constitutive equations:

BE — ung DE — G()F-)&EE

Field variables are sinusoidal

Basic unperturbed solution is
exponential decay of electrostatic
potential with the characteristic
(Debye) flenigth:




' = ma
@ Tonlc conduction connected to
elastic displacements by force

balance:

@ Fluid stress state i1ncludes
viscosity



Macroscopl@tield

@ Porosity determines signal
strength

@ Four sources of current
density

V.-D= @Zezgﬁz,
[

V-B =0,
V x E = iwB,
VxH=—-wD+¢Jg+I,+J,+J.)




Current density

Diffusion current driven by
gradient of averaged 1onic density

Conduet®on i electionieiidaiurrent
driven by electric field

Streaming current due to i1onic
motion from elastic displacement

Excess 1ons migrating 1n and out
of interfaces



Simulat 1S aE11D

Using FEMLAB to solve 3 coupled
veckor™fiedige: electriceimeld,
solid displacement, relative
solid-liquid displacement

3 coupled PDEs for the 3 fields

200 m x 200 m x 200 m solid

10 MN sharp Gaussian pulse on top
SR ce

Flastic displacement decays
sufficiently



MPpOoL Tl
par aneatasts

Porosity = 0.20
Conductivity . &a 29 2E 4 1Bmo/m
Density = 1000 kg/m3

Viscoslity = 0.01 poise



Vertical elastic
displacement




Vertical elastic displacement
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Relative
displacement

@ Sub nm displacement at 1000 Hz




Vertical electric field
at 1 0.0 S




Vertical electric field
at. 1 000sEE
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Results

Vertically-oriented oscillating
electric dipoles are produced

Vertical electric field strength

increases 6 orders of magnitude
from "0t o 1000 9H=Z

Relative solid-liquid displacement
1s small and does not correlate
with the electric field

Conduction (electronic) current
seems larger than streaming
(lonic ) SelfEr i



Future wesr s

@ Simulations with higher frequencies
with layered earth model

@ Analytical work on EM signals from
dipoles at interface

® “Resonance frequency® ot Fihe dipole
at the interfaee

@ Field work: instrumentation and

processing
We are lookimigr reiEEEG clilate student

@ Time-domaln response signal
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