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Fig. 1. Double-cylindrical-layer porous medium electrokinet-

ic effect logging model.
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Fig. 2. Branch point distribution of the vertical secant integral.
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Table 1. Porous medium and borehole fluid para-
meters.
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Fig. 3. Normalized interface converted electromagnetic

waveform of double-cylindrical-layer medium.
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Fig. 4. Comparison of electrokinetic logging interface converted electromagnetic wave waveforms between two-layer medium and

single-layer infinite medium: (a) Interface converted electromagnetic waveform when porous medium 1 parameters are consistent

with single layer infinite medium; (b) interface converted electromagnetic wave when double-layer medium degenerates into single-

layer medium (the solid line corresponds to the single-layer infinite medium, the dashed line corresponds to the double-layer

medium).
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Fig. 5. Interface converted electromagnetic wave  wave-

forms of different interlayer medium thickness (the solid

and dashed lines correspond to the interlayer dielectric lay-
er thickness of 5 m and 7 m, respectively).
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Fig. 6. Arrival time difference of different components of the interface converted electromagnetic wave: (a) Component b; (b) com-

ponent ¢; (¢) component d (the solid and dashed lines correspond to the interlayer medium thickness of 5 m and 7 m, respectively).
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Fig. 7. Interface converted electromagnetic wave  wave-
forms under different porous medium fluid salinity: (a) In-
terface converted electromagnetic wave waveforms of differ-
ent interlayer porous medium fluid salinity (solid line,
dashed line, dash-dotted line corresponding to interlayer
porous medium fluid salinity C; = 0.01, 0.005, 0.0025
mol/L respectively); (b) interface converted electromagnet-
ic wave waveforms of different outermost porous medium
fluid salinity (solid line, dashed line, dash-dotted line cor-
responding to outermost porous medium fluid salinity C, =
0.01, 0.005, 0.0025 mol/Lrespectively).
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Fig. 8. Waveform comparison of interface converted electro-
magnetic wave waveforms of different salinity interface pos-
ition (the solid line corresponds to the interface converted
electromagnetic wave when there is no salinity interface,
the dashed line and the dash-dotted line respectively corres-
pond to the interface converted electromagnetic waves when
the salinity interface is 5 m and 6 m away from the well
wall).
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Fig. 9. Effect of salinity difference on interface converted
electromagnetic waves (the solid line, the dashed line and
the dash-dotted line respectively correspond to the salinity
difference of 8C' =0.0005, 0.0015, 0.0025 mol/L).
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Abstract

In recent years, electrokinetic effect has received wide attention. The electrokinetic effect refers to the
coupling and conversion of acoustic waves and electromagnetic waves in a porous medium. Due to the electric
double layer structure of porous medium, electromagnetic waves are generated during acoustic waves
propagation in the liquid-containing porous medium. Based on this phenomenon, one proposes a method for
electrokinetic effect logging.The electrokinetic effect has great application prospects in earthquake prediction
and engineering exploration. The generation mechanism and propagation law of acoustic-electric coupling wave
in electrokinetic effect logging of double-cylindrical-layer porous medium are explored in this paper. By
calculating the vertical secant integral of the electric field branch point, the total response of the interface
converted electromagnetic wave can be obtained. Previously, in the cylindrical layered medium, the secant
integral corresponding to the borehole fluid and the inner layer medium branch point is zero. So the examples in
this paper are calculated from the vertical secant integral of branch point £k,,5, which corresponds to the
outermost infinite medium. It is found that when each time the longitudinal and transverse waves of the
formation propagate to the interface, the interface converted electromagnetic waves are generated. These
converted electromagnetic waves constitute the total response of the interface converted electromagnetic wave.
At the same time, the influence of porous medium fluid salinity on interface converted electromagnetic wave is
investigated. It is found that when only the inner layer porous medium fluid salinity changes, the amplitude of
the interface converted electromagnetic wave response of the two interfaces is affected. When only the salinity
of the outermost porous medium fluid changes, only the amplitude of the interface converted electromagnetic
wave generated at the second interface is affected, but the interface electromagnetic waves generated at the
internal interface are not influenced. When the difference in pore fluid salinity between both sides of the
medium interface is larger, the amplitude of the interface converted electromagnetic wave is greater and the
electromagnetic waves generated from the two interfaces are independent of each other.The case where fluid
intrusion zone in porous medium is investigated, and the generation mechanism of interface converted
electromagnetic wave is also studied when only a mineralization interface exists. It is found that the converted
electric field is also generated when the acoustic waves propagates to the salinity interface. Since there exists
neither multiple refraction of acoustic wave nor reflection of acoustic wave in the porous medium, the interface
electromagnetic wave has only two wave packets, which are interface converted electromagnetic waves
generated respectively at the borehole wall and at the electrochemical interface.The interface converted
electromagnetic wave can be used to detect the location of the medium interface and the salinity interface. It
can also clearly reflect the refraction and reflection law of wave propagating in stratified porous medium, which
is of great significance for understanding the interface response mechanism of double-cylindrical-layer porous
medium in electrokinetic effect logging.

Keywords: electrokinetic effect, porous formation, secant integral, interface converted electromagnetic wave
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