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ABSTRACT: The main aim of this work is physical interpretation and experimental verification of the method
based on a recording of seismoelectric effect in natural Earth's seismic and electromagnetic fields. In this case,
a deposit is described by a model of the flat condenser in which ion-conducting medium (deposit waters) serve
as plates and deposited hydrocarbons serve as a dielectric layer. The considered frequencies of both types of
fields are in the range of 0.1-20 Hz. The calculated curve of electric field distribution on Earth's surface
generated by deposit seam induced by natural electric and seismic fields of the Earth’s crust is given.
Experimental data of observations of seismoelectric effect in passive fields are presented obtained in 2014-
2017 at Bystryansky gas condensate field (Krasnoyarsk Krai, Minusinsk district) by the recording of passive
electric and seismic fields as well as measurement of their cross-correlation.
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1. INTRODUCTION

Seismoelectric effect (SEE) was described for
the first time by lvanov [1, 2], further on this issue
was discussed in [3, 4], at present in Russia articles
are available presenting theoretical models and
results of laboratory and field observations [5, 6].

In foreign publications this issue was discussed
by Berg-Vishnyakov [7-9] during combined
processing of secondary electric and seismic signals
from appropriate sensors; they also protected the
US Patent: Method of Seismo-Electromagnetic
Detecting of Hydrocarbon Deposit [7]. The data are
available on observation of this effect on
hydrocarbon deposits of the Gulf of Mexico and
Arctic seas of Russian shelf [8]. The authors of
these works state that the new method increases a
chance to detect productive deposits by 4 times in
comparison with conventional seismic exploration.
The described results are obtained upon application
of artificial sources of seismic and electromagnetic
fields.

In 2014-2017 we observed the SEE in passive
fields at Minusinsk gas condensate deposit [10, 11]
(Khakassia, Russia).

An obvious advantage of the passive method is
the  simplicity of its instrumentational
implementation and its costs in comparison with the
active method, as well as possible to perform
exploration in mountain forest areas where it is
difficult to apply conventional exploration activities
due to complex relief.

The passive method is characterized by certain
disadvantages. For instance, its application will be
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accompanied by signal accumulation and taking
into account that the involved frequencies are
sufficiently low (0.1-20 Hz), the required time can
reach 1-15 min; in addition, measurement of
electric constituent of the Earth's horizontal field in
winter upon ground freezing to grounded electric
dipole will be impossible, and in this case it will be
required to use specialized low-frequency antennas.

It should be mentioned that for field applications
the highest interest will be attracted only by
methods not based on additional sources of
electromagnetic fields, that is, without extra costs.

Therefore, application of SSE  upon
hydrocarbon exploration will be restricted by two
methods. The first method is semi-active
(conventional exploration with simultaneous
recording of electromagnetic fields). The second
method is a completely passive method with a
recording of both seismic and electric fields.

This work discusses the passive seismoelectric
method of hydrocarbon exploration and analyzes
experimental observations on actual gas condensate
deposits in the Earth's passive electromagnetic and
seismic fields.

2. METHODS

Let us estimate seismoelectric effect by solving
the inverse problem: calculation of electric moment
of equivalent dipole which is located in the seam
center and creates electric field on the Earth's
surface, in this case, a deposit is simulated as flat
condenser charged with electric field Eo, surface
area of its plates equals to that of the deposit.



International Journal of GEOMATE, Dec., 2018 Vol.15, Issue 52, pp. 146-151

The plates of equivalent condenser oscillate
under the action of natural seismic perturbations
varying the moment of the equivalent dipole, and an
electric field is generated in host medium which can
be recorded on the Earth's surface.

Figure 1 illustrates a schematic view of the
equivalent condenser (physical model) depicting

hydrocarbon seam with linear dimensions of LxL ,
width d, and appropriate dielectric permeability ¢,
electric conductivity =0, located at the depth h.
This seam is influenced by the Earth's static field Eo.

In order to analyze the intensity of electric field
Ex on the Earth's surface in the point N, the
oscillations of condenser plates under the action of
seismic oscillations acting on hydrocarbon seam
were taken into account. We have already
developed equations for Eyx with consideration for
hydrocarbon seam, and in this work, we will apply
the obtained final equations [11]:

&1 EAP ®

E @)
X 4re p
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medium, €2 js the dielectric permeability of seam,

U1 s the time of pressure pulse, AP s the

pressure amplitude of the seismic wave, P is the
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Fig. 1 Hydrocarbon productive seam

In order to analyze the pressure, AP let us apply
the experimental data in [11]. The output voltage of
GS-20DX geophone upon field tests was U=5-10"
V with the conversion index K=0.28 V/(cm/s). The
medium density was considered to be p;=1.8-10°
kg/m®, and the velocity of elastic oscillations was
V=4000 m/s. Therefore:
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With the aim of comparison, in 2017 seismic
and electric noises were measured at Bystryansky
gas condensate deposit (Krasnoyarsk krai,
Minusink district) in the locations highlighted in the
map by passive method (without excitation of the
field by natural seismic and electromagnetic field).
The depth of gas seam for this deposit was about
2000 m.

Similar results were obtained previously in
2015-2016.

Figure 2 illustrates the experimental layout. The
measurements were carried out using an SGD-SET
seismostation, signals from seismic cables with
connected SGD-SET/FU receivers and 200m
electric dipole installed at the center of the cables
were supplied to the station input. Non-polarized
VITR electrodes were used as electrodes. The
output of the electric dipole was connected to free
receiving channels of the seismostation via
specialized receiver with amplifier and bandwidth
(0.1-20 Hz) and suppression of industrial noises of
at least 60 dB, the output of seismic cable was
connected to main channels of the seismostation.
Herewith, mean root square electric noise was 100
MV corresponding to the field intensity of 0.5 puV/m.

PC -
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Fig. 2 Experimental layout

The receiver was based on INA128 (Texas
Instruments)  instrumental band  differential
amplifier. This circuit provided output resistance of
about 3 MQ, suppression of in-phase signal up to
120 dB and capability to control the coefficient of
amplification by one potentiometer, which
facilitated wide dynamic range and amplification of
input signal from 1 to 10000. The required
amplification was set by a digital potentiometer
with a microcontroller. In order to suppress
industrial noise of 50 Hz, a band exclusion filter of
the 4th order was installed between the cascades.

It was established in 2015-2016 that the most
suitable frequency range for electric field recording
was 0.1-20 Hz. This frequency band was isolated
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by a MAX293 switched-capacitor filter. This
microcircuit is a filter of lower frequencies with
adjustable cut-off frequency adjusted by variation
of the clock frequency. The lower limit of 0.1 Hz
was provided by the filter of upper frequencies of
the second order and eliminated drift of electrode
zero. The receiver was controlled by STM32F103
microcontroller based on Cortex-M3.

This microcontroller controlled the following
properties of the receiver: amplification and cut-off
frequencies. In addition, it facilitated analog to
digital conversion of signals and transmission of
appropriate data to PC using USB interface.

Flowchart and appearance of the developed
receiver circuits are illustrated in Figs. 3 and 4.

channel r\.l D“ |

Fig. 4 Experimental layout

The algorithm of calculation of the coefficient
of cross-correlation (CCC) was carried out by
subsequent processing in Matlab environment.
CCC was calculated as follows:

N p—
Res(n)= %.z ES.. @3)
i=1

E.

. and S, were the disperse

normalized signals from electric dipole and receiver,
respectively; N was the number of signal count, I
was the number of appropriate signal count, n was
the positive integer.

The software interface is illustrated in Fig. 5.
This software makes it possible to plot time
realization of signals, their spectra, cross-
correlation function, to carry out digital filtration of
signals. In addition, it displays measured CCC in
the point of measurement. With the aim of further
processing, the software stores all recorded signals
in flash memory.

Thus, it is possible in real time to estimate
measurement results and adjust schedules of field

where
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activities using the profile. Post processing includes
plotting of CCC profile, comparison of
measurement data with the results obtained by other
methods, such as seismic exploration and others.

Fig. 5 Software interface for a data processing

Coordinates of measurement points of CCC
were  determined using  GPS/GLONASS.
Subsequently, the function of cross-correlation
between electric and seismic noise signals was
calculated by algorithm 3.

Figure 6 illustrates the geological map of
Bystryansky gas condensate field with highlighted
exploration wells and observation profile of CCC
Res(0) in various seasons.

Green and blue lines are the measurement
profiles in 2014-2015 and 2016, respectively.
Black circles denote exploration wells; near well 5-
P gas was released in the form of jet fire.

Dashed and solid brown line denote deposit
contour obtained by seismic exploration and
exploring drilling at various depth.

Performance of operation at one and the same
profile in different years is stipulated by necessity
to provide repeatability at different conditions of
observations, such as weather, daytime and others.
In this case, passive noise electromagnetic and
seismic field is assumed, statistic data processing is
required for observation points.
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Fig. 6 Geological map of Bystryansky gas
condensate deposit (Krasnoyarsk krai, Minusinsk
district).
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3. RESULTS AND DISCUSSION

Figure 7 (a) illustrates the results of profiling by
SEE for various points of observations in the years
2014-2015, Fig. 7 (b) — the calculation results by
Eq.(1) with consideration for Egs. (2) and (3) for the
module of electric field on the Earth's surface as a
function of distance to abnormality center with the
seam dimensions of L=1000 m, d=100 m and the
seam depth of h=2000 m. The seam density is
p=0.86-10 kg/m® and its relative dielectric
permeability is £,=2.18, the relative dielectric
permeability of the host medium is ¢1=10. The
pressure amplitude of elastic oscillations is
AP=1.28 Pa at 71=1 s, which corresponds to the
frequency band of 1 Hz.
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Fig. 7 (a) Profiling by SEE method; (b) Electric
field distribution over a model of the productive
seam

As can be seen, the abnormal area is highlighted
by CCC Res(0) by 3-5 times higher than that of the
normal area. This result was qualitatively
reproduced in three years except for certain scatter
of amplitude. As can be seen in the plots, the
amplitude of Res(0) varies from year to year but the
pattern of the curves is reproduced. We believe that
this can be related both to different weather
conditions and with the different seismic situation
above the deposit requiring for additional
observations. The calculated curve has two maxima
of Ex module at the seam edges. Analysis of the
plots shows that the most distinct is the seam

boundaries, which corresponds to experimental data.

As follows from Fig. 7, the CCC maximum in
different years is observed at the distances of 2-3
km and 8 km, and the minimum - at 4-5 km. In this
case, the results are characterized by certain
instability. We believe that this can be attributed to
short observation time which equaled for these
measurements to 60 s. Increase in time to 5-10 min
will make it possible to average the influence of
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local noises of both seismic and electromagnetic
origin, as well as to increase the signal to noise ratio
by means of signal accumulation.

These CCC values obtained in 2017 are in fact
by two times higher in amplitude than those of other
years but taking into account that these
measurements were performed only at three profile
points, this does not provide a complete pattern.
Thus, a more detailed analysis of profile is required,
asin 2016.

Figure 8 (a, b) illustrates plots of data processing
obtained both in abnormality area at the deposited
edge (Fig. 8b) and in the normal field (Fig. 8a). In
this case, T is the start of the time interval of the
grounded electric dipole, 1s is the start of the time
interval of one of the receivers, Res(0) is the
maximum of the cross-correlation function.
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Fig. 8 CCC maximum as a function of time interval
shift (a) — normal field (without deposit), (b) — at the
edge of abnormality at Bystryansky gas condensate
deposit

For further data processing, the time interval
was 1 second, data were acquired 10 times with
subsequent averaging.

The plots demonstrate that in the normal field
(without deposit) it is possible to observe noise
pattern not exceeding Res(0) = 0.2, which
evidences the absence of cross-correlation between
noise seismic and electric fields. Figure 4(b)
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illustrates "ridge" in the form of CCC maximum at
equal time delays of electromagnetic and seismic
fields, which is determined by CCC computations
when one of the signals reaches the surface earlier
and is artificially shifted in order to obtain the
maximum. Oscillations from Res(0) = 0.2 to Res(0)
= 0.4 are stipulated by low time interval equaling to
1 s. As mentioned above, increase in acquisition
frequency will permit to average these oscillations
and to obtain more stable values of Regs(0).
Therefore, it is necessary to determine the
experimentally optimum time of acquisition and
time interval.

It is obvious that physical interpretation of the
obtained results requires for additional
experimental and theoretical analysis beyond the
scope of this article.

4. CONCLUSION

Experimental observations of existing gas
condensate deposit in the Earth's passive
electromagnetic and seismic fields were analyzed,
theoretical data acquired at Bystryansky gas
condensate field in different years were compared.

The obtained results confirm data acquired by
other researchers [5, 9] on the basis of active
electromagnetic and seismic field sources.

Gas condensate deposit is satisfactorily
described by a model of seam deposit, which is
confirmed by experimental data obtained in
different years. Characteristic CCC increase is
observed at the deposit edges.

Concerning the application of this method, it is
possible to state that in future it would permit to
detect deposits, that is, to fix contours of
abnormality, further, identification will require for
additional researches using conventional methods.

Further schedule assumes measurements at
other hydrocarbon deposits, petroleum in particular,
by geophysical crews and subsequent comparison
of the obtained results.
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