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Abstract. The article provides a study of the reflectance characteristics for the isolation of an
anisotropic medium over hydrocarbons. An analysis of the reflectance characteristics for two-
frequency electromagnetic waves when exposed to prevailing waves of either low or high
frequency has been carried out. Experimental studies were carried out on real hydrocarbon fields.
The results of these tests confirmed an increase in the level of delineation of oil and gas
accumulations by measuring reflectance characteristics at (10 - 20) m. The obtained results of
the studies can be used in electrical exploration systems to improve the accuracy of determining
the boundaries of the deposit to improve the accuracy of determining the boundaries of the
deposit by measuring reflectance characteristics in a wide frequency range and to enhance
resolution while determining the location of deposits by measuring reflectance characteristics in
two modes.

1. Introduction
The relevance of the tasks considered in this work is to increase the level of delineation of fields and
accumulations of hydrocarbon reservoirs [1-3].

The purpose of the research is to solve the problems of interaction of electromagnetic waves (EMW)
and hydrocarbon deposits, the development and experimental study of methods and devices for
increasing the level of exploration reliability, search and delineation of these deposits.

The method of vertical examination with a controlled source uses a transmitting device with a
vertically located dipole antenna, a system of various radio receiving devices with both vertical and
horizontal dipole antennas and a data collection procedure [4]. Great attention is paid to field tests [5,
6]. Methods of detection based on variation of characteristics of applied signals are recommended [7-
9].

With integrated 3D gravitational modelling applied to salt layers studies, an improved model was
obtained [10]. The development of antennas for prospecting geophysics plays an important role [11]. A
specialized electromagnetic system is used for tank monitoring and geothermal prospecting [12].
Extremely low frequencies are involved in the method and device for geophysical research by detecting
inhomogeneities using electromagnetic fields [13]. The solution to the problems of detecting minerals
is based on the use of ground penetration radars [14]. Currently, methods of searching for hydrocarbons
based on frequency-modulated signals are recommended to improve the accuracy of boundary
determination [15].
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2. Method of electric prospecting for hydrocarbons using reflectance characteristics

Reflection from anisotropic medium above the geological profile under the influence of EMW with
linear polarization can be estimated by the contrast of reflection coefficients between the anisotropic
medium and the underlying surface using the formula:

AR = 20Ig|R, — Reg|, (1)

where Ry, is the coefficient of reflection from the underlying medium with the final dielectric permittivity
of the & and the o, conductivity for EMW with vertical polarization, is determined by the formula:
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where &, = g, —ja;'—; - complex dielectric permittivity of the underlying surface,
6 - angle of EMW incidence,

|R, |- modulus of the coefficient of reflection from the underlying medium,

@p- phase of the coefficient of reflection from the underlying medium,

w - circular frequency of the signal,
&o- dielectric permittivity of vacuum,
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where |R§B | modulus of the coefficient of reflection from anisotropic medium,
@pg- phase of the coefficient of reflection from anisotropic medium,
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In expressions (4) there are elements of the matrix:
& —Jjé& 0
E= [jéz & 0 ]
To generate the EMW in the search and identification device, we are going to select a two-frequency
signal of the form
e(t) = é,(t) + é,(t) = A, cos wy t + A, cos w, t, (6)

where A;, A,, w;, w,-the amplitude and frequency of EMW data, respectively.
Measurement modes depend on EMW parameters interacting with the investigated geological
profile:
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When implementing the method, equipment based on stationary radio transmitting and radio
receiving devices was used. A two-frequency signal of a radio transmitting device with vertical
polarization at frequencies of f, = (700-1000) MHz and f; = (1-10) MHz when exposed to predominant
waves of either low or high frequency is emitted by an antenna over a geological profile. The signal
reflected from the ground surface enters the receiver antenna. The location of the antennas and the
amount of spacing were taken for measurement reasons and for the sake of providing the required
characteristics of the receiver. The angle of incidence of the EMW was selected 6 = 30°. The contrast of
reflection coefficients between the anisotropic medium and the homogeneous underlying surface was
determined at the measurement points of the profile under investigation. An anomalous change in the
contrast value of the reflection coefficients indicates the presence of hydrocarbon deposits. Microstrip
antennas were used.

The proposed method was tested on artificial gas accumulation in Osipovichi and at the Rechitsa
field of the hydrocarbon deposits of the Gomel region.

Example 1. The dual-frequency EMW profile under study was irradiated at a fixed frequency of f, =
700 MHz with the frequency of a low-frequency signal of f1 = 1 MHz with vertical EMW polarization
and exposure to prevailing waves of either low or high frequency. In the prevailing low frequency mode,
ke = 102, ko, = 1,43-1073. In the prevailing high frequency mode, ke = 10%, k, = 1,43-103. The reflected
radiation was received and the contrast of the reflection coefficients was measured at the measurement
points of the profile under study. A reference point was specified, with respect to which the contrast of
reflection coefficients was measured along the profile under study. Measurements were made relative
to the reference point, which determines the value of the contrast of reflection coefficients from the
profile surface. At the points located at distances of 10 m for artificial gas accumulation in Osipovichi
and at distances of 50 m for the Rechitsa hydrocarbon field, the contrast of reflectance coefficients was
determined in a straight line from the reference point.

At the reservoir boundary (reference point of 170 for artificial gas accumulation in Osipovichi and
reference point of 250, 500 for the Rechitsa hydrocarbon field) the contrast of reflection coefficients
increases to 8.50 dB (exposure to the predominant low frequency signal) and 6.00 dB (exposure to the
predominant high frequency signal) at the check point of 170 m. The contrast of reflection coefficients
increases to 4.40 dB (exposure to the predominant low frequency signal) and 4.00 dB (exposure to the
predominant high frequency signal) at the check point of 250 m. The contrast of reflection coefficients
increases to 4.70 dB (exposure to the predominant low frequency signal) and 4.20 dB (exposure to the
predominant high frequency signal) at a check point of 500 m (figures 2 - 4).

Example 2. The EMW profile under study was irradiated at a fixed frequency of f, = 850 MHz with
a low-frequency signal frequency of f; = 5 MHz with vertical EMW polarization in the modes of the
predominant low frequency signal and the predominant high frequency signal. In the prevailing low
frequency mode, ke = 10%, k, = 5,88-10°2. In the prevailing high frequency mode, ke = 10%, k, =
= 5,88-10°. The contrast of the reflection coefficients of the investigated geological profile was
determined from the value of the reflected EMW.

At the deposit boundary (check point of 170 for artificial gas accumulation in Osipovichi and check
point of 250, 500 for the Rechitsa hydrocarbon field) the contrast of reflection coefficients increases to
values of 6.30 dB (exposure to the predominant low frequency signal) and 6.20 dB (exposure to the
predominant high frequency signal) at a check point of 170 m, up to 4.20 dB (exposure to the
predominant low frequency signal) and 4.40 dB (exposure to the predominant low frequency signal) at
a check point of 250 m, up to values of 3.80 dB (exposure to the predominant low frequency signal) and
3.80 dB (exposure to the predominant high frequency signal) at the 500 m check point.

Example 3. The EMW profile under study was irradiated at a fixed frequency of f, = 1000 MHz with
a low frequency signal frequency of f; = 10 MHz with vertical EMW polarization in the modes of the
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predominant low frequency signal and the predominant high frequency signal. In the prevailing low
frequency mode, ke = 107, k, = 10103, In the prevailing high frequency mode, ke = 10%, ko, = 10-107,

The contrast of the reflection coefficients of the investigated geological profile was determined from
the value of the reflected EMW.

Figure 1. Measurement results of the

1
™3 contrast of reflection coefficients for the
7 Osipovichi artificial gas accumulation,
exposure to a predominant low frequency
signal: 1 - f, =700 MHz, f, =1 MHz; 2 -
f, =850 MHz, f; =5 MHz; 3 - f, = 1000

MHz, f; = 10 MHz.

AR, dB

/ Figure 2. Measurement results of the
contrast of reflection coefficients for the
Osipovichi artificial gas accumulation,
exposure to a predominant high frequency
signal: 1 - f, =700 MHz, f, =1 MHz; 2 -
f, = 850 MHz, f; =5 MHz; 3 - f, = 1000
MHz, f; = 10 MHz.

AR, dB

At the deposit boundary (check point of 170 for artificial gas accumulation in Osipovichi and check
point of 250, 500 for the Rechitsa hydrocarbon field) the contrast of reflection coefficients increases to
values of 7.90 dB (exposure to the predominant low frequency signal) and 6.40 dB (exposure to the
predominant high frequency signal) at a check point of 170 m, up to 4.70 dB (exposure to the
predominant low frequency signal) and 4.50 dB (exposure to the predominant low frequency signal) at
a check point of 250 m, up to values of 4.20 dB (exposure to the predominant low frequency signal) and
4.10 dB (exposure to the predominant high frequency signal) at the 500 m check point. The hydrocarbon
boundary was indicated by the anomalous values of the contrast of the reflection coefficients.

The measurement accuracy was determined as the difference in the distances corresponding to the
deposit boundary (a known value) and those determined using this method, expressed as a percentage.

3/ 1 2/
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Figure 3. Measurement results of the
contrast of reflection coefficients for the
Rechitsa hydrocarbon field, exposure to a
predominant low frequency signal:1 - f; =
700 MHz, f; =1 MHz; 2 - f, = 850 MHz, f;
=5 MHz; 3-f, =1000 MHz, f; = 10 MHz.
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AR, dB

Figure 4. Measurement results of the
contrast of reflection coefficients for the
Rechitsa hydrocarbon field, exposure to a
predominant high frequency signal: 1 - f, =
700 MHz, f; =1 MHz; 2 - f, = 850 MHz, f;
=5 MHz; 3-f, =1000 MHz, f; =10 MHz.

r,m

3. Conclusion
The advantages of the proposed method in comparison with current analogues are:

Improving the accuracy of deposits positioning by measuring the contrast of reflection
coefficients in a wide frequency range.

Enhancing the resolution capability of deposit location by measuring the contrast of reflection
coefficients in two modes.

Better weight-dimension indicators of antennas

Improving geological exploration performance.

References

[1] Gololobov D V 2009 Interaction of electromagnetic waves and hydrocarbondeposits (Minsk:
Bestprint)

[2] Strack K M, Petrovsky E, Herrero-Bervera E, Harinarayana T, Ivers D et al. 2011 Time domain
controlled source electromagnetics for hydrocarbon applications The earth’s magnetic
interior (Springer) pp 101-5

[3] Weiss CJand Constable S 2006 Geophysics 71 321-32

[4] Helwig S L, Wood W and Gloux B 2019 Geophys Prospect 67(6) 1582-94

[5] Clarke Bean et al. 2020 New Wireline Dielectric Dispersion Logging Tool Result in Fluvio-
Deltaic Sands Drilled with Qil-Based Mud 54th Annual Logging Symposium (New Orleans,
Louisiana) SPWLA-2013-ZZ

[6] 2011 Using radar remotely sensed data for hydrocarbon exploration ali ghafouril remote sensing
expert, geomatics department, nioc exploration directorate-tehran-iran Conference: 32nd
Asian Conference on Remote Sensing 2011 (ACRS 2011) (Taipei, Taiwan) pp 2515-16

[71 Yanushkevich V F, Dauhiala D A, Adamovich A L, Abramenka S N and Kalintsau Siarhei V
2022 Journal of Physics: Conference Series 2373(5) 052016

[8] Moskvichew V N 1989 Minsk Radio Eng. and Electr 18 91-6

[91 Moskvichew V N 1991 Interraction of electromagnetic waves (EMW) with anisotropic inclusion
in communication line 9-th Microw. Conf. NICON — 91 (Rydzyna May 20-22) 1 pp 240-4

[10] Henke C H, Krieger M, Strack K and Zerilli A 2020 Interpretatio 8(4) 15-24

[11] Nasir N et al. 2013 Antenna for offshore hydrocarbon exploration Saudi International Electronics
Communications and Photonics Conference pp 1-6

[12] Geldmacher I A and Strack K 2017 GRC Transactions 41 1649-58

[13] JacksonJR etal. 1998 Method and device for geophysical research by detecting inhomogeneities
using electromagnetic fields with extremely low frequencies pat. US 5777478

[14] Schotte M and Lahn-Dill-Bergland F H P Z 1999 Kulturtechin und Landentwickl 40(5-6) 220-7

[15] Yanushkevich V F, Dauhiala D A, Maladzechkina T V, Kalintsau S V and Bogush Vadim A 2022

Journal of Physics: Conference Series 2373(5) 052026



Journal of Physics: Conference Series

PAPER « OPEN ACCESS

Study of reflectance characteristics for isolation of
anisotropic medium over hydrocarbons

To cite this article: V F Yanushkevich et al 2023 J. Phys.: Conf. Ser. 2573 012017

View the article online for updates and enhancements.

You may also like

- Grain boundary migration in Fe-3mass%Si

alloy bicrystals with twist boundary
T Shibayanagi, K Ichimiya and Y
Umakoshi

- The relation between the micromagnetic

and microstructural properties of HDDR-
processed Nd - Fe - B-type materials

P Thompson, O Gutfleisch, J N Chapman
etal

- A study on the development of automatic

economic profit and loss calculation
system for maritime boundary delimitation
G Kwak, K Kim and Y Park

This content was downloaded from IP address 86.57.182.198 on 09/10/2023 at 14:15


https://doi.org/10.1088/1742-6596/2573/1/012017
/article/10.1016/S1468-6996(00)00010-3
/article/10.1016/S1468-6996(00)00010-3
/article/10.1088/0022-3727/30/13/005
/article/10.1088/0022-3727/30/13/005
/article/10.1088/0022-3727/30/13/005
/article/10.1088/1755-1315/18/1/012147
/article/10.1088/1755-1315/18/1/012147
/article/10.1088/1755-1315/18/1/012147

