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SUMMARY 

 
 

In order to determine the productivity of oil and gas field reserves it is necessary to assess the void-pore 

space of the reservoir rocks that form them. Atomic-force microscopy and acoustic emission methods 

were used for this purpose on samples of sandstone SiO2 reservoir rock to study its porosity coefficient. 

The growth of internal friction maximum height testifies the growth of the structural defects 

concentration n, and the broadening of internal friction maximum here represents the relaxation process 

of structural defects new types in sandstone SiO2 reservoir rocks. The structure of the MySQL database 

of geological information, physical and petrochemical properties of sandstone SiO2 reservoir rocks, 

special data management procedures have been developed. All results of calculations carried out by the 

automated system, are recorded in the database in automatic mode, which made it possible to exclude 

the possibility of entering incorrect data by the operator in manual mode. The measuring of internal 

friction background after mechanical treatments, temperature gives information about the changes of 

the elastic strains fields in sandstone SiO2 reservoir rock. 
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Introduction 

 

Acoustic emission (AE) is the threshold phenomenon, so the certain threshold of the equipment 

operation is set. This is done in order to limit the intrinsic noise of devices and interference, which 

interfering the effective registration of the actual AE signals (Korobiichuk et al., 2020). This 

phenomenon can be used in search and investigation of the oil and gas fields and parameters of reservoir 

rocks productivity. It is important to correctly determine the possible AE mechanisms (Ivanik et al., 

2022). The sequence in time is as follows: 1) AE at the melt of the quartz surface – the phase transition 

solid-liquid phase; 2) AE at the solidification of the melt – the phase transition liquid-solid phase; 3) 

AE at the crack formation. The processes at the phase transitions solid phase-gas and gas-solid phase 

due to the relatively “long” - nanosecond laser pulse can be neglected (Kuzmych et al., 2021). Under 

the conditions of the experiment, the phase transitions occur rather quickly - for a time that can be 

compared with the laser exposure time τ ≈ 20 ns, the formation of the “acoustic emission part” of the 

acoustic response is associated with the crack formation (Korobiichuk et al., 2020). The approach to 

AE as the emission of two types: discrete (high-energy) and continuous (low-energy) is leveled for 

cases when the time lengths of AE individual acts τ exceed the time of the mineral wave τ > t, and the 

linear wavelengths λ - linear rock dimensions λ > L (Ivanik et al., 2022). 

 

Experimental methods of research 

 

Used experimental methods: acoustic emission (AE) equipment technique at the frequency 

f║ = 0.200÷0.500 MHz, α = 70 dB (Onanko et al., 2020) demonstrated (Figure 1, Figure 2, Figure 3) for 

measuring of longitudinal polarization P(001) elastic waves velocities VP(001) in rock (Onanko et al., 2019) 

and 3D atomic-force microscopy (AFM) (Onanko et al., 2021). 

 

 
Figure 1 Acoustic emission equipment technique at the frequency f║ = 0.200÷0.500 MHz, α = 70 dB 

for measuring of longitudinal polarization P(001) elastic waves velocities VP(001) in rock 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Block-diagram of acoustic emission registration technique. 1 - radio pulse generator, 2 – 

rock, 3 - acoustic emission sensor, 4 - blocking filter, 5 - preamplifier, 6 - acoustic emission signal 

processing device AF-15, 7 - oscilloscope, 8 - personal computer 
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Figure 3 Block-diagram of acoustic emission signal processing device AF-15. 1-1' – piezoelectric 

transducer of the 1st and 2nd channels, 2-2' – pre-amplifier, 3-3' – filters – signal amplifiers and 

signal formation of oscillations, events and the peak value of analog amplitude, 4 – adder block, 5 – 

linear coordinate block, 6 – amplitude block, 7 – synchronization block, 8 – control generator, 9 – 

calibrator, 10 – calibration converter 

 

Geological data 

 

AFM microstructure image of sandstone SiO2 is demonstrated on Figure 4. 

 

 
Figure 4 3D atomic-force microscopy of the microstructure image of sandstone SiO2 (3D, 

15х15x103 nm) 
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Results and discussion 

 

By the nature of the orientation of the structural elements of the texture of the rocks can be divided into 

three groups: one-directional, diverse in the same plane, spatial-oriented. Figure 5 presents diagrams of 

distribution of polarization vectors ��⃗  - vectors of elastic displacements – oscillations ���⃗  quasi-

longitudinal polarization wave P(001) in sandstone SiO2. 

 

   
a b c 

Figure 5 Diagrams of distribution of polarization vectors ��⃗  - vectors of elastic displacements – 

oscillations ���⃗  quasi-longitudinal polarization wave P(001) in sandstone SiO2 

 

Polarization angle - the deviation of the vector of elastic displacements ���⃗  from the direction of the wave 

normal ��⃗ : �
�⃗

= (���⃗ , ��⃗ ) varies slightly and reaches its maximum �
�⃗

= (���⃗ , ��⃗ ) ≈ 48o (Figure 6). 

 

 
Figure 6 Correlation dependence between geophysical parameters and collector properties: 

polarization angle - deviation of the vector of elastic displacements ���⃗  from the direction of the wave 

normal ��⃗ : �
�⃗

= (���⃗ , ��⃗ ) versus the coefficient of open porosity KPO=VPO/V of sandstone SiO2 

 

Conclusions 

 

1. Many acoustic emission secondary maxima indicate the sandstone SiO2 reservoir rock structure, 

texture, cement composition, variety of material composition and conveys, to some extent, the nature 

of the dia- and catagenetic processes. 
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2. The growth of internal friction maximum height QM
-1 testifies the growth of the structural defects 

concentration n, and the broadening of internal friction maximum ΔQM
-1 here represents the relaxation 

process of new types of structural defects in sandstone SiO2 reservoir rock. 

 

3. The structure of the MySQL database of geological information, physical and petrochemical 

properties of sandstone SiO2 reservoir rocks, special data management procedures have been developed. 

All results of calculations carried out by the automated system “KERN-DP”, are recorded in the 

database in automatic mode, which made it possible to exclude the possibility of entering incorrect data 

by the operator in manual mode. 

 

Acknowledgements 

 

This work has been supported by Ministry of Education and Science of Ukraine: Grant of the Ministry 

of Education and Science of Ukraine for perspective development of a scientific direction 

"Mathematical sciences and natural sciences" at Taras Shevchenko National University of Kyiv. 

 

References 

 

Ivanik O., Fonseca J., Shabatura O., Khomenko R., Hadiatska K., Kravchenko D. (2022) An integrated 

approach for landslide hazard assessment: A case study of the Middle Dnieper Basin, Ukraine. Jour-

nal of Water and Land Development, 52, 81-86. DOI: https://doi.org/10.24425/jwld.2021.139947 

 

Ivanik O., Menshov O., Bondar K., Vyzhva S., Khomenko R., Hadiatska K., Kravchenko D., Tu-

stanovska L. (2022) Integrated approach to modelling and assessing the landslide hazards at the 

regional and local scale in Kyiv urbanized area, Ukraine. Modeling Earth Systems and Environment. 

DOI: https://doi.org/10.1007/s40808-022-01447-x 

 

Korobiichuk I., Kuzmych L., Kvasnikov V. (2020) The system of the assessment of a residual resource 

of complex technical structures. MECHATRONICS 2019. Advances in Intelligent Systems and Com-

puting, 1044, 350–357. DOI: https://doi.org/10.1007/978-3-030-29993-4_43 

 

Korobiichuk I., Drevetsky V., Kuzmych L., Kovela I. (2020) The method of multi-criteria parametric 

optimization. AUTOMATION 2020. Advances in Intelligent Systems and Computing, 1140, 87–97. 

DOI: https://doi.org/10.1007/978-3-030-40971-5_9 

 

Kuzmych L., Voropay G., Moleshcha N., Babitska O. (2021) Improving water supply capacity of drain-

age systems at humid areas in the changing climate. Archives of Hydro-Engineering and Environ-

mental Mechanics, 68(1), 29-40. DOI: https://doi.org/10.1515/heem-2021-0003 

 

Onanko A.P., Charnyi D.V., Onanko Y.A., Kulish M.P., Dmytrenko O.P., Popov S.A. (2019) Inelastic, 

elastic characteristics of SiO2, porous polystyrene and automated system. Conference Proceedings 

of 18th International Conference on Geoinformatics - Theoretical and Applied Aspects, 2019, 1-5. 

DOI: https://doi.org/10.3997/2214-4609.201902110 

 

Onanko A.P., Charnyi D.V., Onanko Y.A., Kulish M.P., Dmytrenko O.P., Homenko R.V. (2020) Pe-

culiarity of inelastic properties of sedimentary SiO2, foam polystyrene. Conference Proceedings of 

Geoinformatics: Theoretical and Applied Aspects 2020, 2020, 1-5. DOI: 

https://doi.org/10.3997/2214-4609.2020geo040 

 

Onanko A.P., Kuryliuk V.V., Onanko Y.A., Kuryliuk A.M., Charnyi D.V., Dmytrenko O.P., Kulish 

M.P., Pinchuk-Rugal T.M. (2021) Features of inelastic and elastic characteristics of Si and SiO2/Si 

structures. Journal of Nano- and Electronic Physics, 13(5), 1-5. DOI: 

https://doi.org/10.21272/jnep.13(5).05017 


