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SUMMARY 

 
 

During the search and development of oil and gas fields an important role is played by the assessment 

of the parameters of void-pore space of their reservoir rocks. Using the method of mechanical 

spectroscopy the sandstone SiO2 reservoir rock the porosity coefficient was studied. This method 

allows establishing the structural defects spectrum from the analysis of internal friction and the 

relaxation time. The calculation of the balanced velocities of volume elastic waves, the acoustic tensor 

values in the working coordinate system, the eigenvalues and their confidence limits and their 

eigendirections of the deterministic component of the acoustic tensor QUOTE mil of sandstone SiO2 

reservoir rocks and wells of the landfill, initial approximations for elastic constants was carried out 

using the program for calculating acoustic constants, which uses the data of experimental measurements 

of the phase velocities of quasi-longitudinal, “fast” and “slow” quasi-transverse waves and the measured 

sandstone SiO2 reservoir rock density ρ for the calculations of the above-mentioned parameters. Based 

on the results of calculations the parameters of acoustic linearity and shaleness were calculated, and the 

texture symmetry type N of acoustic tensor sandstone SiO2 reservoir QUOTE mil rock was determined. 
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Introduction 

 

Structural sensitive to mechanical relaxation method of mechanical spectroscopy (MS) was used to 

study the presence of structure defects and their dynamics (Ivanik et al., 2022). Mechanical relaxation 

of the elastic deformed crystal is manifested as the elastic aftereffect, elastic hysteresis σ-ε, creep - 

deformation ε(t) at constant stress σ0, stress relaxation σ(t) at constant deformation ε0 (Kuzmych et al., 

2021). It allows establishing the structural defects spectrum from the analysis of internal friction (IF) 

maxima provisions, the relaxation time τ duration and their contribution to attenuations of the elastic 

vibrations (Ivanik et al., 2022). This can be used in search and investigation of the oil and gas fields and 

parameters of reservoir rocks productivity. 

 

Methods of research 

 

The measurements of MS were performed in the kHz frequency range f at small amplitudes of elastic 

deformation ε ≈ 10-6 (Korobiichuk et al., 2020). Atomic-force microscopy (AFM), optical supervision 

of microstructure by means of the microscope “LOMO MVT” was used (Korobiichuk et al., 2020). 

Ultrasound (US) impulse-phase method using computerized “KERN-4” with frequencies f┴ ≈ 0.7 MHz 

and f║ ≈ 1 MHz was used (Onanko et al., 2020). The measured velocity error was equal to ΔV/V ≈ 1.5%. 

US impulse-phase method for determining of elastic waves velocities using modernized “USMV-KNU” 

and “USMV-LETI” (Figure 1) measurement equipment (Onanko et al., 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Block- diagram of the “USMV-LETI” device: 1 - rock, 2 - measuring line, 3 - standard line, 

4 - short pulse generator, 5 - setting multivibrator, 6 - waiting multivibrator, 7 - sweep generator, 8 – 

electron-beam tube, 9 - amplifier, 10 - power supply unit 

 

Geological data 

 

The researched sample microstructure is uniform, not layered (Figure 2). Second sample microstructure 

is fine-grained with a grain size from d = 0.1÷0.24 mm, with the most common size being d ≈ 0.14 mm 

in diameter. Relict grains are oval and angular shape, regenerated with quartz cement. The type of 

cementation is regeneration quartz, less often (up to 0.3%) – open pore calcite. 

 

 
Figure 2 Slice of rare pores filled with calcite (left) and clay minerals (right). Photo with inserted 

analyzer 
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Results and discussion 

 

Illustrations of the completed third stage window of US data processing of rock velocity V anisotropy 

measurements are demonstrated on Figure 3. 

 

 
Figure 3 Illustration of the completed third stage window of ultrasound data processing of rock 

velocity V anisotropy measurements 

 

From the oscillograms (Figure 4) “fast” quasi-transverse ultrasonic speed VS1[100] = 3124 m/sec, shear 

modulus = 24,98 GPa was determined, then from the oscillogram (Figure 5) Poisson coefficient 

μ = 0,1382, Debye temperature θD = 289,0 K of sandstone SiO2. 

 

 
Figure 4 Illustration of the data processing window for measurements of quasi-transverse 

polarization velocity VS1 in sandstone SiO2 by measurement equipment “KERN-4” 

 

 
Figure 5 Oscillogram of pulses with "fast" quasi-transverse polarization VS1[100] in sandstone SiO2 
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Logarithmic decrement of US attenuation δ oscillations with the amplitude � = ������  is equal to: 

 

                  δ = ln �
���

� �.                 (1) 

 

One oscillator produces three waves: one longitudinal and two transversal. Debye temperature θD on 

Figure 6 was determined after the formula (Onanko et al., 2021): 

 

              θ� = �
�� ∗ ����ρ

�π
 �
�
� ∗ � �

�║� + !
�┴�#

�
�,             (2) 

 

where kB - Boltzmann constant, h - Plank constant, NA - Avogadro number, A - middle gram-molecular 

mass. 

 

 
Figure 6 Correlation dependence between geophysical parameters and reservoir properties: Debye 

temperature θD of sandstone SiO2 versus open porosity coefficient KPO = VPO /V: 1 - before, 2 - after 

saturation with ρNaCl = 180 kg/m3 solution 

 

Conclusions  

 

Integral coefficient of elastic anisotropy ��
%%% and polarization angle - the deviation of the elastic 

displacements vector &''⃗  from the direction of the wave normal )'⃗ : �*'⃗ = (&''''⃗ , )'''⃗ ) - are the most sensitive 

characteristics of the sandstone SiO2 reservoir rock anisotropy and testify to the inhomogeneous 

deformation ε during the hydrostatic compression P of sandstone SiO2 reservoir rock. Calculation of 

the balanced velocities of volume elastic waves, the acoustic tensor values μil in the working coordinate 

system, the eigenvalues and their confidence limits and their eigendirections of the deterministic 

component of the acoustic tensor <µil> of sandstone SiO2 reservoir rocks and wells of the landfill, initial 

approximations for elastic constants Cijkl was carried out using the program for calculating acoustic 

constants “KERN-DP”, which uses the data of experimental measurements of the phase velocities of 

quasi-longitudinal VP, “fast” VS1 and “slow” VS2 quasi-transverse waves and the measured sandstone 

SiO2 reservoir rock density ρ for the calculations of the above-mentioned parameters. Based on the 

results of calculations the parameters of acoustic linearity La and shaleness Sa were calculated, and the 

texture symmetry type N of acoustic tensor <µil> sandstone SiO2 reservoir rock was determined. 
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