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In the qualitative and quantitative assessment of oil and gas reserves contained in reservoir rocks, an
important role is played by the assessment of the parameters of their void-pore space. In this work,
using the method of internal friction, such a parameter of the sandstone SiO2 reservoir rock as the
porosity coefficient was studied. Internal friction method is informative in solving the textural problems
of minerals and their internal structure. The measuring of internal friction background after mechanical
treatments, temperature, gives information about the changes of the elastic strain’s fields in rock. The
analysis of the elastic anisotropy parameters sandstone rocks SiO2 showed that the rhombic
approximation provided the maximum harmonization of the calculated and the experimental data and
the efficiency of using the invariant-polarization method to solve the acoustic texture analysis problems.
The general conclusions were obtained: researched rocks are represented by fine grains sandstone with
grain sizes d < 100 um the same range of “fast” quasi-transverse ultrasound velocity values, shear
module G, Poisson coefficient, quasi-longitudinal ultrasonic velocity, elastic module E, Debye
temperature, the open porosity coefficient is high.
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Introduction

The non-destructive internal friction (IF) method particularly informative in combination with
electrical, X-ray methods. IF concerns the technologies of search and investigation of reservoir rocks,
it can be used for the increase in efficiency of the seismic exploration by search and investigation of the
oil and gas fields and the reliability of the assessment of petrophysics parameters and parameters of
reservoir rocks productivity (Ivanik et al., 2022). Influence of deformation £ on a phonon spectrum is
described by means of Gryunayzen constant y (Kuzmych et al., 2021). The changing of Gryunayzen
constant y shows up in the anharmonicity phenomena. As the variation of anharmonic effects is small,
it is necessary to choose the high-fidelity measuring methods, which would allow finding out these
changes (Ivanik et al., 2022).

Methods of research

Used experimental methods: metallography optical supervision of microstructure by means of the
microscope “LOMO MVT”, atomic-force microscopy (AFM) with high resolution (Korobiichuk et al.,
2020). Ultrasonic (US) pulse-phase method for determining of elastic waves velocities using
computerized “KERN-4" (Figure 1), modernized “USMV-KNU” and “USMV-LETI” measurement
equipment’s, US invariant-polarization method for determining effective acoustic o; and elastic
constants Cju were used.

u#

Figure 1 Appearance of measurement equipment “KERN-4" and the window illustration of data
treatment of elastic waves velocities measuring by the impulse phase ultrasound method at frequency
fA=0.7MHz, f| = 1 MHz

The ultrasound (US) computer device “KERN-4" measuring of velocities is consist in measuring unit
and computer with operation system “Windows XP” (Onanko et al., 2019). The program “KERN-4”
provides the control of measurement unit basic subsystems, displays receiving signal in digital
oscilloscope regime, with memorization, and the calculation of US velocity V with indication of its
value on computer monitor screen (Korobiichuk et al., 2020). The measuring unit is consisting of
generator, amplifier, output 1, output 2, receiver, power module. The management unit is consisting of
the generator created pair impulses selection scheme, which follow with clock rate, the standard and
measuring impulses forming scheme, and synchronization scheme of deflection. The frequency range f
= 0.3+2 MHz (Onanko et al., 2020). Acoustic emission (AE) equipment technique at the frequency of
f1 =0.200+0.500 MHz, o = 70 dB for elastic waves velocities measuring in rocks was used.

Initial and geological data
The colour of the fine-grained sandstone on Figure 2, Figure 3 - light gray. Texture: massive, not

layered. There is a system of subparallel cracks at an angle of a = 10+15° to symmetry axis. One of the
cracks is filled with calcite.
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Figure 3 Polished ﬁne—grdined éuértz SiO; sandstone (without anaZyser). Polished conformal-
incorporation type of sandstone SiO; cementation. Photo without analyser (left) and with inserted
analyser (right)

Results of research

The influence of ultrahigh frequencies microwave field temperature gradients 47 on the dynamics of
the destruction of the sandstone structure during its heating was investigated. From the oscillogram
(Figure 4) the quasi-longitudinal ultrasound velocity Vp 0017 = 3610 m/sec, elastic modulus Eyor =
PVpZ[om] = 32.71 GPa, "fast" quasi-transverse US velocity V017 = 2630 m/sec, shear modulus Ggoq =

pV521[001] = 17.36 GPa was determined. Then Debye temperature of sandstone SiO, 0p = 247.6 K.
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Figure 4 Oscillogram of impulses with quasi-longitudinal polarization Vp jpo1) in sandstone SiO;

From the oscillogram (Figure 5) the quasi-longitudinal ultrasound velocity sz[100] = 5056 m/sec, elastic
modulus Efy, = pVp [001] = 64.16 GPa, "fast" quasi-transverse US velocity Vsq[wo] = 2630 m/sec,
shear modulus G¥ = pV&z s1fo01] = 17.36 GPa was determined. Then Poisson coefficient of sandstone
Si0s " = 0.3145 and Debye temperature 85 = 256.7 K after saturation with py.c; = 120 kg/m? solution.
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Figure 5 Oscillogram of impulses with quasi-longitudinal polarization VpH[loo] in sandstone SiO; after

saturation with pxaci = 120 kg/m’ solution

The shear modulus G = pVJ.Z , the elastic dynamical modulus E (Onanko et al., 2021):

E=pV2|3+——]| (1)

6

where V1 is the quasitransversal US velocity. Poisson coefficient u is equal to ratio of relative
transversal L compression to relative longitudinal lengthening & and equals:
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Figure 6 Correlation dependence between geophysical parameters and reservoir properties:
differential coefficient of acoustic anisotropy Aa from coefficient of open porosity Kpo = Veo /V

The experimentally determined value of the differential coefficient of elastic anisotropy As for
sandstone SiO» (Figure 6) was in the range between 5% and 30%. And the coefficient of open porosity
Kpo was in the range from 2.5% to 8.8%.

Conclusions
The measuring of the logarithmic decrement of ultrasound attenuation background dy after different

heat treatments gives information about the changing of the fields of the heat tension o; before and after
the solution satiation.
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The crater fusion depth 4h at constant intensity / and laser irradiation time ¢ are limited by the local
heat-conducting and establishment of “time-equilibrium” distribution of temperature gradients 47 in
Si0O; perpendicular to the crater axis and along it at acoustic emission.

Current results were obtained in the geological interpretation of seismoacoustic data. The depth
dependence of the acoustic logging correlates with the depth dependences of quasi-longitudinal Vp j001;
and quasi-transverse “fast” Vs;oor; and “slow” Vs001; velocities in sandstone SiO,. The method for
determining the nature of cracking based on acoustic methods has been developed.
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