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The engineering of hydrocarbon field development requires a detailed estimate of the oil and gas reserves and their
production. In order to estimate the size of hydrocarbon reserves, the first engineering stage includes a reservoir
characterization. The second stage is a hydrodynamic simulation. One of its objectives is to study filtration processes that
depend on many factors. A correct description of these factors will ensure accurate calculations of the main development
parameters. The filtration processes are closely connected with the physical and mechanical properties of the reservoir
formations. These parameters can be estimated using different methods, including by measuring the elastic wave velocity.
The work presents the results of laboratory studies that determine dependencies between certain physical and mechanical
properties of sandstone rocks and the velocity of a compressional wave (P-wave) and a shear wave (S-wave). The dynamic
parameters (Young’s Modulus and Poisson's Ratio) were determined as per ASTM D2845-08. The uniaxial compressive
strength of the rock formations was determined in accordance with the GOST 21153.2-84 standard. Samples of sandstone
were tested to determine the dependence of P-wave and S-wave velocities on uniaxial compressive strength, dynamic
Young’s modulus and dynamic Poisson's ratio in sandstone reservoirs.

As a result of the laboratory studies, empirical dependences of uniaxial compressive strength (o.), dynamic elasticity
modulus (£), Poisson's ratio (1) and velocity of P-waves (},) and S-waves (V) have been obtained. This will enable
tracking any changes in these parameters during the entire period of the oil and gas field development. The obtained values
have been estimated over the entire measurement range.

ITpu npoeKTHPOBaHNH Pa3pabOTKH MECTOPOXICHHUS YTIIEBOJOPOIOB HEOOXOAMMO JISTAIBHO OLIEHHBATH 3arackl HedTu 1 ra3a u
HX BBIPAOOTKY. IIepBBIM TAloOM MPOESKTHPOBAHMUS SBIISETCS TTIOCTPOCHUE TEOIOTMYECKOH MOJIEH, TO3BOJISIIOIIECH ONPeNenTh
BEJIMYMHY 3aM1aCOB YITIEBOAOPOAOB. BTOPBIM 3TaroM OCYIIECTBISECTCS THAPOAHHAMUYECKOe MosenupoBanue. OHa u3 neneit
THIPOMHAMHYECKOTO MOJECIMPOBAHUS — H3y4eHHE (DHIBTPALMOHHBIX IPOLECCOB, KOTOPHIC 3aBHCAT OT MHOIUX (haKTOPOB.
ITpaBuibHOE onMcaHKue 3TUX (HAaKTOPOB 0OECTIEUNT TOYHBIE PACcUEeThl OCHOBHBIX MOKa3aTenei pa3paboTku. DHIbTpaliHOHHbIC
TIPOLIECCHI TECHO CBSI3aHBI ¢ (PH3MKO-MEXaHUYECKUMHU CBOMCTBAMU MOPOABI-KOJUIEKTOPA. DTH MapaMeTpbl MOXKHO OLICHHBATh C
TIOMOIL[BIO PA3HBIX METOJIOB, OAMH M3 KOTOPBIX — 3aMepP CKOPOCTH MPOXOXKICHHS YIIPYTUX BOJH.

B craree mpejcTaBlIeHbl pe3yibTaThl JIAOOPATOPHBIX HCCIICAOBAHMH, YCTAHABIMBAIOIIMX 3aBUCHMOCTH MEXJIy HEKOTOPHIMU
(DHU3MKO-MEXaHHYECKIMU CBOWCTBAMH T'OPHBIX MOPOJ MECUaHNKA U CKOPOCTBIO MPOXOXICHHS TIPOJIOIBHON M HMOHNEPEYHON BOJH.
JlnHamugeckue nokazarermu (Moayis FOHra un koadduuuent ITyaccona) onpezaensumick Ha ocHoBanuu ASTM D2845-08. TIpenen
MPOYHOCTU TOPHBIX MOPOJ MPH OJHOOCHOM CXKaTuh Haxomwmd B cooterctBuu ¢ I'OCT 21153.2-84. VicnbIThiBamu oOpasiisi
MECYaHNKA C LIEIBI0 OLCHKH 3aBHCHMOCTH CKOPOCTH IIPOXOXKACHHUS MPOIOIBHON H MOMEPEYHON BOJIH OT MpeJelia IPOYHOCTH Ha
OJIHOOCHOE CXKaTHe, IMHaMHU4Ieckoro Mozy.1st FOHra n mHamudeckoro kosdduumenTa [Tyaccona B KOJUIEKTOPaX U3 MECYaHUKa.

B pesynbTare 1a0OpaTOPHBIX HCCIICIOBAHUI OBUIM IMOJIYYCHBI SMIMPUYECKHE 3aBHCHMOCTH IpEfeNa MPOYHOCTH HPH
OJTHOOCHOM CXaTuM (G,), AMHAMUYeCKoM Mojuyine ynpyroctu (E), koaddunuenrte [lyaccona (1) u CKOPOCTH MPOXOXKIACHUS
nponoNbHbIX (V) W nonepeyHbiX BONH (V,), KOTOphIE TO3BONAT OTCIEKHBATH MX M3MEHEHHMs B TEUEHHE BCErO IEepHoja
Ppa3paboTKU MecTOpOXK/IeHNH HeTH 1 ra3a. JlaHa OLeHKa MOJTy4YeHHBIX 3HAUCHNI Ha BCEM JMAIa30He U3MEPEHHIL.
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Introduction

The permeability is one of the key parameters
affecting the fluid flow through a porous material.
A permeability value depends on several processes
[1-7]. The change in stress-strain state (SSS) is
one of such phenomena. Many factors influence
SSS, including:

1. Rock strength parameters. Many authors
analysed how physical and mechanical properties,
SSS included, were changing in various geological
conditions [8—12].

2. Rock and pore pressure. A good number of
studies are dedicated to the influence of pore and
rock pressure on SSS, as well as to the parameters
affecting them [13-39].

3. Saturating fluid properties, etc.

The dependence between physical and
mechanical properties of rocks and properties of
saturating fluids has been analysed in many papers
[40-43].

There is an array of methods to determine how
SSS depends on physical and mechanical
properties; among others, this can be done by
measuring the elastic wave velocity.

The development of a new oil reserve and the
development management are carried out with the
help of well geophysical surveys, 2D and 3D-seismic
exploration, vertical seismic profiling, etc.

Geophysical studies are applied to the
following processes:

— surveying the subsurface geology of wells;

— oil and gas reservoir identification;

— monitoring the coordinates of directional
wellbores;

— reserve estimation;

— determining the wellbore technical condition;

— monitoring the cementing quality of casing
strings;

— oil production stimulation.

The acoustic methods are based on velocity
data of the elastic P-waves and S-waves in the rock
formations.

The wave velocity is affected by mineralogical
and grain composition of the formations, their
density, porosity, presence of fluids in the rock pores
and other factors. An analysis of the data obtained as
a result of the research will enable determining the

type and physical properties of rocks in a formation.
Some scientists addressed the problem of
establishing the dependence between rock formation
properties and wave velocity [44—47].

The method of acoustic scanning can be used
to determine the physical and mechanical
properties (the dynamic Young’s modulus of
elasticity, Poisson's ratio, uniaxial compressive
strength). The determination of physical and
mechanical properties is essential in drilling wells,
selecting a completion technology, stimulating
production, selecting a technologically effective
option for development and monitoring of the
formation stress-strain state in the oil production
process. For example, monitoring the SSS change
is necessary for a crack growth prediction in the
hydraulic fracturing process. A change in SSS
following a formation pressure drop also results in
lower porosity and permeability properties.

Formulating Research Aims
and Objectives

To simplify the monitoring of changes in the
SSS parameters, it is suggested to establish
empirical dependencies between the properties of
rock formations and the velocity of P-waves and
S-waves.

The purpose of the studies is to estimate the
dependence of the P-wave and S-wave velocity on
the wuniaxial compressive strength, dynamic
Young’s modulus and dynamic Poisson's ratio in
sandstone reservoirs.

The objectives:

1. To conduct laboratory tests to measure the
velocity of elastic waves and the uniaxial
compressive strength [48].

2. To determine the dependence of the elastic
P-waves and S-waves velocity on the uniaxial
compression  strength, dynamic modulus of
elasticity and Poisson's ratio.

Findings

Samples of sandstone from the X deposit were
selected for testing. The transit time of P-waves
and S-waves was determined and their velocities
calculated [49]:
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V,=L,IT,,
Ve =L/T,,

(1

where Vp, Vg are P-wave and S-wave velocities,
m/s; Lp, Ls are wave transit lengths, m; 7p, Ts are
transit times of P-wave and S-wave, s.

The Young’s modulus of elasticity E, Pa, and
the Poisson's ratio p were determined by the
formulas [1].

. pVy (31,7 - 415
v, =V
A
27, =)

b

2)

where p is density, kg/m’.

Upon determining the dynamic characteristics
of the samples, tests were conducted to calculate
the uniaxial compressive strength. The dependency
values obtained from the laboratory tests are
shown in Figure 1.

In order to estimate the accuracy of the
established dependencies, a verification test was
carried out by determining the values using the
given formulas and comparing them with those
obtained in the laboratory tests. The error in the

calculated values is determined by the distance
from the diagonal line as 1:1. The results of
the verification test are shown in Figure 2.

Conclusions

The following conclusions can be drawn based
on the results of the research conducted:

1. The empirical dependencies of the uniaxial
compressive strength oc on the dynamic modulus
of elasticity E, Poisson's ratio n and velocity of
P-wave V), and S-wave V have been determined
as follows:

6, =0,247V,-32,232, R* = 0,757,
6, =0,0607V, — 54,105, R> = 0,704,
E =0,0104V,-13,489, R* = 0,992,
E =0,0264V, - 24,07, R* = 0,990,
n=4-10"V, +0,138, R* = 0,741,
n=0,0001V,+0,1041, R* = 0,646,

2. The given dependencies will enable tracking
changes in strength and elastic properties and,
therefore, in filtration properties of the reservoir
formations during the entire period of the oil and
gas field development.
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