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Keywords: During the entire development of the oil and gas field, it is necessary to carry out a complex of various studies aimed at
Young's modulus, longitudinal identifying the parameters of the productive layer. One of such studies is the analysis of core material, as a result of which the
wave, transverse wave, ultimate following parameters of the rock are determined: porosity, permeability, Young's modulus and others. The listed characteristics
strength in volumetric compression, must be taken into account when building a geological and hydrodynamic model of a field. In addition to these parameters, the
effective stress, acoustic properties. strength properties of the rock should be determined, since they are necessary in the design of the wellbore. Such characteristics

can be obtained by conducting research in specialized laboratories. This is not always possible due to various reasons. A number
of studies confirm the fact of the relationship between the acoustic properties of a rock (the velocity of the longitudinal and
transverse waves) and the strength characteristics. The acoustic properties of the rock must be taken into account when
interpreting the acoustic logs of the wells, which allows to reveal the distribution of rocks along the wellbore. Based on the
velocities of ultrasonic waves propagation, it is possible to calculate the dynamic modulus of elasticity, which allows to assess
the tendency of the rock skeleton to compaction as a result of the effective stress action. Therefore, determination of the rock
acoustic properties is necessary when planning the field development and its implementation.

The results of laboratory studies aimed at establishing the relationship between the strength and acoustic properties of rocks are
presented. During the experiment, the dynamic Young's modulus was also determined and its relationship with the speed of
ultrasonic waves propagation was revealed. As a result of laboratory studies, empirical dependences of the ultimate strength in
volumetric compression (0,), dynamic modulus of elasticity (£) and the velocity of transmission of longitudinal (v,) and
transverse (v,) waves were obtained. An assessment of the obtained values was given over the entire measurement range.

KirrogeBsie ciioBa: Bo BpemA BCell paSPaﬁOTKI/I HEq)THHOFD ¥ Ta30BOr0 MECTOPOXAECHUA HeO6XOHI/IMO MIPOBOANTH KOMILIEKC Pa3INYHbBIX HCUIEHOBEHHﬁ,
MonayJib IOHI‘a, IIpoaoJibHaA BOJIHA, HalpaBJIEHHBIX Ha BBIABJIEHNE IIapaMeTpOB IPOAYKTHBHOI'O T'OPHU30HTA. OHHI/IM U3 TakKux HCCHeﬂOBaHI/Iﬁ ABJIAETCA aHaJIn3
nonepevyHas BOJIHA, Npeaesr KEpHOBOIr'o MaTepuasia, B Ppe3yJIbTaT€ KOTOPOro OIpeaesAlTCA CJIeAyrlrue IapaMeTpbl FOPHOﬁ TIOpOARIL: ITOPUCTOCTD,
MPOYHOCTHU IIpU 00beMHOM cXxXaTuu, IIPOHNIIA€MOCTb, MOMYJIb Oura un Aapyrue. Hepe‘{I/ICJ'IEHH.bIe XapaKTepUCTUKU HeD6XO}:[I/IMD y4uThIBaTh NpPHU IOCTPOEHUUN
3(1)(1)EKTI/IBHOG HalpsxeHue, reoJIOTMYECKON U1 FHﬂpOﬂHHaMH‘{eCKOﬁ MoAei MeCTOPOXAEeHMA. TTomumo sTHx napamMeTpoB CJIEAYET OIpPEenesIATb IIPOYHOCTHBIE
aKyCTU4eCcKne CBOIICTBA. CBOWICTBa FOPHOfI NopoAapl, TaKk Kak OHU HeOﬁXOLlI/IMI)I py IPOEKTHPOBAaHNHN CTBOJIA CKBaXXWHBI. Takue XapakTepUCTUKHU MOXHO

TIOJIy4YUTh, IIPOBEAA MCCIENOBaHUA B CHENUaIU3NPOBaHHBIX J'[aGOPaTOpI/[ﬂX. JTO He BCeraa BO3MOXHO BCJIEACTBHUE Pa3INMYHBIX
npu4uH. PAn mccieoBaHuil moATBepxAaeT (GakT 3aBUCHMOCTH MeXOy aKyCTUYeCKUMU CBOWICTBAMH T'OPHOI IOPOABI (CKOPOCTh
MIPOXOXEHNUsA MPOJOJIBHON U HOIIEPEeYHON BOJIHBI) U IPOYHOCTHBIMU XapaKTePUCTUKAMH. AKyCTHYeCKHe CBOMCTBA FOPHOI IOPOJBI
HeOﬁXOLlI/IMO IIpUHUMAaTh BO BHUMaHHE IIPpY HHTEPIIpeTalury aKyCTUYECKOro KapoTaXa CKBaXWH, KOTOprf[ TIO3BOJIAET BBIAABUTH
pacripeniesieHre 1opoa BAOJIb CTBOJIA CKBaXUHBI. I/ICXOHH u3 CKOPOCTEIU/I pacnpocTpaHeHus yJIbTPa3BYKOBBIX BOJIH, MOXHO BBIYHICIINTH
l[I/[HaMI/I‘leCKI/Iﬁ MOAyJib yIIpyrocTH, KOTOprf[ TIO3BOJIUT OLIEHUTHh CKJIOHHOCTh CKeJIeTa FOPHOﬁ TIIOpOAbI K YIUIOTHEHUIO B pe3yJibTaTe
nmefictBus 3G QeKTUBHOrO HampsokeHHA. [109TOMy oOmpejiesleHHe aKyCTUYeCKAX CBOWCTB TOPHOHM MOpPOABl HEOOXOAVMO IIpU
IUTAaHNPOBaHUN pa3pa60T1<M MECTOPOXAEHNs U €€ OCYIEeCTBJIEHUH.

IpencTaBiieHs! pe3yJIbTaThl JJAGOPATOPHBIX MCCJIEJJOBAHMII, HANPaBJIEHHbIX HA YCTAHOBJIEHVE 3aBHCHIMOCTEH MeXIy IPOYHOCTHBIMU U
AKyCTHUYEeCKVIMI CBOMCTBAMU T'OPHOI ITOPOJEL. B Xofie dKceprMenTa 6bUT TakKe onpejielieH JUHAMUYecKuii MoAysb FOHTa 1 BbIABIIeHa
€ro CBA3b CO CKOPOCTBIO PAacCIpPOCTPaHEHUs YJIbTPa3sBYKOBBIX BOJIH. B pesysbraTe JIaGOpPAaTOPHBIX HCCIIEZIOBAHUIA IIOJTy4eHBI
SMIUpHYEcKre 3aBUCHMOCTHU Tpefieia IPOYHOCTH Npu oObeMHOM cxatuu (0,), AMHAMIYECKOM Mogysie ymnpyroctu (£) U CKOPOCTH
MPOXOXK/IEHNA NPOZIOJIbHBIX (V,) M NoNepeyHbIX BOJH (V). [laHa oLieHKa MOJTy4eHHbIX 3HAaUYeHUI1 Ha BCeM Iana3oHe N3MepeHHid.
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Introduction

The analysis of core material is a part of the mandatory
procedure in the design of the hydrocarbon field
development. As a result of core studies, various
parameters are obtained which are necessary for building,
for example, geological and hydrodynamic models. Such
indicators can be:

1) filtration and capacity properties;

2) physical and mechanical properties, etc.

The listed properties play one of the leading roles when
choosing a development system or planning activities
aimed at enhancing reservoir oil recovery. Various authors
[1-37] studied physical and mechanical properties of rock
in carbonate and terrigenous deposits, including their
strength characteristics.

The acoustic properties (propagation speed of
longitudinal and transverse wave) of rock, same as those
mentioned above, can be determined under laboratory
conditions, since these indicators are necessary for the
processing of formation logs and seismic data. Depending
on these properties, the type of rocks that make up a
productive horizon is determined. Also, based on these
parameters, it is possible to calculate the dynamic
elasticity (Young's modulus, Poisson's ratio) of rock.
Knowing the dynamic elasticity parameters, it is possible
to estimate how much the rock matrix is liable to
compaction due to effective stress. A large number of
works [38-42] are devoted to the determination of
dynamic indicators of rock elasticity, as well as to the
identification of relationship with the static data. Since the
propagation speed of longitudinal and transverse waves
depends on the type of rock and mode of occurrence, there
is a need to determine these values for each hydrocarbon
field separately. The determination of acoustic properties
allows not only to identify dynamic elasticity indicators,
but also to clarify some of the strength properties of rock.
The laboratory studies were carried out in order to
establish the relationship between the ultimate strength
under volumetric compression, dynamic Young's modulus
and acoustic properties of rock.

Experiment Procedure

The experiment procedure can be divided into the
following stages:

1. Preparation of samples for tests. The process of
sample preparation includes: processing of end surfaces,
measurment of the length, diameter and weight of the
sample, sealing of the sample in a waterproof container,
installation of sensors for measurment of longitudinal and
transverse deformation, as well as for determination of
acoustic properties of rock.

2. Performance of experiment:

a) the sample was put into the triaxial cell;

b) the cell was filled with working fluid. The
temperature was set taking into account the formation
conditions data (Table 1);

c) the overburden pressure and formation (pore) pressure
was set step-by-step. The holding time at each stage was
5 minutes. At each stage, the side pressure increased by
3 MPa, and the pore pressure by 2 MPa;

d) the required values of formation and rock pressures
(see Table 1) were established, the axial load was
gradually increased until the sample destruction. Loading
rate — 1 MPa/s.

The measurement of the propagation speed of
ultrasonic waves was carried out before the start of the test
(the sample was not loaded), after reaching the formation
conditions. The measurement of the longitudinal and

transverse deformation value was carried out throughout
the entire loading stage.

3. Processing of results.

3.1. Determination of static indicators. The ultimate
strength under volumetric compression o at the given rock
and pore pressure for each sample was calculated by the
formulas [43, 44]:

6=0,+0, -0, (€8}
P
GJJ =;5 (2)

where P - differential load applied to the ends of the
sample, N; F - cross-sectional area of the sample, m% o, -
differential stresses, Pa; o, — rock pressure, Pa; o, — pore
pressure, Pa.

Young's modulus and Poisson's ratio. Young's modulus
(£) was determined on the linear section of the o, - ¢,
diagram as the ratio of the increment in differential
stresses Ao, (to the increment of relative longitudinal
deformations Ae,, [45, 46]:

2 1
Ao, 0,~S, _op '

—A___a A
Ae,  Aej - Ag), of

(3)

3.2. Determination of dynamic parameters. The initial
data for determination of the dynamic parameters were the
differential load measured during the test, the time of
longitudinal and transverse waves travel through the sample,
and the sample density.

In accordance with the terms of reference and the test
program, the dynamic indicators were determined by the
following formulas [47, 48]:

SACAA) @

- Young's modulus: E, =

2 2 ’
V-V
where V,, V, p — longitudinal wave speed, transverse wave

speed and sample density, respectively;
— the speed of ultrasonic waves is determined by the
formula [47, 49]:

V.=

i

L
) (5)
ti

where [~ distance between the centers of transducers
facility (sounding base), m; ¢~ time of longitudinal
(transverse) wave travel through the sample, s.

Research Results

Core samples of terrigenous sediments were taken from
the X field to carry out the tests. 17 rock samples with the
set formation conditions given in Table 1 were tested as
part of the research.

Table 2 provides a geological description of these
samples. After carrying out the experimental tests, the data
were entered in the table (Table 3).

After determination of the dynamic characteristics
of the samples, tests were carried out to determine
the ultimate strength under volumetric compression. The
results of the dependencies obtained following the
laboratory studies are shown in Figure a, b.

In order to evaluate the accuracy of the identified
dependencies, a check was carried out by determination of the
values using these formulas and comparing with the values
btained in the course of laboratory studies. The error in the
calculated values is estimated by the distance from the diagonal
line 1:1. The results of the check are presented in the figure: ¢, d

HEAPOMOJIb3OBAHUE
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Table 1 %)
Parameters of formation conditions set for rock samples testing 9
L
Ilt\f? Sample code Formation Test temperature, C Pore pressure, MPa Side pressure, MPa T
1 2-BT-40 Lower Oligocene 140 21.3 83.1 2]
3-BT-40 Lower Oligocene 140 21.3 83.1 <
3 6-BT-9 Upper Oligocene 136 35.1 85.0 O
4 7-BT-9 Upper Oligocene 136 35.1 84.9 ()
5 8-BT-9 Upper Oligocene 136 35.1 82.9 =2
6 11-BT-3 Lower Miocene 112 16.5 62.4 <
7 12-BT-116 Lower Miocene 108 22.6 66.4 1
8 13-BT-116 Lower Miocene 108 22.6 66.4 6
9 14-BT-4 Lower Miocene 108 22.6 62.6
10 15-BT-9 Upper Oligocene 136 35.1 82.6 LL
11 18-DR-17 Lower Miocene 72 11.3 41.1 o
12 20-DR-29 Lower Miocene 78 12.0 33.6 =2
13 21-DR-15 Lower Miocene 72 11.3 47.9 (@)
14 22-DR-15 Lower Miocene 72 11.3 47.9 |:
15 24-DR-17 Lower Miocene 72 11.3 35.2 <
16 25-BT-9 Upper Oligocene 136 35.1 82.6 o
17 26-BT-9 Upper Oligocene 136 35.1 82.6 E
Table 2 o
Geological description of samples %
Item Sample Formation Int_erval- Description <
No. code Sampling depth -
1 2-BT-40 Lower  Int. 3813.0-3822.0 m; Brownish and gray, polymictic, arkosic, fine-to-medium grained sandstone with admixed large grains, =
Oligocene depth 3820 m evenly parallel medium-bedded L
5  3.BT-40 Lower Int. 3813.0-3822.0 m; Brownish and gray, polymictic, arkosic, coarse-to-medium grained, massive sandstone with low- E
o Oligocene depth 3813.4 m carbonaceous sections [a W)
3 6-BT-9 Ollijgljtieeile Int.di;?}él} 3822336 rér;1 m; Gray, polymictic, arkose, fine-grained, sorted, aleurolite sandstone %
4 7.BT-9 Upper Int. 3798.0-3836.8 m; Gray and dark gray, polymictic, highly argillaceous siltstone (interlayers up to the transition to argillite), >
Oligocene depth 3821.2 m with parallel plane, cross and swaley bedding 1]
5 8-BT-9 Upper Int. 3720.6-3833.5 m; Dark gray, coarse-grained, fine-areneceous, argillaceous, unevenly carbonaceous, highly micaceous, ()
Oligocene depth 3732.2 m finely parallel layered, dense siltstone
6 11-BT-3 Lower Int. 2824.0-2841.8 m; Brown sandstone as a result of oil saturation, polymictic, arkosic, medium-to-coarse grained, with
Miocene depth 2827.0 m admixed gravel, medium-graded, massive
7 12BT-116 h/]fi(;‘/cv:rl;e Inta:zgz}? :?0:;8952 ri m; Light gray, quartz-feldspathic, fine-grained, sorted, massive sandstone
8 13BT-116 h/]fi(;‘/cv:rl;e Inta:zgz}? 1?0:;?3962 ri m; Light gray, quartz-feldspathic, fine-grained, sorted, massive sandstone
0 14-BT-4 Upper Int. 2841.0-2844.0 m; Brown sandstone as a result of oil §aturation, polymictic, arkosic, medium-to-coarse grained, with
Oligocene depth 2841.0 m admixed gravel, medium-graded, massive
Upper Int. 3720.0-3733.5 m: Interlensing of gray sandstone and dark gray siltstone. Polymictic, fine-grained sandstone with argillaceous-
10 15-BT-9 PP ) - "~ 7 carbonaceous cement, highly micaceous (biotite, muscovite), dense, of medium strength. Argillaceous,

Oligocene depth 3721.5 m carbonaceous, highly micaceous, thin-layered siltstone

11 18-DR-17 Lower Int. 2241.0-2249.0 m; Variegated, cherry-brown sandstone with greenish-gray lenticular segments, quartz-arkose, fine-to-medium grained,
Miocene depth 2244.5 m with uneven admixture of coarse sand and gravel grains

12 20-DR-29 Lower Int. 2293.0-2302.0 m; Brown, quartz-arkose, uneven-grained sandstone with admixed gravel material (grain size 1-8 mm),

Miocene depth 2296.6 m turning into sand-gravel rock in some sections
13 21-DR-15 Lower  Int. 2170.0-2179.0 m; Brownish and gray sandstone as a result of oil saturation, arkosic, with nonuniform structure, gradually
Miocene depth 2176.6 m changing within the sample from coarse-to-medium grained to fine-to-medium grained
14 22.DR-15 Lower  Int. 2170.0-2179.0 m; Greenish and gray, moderately sorted, sandy-argillaceous siltstone with an unclear layering pattern, rich
Miocene depth 2175.5 m in mica (biotite, muscovite); dense
15 924-DR-14 Lower Int. 1921.0-1929.0 m; Variegated, cherry-brown sandstone with greenish and gray sections, quartz-arkose, fine-to-medium grained,
Miocene depth 1921.5 m with significant admixture of coarse grains and gravel
16 25-BT-9 Upper  Int. 3720.60-3733.50 m; Interlensing of gray sandstone and dark gray siltstone. Fine-grained polymictic sandstone with carbonaceous-
Oligocene depth 3723.5m argillaceous cement. Argillaceous, carbonaceous, highly micaceous, thin-layered siltstone
17  96-BT-9 Upper  Int. 3720.60-3733.50 m; Gray, polymictic, coarse-grained, fine-sandy, well-sorted siltstone with carbonaceous-argillaceous cement,
"7 Oligocene depth 3724.5 m dense
Table 3
Results of determination of static parameters of rock samples
and dynamic parameters after creation of formation conditions
Static data Dynamic data
Ilt\f m Sample Formation Ultimate Young's Density, Longitudinal wave Transversal wave Young's
0 code strength, MPa modulus, kg/m? speed, m/s speed, m/s modulus,
> 10°MPa 8 peed, peec, 10°MPa
1 2-BT-40 Lower Oligocene 124.1 1.54 2397 3359 2045 2.42
2 3-BT-40 Lower Oligocene 131.0 1.75 2346 3521 2142 2.60
3 6-BT-9 Upper Oligocene 115.8 1.64 2459 3587 2151 2.77
4 7-BT-9 Upper Oligocene 149.4 3.26 2497 4065 1921 2.50
5 8-BT-9 Upper Oligocene 209.7 1.84 2500 4679 2331 3.63
6 11-BT-3 Lower Miocene 107.6 1.50 2054 3450 1987 2.03
7 12-BT-116 Lower Miocene 111.4 1.95 2530 3635 1561 1.71
8 13-BT-116  Lower Miocene 121.3 2.04 2063 3800 1830 1.86
9 14-BT-4 Lower Miocene 161.5 2.12 2215 3359 1854 1.95
10 15-BT-9 Upper Oligocene 165.5 3.68 2440 3368 1964 2.34
11 18-DR-17 Lower Miocene 86.8 1.74 2190 2870 1470 1.25
12 20-DR-29 Lower Miocene 44.0 1.29 2091 2048 1165 0.72
13 21-DR-15 Lower Miocene 93.4 1.62 2207 3250 1530 1.40
14 22-DR-15 Lower Miocene 89.4 1.58 2340 3138 1450 1.34
15 24-DR-17 Lower Miocene 89.4 1.50 2341 2472 1434 1.20
16 25-BT-9 Upper Oligocene 152.0 3.45 2385 3678 1873 2.22
17 26-BT-9 Upper Oligocene 109.7 1.48 2315 3397 2074 2.40
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Fig. Dependence on the propagation speed of longitudinal ¥, and transverse V; waves: a - ultimate strength under volumetric
compression; b — dynamic elasticity modules; ¢ — measured and calculated values of 0; d— measured and calculated value of £

Conclusion A relationship between the dynamic Young's
modulus, the ultimate strength under volumetric
In the course of laboratory research, the following compression, and the acoustic properties of rock was
physical and mechanical parameters of rock were established. The obtained dependencies will make it
determined:  ultimate strength under volumetric possible to numerically evaluate strength and elasticity
compression, static and dynamic elasticity modules, indicators when processing well logs or, for example, as
propagation speed of ultrasonic waves. a result of seismic data processing.
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