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Factors influencing the stability of rocks were identified, taking into account changes in saturation and physical and mechanical
properties of the reservoir. Existing methods for modeling sandy rocks were considered: empirical, numerical and analytical
methods, as well as laboratory modeling. It was concluded that in order to obtain the most accurate prediction of the destruction
of the bottomhole formation zone with the subsequent removal of mechanical particles, it was necessary to use a combination of
methods, since none of them separately allowed obtaining comprehensive data for the prediction.

The input parameters for modeling sandy rocks were considered. The model should take into account a combination of geological,
physical-mechanical and filtration methods, which would make it possible to create the most accurate model of sand reservoirs.
The physical model of sandstone can be represented as a set of four components: sand grains, cementing clay substance, water and cracks.
Within the framework of this work, geological properties were analyzed: structure, texture, mineralogical composition and type
of void space. The analysis of these properties made it possible to find and determine the relationship between the properties of
rocks and their strength characteristics.

The mechanical properties of rocks were considered. These included strength, deformation and rheological properties.
To determine the deformation properties of the rock, deformation diagrams were constructed that took into account pre-limit,
limit, and beyond limits. The ability of the massif to resist destruction under long-term loading depended on the rheological
properties of the rock. These included: long-term strength, creep, stress relaxation.

Within the framework of this work, the prerequisites and causes of sand manifestations in wells were presented. The main ones
included: non-consolidation of rocks, excess of compression forces and migration of small particles. An important role in the
sanding process was played by the well completion method.

Criteria for the formation of studies on natural and artificial cores were identified.

The results obtained can be used to improve the efficiency of wells in sandy rocks and predict their trouble-free operation.

BbisiBJIeHBI (AKTOPHL, BJMAIIME HA YCTOMYMBOCTD TOPHBIX IIOPOA C y4eTOM M3MeHEHHA HACHILEHHOCTH U  (HU3UKO-
MeXaHHYeCKUX CBOKICTB KOJUIEKTOpA. PaccMaTpuBAIOTCA CYIIECTBYION[ME METOAbl MOJEIMPOBAHUA IeCYaHBIX TOPHBIX MOPOJ:
SMIUPUYECKUI1, YUCIIEHHBII 1 aHAJIUTHYECKUIT METO/Ibl, a Takxke JabopaTopHoe MojenposaHue. ClieJlaH BHIBOJ O TOM, UTO JUIA
HoJIy4eHNA HanGoJiee TOYHOTO NPOTHO3a paspylleHHsA NpH3aGOIHOI 30HBI IUIACTA C MOCJIEAYIOIIM BHIHOCOM MeXaHHYeCKUX
4acTUL HeoGXOJUMO HCIIOJIb30BaTh COBOKYIHOCTh METOJOB, TAK KaK HU OAMH M3 HUX B OTJEJbHOCTH He IO3BOJIAET IOJIy4UTh
HCYepIBIBaloI/e AaHHble AJIA IPOTrHO3a.

PaccMaTpuBalOTCsA BXOJHBIE [AapaMeTpsl JUIA MOJEJMPOBAHUA II€CYaHBIX TOPHBIX NOpOA. Mojesnp [JO/DKHA Y4YUTHIBATh
COBOKYITHOCTb T'€0JIOTHYEeCKUX, (U3NKO-MeXaHNYeCKUX U (UIbTPALHIOHHBIX METO/OB, YTO MO3BOJIUT COCTABUTh HauGosee
TOYHYIO MOJeJIb NeCYaHbIX [IACTOB-KOJUIEKTOPOB. DU3MUEeCKyI0 MOJiesIb MeCYaHUKa MOXHO HPEe/CTaBUTh B BUJE COBOKYITHOCTH
JeThIpeX KOMIIOHEHTOB: 3epeH I1ecKa, leMEeHTUPYIOLIEro IJINHICTOTO BeleCTBa, BOJAbl U TPEIHH.

B pamkax JaHHO# paGOThl aHAJIM3UPYIOTCA reoJIOTHYeCKUe CBOWMCTBA: CTPYKTYPa, TEKCTypa, MHHEPAJIOrHYeCKHil COCTaB M THII
yCTOTHOTO IPOCTPAHCTBA. AHAJIN3 JAHHBIX CBOMCTB MO3BOJIAET HANTH U ONpPeJeIUTh 3aBUCHMOCTH MeX/y CBOICTBAMHU IOPOA 1
YX IIPOYHOCTHBIMU XapaKTepPUCTUKAMH.

PaccMaTpHBalOTCA MeXaHUYeCKUe CBOMCTBA TOPHBIX MOPOA. K HIM OTHOCATCA HPOYHOCTHbIE, Je(pOPMAIMOHHbIE 1 PEOJIOTHYeCKIe CBOFICTBA.
JUta onpefiesieHys AepOPMAILIOHHBIX CBOFICTB TOPHOI IIOPOAIbI CTPOATCA JUarpaMMsl 1epOPMUPOBAHILSA, YIUTHIBAIOLIME JONpesesIbHbIE,
TpefieJIbHBIE U 3ampe/iesibHble COCTOAHMA. CIIOCOGHOCTh MACCHBA COMPOTHBIIATBCA PA3PyIIEHHIO IPY JUIUTENIbHOI HarpysKe 3aBHCUT OT
PEOJIOrNYeCKHX CBOMCTB OPOAbL. K TaKOBBIM OTHOCATCA: JUIUTe IbHAsA IPOYHOCTb, TOJI3y4eCTh, PeJIaKCALA HAPKEHHMIA

B pamkax JaHHOI paGOTHI HpeACTaBJIEHbl NPEJNOCHIKA U TPUYMHBI II€CKONMPOSABIEHHI B CKBaXHUHAX. K OCHOBHBIM MOXHO
OTHECTH: HEKOHCOJIUMPOBAHHOCTD TOPOJ, MPEeBHIIIEHNe KOMIPECCHOHHBIX CHJI M MUTPALMI0 MeJIKMX 4acTull. BaxHyio poJb B
Hpoliecce MecKONpOABJIEHNA UrPaeT Cnoco6 3aKaHYMBaHKA CKBAXUH. BB BEIABIIEHB KPUTEPUM GOPMUPOBAHKA HCCIIeJOBAHUIT
Ha eCTeCTBEHHBIX U MCKYCCTBEHHbIX KepHax.

IMony4eHHble pe3yJsbTaThl MOTYT OBITh NPUMEHEHBI [JiA HOBBIIEHHUA 3((EeKTUBHOCTH SKCILUTyaTalMU CKBaXUH B MeCYaHbIX
MOpojiax ¥ NPOTHO3UPOBAHMUA UX Ge3aBapHiHON PaGOTHI.
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Introduction

To understand the processes of failure of the bottomhole
reservoir zones (BHZ) accompanied by the bearing-out of
sand particles into the wellbore it is necessary to take into
account the failure source, strength and other geomechanical
properties of rocks. Today, there is a need to predict the
occurrence of this negative process since the selection of the
optimal technology for casing the BHZ will minimize sand
entry in wells, reduce operating costs and increase
hydrocarbon production at the field.

Sand prediction models are created at the design stage or
at the beginning of field development and are the basis for
selecting the optimal well completion, well design, operating
mode, and surface equipment layout.

To create an optimal model of sand formations it is
necessary to take into account a number of factors which
disrupt the stability of rocks.

The purpose of the work is to identify factors affecting the
stability of rocks considering the changes in the saturation
and physical and mechanical properties of the reservoir.

Analysis of Existing Methods
for Modeling Sand Rocks

Today, the main methods for modeling sand rocks are:

1. Empirical method based on field data. The principle of
the empirical method is to predict the dependence of
borehole data obtained during sand mining on reservoir field
data. Various factors influencing the stability of the rock are
taken into account: filtration and capacitive properties of
rocks; parameters related to the fluid filtration rate; elastic
and strength properties of rocks, etc. [1].

2. Laboratory modeling. This method is based on
recreating reservoir conditions in the laboratory and
determining the prerequisites for the removal of sand
particles. Reservoir cores or bulk models are used as an object
of research. It should be noted that this approach depends on
experimental equipment, quality and quantity of core
material, and is time-consuming [2].

3. Numerical method. The principle of the method is to
determine the dependence of the behavior of rocks under
the influence of elastic and plastic deformations. The
method covers a large number of input parameters, as a
result of which it is characterized by high accuracy and
reliability, on the one hand, and a large amount of time,
on the other [3].

4. Analytical method. The method is based on
mathematical calculations and consideration of structural
inhomogeneity and stresses and their impact on the stability
and strength characteristics of sand rocks [4, 5].

In order to obtain the most accurate prediction of the
bottomhole formation zone failure with the subsequent
removal of mechanical particles a combination of these
methods is used since none of them separately allows
obtaining exhaustive data for the forecasting. Besides, this
process as a whole is difficult to predict and requires some
kind of creative approach [6, 7].

Input Parameters for Simulation Sandy Rocks

All reservoir rocks can be represented as a set of
geological, physical, mechanical, and filtration characteristics
[1, 8]. They are also influenced by various geological
conditions, conditions of development and operation of wells
(Fig. 1) [9, 10].

The main physical and mechanical properties of rocks
are: plasticity, density, elasticity, strength, hardness,
abrasiveness, brittleness, water permeability, etc. [11, 12].
They are determined by the methods of deformable solid
mechanics based on the theories of elasticity, plasticity
and creep [13, 14].

Such geological properties as structure, texture,
mineralogical composition and pore type are decisive. For
example G.G. Litvinsky in his work [13] concludes that the
process of considering the strength characteristics of rocks
is impossible without taking into account structural
inhomogeneity. The main defect influencing the strength
of the rock, in his opinion, is cracks. Ranging in size from
a fraction of a millimeter to several meters, they have a
significant impact on the mechanical properties of the rock
and the filtration of fluids.

In the work of L.IL. Bachurin [15], on the basis of
experiments aimed at determining the crack resistance of
sandstones, it was concluded that cracks exist in almost all
rocks. In his study [16], A.K. Nosach determined that cracks
in sandy rocks are formed due to the interpenetration of
cement and quartz particles, differences in the plastic
properties of rock components, and also arise inside the
particles themselves due to the compression of the rock.

To model sand entry it is also necessary to take into
account the filtration characteristics of rocks [17]. In fluid
mechanics the filtration of single- and multiphase systems in
the environment of different homogeneity is considered [18].

The processes of water and sand production are
interrelated. The final stage of field development is very often
characterized by high water cut due to water breakthrough to
the bottom of the well. This process is one of the main causes
of sand carry-over. In his work A.G. Latypov explains the
destruction of the rock skeleton during water breakthrough
by the washing out of the cementing substance and a drop in
the coefficient of internal static friction of the rock [19].

Factors affecting the stability of rocks
in the wellbore part of the reservoir

Unconsolidated rocks

Weakly cemented rocks

Physical and mechanical
properties of rocks

Well operating
conditions

Geological conditions
of the occurrence of
the operational object

Conditions for the
development and
operation of wells

Physical and mechanical
properties of rocks

Internal friction Liquid Water cut The depth of Tectonic activity Pressure rElae?rttli%s Rheological
coefficient filtration rate for oil well occurrence of the of the reservoir gradient at opf repservoir properties
(WCO) production facility area the well wall rocks of rocks

Granulometric and
petro physical composition
of reservoir rocks

Rock density

Fluids used in
well development
and completion operations

The strength properties
of rocks

Fig. 1. Factors Influencing Rock Stability [9]
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In addition, water, interacting with solid rock, causes a
pressure difference, which contributes to the filtration of
fluid through reservoir channels. Thus, water is a catalyst
for the appearance of new defects in the reservoir, which
can lead to its destruction.

In his work [20] A.T. Karmansky analyzes the moisture
strength of various rocks (Fig. 2). It has been established
that the compressive strength of the rock and the strength
under other stress states are inversely related to the
amount of moisture in the reservoir. In other words, with
an increase of the water content in the rock, its strength
decreases and the probability of destruction of the
reservoir layer grows up [21].

In the process of modeling sand rock it is necessary to
consider the strength of the reservoir as a combination of
various defects and imperfections that have different origins
and have different influence on the rock.

The model should take into account a combination of
geological, physical, mechanical, and filtration methods. All
this will make it possible to compile the most accurate
reservoir model for predicting withdrawal of sand from sand
reservoirs.

Thus, the physical model of sandstone can be represented
as a set of four components: grains of sand, cementing clay
substance, water and cracks. Sand rock is characterized
by stronger sand grains and connecting them much less
durable cementing agent. Cracks in combination with water
washing out the cementitious substance lead to the strength
retrogression of the rock up to critical values [22, 23].

Geological Properties of Sand Rocks

The geological properties of the rocks are determined on
the basis of core analysis. The main purpose of studying the
core extracted from wells is to obtain information about the
geological structure of the reservoir, the location of oil and
gas water saturation zones, the position of cap rocks and
reservoirs.

The specificity of the core study method consists in the
fact that data on the structure of the reservoir can be reliably
obtained only in the vertical direction within the core itself
(thickness of the formation, its structure). Horizontal data are
calculated theoretically, taking into account well cores from
an area with a similar geological structure. The selective
nature of coring also makes it difficult to study [25].

The main characteristics of sedimentary rocks are:
structure, texture, composition, presence and type of void
space.

The structure of rocks characterizes the ratio of rock
grains, their size and morphology. It is determined
macroscopically or using stencils (Fig. 3).

The particle size distribution is the basic parameter for
the classification of sedimentary rocks. A popular
classification divides clastic particles into groups of sizes
0.01-0.1; 0,1-1; 1-10 mm and so on.

In the core analysis process, another important
characteristic of the rock must be taken into account,
namely texture. It determines the location of the rock
layers relative to each other and the rock as a whole, and
like the structure allows you to assess the filtration
properties of the reservoir rock.

The process of describing the core texture is divided
into two stages:

1. First, the primary texture of the rock (sedimentation) is
determined, showing the distribution of layers in the process
of sedimentation.

2. Secondary processes that influenced the young rock in
the process of its formation and immersion deep into the
Earth are taken into account. Based on this, the secondary
(superimposed) texture of the rock is determined.
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Fig. 2. Graph of the dependence of the logarithm of the shear
stress on the moisture content of the rock [21]: 1gt — logarithm
of the shear stress; 7 — medium-grained sandstone;

2 - kainite rock; 3 - quartz sandstone; 4 - oil shale.

Location in the rock 0

&

)
Disordered Oriented 45
60

Content of impurities and components in the rock 7590

5% 10 % 25%

Average

Main types of cements

Basal

m type Contact type

Fig. 3. Stencil for description of terrigenous rocks [26]

The primary textures are: non-layered (homogeneous or
inclusions), layered (horizontal, oblique, and wavy-layered)
and layered (layers are implicitly expressed).

After macroscopic analysis of the rocks, the composition
of the terrigenous rock is specified at the microscopic level.

The cementitious substance is most often represented by
clay (kaolinite, chlorite), siliceous (quartz), carbonate
(siderite, calcite, dolomite) and ferrous (hematite, iron
hydroxides) compositions, less often glauconite and pyrite.
The nature and degree of rock destruction under the influence
of external forces depends on the composition of the cement.

From the work [27] it can be concluded that the presence
of clay material as a binding component is a negative factor
for the filtration properties of the formation [28]. The
composition of the shales determines the reservoir properties,
as well as the nature and degree of rock destruction under the
influence of external forces [29, 30].

The void space of rocks is represented by three main
types.

1. Pores. It is a very common species in terrigenous rocks.
The voids are located in the free space between the grains.

2. Caverns. They are found mainly in carbonate or
terrigenous rocks with high carbonate content. They are
relatively large voids formed as a result of rock leaching.
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‘ Pore canals ‘

74 J A

Subcapillary —
the cross-section is
smaller than
0,0002 mm (mKm)

Supercapillary —
cross section is larger
than 0,508 mm
(>508 mKm)

Capillary section
from 0,5 to 0,0002 mm
(508-0,2 mKm)

Fig. 4. Classification of pore canals by their size [26]
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Fig. 6. Shear strain (a-c) under the action
of Shear Stress Components [31]

3. Cracks. This type of void space is present in all rocks
and is the result of tectonic activity. It has a major influence
on fluid movement.

As a rule, a rock is a collection of represented types of
voids.

Voids are classified into primary (formed during
sedimentation and digenesis) and secondary (the result of
subsequent processes of destruction, recrystallization,
dissolution, etc.).

The main characteristics of the void space that affect the
reservoir properties of rocks are the size of pore channels
(Fig. 4), the degree of their connectivity and spatial
distribution. Based on the analysis of these indicators the type
of reservoir in the void-pore space is determined.

Thus, the following geological properties can be identified
as input parameters for modeling sand rocks: structure,
texture, mineralogical composition, and type of void space.
Competent analysis will allow you to find and determine the
dependencies between the properties of rocks and their
strength characteristics.

Mechanical Properties of Rocks

The rock, experiencing the pressure of the overlying
deposits is in a constant state of stress. Various tectonic forces
and physicochemical reactions also affect the reservoir rock.

To determine the physical and chemical properties of a
rock it can be represented as an elementary volume (Fig. 5).
Each face of the volume is affected by normal (o) and shear
(t) stress components. Normal voltage components act
according to the axis perpendicular to the faces, and the
tangents lie on the plane of these faces.

The set of these stresses is called the stress tensor and is
represented in the form:

Oy Xy Xz
T =41 w Oy vz
zx zy o,

Due to the action of normal stress components o rock
experiences tension and compression. The tangent
components of the stress tensor are responsible for the shear
deformation (Fig. 6).

The main mechanical properties of rocks include strength,
deformation and rheological.

The strength characteristics of rocks are considered
according to the scale of destruction. There are several
levels [32]:

1. Megascopic. It appears during open mining of rock
masses, during landslides, etc. At this level the main
criteria for strength are cracks and large deformations.

2. Macroscopic. This level of fracture is characteristic
of the destruction of rocks by various mechanical tools. In
this case the strength depends on the porosity, fracturing
of the rock, and the contact of different layers.

3. Microscopic. It occurs in case of rocks pulverizing.
At this level, the strength is characterized by the presence
of microscopic defects and deformations in the rock, since
the interconnection of the individual grains that make up
the mass is broken.

Since a single rock sample is not able to fully reflect
geological deformations in the entire massif, it is
introduced the criterion of structural weakening which
takes into account the difference in strength characteristics
at different levels.

chc = Kc "Oexr

where R, — Compressive strength of the entire massif;
K, — coefficient of structural weakening; o, — compressive
strength of an individual sample.

To determine the deformation properties of a rock it is
constructed deformation diagrams which take into account
pre-limit, limiting, and out-of-limit states [33, 34].

The pre-limiting state of the rock is the state of the rock
massif in which destruction does not yet occur under the
influence of loads. It is characterized by a modulus of
deformation E, which is always less than the modulus of
elasticity E.

A characteristic of out-of-limit state is the modulus of
decay M. With an increase in this parameter, the deformation-
spatial stability of the rock is violated, its strength
characteristics change, and the probability of brittle fracture
increases.

The ability of the massif to resist failure under long-term
loading depends on the rheological properties of the rock.
These include: long-term strength, creep, stress relaxation
[35, 36].

The origin of sand occurrence in wells

The spatial stability of sand reservoir rocks depends on a
number of factors. The main factors influencing sand
occurrence in wells are [37, 38]:

1. Degree of cementation of the sand reservoir.

2. Reservoir fluid viscosity.

3. Depression on the reservoir.

4. Fluid velocity in the reservoir.

5. Stresses in the bottomhole zone of the formation.

6. Bottomhole contamination.

It is possible to systematize the causes of the formation of
free sand particles in the reservoir and divide them into three
main groups: unconsolidated rocks, excess of compression
forces, and migration of small particles (Fig. 7) [39].

An important role in the process of sand production is
played by the method of completion of wells [40]. In the case
of an open face well, the rock stability of the bottomhole zone
is mainly dependent on stresses, including rock pressure and
filtration stresses.

HEAPOMOJIb3OBAHUE
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In addition, in the cased well the stresses of the "pipe-
cement-rock" system come into force [27, 41].

Criteria for the Formation of Studies
on Natural and Artificial Cores

Prediction of mechanical characteristics using modern
methods of modeling is mainly associated with
determining the relationship between various physical
parameters [42].

It is possible to predict the behavior of the rock and the
removal of mechanical particles from it on the basis of
physical modeling. There are two types of physical models
of reservoir fluid filtration: laboratory models with
artificial porous media (sand, glass beads, etc.) or natural
rock samples (cores) [43, 44].

An artificial core is an approximate model of a weakly
cemented reservoir. It is created from a mixture of sand,
cement and water using ramming or a press [45]. A natural
core is a sample of a real geological environment. It is a
complete imitation of a collector.

Determination of dependencies for natural or artificial
cores will allow you to create a relevant model of reservoir
behavior for quick prediction of the probability of sand
production taking into account changes in the mode and
conditions of operation.

Conclusion

The main input parameters that should be considered
in the process of experimental studies aimed at creating
mathematical or physical model of sandy rocks have been
determined.

For comprehensive and accurate modeling of sand rocks,

Prerequisites Origin Result

Absence or degradation of cement
Shallow reservoirs

High temperatures

Acid treatment

Vapour injection technologies

:> Unconsolidated :>

rocks

Reduction of pore pressure
Depletion Mode

de bottqnhole pressures Exceeding Sand
Htgh frictional forces — compressor forces | removal
High Flow Rates
High-viscosity oils
Pressure drop

Increase in water cut
Reduced interfacial tension Migration

The need for increased depression :> of fine particles :>
for profitable production

Fig. 7. Prerequisites and Causes of Sand Occurrence in Wells [36]

1. Component composition of the rock (it is necessary
to specify the components that will make up the model).

2. Parameters of rock components (ratio of the
proportions of sand particles, cementing substances and water
to the mass of the entire rock).

3. Sandstone parameters (permeability, porosity, density
of sand particles, cementitious substances and water).

4. Geological properties of sandstone (structure, texture,
composition, presence and type of void space, etc.).

5. Mechanical properties of sandstone
deformation and rheological properties).

6. Brittleness, plasticity of the rock, nature and parameters
of destruction.

Sand modeling studies provide an opportunity to predict
the behavior of reservoirs during their operation, as well
as predict sand production processes in wells. This will
significantly increase the productivity of both one well in

(strength,

the following parameters should be taken into account: particular and the entire field on the whole.
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