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BsiHoc necka sisnisiemcsi 8axxHoU npobrnemoll Ha HegbMsIHbIX U 2a308bIX MECMOPOXOEHUSIX
Kasaxcmana co cnabocuemeHmuposaHHbIl riacmamu, 8 KomopbixX Mpucymemayem MHo20ghas-
Hoe me4yeHue (8oda-Hegbmb) nnacmosbix ¢hriroudos u meepodbix Yacmuy. 1oOxo0 K yrpaesneHuro
rneckoobpasosaHueM eko4aem 8 cebss modenuposaHue 00bbIYU MecKa, 8 YacmHOCMU, MHo20¢ha3s-
HbIl oMok Xudkocmu u nepemelwieHue yacmuy, 8 Hem. B amom uccredosaHuu U3y4aemcsi 8bl-
HOC necka u Heghmu 8 MHO020¢ba3HOM MOMOKE C UC0/b308aHUEM CONPSXKEHHO20 MOOeUpPO8aHUs
8bI4uUCIUMesnsHoOU 2udpoduHaMuKu u Mmemoda duckpemHsbix anemeHmos (CFD-DEM) Ha obpasue
Kybu4yecko20 necyaHuka ¢ akueHmoM Ha mpaduyuoHHY 8epmukarbHy 000bi8aroULYH0 CK8aXU-
Hy. Modenb cnabocyemeHmMupo8aHHO20 necyaHuKa Uucnosb3oeasnack 0715 MOOeIUpo8aHUs 8biHOCa
yacmuy, rnecka u3z Obbekma 2 HeghmsHo20 mecmopoxOeHusi KapaxaH6ac. bbinu cmodernuposaHs!
yemelpe criyyasi ¢ pasHbIMU pasmepamu ¢hunnbmpa u 00UH apuaHm 6e3 chunibmpa. Pasmepbi cemok
gunbmpa 6b1n1u ebibpaHbl Ha 0CHOBe pacrpedeneHus paamepos Yacmuuy obpasua. Habnwodanoch
rnepexodHoe nosedeHue 8bIHOCa necka npu ModenuposaHuu 6es chunbmpa, KOmopoe fnokasasno
KayecmeeHHOe coomeemcmeue numepamypHbIM 0aHHbIM. Pasmep omeepcmus chunibmpa cyuwe-
CMBEHHO eriusiem Ha 8bIHOC 11ecka, npu 3mMom uibmpbI ¢ MasbiM omeepcmuem criocobecmeyrom
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bornbuweMy CHUXEHUIo 8bIHOCa recka. SghgekmuHbIl KOHmMPOsb necka 6wl docmuaHym npu du-
amempax cuma 0o 3d50 (cpedHuli duamemp Yacmuuy), npu OanbHelwem ysenudyeHuu Habrodar-
€S 3Ha4umesibHbIl 8bIHOC recka. BHedpeHue chunbmpa umerio MynbmurniauKkamueHbilt aghgpekm:
KOHMPOIb 8bIHOCA Mecka U nosblileHue KoaghguyueHma usenedeHuss Hegpmu 0o 21%.

KITIOYEBBIE CJ10BA: sbiHoc niecka, CFD-DEM, cnabocuemeHmupo8aHHbIl necyaHuk,
MHO20ghasHasi XUOKOCMb, 8MOPUYHbIU Memo0 rnosbiueHuUss Hegpmeomadayu, 83aumodelicmaue
Xudkocmu u meepdo20 merna.
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Kym wibirapy KasakcmaHHbIH 71Ci3 WOoFbIipraHObipbiiraH my3siniMdepiHde ker ¢ha3arsi (Cy-
MmyHali) kabam cylbiKmbiKmapbl MeH kKammbl 6ennwexkmepdiH afbiHbl 6ap MyHali-ea3 KeH opbiHOa-
pbiHOa MaHbI30bI Macesie 6osbin mabbinadsl. Kymob! 6akbiiay macini Kym eHOipydiH Kern macwma-
6mbi MexaHU3MOepiH, acipece CylbIKmbiK afbiHbl MeH beriuekmepdiH Ko3rarbiCbiH KamMmuolbl. byn
3epmmeyde miK yHfbiIMacbiHa Ha3ap aydapa ombipbir, Ker ¢hasarbl arbiHOarbl KyM 6HOIpICI XoHe
myHau eHOipy mekwe Kymmac yneiciHde CylibikmbikmbiH Ecenmey [JuHamukacsi xaHe [Juckpem-
mi OnemeHmmep O0iciH (CFD-DEM) 6ipikmipin modenbdey apkbiribi mandatidsl. Oci3 Kymmac
mya3inimoepiHiH modeni KapaxaHbac KeH OpHbIHbIH 2 HbiCaHbIHaH KyM 6enweKkmepiH whbiFapy npo-
ueciH Modernsoey ywiH KorndaHbiObl. OpMmypi efleKmepMeH XaHe eriekmepcia mepm xardal Mo-
OenbOeHOi. EnekmepdiH enwemoepi ynei benwexkmepiHi4 mapanysi (PSD) HezidiHOe maHOanobil.
Enekcisz modenbOey kesiHOe Kym eHOIpydiH emneni spekemi balikandbl xoHe adebuemmepMeH
canarnel KenicimOi kepcemmi. Enekmiy menwepi KYMHbIH WhiFapbliybiHa atimapribikmadl acep
emedi, an Kiwieipim enekmep sKcmpaxyusi xblindamobiFblH memeHOemedi. KymObi muimoi 6akblnay
Ouamempnepi 3d50 (6enwekmepdiH opmawa duamempi) enuiemoeai enekmepMeH KOI Xemkisirn-
Oi, onapdbiH 00aH api ynratimybl KyM kemyiHe xon bepmedi. Enekmepdi KondaHyb! Kym eHOIpICiH
muimOi bakblnayra xoeHe MyHau any KoagghuyueHmiH 21% - Fa 0eliiH apmmbipyra MyMKiHOIK 6epdi

TYUIH CO3LEP: Kym eHdipy, CFD-DEM, aricis uemeHmmenaeH Kymmac, Kerigpasarbi cyli-
bIKMbIK, MyHalObl anyObiH Kalmarnama KyweuminzeH adicmepi, CylUbIKmblK NeH Kammbl 3ammbiH
apekemmecyi.
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Sand production is a significant issue in Kazakhstan’s oil and gas fields with unconsolidated
formations involving the multiphase flow (water-oil) of reservoir fluids and solid particles. The sand
control approach includes the multiscale mechanisms of sand production, particularly fluid flow and
particle movement. This study investigates sand production and oil recovery in multiphase flow
using coupled Computational Fluid Dynamics and Discrete Element Method (CFD-DEM) modeling
on a cubic sandstone sample, focusing on a traditional vertical producing well. The weak sandstone
formations model was used to simulate sand particle extraction from Object 2 of the Karazhanbas
oilfield. The four cases with different sieve sizes and one without sieve were simulated. The sieve
sizes were chosen based on sample patrticle size distribution (PSD). The transient sand production
behavior in simulations without a sieve was observed and showed qualitative agreement with
the literature data. Sieve size significantly impact sand production, with smaller sieves reducing
extraction rates. Effective sand control was achieved with sieve diameters up to 3d50 (average
particle diameter), beyond which further increases did not prevent sand production. The sieve
implementation had a multiplicative effect: controlling sand production and improving the oil recovery
factor by up to 21%.

KEY WORDS: Sand production, CFD-DEM, weak formation, multiphase fluid, secondary
EOR, fluid-solid interaction.

consolidated or unconsolidated formations is frequently associated with

sand production. This issue is common in many oil fields in Kazakhstan,
including Karazhanbas, North Buzachi, Kalamkas, Zhalgiztobe, Kenkiyak and Uytas.
Understanding and predicting the sand production process is one of the primary
challenges to ensuring safe and profitable hydrocarbon production in Kazakhstan and
globally. Sand production can significantly reduce production flow rates, cause damage
to both downhole and surface equipment, and increase the likelihood of critical failures.
However, extracted sand material from the reservoir can increase the porosity close to
the wellbore. Thus, a zone of increased permeability can be formed, which positively
increases the liquid production flowrate [1-2].

Veeken et al. (1991) grouped the parameters influencing sand production into three
categories (see Tab.1): the physical properties of the reservoir formation and the fluid,
the well installation and completion, and the type of oil and gas field development [3].

In the long-term well exploitation, the amount of produced sand will depend on the
reservoir management. Still, local sand production can be prevented only by installing
of downhole sand control systems such as gravel packs, sand screens and chemical
consolidations, which could inhibit the movement of sand into the underground and surface
facilities [4]. However, each method comes with its risks, so selecting the appropriate sand
control solution for a specific formation is crucial. The sand control strategies depending
on porosity values were discussed by Ben Mahmud et al. (2020). Choosing optimal
screen size is still challenging and requires information about sand size distributions,
rock strength, type of fluids and so on [5-6].

ntroduction. Oil and associated gas production from reservoirs with weakly
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Table 1 — Parameters influencing sand production [3]

FORMATION

Strength
Rock . Vertical and horizontal in-situ stresses (change during depletion)

Depth (influences strength, stresses and pressures)
Far field pore pressure (changes during depletion)
Permeability

Fluid composition (gas, oil, water)

Drainage radius

Reservoir thickness

Heterogeneity

Reservoir

COMPLETION

Wellbore orientation, wellbore diameter

Completion type (open hole/perforated)

Perforation methods (height, size, density, phasing, under/overbalance)
Sand control (screen, gravel pack, chemical consolidation)

Completion fluids, stimulation (acid volume, acid type)

Size of tubulars

PRODUCTION

Flow rate

Drawdown pressure
Flow velocity

Damage (skin)
Bean-up/shut-in policy
Artificial lift technique
Depletion

Water/gas coning
Cumulative sand volume

Kazakhstan oil fields with weak sandstone reservoirs are characterized as highly
permeable and porous with initial water content above 20%, low depth of occurrence, and
high oil viscosity. The watercut in producing wells increases during the well life [7-9]. A
typical producing well history with sand production in the Ustyurt-Buzachi sedimentary
basin is illustrated in Figure 1 [10]. The sandrate or sandcut is reducing from the initial
high to the small constant values, while the watercut is only increased.
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Figure 1 - Sand production pattern in Ustyurt-Buzachi basin [10]
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The CFD-DEM approach for sand production was introduced by Tsuji et al. (1993)
to investigate the particle motions in a 2D gas-fluidized bed system [11]. Zhou et al.
(2011) developed a combined 3D CFD-DEM model, demonstrating that this approach
can effectively simulate sand erosion in weak formations. They emphasized that the
fluid-particle interaction force plays a crucial role in driving sand production [12]. One
of the critical parts of CFD-DEM modelling of weak reservoir formation is correctly
calibrating digital DEM rock by real reservoir sand properties from Kazakhstan oilfields.
This investigation can be found in the literature [13]. The mechanisms of underpinning
sand production under different flow conditions of a single fluid for the cylindrical sample
have been investigated by Khamitov et al. (2021, 2022) in micro-scale [10, 14-15] and
for cubic spacemen in meso-scale by Kazidenov et al. (2022) [16].

This study conducted the multiphase CFD-DEM modelling on a micro-scale for
Object 2 of the Karazhanbas oil field’s reservoir condition in different sizes. The effect
of sieve size on sand production and oil recovery was investigated.

Numerical Formulation. The CFD-DEM model based on the Euler-Lagrange scheme,
where a continuous fluid flow is coupled with discrete particles by exchanging momentum,
energy, and mass terms. The model considers particle modeling particles at the micro-
scale and fluid at the meso-scale [11-12, 17].

Governing equations for DEM particles. DEM has been extensively used to
investigate the mechanics of granular flow, as pioneered by Cundall et al. [18]. Particles
within a computational domain are explicitly tracked by solving governing particle motion
equations. This provides detailed information on the interparticle contact forces and
particle trajectories. Different materials can be simulated using DEM by specifying the
physical properties of particles and contact model parameters, which allows for various
configurations of linear and nonlinear elastoplastic behavior [19]. Cemented rock material
can also be modeled as an assembly of fully or partially bonded particles. The bonding
force was included in calculating contact forces and the particles' translational and angular
accelerations. In this study, the cemented contacts were modeled using the modified JKR
contact model [14-15].

In CFD-DEM simulation, the particle phase is coupled with a fluid phase. The
numerical model takes into account particle-particle and fluid-particle interaction forces
in Newton's second law that governs particle motion. For any particle p [20]:

a, . . . )
p
my ar = fon t for t for t fopres T fowis (1)
dw .
P _ )
IP dt - rp,c Xfp,t; ( )

Here, m, denotes the particle mass, the linear velocity is #,, and r,, . refers to the radius
of the particle. The normal and tangential contact forces between particles are f,,, and
fo.» respectively, £,  represents the drag force exerted on the particle from the fluid phase,
Additionally, f; pres denotes the pressure force, f »vis Tepresents the viscous force. The @,
is angular velocities and /, represents the moment of inertia.
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The pressure force ﬁ, rres Can be define as:
fp,Pres = —VP- Vp 3)

where VP is the fluid pressure gradient and V, is volume of particles.
The viscous force f, ,; can be calculated as:

fowis = —(V- DV, 4)

where 7 is the fluid stress tensor (see Eq. 6).

Eq. 1 describes the translational motion, while Eq. 2 is used to describe the rotational
motion of particle p. In the absence of the liquid phase, the fluid-related force terms (, ,
f:,,ypm, f;,,vis) are equal to zero. The contact forces between particles, ﬂ,n and fm, were
calculated using the modified JKR contact model [14-15].

Governing equations for CFD-DEM interaction. The CFD-DEM coupling in this
study was based on model A, as described in literature [17,20]. The modified Navier-
Stokes equations and the interface tracking Volume of Fluid (VOF) method [21] were
employed to describe the governing equations of two-phase fluid flow (water and oil) in
the presence of a third particulate phase (sand particles). The CFD-DEM-VOF method
has already successfully implemented in multiphase studies and validated by well-known
benchmark tests [22]. The unresolved CFD-DEM model (fluid phase is not resolved at
the particle scale), with VOF can be formulated as follows:

dlera - =
%+v- (g awilp) = V- (e aya,) = 0 )
9 (&) -
) o TV (&) =0
ay ta, =1
a b =
M+V-(5fpfﬁfﬂf) = =& VP — Fjp + &V T+ s g

‘0t

Here, the volume fraction occupied by the fluid is represented by ¢ while a,, and «,
refer to the volume fraction of water and oil, respectively. The compression velocity at
the interface between the phases is denoted as ., where #,.= i, - i, Additionally, other
variables include i, which represents fluid velocity, p, for fluid density, P for pressure,
F4, for volumetric particle-fluid interaction force, g for gravity vector, and ¢ for time. The
stress tensor 7 is obtained for fluid with viscosity y, as:

_ - - 2 .
T=uf(Vuf+Vu})—§quV-uf (6)

In contrast to the Euler-Euler two-fluid approach, the Volume of Fluid (VOF) method
assumes the absence of interaction forces between fluid phases and solves only a single
momentum and continuity equation through employing the fluid-mixture properties that
are weighted by volume:

Pr = AwPw T APy 7
e = @yl + Aol (8)
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The volumetric particle-fluid interaction force F4is determined as:

) 1w -
By =25 Gos) ©)
p=1
for = foa + 1y’ (10)

Here, the term AV represents the volume of the fluid cell, while n denotes the number
of particles in the computational cell. f,, represents the drag force. Additionally, f,"
refers to the sum of particle-fluid interaction forces acting on particles other than the drag
force. These forces are related to pressure gradient and viscous stress and are commonly
regarded as the dominant forces in particle-fluid flow.

The interactions between the fluid and the particle phases were simulated by a four-
way coupling method. Four-way coupling in the CFD-DEM simulations aims to capture
the intricate interplay between fluid and particle phases in a system, considering both
direct and indirect interactions among particles and between particles and the surrounding
fluid. The motion of particles affects the motion of fluid and vice versa. Three forces were
considered in the coupling information: pressure force, viscous force and the Di Felice
drag force [23]. The Di Felice drag formulation assumes spherical particles, which do
not interact with each other and neglects the effects of particle shape and size variation
on drag force. Taking into account the continuity and precision of the different drag force
calculation models, the Di Felice model provided more accurate calculations for dense
particle systems. Therefore, this drag model has been chosen for the current study. Further
information can be found in previous papers [14-15].

Sand production simulation procedure. The coupled simulation was carried out
in several stages. Initially, a sandstone sample was created through particle pluviation,
compressional diagenesis, and cementation in cubic spacemen. A perforation was made in
the sample to form a horizontal channel running through its full width, connecting to an
outlet at the center of the right surface. The oil phase was introduced into the solid phase
after forming the CFD mesh, which matched the dimensions of the perforated sandstone
sample. The injected water from the left side flowed through the granular sample towards
the right outlet, with the perforation channel accelerating the flow.

DEM sample preparation and perforation. The DEM model used for the dry sample
(no liquid phase) was similar to previous works [14-15]. Eight different size particles were
randomly generated and allowed to fall under gravity (pluviation) inside a cubic container.
The Particle Size Distribution (PSD) of the numerical sample was selected to match that of
a real sandstone from the Ustuyrt-Buzachi sedimentary basin, as reported by Shabdirova et
al. (2016) [24]. The total number of particles was 434822, which corresponded to a sample
mass of 6.87 g with size d50 (mean particle size of the sample) about 0.2294 mm (7ab. 2).

The micromechanical properties of sand material for DEM were used similar to
previous studies [13, 15-16]. The top wall was moved downwards to compress the particles
until a vertical stress of 5.9 MPa was attained, resulting into an intact sample with a width
(a) of 16.8 mm and a height (#) of 15.15 mm. The axial cross section of compressed sample
is shown in Figure. 2.
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Table 2 - Particles groups in the cubic sample

Diameter of particle (mm) 0,15 0,18 0,2 0,22 0,25 0,275 0,3 0,355 (dmax)
Particle number in group 90243 | 67505 | 58031 60098 | 76137 | 43143 | 23559 16106
Mass ratio (%) 5.81 7.5 8.85 12.2 22.68 17.1 12.13 13.74
Particle mass (g) 0.399 0.515 0.608 0.838 1.557 1174 | 0.833 0.943

Figure 2 — CFD mesh (left) and DEM sample (right)

Particles in the sandstone sample could develop multiple contacts with their
surrounding neighbors. In its intact state, all bonded contacts were formed at once using
the modified JKR model [14-15]. This model agrees well with the experimental study
with unconsolidated sandstone from the Ustyurt-Buzachi sedimentary basin [10, 24].
Perforation was simulated by driving a penetrometer with diameter of 1.4 mm horizontally
into the sample and then withdrawn. Particle bonds were destroyed in this process, and this
resulted in a damage region of unbonded particles in the middle of the sample as shown
in Figure 2. Further information can be found in similar simulations [14-15].

CFD-DEM simulation. Sand production simulation was conducted by water injection
and producing sand particles at outlet, the particles moved toward outlet under the influence
of the injecting water and were deleted once they exited the outlet. Numerical simulations
of multiphase fluids were conducted to examine the different DEM outlet (sieve sizes).
Water flow was injected on the left inlet surface (44°D’D) with constant velocity about
2.83:102 m/s (Figure 2).

The coupled CFD-DEM formulation in Eq.5 was implemented as model A in the
commercial CFDEM®coupling program. The CFDEM program is a highly parallelized
computational platform that combines the Aspherix® program for the DEM modeling and
the open-source OpenFOAM-8 program for the CFD modeling. The numerical simulations
in this study were executed on a High-Performance Computer System, which was equipped
with 52 multi-threading processors Intel Xeon® Gold 6230R with a clock speed of 2.1
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GHz and 503 GB of memory. A typical simulation of 0.3 s of physical time could take
about 24 days to complete even with the parallel computation that utilized as many as 12
threads using the Message Passing Interface (MPI) protocol.

The CFD mesh grid was developed using the HELY X-OS graphical user interface.
The computational fluid domain in Figure 2 (left) has 2700 cells that formed the same
dimensions of the DEM sample. The CFD mesh cell Ax, equal to 11.2-10* m was chosen
similarly to Khamitov et al. (2022) to achieve the mesh-independent solution, where the
accuracy of the simulation is still acceptable, and computation speed is maximized. The
ratio between the size of CFD mesh and the maximum particle diameter is equal to 3.15.
The divided void fraction model was used for fluid fraction calculation in CFD cell.

The Object 2 of the Karazhanbas oil field’s reservoir properties was chosen for initial
and boundary conditions of the CFD-DEM simulations. The Object 2 is at a depth 290 m
with initial reservoir pressure 4.5 MPa. The average calculated overburden stress for this
Horizon G is found as 5.9 MPa [8]. The all CFD walls in Figure 2 (left) were impermeable
with a no-slip condition. A central “red” zone on the center of surface (BB’C’C) served
as the fluid outlet. The injecting water and saturating oil were assumed as incompressible.
The fluid properties are tabulated in 7able 3. The different DEM holes are implemented
at outlet to simulate sieve affect.

Table 3 — Typical reservoir fluid properties for heavy oil and unconsolidated sandstone

Reservoir fluid Kinematic viscosity, m?%/s Density, kg/m?
Heavy Oil 387,2:10° 940
Water 1-10°¢ 1000

The DEM and CFD simulations used discretization time steps of 2:10% s and 2-107 s,
respectively. To synchronize the two simulations, the CFD simulation was run every
10-time steps of the DEM simulation, which allowed for accurate and efficient two-way
coupling data exchange. The DEM simulation provides the locations of each particle for
the calculating of the fluid volume fraction &, and the particle-fluid interaction force %,
in each CFD cell (Eq. 5). The updated fluid pressure and velocity affect particle gradient
pressure, viscous, and drag forces.

00006 00005 0000 00003 00002 00GOI 0  -0.0001 -0.0002 -0.0003 V0004 -0.0005 00008

= e =

res

Figure 3 — Impermeable perforated DEM wall (red) with hole for particle extraction (sky blue)
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The different sieve sizes were implemented by introducing perforated DEM walls at
the outlet (Figure 3). Fluid boundary conditions didn’t change, but the DEM simulation
conditions varied. The perforated hole radius is » = 1.5; 2;2.5;3 * dmax/2, where dmax is
maximum particle diameter in the sample (7ab. 2).

Results and Discussion. Five numerical simulation cases were conducted to study the
effect of multiphase fluid flow on sand production with different sieve sizes. The water is
injected with constant velocity in the oil-saturated reservoir, reproducing the secondary
recovery techniques [25]. The exact initial and boundary conditions were used for all
cases. The sieve size directly affects DEM particles, finally changing flow behavior during
two-way coupling.

The cumulative produced sand particles and oilcut were plotted in log scale in
Figure 4. Sand production for the no_sieve case increases fast and after 0.21 s becomes
constant, which can define a transient sand production phenomenon [10]. This observation
is consistent with sand production pattern in Ustuyrt-Buzachi oilfields (Figure 1). The
same but deferred in time sand production trends are observed in 3dmax and 2.5dmax
cases. The presence of a sieve only decreases the sand rate but couldn’t hold particles in the
reservoir. The good sand holdup effect is observed in cases /.5dmax and 2dmax. The sand
particles are still smaller than the sieve sizes, however due to micromechanics of particle
interactions and flow distribution, the produced sand mass is still less than 1% (7ab.4).

100%

100000

— - =5sP-2dmax 80%
~~~~~~ SP-2.5dmax
= = =SP-3dmax

SP-No_sieve
—— = 0C-1.5dmax

— - % 0C-2dmax
| » OC-2.5dmax

= = = 0OC-3dmax 0%
[;ano:sieve

50%

70%
10000

Oilcut

1000 £ =k > R —

Total extracted particles

100

0 0.05 0.1 0.15 0.2 0.25 0.3
Time, s

Figure 4 — Sand production VS time

The oilcut parameter, in this study, defined as the fraction of oil in the whole cubic
spacemen (Figure 2) and calculated as:

ocC = Voil/Vrotal (1 1)

where V,; is volume of oil and V,,,, is total volume of the cubic sample. In all cases,

the oilcut behavoiur shows a positive effect of sieve installation. The final oilcut for the
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whole cubic sample deacreases from 23% for no_sieve to 2% for 1.5dmax cases, which
means the oil recovery factor impoves up to 21%. The reduction of sieve size up 2dmax
sufficiently affects the final oilcut, but at the same time, further sieve size desresing doesn’t
improve anything. The final (at #=0.3s) sand production and oil recovery simulation results
are tabulated in 7ab.4.

Table 4 — The final simulations result

Case 1,5dmax 2dmax 2,5dmax 3dmax 3,5dmax
Sieve diameter in d50 2.322 3.096 3.870 4.643 =
Produced Sand mass, % 0.07% 0.59% 45.71% 58.39% 57.04%
QOil recovery factor 98% 98% 94% 88% 77%

It is interesting to note that, the biggest sand mass was produced in the 3dmax case
and equal to 58.39%, compared to the no_sieve case with 57.04% of produced sand mass.
This can be explained by fingering and water coning phenomena, associated with a high
mobility of water to heavy oil and nonuniform displacement [26]. In the cases 2.5dmax
and 3dmax, the sieve couldn’t directly stop the sand production, but sidewards improve
finale oil cut up to 88% and 94% correspondingly.

In this study, the numerical DEM sample was generated based on natural rock from the
Ustuyrt-Buzachi sedimentary basin [24]. Still, due to the complexity of DEM modelling,
only eight particle templates were chosen. The d50 (mean particle size of the sample)
of the numerical sample is the same to the real reservoir. The sieve size in d50 shown
in Tab 4. The sand particles were held on by implementing a sieve with diameters up to
3.096-d50, which is provides the highest oil recovery factor about 98%.

Conclusions. In this study, we applied coupled CFD-DEM modeling to investigate the
sand production and oil recovery behavior in multiphase flow through a cubic sandstone
sample. The DEM model was based on our previous studies of sand production modeling
in Kazakhstan [15-16], and the properties of heavy oil from the Ustuyrt-Buzachi oilfields
were selected to simulate sand particle extraction in the traditional vertical producing wells.

The transient behavior of sand production observed in simulations without a sieve
qualitatively matched findings from existing literature. Sieve size played a critical role in
controlling sand extraction, with smaller sieve sizes leading to lower sand production rates.
Effective sand control was achieved with sieve diameters up to 3-d50 (average particle
diameter), but further increases in sieve size did not halt sand production.

The implementation of a sieve had a dual effect: it managed sand production while
also enhancing the final oil recovery factor up to 21%. Even when the sieve did not fully
stop sand production, it still positively influenced the oil recovery factor. A more detailed
microscopic investigation of these observed phenomena will be presented in our future
publication.

The developed methodology of sieve selection will be used as the sand prediction and
control technique for the traditional vertical-producing wells in the Uytas oilfield, whose
reservoir properties (porosity, rock permeabilities, overburden stresses, high viscous oil,
etc.) are quite similar to Ustuyrt-Buzachi oilfields. @
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