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Abstract. This research explores the application of gravel filters in oil wells to mitigate sand
production. The study focuses on a novel approach utilizing a bitumen-based binder to create a
durable and efficient gravel pack. A comprehensive review of traditional gravel filter designs
and their limitations is presented. Experimental results demonstrate the improved strength and
stability of the bitumen-bound gravel pack, as well as its controlled dissolution rate in
hydrocarbon environments. This innovative solution offers several advantages, including
enhanced well productivity, reduced maintenance costs, and improved environmental
performance. The paper concludes by discussing the potential applications and future research
directions for bitumen-bound gravel filters in the oil and gas industry. The recommended gravel
filter design, utilizing a gravel-bitumen mixture, is proposed to enhance efficiency and reliability
in oil and gas well operations.

1. Introduction

To combat sand production in oil wells, many different methods have been developed and implemented,
among which the most widely used are methods based on the use of filters of various designs that
effectively prevent the penetration of sand and other particles into the productive formation. Mechanical
filters can be of various designs: gravel-wash, frame-gravel, multilayer mesh, gravel-packed and others.
They play a key role in maintaining the integrity of the well and preventing clogging of well equipment,
which ultimately contributes to stable hydrocarbon production and reduced operating costs [1, 2, 3].

In practice, the oil and gas industry use various types of filters, each with its own characteristics and
advantages. Among them are slotted, mesh, wire, ceramic, metal-ceramic, lavsan filters, as well as filters
with a titanium filter element and fiberglass structures. Each of these filters is designed considering
specific operating conditions and product characteristics, which allows optimizing production processes
and minimizing the risks associated with sand removal [4].

Slotted and mesh filters, for example, are used in conditions where high throughput and minimal
flow resistance are required, while ceramic and metal-ceramic filters provide increased durability and
corrosion resistance. Lavsan and fiberglass filters are used in environments with aggressive chemicals,
where a combination of chemical resistance and mechanical strength is required. [5, 6].

However, despite the significant amount of research conducted by various authors, there is currently
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no general approach to solving the problem of filter selection. After analyzing the methods of combating
sand production in search of the best method, the conclusion suggests that each well requires an
individual approach [7, 8, 9].

In this regard, the purpose of the performed research is to consider existing types of gravel filters
with the choice of creation method, justification of parameters and materials for its creation.

2. Methods

2.1. Justification for choosing a gravel filter

Filters are often used in well operation, in which gravel backfill is retained by means of casings
made of metal and synthetic mesh. Casing filters are installed to collect water from fine-grained sands,
and in these cases, after lowering the casing filter into the well, the second layer is backfilled
by gravity. However, in some cases, filters for deep wells are installed without additional gravel backfill
[10].

There are two main groups of gravel filters - those created on the surface and those created at the
bottomhole (table 1). Gravel filters created on the surface (casing, basket, block) are relatively
inefficient, quickly become clogged, are complex and expensive to manufacture and difficult to install
in the well. In addition, after lowering the filter into the well, it is necessary to backfill the second layer
using the gravity method, which increases the time costs. Gravel filters created at the bottomhole, despite
all their advantages, do not always provide high quality gravel backfill. At the same time, to ensure the
required backfill thickness, it is necessary to increase the diameter of the well and expand the filter zone
of the well.

Table 1. Classification of gravel filters.

Gravel filters with single-layer or multi-layer filling,
collected on the surface of the earth
Basket- Casing Block type With single layer coating With multi-layer
shaped Thin-layer  Sprinkling of the ~ coating
sprinkling extended contour
40-50 mm with a thickness of

Gravel filters created at the bottom of the well

thick 100-200 mm or
more

Duetothe  They are made They are made Sprinkling is  Backfilling is They are
low based on steel from gravel based carried out  carried out using  constructed by
productivity slotted pipesand  on the bonding of along the the following drilling large-
and meshes, wooden its particles with  inter-pipe methods: drilling  diameter wells
complexity pipes and meshes, the following space with large-diameter and auxiliary
of the steel pipes and substances: particles wells, pumping columns.
installation, stamped sheet sulphite alcohol freely falling with an airlift,
they have  steel, vinyl plastic ~ stillage, cement,  onto the drilling wells with
not been pipes and meshes, BF-4 glue, bottom. an airlift, drilling
widely used. metal frames made bitumen, bakelite wells through a

of rods, meshes varnish, liquid filter, pumping

made from glass, rubber glue, gravel to the face,

synthetic materials epoxy resin. and the caving

(polyethylene, method.

polystyrene, etc.).

Tubular support frames, made of perforated sheet, as well as frame-rod frames are the basis for the
casing filter. For the construction of casings, a construction grid made of simple square-weave steel with
a cell size of 1x1 or 2x2 mm and rarely more is used. In the practice of well construction, meshes made
of synthetic materials are also used. For large diameter wells up to 100 m deep, the thickness of the
gravel backfill in the casing can vary from 35 to 70 mm [11].

Binding of gravel filler with a binder produces a cemented filler skeleton, and the permeability of
the filler with resin is greater than that of the formation rock, thus reducing the possibility of gravel
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absorption by the drained formation, and therefore contamination of the formation [12].

When developing gravel filters created at the bottomhole, it is necessary to consider the category of
the well according to the condition of its bottomhole zone, determined by the stability of the rocks.

On the figure 1 categories of wells with different conditions of the bottomhole zone, usually found
in underground gas storage facilities, are presented. Their use is recommended under the following
conditions.

In the first option (figure 1a), used for weakly stable rocks that collapse under pressure gradients
from 0.005 to 0.1 mPa/cm, gravel backfill is carried out after lowering and cementing the production
casing to the roof of the reservoir and opening it with subsequent expansion [13].

In the second option (figure 1b) the construction of a gravel filter is carried out in a perforated
production column when the reservoir is represented by unstable rocks, which, when soaked, become
fluid and are destroyed at pressure gradients of up to 0.005 mPa/cm.

Third option (figure 1c), in which zones are first created in the formation from filled gravel behind
the perforation holes of the production column, and then a gravel filter is constructed inside the column,
which is a modernization of the second option to obtain higher daily oil production with lower
depressions in the formation in the presence of the necessary downhole equipment.
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Figure 1. Category of wells with different conditions of the bottomhole
formation zone: a - open face, b - perforated column, c - face with
hydraulically compacted gravel zones behind the perforations, d - gravel filter.

All this leads to an increase in time and financial costs [14]. In order to reduce them, it is
recommended to create a filter on the surface, with subsequent delivery and formation of the filter part
directly in the productive formation.

The advantages of using this technology over other gravel backfill options are:

- reliability of delivery of gravel filter.

- preventing gravel settling above the filter zone (in cracks, caverns and narrowings of the wellbore).

- dense and uniform shrinkage of gravel along the height and perimeter of the water-intake part of
the filter (prevention of the formation of voids).

- labor costs for well construction are reduced.

- the ability to differentiate gravel filter fractions by size.

Based on the above, we choose to create a gravel filter on the surface using a soluble binder to hold
the gravel filler. Let's consider the technological conditions and the main components necessary for the
construction of this type of gravel filter in an oil well.
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2.2. Theoretical basis for the creation of a gravel filter
There are several basic conditions that must be considered when constructing a gravel filter, which
serves to prevent sand removal and destruction of the bottomhole formation zone.

First, the reservoir formation must be penetrated in a manner that prevents the formation walls from
collapsing. The well face must remain stable from the moment of formation penetration and expansion
until the filter cage is lowered and the gravel delivery process is completed. The flushing fluid used to
penetrate the formation must not irreversibly impair the filtration and capacity properties of the rocks in
the bottomhole zone.

The second condition is the ratio between the granulometric composition of the formation sand and
the fractional composition of the selected gravel, as well as the ratio between the sizes of the gravel
grains and the size of the holes in the filter frame. The thickness of the gravel filler is also of no small
importance. The selection of certain sizes of gravel particles is necessary so that the formation sand does
not penetrate into the gravel filler and forms stable arched structures in contact with it [15, 16].

The third condition is the choice of gravel binder. The binder is necessary for delivering gravel to
the well bottom and creating a stable gravel mass. The gravel must completely occupy the annular space
between the filter frame and the well or perforated column and must not be able to repack under the
action of the alternating filtration flow of oil with liquid. The gravel binder must not clog the formation
and form a viscous emulsion with formation fluids, must have the ability to bind and transfer large (up
to 1000...1500 kg/m?®) concentrations of gravel [17, 18].

The fourth condition is that the carrier fluid must have sufficient density to prevent gas manifestations
in underground gas storage wells with abnormally high formation pressures. In order to prevent this, the
method of studding the outlet solution at the wellhead is also used to create counter pressure on the
productive formation, which usually has abnormally high pressures.

In addition, there are also additional requirements for the filter design [19]:

- dissolution of the binder should occur within 5-10 hours after the start of lowering into the well;

- the structure must not be damaged during the process of lowering the casing;

- ensuring minimal hydraulic resistance when lowering into a process well;

- the possibility of easy and reliable assembly of the filter with the casing column;

- implementation of high-quality, uniform compaction of gravel casings in the filter section of the well.

The recommended shape of the gravel filter may be a rotational figure, such as: a solid cylinder, a
capsule, a cylinder with longitudinal ribs, a cylinder with longitudinal holes in the body for liquid flow,
a cylinder of variable diameter, etc.

2.3. Selecting gravel filler

On diagram of gravel filter (figure 2) equipment is shown. Qil or other formation fluid that flows from
the formation into the well passes through two concentric zones of different permeability. Research in
work [20] showed that the use of a gravel filter increases the flow rate of the well compared to the flow
rate of the same well without a gravel filter. The dependences of the ratios on figure 3 of well flow rates
with a gravel filter (Qg, m*hr) and without it (Qo,, m*hr) on the ratio of the permeabilities of the gravel
pack (K1) and the reservoir formation (K3) for different radius of the gravel pack (R, m) and a supply
circuit of 100 m are presented. On figure 4 shows the change in the Q4/Q, ratio depending on the
thickness of the gravel pack [21].

Point A on figure 4. corresponds to the case of equal permeabilities of the formation and gravel
(K1=Ky), that is, gravel is not pumped into the well.

From figure 3 and figure 4 it follows that the flow rate of a well with a gravel filter increases with an
increase in the permeability of the gravel and an increase in the radius of the gravel pack. With an
increase in the radius of the gravel zone of more than 0.2 m, the flow rate of the well increases
insignificantly (figure 3).

From figure 4 it follows that for the same the thickness of the gravel layer, the flow rate increases
significantly with an increase in the permeability ratio up to the value Ki/K;=20, and above this value it
increases insignificantly [22].
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Figure 2. Scheme of equipping the near-
wellbore zone with a gravel filter: 1 -
well; 2 - filter frame; 3 - gravel packing;
4 - reservoir; 5 - host rocks.

0y/Oo

1.3
Figure 3. Relationship between the ratio
of flow rates Qg/Q, and the thickness of

11 the gravel layer (well) for various values
of permeability ratios: 1 - Ki/K; =2; 2 -

0.1 0.2 R Ki/Kz = 4; 3 - Ki/Kz = 20; 4 - Ki/K; = o0,
Q¢/Oo
3
2
1
2 4 6 8 KVEK;

Figure 4. Relationship between the ratio of flow rates Qy/Qo
and permeabilities Ki/K»: 1-R=0.2;2-R=0.5;3-R=1.0.

The size of the gravel grains is determined by the size of the formation sand grains that must be

retained.
To determine the size of particles that can be carried away by the filtration flow, we use the following

relationship:
= m_D (1)
n
where d is the particle diameter of massif, m; D is the diameter of gravel, m; m is the porosity coefficient,
and 7 is the “free passage” coefficient, taken from 1.1 to 1.5 depending on the filtration flow rate.
The porosity coefficient, depending on the packing density of particles, is known to vary from 0.15
to 0.47.
Then, with m=0.15 and 7 =1.5 we get:

d

d<P
10

Consequently, particles with a diameter equal to d <0.1D will be freely carried out through a gravel

)
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filter consisting of grains with a diameter of D, which is consistent with the experiments of
AN. Patrasheva and V.N. Kondratieva [23, 24, 25].

Based on the above provisions, the size of gravel in the gravel backfill should be no more than 10
diameters ( D <10d ) of the particles that make up the collector.

2.4. Selecting gravel binder

The main requirement for the binder is to obtain a tightly bound structure for the possibility of
transportation to the well bottom, as well as the ability to dissolve in a hydrocarbon environment or
other solvents.

One of the materials for binding gravel that meets these conditions is bitumen. Bitumens are solid or
resinous products consisting of a mixture of hydrocarbons and their nitrogenous, oxygenous, sulfurous
and metal-containing derivatives. Bitumens are insoluble in water, completely or partially soluble in
benzene, chloroform, carbon disulfide and other organic solvents. The density of bitumen is 0.95-
1.50 g/cm?, its properties depend on the quality of the oils included in the mixture, mainly their oxidation
and sulfur saturation.

Solid gravel-bitumen cylinders with a diameter of 10 cm and a height of 10 cm were used as control
samples.

The concentration of components in the samples is presented in table 2.

Table 2. Component concentrations.

No.  Mixture composition Component concentration %

1 Gravel 98 975 97 966 957 95 945 94 932 92
2 Bitumen 2 25 3 34 43 5 55 6 6.8 8
3 Strength, MPa 058 062 079 085 114 126 121 115 116 111

2.5. Investigation of the strength of the binder
Before testing for compression and crack resistance, the samples are kept in a glass container with
technical water, where the water temperature is 0°C.

After testing the samples for compression, it was found that the maximum destructive load at 0°C is
achieved at 1.26 MPa (figure 5).

1.5

Compressive strength, MPa

1 2 3 4 5 6 7 8 9
Bitumen concentration, %
Figure 5. Strength of gravel packing.

After testing the samples for compression, tests were conducted for dissolution of the binder and the
optimal solvent for this formulation was determined. The following substances were chosen as solvents:
acetone, solvent 646, kerosene, white spirit, light oil.

The rate of dissolution in each of the above substances is shown in table 3. The rate of sample
dissolution also depends on the rate of solvent washing and the ambient temperature.
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Table 3. Dissolution rate of bitumen-bound sample.

Solvent Acetone Solvent 646 Kerosene White spirit Light oil
D'SS.OIUtlon Dissolution is 2h7min 6 hours 1h 51min 2h 25 min
time weak

Thus, it is seen that hydrocarbon compounds such as white spirit or solvent are preferable as a
solvent. In addition, the use of this binder in oil wells allows the binder to be dissolved by the
surrounding formation fluid.

3. Results and discussion

The research showed that several key conditions must be strictly observed to create an effective gravel
filter. First, the formation must be opened in such a way as to prevent the wellbore walls from collapsing,
since the destruction of the formation walls can reduce the filtration and capacity properties of the
bottomhole zone, which will lead to a deterioration in production. The drilling fluid used should not
irreversibly worsen the permeability of the rocks, so as not to disrupt the flow of oil or gas.

The correct ratio of the particle size characteristics of gravel and formation sand plays a key role in
the effectiveness of the gravel filter. To prevent sand from penetrating into the gravel filter, it is
important to select gravel in such a way that formation sand cannot penetrate into the gravel fill, but at
the same time stable arch structures are formed at the contact of sand with gravel. These structures
prevent further sand removal and also increase the service life of the well. When using gravel filler in
the well, the flow rate increases significantly, since the permeability of the gravel allows maintaining a
high flow of formation fluid and prevents the destruction of the formation.

It is shown that increasing the gravel layer thickness leads to a significant increase in well flow rate
only up to a certain level. The graph (figure 3) demonstrates that with a gravel layer radius greater than
0.2 m, the flow rate increase becomes insignificant, which confirms that it is necessary to maintain
optimal parameters to improve the efficiency of the system. Excessive increase in gravel layer thickness
not only does not improve efficiency but can also increase well construction and maintenance costs.

The most important factor in the efficiency of a gravel filter is the permeability of the gravel
compared to the reservoir. From the analysis of the graphs (figure 4), it follows that the ratio of gravel
permeability to reservoir permeability has a significant effect on well productivity. Up to the value of
Ki/K,=20, the well flow rate increases, but further increase in this ratio has almost no effect on
productivity. Thus, it is important to select gravel with optimal permeability for maximum flow rate. If
the gravel permeability is too high compared to the reservoir, this will not bring significant benefits in
increasing production but may complicate the filter installation process and lead to additional costs.

It has been shown that the size of gravel grains should be no more than 10 times larger than the size
of formation sand particles. This criterion is based on experimental data confirmed in studies and ensures
that the filtered sand will not be able to penetrate the gravel layer. This relationship shows that
excessively large gravel particles will not provide sufficient filtration, which can lead to sand penetration
and clogging of the well.

Using bitumen as a binder for gravel. Bituminous materials have several important properties, such
as insolubility in water, resistance to formation fluids and the ability to maintain strength during
transportation of gravel into the well. As a result of experiments, it was found that the optimal
concentration of bitumen (5%) provides maximum strength of the gravel structure under compression
(1.26 MPa). This concentration prevents the destruction of the gravel filter under the action of filtration
flows of oil and gas, which makes the system stable and durable.

The tests showed that gravel-bitumen cylinders at 0°C have high compressive strength (1.26 MPa).
This characteristic indicates that the binding structure can withstand significant loads during filter
transportation.

During the experiments, the solubility of the bitumen binder in various solvents, such as acetone,
solvent 646, kerosene, white spirit and light oil, was analyzed. It was found that the most effective
solvent is white spirit, which ensures complete dissolution of the bitumen in 1 hour 51 minutes. This
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allows it to be used to remove the binder after the completion of the filter and normalization of the well
operating conditions. This property of bitumen makes it especially useful in oil production, where filters
must be stable during descent and delivery, but easily soluble after performing their function.

The study also showed that using hydrocarbon solvents such as light oil effectively dissolves
bitumen, allowing natural fluids to be used to remove the binder. This reduces the additional costs of
using special chemical solvents and makes the process more economical and environmentally friendly.

The described research results confirm that the correct design of a gravel filter and the selection of
the optimal composition and structure of the gravel filler can significantly increase the flow rate of wells
and prevent sand removal, thereby increasing the economic efficiency of oil field development.

4. Conclusions
After analyzing the available technologies, it was shown that the most acceptable option for creating a
filter section of oil producing wells is the lowering of a gravel filter in a bound state.

Recommended parameters of the gravel filter: gravel zone radius no more than 0.2 m, ratio of gravel
filler diameters to formation rock particle diameters 10.

It is recommended to use bitumen as a filter binder, which dissolves in a hydrocarbon environment
or other solvents and at the same time has a strong structure.

According to the conducted research, the use of bitumen for binding gravel allows obtaining a tightly
bound structure for the possibility of transporting the filter to the bottom of the well, which is capable
of dissolving in a hydrocarbon environment or other solvents.

References

[1] Galkin A and Pyrig Y 2021 Overview of bitumen binders used in Ukraine Dorogi i mosti 60-75

[2] Chudyk I, Sudakova D, Pavlychenko A and Sudakov A 2024 Bench studies of the process of
transporting an inverse gravel filter of block type along the well IOP Conference Series: Earth
and Environmental Science 1348, 012009

[3] Kozhevnykov A, Khomenko V, Liu BC, Kamyshatskyi O and Pashchenko O 2020 The history of
gas hydrates studies: From laboratory curiosity to a new fuel alternative Key Engineering
Materials 844 49-64

[4] Chudyk I, Sudakova D, Dreus A, Pavlychenko A and Sudakov A 2023 Determination of the
thermal state of a block gravel filter during its transportation along the borehole Mining of
Mineral Deposits 17 75-82

[5] Khomenko V, Ratov B, Pashchenko O, Davydenko O and Borash B 2023 Justification of drilling
parameters of a typical well in the conditions of the Samskoye field ICSF-2023 IOP Publishing
IOP Conference Series: Earth and Environmental Science 1254, 012052

[6] Chernova M, Kuntsyak Y, Ratov B, Sudakov A and Nuranbayeva B 2022 Substantiation of the
use of polymer-composite materials, which reduce the influence of dynamic friction forces of
macrostructural surfaces, when drilling wells 417-428

[7] Ratov B, Borash A, Biletskiy M, Khomenko V, Koroviaka Y, Gusmanova A and Matyash
O 2023 Identifying the operating features of a device for creating implosion impact on the
water bearing formation Eastern-European Journal of Enterprise Technologies 5 (1), 125

[8] Bierman C, Greyling A and Andresson O 2023 Bitumen stabilised materials: producing foamed
BSM from recycled incinerated bottom ash

[9] Sudakov A, Dreus A, Ratov B, Sudakova D, Khomenko O, Dziuba S, Muratova S and Ayazbay
M 2020 Substantiation of thermomechanical technology parameters of absorbing levels
isolation of the boreholes News of National Academy of Sciences of the Republic of Kazakhstan
263-71

[10] Akimov A, YadykinaV, Lebedev M, Denisov V, Inozemtcev S, Inozemtcev A, Korshunov A and
Pilipenko A 2024 Development of an energy-efficient method of obtaining polymer-modified
bitumen with high operational characteristics via polymer—bitumen concentrate application
Journal of Composites Science 8 337



VI International Conference "Essays of Mining Science and Practice" (RMGET 2024) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 1491 (2025) 012012 doi:10.1088/1755-1315/1491/1/012012

[11]

[12]

[13]

[14]
[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]
[23]
[24]

[25]

Maha M, Idham M and Hainin M 2024 Full extraction of Asbuton bitumen for binder replacement
in warm mix asphalt IOP Conference Series: Earth and Environmental Science 1369, 012026

Sudakov A, Khomenko O, Isakova M and Sudakova D 2016 Concept of numerical experiment of
isolation of absorptive horizons by thermoplastic materials Naukovyi Visnyk Natsionalnoho
Hirnychoho Universytetu 12-16

Rohith D, Srikanth K, Chowdary V and Csrk P 2016 Performance evaluation of gravel road
sections sealed using open graded premix surfacing with bitumen and bitumen emulsion as the
binders Transportation in Developing Economies 2

Yadykina V, Denisov V, Akimov A and Vyrodova K 2023 Obtaining energy-efficient polymer-
bitumen binders using polymer-bitumen concentrate

Wu M, Cai H, Wang H, Hua J, Liang J and Zhang Y 2022 Stabilization and reinforcement effect
of fibers on a bitumen binder ACS Omega 7

Koroviaka Ye, Stavychnyi Ye, Martsynkiv O, Ihnatov A and Yavorskyi A 2024 Research on
occurrence features and ways to improve the quality of productive hydrocarbon horizons
demarcation Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu

Chowdhury R, Herrington P, Sharp M and Kerkhof L 2024 Use of lignin as a bitumen extender
to enhance the performance of bitumen binders in New Zealand

Wreczycki J, Demchuk Y, Bielinski D, Bratychak M, Gunka V, Anyszka R and Gozdek T 2022
Bitumen binders modified with sulfur/organic copolymers Materials 15 (5), 1774

Stavychnyi Ye, Koroviaka Ye, lhnatov A, Matyash O and Rastsvietaiev V 2024 Fundamental
principles and results of deep well lining IOP Conference Series: Earth and Environmental
Science 1348, 012077

Alekseenko V, Verkhoturova E, Zhitov R and Nebratenko D 2024 Rheology properties of
bitumen binders with various fillers Vojnotehnicki glasnik 72 695-707

Salawudeen T, Olatunde A, Kolapo S, Omolola J, Olukemi O, Mufutau A, Olaosebikan O and
Saka A 2024 Durability of bitumen binder reinforced with polymer additives: Towards
upgrading Nigerian local bitumen Heliyon 10

Zakaria N 2020 Characterisation of bitumen and asphalt mixture with recycled waste plastic
(RWP) modified binder

Tladi M, Mashifana T and Sithole T 2023 Utilization of plastic waste and waste rubber tyres to
modify bitumen binder in road construction Key Engineering Materials 947

Saveleva N, Shed S and Savelev Y 2023 Gravel padding filters for combating sandblasting in
wells E3S Web of Conferences 460

Bustin RM and Guo Y 1999 Abrupt changes (jumps) in reflectance values and chemical
compositions of artificial charcoals and inertinite in coals International Journal of Coal
Geology 38 3-4



