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The article presents methods for constructing mathematical models of non-stationary filtration
processes that take into account the structure of gas layers in porous media. The well development
time, pressure, gas parameters - viscosity, layer permeability, its dimensions, as well as the number
of wells and their coordinates, well flow rate and initial porosity coefficient values are given, as well
as the ability to view 2D pressure in the layer section and 3D graphs of the complete diffusion
processes in the layer. In addition, the pressure drop in gas layer wells and the pressure-dependent
change in porosity are also reflected. The necessary information is provided on the application of
effective computational methods to solve the boundary problem. These methods serve to solve
problems of non-stationary gas filtration processes.

Keywords: Filtration processes, mathematical models, layer pressure, finite difference
method, software interface.

1. Introduction

The study and prediction of filtration processes in gas fields, taking into account changes in
hydrodynamic parameters, is considered one of the important scientific and practical problems.
Efficient management of these processes is crucial for maximizing the utilization of gas fields,
conserving resources, and enhancing the economic efficiency of production processes. To achieve this
goal, modern mathematical models and numerical simulations play a vital role in accurately analyzing
gas field parameters and predicting their development under various hydrodynamic conditions. Such
models not only enable precise analysis of gas movement but also improve economic efficiency and
promote rational resource utilization. Through computational algorithms and visualization tools, these
processes can be analyzed accurately and presented in a simplified manner[5].

Currently, significant attention is being paid to developing mathematical models, efficient numerical
algorithms, and software solutions to address the challenges that arise when studying and predicting
filtration processes in single-layer and multi-layer gas fields. This highlights the importance of creating
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mathematical models that account for changes in hydrodynamic parameters during filtration processes,
analyze numerical results, and present them in visual, graphical, and animated formats through
computer-based models. Improving computational algorithms remains one of the key tasks of the day.
Furthermore, the development of mathematical models, efficient numerical algorithms, and software
packages for non-stationary filtration processes in dynamically interconnected gas layers, where
porosity coefficients vary depending on pressure, represents targeted scientific research.

To date, nearly 300 oil and gas fields have been discovered in our country. The application of modern
technologies, rapid computations, and purposeful use of the latest computer technology capabilities are
among the pressing issues in the extraction of these fields. Solving practical problems in the oil and
gas industry requires systematic programs that involve numerical modeling and the use of
computational algorithms on modern computers to enhance efficiency. In this process, applying quasi-
linear methods alongside finite difference methods and the method of characteristics in each direction
is essential for calculating the main indicators of gas fields while considering hydrodynamic
parameters. Accounting for hydrodynamic parameters in calculations, enabling rapid computations,
and predicting subsequent pressure changes in gas wells are regarded as priority issues from both
economic and safety perspectives[8].

Improving the efficiency of oil and gas field operations holds significant importance in the oil and gas
industry. In the development of this sector, mathematical modeling plays a crucial role in maintaining
artificial pressure in oil or gas layers through water flooding, increasing layer productivity, and
forecasting key performance indicators. Additionally, creating monitoring information systems for oil
and gas extraction is vital.

It is well known that in oil fields, a drop in pressure within the layers is observed over time at certain
stages. In such cases, to increase oil production, the pressure in the layers is artificially increased during
oil field operations by using the "flooding" method. This method involves injecting water either from
outside the oil contour or from within the contour. The external flooding method is applied to small-
volume oil fields, where water is injected through wells located very close to the outer contour. The
internal flooding method is used for oil layers with low permeability coefficients, where water is
injected through partially water-filled oil wells or nearby water wells.

2. Materials and Methods

Mathematical modeling of such problems for two-layer oil fields with low-permeability layers that are
dynamically interconnected is considered quite complex[9].

Mathematically, such processes in a two-layer porous medium are formulated as a "moving boundary
oil-water problem," and the problem is expressed in the following boundary value form.
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Here:

P, P, - Layer pressure;

M., 1, - Dynamic viscosity coefficients;
ki,ko,kiz - Layer permeability coefficients;
m1,m; - Porosity coefficients;

hi,ha,hz - Layer thicknesses;

0., 9,, -0il well production rate;

0...9,, - water well flow rate;
&, a, - oil saturation coefficients
I,1, - internal boundary, water-oil partition boundary.

To numerically model and solve the problem, we use the finite difference method. For this purpose,
the system of differential equations (1)-(3) and the boundary conditions (4)-(9) are approximated at the
k+1 time layer, resulting in the following system of finite difference equations:
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P — The value of the pressure function at the previous time step.
The formula for the progonka method used to solve the system of finite difference equations for oil

reservoirs can be written as follows: B, ; = AR, ; +BPy.,; +C
Py =APy.;+BP..;+C 1=012,..,N-L1 Similarly, we write the solution for water reservoirs
as follows:
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Here, the progonka coefficients are determined using the following boundary formulas[3]:
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At the boundary points, the A),B,,C,, A, B;,C, coefficient values are determined using the finite
difference equations derived from the left boundary condition.
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Using the above finite difference equation, along with (i=N-1 for) and the right-hand side
conditions, we will find the values of the pressure functions P, and P, at the right boundary

points. By making substitutions in these equations for B, and P,,, we arrive at the following
equations:
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By solving this system of equations for P,y and P,y , we obtain the following:
P =(5,5:—S:8,)/(5,S,-S,S,),
P =(S:8,-8,5,)/(S,S, - $,S,)
Here,
Sl :[(SaNfl—c B )_(4aN—1_bN—l)AN—1_dN—lB;\l—l]’
,=[—(4ay, -0y )By —dy AL |,
Sy =| fy+dyCy s +(4ay by 1)Cy .y |,
4aN P

5,=[(3802 60 )~ (420 by ) A0, B
S, =[~(42 10y )Bus—diaAy L |

Sé :|:fl\ll—1+dll\l—1CN 1 (4aN 1 bN 1)CN—1:|'
The above finite difference formulas are also valid for the k+1 time layer.
The state of the moving boundaries is determined at each time interval by the following formulas:
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Here 1, ;- division limit velocity vector IY =i ; =1(xt,).

It should be noted that the application of the propulsion method for the above-mentioned finite
difference system in solving the boundary value problem ensures the absolute stability of the
calculation process.

3. Results and Discussion

Based on a mathematical model and calculation algorithm, software was developed using the Matlab
software tool to calculate the main indicators of gas field development in a single-layer and
dynamically connected two-layer system, and computational experiments were conducted in it to take
into account changes in the hydrodynamic parameters of the pressure distribution in the layer.

At high values of permeability and transmissibility coefficients, pressure distribution in the reservoir
occurs rapidly. Conversely, at high values of viscosity coefficient and well flow rates, pressure
distribution in the reservoir occurs more slowly. This, in turn, leads to a decrease in the reservoir's
porosity coefficient.

Thus, an increase in reservoir flow rate significantly affects both pressure changes (decline) and
variations in the reservoir porosity coefficient.
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The calculation experiments based on the parameter values given in Figure 1 illustrate the results of
gas field development over a period of 1080 days.

The first graphs at the top depict pressure distribution in the upper and lower layers of the reservoir.
The first of the two middle graphs shows the pressure distribution in the cross-section of the first and
second layers, while the second graph presents the dynamics of gas field development in the second
layer over 360, 720, and 1080 days.

Finally, the last two graphs analyze the effect of pressure variations in the upper and lower layers on
porosity, represented using contour graphs (Figure 1).

pressure spread in the upper layer pressure spread in the lower layer

7 dynarhics of pressure ¢hanges in
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| |
| | |
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Figure 1. Graphs of pressure distribution in layers and its effect on porosity changes.

As a result of computational experiments, the influence of hydrodynamic parameters such as gas
viscosity, well flow rates, permeability and porosity on the development regime of two-layer gas fields
was studied. The results of computational experiments showed that these parameters are important in
analyzing the main indicators of the filtration process in the development of gas fields.

4. Conclusion.

The developed software package allows for a complete study of existing and newly commissioned oil
and gas wells. It is possible to conduct real-time computational experiments and obtain reliable
information about the field. This developed software package is specified in the acts of its
implementation.
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