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ABSTRACT

Vavrychuk P. Mathematical modeling and numerical analysis of-ph@se filtration

of gas and water in a porous meditn®n the right of manuscript.

The Thesis for Ph.D degree in Technical Sciences in specialty .02.05
AMat hemati cal model i ng Ja@edtre tooMathematecal i o
Modelling of Pidstryhach IAPMM of NAS of Ukrainé Lviv Polytechnic National
Universityof Ministry of Education and Scienoé Ukraine,Lviv, 2018.

The presented worik devoted to research of filtration process of gas and water
in porous medium and development of finding parameters methods of an
underground gas storageork in the presence of water factor. The task of the
scientific and technical character in the fietd mathematical modeling and
computational methods is solve@he introduction indicates the urgency of the
problems, the purposmiented goal and the main tasks of the research. The
connection of work with scientific programs and themes is describexsdibntific
novelty and practical value of the obtained results are formulated. The data on thi
personal contribution of the author, the analysis of the results of the work and
publication are indicated. The first section analyzes the process of gas embvem
the underground storage of gas in the presence of water factor. The requirements f
constructing a mathematical model of such physical processes are considered. Tt
method of processing the input information is given. An overview of the development
of fundamental research in the field of underground hydromechanics, the study o
physical and mathematical models of gas motionWwase gas filtration, methods
of solving gas dynamics equations, theoretical bases of operational methods i
presented. Bsed on the literature review and the analysis of existing methods for
solving problems of information processing and mathematical physics, the necessit
of constructing adaptive mathematical models of mass transfer processes, i
particular, the propagatiomf gas in pipelines, gas filtration in porous media
(underground gas storage), the distribution of impurity substances irsunéace

Soil layers and regularizing methods for solving problems of mathematical physics
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and processing of experimental dataewted on the use of a priori informs ation The
second section is devoted to the mathematical modeling of the process of interchang
of gas with water in the presence of plantar water. In this section, mathematica
models of finding the distribution of wexr pressure in the aquifer, determining the
pressure at the boundary of the-gaser circuit, determining the velocity of the gas
water contact, in order to prevent flooding of the well, have been developed. The
tasks of the hydraulic linkage of the "eegoir of an underground storage of gams
collection point" system and algorithms of their solution are given. The algorithm of
calculation of parameters of a hydraulic coupling of collector method of gas
collection in underground storages is given an analytical way. Numerical
experiments on a number of tasks, in particular: finding the dependence of the
thickness of the water layer and the speed of raising thevgi@s contact, with given
wells, pressure at the gas collection point, pressure otower boundary of the
water layer, parameters of the porous medium; finding of the relationship betweer
pressure at the gas collection point, reservoir pressure and the speed of raising tl
gaswater contact, with given wells, pressure on the lower bayndathe water
layer, the thickness of the water layer, parameters of the porous medium; finding the
dependence between the discharge of the well, reservoir pressure and the speed
raising the gasvater contact, at a given pressure at the gas collegtion, pressure

on the lower boundary of the water layer, the thickness of the water layer, parameter
of the porous medium. Found in the course of a numerical experiment, the ratic
between the discharge of the well, the pressure at the gas collectiun tpei
reservoir pressure and the speed of raising thevgsey contact make it possible to
correct the input data to prevent the flooding of the well. The results of the study car
be used to calculate the pressure depression in the reservoir durdejehmaination

of the boundary anhydrous debit. The third section is devoted to the mathematica
modeling of the process of diffusion of gas into water during operation of an
underground gas storage facility. In this section mathematical models of gasodiffu

in porous media are constructed taking into account the convective component

finding the mass of diffused gas in water. An approach was developed for estimating
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the amount of diffused gas in water during operation of an underground gas storag
facility. The influence of the diffusion coefficient, the pressure at the interface
between the "gawater" and the pressure at the bottom of the water on the amount of
diffused gas is studied. It is shown that the diffused gas is mostly located in the uppe
patt of the water layer, and also that the diffusion gas is significantly influenced by
the diffusion coefficient and the size of the formation. Significant influence on the
amount of gas also has pressure on the border of the/ales separation and the
insignificant effect of pressure on the lower limit to maintain gas displacement.
Numerous experiments on a number of tasks, including the determination of the
number of diffused gas, the dependence of the mass of diffused gas on the diffusio
coefficient, et., have been carried out. The results obtained during the computationa
experiments allow to estimate the amount of gas in underground gas storage laye
and allow to adjust the parameters of underground gas storage to reduc
dyfunduvannya gas in the wate&hile working underground gas storage. The fourth
section is devoted to the mathematical modeling of the gas flow process in
underground gas storage in the presence of water flow. In this section, the process:
gas removal at a steady speed of its mammn the vibe zone based on the
successive change of stationary states is investigated. A hydraulic connection of th
process of replacing methane with water from the massed mass transfer system w.
constructed. The mathematical models of determinafiga® and water pressures on
the interface between "gagter"”, water pressure on the external contour of water are
developed. The balance model of replacing the gas with water was constfinged.
conducted numerical experiments made it possible to dstittna height of the water
column, which must be maintained for the efficient exploitation of underground gas
storage facilities, to establish a number of relationships between different parameter
of the porous medium

Numericatanalytical iterative methis for solving the above tasks are adapted.
Recommendations concerning the operationuntlerground gas storaga the
presence of water factor are proposdiw rumericatanalytical models of gas

filtration in underground storage facilities and operabmnderground gas storage
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in the presence of water factor, as well as methods of their research are proposed
the work. The obtained theoretical results made it possible to investigate the pare
meters that influence the operationusfderground gas stageand the possibility to
correct them accordingly in order to improve the operatiorurederground gas
storage The results obtained in thbesisresulted in:construction ofalgorithms for
calculating the parameters that irghce the work of thanderground gas storage
the presence of plantar or contour waestimaton of the speed ofjaswater contact
in order to prevent flooding of the we#lstimaton of the amount of gas available in
water, depending on the pressun the formation ofunderground gas storgge
development ofthe mathematical support and a package of applications for

finding the parameters of the effective operatiommderground gas storagewater
pressure mode.

Keywords: mathematical modelling, filtration of gas and waterporous
medium diffusion, convection,underground gas storagggaswater contagt gas

collection point
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