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At a certain stage of oil and gas production, by increasing the efficiency of
requlating water volumes in wells with water-cut production, it is possible to
reduce water cut and increase current oil recovery. When developing oil fields,
in order to maintain reservoir pressure and increase the oil recovery factor,
water or various additives are pumped into the objects.

Available online During some stages of oil field development, various types of water (including

water injected into the reservoir and external water filtered from the top) enter
highly permeable areas and reach the production wells, and the amount of water
in their products increases. In this regard, the main problem is the isolation of
water entering the well by maintaining oil production.
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The presented work describes the development of nanostructured gels that
easily penetrate into the water-saturated depth of the formation in flooded wells,
effectively blocking culverts, without changing the phase permeability of oil,

mathematical modeling of the process, and analysis of the results.

QEYRI-BIRCINS NEFT LAYLARINDA MOHSULU SULASMIS QUYULARDA SUYUN
TONZIMLONMOSININ MODELLOSDIRILMOSI

XULASO

Neftqazgixarmanin  miiayyon  moarhalasinda  mohsulu  sulasmis  quyularin  suyunun tonzimlonma  effektivliyini
artirmagla, quyu mahsulunun sulasmasimin asagr salinmasi va cari neftvermanin artirilmas: miimkiindiir. Neft yataglarinin
islanmasi zamani lay tazyiginin saxlanilmast va laylarin neftvermaomsalinin artirilmas: magsadi ila obyektlara su va ya onun
miixtalif alavalari vurulur.

Neft yataglarin islonmasinin  bazi marhalasinda miixtalif tip sular (o ciimladon, laya vurulan su va yuxari hissadon
siiziilon kanar su) yiiksak kegiricilikli sahalora daxil olaraq istismar quyularina ¢atir va onun mahsulunda suyun migdar:
artir. Bununla alagadar olaraq nefta gora hasilatin saxlanmast sarti hesabina quyuya daxil olan suyun tacrid edilmasi asas
problem kimi miihiim aktualliq kasb edir.

Taqdim olunan isda mohsulu sulasmis quyularda layin su ila doymus dorinliyina asanligla daxil olan, su buraxan ka-
nallar effektiv sakilda baglayan, nefta gora faza kegiriciliyini dayismayan nanostrukturlu gellarin islanmasi va prosesin riyazi
modellagdirilmasi, naticalarin analizi verilmisdir.

Acgar sozlar: metal nanohissacik, maye siisa, riyazi model, tacrid, tazyiq, doyma, konsentrasiya
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MOAEAVIPOBAHME PEI'YANMPOBAHMS BOAbI B CKBAJKMHAX C
OBBOAHEHHOWIIPOAYKIIVEN B HEOAHOPO AHBIX HE®TSIHBIX IT1ACTAX

PE3IOME

Ha onpedereritom amane 000viu Hedmu . 2a3a,1n0601ias 3PPeKmusHoCb  pezyAuposantis. 60001 6 CKEAKUHAX
c00600HeHHOT  NPOOYKUUETL,MOKHO 000UMbCsS CHUXeHUs 00600HeHHOCIU U YeeAuuenus mexyuei  Hedmeomdauu. ITpu
paspadomie HePMAHLIX MeCOPOKOeHUTIC UeAbI0 1000epKAHUS NAACHO6020 OAGACHUSL U NOSbieHUs  Koapduiuenma
HedmeomoaUy NAACMOE 6 00beKNblL SAKAYUBAIONT 600Y UAU PASAUHHLIE ee d00asKU.

B nekomopuix amanax paspadomiu HemsHoiX MecropoxoeHuti pasauurole 6udvt 600 (6 MOM HUCAe 6004, 3AKANUBACMASL 6
nAACH, U GHeuLHss 6004, OMPUALIMPOSAHHAS U3 GepXHell YACMU) Nonadaont 6 GblCOKONPOHULAeEMble YHACMKY U 00CHIUZAIoN
000b16AI0UUX CKEAXUH, A KOAUUECTNEO 600bl 6 UX MPOdYKMAX YeeAuuueaemces. B cessu ¢ amum ocrosHoi npodbremoii s6Asemcst
USOASILUSL 6X0054eTE 6 CKEAXUHY 60001 34 cuem noddepxarus do0buuy no Hedmul.

B npedcmasrenmoii pabome Odatomcs — paspabomka  HAHOCHPYKMYPUPOSAHHVIX 2eAell, AekO0 NPOHUKAIOUUX 6
6000HACHIUEHUI0 2AYOUHY NAACIA 6 00600HEHHVIX CKBAKUHAX, IPPEKMUBHO NePpeKpulsarouux 6000nponycKkHvie KAHAND, He
USMEHAIOUUX PA306Y10 TPOHULAEMOCHTD 110 HePIMU, MAMeMAMIYECKoe MOOCAUPOSAHLE NPOLLeccd, AHANUS PESYAbLINATIOS.

Katouesvie crosa: narouacmuuya memarrd, Kudkoe CMeKA0, MAmemamuieckas MooeAb, KoapPuiuenm U0AIUUU,
dasAeriue, HACviLeH e, KOHUEHMPAU LS.

INTRODUCTION

One of the most important issues of the modern stage of development of the oil and gas
extraction industry is the issue of increasing oil and gas production. By increasing the oil yield in
non-homogeneous formations, the rapid advance of injected water occurs and causes dilution of
the extracted products.

There are a number of methods for preventing premature waterlogging of production wells:
physico-chemical methods of creating a barrier to prevent water ingress; hydrodynamic methods
calculated to create minimal impact on the well's optimal operating mode and the wetted parts
of the productive horizon.

In this regard, the problem of limiting water flow is highlighted. To solve this problem,
tamponade solutions, sediment forming solutions, gels, wetting modifiers, etc. There are quite a
number of methods that allow solving using [1,2].

For this, various tamponage (adhesive) materials, including emulsion composition, polymer
systems, cement mixtures, and gel-forming compounds are introduced into the wetted zone of
oil wells.

A comprehensive analysis of the mentioned technologies was carried out, their capabilities
were evaluated and their shortcomings were clarified. It was determined that one of the most
promising methods of selective isolation of water flow is isolation with a composition based on
alkaline silicate gel. Silicate gel formed by the interaction of silicate sodium and carbon agent is
the best raw material for water flow isolation. Regardless of the size and geometry of the porous
medium, it easily penetrates into the water-saturated depth of the formation and effectively
closes the water-releasing channels. The study of the physico-chemical properties of the
compositions based on silicate gels allowed to identify the optimal composition for filtration
processes and the possibility of increasing the strength of the gel and the resistance to
disintegration against water pressure by adding metal nanoparticles to it with a mass fraction of
0.05-0.07% was substantiated [ 3].

In addition, a mathematical model can be built to prevent the flow of water, and the
problem can be solved. In order to solve the mentioned problem, many works have been
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devoted to the mathematical modeling of the process [4,5]. Despite the conducted research, the
problems of prevention of fluidization of the formation and isolation of gels remain unsolved.

From this point of view, the establishment of a mathematical model that can take into
account the real conditions and the evaluation of the isolation ability of gels based on it is of both
scientific and practical importance.

RESEARCH METHOD

In the presented work, the two-dimensional problem of displacement of oil by water in a
non-homogeneous layer is considered. Production and percussive wells are working in the
formation. The outer boundaries of the layer are assumed to be impassable. The amount of water
injected into the shock wells is given, while the volume of oil and water is predicted in the
production wells.

The process of displacement of oil with water and subsequent isolation of the water flow is
mathematically modeled with the help of the oil and water filtration equations, the balance
equation of the gel distribution in the formation, which provides water isolation in the general
flow, and the equilibrium equation:
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here,t-time; T - the time from the start of water injection to the entry of water into the opera-
tional well; Xand Y - spatial coordinates; M - porosity; S -saturation with water; C and ¢(C) - gel
volume concentrations in water and oil phases; a(S,C) - amount of gel absorbed per unit volume
of porous medium; (X, y) - coordinates of wells; Q). Q, (t)- - volume consumption of water
pumped from the injection well and extracted oil; k;- coefficient of absolute permeability of the
porous medium; f (s,c)and f (S,c)- relative phase conductivities of water and oil phases in
the environment; z,(p,C), x,(p,C)- viscosities of water and oil; p,, p,- pressures of water and

oil phases; p, (S, C) -capillary pressure;|, and |, -are the length and width of the layer, respectively.

The system of equations (1)-(4) of the filtration model is solved within the conditions (5), (6),
and with the help of numerical calculation methods and the Maple program, the unknown
quantities S - water saturation, C - gel concentration in the water phase, and p,, - pressure of the

water phase are found .

Thus,
fQ, ()t

] , %
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Qo (t) = Qo : e_at )
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From the following values of reservoir parameters and also from the properties of fluids
k =0.05-10" 10" m?;
k, =0.05-10"% -107?m?; s,(x,y) =0.2; ¢,(x,y)=0; a(s,c) =0; (10)
i, =3-10°MPa-s, u,=1-10"MPa-s

calculations were made taking into account formulas (7)-(9) and a graph was constructed based
on the obtained results.
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Graph. After the selective isolation of the production well from water change in flow rate of fluid and oil

CONCLUSION

After the adaptation of the hydrodynamic model to the drainage area, the possibility of
increasing the current oil yield by adjusting the technological process was predicted. The
calculation result of the isolation process is presented in the graph above. In Gafik, after the
selective isolation of the production well from water, the dynamics of flow depending on the
working time of liquid and oil are shown. When the well is put into operation after isolation
from water, the production due to oil increases sharply in the initial moments.

The proposed calculation model allows to choose the capillary phenomena in the isolation
of the water flow, the degree of isolation and the depth of penetration of the isolation agent, the
most optimal moment of action, the necessary degree of isolation (residual resistance factor). The
degree of isolation of the water flow significantly affects the efficiency of the process, and by
adjusting the degree of isolation, a significant increase in oil recovery is ensured at any stage of
reservoir development. As the penetration depth of the isolation agent increases, high isolation
efficiency is achieved.
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