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Abstract. Kazakhstan is one of the world's largest oil-producing regions. Among the
explored and exploited deposits, the largest are Tengiz, Zhanazhol, Karachaganak, Uzen,
Zhetybay, Kalamkas, Kumkol and a number of others. The extracted oils are very diverse in terms
of their physical and chemical properties, the content of asphaltenes, resins and paraffins. Many
of them contain significant amounts of carbon dioxide, sulfur and its compounds. Kazakhstan has
extensive experience in the development, development and operation of such deposits and
monitoring the associated environmental impact. It can be generalized and used in the further
development of the industry. The composition of the products of all deposits is unique and is the
determining element in the choice of technological schemes for its collection and preparation.
Methods for increasing the depth of preparation, efficiency and reliability have been sufficiently
studied, but due to changing requirements and existing achievements, the arrangement work is
always creative in nature, and the technological solutions made are becoming more perfect. Water
is the only component of well production that has natural contact with oil and must be returned to
the natural environment. Waste waters include formation waters that are separated at almost all
stages of oil treatment, and flushing waters introduced for desalting and final dehydration of oil.
Before injection into the absorbing reservoir, they must be cleaned. To prevent the formation of
stable emulsions, solid deposits and suspensions, a system of preliminary water discharge at the
fields has been proposed. To intensify the processes of separating gas, water and mechanical
impurities and gas from drained water, preserve the light, most valuable hydrocarbon components
of oil, prevent oil and gas losses and environmental pollution, it is proposed to introduce a three-
product multihydrocyclone into the system of preliminary formation water discharge at the fields.
To intensify the processes of separating gas, water and mechanical impurities and gas from drained
water, preserve the light, most valuable hydrocarbon components of oil, prevent oil and gas losses
and environmental pollution, it is proposed to introduce a three-product multihydrocyclone into
the system of preliminary formation water discharge at the fields. At the same time, the water
quality improves to values suitable for injection into injection wells without additional treatment..
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Introduction

In connection with the involvement of countries that have emerged in the post-Soviet space
in global integration processes and the attraction of foreign capital into their economy, the
development of new industries and the improvement of old ones, incl. in the field of operation,
development and development of deposits should be carried out on the basis of an analysis of
existing experience in domestic and foreign practice.

In the conditions of an aggravating ecological crisis, research takes a certain direction
(reliability and environmental friendliness) and relevance. First of all, this applies to industries that
carry the risk of environmental pollution. These include systems for collecting, preparing and
transporting products from oil and gas condensate fields with a high content of acid gases, sulfur
and sulfur compounds.

The economic indicators of technical and technological solutions for the arrangement can
be optimized by combining technological processes in the apparatus, reducing the length of
communications and joint transport of oil and gas under high pressure to the OTU, etc.

The environmental and industrial reliability of technical solutions for the development of
deposits with a high content of hydrogen sulfide is determined by the degree of concentration of
processes at the OTU site, achieved by autonomy, tightness and compliance with the loading
regime.

The development of the Karachaganak field was carried out in two stages. At the first stage,
development was carried out for depletion with the supply of extracted raw materials to the
Orenburg GPP.

At the second stage of pilot operation, dry gas is re-injected into the reservoir in order to
maintain reservoir pressure (cycling process).

Based on the concept of the Karachaganak deposit, as consisting of three enlarged objects,
two gas condensate and oil production facilities were operated by independent well grids. At the
same time, some wells jointly operated objects | and I1, and the main part of deep wells drained
objects Il and I1I.

Research aimed at developing scientific principles for improving the technology of
collecting and treating oil and associated gas with a high content of hydrogen sulfide is relevant
for the oil industry of the Republic of Kazakhstan and the oil-producing regions of the Russian
Federation - the Republics of Bashkortostan, Tatarstan and a number of others.

Purpose of the study: Assess the impact of a change in the quantitative ratio of oil,
condensate and formation water in the process of field development on the reliability of the
technological scheme, indicate ways to improve it.

A significant contribution to the development of this industry as a whole and to its
individual sections was made by both Russian (Soviet) and foreign scientists - chemists, physicists,
technologists. Among them are V.P. Tronov, A.Kh. Mirzadzhanzade, A.l. Guzhov, N.N.
Konstantinov, M.Z. Mavlyutova, G.N. Pozdnyshev, V.A. R.1., Bril D.M., Baker O., Cheves J.A.,
Hewitt J.F., Hoogendoorn G.J. and many others.

Materials and methods of research

The theoretical and methodological basis of the study is the theory of regulation of the
sustainable development of the oil industry in various forms of management and integration
processes of the development of the oil sector, the work of domestic and foreign experts in the oil
industry. The reliability and reliability of the study is achieved through the use of scientific
methods of analysis.

To achieve this goal, the following methods are used in the article: abstract-logical,
analytical, experimental. In addition, the study used methods of dialectical cognition and a
systematic approach.

114



Research results

The reservoir water extracted as part of the products of oil and gas condensate fields forms
persistent emulsions during its movement to the preparation points, causes the formation of solid
deposits and suspensions. Therefore, the separation of water is carried out at all stages of the
movement. Water is supplied to the pre-discharge devices and buffer tanks.

There is a known system of preliminary water discharge at primary collection points,
booster pumping stations of deposits [1,2]. It includes wells whose products are supplied to
automated group measuring units (AGMU): a demulsifier dosing unit, a gas pre—extraction device
(PED) - "depulsator”, a separator of the 1st stage of separation, a pipeline with turbulent and
laminar sections, a water pre-discharge apparatus, a buffer tank, a pump pumping partially
dehydrated oil. The process is carried out in the following technological sequence.

A demulsifier is dosed into the watered one after automatic measurement on the AGMU.
Oil is separated from gas at the STOP and gas separator of the 1st stage. Gas under its own pressure
is transported to a gas processing plant, and oil passes through turbulent and laminar sections of
pipelines in which the process of in-line demulsification of oil is carried out [3]. In the pre-
discharge apparatus, water is separated from oil and sent to treatment facilities, and then to cluster
pumping stations for injection into the reservoir in order to maintain reservoir pressure (MRP).
Partially dewatered oil enters the buffer tank and is then pumped through the counter to the central
collection point (CCP), where deep dewatering and desalination is carried out at oil preparation
plants (OPP).

The main disadvantage is that due to the presence of hydraulic resistances in the system,
during the movement of the gas-liquid mixture along communication lines, light hydrocarbon
components in the form of gas appear and accumulate in the apparatus of preliminary discharge of
water and the buffer tank. It periodically breaks through to receive centrifugal pumps at the time
of their start-up and dramatically reduces their productivity. In practice, centrifugal pumps provide
pumping of oils with a free gas content of no more than 3% by volume [4]. To ensure reliable
operation of the pumps, the gas content of the oil has to be subjected to deeper degassing (vacuum,
hot-vacuum) and the contained gas is directed to the torch. This leads to unjustified energy and
material costs, complication of the oil pumping system, as well as to the loss of light, the most
valuable hydrocarbon components of oil and to atmospheric pollution.

The reservoir water drained from the pre-discharge apparatus contains a certain amount of
both dissolved and free gas. The residual gas, together with water, enters the treatment facilities
or a block cluster pumping station. The presence of this gas in the water creates a fire hazard of
the object and the gas contamination of the territory as a whole. In oil and water, there are also
mechanical impurities and other suspensions in a certain amount, which together with oil enter oil
refineries, and with water — to treatment facilities or injection wells. All this creates unsafe working
conditions for equipment and facilities for the preparation and injection of water into the reservoir.

The processes of separation of gas from oil occur as a result of pressure reduction and
imbalance between the gas and liquid phases, and water from oil - under the influence of
gravitational forces. This leads to the fact, that a significant amount of gas and mechanical
impurities remains in both oil and water, and a large amount of water remains in the oil sent for
pumping to the (CCP).

To intensify the processes of separation of gas, water and mechanical impurities and gas
from drained water, to ensure high reliability of centrifugal pumps, to preserve the light, most
valuable hydrocarbon components of oil, to prevent oil and gas losses and environmental pollution,
to increase the degree of purification of oil from water, water from petroleum products it is
recommended to make the following additions to the existing system of preliminary reservoir
water discharge at the fields.

The liquid flow after the turbulent and laminar sections of the pipeline is directed to a
three-product multihydrocyclone (Figure 1), which allows the separation of heavy highly
mineralized water and mechanical impurities from gas and oil in one technological apparatus due
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to the redistribution of pressure in the hydrocyclone elements of the apparatus by the field of
centrifugal forces [5].
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Figure 1 — Installation of pre-discharge of reservoir water

In addition, a film flow mode is carried out in these elements due to an intro-ductory device
of a special design. It also contributes to degassing of oil. In the center of each hydrocyclone
element, a zone of increased pressure is formed, where dis-solved gases and the lightest
hydrocarbon components are collected in the collection of a multihydrocyclone. The highly
mineralized water and mechanical impurities separated in the peripheral zone of each multi-
hydrocyclone element pass into the sludge collector and are removed into the wastewater treatment
system.

The water is then sent to an individual multihydrocyclone, where gas, petrole-um products
and sludge are separated from water. The water is thus purified and sent to injection wells. At the
same time, drained water from the buffer tank is sent to this multihydrocyclone (see the picture).

The gas from the multihydrocyclones and buffer tank is directed to the injector chamber
mounted on the pump outlet. This allows for constant suction of light hy-drocarbon components
from the collection of multihydrocyclones. The working agent of the active nozzle of the injector
is oil pumped out of the buffer tank.

According to the proposed system, a gas-oil mixture with a water content of up to 90% by
weight, a temperature of 200 C from well 1 enters an automated group measuring unit 2, where
the well production is automatically measured. Then it is processed with a demulsifier 3, in the
gas pre-selection device 4 and in the separator 1 of the separation stage 6, the gas 11 is separated
and sent through the multihydro-cyclone 5 to the gasoline separator 7, from which the gas enters
the compressor sta-tion, and the excess is sent to the torch. The stable product from the tank 8 is
fed through the counter 9 by the pump 10 to the central collection point 11 and then to the oil
treatment plant. Water from tanks 6 and 8 is collected in the sump 12 and then sent under pressure
to NUR-3500, where it is processed in the field of centrifugal forces in order to separate into oil,
gas and water. For deeper purification, the latter water enters the water treatment plant 14 and then
into the reservoir pressure mainte-nance system. From the tank 15, the separated oil enters the
collector 16 and the pump 17 through the counter 18, and the gas-oil mixture is fed by the injector
19 to the central collection point 11.

Drainage water, together with mechanical impurities and other suspensions from the
multihydrocyclone 13 and buffer tank 15, is directed to water purification from sludge, petroleum
products and residual gas. The gas from the multihydrocy-clones and buffer tank is sucked off by
the ejector 19, the working agent of the active nozzle of which is the degassed oil pumped out by
the pump.
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Drainage water, together with mechanical impurities and other suspensions from the
multihydrocyclone 13 and buffer tank 15, is directed to water purification from sludge, petroleum
products and residual gas. The gas from the multihydrocy-clones and buffer tank is sucked off by
the ejector 19, the working agent of the active nozzle of which is the degassed oil pumped out by
the pump.

Water is the only component of the produced well product that has natural contact with oil
and is subject to return to the natural environment. Waste waters include formation waters that are
separated at almost all stages of oil treatment, and flushing waters introduced for desalting and
final dehydration of oil. Before injection into the absorbing reservoir, they must be cleaned.

Wastewater treatment at the fields is one of the most important elements of the general
technological scheme for the preparation of well products and includes all or a number of the
following steps:

- purification from dispersed impurities (oil, solid suspension);

- removal of dissolved (hydrogen sulfide and hydrocarbon) gases;

- collection and processing of oil sludge.

For all types of cleaning, there are established requirements that determine their quality,
technologies and technical means have been developed, the choice of which is an integral part of
research and design work. The quality of cleaning is the subject of constant monitoring of
environmental organizations.

The authors proposed a device for flotation wastewater treatment [6] from oil inclusions.

The amount of water in various states in the pore space of soils can vary from 5 to 65%.
Therefore, in case of accidents on oil pipelines associated with their rupture, as well as in case of
other spills of oil and oil products, one cannot neglect the fact that water is contained in the pores
of the soil. Water in soils from sedimentary rocks may contain various salts that increase its
density. Depending on the amount of salts dissolved in water, its density varies from 1.0 103 kg/m?
to 1.26 103 kg/m®. Thus, we have two fluids with different properties that interact in a porous
medium.

The penetration of oil into the soil through pores in which there is no moisture will occur
very slowly due to the viscosity of the oil itself. If we take into account that natural precipitation
in the form of rain and snow gets into oil spills, then the filtration of a complex fluid system will
occur due to the surface interaction of this system with the soil skeleton, in which the surface
tension of water plays a dominant role.

As a result of the interaction of dispersed particles with oil, it leads to a decrease in the
viscosity of the latter. Therefore, the interaction of oil with water under natural conditions does
not lead to the formation of an emulsion. Water or its droplets do not remain in suspension in oil
due to the high density of water.

Ultimately, filtration in porous media should be considered as a layer-by-layer movement
or as a transport movement. In this case, the transport for oil is surface phenomena occurring
between oil and water.

Therefore, it is necessary to know the specific amount of water in the pore space of the soil.
With a decrease in surface tension and wettability of the soil skeleton, relative humidity decreases
in proportion to the square of these values. When studying oil filtration, it is necessary to take into
account its interaction with water present in the pores of the soil, the relative humidity of which is
determined by the formula

cpo=(452-cos@/pB-pr-gz'hz-rg)-l()()%- @)

The flow of water with incomplete filling of the pores of the soil will obey the laws of
hydrodynamics, and the movement of fluid in other states will obey other laws arising from the
laws of surface tension and evaporation. In addition, the absence of a lower limit of applicability
of the Darcy law suggests that under certain conditions a special type of fluid flow arises, which
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has not yet had a mathematical description of the dependence on the surface tension of the fluid
and wettability.

Other areas of study of the problems of fluid filtration in porous media are the study of the
equation of motion and continuity under various boundary conditions, etc.

At the same time, the exact solution of these equations is reduced to special mathematical
methods and their practical use for specific problems is not always possible. For practical
application, they are solved by approximate methods, such as methods of a small parameter, finite
differences, sum representations, etc.

At the lowest liquid content, water is absorbed into the soil grains in the form of films and
then, with increasing humidity, fills first small and then larger pores. When all the pores are filled,
the liquid acquires the ability to move under the action of gravity.

However, when the liquid flows in layers with absorption without pressure, the filling of
pores does not occur. In this case, the flow will prevail due to the interaction of the lower layer
liquid with the soil skeleton, which is determined by the surface tension of the liquid and the
wettability of rocks. In this case, the bottom layer is water with dispersed solid particles.

Then the description of this type of motion corresponds to the equation

ompy /0t +divpy Vi = —0q/ 0t
(2)

where V w — is the speed of water movement with incomplete filling of soil pores, m/s; q
is the density of liquid runoff or the specific amount of water contained in the pore space of the
soil.

Conclusion

Thus, an improved system of preliminary discharge of reservoir water in the fields using a
hydrocyclone is proposed, which ensures high quality separation of water and mechanical
impurities and gas; reliability of centrifugal pumps; preservation of light, most valuable
hydrocarbon components of oil; a high degree of purification of oil from water, water from
petroleum products; prevention of oil and gas losses and pollution of the environment.

It should be noted that in case of accidents at oil pipelines associated with their rupture, not
only soil and groundwater are polluted, but also atmospheric air, which is especially strong in cases
where spilled oil is on the surface due to its intensive evaporation.

Determined that:

- the process of oil filtration is complicated by the presence of water in various states in the
pore space;

- the amount of liquid in the pore space is determined by physical and mechanical quantities
characterizing the interaction of the liquid with soil minerals;

- dependence of relative humidity on soil wettability and surface tension is proportional to
the squares of these values;

- the rate of liquid filtration into the soil depends on the grains of the soil and the surface
tension of the liquid.
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'Baamuposa Pvickyv Ymaposna, ' Tozawmesa Anusa Puzabexosna, 2Konbacapoea
Axwvipoin Tanzanuesna, *Capooneesa Manuyk Jlazolcmankpizot
YII. Ecenos amvinoaser Kacnuii mexnonoausnap jcane uHICUHUPUHS YHUBEPCUMEN,
Axmay x., Kazakcman
KOMHAYKATTBIK CYJIbI AJIJIBIH AJIA AFBI3Y JKYHECI
KEH OPbIHIAPBIHIA

Anoamna. KazaxcTtaH aJieMJIeT1 €H ipi MyHail eHipy1Ii eHipaepaiH 6ipi 60N TaObLIA b
bapnanraH >xoHe maiiadaHbUIBIT KAaTKAaH KEH OpPBIHIAPBIHBIH IMIiHAE €H ipliepi — TeHis,
Kanaxon, Kapamsiranak, O3en, XKeribaii, Kanamkac, Kymken sxone Oackanapbl. OusnkanbIk-
XUMUSJIBIK KacueTTepi, acaibTeHaep, Imabipiap MeH mapaduHAepaiH Kypambl OONBIHIIIA
OHJIIPUICTIH MYHall ©Te aimyaH Typii. bapibIK KeH opbIHIapbl OHIMAEPiHIH KypaMbl Oiperei skoHe
OHBI )XKMHAYy MEH JalbIHIAYIbIH TEXHOJIOTHSUIBIK CXEMalapbhlH TaHAAy Ke3iHJIe alKbIHIayIIbl
35ieMeHT OoJbll TalObu1aabl. JlalbIHABIK TEpeHIrH, YHEMIUTIKTI jKOHE CEHIMAUIIKTI apTThIpy
oicTepl JKETKUIIKTI 3epTTeNireH, OlpaK e3repeTiH TajanTap MEH KOJ KETIMAl KETICTIKTepre
0alaHbICTBl OPHANACTBIPY JKYMBICTAphl OpAalbIM IIBIFAPMALIBUIBIK CHIIATKA HMeE JKOHE
KaObUIaHFaH TEXHOJIOTHSUIBIK IIeNIiMaep xKeTuiaiputyae. KypraTbuiraH cyiaH ras3jibl, Cy/Ibl )KoHE
MeXaHHUKAJIbIK KOCTIajgap MeH a3 bl 061y MpoLecTepiH KapKbIHAATy, MyHaHbIH )KE€H 11, HEFYPIIbIM
KYH/IBI KOMIPCYTEKTI KOMIIOHEHTTEpIH CaKTay, MyHail MEH Tra3blH >KOFAITYBIH XOHE KOpIIaraH
OpTaHbIH JIACTAaHYbIH OOJJbIpMAy YVIIIH KE€H OpPBIHJIAPbIHJIA KATTHIK Cy/Abl aJJIbIH ana arbI3y
JKYHeciHe Y OHIM/IIK MYJIbTUTHIPOLUKIIOH €HT13Y YChIHbUIaAbl. KabaTThl Cy/ bl alIZIbIH ajla aFbI3y
KYHeciHle MyJIbTUTHAPOLUKIOHAAD MEH WHXKEKTOPAbI KOJIJJaHy TayapiblK ©HIMHIH carachlH
eIoylp JKakcapTyFa oKeJei: MYHaWJarbl CYIbIH MeJIepi, MyHaimarbl Ooc ra3, Oipnei
OHIMJIUTIKTEIl MEeXaHUKaIbIK Kocmamap. bynm perre cCyIblH camachl KOCBIMIIA Ta3apTychl3
alijamanay yHFpIMaJlapblHa alilayFa Kapamabl MOHJIEPTe JIEHIH KaKcapabl.

Tywinoi ce3oep: MyHaii-ra3 KOHJEHCATThl KEH OpHBI, KaOaTTBIK Cy, 3MYJIbCHS,
JIeIMYJIBraTop, YIIOHIMII MYJbTHTHAPOLUWKIOH, MYHaH, ra3, WHTCHCHU(UKAIUSI, MEXaHUKAJIBIK
Kocrajap, OpTajaH TeNKill cOopanTap, Cy aFbi3y, IPaBUTALMUIBIK KYIUTEp, TY3CBI3IAHBIPY,
CyCBI3IAHIBIPY, MYHAl JaibIHIAY.
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'Baamupoea Pvickyns Ymapoena, *Tozawesa Anusa Puzabekosna, ‘JKonbacaposa
Axwvipoin Tanzanueena, *Capooneesa Manuyk Jlazoicmankpi3ot
'Kacnuiickuil ynusepcumem mexnonoauu u unoscunupunea um. 111 Ecenoea,
2. Akmay, Kazaxcman
CUHCTEMA ITPE/IBAPUTEJ/ILHOI'O CEPOCA ITJIACTOBOHY BO/bI HA
MECTOPOKJEHHAX

Annomayusn. KazaxcrtaH gBIsS€TCS OJHUM U3 KPYIMHEHIINX MUPOBBIX HE(PTET0OBIBAIOIINX
peruoHoB. Cpenu pa3BeJaHHBIX U AKCIUTYaTUPYIONINXCS MECTOPOXKACHHUI HAaubosee KPyImHbIe —
Tenrus, Kanaxon, Kapauaranak, Y3enp, XerwiOai, Kamamkxac, Kymkons u psg apyrux.
JloObiBaeMble HE(PTU TO CBOUM (PU3UKO-XUMHUYECKHM CBOMCTBaM, COJAEpKaHUIO ac(haabTEeHOB,
CMOJI U napaguHOB BechbMa pa3HooOpa3Hbl. CocTaB MPOAYKIIUK BCEX MECTOPOXKICHUI YHUKaICH
U SBISICTCA OIPEICISIONIMM DJIEMEHTOM IpU BBIOOpE TEXHOJIIOTMYECKUX CXeM ee cOopa u
MOJATOTOBKA. METO/IbI TOBBIIMICHUS TIyOUMHBI MOATOTOBKH, SKOHOMHUYHOCTH U HAJAEKHOCTU
JIOCTaTOYHO M3YYCHBI, HO B CHITY MEHSIONIUXCS TPSOOBAHMI U IMEIOIIIUXCS TOCTHIKEHUH, pabOThI
no oOyCTpOMCTBY Bcerja HOCST TBOPYECKHH XapakTep, a MPUHUMAEMble TEXHOJIOTUYECKUE
pEIICHHs CTAHOBATCS coBepieHHee. i1 mHTeHCH(DUKAIMK TIPOIIECCOB OTACICHUS Ta3a, BOJbI U
MEXaHUYECKUX MPUMECEH U raza u3 JpeHUpPYeMOil BOJIbI, COXpaHEHHsI JIETKUX, Hanboee eHHBIX
YTIIEBOIOPOAHBIX KOMIIOHEHTOB He(TH, MPEJOTBPAICHUS TOTePh HEPTH U Ta3a W 3arpsS3HECHUs
OKpPYXaIoIIei Cpellbl, B CUCTEMY MpeIBapUTEILHOT0 cOpoca IUIacTOBOW BOJABI Ha MPOMbBICIAX
npeiaracTcst BBECTH TPEXMPOAYKTOBBIN MYJIbTUTHIPOIIMKIIOH. [Ipumenenue
MYJIBTUTHIPOLIMKIOHOB U MHXKEKTOpPAa B CHUCTEME IMpPeIBAPUTEILHOrO cOpoca MIacTOBOW BOJBI
MPUBOAUT K 3HAUUTEILHOMY YJIYUIICHUIO KAYeCTBA TOBAPHOM MPOAYKITUH: T10 COJEPIKAHUIO BOJIBI
B HedTtH, cBOOOOHOrO Ta3a B HedTH, MEXaHHMUYECKUX MpHUMEcei TMpu OAMHAKOBOMN
MpOU3BOAUTENBHOCTU. [IpM TOM KadecTBO BOMBI YJIy4lIaeTcsl A0 3HAYEHUMH, MPUTOTHBIX K
3aKavKe B HATHETATENbHBIC CKBAKUHBI 0€3 JJOTOTHUTEIbHOW OUHCTKH.

Knrouesvie cnosa: He(hTera30KoH/1I€HCATHOE MECTOPOKIEHHUE, IIACTOBAs BOJIA, IMYJIbCHS,
JIEOMYJIBIraTop, TPEXIPOAYKTOBBI MYJIbTUTUAPOIUKIOH, He(Th, Ta3, HHTEHCU(UKALINS,
MEXaHUYECKHE TIPUMECH, IIEHTPOOEKHBIE HACOCHI, COPOC BOJABI, TPABUTAIIMOHHBIC CHIIBI,
oOecconrBaHue, 00€3B0KMBaHUE, TOJATOTOBKA HEPTH.
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