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Abstract. "Improving the efficiency of operation of complicated oil and gas wells" is relevant in the context of
the modern oil and gas industry, where there is a growing need to optimize the processes of production and operation of
wells to ensure sustainable and efficient production of hydrocarbons.The research is aimed at identifying innovative
approaches and technologies that can improve the efficiency of oil and gas wells, especially those characterized by
complicated geological conditions, high fluid viscosity, the presence of aggressive components and other
difficulties. The study includes an analysis of existing technologies, methods and tools used in oil and gas production in
order to identify their shortcomings and opportunities for optimization. Particular attention is paid to the development of
integrated management and monitoring systems capable of providing well operators with up-to-date information for
quick decision-making.

In the course of the research, it is also expected to develop new technological solutions aimed at reducing costs
and increasing the efficiency of hydrocarbon production. This may include the creation of new materials for casing
pipes, the use of advanced methods of geological structure research, as well as the optimization of production
intensification methods.

The results of this study can be used not only in the oil and gas production industry, but also in the development
of energy policy aimed at sustainable and efficient use of energy resources.
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Introduction. The opening of the reservoir and calling the flow of oil is the most important
stage in the construction of Wells. The further fate of the wells, as well as the flow rate and service
life of each particular well, depend on the correct call of the flow. Previously, this factor was not
taken into account, and a huge number of wells for which millions of dollars were spent were
destroyed during the period of their development. Recently, this direction is the most promising and
is a priority in the construction of Wells.

Complications during Well development are caused by geological (low permeability, high oil
viscosity) and technological (contamination of the productive layer during primary opening with
components of drilling mud, solid phase and filtrate, cementing the casing; during secondary
opening (perforation)).

The permeability of an array of rocks is determined by its ability to filter the liquid phase
from the reservoir fluid. The consequences of the filtration process are deposits of solid particles in
the walls of porous channels and cracks and changes in the properties of liquids in porous space at a
certain distance from the wellbore. The existing practice of opening productive layers is through the
use of clay layers and mortars. Deep capillary impregnation of the pit area with clay mortar and
hardening cement ring filtrates occurs. The layers are covered with clay to a considerable depth. In
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the presence of high permeability of the layers and good contact with oil fields, they can be cleaned
on their own. The gaps of the low-permeable layers practically do not participate in self-cleaning
and remain disconnected from production . In addition, asphalt tarparafine deposits in the porous
channels of the formation during the oil production process further reduce the consumption of the
well.

The coloration of the near-well area (NWA) of the well can occur at different stages of the life
of the well, starting from the initial opening. Not only the filters of the solutions used in the process
of initial opening and subsequent cementing, but also particles of the dispersed phase of clay and
cement solutions enter the NWA, which fall into the filter channels, reducing their permeability.

At the initial opening in repression, a breakdown of the cementing agent of the terrigenic
collector in the NWA and colmatization of filtration channels may occur. In the process of
operation of the extractive well, there may be colmatization due to obliteration, subsidence of
asphalt-paraffin components of oil, salt, etc.

The process of NWA colmatation (decolmatation) and its causes are well studied, various
technologies are proposed that reduce the negative impact of this phenomenon on the filtration
characteristics of the system.

If traditional methods of calling the flow, based on the principle of reducing the pressure in
the well by reducing the density of the liquid or its level, do not provide the necessary depression,
then in complex cases, the following methods of developing wells are used for the flow of the
reservoir fluid.

Research materials and methods. Acid treatment. Acid treatments are widely used to clean
wells and near-Well areas of the formation from clay, mechanical particles and drilling fluid filtrate.

The main acid used in layer acidification is hydrochloric acid (HCI). It has an effective effect
on calcium or magnesium carbonate, forming soluble and easily detachable chlorides. Hydrochloric
acid is cheap and scarce. Acetic, formic and other acids are also used. Various additives are
introduced into acidic solutions: corrosion inhibitors, complexing agents, additives reduce surface
tension, slow reaction, dispersion, etc.

Disadvantages of this method:

e the technique can only be used in carbonate collectors, terrigenic collectors are not suitable
for processing, since quartz sand with acid does not react;

e working with a large amount of aggressive liquid is harmful to health, negatively affects the
environment, contributes to the corrosive destruction of pipes, equipment and Transport for its
transportation;

e lack of reliable method of producing reaction products after each cycle, when washing,
reaction products are pressed into the layer;

e insufficient contact of hydrochloric acid with Rock due to the deposition of organic
deposits, such as Asphalt, resin and paraffin deposits on the surface of the pore space during the
operation of the well.

Swabbing. Swabbing is a method of oil production by means of a piston suspended on a
cable or cargo rod and equipped with a check valve and sealing cuffs. Swabtau is used to call and
intensify the flow of fluids during the development of new extractive wells and wells that are
excluded from conservation or disposal, as well as when increasing the flow rate of existing wells.

This method has its drawbacks:

* work when the well mouth is open;

* the need for a lifting mechanism;

* use of expensive equipment;

* ability to break the cable;

* rapid wear of sealing cuffs.
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Figure-1.Swabbing scheme in the operation of wells with difficulty.
a - swabbing with a swab-packer in the pump-compressor pipe(PCP) column, b-multi-pulse filling
of the PCP column; c-decolmating with a vibroacoustic generator before swabbing; 1st Layer, 2-
operational column; 3-Head Equipment; 4-pipe column, 5A-swab-packer; 5B, B-cuff, slotted or
basket swab; 6-Switch; 7-Valve, 8-coil; 9-hydroacoustic generator .

Layer hydraulic fracturing. Hydraulic fracturing is one of the methods of intensifying the
use of oil and gas wells and increasing the pumping capacity of injection wells. The method
consists in creating a high conductivity fracture in the target layer to ensure that the produced liquid
(gas, water, condensate, oil or a mixture of them) flows to the bottom of the well. In hydraulic
fracturing technology, the main thing is to pump blasting fluid (gel, in some cases water or acid in
acid blasting) into the well through powerful pumping stations at a pressure higher than the blasting
pressure of the oil reservoir. To keep the fracture open, propant is used in terrigenic reservoirs, acid
is used that corrodes the walls of the fracture formed in carbonate collectors.

Disadvantages of this method:

* from 80 to 300 tons of chemicals are used for each layer hydraulic fracturing(LHF)
operation;

* LHF leads to the formation of many impurities in well water that are harmful to humans,
including benzene, toluene, ethylbenzene, and dimethylbenzene;

* use of expensive equipment;

* high cost and duration of work.

Torpedoing. Well torpedoing-the production of explosions in wells to increase oil flow-is
used in layers represented by hard rocks: limestones, Dolomites, strong sandstones, as well as
sometimes during corrective or removal work. Torpedoing is carried out by the explosion of an
explosive charge in the well. During the explosion, the lower well Area of the well is partially
destroyed, forming a cavern, and cracks form in the adjacent layer, which facilitates the flow of oil
into the well. It is used both in the development of injection wells and in some other cases (for
loosening fixed drill pipes, cutting casing pipes, etc.).

Disadvantages of this method:

* all work on torpedoing tiells is carried out by Special Field parties;

* harmful effects on the human body;

* the need to lower special equipment into the well,

* high cost.
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Fig.1. Hydrodynamic methods of processing the WPP from the wellhead: a - hydrosubbing
(pressure 3-6 MPa; power 3 kW; duration of liquid discharge ~ 1 min); b - hydrodynamic effect
(pressure up to 10 MPa; power up to 600 kW; pulse duration ~ 2 s)

1 - column; 2 - cement ring; 3 - colmation zone; 4 - "clean layer"

a 7]

3
8000
3004 A
= A
= - a A
3 < 60007 kA
2 2 band
2 200- 5 o
= AR
2 ] 2 4000 P
2 % ] =
£ 100~ / S 2000- 2
B bon]
) : lea 2 b :
0 /- —eem 0 E— T i

Fig.2. Comparison of well development methods: a - by the time spent; b - by the economic
factor
1 - acid treatment; 2 - swabbing; 3 - hydraulic fracturing; 4 - torpedoing of the formation; 5 -
hydraulic impact

The method of cyclic hydrodynamic action on the formation. A new method of well
development in complicated conditions based on cyclic hydrodynamic effects on the formation is
proposed. The essence of the method is as follows.

To cause an influx, there must be periodic pressure drops in order to create fluid flows in the
bottomhole zone. Moreover, the gradient of pressure drops should not be dangerous for a
holisticcasing and cement stone,

and the speed of liquid movement should facilitate the erosion of viscous hydrocarbons,
mechanical impurities, emulsions and their removal into the well for subsequent spillage.

During cyclic injection of liquid into the reservoir and subsequent unloading, channels and
cracks are washed out. The colmatants are washed out of the areas of the formation adjacent to the
perforations, then at

When they are cleaned, a system of highly permeable channels is formed from more distant
ones.

A technology has been developed for transmitting high pressure drops along the well column.
The proposed method is economical, environmentally friendly, does not require the involvement of
a well repair team, the use of heavy pumping units. The pressure of the impact is regulated to 1015
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MPa, the power for the downhole zone of the formation depends on the depth of the well and
reaches 600 kW.

By now, the dependence of the rheological properties of highly paraffinic oils on the
influence of vibration has been studied in sufficient depth. It is known that by varying the intensity
of external mechanical influences, it is possible to in the range to control the rheological properties
of structured systems.

Thus, pulse-wave action can contribute to the destruction of the solid spatial structure of
high-viscosity oil. The effective viscosity after processing is reduced by an average of 30%
compared to the initial one.

Since the displacement of non-Newtonian oils is more effective at high speeds, it is
advisable to create periodic pressure drops in the bottomhole zone and along the strike of the
formation. This method of hydrodynamic action it can be used in conjunction with thermal mining
methods.

The mechanism of destruction of the formation array is as follows. The increased pressure
expands the existing cracks of the collector and contributes to the formation of new ones, the
pressure drop is accompanied by their closure.

The strength of rocks depends on the type of deformation. The resistance to rupture,
stretching, bending is significantly lower than the compression resistance, therefore, the technology
of fracture of the formation rock includes the following parameters: pressure, stretching, bending,
shear, changing the direction of application of forces leading to loosening, breaking and separation
of low-permeability fragments of the formation. Repeated deformation contributes to the fatigue
destruction of the rock and the discoloration of its fragments. The impact of periodic shock load
reduces the strength of the formation rock by an average of 30%.

Increased pressure alternates with depression during the period of oscillation of the borehole
fluid, the fluid does not have time to filter over long distances, therefore large cracks do not form,
the formation zone adjacent to the face is destroyed and washed [2]. The detached solid particles in
the jet of the injected and poured liquid are an abrasive, and also act as a propane.

The grains of the formation skeleton, which have received displacement or reversal under
the action of a pressure pulse, loosely close with the grains of the opposite side of the crack. Thus,
in the area of the crack where the grains of the formation skeleton are repackaged under the action
of a liquid pressure pulse, the crack walls do not completely close. The smallest cavities remain
interconnected, commensurate with the pores between the grains of propane. A layer composed of
sandy-clay with weakly cemented rocks, it should be possible to periodically unload for the removal
of small particles.

Fluctuations of the borehole fluid due to its mass and inertia also cause the movement of the
reservoir fluid, which contributes to the erosion of the channels of the PZP. The creation of repeated
pressure pulses increases the extent, branching and opening of cracks. In a deep well, the effect is
higher because the downhole fluid is driven with significant mass and inertia. The energy of a
moving multi-ton mass of liquid affects both the bottomhole zone and the formation array. Vertical
fluctuations in the mass of downhole fluid with a frequency of less than 1 Hz have a low
attenuation, therefore, periodic changes in downhole pressure are transmitted as low-frequency
waves along the strata and contribute to the redistribution of stresses in the array, which positively
affects oil recovery.

In case of longitudinal resonances, the oscillation frequency of the liquid column in the well
is determined mainly by the distance between the reflecting surfaces of the well. For the lower
reflective surface, usually

The zumpf is taken as the upper one - the contact of liquid and gas near the wellhead. With a
large distance between these boundaries, the resonant oscillation frequency can reach 1 Hz or less.
Nevertheless, the effective use of longitudinal resonances at low frequencies is associated with
certain difficulties. To create resonant vibrations of the entire column of liquid in the well, it is
necessary to know exactly the level of liquid in the well, as well as the phase velocity of wave
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propagation. In most technological operations in wells, it is almost impossible to maintain a
constant liquid level. If we consider the reflective properties of the lower zumpf boundary, they are
clearly small, since the wave resistances of cement and the surrounding reservoir differ slightly
from the wave resistance of the liquid.

Thus, it is necessary to expend energy to maintain the reciprocating motion of the liquid
(Fig.1, 2). The moments of application of forces to maintain fluctuations are determined by changes
in pressure at the wellhead. In the simplest case, having no information about the liquid level and
the wave propagation velocity, the application of pressure pulses is synchronized with the readings
of the pressure gauge at the wellhead.

Results and discussions. The research revealed that the solvents «Ranras-6001» and
«Ranras-6003» have a higher solvent capacity due to the content of aromatic hydrocarbons
(benzene, toluene, xylene).

To improve the solvent and washing ability of the Ranras solvent, it is recommended to add
surfactants (surfactants) to its composition.

To influence the BFZ, the use of an oil-soluble surfactant "Rauan-100" is recommended.
According to the results of laboratory studies, it was found that the concentration of surfactants in
the solution should be 0.1 — 0.2%.

The technical characteristics of the proposed reagents are given in Table 1.

Table 1 — Technical specifications for the solvent of asphalt-resin and paraffin deposits
of the Ranras-6001 brand

Name of indicators Standard Actually

Appearance Transparent liquid, colorless Brown liquid
or yellow to brown in color
with possible opalescence

Density at 20 ° C, g/cm3, not 0,65 0,811
less

Boiling point, ° C, not lower 30 38
Solidification temperature, minus 45 minus 45

°C, not higher

When choosing wells, the factor of increasing the water content of well products over time
was taken into account. Given the high viscosity of oil, the phase permeability in water exceeds the
phase permeability in oil, and therefore watering occurs.

For all selected wells, the volume of the solvent composition was calculated, providing a
radius of the treated formation zone of at least 50 cm. The initial geological and physical
characteristics of operational facilities were used in the calculations.

The calculation of the required amount of surfactants for addition to the solvent composition
and the sales liquid is carried out based on the condition of obtaining a 2% concentration.

To carry out processing for each well, a lan for processing the bottom-hole zone of the well
was compiled, including:

» Well data;

* the current state of the well,

* previously performed work on the well;

* data from hydrodynamic studies of wells and geophysical studies of wells before processing
the bottomhole formation zone;

* Preparatory work;

* the sequence of operations;

* Security measures.

The geological and technical characteristics of the well should contain the following
information:
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» method of operation;

» distance from the rotor table to the upper flange of the column head;

* operating head;

» fountain fittings;

* operational horizon;

» perforation interval;

« the artificial face has been repulsed;

* the design of the elevator (attached diagram).

The treatment plan should list all previous work and research carried out at the well, namely:

* a list of hydrodynamic studies carried out and their result;

« a list of conducted geophysical surveys with conclusions;

» carried out underground, capital, routine and preventive work.

The plan should reflect the current state of the well by the start of work:

* reservoir pressure;

* current face;

* flow rate of liquid,

* water content of products;

* productivity coefficient

The BFZ was processed without removing the underground equipment of the well (tubing
columns with a pump). This is especially true where all wells operate in a mechanized manner. The
composition is pumped through the annulus of the well.

Conclusions

1. The hydrodynamic effect on the formation allows to cause an influx from the most
permeable channels of the formation, in which solid particles of colmatants are not fixed due to
mechanical and molecular surface reasons.

2. During cyclic injection of liquid into the reservoir and subsequent unloading, channels and
cracks are washed out. The colmatants are washed out of the areas of the formation adjacent to the
perforations, then, when they are cleaned, a system of highly permeable channels is formed from
more distant ones.

3. The oscillation of the liquid column causes the destruction of the spatial lattice of viscous
oil due to its regular deformation, a change in its rheological properties with a gradual decrease in
viscosity. The effective viscosity after processing is reduced by an average of 30% compared to the
initial one.

4. When pumping a multi-ton mass of borehole fluid, significant energy can be obtained in
the bottom-hole zone of a periodic pressure drop, at which an effect similar to hydraulic rupture is
likely, but with the creation of an extensive network of short cracks.

5. To create pressure drops in the bottomhole zone, it is advisable to use the energy of the
moving mass of the borehole fluid.
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MOHHTOPHHT JKYHEJIepiH d3ipieyre epexiie Ha3ap ayaapbuIajbl.

3eprrey OapbhIChIHAA MIBIFBEIHAAPIBI a3aiiTyFa JoHE KOMIpCYTeKTepHAi OHIIPYAIH THIMAUITIH apTTHIpyFa
OarpITTaNFaH JKaHAa TEXHOIOTHSIIBIK MISHTMIEp i o3ipiey Ke3neneni. byran xopmyc YIIiH jkaHa MaTepuanjap xacay,
T€OJIOTHSUIBIK KYPBUIBIMIIBI 3€pTTEYNiH O3BbIK SAICTEpPiH KOJAaHy, COHJai-aK OHAIpiCTI KapKbIHAATY OIICTEpiH
OHTaWJIAHABIPY Kipyl MYMKIH.

Ochbl 3epTTey/iH HOTHXKEJIepl MyHall )KoHe ra3 eHAIpy eHEpKaciOiHAe FaHa eMec, COHBIMEH Karap SHepreTHKa
pecypcTapbliH TYpaKThl XKoHE THUIMJI MaiianaHyFa OarbITTaIFaH SHEPreTHKA CaJIaChIHIAFbl CascaTThl A3ipiiey cajachlHaa
Jla aiJanaHblTybl MYMKIH.

KinT ce3nep: yHrbIManapasl OyprblIay, YHFBIMANIApAbl UTepy, aFbIH/bI MIAKbIPY, TYTKBIPJIBIFBI JKOFaphl MYHaH,
THAPOIUHAMUKAIIBIK 3Cep.
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Annoranusi. «[loBbiienue 3(HEeKTUBHOCTH IKCIUTyaTallMH YCIIOXKHEHHBIX HE(TSHBIX M Ta30BbIX CKBaXKHMH)»
aKTyaJbHAa B KOHTEKCTE COBPEMEHHOW He(Tera3oBoil MPOMBIIIICHHOCTH, i€ IPUCYTCTBYET pacTymias MOTPeOHOCTh B
ONTUMU3AIMUA MPOIECCOB MOOBIYM W 3KCIUIyaTallMd CKBAXKHH IUISI OOECHCUCHHS] YCTOWYMBOTO H 3(PPEKTHBHOTO
MPOM3BOJICTBA YTIIEBOIOPO/IOB.

HccnenoBanue HAMpaBiICHO HA BBISBICHHE WHHOBAIMOHHBIX IOJXOJIOB U TEXHOJOTHH, CIIOCOOHBIX MOBBICHUTH
3G PEeKTUBHOCTh IKCIUTyaTallud HE(PTSIHBIX M TA30BBIX CKBAXKHH, OCOOCHHO Te€X, KOTOPbIE XapaKTepU3YIOTCS
YCIOXKHEHHBIMU T'€OJIOTUYECKHUMHU  YCIIOBUSIMH, BBICOKOW BSI3KOCTBIO  (DIIIOMIOB, TMPHCYTCTBHEM arpecCHUBHBIX
KOMIIOHCHTOB H APYTUMH CIIOKHOCTSIMHU.

HccrnenoBanre BKIOYaeT B CeOsf  aHAIM3 CYIICCTBYIONIMX TEXHOJOIMH, METOJOB M HHCTPYMEHTOB,
IIPUMEHACMBIX B 2106131‘{6 He(l)TI/I " ras3a, ¢ ICIbKO BBIABJICHHUA UX HECOAOCTATKOB M BO3MOYKHOCTEMN JUIA OIITUMU3ALNHU.
Ocoboe BHUMaHUE YJesieTcs pa3paboTKe WHTETPUPOBAHHBIX CHUCTEM YIPABJICHUS W MOHUTOPHHTA, CIOCOOHBIX
MIPEJOCTABIIATE ONEPaTOPaM CKBAKHH aKTyaIbHYIO HH(POPMAIHIO ISl OBICTPOTO MPUHATHS PEIICHUI.

B mporecce wucclieoBaHUs PEAINOIAraeTcss TakkKe pa3pabdoTKa HOBBIX TEXHOJIOTHMYECKUX —peIIeHHH,
HapaBJICHHBIX Ha CHU)KCHHUE 3aTpaT U IMOBBIIICHUE Bq)q)eKTI/IBHOCTI/I }106])1‘{1/1 Yri€BoaopoaoB. 9TO MOXKET BKJIFOYATh B
cebsl co3maHUEe HOBBIX MAaTepHANiOB JUii OOCAJHBIX TPYO, MPHMEHCHHE TMEPEIOBBIX METOJOB HCCIICAOBAHUI
TCOJIOTHYECKOTO CTPOCHHS, @ TAKXKE ONITUMHU3AIMIO METOI0B UHTEHCU(DHUKAIIAN TOOBIYH.

PesynbTaThl JaHHOTO UCCIICTOBAHHS MOTYT OBITh HCITOJIF30BaHBI HE TOJBKO B IPOMBIIUICHHOCTH JTOOBIYN HEPTH
W Ta3a, HO M B 00JIacTH Pa3pabOTKU IOJUTHKU B Cepe IHEPreTHKH, HANPABICHHOW Ha yCTOWYHBOEC M 3 ((EeKTUBHOE
HCTIOJIb30BaHUE YHEPTETUICCKUX PECYPCOB.

KiaroueBble ciaoBa: OypeHHE CKBaXKHH, OCBOCHHE CKBaXKHH, BBI30B IIPUTOKA, BBICOKOBSI3Kas He(DTH,
THIPOJMHAMUYECKOE BO3JCHUCTBHE.
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