PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

Hayunast HoBu3Ha. BriepBhIe crCTeMaTH3MPOBAHBI
HEPYIHBIE MECTOPOKICHUSI MarMaTUUECKOTO M MeTa-
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MaTepHuayioB YKpauHbI MO IIPOCTPAHCTBEHHBIM pa3Me-
paM KapbepHBIX TOJIeif 1 MOIIHOCTU BCKPBIIITHBIX T10-
pon, BCIAENCTBUE YEro BbIIEICHBI 0a30BbIe Kapbephl B
KayeCTBE OCHOBHBIX O0BEKTOB JAaJIbHEHIIINX UCCIIEN0-
BaHUM.

IIpakTHYecKas 3HAYMMOCTb. Pe3ylbTaThl MCCieno-
BaHMS U TIOJIyYeHHAs] CUCTEMAaTU3aINsI HePYIHBIX Ka-
PBEpPOB TO3BOJUT YCOBEPIIEHCTBOBATh CYIICCTBYIO-
e 3KOJIOTO- W pecypcocOeperaromme TeXHOIOTUN
pa3pabOTKM, YYUTHIBAasE WX KOHKPETHBIC IIPOCTPaH-
CTBEHHBIC TTapaMEeTPhI, YTO 00ECTICUNT pallMOHATIBLHOE
TIPUPOIOITIOIB30BAHNE TIPU Pa3pabOTKEe MECTOPOXKIE-
HUii. BHenpeHne moMydeHHBIX Pe3ybTaTOB MO3BOJUT
MOBBICUTh (P (GEKTUBHOCTh U DKOJIOTMYECKYIO 0e30-
MaCHOCTb BeJIEHUSI TOPHBIX paboT. JlaHHas Kiaccudu-
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Purpose. Finding out and researching rational constructive parameters of foamgenerating devices. The pur-
pose is achieved through implementation of the following tasks:

- carrying out computer research on multi-nozzle foamgenerating devices and choosing rational geometric pa-
rameters and modes of their work that would provide high efficiency of washing wells with foam;

- finding out relation between geometrical shapes, parameters, work modes of foamgenerating devices and the
efficiency of foam creation while performing experimental and industrial research;

- developing and explaining the rational scheme of strap in equipment and devices for washing oil and gas wells

with foam in the process of industrial studies.
Methodology. It includes:

- experimental definition of the main parameters and work modes, considering the construction change of foam-

generating device;

- computer modelling of foam generating was performed with the purpose of optimizing its internal constructive

elements.

Findings. Relations between geometrical shapes, parameters, work modes of foamgenerating devices and the ef-

ficiency of foam generating have been established.

Originality. Experimental studies on streaming of liquid, air and foam and their mixture through constructive
elements of the equipment allow establishing regularities of the relation of the efficiency of foam generating with pa-

rameters and work modes of foamgenerating devices.
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In addition to the above:

- relation between quality of foam generating and constructive peculiarities of single elements in the foamgenerat-
ing device has been defined;

- analytic dependences of movement of streaming of liquid, air and foam and the efficiency of foamgenerating
device work from their constructive peculiarities have been experimentally explained;

- a method for choosing optimal constructive shapes of elements of foamgenerating devices that influence the
formation of streams of liquid, air and foam have been scientifically explained.

Practical value. Rational geometrical shapes and parameters have been defined, optimal work modes of foamgen-
erating devices have been set, which are the basis for creating new high efficient devices. We have suggested a row of
methods and instrumentalities of constructive and technological character for booming the efficiency of well cleaning
with foam solution. The results have been used during the development of pump-circulating system for well cleaning
with foam solution.

Keywords: a five-nozzle foamgenerating device, drilling with foam, gas and liquid mixture, aerative fluid, foam

solutions

Introduction. There have been shown laboratorial,
experimental and industrial studies and trials of suggest-
ed optimal construction of the foamgenerating device,
and offered the scheme of the strap of the circulating
system while drilling with foam.

Based on the laboratory research, we can define the
dependence of pressure in foam solution at the output
and productivity of the foamgenerating device on pa-
rameters of liquid and air at the input for the main con-
structive elements of the foamgenerating device.

Based on industrial trials and research, we have
found out that the usage of the foamgenerating device
FGD-100x25-5 gives the possibility to reduce the us-
age of surfactants by 15...25 %; the foam produced with
foamgenerating device FGD-100x25-5 saves necessary
properties on the way from the foamgenerating device to
the output of the well with the depth of 4700 m.

Analysis of the recent research and publications. The
article analyses theoretical and experimental works,
considering modern level of machines for foam solu-
tion preparation, namely, by Amiian A.V., Amiian V.A.,
Vasyliev V.Kh., Izzatdust E.S., Kovalenko V.I., Kuz-
menko M.M., Mezhlumov A.A., Tykhomirov V.K.,
Yakovlev A. M., Anderson G., Garavini O., Radenti G.,
Sala A. and other scientists. It has been established that
there is not enough information regarding the influence
of construction, parameters and work modes of foam-
generating devices on efficiency of foam formation.

Unsolved aspects of the problem. We have researched
the problems of laboratorial, experimental and industri-
al studies and trials, suggested the optimal construction
of the foamgenerating device, and offered the scheme
of the strap of the circulating system while drilling with
foam. There has been determined the Dependence of
pressure in foam solution at the output and productivity
of the foamgenerating device on parameters and liquid
and air supply at the input for the main constructive ele-
ments of the foamgenerating device.

Objectives of the article include the following: car-
rying out experimental and industrial studies to set the
relation between geometrical shapes and parameters,
work modes of foamgenerating devices and the effi-
ciency of foam generation; experimental definition of
the main parameters and work modes with accounting
the construction change of the foamgenerating device;
computer modelling of the foamgenerating device was
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performed with the purpose of optimizing its internal
constructive elements.

Presentation of the main research and explanation of
scientific results. Gas and liquid mixtures are dispersed
systems that consist of two components — gas and liquid
(a mixture of water and various chemicals: surfactants,
inhibitors, stabilizers, and others).

The most widespread ones in the oil and gas industry
are aerated liquid and foam. In our case we deal with
foam and equipment which are associated with them
and affect their quality. When drilling with foam com-
pared to the drilling solution there is an increase in the
mechanical speed of drilling in hard rock (by 4 times),
you can prevent the absorption in porous and fractured
rocks and mudding of permeable layers. When revealing
and exploring productive horizons wells productivity in-
creases by 1.5—2 times while shortening exploring time
by 4—5 times [1].

While exploring productive horizons with anoma-
lous ratio below 1.0 for washing there should be used
mineralized aerated fluid with impurities of surface-ac-
tive agents (surfactants) or petroleum-based liquid, and
with a low coefficient of anomality we need foam and
gas agents.

Aerated fluid and foam solutions are among the big-
gest polluters of the environment, because before re-
injecting a mixture to drilling pipes gases are drained
out which is accompanied by a large amount of gases
and vapours from the liquid chemicals [2]. Any aeration
allows adjusting the drilling fluid density in any extent
and, thus, reducing or increasing hydrostatic pressure
on the face. If foaming surfactant is added to the aerated
liquid, it contributes to formation of very small air glob-
ules in the aerated fluid and turns the latter into foam.

Preparation of aerated (foam) drilling fluid there can
be performed in three ways:

- using a clay-mixer;

- using an ultrasonic generator;

- via a mixer of fluid and air in the pump discharge line.

Let us consider in detail the way of making foam us-
ing mixer of liquid and air (the foamgenerating device)
in the pump discharge line since the process of foam
production in the clay-mixer is too long and low-effi-
cient whereas while using hydrodynamic radiator foam
has no necessary parameters for usage in the oil and gas
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industry. Foam pressure is low as fluid is given to the
radiator under pressure of 0.6—0.8 MPa.

Getting foam in a production environment is carried
out in special foamgenerating devices through intensive
co-dispersion of foamgenerating solution and air. The
effect of dispersion is achieved:

- during the movement of the gas flow through the
foam solution;

- with action of moving devices on fluid in the air
atmosphere or effect of moving fluid on any obstacle;

- exhaustion of the air with moving flow.

The process of foam generating is complex due to
joint influence of numerous physical and chemical,
physical and technical and other factors. Nowadays,
foam used in drilling as a cleaning agent is produced
only in a dispersed way in foamgenerating devices,
which according to the design can be divided into the
following main types:

- with foam generation because of multi-hits by the
air and solution of a foamgenerator [3];

- with foam generation while bubbling the air and
solution of a foamgenerator [4];

- with foam generation under the pressure through
sprayer on the net [5];

- devices in which the flows of the air and solution
of a foam generator are mixed by reverting spatulas-tur-
bines that are triggered with automatic drive or cramped
air coming in the device.

Currently there have been developed many differ-
ent designs of foamgenerating devices. The analysis of
constructions of various types of foamgenerating devices
makes it possible to classify them. In all types of foam-
generating devices liquid is given with higher pressure
compared to the air. The air is usually sucked into the
mixing space. The air can be supplied at the atmospher-
ic pressure or, more frequently used, the compressor
pressure. The working fluid in foamgenerating devices
is mainly used with surfactants additives. The liquid is
fed into a one- or multi-nozzle insert. Mixing of the
two phases may be due to saturation of liquid air (gas)
or by centrifugal forces. Foaming can be performed in
the mixing chamber; on the net (mesh bag); in a perfo-
rated tube; in a mixing chamber and grids; in the vortex
chamber. The foamgenerating device can be directly set
on the manifold mud pump or making a “bypass” which
will allow turning it on during the transition to drilling
with foam while revealing productive layers.

Along with the positive aspects of each design atten-
tion should be paid to their disadvantages:

- mandatory use of additional pumping units and
compressor stations for producing foam of required pa-
rameters;

- failure of the device under the high liquid pressure;

- inability to saturate liquid with gas qualitatively un-
der the high fluid supply due to limited contact area of
the liquid with the air;

- inability to regulate the input parameters of liquid
and gas;

- one-nozzle devices do not provide sufficient satu-
ration efficiency of liquid with gas because of only one
mixing chamber;
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- low efficiency of devices for use with viscous drill-
ing fluids.

Thus, the main factors affecting the performance of
foamgenerating devices are: composition and properties
of liquid and gas; properties of surfactants; the pressure
of liquid, gas or foam in different parts of their move-
ment; change in pressure at the outlet of the foamgener-
ating device and others.

However, most works do not widely consider the
impact of the design and parameters of liquid and gas
environments on work of foamgenerating devices.
Therefore, it is appropriate to conduct theoretical, ex-
perimental and computer studies to determine the op-
timal parameters and modes of equipment for washing
of wells with foam solutions (foam). It is necessary to
define the relationship between quality foam and design
of the individual parts in the foamgenerating device.

Therefore there have been conducted theoretical
studies to identify and determine the impact of the most
significant factors as well as select the optimal geometric
parameters and modes of foamgenerating devices that
provide the highest efficiency of well washing with foam.
There have been carried out computer studies of one-
nozzle foamgenerating devices to establish the relation-
ship between geometric forms, parameters, modes of
operation and efficiency of foam generation [6].

To provide multi-staged fluid mixing with air, which
helps create a stable small-dispersed foam, it is recom-
mended to use multi-nozzle foamgenerating devices,
the geometric parameters of which are selected taking
into account the conducted computer research on the
one-nozzle device [7]. Foamgenerating devices were
compared during the change of fluid supply at the in-
put, the air pressure at the input in the inlet pipe and the
foam pressure at the output of the device.

We observe a three-calculative model of the five-
nozzle foamgenerating device of optimal construction
and geometrical parameters [8] that have been defined
while studying one- and five-nozzle devices.

While conducting computer research on one- and
five-nozzle foamgenerating devices, having counted
different modes of their exploitation, we obtained the
graphic dependences of necessary pressures of fluid at
the inlet to the device, depending on the value of foam
pressure at the outlet.

The results of computer modelling of the five-nozzle
foamgenerating device which worked at the gas-liquid mix-
ture allowed setting regularities of foam parameter change
due to geometrical sizes of the device as well as supply and
pressure of liquid and air at the input in the device.

With the purpose of checking the authenticity of re-
sults of theoretical and computer studies it is expedient
to carry out experimental probations. For it, having con-
sidered the results of the computer research, we produced
the five-nozzle device that has been granted a patent [9].

The closest to the developed device is the foam-
generating device [3]. The disadvantages of the device
include constant geometric dimensions of nozzle di-
ameters and lengths of the mixing chamber that prevent
obtaining foam mixture with a wide range of properties
that are required in drilling oil and gas wells.
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The design of the developed device allows changing
the Iength of the mixing chamber by installing a different
number of diffuser discs and spacer rings of the general
diffuser in its shell. There are also used variable nozzles
of changeable diameters.

For research in the laboratory a scheme of the ex-
perimental setup was developed (Fig. 1).

This scheme works in the following way: for washing
of a well with foam we need to open locking elements
8, 9 and 17. Then we need to launch the pump 2 and
compressor 3 and after it we carry on the observation for
displays of gauges 10, 11 and 15. Doing so, 12, 13 and
16 are to be opened.

The fluid and air go through the foamgenerating de-
vice I, creating the foam, which is given to the bowl of its
hoarding, after this we execute the probation of foam. In
the process of experimental studies it is allowed to change
the pressure and volume giving of fluid and gas (air).

Fig. 1. The scheme of experimental set for researching
the foamgenerating device in laboratory conditions:
1 — the foamgenerating device; 2 — the pump; 3 — the com-
pressor; 4 — the locking element of the suction line; 5 — the
safety valve of the air line; 6 — the bowl with liquid; 7 — the
safety valve of the heating line; 8 — the locking element of
the air line; 9, 17, 19— valves; 10, 11, 15— gauges; 12, 13,
16 — the locking armature; 14 — the inverse valve; 18 — the
bowl of foam hoarding

If it is necessary to change parameters in the foam-
generating device after stop of pump 2 and compressor 3,
we need to reduce the pressure in the system (the control
is executed over displays of gauges 10, 11, 15). After the
absence of pressure in the system has been confirmed,
we need to mount the foamgenerating device /. Having
taken apart the device, we can alter the nozzle inserts
and set nozzles of other diameters and change the length
of mixing camera and diffuser along the axis.

While performing the research the most important
parameters for measuring were the pressure and supply
of gas and fluid at the input of the foamgenerating device
and the pressure and supply of foam at the output of the
device. The results are the following.

On the basis of the laboratory and experimental
studies the dependence of the pressure of foam solution
at the output and productivity of the foamgenerating
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device on the pressure and supply of fluid and air at the
input for the main structural elements of the foamgen-
erating device has been defined, graphic dependences of
correlation of experimental data with theoretical curves
have been developed (Fig. 2). While exploring the foam-
generating device with fluid supply at the input being
0.0011 m?/s, we obtained the resulting regression equa-
tion y = 0.9x + 0.0222 and reliability factor of approxi-
mation R? = 0.9978, whereas with fluid supply at the in-
put 0.00056 m?® / s we obtained the following regression
equation y = 0.9003x + 0.0575 and reliability factor of
approximation R? = 0.9986.
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Fig. 2. The dependence of forecast foam pressure on the
outlet from the foamgenerating device on fluid pres-
sure on the inlet with air pressure 0.2 MPa on the
inlet and fluid giving:

a — 0.00056 m*/s; b — 0.0011 m’>/s; Row 1 — the theo-
retical research; Row 2 — the experimental research

The analysis of the experimental studies was con-
ducted in comparison with the theoretical research
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whose methods are presented in [6]. Good agreement
of theoretical and experimental research points to the
possibility of using the foamgenerating device design for
production of stable small-dispersed foam.

The main purpose of field tests was to validate the ef-
fectiveness of the foamgenerating device FGD-100x25-5
for preparation of foam solution.

To enable the most efficient use of the foamgenerat-
ing equipment there is provided a scheme of the strap
of the circulating system while drilling with foam devel-
oped on the basis of Patent No. 42464 of Ukraine.

The implementation of well washing by foam is pro-
vided using the foamgenerating devices which are to be
mounted in the field of bypass with valves. If it is neces-
sary to implement the circulation by fluid, we have to
close by-pass valves and open common line valve. For
aeration of circulating solution we have to open by-pass
valves and close common line valves. The air is given to
foamgenerating devices with the help of the compressor.
The adjusting of air flow is carried on with the help of
valves.

During the industrial research we measured supply
and pressure of the fluid and air at the inlet and foam
supply and pressure at the outlet of the foamgenerating
device. Reduction to 25 % of surfactants content (sul-
fanol) did not influence the quality of created foam. To
expand work modes of the foamgenerating device it is
possible to change the nozzle diameter, length of mix-
ing camera, including the diffusor length, and, if it is
necessary, to put out of action one or several nozzles.
The foam, produced using the foamgenerating device,
saves the necessary properties on its way from the de-
vice to the outlet of the well with depth nearly 4700 m.
The results of the industrial research on the foamgener-
ating device FGD-100x25-5 are presented in industrial
research reports at wells No. 201 of Hadiach area and
No. 172 of Kotelevska area.

During the industrial research, high efficiency of
work of the foamgenerating device FGD-100x25-5 has
been confirmed. The results of the research were re-
corded at a scientific and production meeting in CLR
“Techcomplectservice”, where it was recommended to
develop technical documentation for producing foam-
generating devices FGD-100x25-5 and introduce them
at enterprises of oil and gas field.

In further studies it is appropriate to consider means
of generating three-phase foams, in formation of which
one of the dominant factors is hard seed that can change
the structure of water films [10].

Research conclusions and recommendations for fur-
ther research. As a result of computer, industrial and
experimental studies we resolved an important scientific
and practical task, which was to establish regularities of
foam solution production for washing oil and gas wells
while drilling and revealing wells which allowed devel-
oping a highly effective foamgenerating device and rec-
ommendations for its implementation at the workplace,
including.

The conducted laboratory and experimental stud-
ies of the proposed design of the foamgenerating device
revealed the impact of configuration of basic structural
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elements on the effectiveness of foam generation. On the
basis of the laboratory and experimental studies the de-
pendence of the pressure of foam solution at the output
and productivity of the foamgenerating device on the
pressure and supply of fluid and air at the input for the
main structural elements of the foamgenerating device
has been defined.

While performing the industrial research and trials of
the foamgenerating device we have established the fol-
lowing:

- the proposed schemes of straps of the circulation
while drilling with well washing with foam are practical
and rational;

- the designed foamgenerating device is convenient
when installing it into the existing pump and circulating
system or additional strap for well washing with units, by
using rapidly collapsible threaded connection;

- the designed multi-nozzle foamgenerating device
makes it possible to change the degree of foam aeration
by allowing the regulation of liquid and air supply;

- the trialled foamgenerating device makes it possible
to change the nozzle diameter, the length of the mixing
chamber and, if necessary, suspend the work (suppres-
sion) of one or more nozzles;

- the usage of foamgenerating device FGD-100x25-5
makes it possible to reduce the use of surfactants by
15...25 %;

- the mechanical drilling speed has increased by
1.5 times, the absorption of drilling fluid (foam solu-
tion) was not observed;

- foam produced with the foamgenerating device
FGD-100x25-5 saves the necessary properties on the
way from the foamgenerating device to the outlet from
the well with a depth of 4700 m;

- the designed multi-nozzle foamgenerating device
is highly effective and safe in operation in industrial en-
vironments;

- after testing and research in foamgenerating device
no defects and damages occurred and it can be used at
wells that are washed with foam.
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Meta. BctaHoBAeHHS i JOCTIAXKEHHS pallioHab-
HUX KOHCTPYKTHMBHMX IlapaMeTpiB ITiHOICHEPYIOUUX
npuctpoiB. [TocTaBiaeHa MeTa TOCSITAETHCS Yepe3 pea-
JIi3allito HaCTyMHUX 3a/1a4:

- BUKOHAHHS KOMIT'IOTEPHMX JIOCIiIKeHb 6arato-
COIJIOBUX IMiHOTEHEPYIOUUX MPUCTPOIB i BUOIp ONTHU-
MaJIbHUX T€OMETPUYHUX ITapaMeTPiB i pexkKUMiB X po0o-
TH, sIKi OU 3a0e3Mevynu HaiiBUIYy e(DEeKTUBHICTb MPO-
MUBaHHS CBEPJIOBUHU MTiHAMM;

- BCTAaHOBJICHHSI B3a€EMO3B’SI3KYy MiX T€OMETpUY-
HUMH (dopMaMu, IMMapamMeTpaMu, pexkuMaMu poOOTH
MiHOTEHEPYIYUX ITPUCTPOIB Ta €(DEKTUBHICTIO TTIHOYT-
BOpPEHHS B pe3yJIbTaTi MPOBEICHHS eKCIICPUMEHTATb-
HUX i POMUCIIOBUX JOCTiIKEeHb;

- pO3po0JIEeHHSI Ta OOIPYHTYBaHHS pallioOHaJIbHOI
CXeMU OOB’SI3KM 00aHAHHS 1 TPUCTPOIB 151 TPOMMU -
BaHHSI Ha(TOra30BUX CBEPAJIOBUMH IMiHAMU Yy TIpolieci
MPOMUCIOBUX JOCIiIKEHb.

Mertoauka. Bxirouae:

- eKCIIeprMMeHTaJIbHE BU3HAYCHHST OCHOBHUX TTapa-
METPIB i peXKMMiB poOOTU 3 ypaXyBaHHSM 3MiHU KOH-
CTPYKIIii TIHOTEHEPYIOUOro MPUCTPOIO;

- KOMIT'IOTepHE MOJEIIOBaHHS IiHOTEHEPYIOUOTro
MPUCTPOIO MPOBOAWIOCS 3 METOIO OITHUMi3allii Horo
BHYTPIllIHIX KOHCTPYKTUBHUX €JIEMEHTIB.

Pe3ynbTaTi. BcTaHOBIEHO B3a€EMO3B’I30K MiX reo-
METpUYHUMHM (OpMaMM, TapaMeTpaMu, PpeKUMaMu
POOOTH ITIHOTEHEPYIOUMX ITPUCTPOIB Ta €(PEKTUBHICTIO
MiHOYTBOPEHHSI.

HaykoBa HoBu3HA. EXcriepuMeHTalbHI JOCTiIXKEH-
HSI MPOTiKaHHSI PIAWMHM, TIOBITPs Ta iX CyMillli yepes
KOHCTPYKTUBHI €JeMEeHTU oOJlalHaHHS [103BOJIsS-
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IOTh BCTAHOBIIIOBAaTH 3aKOHOMIPHOCTI B3a€EMO3B’SI3KY
e(PeKTUBHOCTI MIHOYTBOPEHHSI BiJl MapaMeTpiB i pexKu-
MiB pOOOTH MiHOT€HEPYIOYUX MTPUCTPOIB.

ITpu pomy:

- BU3BHAYEHO B3aEMO3B’SI30K MiX SIKiCTIO MiIHOYTBO-
DPEHHS i1 KOHCTPYKTUBHUMM OCOOJIUBOCTSIMU OKPEMUX
€JIEMEHTIB MiHOTeHEPYIYOTO ITPUCTPOIO;

- EKCIIEpUMEHTAJIBHO OOTIPYHTOBAHI aHAIITUYHI 3a-
JIESKHOCTI PyXy TTOTOKIB PilMHHU, TTOBITPS i1 ITiHU Ta epeK-
TUBHOCTI POOOTM IIHOTEHEPYIOUMX IIPUCTPOIB Bif IX
KOHCTPYKTUBHUX OCOOJIMBOCTEIA;

- HAayKOBO OOI'PYHTOBAHO METOJ BUOOpY OINTHUMA-
JIbHUX KOHCTPYKTUBHUX (DOPM €JIEMEHTIB ITiHOTeHEepY-
IOYMX MPUCTPOIB, 1110 BIUTMBAIOTh Ha (hOPMYBaHHS MO-
TOKIB PilMHU, TIOBITPS I MiHMU.

IIpakTuyna 3HaUMMicTh. Br3HaveHi pallioHaIbHi reo-
MeTpUYHi (popMHU ¥ TapaMeTpu, BCTAHOBIICHI OITH-
MaJibHI PeXXUMU pOOOTH ITIHOTEHEPYIOUMX MPUCTPOIB,
III0 € OCHOBOIO IS CTBOPEHHSI HOBHUX BUCOKOC(DEK-
TUBHUX MPUCTPOIB. 3alpONOHOBAHA HU3Ka METOMIB i
3aC00iB KOHCTPYKTUBHOTIO I TEXHOJIOTIYHOIO Xapak-
Tepy IS MiABUIIEHHS eDEKTUBHOCTI MPOMUBAHHS
CBEP/UIOBUH MiHUCTUMU po3uyrMHaMu. Pe3yabTaTu BU-
KOPHUCTaHi MpU BAOCKOHAJIEHHI HACOCHO-LIMPKYJISIIIii-
HOI CUCTEeMH 711 TPOMUBAHHSI CBEPIJIOBUH ITIHUCTUMU
PO3UYMHAMM.

KmouoBi cnoBa: n’smuconsosuii ninoeenepyrouuil
npucmpiii, OypiHHA RIHAMU, 2a30PIOUHHA CYMIUL, AEPOBAHI
piOuHU, NIHHI pO34YUHU

Iens. YcTaHoBIeHUE U UCCIIEIOBaHUE pallMOHAIb-
HBIX KOHCTPYKTHMBHBIX TTapaMeTPOB IIEHOTCHEPUPYIO-
IIUX yCTPOMCTB. [locTaBeHHAs 1eb TOCTUTACTCS de-
pe3 peam3alnio CAeAyIOIINX 3a1ad:

- BBITTOJTHEHNE KOMITBIOTCPHBIX MCCICIOBAaHIIT MHO-
TOCOTLUTOBBIX TTEHOTEHEPHUPYIOIINX YCTPOMCTB U BEIOOD
OINTUMAJTbHBIX TEOMETPUUCCKHX TTapaMeTPOB M PEKH-
MOB MX pabOThl, KOTOpbIe Obl 0OECTICYUTIN BBICOKYIO
3 HEKTUBHOCTH MPOMBIBKM CKBaXKMHBI IEHAMM;

- YCTaHOBJICHUE B3aMMOCBSI3U MEXKIy TeOMeTprUe-
ckuMu (opMaMmu, TTapaMeTpaMu, PeKMMaMHU padOThHI
TIEHOTCHEPUPYIOIINX YCTPOUCTB M 3G (PEKTUBHOCTHIO
IIeHOO0pAa30BaHUS B pe3ybTaTe IPOBEHCHUS IKCIIE-
PUMEHTATBHBIX U ITPOMBIIIJICHHBIX UCCIICTOBAHMIA;

- pa3paboTka U 000CHOBaHME PallMOHAJILHOM CcXe-
MBI 00BSI3KM 000PYIOBAaHUS U YCTPOMCTB JJIsI TPOMBIB-
K1 He(Tera3oBbIX CKBaXKMH MeHAMM B IIpolecce Mpo-
MBIIIJICHHBIX UCCICTOBAHUIM.

Meroauka. Bxitoyaer:

- DKCMEPUMEHTAIBHOE OIpPENEIeHNEe OCHOBHBIX Ta-
paMEeTPOB M PEXKMMOB PabOTHl C YYETOM WM3MCHCHMS
KOHCTPYKIIMY TTEHOTEHEPHUPYIOIIETO YCTPOCTBA;

- KOMITBIOTEPHOE MOJIECTMPOBAaHNE TTIEHOTCHEPUPY-
IOILIETO YCTPOICTBA MPOBOAUIIOCH C 1I€JIbIO ONTUMU3a-
LIMY €r0 BHYTPEHHUX KOHCTPYKTUBHBIX 3JIEMEHTOB.

PesynbTaTbl. YCTaHOBJIEHBI B3aMMOCBI3U MEXIY
reoMeTpHIeCKUMU (DOpMaMU, TTapaMeTpaMHM, pexKMa-
MU pabOThI IEHOT€HEPUPYIOIINX YCTPOUCTB U 3(heK-
THUBHOCTBIO IICHOOOPa30BaHUS.

Hayynasst HoBHM3HA. DKCIlepUMMEHTaJIbHbIE HCCIIe-
IOBaHUS TIPOTEKAHMST XXKUIKOCTH, BO3IyXa M UX CMECH

ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2017, N2 5



PO3POBKA POAOBMUIW, KOPUCHUX KONAJINH

yepe3 KOHCTPYKTUBHBIC 3JIEMEHTHI 000PYIOBaHUS T10-
3BOJISTIOT YCTaHABIIMBATh 3aKOHOMEPHOCTH B3aMOCBSI -
31 3(PHEKTUBHOCTU TTIEHOOOPA30BaHUS OT MapaMeTPOB
¥ PEXUMOB PabOTHI IEHOTEHEPUPYIOLINUX YCTPOMCTB.

ITpu aTOM:

- ompejesieHa B3aMMOCBSI3b MEXAY KaueCTBOM Iie-
Hbl I KOHCTPYKTUBHBIMUA OCOOEHHOCTSIMU OTIAEIbHBIX
3JIEMEHTOB MEHOTeHEPUPYIOIIETO YCTPOMCTBA;

- DKCIIEpUMEHTAJIEHO 00OCHOBAHBI aHAJTUTUIECKHE
3aBUCHMOCTH JBIDKECHUS ITIOTOKOB XXMIKOCTH, BO3IyXa 1
neHbl 1 3P(OEKTUBHOCTH pabOTHI IIEHOTCHEPUPYIOLINX
YCTPOMCTB OT MX KOHCTPYKTUBHBIX OCOOCHHOCTEIA;

- Hay9HO 000CHOBAH METOI BEIOOpPA OITHMATbHBIX
KOHCTPYKTUBHBIX (DOPM 3JIEMEHTOB IIEHOTCHEPUPYIO-
IIMX YCTPOICTB, BIMUSIONINX HA (pOPMUPOBAHUE TTOTO-
KOB XXUIKOCTH, BO3AyXa U TICHBHI.

IIpakTHueckas 3HauuMocTb. OmpeneaeHbl ONTUMa-
JIbHbIE TeoMeTpuueckure (hopMbl U MapaMeTphl, ycTa-
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BUTICHEHHAM HEBIAIBPAHOI'O ITPUPOJIHOI'O I'A3Y A30TOM

Purpose. Evaluation of technological efficiency of a method for increasing final gas recovery from a depleted gas

field with residual natural gas displacement by nitrogen.

Methodology. Computer research on the regularities of residual natural gas displacement by nitrogen from a circu-
lar shaped depleted gas field using licensed computer program CMG (Computer Modelling Group).

In the research is founded change in time of technological development indicators of gas production from the field
for different values of a pressure of early nitrogen injection into the gas field and for duration of injection time.

Findings. According to the results of the computer research on the patterns of residual natural gas displacement by
nitrogen from depleted gas field, there is received change of reservoir pressure by the years, flow rate of production
well of gas and nitrogen, and gas recovery factor depending on the pressure of early nitrogen injection into the gas field

and duration of injection period.

Originality. For the first time regularities of the process of residual natural gas displacement by nitrogen and opti-
mal values of the pressure of early nitrogen injection into the gas field and duration of injection period are obtained

for circular shaped depleted gas field.

Practical value. Injection of nitrogen into depleted gas field for the corresponding values of pressure of early nitro-
gen injection and duration of the period of its injection allows intensifying the process of further development of the
field as well as increasing the current production of gas and gas recovery factor by 5—10 %.

Keywords: field, well, gas, nitrogen, injection, gas recovery, pressure, flow rate
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