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Abstract

The construction of the vibration-pulse generatortiie impact into the liquid filled well are progem. The vibratiompulse
generator excites a multifrequency oscillation spee in the frequecy range from 0 to 20 kHz or more. Due to the iomuius
wide spectrum of frequenciesxcited by the generator, the pressure pulsesdioge through the well to the rock formation
coinciding with the local frequencies of the lostilictures of a tensed rock massif excite rasoes of the layers structures \
the release of their internal energy in the loadlme of the massif. As a resulhe redistribution of the stressed state o
massif towards the alignment of internal stressetie to the micro-displacement of local structtihesform a massif, with tt
formation of new filtration channels, the evolutiohmicrocracks and the purification of existingréition channels. In case
deviation of the multifrequency spectrum of pressoulses, the waves of hydrodynamic pressureffgfrdnt lengths will spre:
in the well from the outfall, where the vibratianpulse generator is installed, to the face. Atdhmme time, with the increase
distance, the contribution of low-frequencgmponents into the oscillation energy will in@ealt is advisable to combine
vibration impulse with the technologies of creatimgh depressions and pressure repressions, whiltigreatly increase th
efficiency of the intensification works in the welbf different categories.

Keywords: increase of well flow rate, multifrequency oscillations, resonances of layers structures, the influence on the
bottomhole area of productive layers, vibro-pulse generator.

The national economy of Ukraine is characterized  Alternative types of hydrocarbons are shale gas,
by a shortage of its own hydrocarbons. As natues g methane from coal strata and dense reservoirs.eLarg
production is somewhat stabilized as a whole, oileserves of coal bed methane can be used in the
production with gas condensate has been steaddypplication of highly efficient technologies forsit
declining in recent years. The main reason for thgroduction. At the same time, gas contamination of
unsatisfatory state of the oil and gas field is thenine workings, a high probability of occurrencegafs-
imperfect systems of development of hydrocarbodynamic phenomena in underground workings and
deposits, as well as the lack of effective techgiele for working spaces of the mining area are the mairofact
the development and exploitation of productivehat pose a threat to the safety of people's heaith
formations in wells [1]. life. Therefore, the development of methane upgigdi

Especially important are the methods of primaryechnologies for coal seams is also an urgent telsich
and secondary opening of oil and gas-saturateésl essential for increasing methane production and
formations and the state of their bottom-hole zonensuring the safety of miners in coal mines [2].

Studies show that the greatest negative impact elh w Today, it is extremely important to increase the
performance is created due to poor communication efficiency of development of depleted domestic
wells with reservoir formations and mudding of thedeposits, low-productive and hard-to-recover od gas
bottom-hole zone. The depth of the penetration zufne reserves. Hydrodynamic, physicochemical and thermal
mudding products into the reservoir is from tens ofethods of influencing the deposits need to be
centimeters to several meters, which significantlymproved and the search for non-standard approaches
impairs the permeability in this zone and, accaylyin that, due to the high performance and reliabilitythre
the performance of the layers. technology of active impact on the bottom hole zone
should increase the completeness of hydrocarbon
extraction and the efficiency of field development.
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been performed [3-5]. One of the effective methofds generators (sirens) develop sound pressure of 1R2, M
influence is the hydro-pulse influence on the hwmtto theoretically acoustic power reaches 10-20 kW at a
hole formation zone (BHFZ). frequency of 0.1-10 kHz. The disadvantages of

The world and domestic practice provides withvibration technologies include the fact that whée t
methods for cleaning the bottomhole zone, which amrocess is implemented, tubing oscillations occith w
based on the creation of high instantaneous depnsss an amplitude of up to 3 mm and a frequency that
and pressure repressions of tens of MPa on tleeincides with the hydropulse frequency, which can
formation. The effect of pressure repression leaadhe lead to tightness deterioration of threaded conoest
expansion of existing cracks in the rock and tleatton and other important components of underground
of new ones, and the effect of pressure depressidas equipment.

the removal of clogging products. In a number of technical means and technologies,
The following methods of influence on the BHFZpulses of ultrasonic radiation and mechanical vibres,
are mostly used. which generate electric discharge in the borehie t

1. The use of special downhole equipment, thelements, are used to influence the bottomhole
work with which involves pre-displacing of liquidith  formation zone [13].
compressed gas from the annular space insulat¢deby The most technologically simple are the methods,
packer and the release of pressure in it with thia which the source of oscillation is on the suefalt is
subsequent periodic connection of the BHFZ with thproposed in [12] to use a pulse-wave transformatr ith
dried annular space and tubing filled with watehisT installed at the wellhead and to create stress svaye
allows creating instantaneous depressions ameriodical interrupting the fluid flow. The equipnte
repression of pressure on the reservoir [5]. Inthist includes a primary source — the hydraulic breakeh®
implementation of this technology has shown itshhigGIM-120 type that creates low-frequency pulses,cWwhi
efficiency. Such technologies use coiled tubingtgyni are then transformed into high-frequency oscilladiby
layer testers etc. means of a secondary radiator and are transmiftéleb

2. The use of downhole jet pumps for creatindluid that fills the tubing into the formation. Treeare
periodic sign-variable pressure drops on the foignat also methods of influencing the formation througk t
These technologies have gained widespread adoptiomation of hydroblows at the mouth of the well hwit
both in domestic fields and abroad [4]. compressed air, copra, using an electromagnetic

3. Implosion effect on the formation [6]. hammer of the MEM-3000 type. The disadvantages of

4. Pulsed impact on the formation with the help ofhese technologies include low efficiency, so these
equipment, used with charges and hollow containersethods are currently not widely used in the pcactif

installed at the bottom hole [7]. intensification of hydrocarbon production.
The above mentioned and some other technologies
of this direction, with the right choice of objedisr Vibro-pulse  generator of polyfrequency

their application, have shown sufficient efficiency oscillations

However, their widespread implementation is someéwha  Currently, to improve the performance of oil and
hampered by the possibility of carrying out undetmrd  gas wells, the technology of pulse-wave impact fan t
repairs with special downhole equipment, although t bottomhole zone of oil, gas, gas condensate and
cost of the impact on the BHFZ is often paid batlew injection wells is used. Such an impact is basedhen

a positive effect is received. creation of hydraulic pressure pulses in a flulkhd
well, which act on the bottomhole zone with varying
Pulse-wave methods pressure of a certain amplitude and frequency.

One of the methods for improving the filtration The parameters of the pulse-wave action are
characteristics is the action of vibro-impact datibns adjusted so that, by controlling the wave transgiche
on the near-bottomhole formation zone. These mathotesonances of the reservoir structures with theass of
can be divided into two groups: when a source dheir internal energy can be caused in the “well —
oscillations is set at the bottom of the well [8}80d bottomhole zone — formation” system, when providing
on the surface [2, 11, 12, 14-16]. hydraulic pulse conditioning. The forming of pressu

A considerable amount of theoretical andoulses in a fluid-filled well is carried out by geaators
experimental researches was carried out to study thnd pulses, which can be placed both at the wellhea
effect of oscillations on the state of the oil-satad and at the bottom of the well. The creation andtrobn
rock. It has been established that when an acoustt pressure pulses (their amplitude and frequetgy)
impact is realized on the formations by an emitigh a generators under constantly changing conditionthén
pulse frequency of 3-10 kHz, more than 50 % of th&vell — bottomhole zone — formation” system is penfied
energy is transformed into heat and a thermo-amousby hydraulic or pneumatic actuators with electric
impact on the formation is carried out. Compatibleontrol, for which the corresponding power and oaint
thermal and acoustic effects on paraffin and clagpps equipment is used. The need to adjust the pressure
medium restores permeability by 40-50 % comparddpulses under changing conditions in the “well —
with the initial one [8]. Technologies of ultrasoni bottomhole zone — formation” system is a drawbaick o
radiation and vibrations caused in the elements of this technology and requires treatment of the fdiona
well’s structure by intermittent interruption ofiftl flow  for a long time (several hours) with constant afijest
in pipes are applied in practice. Hydroacoustiof the parameters of fluid oscillations.
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The systems that excite a multi-frequencyn the well. At the same time, the relaxation dcfideal
spectrum of pressure pulses with significant amgés stresses is accelerated from the well deep intatiaey
of excitation harmonics in the range of variatidrttee  with the formation of new microcracks, filtration
natural frequencies of oscillations of the “wellnear channels. It contributes, ultimately, to an inceeasoil
wellbore — formation” system are without suchand gas production and degassing of coal seams. The
deficiencies [14]. With such a spectrum, regardieks least amount of additional energy for relaxation
the change in the stress state in the local volafribe accelerations is necessary if the frequencies ef th
disturbed rock mass, oscillations will be excitedtee pulse-wave leakage coincide with the natural
natural frequencies of the local structures ofrtfessif, frequencies of oscillations of the structural elataeof
facilitating the effective purification of existingnd the anisotropic array with voltages. Due to thesdbity
forming new filtration channels, the purificatiofi the and constant change of parameters and conditions of
pore space and the formation of new microcrackkén interaction between the local structural elemeifitthe
productive formation array, their own frequencies do not coincide, aoé n

It should be noted that the undisturbed rock massibnstant, and vary in a certain range of low fremgies.
is in an equilibrium state, expressed in maximurtherefore, to obtain the greatest effect from thése
alignment of internal stresses in the massif. Assult wave effect of fluid oscillations on local struatgrof an
of drilling wells or carrying out workings, this array of rocks that are in a stressed state,niecessary
equilibrium state is disturbed and stresses am$eden to excite nonlinear oscillations in the well anlereby,
its structural elements in the local volume of #teay to provide a polyfrequency spectrum of its exaitati
around the workings. The system in the local volumEluid oscillation frequencies, close to the freqties of
loses stability and tends to a new equilibriumestdte local structures of the array with voltages, with a
to the redistribution of stresses. This is expr@ssghe minimum of vibrational energy supplied, will cause
relative displacement of the structural elementghef micro-displacements of these structures to equdliee
damaged array with the formation of microcracks anstresses. It promotes the formation of new and gdam
filtration channels. Stress relaxation occurs inetifrom  the structure of existing cracks and filtration whels of
the well (production) deep into the array before thhydrocarbons.
onset of a new equilibrium state and depends on the This is the equipment for multi-wave processing of
magnitude of the stresses arising in the local melu the bottomhole zone of the productive formation][14
between the structural elements of the array, ggedd Such a complex of equipment provides polyfrequency
disturbances of the mountain range, well parameteigfluence in a wide frequency range. However, the
etc. Even in equilibrium between the structurah@dats complex is quite complicated, and the polyfrequency
of the array, there are residual stresses, theatitam of spectrum is the sum of the simultaneous effecta of
which occurs either very slowly or is impossibleedo  hydromechanical emitter, a hydropulse oscillation
the lack of sufficient residual energy of the stessto source, and a mechanical source of elastic osoitlat
overcome the resistance and the occurrence of addition, the spectrum is limited to the rangds
displacements between the structural elements ef th5 — 300, 30 —1000 and 1000 — 5000 Hz, respectively
array. The authors propose a vibro-pulse generator,

Accordingly, for acceleration of relaxation orwhich stimulates a polyfrequency spectrum of
disturbances of the equilibrium state, it is neagsgo oscillations in the frequency range from 0 to 2tz kithd
supply additional energy to the array, for exampige more. Fig. 1 shows a schematic diagram of a vibro-
to the pulse-wave excitation of the fluid undergstge pulse generator, which is installed on the surface.

to vibro-pulse ' 11

vibrator

Figure 1 — Schematic diagram of the vibro-pulse gamator of polyfrequency oscillations
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The vibro-pulse generator consists of a mass fgleasing their internal energy. The result is a
which is fixed on the generator housing 2 by meains redistribution of the stress state of the arrayaias the
bilateral elasticcouplings 3. The generator houdsg alignment of internal stresses due to micro-disgtaent
mounted on a fixed base 5 by elasticcouplings 4 Thof local structures that form the array, with the
oscillations of the generator are made from antiaer formation of new filtration channels, the develommef
unbalanced vibration exciter 6 fixed on the housthhg microcracks and the cleaning of existing filtration
Harmonic oscillations of the housing are transién® channels.
mass 1 by elasticconnections 3 and are limitedr®r o The research results show that the vibro-pulse
way elasticconnections 7, installed at intenalsndh, generator driven by a typical explosion-filled
to the mass 1 in housing 8. Housing 8 is fixechorod EBB-25.0-1500 electromechanical vibrator with a
of a hydraulic cylinder 9, the cavities of whichear nominal circular frequency of 153.8%sand an
connected to the system 11 for supplying pressdirizasynchronous electric motor of 1.5 kW, with an
fluid to the well 12 through the pipelines 10. Forexcitation force of 23.7 kN, create pressure drops
positioning the hydraulic cylinder rod 9, the howsB is *+ 1.0 MPa from the nominal one. The mass of the
connected to the generator housing 2 viabro-pulse generator is 250 kg, overall dimensians
elasticcouplings 13. Adjustment of the intervalsg t 700<500<500 mm. With a more powerful vibration
position of the mass 1 and the housing 8 is cawigid exciter, it is possible to achieve pressure drapshe
using regulatory systems 14. system up to 10-20 MPa.

Adjusting the intensity and characteristics of the It is important to take into account the energyslos
pressure pulses in the well 12 is carried out langing  of polyfrequency pressure pulses in the fluid rigfithe
the parameters of the vibration shocks of massdlilse  well under pressure. Note that liquids are weakly
positions of the shut-off valves 15. The adjustableompressed media, and the water is almost not
parameters of the generator include the force ef tltompressed, so the fluctuations in the liquid (wWate
vibration exciter and the interval values to ordesdi spread over long distances. In a well filled withid
elasticconnections. Regulation of these parametensader pressure, the energy loss of the fluid @gmlhs
allows us to change the spectrum of polyfrequendg mainly due to its friction along the surfacestbé
oscillations of the generator and the amplitudeshef pipelines, various resistances to the movementhef t
oscillations at frequencies that are excited. fluid, including in the filtration channels, poremd

When starting the vibration exciter 6, thecracks. The low-frequency components  of
oscillations of the housing 2 are transmitted ® ithass polyfrequency oscillations have less losses thah-hi
1 through the elasticcouplings 3. The generatdrequency components due to the large length df the
parameters are chosen so that the mass 1 makes/es. Consequently, when creating a polyfrequency
vibration shock oscillations in the housing 8, whare spectrum of pressure pulses, hydrodynamic pressure
transferred to the fluid under pressure in thet@siof waves of various length propagate in the well fribgn
the hydraulic cylinder 9 through the hydrocylinded 9 mouth, where a vibro-pulse generator is installedhe
and further along pipelines into the well 16. bottom. At the same time, with increasing distarihe,

Fig. 2 and 3 show the dependences of the changentribution of low-frequency components to the
in accelerations and the frequency spectrum @fscillation energy increases.
generator's oscillations, at the excitation freaquyeand Taking into account that the frequencies of the
the force of the inertial unbalanced vibro-excitatd “borehole-bottomhole zone-reservoir’ system ar¢him
harmonic oscillations of 24.5 Hz and 13.5 kNarea of lower frequencies (as indicated by eartkgua
respectively. frequencies), the excitation of low-frequency datibn

The analysis of the oscillogram and vibratiorcomponents is more important for achieving the gidal
spectrum (see Figs. 2 and 3) shows that the vilratiwe analyze the spectral composition of the osmlhet
pulse generator performs non-linear oscillationthvei  created by the vibro-pulse generator (see Figth@n
continuous frequency spectrum, with significanthe contribution of the low frequencies is sigrifit.
harmonic amplitudes in the range of excitatiormmhe system excites harmonic components whose
frequencies 0-22 kHz. The amplitudes of thérequencies are lower than the frequency of forced
accelerations of oscillations at some frequenckeg®d oscillations of the generator. At the same timeg th
the amplitude at the frequency of external exatati spectrum of oscillations is continuous, has harg®ni
indicating a resonant amplification of oscillatiovisthe ~ with significant amplitudes in the Hz unit and a

generator mass 1. tendency to a decrease in the energy of propagated
When the vibro-pulse generator is turned orpscillations in high frequencies.
alternating hydraulic pressure pulses are generated To determine the patterns of propagation of fluid

the “well-bottomhole zone- formation” system, cadise polyfrequency oscillations in pipelines, a welltréition
by oscillations of the generator. At the same tiches to  channels, pores and microcracks and their influence
the continuous wide spectrum of frequencies exdited the state of a stressed array, it is necessarmnm
the generator, the pressure impulses propagatomgal relevant studies, which have not yet been perforined
the well in the reservoir to the productive formati this formulation.

coincide with the frequencies of the local struetuof

the stressed rock mass, initiate resonances of the

reservoir structures in the local volume of theagsr
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Figure 2 — Fragment of the oscillogram of the vibrepulse generator of polyfrequency oscillations
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Figure 3 — Accelerations spectrogram of vibro-pulsgenerator of polyfrequency oscillations
Conclusions oscillations in the well on the local structuresaafarray

1. To increase the flow rates (injectivity) of theof rocks that are in a stressed state and, thymotde
wells and the degassing of coal seams by improthiag the  polyfrequency spectrum of changes in
permeability of the BHFZ by purifying the existimgd hydrodynamic pressure pulses.

creating new filtration channels, the design ofilaov 3. It is important to take into account the loss of
pulse generator and the procedure for working in @nergy of hydrodynamic pulses in a fluid caused by
fluid-filled well were proposed. vibro-pulse influence in a well filled with fluidnder

2. Due to the diversity and constant change of thgressure. In case of violation of the polyfrequency
interaction conditions and parameters of the ststs® spectrum of pressure pulses, hydrodynamic pressure
of the local structural elements of the disturbedyg waves of various lengths will propagate in the Vi@
their frequencies do not coincide, are not constamd the mouth, where the vibratory pulse generator is
change in a certain low frequency range. Therefre, installed, to the bottom. At the same time, with
obtain the greatest effect from the effect of fluidncreasing distance, the contribution of low-fregcye
oscillations it is necessary to create nonlineandfl components to the oscillation energy will increase.
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4. We consider it advisable to combine vibro-pulse  [7] Nagorny, VP, Pysarev, YuA, Artiomov, VI & all
influence with  technologies for creating high2001, “Technology of increasing the well flow ratéth the
depressions and pressure repressions, which, in A{$€ of |mpL_1Ise action on the hollow section _of_rteservow’.
opinion, will significantly increase the efficiencyf O'la”[‘;]gass.'nrq‘gfrél\;‘o&zl'_gp' 55527'@[;] ngn"é\l/n]bro ave
intensification work in wells of various categories ol simian, puxnov, »_Vibro-way

. . o nd vibroseismic methods of influence on oil reses.
However, this approach requires addition

. . ) . ; - rvey information. Series: Qilfield business, Vol. 15, p. 33.
experimental studies with simulations of conditionsin russian]

close to real. [9] Kuznetsov,OL & Efimova, SA 1977,The use of
ultrasound in the oil industry, Nedra, Moscow. [in Russian]
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OnucaHo TiApOIMIYJIBCHI Ta IMITyJIbCHO-XBHJIBOBI METOAM Jii Ha MpHUBUOINHY 30HY IJIacTa. 3alpOIIOHOBAHO
KOHCTPYKLIIO BiOPOIMITYJIbCHOTO T'eHepaTopa, sIKMi 30y/Ky€e MOJIiYaCTOTHUH CIIEKTP KOJIMBaHb B Jiana3oHi 4acTOT
Bix O 1o 20 kI i Oinb1e. 3a paxyHOK CYyLUIBHOTO IIHPOKOTO CHEKTPY YacTOT, IMITYJIbCH THCKY, 110 MOIIHPIOIOTHCS
MO CBEpAJIOBHHI JO MNPOXYKTUBHOIO IUIacTa 1 30IraloTbcss 3 BIACHUMH YacTOTaMH JIOKAJBHUX CTPYKTYP
HaIpyXEHOT'0 MaCUBY TiPCHKUX TOPia, 30yIHKYIOTh B JIOKaTbHOMY 00’ €Mi MacHBY pe30HaHCH TUIACTOBUX CTPYKTYP 3
BHUBUILHEHHSAM iX BHYTPINTHBOI eHeprii. Y pe3yabTaTi BinOYyBa€ThCS MEPEepO3MOaia HANPYKEHOTO CTaHy MAacHBY B
Oik BUpPIBHIOBaHHS BHYTPIIIHIX HANpYyXEeHb 32 PaxXyHOK MIKpOTIEPEMINIeHb JOKAIBHUX CTPYKTYD, IO (GOPMYIOTh
MacuB, 3 YTBOPCHHSM HOBUX OQiJIbTpallifHUX KaHATIB, PO3BHTKOM MIKPOTPIIUH 1 OYMIICHHIM iCHYIOUHX
¢dimpTpaniiHuX KaHamiB. [Ipy MOpYyIIEHHI MOJIYaCTOTHOTO CIEKTpa IMIYJIbCIB THUCKY XBWJI TiIpOIMHAMIYHOTO
THUCKY PI3HOT JOBXHWHU OyIyTh MOIIWPIOBATHCS Y CBEPJIOBHHI BiJl THpJa, J¢ BCTAHOBICHUH BiOPOIMITYIILCHUN
reseparop, 1o BuOor. Ilpu mpomy 31 30UIBIICHHSM BiJICTaHI BHECOK HU3bKOYACTOTHUX CKIIAJOBUX B CHEPIit0
KOJIMBaHb Oyne 30iibmryBaTHcs. JJOUUIBHUM € TO€IHAHHS BiIOPOIMITYJILCHOTO BIUIMBY 3 TEXHOJIOTiISIMH CTBOPEHHS
BUCOKHMX JIENPeciii Ta pemnpecii THCKY, W0 3HAYHO IiABHUIINTH €(EeKTHBHICTb iHTeHCH(IKAIHUX podIT y
CBEpJIOBUHAX PI3HUX KaTEropiu.

KirodoBi ciioBa: 6ibpoimnynbCcHull  2eHepamop, 6NIU6 HA NPUSUOIUHY 30HY NPOOYKMUGHUX HIACMIS,
ROMYACMOMHI KOTUBAHMNS, PE30OHAHCU NAACMOBUX CINPYKMYP.
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