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PeakTIBHO-aKyCTV4ecKas TeXHOMoMIA Ans
OYPEHIA CKBEXKVIHBI U MEPBUHHOIO BCKPLITVA
MPOLYKTUBHOIO MOpKH30HTA

Reactive Acoustic Technology: Hitting the Payzone

B.H.MaHbipvH, P.LLI. Myhasanos
(POCVHI™ r.Mockea, HI'® «TumypHedTeras» r.OKTs6pbCKMM)

pobnemMor HoMep OaVH AN1st BCex HepTea00bIBaOLLIMX
PEMIOHOB MMpPa ABNAETCHA COXPaHEHNE
NOTEHLMaIIbHOW NMPOLYKTUBHOCTY MiacTa B NpoLecce
€ro BCKpbITuaA BypeHnem. OCOBeHHO akTyanbHa
OaHHast npobnemMa st CTapbIX MECTOPOXKAEHNI,
MECTOPOXXAEHUI C HUSKVMU MIaCTOBbIMM AABNEHNAMN,
a TakKe MeCTOPOXOEHNIA, COOEPKALLMX BbICOKOBABKYHO
HedTb. [TOSTOMY CaMbIM OTBETCTBEHHbBIM STAroMm
CTPOUTESIbCTBA CKBaXKMHbBI CHUATAETCH Ka4ECTBEHHOE
N YACTOE BCKPbITUE MPOAYKTUBHOIO (HEDTSHOIO)
FOPU30HTA, T.K. OT YACTOThI U KA4ECTBa BCKPbITUA
MOJTHOCTBIO 3aBMCUT YPOBEHL HaYaribHOro AebuTa,
OJTENBHOCTb 3MEKTUBHON SKCMSTyaTaLyM CKBEOXKNHBI U
KO3 DNLMEHT HedDTEM3BNEYEHS B MEpUOoL, pa3paboTkim
MECTOPOXOEHNS.

YuntbiBasi 0COOYHO OTBETCTBEHHOCTb 3Tana BCKPbITUA
MPOAYKTUBHOIO nyacTa npu CTPOUTENBCTBE NN
KannTaJlbHOM PEMOHTE CKBE&XKMHbI, BO MHOTX 3apyDEXHbIX
HedhTenoObIBAIOLLMX KOMMaHWSAX NOA0OHbIE paboThl
BbIMNOMHAIOT Cneumann3npoBaHHble bpuragp!.

MpuYHLI BO3HUKHOBEHWA NPO6NEMbI

CyLLecCTByOLLME 1 LUMPOKO MPUMEHSIEMbIE B HACTOSILLIEE
BPEMSI CMOCOObI BCKPbITUS 1 3aKaHYMBAHNS CKBaXKMHbI
[ANeKO He COBEPLLIEHHbI KaK C TEXHNHECKOW, TaK U
TEXHOMOMMHECKOM TOYEK 3peHnst. B 60MbLUMHCTBE Cly4aes
OHW He 0BecneYMBatoOT ONTUMAaSIbHOIO KO3hduULIMEHTa
MPOAYKTUBHOCTM MiacTa 1 HepTeN3BEHEHNS, OCOBEHHO
B YCNOBWSAX HN3KOMPOLYKTUBHbBIX KOJIJIEKTOPOB U
MECTOPOXAEHN, HAXOOALLMXCS Ha NO3OHEN CTaaun
aKcnyaraumm.

B npouecce nepBnYHOro BCKPbITUS MPOAYKTMBHOMO Miacta
TBEpAAs MenkoamcnepcHas dasa 6ypoBON »XUOKOCTA U
BbIOYPEHHOM NOPOApI, FMHUCTLIE MNOBYIbl, KPUCTabI
YTSOKENUTENEN, MONIMMEPbI MPOHMKAKOT OOHOBPEMEHHO

C (OUABTPATOM B MOPbI 1 TRELLMHBI KOMNEKTOPA.

["1yBrHa NPOHUKHOBEHNS (nbTpaTa B HECKOSIBKO pas
NpPeBbILLIAET rAyounHy NepdopaLmOHHbIX KaHaoB, YTO
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V. N. Manyrin, R. Sh. Mufazalov
(Russian Society of Oil and Gas Engineers, Moscow,
Timumeftegaz Research and Production Company, Oktyabrskiy)

roblem number one for all oil producing regions is

preserving the potential productivity of a bed during
the drilling process. This problem is especially topical for
mature fields, fields with low formation pressures, and fields
containing highly viscous oil. Therefore, the most critical
stage in well construction is good, clean penetration of the
producing (oil-bearing) horizon, since the initial flow rate,
the duration of effective well operation, and the oil recovery
factor during field development are completely dependent
on the cleanness and quality of the penetration.

Due to the special importance of the drilling-in phase during
well construction or workover, these operations are performed
by specialized teams in many foreign oil companies.

Causes

The current and widely used methods for drilling-in and
completion are far from perfect from both the technical

and technological viewpoints. In the majority of cases, they
do not provide the best productivity index and oil recovery
factor, especially in poorly productive reservoirs and fields in
the late stages of production.

During initial drilling, the solid, fine phase of the drilling
mud, cuttings, mud globules, and crystals of weighting
agents and polymers penetrate the pores and cracks in the
reservoir simultaneously with the filtrate. The penetration
depth of the filtrate is several times greater than the
depth of the perforations, and this is the primary cause of
degradation of oil inflow into a well. This is generally the
result of a mismatch of the physicochemical properties
and rheological parameters of the drilling mud, as well as
imperfections in the hydraulics program and the drilling-in
conditions.

In its natural state, a reservoir is under uniform compression
by rock, hydrostatic, and geostatic pressures. The natural
pressure conditions are disrupted during drilling-in, with
deformations and the onset of shear stresses. These
stresses sometimes exceed the rupture strength of the
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N ABNSAETCA r1aBHbIM (haKTOPOM YXyOLLEHNS MPUTOKA
HebTV B CkBaXKMHY. B 0bLLemM cnyyae - 310 pesynstar
HeCOOTBETCTBUA d)VISI/IKO-XI/IMI/IHGCKOFO COCTaBa 1
PEOIOMMHECKNX MApaMETPOB BYPOBOMN XXUAKOCTU, a TaKKe
HECOBEPLLIEHCTBA MMAPaBIMHECKON NPOrpaMMbl U pexmnma
BCKPbITUS Nnacta GypeHnem.

B eCcTecTBEHHOM COCTOSIHMM KOMMEKTOP HaxoauTcst

o[, BCECTOPOHHMM CXKaTleM ropHO-, Mapo- 1
reocTaTM4ecKoro AaeneHnii. B npoLecce BCKPbITUS
nnacta 6ypeHnemM HapyLLIaeTCst eCTECTBEHHOE
HanPsKeHHOe COCTOsIHME C AehOPMALIMOHHBIMM
N3MEHEHMSIMU 1 MOSIBIEHNEM COBUrOBbIX HAMPSIKEHNIA.
IHoroa Takne HanpshXeHs MpeBbILLaoT npeaena
MPOYHOCTM MOPOAbI, 0COBEHHO MPY aHM30TPOMMM MOPOL,
C PasNMYHBIMN 3HAYEHVSIMM MOYSIS YIPYroCTW, Npeaen
MPOYHOCTY U KoahULMEHTa O6BEMHOIO PACLLMPEHMS.
AHN30TPOMHOCTb MPUBOOUT K aCCUMETPUHHBIM
IedopMaLMOHHBIM HAMPSPKEHNSIM, MPEVMYLLIECTBEHHO B
OKOJMOCKB&XKMHHOM MPOCTPAHCTBE, B 30HAX KOHLEHTPAaLMM
HaMPSKEHNA — TPeLLWHAX 1 KaBepHax. MossnseTca
IedopMaLMOoHHast aHU3OTPOMHOCTb MOPUCTOCTY U
MPOHMLIAEMOCTIN. ITO CriedytoLLast MPUHNHA CHKEHIS!
npuToKa HeTU B CKBaDKMHY.

Mpobnema ycyrybnseTcsa TeM, YTO MPOHUKHOBEHNE
TBEPAOB3BELLIEHHOW (hasbl C UnIbTPaTOM OypPOBOW
YKNOKOCTU 1 AehOpMaLIMOHHbIE N3MEHEHWST KOSINEKTOPa
MPONCXOOAT OOAHOBPEMEHHO MO MEPE Ero BCKPbITUS,
BbI3blBasi HeOOpaTVMble MPOLECCHI, Takne Kak adhdekT
3aLLemMneHVs nnn sannpanHnst. Hanbonee YyBCTBUTENBHDI
K 0eopMaLVOHHbIM N3MEHEHNSIM KapboHaTHble
KOJIIEKTOPA, HYTO OBYCIOBNEHO NX TPELLMHOBATOCTHIO.

AHanu3 onbiTa NPUMEHeHNA TeXHONOorK

B nocnenHmne rofpl MONCKM HOBbIX METOLOB
VNHTEHCUdVKaLM Npouecca BypeHns 1 MOBbILLEHNS
0ebuTa CKBaKNH MPUBENM K HETPAANLMOHHBIM METOLAM
BO3OENCTBUS Ha MPU3abonHyto 30HY B MPOLECCe BypeHms
1 00BbIHK HedbTW. [ns peLueHnss 3To Mpobaembl
cneuvanuctammn HIN® "TumypHedTeras” paspabotaHa
PEAKTUNBHO-aKyCTUHECKas TEXHMKA 1 TEXHOIOMUS

4N 6ypeHnst 1 BCKPbITUS MPOOYKTVBHOMO rOpU3OHTa
CKBE&XKVHbI U MOMyYeHbl MaTeHTbl Ha JaHHOEe N300peTeHme
[1]. BanaTeHTOBaHHOE peLLEHVE BKITKOHAET B ceds DypoBoe
[JO0J0TO C PeaKTVBHO-aKyCTVHeCKIM Mogyriem (PAM) (em. puc.1).

[NpUMEHEHNE OaHHON TEXHWKI 1 TEXHOIOMMM OTKPbIBaET
MPVHLMANABHO HOBbIE MOAXOMb! K PELLEHUIO

3TOWM MNPOBNEMBI, & OMbIT BYPEeHNs Ha PasINYHBIX
MECTOPOXKOEHMAX N PEMMOHAX MoKadann criegyroLme
MOSIOXXUTENBHBIE PE3YbTaThI:

» MoBbIAaeTCs aPPEKTVBHOCTL Pa3PyLLEHNS Mopoab!
YBENMHMBAETCS CKOPOCTL BypeHns oT 40 % 1o 90 %;

» MOBbILLAETCS CPOK CMY>KObl [OMOTa B CKBEDKMHE U
YBENMMUYMBAETCA NPOXoAKa Ha oonoTto ot 50 % no 80 %;
» CYyLLECTBEHHO CHKAETCS OMaMeTPaTbHbIA N3HOC
[0n0Ta, 0COBEHHO KaNMMOPYIOLLMX SIEMEHTOB;
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rock, especially where the rocks are anisotropic and

have differing values of elasticity, rupture strength, and
volumetric expansion. The anisotropy leads to asymmetrical
deformation stresses, primarily in the borehole environment,
and fractures and cavities in areas where stresses are
concentrated. Deformation anisotropy of the porosity and
permeability occurs. This is the next cause of reduced inflow.

The problem is aggravated by the fact that penetration

of the solid particulate phase by drilling mud filtrate and
deformational changes in the reservoir occur simultaneously
as it is penetrated, causing irreversible processes such as
pinch-off and plugging. Carbonate reservoirs are the most
sensitive to deformational changes due to their fissuring.

Analyzing Experience When Using Technology

In recent years, searches for new methods for intensifying
the drilling process and improving well flow rates have led
to non-traditional methods for bottomhole zone treatment
during the drilling and oil production process.

Puc.1. PeakTBHO-akycTdeckmne moaym 124,0 u
215,9 MM ons 6ypeHnst HaKNOHHO-HaNpPaBNEHHbIX U
FOPU3OHTASIBHbBIX CKBaXKMH.

Fig.1. Photo 1. Reactive acoustic modules for drilling
directional and horizontal wells using drill bit diameters
of 124.0 and 215.9 mm

To solve this problem, specialists at Timurneftegaz
Research and Production Company have developed
reactive acoustic equipment and technology for drilling
and penetrating the producing layer of a well, and have
obtained patents for this invention [1]. The patented design
comprises a drill bit with a reactive acoustic module. (see
Fig 1). The use of this equipment and technology reveals
fundamentally new approaches to solving this problem,
and experience in drilling in various fields and regions has
produced the following positive results:

» the rock boring efficiency is increased, and the drilling
rate is increased by 40 % to 90 %;
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» B MpoLecce BypeHnst BypoBor pacTBop NOABEPrasTcsa
BOJSIHOBOV 06paboTke, rOMOreHN3NPYETCH 1 B pesybTaTe
MOBbILLAKOTCS €r0 PEONOrMHECKME Ka4eCTBa;

» CO3MAETCH TOHKU 3aLLUTHBIN 3KPaH BOKPYI CTEHKM
CKBaXKVHbI, MPeaoTBPAaLLArOLLA NMPOHNKHOBEHME
OypPOBOro 1 LIEMEHTHOIO PACTBOPOB B MPOOYKTUBHbIA 1
BOASAHbIE MNACTbI U, KaK CNEACTBME, 1X 3arpa3HeHne
(obecnevmBaeTCa YICTOTA KONEKTOPA);

» MnpegoTBpaLLaoTca HebosbLuve (0o 15 M3/4ac)
MOrNOLLEHMSA B NpoLecce BypeHnst, CyLLLECTBEHHO
CHKaIOTCH BEPOATHOCTb ra3o-, BO4O- U
HeTENPOABNEHNIN B MPOLIECCE BYPEHNS 1 MEPETOKM
MNaCTOBOW YXXUOKOCTU;

» UCKIOHYaeTCH 06pasoBaHve Haaa0IOTHbIX CallbHUKOB,
06BaoB, NPUXBATOB MPY BYPEHUM HEYCTOMHMBBIX MOPOL, U
MOBbILLIAETCA KAYECTBO CTBOSIA (CTEHKN) CKBaXKWHDI;

» CYLLECTBEHHO CHWKAETCA CUna TPEHUS BYPUIBHON
KOJOHHbI Ha FOPU30HTATBHOM U HAKITOHHOM Y4acTKax
CTBOJMA 1 06ECNEYMBAETCA TPebyeMas Harpyska Ha 4OonoTo;
» YCUIIME PEAKTUBHO-aKYyCTUHECKOM TAr Npn BypeHnn
FOPU30HTaIBHOIO Y4acTKa CTBOJIa COMNOCTaBUMO C
TpebyeMom OCEBOM Harpy3KOM Ha AONOTO 1 0becnevmBaeT
NNaBHOCTb €0 HArPY>XEHWIS;

» CPOKM OCBOEHWS CKBaXKMH MPOOYKTUBHbBIX M1aCTOB,
BCKPbITbIX JAHHOM TeXHONornen, B 1,5 pasa MeHbLLE
HOPMAaTWBHOIO CPOKa, a AebuT B 1,5-2 pasa npesbiLIaeT
0ebUT NnacTa, BCKPbITOrO MO 0ObIMHOM TEXHOMOMM.

BnuAnne rupoakycTyecKoro nonsa

Ha npoyecchb! hynbTPALUK

YunTbiBasi 0COBYH BaXXKHOCTb MPOLLECCa BCKPbITUA
NPOAYKTUBHOIrO rOpU30HTa, BblIv MPOBEAEHDI
NCCNefoBaHVA BIVSHNS MAOPO0aKyCTUYECKOrO NMoss Ha
NpOoLLEeCChl PUNETPALM MPOMBIBOYHOM XXUAOKOCTU Yepes
KEPHbI C Pa3NNYHOM MPOHMLIAEMOCTHIO [2]. PesynbTarthl
ncecnenoBaHUin uUnbTpaUmMm rMMHUCTOrO PacTBopa Yepes
KepHbI B CTATUCTUHECKUX, ANHAMUHECKMX YCIOBUSX 1 B
rMAPOaKyCTUHECKOM MOJSe OTNNHAKOTCA MEXay CODON.
CyLLEeCTBO OTIMHMA 3aKITHOHAETCS B UBMEHEHWN CKOPOCTH
dunbTpaLmm BO BPEMEHU, T.K. USMEHEHNE CKOPOCTU U
obbema punbTpaTa NPOMbIBOYHOM XKNOKOCTU ABNAKOTCA
OCHOBHbIMW NOKA3aTENAMN, XaPaKTEPUSYIOLLIMN
0bpa3oBaHMeE 3aLLMTHOIO SKPaHa,- T.e. CTeneH
KOMbMaTaLum CTEHKM CKBaXKUHBI. Ha purc. 2 nprBeaeHsb
KPUBbIE USMEHEHNS CKOPOCTU (PubTpaumn (KonbmaraLiim)
BO BPEMEHN B CTaTUHECKMX (1), OMHAMNYECKUX (2)
YCNOBUSIX 1 MPWY MAOPOaKyCTUHECKOM BO3aencTaumn (3).

[NpoBeneHHbIE CCNEfoBaHVSA NMPOLIECCOB (PUbTPAaLMN
MOKa3bIBaOT, YTO MPU MOPO0aKYCTUHECKOM BO3AENCTBUM
0bpazoBaHVe 3alMTHOIO aKpaHa yckopsieTcd B 10 m
fonee pas, B pe3dynbTate CKOPOCTb unbTpaumm Yepes
15-20 cekyHn, CTaHOBUTCSt BIM3KON K HYJO, 1 CTEMEHb
KonbMataumm gocturaet 92-96 %, a obbemM unsTpara,
MPOHUKLLIErO B MacT, CHWKAETCA B OECATKM pas.

[Mpn CTaTUHECKMX N OVHAMUNYECKNX YCIOBMSAX Takas
CTeneHb KofibMartaumn gocturaeTcs vepes 50-60 MuH.
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» the service life of the drill bit in the well is prolonged and
the headway per bit is increased by 50% to 80%;

» the diametral wear of the bit, especially the calibrating
elements, is reduced significantly;

» the driling mud is subjected to undulation during drilling.
is homogenized, and its rheological properties are improved
as a result;

» a thin protective screen is created around the borehole
wall that prevents penetration of drilling mud and grout
into the producing and water-bearing beds and thereby
prevents their contamination (cleanness of the reservoir is
ensured);

» minor (up to 15 m3/hour) lost circulation in the drilling
process is prevented, and the probability of gas, water, and
oil kicks and

formation fluid crossflow during drilling is reduced
significantly;

» the formation of blockages above the bit, cave-ins,

and sticking of the bit when drilling in unstable rocks is
prevented, and the quality of the wellbore is improved;

» the friction on the drill string in horizontal and directional
sections of the wellbore is reduced significantly and the
required load on the bit is ensured;

» the reactive acoustic tension when drilling a horizontal
section of a wellbore is comparable to the required axial
load on the bit, and ensures that it is loaded smoothly;

» the time required to complete wells into producing beds
penetrated using this technology is 1.5 times less than

the standardized time, while the flow rate is 1.5-2 times
greater than the flow rate from a bed penetrated using the
conventional technology.

Influence of Hydroacoustic Field on the Filtration Processes

In view of the special importance of the drilling-in process,
the influence of the hydroacoustic field on the filtration of
the flushing fluid through cores with various permeabilities
was studied. [2]. The results of the studies of mud filtration
through core samples under static and dynamic conditions
and in a hydroacoustic field differ. The essence of the
differences is the change in the filtration rate over time,
since the changes in the velocity and volume of the flushing
fluid filtrate are the primary indicators of the formation of

a protective screen, i.e., of the degree of colmatation of
the borehole wall. Fig. 2 (overleaf) provides curves of the
filtration (colmatation) rate during time under static (1) and
dynamic (2) conditions and under a hydroacoustic effect (3).

The studies of the filtration processes showed that under a
hydroacoustic effect the formation of a protective screen is
accelerated by a factor of 10 or more, as a result of which
the filtration rate drops to near zero after 15-20 seconds,
and the degree of colmatation reaches 92-96%, while the
volume of filtrate penetrating the bed decreases by several
orders of magnitude.

This degree of colmatation is achieved in 50-60 minutes
under static and dynamic conditions. A mud cake is
present under static and dynamic conditions, while under

www.rogtecmagazine.com
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Puc.2 — 3aB1CHMOCTb CTEMEHN KOSlbMaTaLmm
necHaHbIX KEPHOB Mpw cTatndeckux (1),
ONHAMUYECKUX (2) YCNOBUSX U NP
rMAPOaKYCTUYECKOM BO3OENCTBUM (3) BO BPEMEHMU.

Fig.2. Degree of colmatation of sand core samples
under static (1) and dynamic (2) conditions and under
hydroacoustic effects (3) as a function of time.

[Npwr cTaTn4ecknx 1 OMHaAMUHECKMX YCIOBUAX (DUNbTRALIMA
MPWUCYTCTBYET MIMHUCTas KOPKa, a Mpu rapoakyCTUHECKOM
BO3OENCTBUM MINHUCTASA KOpPKa OTCYTCTBYET, a ToMLLmHA
KOJTbMaTaLUMOHHO-3aLLUTHOMO 3KpaHa cocTaBngaeT 10-18 mm
B Mopax UCCNeOyeMbIX KEPHOB.

Kpome yka3aHHbIX, MPOBOAVIMCH MCCNea0BaHNS 1
npoLiecca AekonbMaTaLym — OHMCTKM MOPOBbIX KaHAOB
nof BO3AENCTBUEM MMOPOaKyCTUHECKIMX BOMH [2]. [Mpun
rMOPOaKyCTUHECKOM BO3OENCTBIM Ha KEPHbI O4NCTKA
KOMbMaTaLIOHHOMO CNosi MPOUCXOOUT B OECSTKM pa3
ObICTPEE 1 A0 MOSHOrO BOCCTAaHOBNEHMS MPOHMLIGEMOCTM
nopofpl. Ha 6a3e npoBeaeHHbIX MCCNeaoBaHi
paspabdboTaHa MMapoaKkyCcTU4ecKas TEXHMKA 1 TEXHOIOMS
0151 OCBOEHUST CKBAXKWHbI U HTEHCUMKaLMW MpUTOKa 13
NPOOYKTUBHOIrO ropn3oHTa (pUc. 3, MapoaKkyCTUHECKME
YCTPONCTBA A/11  OCBOEHWNSA CKBEXKMHDI).

B yacTtHOCTW, Bblnn paspaboTaHbl MMAPO0aKyCTUYECKME
reHepaTtopbl 415 OypeHVs ¢ pasnyHbIMM aKTUBHbBIMIA
3MIEMEHTaMU: BUXPEBbIE, TOPOVOASIbHBIE, OVCKOBbIE,
ovadparMeHHble 1 napamMeTpu4ecKne reHepaTopsl,
paboTaroLme B PEXKNME YCUINEHNS BbIXOOHbIX
napameTpoB. C Lenbio CO3AaHNS MMapPO0aKyCTUHECKIMX
YCTPOWCTB C 3a4aHHbIMY BbIXOAHBLIMU NapameTpami

1 BbIGOpa ONTUMasTbHON KOHCTRYKLMW MPOBOANINCE
nccnefoBaHs aMmnInTyOHO-HaCTOTHBIX XapaKTepUCTUK
rMOPOaKYCTUHECKMX MEHEPATOPOB MPU PasINHHbBIX
PEXUMHBIX MapamMeTpax. IT1 paboTbl BbIMONHANMCH

B NHcTuTyTe MawumHosenerus (VIMALLLY npyu PAH
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hydroacoustic effects there is no mud cake, and the
thickness of the protective colmatation screen is
10-18 mm in the pores of the core samples studied.

Furthermore, the decolmatation (cleaning of the pores
under the influence of hydroacoustic waves) was also
studied [2]. Under hydroacoustic effects on the pores, the
colmatation layer is cleared tens of times faster, until the
permeability of the rock is completely restored.

Hydroacoustic apparatus and technologies for well
completions and stimulation of the inflow from a producing
layer were developed on the basis of these studies (see Pic
3 of hydroacoustic device for well completion).

Puc.3: [vapoakycTn4eckume yCcTpomncTaa ans
OCBOEHWS CKBaXKUHbI.

Fig.3: Hydroacoustic devices for well completion

In particular, hydroacoustic generators for drilling with
various active elements (vortex, toroidal, disk, diaphragm
and parametric generators) operating with output
parameter amplification were developed. The amplitude-
frequency responses of hydroacoustic generators under
various operating conditions were studied to create
hydroacoustic devices with the required parameters and to
select the optimum design. This work was performed at the
Russian Academy of Sciences Machinery Science Institute
(IMASh) [3] and the regional enterprise OTO Production
Ltd., with the involvement of specialists of the Machine
Acoustic Institute of Samara State Aerospace University [4].
It was found during this work that the output parameters of
these devices are dependent on many factors: the type and
geometrical dimensions of the active elements, the density,
viscosity, quantity and flow rate of the active agent in the
pores, and the counterpressure in the system. However,
the most important fact is that the waves generated

are nonlinear hydroacoustic waves with simultaneous
generation of frequencies from 0.15 to 16 kHz. Figs.

4 and 5 show the amplitude-frequency responses of
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[3] n P «OTO MpopaxkwH JITa» ¢ npuBneYeHmnem
cneuvanncToB VIHCTUTYTa akyCTUKIA MaLLVH Mpn
Camapckom [FocyaapCTBEHHOM a3pOKOCMUYECKOM
yHuBepcuTteTe [4]. B npouecce vx BbINONHEHUS BbISBEHO,
YTO BbIXOOHbIE NAPaMETPbI STUX YCTPONCTB 3aBUCHT

OT MHOMX (DaKTOPOB: OT TUMa U FEOMETPUHECKNX
Pa3MEPOB aKTVBHbIX 3/IEMEHTOB, MIOTHOCTU, BA3KOCTY,
KOMMYECTBA 1 CKOPOCTU UCTEHEHNS pabo4ero areHTa

B KaHanax, NpoTBOdaBeHNs B cucteme. Ho camoe
rNaBHOE — rEHePUPYEMbIE BOSHbI OTHOCSTCS K HEMNHENHOM
rMOPOaKyCTVKE C OOHOBPEMEHHOW reHepaLyen YacToT OT
0,15 oo 16 kl'u. Ha puvc. 4 v 5 nprBeagHbI aMMAUTYOHO-
YaCTOTHbIE XaPaKTEPUCTUKN MMOPOaKYCTUHECKNX
YCTPONCTB Ans 6ypernst (PAM) 11 OCBOEHNSA CKBaXKWH Mpu
Pa3NYHBIX PEXXMMHBIX NapamMeTpax.

MpumeHeHue TexHonorum

[aHHyto TEXHOMOMMKO MOXKHO MCMOMb30BaTh B MPOLIECCe
POTOPHOrO cnocoba BypeHns Pa3INMyHbIMU 3a00HBIMM
OBUratensaMn, BKIoHas anexkTpodypbl Anst HAKITOHHO-
HanpaBIEHHOIO Y FOPU3OHTATBHOMO BYPEHMS AYaMETPOM
ponota ot 124 MM 1 Bbile. Ha doTorpadmsix npneeneHbl
peaKkTUBHO-aKycT4eckme moaym (PAM) ans bypeHus
HaKJIOHHO-HaMPaBIEHHbBIX 1 FOPU3OHTaNTbHBIX CKBaXKUH C
nonotamu anameTpom 124,0 1 215,9 MM, 1 cxema paboThbl
PAM B ropn3oHTanibHOM CTBOJE.

o pe3ynbTatam BypeHust «TaTHePTENPOMOM>

(r. ANlbMETBEBCK) OMOPHO-TEXHONOMHYECKMX CKBEXKNH Ha
3103€EBCKOM MECTOPOXOEHWN, MPOBEAEHHOIO C LENbIO
onpegeneHnsa aeKTBHOCTU Pa3NYHBIX TEXHOMOMIA
BCKPbITUS MPOAYKTVBHBIX MIIACTOB C BbICOKOBS3KOM
HedTbO, HaKNyyLWWe pPesynsTaThl Mo YOebHON
NPOOYKTUBHOCTY NfacTa MoslyHeHbl C UCMOMb30BaHNEM
MOPO0aKyCTUHECKOM TEXHOMOTNN.

Kpome 3Toro npoBoAaniocs BypeHmne OnopHO-
TEXHOJOMMHECKNX CKBXXMH MO OLEHKE 3O EKTUBHOCTA
Pa3IMHHbIX TEXHOMOMMIA 3aKaHYMBAHNS CKBaXKWH B
YCIOBUAX MECTOPOXOEHUA KOMMaHWUK "TaTtHedTb”.
[MpuHATBI 13 NPUOPUTETHBIX TEXHOSIOTUN, B T.4.
MOP0aKyCTUHECKast TEXHOJOMMSA MEPBUYHONO BCKPbITVIA.
AHanmM3 1 0bpadboTka pPesynbTaToB BypPeHs ONMOPHO-
TEXHOSIOMMHECKINX CKBaXKUH BbIMOHEHB! UHCTUTYTOM
«TatHNMNHeTb». OueHka ahdhEKTUBHOCTI TEXHOMOMN
OCYLLIECTBIANIOCH MO 3HAYEHWIIO YAENBHON MPOAYKTVBHOCTY
nnacta. o JaHHOMY KPpUTEPUIO HavBbICLLME PE3y/bTarThl
Mo 3 PEKTUBHOCTI BCKPLITUA MIaCTOB MOJIyYeHbl C
NCNOMNBb30BaHNEM MMAPOAKYCTUHECKOW TEXHOIOMM -
yBENMHEHNE YAENBHON MPOLAYKTMBHOCTY MyiacTa COCTaBUIIO
3,8 pasa.

[0 MHEHWIO CeLMannMcToB HEDTAHOM KOMMaHUK Saudi
Aramco, roe o6bem BypeHnst FOpPU3OHTaTbHBIX CKBaDKMH
cocTaBngaeT 100 %, a TakKe TEXHOIOMMHECKOrO
COMPOBOXOEHNSA FOPUBOHTASTIBHOMO BYPEHNSA KOMMaHUM
Sperry-San, rae NpoBOANINCE OMbITHO-MPOMBILLIEHHbIE
paboTbl, MMAPOaKYCTNYECKAsT TEXHOMOrS obnerdaeT
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Puc.4 — AMNAMTYOHO-4aCcTOTHAsS XapakTepUcTuka

PEAKTMBHO-aKyCTMYeCKOro moayns PAM.
Fig.4. Amplitude-frequency response of the reactive
acoustic device for well drilling (reactive acoustic module)
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Puc.5 — AMNIUTYQHO-4aCTOTHAsA XapakTepucTiKa

rmapoaKyCcTn4eCcKoro yCTpOI;ICTBa 0514 OCBOEHUA
CKBa>KUHbI

Fig.5. Amplitude-frequency response of the
hydroacoustic device for well completion

hydroacoustic devices for well drilling and completion under
various operating conditions.

Application of Technology

This technology can be used in the rotary drilling process
using various downhole motors, including electric drills

for directional and horizontal drilling with drill bit diameters
of 124 mm and larger. The photographs show reactive
acoustic modules for drilling directional and horizontal wells
using drill bit diameters of 124.0 and 215.9 mm and a
diagram of the operation of a reactive acoustic module in a
horizontal borehole.
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B BYPEHUE

Puc.6 - [ocne ycneluHoro
3aBepLLEHVS BypPeHEM OHepenHO
FOPU30HTAIBHOM CKBaXKWHbI C
PAM, nonoto - 149,2mm. dnnHa
FOPU3OHTaSILHOMO y4acTka 1500m

4 Fig.6. After the successful driling of
a horizontal well using the RAM-
149.2mm reactive acoustic module.
The length of the horizontal segment
of the wellbore was 1500 m.

HaBOJKY KOMIMOHOBKM, KOPPEKTUPOBKY TPAEKTOPUM,
MOBbLILLAET TOYHOCTb 1 YCKOPSIET MPOBOAKY CTBOSA.

Ha puc. 6:- mocne ycnelwHoro 3aBepLUeHnst BypeHrem
OYEPEHON FOPU3OHTASIBHOM CKBEDKNHBI PEAKTUBHO-
aKyCTUHecKom TexHnkon PAM-149,2mm. OnvHa
FOPU30OHTANBHOMO y4acTka CTBofa coctasnana 1500m. Ha
puc. 7:- NoarotoBka k cnycky PAM-215,9vm ons BypeHmns
04epPEnHON CKBaXKMHDI.

OcHOBHbIE NapamMeTpbl

peaKTBHO-aKYCTUYECKOro YCTPONCTBA:

» ONaMETP NPUMEHSIEMbIX OOSIOT - OT 124MM U BbiLLE;

» NIOTHOCTU NPOMbBIBOYHOM XXUAKOCTU - OT 900
- 2200 Kr/m3;

» MPOHMLIZEMOCTb PagbyprBaeMbIx Mopos - 0,001
- 2,0 MKM2;

» MNPV UHTEHCUBHOCTW nornoLeHnsa oo 30 M3/4 u

pasmepe nop 10-8 wm;

» MPY MIOBOM BUAE KOSIIEKTOPA 1 HE PEFNAMEHTURYEMbIX
3Ha4YEHUM NIAaCTOBOM TeMrepartypbl 1 COAep»XaHNS
CepoBOaopPOaa;

» YacToTa rmapoakycTnHecknx BosH - 0,15-16 kl'y;

» amnnmTyga gasnenvs - 1,5-6,0 Mla;

» pacxop, 6ypoBon xugkoctn - 0,020-0,035 mM3/c;

» Mnepenag dasfieHvs B yctponcTtse - 3,0-6,0 MlMa;

[MabapuTtHble pasmepbl: gnameTp - 120 - 295 mM; BbicoTa
- 350 - 800 mm; Macca - 20 - 150 kr

3aknmoyenue

PesynbTathbl CpaBHUTENBHOMO aHaM3a CBUAETENBCTBYHOT,
YTO PEaKTUBHO-aKyCTMHECKAsS TEXHNKA W TEXHONOMS

Mo CBOEW NPOCTOTE NCMOB30BaHMSA, HAAEXKHOCTY,
3PDEKTUBHOCTI 1 MHOFOMDYHKLMOHABHOCTU Ha3HAYEHMA
SBASIETCA YHUKANBHOW, HE UMEKOLLIEN aHaN0roB B
MUPOBOW MpaKTuke. K HAaCTOSILLIEMY BPEMEHM Ha

6a3e rmapoaKyCTUHECKOM TEXHONOMMN CO3AaH LIENbIN

PSAL TEXHWUKM, peaIn3ytoLLIEN ee TEXHONOMMHECKmE
MPUHLMNGI B HedhTeo0ObIBaIOLLEN, HEPTEXMMNYECKON

¥ Opyrx oTpacnsx NPoMbILLAEHHOCTU. Bce onm no
OCHOBHbIM MOKa3aTessM CyLLIECTBEHHO MPEBOCXOOSAT
TPaANLUMOHHbIE TEXHONOTMN. PaspaboTkim 3aLlMLLIEHDI
nateHTamn Poccuinckon ®egepaummn, BeQyLmx CTpaH
Esponbi, CLUA, KaHagb!, AnoHnn.CneayeTt OTMETUTD,

YTO MMAPOAKYCTUYECKAA TEXHOIOMVS, MPUMEHSIEMas

B Pa3nn4HbIX TEXHOMOMMHYECKMX MpoLieccax,
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According to the results of the test well drilling in the
Zyuzeyevskoye field by Tatnefteprom (Almetievsk)
performed to determine the effectiveness of various
technologies for penetrating producing formations
containing highly viscous oil, the best results in terms of
the specific productivity of a formation were achieved using
hydroacoustic technology.

In addition, test wells were drilled to assess the
effectiveness of various well completion technologies
under the conditions of the Tatneft oil fields.Thirteen
preferred technologies were used, including hydroacoustic
penetration technology. The results of the test well drilling
were processed and analyzed by the TatNIPIneft Institute.
According to the criteria used, the best results, in terms of
formation penetration effectiveness were obtained using
the hydroacoustic technology: the specific productivity was
increased by a factor of 3.8.

In the opinion of specialists from Saudi Aramco, where
100% of the wells are horizontal wells, as well as per the
horizontal drilling engineering support provided by Sperry-
Drilling, where the trial operations were conducted, the
hydroacoustic technology simplifies drill string guidance and
trajectory correction, improves accuracy, and accelerates
drilling. In photo 6:- After the successful drilling of a
horizontal well using the RAM-149.2mm reactive acoustic
module. The length of the horizontal segment of the
wellbore was 1500 m. In photo 7:- Preparing to run the
RAM-215.9mm for drilling a new well.

Ak
Puc.7 - lNogrotoBka K CnycKy peakTuBHO-
aKyCTMYECKOro Moayns ¢ gonoTom 215,9vm ans
OypeHns 04eEPEOHON CKBaXKMHDI.
Fig.5. Preparing to run the reactive acoustic module

with 215.9 mm drill bit for drilling a new well.

Primary Parameters of Reactive Acoustic Device:

» diameters of drill bits used - 124 mm and larger;

» flushing fluid density - 900-2200 kg/m3;

» permeability of rocks drilled - 0.001-2.0 p2;

» with lost circulation of up to 30 m3/hour and pore
size of 10-8 m;

» in any type of reservoir and unspecified formation
temperature and hydrogen sulfide content;

» hydroacoustic wave frequency - 0.15-16 kHz;

» pressure - 1.5-6.0 MPg;

» drilling mud consumption - 0.020-0.035 m3/sec;

» pressure differential in device - 3.0-6.0 MPa;
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of use, reliability, effectiveness, and multifunctionality. The
hydroacoustic technology is now the basis for developing a
whole series of devices using its technological principles in
the oil producing, petrochemical, and other industries. They
are all superior to traditional technologies. The developers
are protected by patents in the Russian Federation, the
leading nations of Europe, the USA, Canada and Japan.

It should be noted that the hydroacoustic technology used
in various processes is exceptionally environmentally friendly
and physiologically safe, which is very important for its
widespread use in the fuel and energy sector.

ABMNACSTCH UCKITOHYUTENBEHO SKOOMMHYECKMN YUCTOM 1
PUBMONOrNHECKI BE30MACHOM, YTO OYEHb BAXKHO a5
LLIMPOKOrO MCMOME30BAHNA B TOM/MBHO-OHEPrETUHECKOM
KOMIJIEKCE.
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