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AHHOTanus. AKmya/sbHOCMb WCCJeJ0OBaHUs 00YClI0BJIeHa HEO6XOJAUMOCTbIO pelleHUs1 MPOo6GJIEMbl OCBOEHHUs Ta30BbIX
CKBaXXKUH I0CJIe MHOTOCTaJUHHOTO I'MpOpa3phiBa IJIACTa, 3aKJII0YAIOIENCsl B KOJIOCCAIbHbIX MOTJIOIEHUSIX TEXHOIOT Y e-
CKHUX JKMJIKOCTEH MpH TJIYLIEHWH Ta30BbIX CKBAXKHUH C BbICOKOM MCKYCCTBEHHOU NMPOHHULAEMOCTbI0 TPAJULMOHHBIMH METO-
JlaMH, a TaK)Ke CHIKEHUU JJOCTUTHYTOW NPOJYKTUBHOCTH Ta30BbIX 3aJieXel U3-3a MPOHUKHOBEHUS XKUJKOCTHU TJIYLIEeHUs] B
KoJuIeKTop. Llesb: pa3pa6oTka U 060CHOBaHHUE CIIOCO6A IAJSIIETO IJIYLIEeHUs] Ta30BbIX U Fa30KOH/EHCATHBIX CKBaXKUH MO-
CJle MHOT'OCTA/IMIHOTO TU/IpOpa3phiBa MJIACTa U OTPAOOTKU Ha pexuMe IKCIUTyaTanuu. 06seKmbl: Ta30Bble U ra30KOH/EeH-
CaTHbIe CKBaXXMHbI MOCJIe MPOBEJEHUs] MHOTOCTAaJUHHOIO rUApOpa3phiBa miaacta. Memodsl: GUIbTPALMOHHBIA 3KCIEpU-
MEHT JIJI51 ONpe/ieJieHUs] BJAUSHUS KUJIKOCTH TVIYIIEHHUS HA MPOHUIIAEMOCTD IJIACTA-KOJIJIEKTOPA; MaTeMaTU4eCKoe MO/IesTt-
pOBaHHUe MAAANEr0 TJIYIIEHUS TA30BOM CKBAXKHUHBI C UCIOJIb30BaHUEM I'MOKHUX HAaCOCHO-KOMIIPECCOPHBIX TPY6 U 060pyA0-
BaHUs /Il MPOBeJieHUs paboT Ha peryJupyeMoM JIaBJeHUHU; JabopaTOpPHbIe UCCIeI0BAHNUS MeXaHUYECKHUX CBOUCTB GJIOKHU-
pyolel Nayku - XXUAKOro nakepa. Pezysasmamel. [1o JaHHBIM QUIBTPALMOHHOTO 3KCIIEPHMEHTa 000CHOBAHO HEraTHBHOE
BJIMSIHHE KM KOCTH TJIyIIeHUsI HA HU3KOIMPOHUIIAeMble Ira30Bble IJIACThl; pa3paboTaHa TEXHOJIOTHS IAAALEro IJIYLIEHUS
ra3oBbIX U ra30KOH/IEHCATHBIX CKBAXKHH C MCI0JIb30BAHUEM I'MOKHUX HACOCHO-KOMIIPECCOPHBIX TPY6 U 000PYAOBAaHUS /s
NpOBeIeHUs OTepalil HA peryJupyeMoM JaBJEHUH, IPeJ[CTaBJeHa TEXHOJOTUYeCcKasi CXxeMa pa3MelleHHs] U 00BSI3KH 060-
PYZAOBaHUS NPH TJIYLIEHUH; NPOBEAEHbI JIaG0paTOPHBIE UCCAEJOBAHUS U MOAOGPAHbl TEXHOJIOTHUYECKHEe TapaMeTphl [JJis
BTOPOU GJIOKUPYIOLIEN MAaYKH — }KUAKOTO0 MaKepa, /sl AOMOJHUTENbHON U30JISILIMH Ia30BOT0 MJ1ACTa; IOCTPOEHA MaTeMaTH-
yeckasi MoJieJib Tpoliecca TJyIIeHUs ra30BbIX CKBAXKHMH MO pa3pabOTAaHHOU TEXHOJIOTUH, IPOBEJEH pacyeT JJis YCIOBUN
ra30KOH/IEHCATHOT0 MeCTOpoXkAeHUs: BocTouHoil CHOUPH, IpeCcTaBIeHbl Pe3yJIbTaThl MOJIEIMPOBAHUS TEXHOJIOTUYECKUX
oTepaLuy, OTpaXKkarle U3MeHeHHe OCHOBHBIX TEXHOJIOTUYECKUX ITapaMeTPOB B X0/ie paboT 10 TJyIIeHHIO.

KinrouyesBsle cioBa: bypenue c pery/iupyeMsIM JjaBjeHUEM, 3aKaHYMBaHUe, Lajsllee IJylleHre, MHOIOCTaJUIHBINA THADPO-
pasphbIB IJIACTA, COXpaHeHHe QUIbTPALMOHHO-eMKOCTHBIX CBOMCTB, TapaMeTphbl IJIyIIEeHUs, METO/bl YBeJUYEHUs IPUTOKA
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Abstract. Relevance. The need to solve the problem of developing gas wells after multistage hydraulic fracturing. This problem
consists in losses of process fluids during killing gas wells with high permeability by traditional methods, and reducing the
achieved productivity of gas deposits. Aim. To develop and justify a method for gentle killing of gas and gas condensate wells
after working out in operation mode. Objects. Gas and gas condensate wells after multistage hydraulic fracturing. Methods. Fil-
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tration experiment to determine the effect of killing fluid on reservoir permeability; mathematical modeling of gentle killing of a
gas well using flexible tubing and equipment for work at controlled pressure; laboratory studies of the mechanical properties of
the blocking pack - liquid packer. Results. According to the results of the filtration experiment, the negative effect of the silencing
fluid on low-permeable gas layers is justified. The authors developed the technology of gentle killing of gas and gas condensate
wells using flexible tubing and equipment for operations at controlled pressure. Laboratory studies were carried out and techno-
logical parameters were selected for the second blocking pack - a liquid packer for additional isolation of a gas reservoir. The
authors constructed a mathematical model of killing gas wells using the presented technology; a calculation was carried out for
the conditions of a gas condensate field in Eastern Siberia. The paper introduces the results of modeling technological operations
reflecting the change in the main technological parameters during well killing.

Keywords: Managed pressure drilling, well completion, gentle well killing, multistage hydraulic fracturing, preservation of
filtration-capacitance properties, well killing parameters, methods of increasing inflow
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B Hacrosiiee BpeMs pu pa3padOTKe Ta30BBIX U ra-
30KOH/IEHCATHBIX MECTOPOXKIIEHUI KOMIIaHUHU-
orepaTopbl CTalu Mpuberatb K MPOBEJICHUIO MHOIO-
cTaguifHoro ruapopaspbeiBa miacta (MIPII). Ipuun-
HOM SIBJISIETCS UCTOLICHUE KPYIHBIX MECTOPOXKIAECHUH C
BBICOKMMH (DPUIIBTPAIIMOHHO-EMKOCTHBIMU CBOMCTBaMU
(®EC) [1, 2]. Jdns moanmepxaHus YpOBHS JOOBIYH
KOMIIAaHUM BBIHYXKJIEHBl OCBauBaTh CIIOKHBIE MECTO-
POXKACHUS C HU3KOW NPOHULIAEMOCTBIO KOJIJIEKTOPOB.

OHUM U3 TaKUX MECTOPOKIEHUH SBISIETCS ras3o-
KOHJIGHCATHOE MECTOpOXKJeHHe Ha tore BocTouHoit
Cubupu. [IpoxyKTHBHBIE OTIOKEHUS MECTOPOKICHHUS
otHocsaTcs K IlapdenoBckomy ropuzonty Yopckoit
CBUTBI, 3ajleratolieMy B uHTepBajie oT 3283 no 3323 m.
[IponykTuBHBIE Tra3zoHachllleHHbIe MacTel [1; u I,
MIPEACTABICHBI TIECYAHUKAMU C TPOCITIOSMH aJICBPOJIH-
TOB U apriyTUTOB. KOJNJIEKTOP OTHOCHUTCSI K TEPPHUTECH-
HoMmy tuity U umeer Huzkue O@EC. CpenHee 3HaueHue
MOPUCTOCTH cocTaBisieT oT 6,2 10 9,7 %, nponHwuiae-
MocTh He npesblimaer 0,0184 MKM”. IIpuuunoii siBis-
€TCsI BRICOKOE COJICpIKaHUE aIeBPUTOBOM (pakiwu (30
% wu 6omnee), rmaECTOrO (10 % ™ Goyee) u KapOOHAT-
Horo (7 % wu Oonee) nemenToB. [lo knaccudukanum
XaHMHA MECYAHUKN Map()EHOBCKOTO TOPH30HTA OTHO-
cATCA K V KJIacCy KOJUIEKTOpPOB ¢ mpu3Hakamu [V m
pexe III knaccoB [3]. IIpogyKTUBHBIN IIaCT XapakTe-
pHU3yeTCs aHOMalbHO HIM3KUM JasieHueM (k, = 0,82)
¥ CKJIOHEH K Toromenuto (kp, = 1,2).

KoHcTpykIMs CKBaXHH MOAPAa3yMEBAET BCKPBITHE
IIPOAYKTUBHOIO IJIaCTa TOPU3OHTAIBHBIM CTBOJIOM
mmHOM 800 M (puc. 1). DkcrmyaTanus BeaeTcs yepes
neppopUpoBaHHBIA XBOCTOBUK auameTpoMm 114 wmwm,
MO/IBECKAa KOTOPOTO PACIIONaraeTcs B MOTAWHON JKC-
IJTyaTallMOHHOW KoJIOHHE. M3omsiiust msith  11opTOB
MI'PII obecnieunBaercs Mmakepamu THIpOMEXaHUYe-
CKOro (HaOyXaroIlero) THIIA.

Jis KOHTpOJIS pa3pabOTKH CKBaKHHBI OCHAICHEI
BBICOKOTEXHOJIOTUYHBIM ~ KOMIUIEKTOM  IOA3EMHOTO
obopynoBanus (KI1O), xotopoe Bo Bpemsi oTpadaThi-
BaHUs Ha (pakenm mojBepraercs CHILHOMY aOpa3uBHO-

My U3HOCY 3a CUET BBIHOCA YACTH MPOTIIAHTa U3 CKBa-
KUHBL. B ciiygae ocBOCHHUST CKBaXKWH Ha TEXHOJIOTHYE-
ckux HacocHbIX Tpybax (HKT) HeoOxonumo amns ycra-
Hosku KI1O mpousBecTH rirynienne ckBaxusl [4, 5].

W3BecTHO, 4TO BO BpeMs TJIYIICHHS CKBAKUH 3a
cu€T pacnpepeNeHHs KUJAKOCTH TIYIICHHUS 110 CHCTEME
MOJTYYEHHBIX TPEIIMH MPOUCXOUT CHIDKEHUE TTPOIYK-
tuBHOCTU [6, 7]. IloaTBepkaeHrEM HAa3BaHHOMY CIly-
KaT IPOBEACHHBIC (PIIIBTPAIMOHHEIC HCCIICTIOBAHIS Ha
HATYpHBIX MaTepuanax XaMaKHHCKOTO ropuzoHTa Ya-
STHIMHCKOTO He()TeTra30KOHICHCATHOTO MECTOPOKIIE-
HUSI, IMEIOIIIEr0 CXOJHBIE KOJUIEKTOPCKUE CBOMCTBA [§].
UccnenoBanust mpoBomuiiich Ha yctaHoBke RPS-812
(Coretest Systems), coriiacHO UHCTPYKIWH [9], ¢ coOo-
JICHHEM TepMOOAPUIECKUX YCIOBUI H3y4aeMOro 0ObeKTa
pazpabotku (miactoBoe napnenue P, = 12,8 Mlla,
temneparypa T = 11,4 °C).

B o6pasupl kepHa, npeaBapUTEIbHO HACHIIIEHHBIE
KEPOCHHOM, 00paTHOH 3aKa4Kol B TCUCHHE Haca 3aKa-
ynBaioT BoAHBIN pacTBop KCI mmorHocThO 1,02 r/em’
B pasHoMm oObeme: 0,26; 0,41 u 2 mopoBbIX 00beMa
COOTBETCTBEHHO. [locie 3Toro MoAenpyoT 0CBOEHHE
CKB2XXWHBI TPSIMBIM (WIBTPOBAHUEM KEPOCHHA [0
YCTaHOBJICHHUS IIOCTOSIHHOTO TIpaJleHTa JIaBJIeHHS
(puc. 2).

B pesynbrare 00paOOTKHM IONyYCHHBIX JaHHBIX
YCTAHOBJICHO, YTO MPOHHUIIAEMOCTh IO KEPOCHHY ISt
0,26 mopoBbix 00BemMOB coctaBmna 12,33 mJl, mus
0,41 mopoBoro o0béma — 4,79 mJl, mus 2 MOPOBBIX
o6wemoB — 3,43 M/l (Tabn. 1). [IpoHHiaemMocTs ke J10
MIPOKAUKHU JKUAKOCTHU TIIyLIEHUs cocTaBisieT 38,25 m/1.

Kak BuAHO W3 NONYyYCHHBIX pE3yIbTATOB, 0OBEM
MOTIABIICH B KEPH >KUAKOCTH TIYIICHUS TPSMO BIIHSIET
Ha ero (IIBTPAIIMOHHBIC CBOWCTBA: CHU)KCHHE MPOHU-
LAEMOCTH B 3aBHCHUMOCTHU OT KOJMYECTBA >KUAKOCTH
coctaBisgeT ot 67,7 1o 91 %.

Coxpanenne @EC komnekropa MoOxeT ObITH obec-
MEYECHO MIAJAIIUM TJIYIIEHHEM C HCIOJIb30BAHUEM
OJIOKHMPYIOIINX COCTABOB UISl M3OJISIIIMN TIPOTYKTUBHO-
ro macta Ha Bpemsi cmensl KI10.



HzBecTuss ToMCKOro NOJIUTEXHUYECKOT0 yHUBepcHUTeTa. MHXXUHUPUHT reopecypcoB. 2024. T. 335. Ne 1. C. 7-18
JiBoiiHuKoB M.B. 1 ap. TexHO/I0IMsI [/TyIIeHUs Ta30BbIX CKBAXXKUH HA PeryJIupyeMoM AaBJeHUN

OTHNOHEHME OT BEPTHUKAH, M
100 300 500 700 900 1100 1300 1500 1700

Hawmar HanpasneHua 30 m

Balwmak KoHaykTopa 690 m

1000
=
=
2 1500
=
E
]
=
o
=
-
T 2000
w
>
=
NOABECKa IKCMYaTALMOHHOM NOTAMHON KONOHHLI 2300 M
2500 A Gawmak sKCNTyaTaUMOHHOM KonoHHb! 2500 m
3000
noagecka xsoctosuka 3300 m
— bawmak xsocToBmKka 4333 m
Balumak sKCNAYaTauMOHHOW NOTARHOR KONOHHBI 3600 M 7
3500 napbeHoBCKMii ropu3oHT 3283-3323 m

Puc. 1. Tunosble npoguib u KOHCMPYKYUsL CKEANCUHBL [cocmas.ieHo agmopamu]
Fig. 1.  Well profile and design [compiled by the authors]
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Fig. 2.  Graphs of dependence of filtration pressure gradients on the pumped kerosene volume [compiled by the authors]



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024.V.335.1. P. 7-18
Dvoynikov M.V. et al. Technology for killing gas wells at managed pressure

Ta6auya 1. Pesysomamsl npogedeHHbIX PusbmpayuoHHbIX IKCNepUMeHmos

Table 1. Results of filtration experiments

[TapameTp EnvHuLa M3MepeHUs l'lpo(lm;l;;;;ggiﬂolzil:([‘( T:fs;ﬂ;ngeMOB)

Parameter Unit of measurement Y P

- 0,26 0,41 2
FpaﬂHeHT.A.aBJI.eHI/IH 3aKa'KH 110 KepOCHHY aTtM/M 52,95 162,89 359,74 590,02
Kerosene injection pressure gradient atm/m
[1oABIXKHOCTD 110 KEPOCUHY m/1/(mllasc)
Kerosene mobility mD/(MPa-s) 22,11 712 317 198
[IponunaemMocTb 10 KePOCUHY M/l 38,25 12,33 479 3,43
Kerosene permeability mD
MakcruMasibHbIN rpaJiueHT JlaBjieHust QUIbTPaALUU KEPOCHU-
Ha ocJle 3aKauKH XXUAKOCTH IJIyLIeHNs aTtM/M B
Maximum pressure gradient of kerosene filtration after atm/m 167,32 370,99 601,44
injection of killing fluid
ksp % - -67,7 -87,47 -91

KF - killing fluid.

[Ipu >TOM ycTaHOBKa OJIOK-TIAYKH B TOPHU3OHTAIIB-
HOM cTBoJie anmuHoM 800 M, paz/ie’IeHHOM Ha HEOJHO-
pOJHBIE IO MPOHUIIAEMOCTH 30HBI (IOPTHI), MPAMON
3aKauKoM MPH 3aKPHITOM YCThe HECET PUCKU HEpaBHO-
MEpHOTO pachpe/ie]ieHuss COCTaBa M IOMJIOIICHUS B
0oJee MPOHUIIAEMYIO 30HY.

Juis pemieHnst JAaHHON TPOOIEMBI TIpEIIaraeTcst
pa3paboTaHHasi TEXHOJIOTHUS TIYIICHHUS T'a30BbIX CKBa-
KUH Ha peryJiupyeMoM JaBlieHWH. PerynupoBaHue
3a00HHOTO JTaBICHUS IPOU3BOIUTCS C LENBI0 HEOITY-
IICHUS KaK MMOTJIONICHHUS TEXHOJIOTHYECKHUX JKUKOCTEH
BeleAcTBUE penpeccur Ha miact [10, 11], Tak u mpo-
SIBIIGHUS TIPU HEJOCTATOYHOM T'HMJIPOCTATHYECKOM J1aB-
JIEHUM W MIpOpbIBax rasa. g ycnemHoro npoBeaeHus
TIYIICHUS] HEOOXOOUMO JHHAMHYECKOE IMOICPKAHNE
paBHOBECHS B CUCTEME CKBaxuHa—Tuiact [12, 13].

[lepBoHauaabHOE OCTHMIKEHHE PABHOBECHOTO CO-
CTOSTHHSA OO0ECIeUMBAIOT 3a CYET CaMO3aJaBIMBAHUS
paboTaroreii ra30Bol CKBaXHMHBI. JIJI1 3TOro B CKBa-
J)KUHY JI0 YPOBHS IIOJIBECKM XBOCTOBHMKA CITYCKarOT
ruOKyr0 HacocHO-komIpeccopuyro Tpyoy (I'HKT).
3aKa4uBaIOT JKUJKOCTh TIYIICHUS NPU OTKPBITOM 3a-
TpyOe 10 TOCTHIKEHUS YCTHEBOrO JIaBJIECHHUs, TIO3BOJIS-
IOIIEr0 KOMIIEHCHPOBATh YBEIUYCHUE JABJIICHUS TIPU
CITyCKe MHCTPYMEHTA B TOPU3OHTAIILHBINA CTBOI U MPO-
JABKY OJIOKHPYIOIICH MavKy.

Juis paboT MO TPEeNCTaBICHHOW TEXHOJIOTUH HC-
MOJIL3YIOT KOMIUIEKC Ha3eMHOTO M 3a00HHOTO 000py-
JIOBaHMA, KOTOPBIN BKJIIOYaeT (puc. 3): KOJITIOOMHIO-
BYIO YCTAHOBKY — 2 JUI CEJIEKTUBHOM 3aKauKu JKUIKO-
CTH TUIyHICHUS M YCTAHOBKH OJIOKHPYIOIIEH Maukdl B
MPOAYKTUBHBIN TOPU30HT OJHOBPEMEHHO C MOIBEMOM
I'HKT [14]; xaOesbHBIH KaHAI CBA3M BHYTPH TPYO — 12
JUTS TIepefadil JaHHBIX C 32005, YCTHEBOW NAaTUUK JaB-
JeHHS B COCTaBE OJIOKa APOCCETUPOBAHUS — 7 IUIs
KOHTPOJIS ITpoLiecca IITyIIEeHHUs; KOPHOJIHUCOBBIN pacxo-
JoMep — 9 ISt ompeeeHus XapaKTepUCTUK IBYX(as3-
HOr0 IOTOKa; APOCCeNb — 8 sl PEryIMPOBAaHUS MIPO-
THUBOJIaBJICHUS Ha IJIacT.

10

3akauky JKHJIKOCTH TIYIIEHUS A0 YCTaHOBJICHUS
pPaBHOBECHS U JAILHEHIIYIO YCTAaHOBKY OJIOKMPYFOIICH
MAYKH OCYIIECTBIISIOT CICAYIOIIMM 00pa3oM: CIycKa-
FOT 3amoJHEeHHY0 XujkocTeio rnymenus [HKT [15]
JI0O UHTEPBaJIa MOJABECKH XBOCTOBHKA, 3aTEM 3aMEPSIOT
yCTheBOC M 3a0oWHOe gaBieHus. [lo TOMydeHHBIM
JAHHBIM BepUQUIMPYETCS MaTeMaTHYeCKas MOJIeIb
mporiecca, Mpu HeOOXOIUMOCTH B MPOrpaMMy TIIyIIe-
HUS BHOCAT KOPPEKTUPOBKH.

Jlanee 3akaunMBarOT KUJAKOCTH TIYIIEHUSI C KOHTPO-
JIeM pacxojia ¥ 3a00WHOTO JaBJICHHUS M TOCTETICHHBIM
MOJKATUEM JIPOCCelis. 3aKadKy MPOJOHKAIOT JI0 ycTa-
HOBJICHUSI PAaBHOBECHsSI B CHUCTEME, TIPU dTOM Ha JIPOC-
celie JepKaT 3amac Mo JaBJICHUIO JJIS JIOBEIEHUS JI0
320051 OJIOKUPYFOIIEH TaYKd ¥ KOMIICHCAIIUH TTOPIITHE-
BBIX A(PQPEKTOB IpH CITyCKOIMOABEMHBIX OIIEPAIUSIX
(CITO).

[Tocne storo 'HKT cnyckatoT B ropu3oHTaJIbHBII
y4acTok ctBoyia. OIHOBPEMEHHO MOIAIOT OJOKUPYIO-
i coctas. [locne MOCTIKEHUST HHCTPYMEHTOM 330051
OJIOKUPYIOIIUN COCTaB YCTaHABJIMBAIOT B TPOJYKTHB-
HOM TOPHU30HTAIILHOM Y4YacTKe CKBaKWHBI. Bmecte ¢
ATUM OCYHIECTBIISIFOT TocteneHHbii mogbem [HKT.
Ckopocts CIIO BbIOMpaeTcsi TakuM 00pa3oM, YTOOBI
OJIOKUPYIOIIUK COCTAaB PABHOMEPHO 3arlOiHSII MpPO-
CTPAHCTBO BHYTPU XBOCTOBHKA U 32 HUM.

[To 3aBepreHNy 3aKauyku OJOKHUPYIOIIETO COCTaBa
I'HKT nogHumaroT A0 YpOBHSI MOJIBECKH XBOCTOBHKA.
YCTaHaBNUBAIOT PA3EIUTENbHYIO BS3KYI0 MAuKy —
COKUJIKUH TTaKkepy, He0OXO0AUMYIO JIJIsl TIOBBILLICHHS ra-
30yJIEPKUBAIOIICH CITOCOOHOCTH OJIOKHPYIONICH KOM-
MO3UIMK U 00ecrieYeHrs: HaI&KHOCTH U3O0JISIIUM ra30-
BOT'O ILJIACTA.

Janee 3akaykodl >KMIKOCTH TIYIIEHUS CO3JAI0T
MIPOTHUBOJIABJICHHE HA OKUAKUH makep» B pazmepe 1,05
OT IJIACTOBOTO B coOoTBeTCcTBUU C [16]. [IponsBoautcs
TEXHOJIOTMUECKUN OTCTOM M CTpaBIMBaHUE Ta30BbIX
marok. [yleHne cKBaXWHBI (GPUKCHUPYETCS 3aMepoM
YPOBHSL.
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v

Cxema pasmewjeHust o6opydosaHusi npu aayweHuu [cocmasaeHo asmopamu]: 1 - pakeabHulli omeod; 2 - KoAmMo6UH-

208as ycmaHoeka; 3 - npomugo8blbpocosoe 060pydosaHue; 4 — 1ybpukamop KoamwbuHea; 5 - poHmaHHas apmamy-
pa; 6 — 8bIX00HAs NUHUS; 7 — 610K dpoccenuposaHusi; 8 — pezyaupyemvlil dpoccens; 9 — kopuoaucoswlll pacxodomep;
10 - o6pammublii kaanaH; 11 - 8bixod Ha cenapamop; 12 - THKT; 13 - auHusi KoHmpo/si 3ampy6H020 NpoCcmpaHcmaa;
14 - mpy6Has 204068Ka; 15 - maHomemp 8bicOK020 das/eHust; 16 — KOAOHHAS 20108KA

Fig. 3.

Scheme of equipment placement at killing [compiled by the authors]: 1 - gas flare; 2 - coiled tubing unit; 3 - blowout

preventer; 4 - tubing lubricator; 5 - production tree; 6 - outlet line; 7 - manifold unit; 8 - choke; 9 - coriolis flowmeter;
10 - non-return valve; 11 - separator inlet; 12 - coiled tubing; 13 - annular space control line; 14 - pipe head; 15 -

high pressure gauge; 16 - casing head

B kagecTBe <CGKHMAKOTO Makepa» Ais 3aJaHHBIX
YCIIOBUH pPAacCMOTPEHO NPUMCHEHHE OIOKUPYIOLICH
KOMIIO3UIIMM Ha OCHOBE MPOM3BOAHBIX IMOJIMMETHII-
nesuono3sl. OnpepelieHne MEXaHUYeCKUX CBONCTB
(CKUJKOTO TMaKepay OCYIIECTBICHO B JTaOOPaTOPHBIX
YCIOBUSAX. 3amMepbl NPOU3BEIEHB Ha YCTAaHOBKE
MACS 1I cornacHo unctpykuuu [17]. Cmonenupo-
BaHa 3aKayka cocTaBa B TeueHue 30 MUHYT C mocre-
MEHHBIM MOBBIIICHUEM TEMIIEPATYpPHI 10 IUIaCTOBOM.
I'enupoBaHue cocTaBa MPOUCXOIUT MPU JOCTHIKEHUH
mnactoBoil temmnepatypsl 56 °C. Ilo mpomrectBum

33JIaHHOTO  BPEMEHH  OMNPEIENeHO CTaTHYEeCKOoe
HaNpsDKEHUE CABUTa <(OKUAKOro mnakepa» [18-20]
(puc. 4).

ITpoYHOCTh <OKUAKOTO TaKepay Kak CIOCOOHOCTh
COXPAaHSATh CTPYKTYPY I0J] MPHIOKCHHBIM JIaBICHUEM
OIIPENIEISACTCS €r0 CTATHYCCKUM HAIPSHKCHUEM CIIBUTA
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To. CpenHee 3HAUYCHHUE I pacCMaTpUBAEMOW KOMIIO-
surun coctaBuio 1871 Ila. ITo ¢popmyne [21] paccun-
TaeM HEOOXOJUMYIO JIJTMHY HMHTEpBajia CTBOJIa CKBa-
xuHbl H nuametpom d = 0,104 M, koTopas Oyzaer 3a-
MOJTHEHA <OKUJIKMM ITaKepOM» JIJISl CACPKUBAHUS MPO-
tuBodaniacHus AP B 1,32 MlIla.

__ APd _ 1,32105-0,104
41871

= = 18,33 (m).

J71st KOHTPOJISI M peTyIMPOBAaHMS TPOLIEcca TIyIe-
HUS HEeoOXOoAMMa MaTeMaThdecKas MOJENb, MO3BOJIS-
folas MpOrHO3UPOBaTh M3MEHEHHE 3a00MHBIX Mapa-
MeTpoB [22-25]. Tlpu TiaymeHun ra3oBbIX W Ta30KOH-
JEHCATHBIX CKBOXWH B 3aTpyOHOM IPOCTPAHCTBE
HaOroaercst AByX(a3Hbl MOTOK (hiromaa, XapakTe-
PHUCTHKH TEUCHHUSI KOTOPOTO HAMPSIMYIO 3aBHCAT KaK OT
JIABJICHUS], TAK M OT TeMIiepaTypsi [26].
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Fig. 4.  Static shear stress of a liquid packer under reservoir conditions [compiled by the authors]

[lepenoc Temma B TpyOax M B KOJBIEBOM MPO-
CTPAHCTBE OMHKCAH MOJIENBIO, MIPEJICTABICHHON B pado-
Te [27]. B xauecTBe rpaHUYHBIX YCIOBUH MpH pacyére
TEMIIEPaTyphl IPUHIATO PABEHCTBO TEMIIEpPATyp MOTOKA
Ha Bbixoze u3 HKT u B konbiieBoM mpocTpaHcTBe, a
TaK)Ke 3aKOH COXPAHEHUs Macc.

Pacuér xapakTepucTuK 0mHO(pA3HBIX TIOTOKOB KH/I-
koctu B 'HKT u raza u3 miacra ocyliecTBisieTcs Mo
metoguke [28]. CocTosiHMe CHKMMaeMON IU1acTOBOM
CHCTEMBI OIpeIeNIsIeTCs B 3aBUCUMOCTH OT JaBJICHUS U
TEMIIEPaTypbl B KOHKPETHOM TOYKE 4Yepe3 UCIOIh30Ba-
HHUE B pacueTax pe3y/lbTaTOB JIA0OPATOPHOTO aHaU3a
¢dazoBoro moBexeHus IwractoBoro Qumonma (PVT
(pressure-volume-temperature) XapaKTepUCTHKH).

Haunbonee cioXHBIM BOIIPOCOM TIPH MaTeMaTH4e-
CKOM MOJIETTUPOBAaHUU Tpollecca TIYHIeHHUsS] Ta30BbIX
CKBQ)XMH SIBIISIETCS MOJEIMPOBAHUE JBIKECHUS CMECH
raza u 3akaunBaemoil kunkoctu [29, 30]. Jus mpo-
THO3HPOBAHUSI MHOTO()a3HOrO MOTOKA HCIOJIb30BaHa
MeXaHucTHYeCcKas Mojens Xacana u Kadupa [31, 32].
[IpaBunbHBIH BBIOOp MOJENH OOYCIIaBIMBAaET TOY-
HOCTb MOJYyYeHHBIX pe3yinbraToB [33-35]. BriOpan-
Has MEXaHUCTUYECKasi MOJIEIb C JOCTATOYHON TOYHO-
CTBIO OTpa’kaeT CBOHCTBA MHOTO(A3HOTO IOTOKA.
B nmanHO# MOnenu MOTOK >XKUIKOCTH W Ta3a MPUHAJ-
JEXKHUT K OJHOMY M3 YETBIPEX PEKUMOB: IMYy3BIPHKO-
BBIH, TPOOKOBBIA, pACCESHHBIM IY3BIPHKOBBIA H
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KoJbLEeBOM. IIpUHAIEKHOCTE K pEXUMY OIpeness-
€TCsI COOTHOIICHHUEM TPHBEICHHBIX CKOPOCTEH KU -
KOH u razoBoit (a3 [36]. [lepexon MexXIy pexuUMaMu
YCTaHABIMBACTCS uyepe3 TpaHUUHblEe KpuTepuu. Pac-
CMOTpEHHas MaTeMaTH4ecKas MOJENb pealu30BaHa B
pacdyeTHOoM Komiuiekce. Ilepen mpoBeneHueM omnepa-
OUU O TIYHIECHUIO HPOU3BOJUTCS MOJEINPOBAHUE
mporecca. Kak ObU10 cka3aHo paHee, pacuéTHas MoO-
JIeJIb aKTyallu3UPYETCsl 1O MOJIy4yaeMbIM 3HAYEHUSM B
XOJI¢ IPOBEACHUS PadoT.

Jnis onepaTHBHOTO MPOBEICHUS PACUYETOB MO Ma-
TEMaTHYECKONW MO/enH Oblla HamucaHa MporpaMMa Ha
sa3pike Python. TexHonornueckue orneparyuy cMOAENH-
POBaHBbI 110 NPEACTABICHHON BBILIE I10CJIEJ0BATEIBLHO-
CTU Ul T€0JIONO-TEXHUYECKUX YCIOBUM paccMaTpuBa-
€MOr0 ra30KOHJEHCATHOrO MecTopoxaeHus. s pac-
4yéTa HCIMOJIb30BAHBl CIEAYIOIINE HCXOJHbIE JaHHBIE
(Tabm. 2).

[agsmee raymeHNe CKBaXUHBI 110 MPEUI0KEHHOM
TexHonorun HaunHaercs co cinycka I'HKT B untepsain
II0JIBECKU XBOCTOBHUKA. [locne aToro ocyuecTBisercs
3aMep BEIMYMHBI 3a00HHOrO naBieHus P, Bepudu-
Kalust MOZeNu Mo (axkruyeckuM JaHHbIM. Ilo moiry-
YCHHBIM JaHHBIM CTPOMTCS TpadyK 3aBUCHMOCTH TEM-
nepatypsl B TpyoHOM mipocTtpancte u B [HKT ot roy-
Onnbl. CMOeIMpPOBaHHbIE 3HAYESHUS [IPE/ICTABICHBI HA
puc. 5.
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Fig. 5.

Ta6auya 2. HcxodHble daHHble 045 pacdiema

Distribution of temperature along the wellbore of a working well and in coiled tubing [compiled by the authors]

Pacuér 3amaca mpoTHBOAABICHUS Ha JpOccene s
npojaBku Onok-mayku 1o ['HKT w kommeHcarnmun
MTOPIITHEBOTO 3(P(EeKTa MPHU CITyCKE MHCTPYMEHTA IMPO-
W3BEJIeH TI0 3aBUCHUMOCTSM, MpECTaBIeHHBIM B [37].
PesynbraTel npeicTaBaeHb B TA0M. 3.

Ta6auya 3. Heobxodumoe npomugodasieHue Ha ycmoe

Table 2. Initial data for the calculation
[TapameTp 3HayeHUe
Parameter Value
[TnactoBoe pasnenue B, MIla 26.4
Reservoir pressurep, ,, MPa !
3a6oliHoe faByieHHe pU 0TpaboTke P, 4, MIla 2408
Downhole pressure during working out P,,s, MPa ’
YcrbeBoe jaBieHue npu otpabotke B, MIla 198
Wellhead pressure when working out P,, MPa !
[TnactoBaa Temnepatypa, °C
. 56,3
Reservoir temperature, °C
TemnepaTtypa 3aKauMBaeMOU XKUKOCTHU TJiylieHus, °C 30
Injected Killing fluid temperature, °C
Temnepatypa Ha ycTbe, °C 20
Temperature at the wellhead, °C
[110THOCTB )KUAKOCTH TJyIIeHUd, KI'/M3 1020
Silencing fluid density, kg/m3
Jle6uT raza mocse MI'PII, Toic. M3 /cyT
Gas flow rate after multistage hydraulic fracturing, 600
thousand m* /day
BHyTpeHHuit suametp TexHosornyeckux HKT, mm
. . . 104
Inner diameter of technological tubing, mm
[Juamertp I'HKT, mm 44
Tubing diameter, mm
[IpesiebHO JOMYCTUMBIN PAaCcXO/ KU/IKOCTH TJIyIIEeHHs, J1/C 20
Maximum permissible flow rate of killing fluid, 1/s
BA3kocTb ra3a B HOpMaJ/IbHBIX yC10BUAX, Mlla-c 0016
Gas viscosity under normal conditions, MPa‘s !

Kunkocts raoymenus npu temnepatype 30 °C no-
nmaérest mo 'HKT Ha 3a00# ckBakuHbl. B mHTEpBase
TOPU30HTAIBHOIO CTBOJIA TEMIEpPaTyphl (IIOUIOB B
TpyOHOM M 3aTpyOHOM HpOCTpaHCTBE cxonstcs. [la-
Jiee, o Mepe BBIHOCA ¢ 320051 CMECH TIACTOBOTO (ITFO-
W12 ¥ )KUAKOCTH TIIYIIEHHs, e€ TeMIepaTypa CHIDKAeT-
Cs1, [JIABHBIM 00pa30oM 3a CUET CHUKEHUS TEMIIEPATYPbI
BOKpPYI' CKBaXHMHBL. Ha BBIXOAEe W3 3aTpyOHOrO Mpo-
cTpaHcTBa TemrepaTypa cmecu coctasisieT 20 °C.
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Table 3. Required back pressure at the wellhead
[TapameTp 3HayeHue
Parameter Value

JlonosiHUTEIBHOE THAPOCTAaTHYECKOE JaBieHKe, MIla 0507

Additional hydrostatic pressure, MPa !

JaBneHue, Bo3HuKarulee npu CI10, MIla 424

Pressure arising during trip, MPa !

[ToTepu AaB/IeHUs HA TpeHHe IPU POKaYKe

*)ujkocty raymenus us 'HKT, MIla 2304

Friction pressure losses during pumping killing fluid !

from the CT, MPa

CymMapHoe Heo6Xo/fuMoe JlaBjieHre Ha ycTbe AP, MIla 7051

Total required pressure at the mouth AP, MPa !

PeSyHLTaTLI MOJCIIMPOBAHUA TEXHOJIOTMYECKUX

OHepaHI/Iﬁ magdamero riiymeHuss CKBaXXUHbI IIPEICTaB-
JIeHBI B BUjie rpadukoB (puc. 6).

Ucxoanoe pacnpeneneHue NaBiIeHHUS B CKBaKHHE
Ha 0TpaboTke 0003HaYeHO MuHKEH 1. B ckBakuHy ue-
pe3 'HKT 3akaumBaroT *UAKOCTH TIYIIEHUS 10 JO-
CTH)KEHUS IIACTOBOTrO AaBiieHus P, Ha 3a0oe U ocra-
HOBKH TIPUTOKA BCIICACTBHE CAMO3aJaBINBAHMS CKBa-
)uHBI (uHMs 2). Ha ycThe mpum 3TOM JocTuraercs
pacuérHoe naBieHue 3anaca AP,. Bpems 3akauku s
3a/IaHHBIX YCIIOBUH cocTaBmwiio 163 mMunyThl. Jnnamu-
Ka YCTBbEBOTO M 3a00HOTO NABIEHUS, a TAKIKE MPUTOK
W3 TUIacTa BO BpeMSs IIIYILIEHUS CKBaKUHBI MPEACTaB-
JIEHBI Ha puC. 7.
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Fig. 7. Changes in bottomhole pressure, wellhead pressure and inflow from reservoir during technological operations [com-
piled by the authors]
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[Tocne ocTaHOBKM CKBaKMHBI TPOU3BOIUTCS MOIA-
ya Onokupytomero pactsopa no 'HKT u cnyck uH-
CTpyMEHTa C MaKCHMaJbHO IOITyCTHMOH CKOPOCTBIO
15 m/muH [38] B IPOAYKTUBHBIA TOPU30HTAIBHBIN HH-
TepBai 10 3a00s. Pacxon skuaxoctu B 'HKT Be1Oupa-
eTcsl TaKuM 00pa3oM, YToObI yCTAaHOBKA OJIOK-TTAYKH
Hayanach TOCIE JOCTHYKCHHS HHCTPYMEHTOM 32004
B npouecce BbITycka HPOM3BOAAT COPOC YCTHEBOTO
nmaBrneHus. PacnpeneneHue MaBiIeHHS MO CKBaKUHE
MIPH JTOCTHKCHUHW WHCTPYMEHTOM 320051 0003HAYCHO
nuHMel 3 Ha puc. 6.

ITocne nmocrmxenus 3a00a 'HKT u Hayana nmomauu
OJIOKHMPYIOIIETO pacTBOpa ¢ pacxoaoMm 4,75 1/c npowns-
BOJIUTCA YCTAaHOBKA OJIOK-TIAYKH C OJHOBPEMEHHBIM
MOABEMOM HMHCTPYMEHTa CO CKOPOCThIO 15 M/MuH. 3a-
00ifHOE W TUIACTOBOE NABJICHHS IIPU ATOM HEM3MCHHBL
ITogaga ocTaHaBIMBACTCS MOCHIE YCTAHOBKH PAcUETHOTO
00béMa B NPOAYKTHBHOM HHTEpBale M TOABEMA HH-
CTpYMEHTa OOpaTHO Ha YPOBCHB ITOJJBECKH XBOCTOBHKA.

Jlanmee yCTaHABIMBAIOT <OKHIOKUH TMaKep» W J03a-
JIABJIMBAIOT CKBAXHUHY JKUIKOCTHIO TIYIICHHUS IS
(bopMHpOBaHHS HAI MPOTYKTUBHBIM WHTEPBAJIOM IIPO-
tuBoaasnenus P, B pasmepe 105 % ot miactoBoro B
UHTEpBaJIC TOABECKH XBOCTOBHKA, ITOCIEC YEro CKBa-
JKAHY OCTaBJISIIOT HA TEXHOJIOTMYECKHH OTCTOW. MTO-
TOBOE pacIpeeliCHUue JaBICHUS B CKBOKUHE OTpaXKe-
HO JInHueH 4 Ha puc. 6.

CITMCOK JIMTEPATYPBI

3aK/ro4eHue
B cratpe mpencraBiena pazpaboTaHHAS TEXHOIO-

rusl [@AAIIer0 IIylIeHus ckBaxuH mociie MIPIL

PaccmoTrpenbl TexHosorndeckas cxema, IOCJIEIOBa-

TEJIBHOCTH BBITIOJHEHHS padoT, crocod pacuéra mapa-

METPOB TIIYIIEHUS Ha PETyJIUPYEMOM JIaBJIEHUH, MPO-

rpaMMHOE O0ecIieueHIe sl KOHTPOJIS IIpoIiecca.

TexHomornst 000CHOBaHA MaTEMaTHYECKUM MOJIe-
JUPOBaHUEM Ha 0a3e MaTeMaTHUYECKOI MOJIeNu, peaau-
30BaHHOM B pa3pabOTaHHOM MPOrpaMMHOM obecrede-
aun. [IpoBenensr 1abopaTopHbIC SKCIIEPIMEHTEHI C Iie-
JIbIO OTpE/ENICHUs] MEXAaHUYECKUX CBOWMCTB >KHMJKOIO
makepa, IO3BOJIAIOIINEG YCTaHOBUTH 3()(HEKTUBHOCTH
€ro TMPUMEHEHUS C YIETOM TepMOOapHIECKUX YCIOBUI
MIPOAYKTHUBHOTO IJIacTa.

PaccmoTpenHast TEXHOJOTUSI TIO3BOJIIET PELIUTh
mpoOJIeMbl 3aKaHUYMBAHUS CKBaXHHBI mocie MIPIL,
a UIMEHHO:

1. IloBbICUTH HAAEKHOCTH IIIYLIEHUS CKBaXKMHBI I10-
cie MI'PII 3a cuér ycTaHOBKH OJIOKHPYOIIETO CO-
CTaBa B YCJIOBMSIX PABHOBECHS B CHCTEME CKBaXKH-
Ha—TIJIaCT W TMPUMEHEHUS BTOPOH OJIOKMpYrOIIeH
MAaYKH — «OKUJKOTO MaKepay.

2. CoxpaHHUTh TPOAYKTUBHOCTH Ta30BOM CKBaXKUHbI
moclie TIIylIeHUs: OJarojapss MUHUMAILHOMY TPO-
HUKHOBEHHIO KUAKOCTH ToymieHus B [1311.
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