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I'NAPOTI'EOJIOTHYECKHE OCOBEHHOCTH NIPUMEHEHMUS TEXHOJIOT'MN
MHOT'OCTAJMHHOI'O THIPABJIMYECKOI'O PA3PBIBA IIVIACTA

Cepzees Andpeii Onezoeuu, acCnMpaHT, ACTpaxaHCKUN TOCYIapCTBEHHBIA YHUBEPCHU-
tet, Poccuiickas ®eneparus, 414000, r. Acrtpaxawp, i Illaymsna, 1, e-mail:
sergo777899@mail.ru

T'mppaBnuyaecknit pa3psIB IIacTa OJHA W3 CaMbIX 3(P(EKTUBHBIX THIPOTeOIOTHIECKUX TEXHO-
noruii, npuMenseMbIX B Poccun. OcoOeHHO MEepCHEeKTHBHBIM CUNUTASTCS] TEXHOJIOTHS MHOTOCTaIuii-
Horo I'PIl. B maHHO cTaThe pacCMOTPEHBI THIPOTEOJOTHYeCKHe OCOOEHHOCTH MPHUMEHEHHUS STOH
TexHoJIorHy. BHavase aBTop npUBOAMT 00IIMe CBEACHNUSI 00 HCTOPHYECKOM acleKTe THIPaBIMIECKO-
ro paspeiBa miacta. Takke B paboTe MPUBOIUTCS PSJ] peKOMEHIANNH, He0OOXOIMMBIX IPH HCIIOIb30-
BaHWHU THIPOTEOJIOTHIECKUX TexHonoruid. OOGoCHOBaHBI HeoOXoaumble dTanbl opranusanuu ['PII,
KOTOpBIE IPHMEHUMBI K OOJBIIMHCTBY I'€0JOTrOpa3BelOYHbIX CKBaXXMH. B craThe 00OCHOBBIBaeTCS
MHOTOCTAJIMIHOE HCIONb30BaHHE TEXHOJIOTHH, MPOCIEKHUBACTCS TEONOTHYecKas CBSI3b C TOPU30H-
TalbHEIM OypeHueM. [IpHBEICHBI THAPOTEONOTHIECKHE OCOOCHHOCTH NMEPCIEeKTUBHBIX TEXHOJOTHI
MHOTOCTAIMIHOTO THAPABINYECKOTO Pa3phiBa IJIACTa, 000CHOBBIBAIOTCSI BO3MOKHBIE IIPEUMYIIECTBA
B 3aBUCHMOCTH OT BBIOPAaHHOM TEXHOIOTUYECKON CXEMBL.

Knrwuesvle croea: Tuaporeonorus, THIPABINICCKHIA pa3pbiB, MHOTOCTAUNHBIN, ITACT, HEPTh,
XBOCTOBHK, TOPU30HTAJIbHBIE CKBAXKHUHBI

HYDROGEOLOGICAL FEATURES OF THE APPLICATION
OF MULTI-STAGE HYDR AULIC FRACTURING TECHNOLOGY

Sergeev Andrew O., postgraduate student, Astrakhan State University, 1 Shaumyana Sq.,
Astrakhan, 414000, Russian Federation, e-mail: sergo777899@mail.ru

Hydraulic fracturing is one of the most effective hydrogeological technologies used in Russia.
Multi-stage hydraulic fracturing technology is considered particularly promising. This article discuss-
es the hydrogeological features of the application of this technology. At the beginning, the author
provides General information about the historical aspect of hydraulic fracturing. The paper also pro-
vides a number of recommendations that are necessary when using hydrogeological technologies. The
necessary stages of hydraulic fracturing organization that are applicable to the majority of exploration
wells are justified. The article substantiates the multi-stage use of the technology and traces the geo-
logical connection with horizontal drilling. Hydrogeological features of promising technologies for
multi-stage hydraulic fracturing are presented, and possible advantages are justified depending on the
selected technological scheme.

Keywords: hydrogeology, hydraulic fracturing, multistage, reservoir, oil, liner, horizontal wells

B nacrosiiee Bpemst HedTerazoBast OTPacib UTPAeT BAXKHYIO POJIb B SKOHOMHUKE MHO-
THX CTpaH U B (PMHAHCOBOH cocTapisromeil Bcero Mupa. O0beM 100BYHM HEQTH 3aBUCUT HE
TOJIBKO OT KOJIMYECTBA 3aMacOB YTJIEBOJOPOMHOTO CBHIPHS, HO M OT METOJOB H3BJICUEHHS.
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OnuH U3 crioco0OB yBenuUeHUs! JOOBIYH HE(TH, KaK Ha OTACIBHON CKBa)KHHE, TaK U B Iie-
JIOM TI0 MECTOPOKACHUIO — 3TO TUAPABINYECKUH pa3phIB miacrta [1].

I'PII (runmpaBnuyeckuii pa3pbiB IUIACTa) — OJUH U3 CHOCOOOB ONTHMHU3ALUHU PabOTHI
He(TSHBIX U Ta30BBIX CKBaXXMH M YBEJINYEHHS UX MPHUEMHUCTOCTH IyTEM CO3/aHHs TPEIINH
B BOJIO-, Ta30-, HE()TCHACHIIEHHBIX IUIACTaX M APYIHX TOPHBIX MOPOAAX IOA JICHCTBHEM
0/1aBacMO¥ B HHUX TI0J] TABJICHUEM JKUIKOCTH [4].

I'PII npumensiercs 6omee 100 mer. B 1890-x rr. B Coenmuennsix lItatax Amepukw,
TZie CTPEMHUTENHHO Pa3BHBANACHh H0OBIYa HE(TH, OBIIIM IPOBEAEHBI NEPBBIC IONBITKU MPH-
MEHEHHS THAPABIMYECKOTO Pa3phiBa IDIACTA C UCIIOIb30BAaHUEM HUTPOTIHLEpUHA. JJaHHBIN
CIOCO0 YCIIEIIHO NPUMEHSIICS B TEYEHHE HECKOJIBKUX JIET, HECMOTPSI Ha BBICOKYIO Omac-
HOCTh U Pa3JIUYHBIC PUCKH.

B nepgoit nonoBuHe XX B. IIMPOKO HCIIOJIB30BAJICS METOJ KHUCIOTHBIX 00paboTOK
MPOAYKTHBHBIX IJIAcTOB. B mporecce npuMeHeHHs JaHHOI'O METO0Ja BBIICHUIIOCH, UTO MO
JieficTBUEM JaBIEHUS IPOUCXOAUT pa3phIB Iacrta [2].

Ilocne mpoBeneHHUs MEPBOrO YCIEIIHOTO KOMMEPYECKOro T'MApopa3pbiBa IIAacTa B
1949 r. B CIIIA, MeTox CTajm MIMPOKO HCIIONB30BAThCA I MHTEHCH(HKALMHU TIporiecca
nmoosran HeTH (K KOHITy XX B. o0miee 9ucio omnepanuii gocturiio 6onee 1 muH). B Hamiei
ctpane ucnospszoBanue ['PII nauanoce ¢ 1952 r. B Hacrosiiee BpeMsi BEAyLLUMU CTpaHAMU
no yuciy nposeaenuid I'PII sBnsrorces CLIIA Kanana u Poccus [3].

Honst HedTH, n00BITON B Poccuu npu ucnonp3oBannu TexHonoruu ['PIT B 0603pumom
Oyaymiem, Oyzet coctaBiaTh Oosee 30 % ot obmieit moOsran. CremoBaTeIbHO, IPAMEHEHUE
MeTo/la MHTEHCU(UKALNK CKBKUH M YBEIMYECHHE UX MPUEMHCTOCTH, UMEET OIPOMHOE 3Ha-
YeHHe /I JajbHEeWIero pa3BuTusi HererazoBoi orpacin. [ uapopa3peiB miacta cCYMTaeTCs
HanOosiee 3Q(HEKTHBHBIM IS KOJUICKTOPOB C HHU3KOH MPOHHIIAEMOCTBIO, HACHIIICHHBIX BBI-
cokoBsizkol He(Thlo. CylecTByeT 2 OCHOBHBIX BHJa THIPABIMYECKOr0 pa3pblBa ILIACTa,
a IMEHHO IPOIIIAHTHBIM U KUCIOTHBIN. IIepBblii IPUMEHSAETCS C UCIIONIb30BAHUEM IIPOIIIAH-
Ta — CHEHHUAJIBHOIO PACKJIMHMBAIOIIEr0 MaTepuasa, KOTOPHII 3aKauMBaecTCsl B CKBAXHHY B
npouecce I'PII muist 3akperienust Tpewud. Kak npaBuiio, JaHHBIM METO IPUMEHSIETCS B TEP-
pUreHHBIX I1actax. KUCIOTHBIN BHI BKIFOYAaeT B ceOsl MPUMEHEHHE B KauyeCTBE KUAKOCTH
paspbiBa — KHuCIOTY. [Ipumensiercs npu pa3paboTke KapOOHATHBIX miacToB. CeTh TpeuwH,
CO3aHHas! IPH TIOMOIIH IABJICHUSI U KUCIIOTBI, HE TpeOyeT 3aKpeTuIeHHs! TPOTIIaHToOM [7].

HecMoTps Ha OrpOMHBIH OIIBIT B IPOBEACHUH I'HPABINYECKOTO Pa3phIBa IIIACTa BO3-
pacraroliee BHUMaHUE yJeseTcs MOAr0TOBKe Kax1oi oneparmu. O1MH U3 CaMbIX BaKHBIX
3JIEMEHTOB TaKO# MOJTOTOBKM CUMTAETCS cOOp M aHAJIU3 MEePBUYHON MH(DOPMAITNH, TaKOH
KaK TeoJioro-pu3ndeckue CBOMCTBA miacTa (IIPOHUIIAEMOCTb, TIOPUCTOCTD, IIACTOBOE JaB-
JeHue, nerporpadus Mopon W Jp.), pa3iinuHble XapaKTePUCTHUKH TPEUIMHbI U CBOMCTBA
JKUJIKOCTH pa3pbiBa U IpomnmanTa (Moayias FOHra, BSI3KOCTh U INIOTHOCTH JKUAKOCTH pa3phl-
Ba, CKUMAEMOCTh TOPObI, KoddduuueHt [Tyaccona). JlabopatopHblii aHAINU3 KepHA, T'€0-
JOTHYECKHEe W Teo(pH3NYecKHe HCCIE/IOBAaHMS, a TaKXKe INPOBEICHWE MHKPO- U MHHH-
THIPOPa3phIBOB SBIAIOTCS OCHOBHBIMHM UCTOYHUKAaMH nH(popMmann [5].

[pu ucnions3oBanmu TexHonoruu ['PI1 HeoOxoqumo coOmoaeHre psiaa yCIOBHIA:

e ONTHMH3ANUS BEIPaOOTKH 3a11aCOB MECTOPOXKICHNUS;

® TPOHMKHOBEHHE MPOINMAHTA B TPEUIMHY HA MaKCUMAJIbHYIO ITyOHHY;

e MUHHMMAaJlbHas CTOMMOCTb 00pabOTKH;

e yBeJMuEHHE NPUOBUIN 32 CUET MOJTyUeHHs JOMOJHUTEILHON HedTH U ra3a.

BriaensaoT ciaenyronue sransl opranusanuu U nposenenus I'PII Ha ckaxkuHe:

e BBIOOP MOAXOSIIEH CKBAaXXHMHBI JJIS MPOBEACHUS THIPOPA3pPhIBA C YIETOM MaKCH-
MaJIbHOW 100BIYM He()TH ¥ Ta3a U MHHUMAJIBHBIX 3aTParT;

e OmpejereHNE TTapaMeTPOB TPEIIMH (IITUHBI ¥ IIUPUHBI) C YIETOM CBOMCTB IUIACTA,
CXEMBI PaCHON0KEHUS! CKBaXXUH U MOJIOXKEHUE IJIaCTa OTHOCUTENIBHO Ta30- WM BOJOHE-
(TSIHOTO KOHTAaKTa, a TAKXKE ONpeJIeNIeHHEe CTPYKTYPhI paclipoCTpaHEeHUs] TPELIUH C YIETOM
MEXaHUUYECKUX CBOUCTB IJIACTA;
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e BBIOOp mponmaHTra ¢ HEOOXOJUMBIMH INPOYHOCTHBIMH CBOWCTBAaMH, pacyeT ero
00BpeMa, HEOOXOIMMOTO IS PeaTn3aliuil TPEIIHEI,

e 110700p KUAKOCTHU pa3pbiBa C HEOOXOAUMBIMH PEOJOTHIECKIMHU CBOWCTBAMH;

e pacuér HKOHOMHYECKOH peHTadbensHocTH nposeneHus ['PII [6].

I'uapaBnuyeckuii pa3phIB IIIaCTa IPUMEHSIOT HE TOJIBKO IPH pa3pabOTKe BEPTHKAIb-
HBIX CKB&KHH, HO ¥ B HAKJIOHHBIX TOPHBIX BBIpaOoTKax. IIpy mcronp30BaHUN METOAA WH-
TEeHCU(HUKALMK B HAKJIOHHBIX CKBKHHAX CYIIECTBYET s TPYIHOCTEH, CBSI3aHHBIX ¢ 00pa-
30BaHUEM TPEIIWH B 3aBUCHMOCTH OT Pa3HBIX MHTEPBAJIOB Nep(opaluu U ¢ U3MEHEHHEM
MIPOCTPAaHCTBEHHOTO PACIONOXKEHHA TPELIMH BOJIM3M CKBaXUHBbI. J[na mHTeHCHUKamn
NPUTOKa HEPTH B TaKUX CKBAXXWHAX IMPUMEHSETCS 0co0ast TEXHOJIOTHsI, KOTOpast 3aK/Iiova-
eTcsl B I3MEHEHUH 4YKcIia neppopaoHHbIX oTBepcTHid. OmpeiesieHue uX pasMepoB U OpH-
€HTalli} 3aBHCUT OT HAIPaBJICHUS HANPSHKEHUH B IUIACTE.

I'PII 06br4HO TIPOBOIT HAa BEPTHUKAJBHBIX CKBAXWHAX, OJHAKO B TMOCIICTHEES BPEeMs IUIS
yBeJIM4YeHUs] He(hTEOTJa4M FOPH3OHTAIBHBIX CKBYKMH MPUMEHSIOT HOBBIH BHJI THIPABINYECKO-
ro paspeiBa miacta — MHoroctaguitaeiid ['PIT (MI'PIT). MI'PII — onHa w3 Hamboiee SKOHOMU-
yeckd 3P (HEKTUBHBIX TEXHOJIOTUH OCBOCHUSI TPYJHO M3BJICKAEMBIX 3aI1acoB HE()TH U Ta3a.

B coBpemennoM mupe 3¢ddexTnBHas paspaboTka HeTAHBIX 3amacoB TpeOyeT mpume-
HEHUSI MEPEJOBBIX TEXHOJIOTUH, UX BHEIPEHHE TO3BOJSET BECTH JEATEILHOCTh Ha HOBBIX
TEPPUTOPHAX, A TAKIKE OCBAUBATh MECTOPOKACHUS, KOTOPBIE KOTNa-TO Ka3alHUCh HEPEHTa-
OesbHBIMU. B 310Xy TpYAHOU3BIIEKAEMBIX 3aI1aCOB Ba)KHOCTh TEXHOJIOTHYECKOTO Pa3BUTHS —
3aJI0T YCIEUIHOM pa3pabOTKU MeCTOpOKacHHUUA. ECIiu paHbIile TONIIMHA HEPTSHBIX [IACTOB
cocranisia 20-30 M, TOo B HacTosilee BpeMs 3—5 M, IPU 3TOM UX MPOHUIIAEMOCTb CHU3HIIACh
B JIECSAITKH pas3, YTO 3HAUUTEIILHO COKpAILlaeT CKOPOCTh PUTOKA HEPTH K CKBaKHHaM [8].

Jnst ahdexTrBHON pa3pabOTKH TaKUX 3alexeil, HE0OX0AUMO OYPUTH BBICOKOTEXHO-
JIOTHYHBIE CKBAXXHMHBI C NMPOBEJIECHUEM MHOTOCTaJUMHOIO TMAPABINYECKOrO pas3phliBa IIa-
CTa, a TAK)KE CJI0XKHBIE TOPU3OHTAIbHBIE U MHOIOCTBOJIbHbIE CKBakuHbl. MI'PII sABisiercs
OJTHOM M3 CaMBIX COBPEMEHHBIX TEXHOJIOTHH B He()TAHON 00sacTH, KoTopas Haubosee 3 (-
(eKTHUBHA I TOPU3OHTANBHBIX CKBaKMH. MHorocranmifaenii ['PI1 npumensercs Ha Me-
CTOPOXKIEHUSX, UMEIOIUX CIO0XKHOE TE€OJIOTHYECKOE CTPOCHHE, a TAKXKE XapaKTepU3ylo-
LIMXCS YXYAICHHBIMH (HUIbTPAIJHOHHO-EMKOCTHBIMU CBOMCTBAaMM U HAJIMYUEM IOJOLI-
BeHHOH Bonbl. OTinuune TexHosorun MI'PIT ot mpoctoro I'PII 3akntodaercss B moouepe -
HOM IPOBEIECHUH T'HPAaBINYECKUX Pa3pbIBOB.

MI'PIT — TeXHOJIOTMYECKHU CJIOKHAs, HO IIPU 3TOM camas IOIYJSIpHAs TEXHOJOTUS
yBEJIMYEHUs IPUTOKa HeTH. MHOrO TPYyAHOCTEH BBI3BIBAIOT MEPEXOJ CTBOJA CKBAXKHHBI
13 BEPTUKAIBHOM INIOCKOCTH B TOPU3OHTAJIBHYIO, TaK Kak J00aBIISETCS MHOKECTBO TEXHO-
JIOTUYECKUX MapaMeTPOB, KOTOPbIE HEOOXOIMMO TIOCTOSIHHO KOHTPOJIUPOBATH [9].

Texnonorus MI'PII 3axirogaercss B MpaBUIBHOM BBIOOpE MOCIEAOBATEIHHOCTH TEX-
HOJIOTUYECKUX PELIEHHUH, KOTOpPbIE MO3BOJISIOT MPOBOAUTH TOT Wi UHOM Bua I'PII B BbI-
OpaHHBIX WHTEpBaJaX FOPU30HTAILHOTO CTBOJIA CKBaXHHBI. CYIIECTBYET HECKOJIBKO TEX-
Hostoruii nposeaenus MI'PII. Hanpumep, MeTO NCIIOIB30BaHUSI HELIEMEHTUPYEMOT'O XBO-
CTOBHMKA C CHCTEMOMN 3aKOJIOHHBIX NMAaKepoB M My(T. [laHHBII TEXHOJIOTHYECKUI METO 5B-
nsiercst Hanbosee NpoCcThIM U 3P (PEKTHBHBIM, aKTUBHO TIPHUMEHSIETCS HE TOJIbKO Ha Poccuii-
CKHX MECTOPOKACHUSIX, HO M 3apyOeKHBIX. [ JTaBHBIM NMPEHMYIIECTBOM METOAA SIBIISETCS
Heo0s3aTeNIbHOE IIEMEHTUPOBAHNE XBOCTOBUKA M OTCYTCTBUE BCEX CBS3aHHBIX C IIEMEHTH-
POBaHHMEM PUCKOB M BO3MOXKHBIX HOCHEACTBHH. [ 3amuTel BHyTpeHHEH oOcaTHOM Ko-
JIOHHBI CKBaXWHBI (IKCIUTyaTaI[HOHHOI KOJIOHHBI) MPUMEHSIOT YIUIOTHUTEIBHBIHN 3I€MEHT -
ctunrep. I[Ipy NpUMeHEeHNH DUPKYJSIMOHHBIX MY(PT OJHOPAa30BOTO JECHCTBUS 3JIEMEHTHI
BHYTPEHHEHl OCHAaCTKM KOMIIOHOBKHM IIapbl, CKOJB3SIIME BTYJIKU-ceAsa (pe3epyroTcst c
ncnons3oBanueM rudkoit HKT mepex BBOIOM CKBaKMHBI B 3KCIDIyaTAIMIO JUIS UCKITIOY -
HUS IITYOHPOBAaHUS M OOecTedeHns MpUTOKa (QUIonAa W3 Bcex MHTepBayioB. Cremyromias
TEXHOJIOTUS — HELleMEHTHpYeMBbIi XBocToBUK ¢ Mydramu I'PI1. DTo TexHnueckoe pemeHue
MEHEE pacIpOCTPaHEHO, YeM IIPUMEHEHUE HEeLlEMEHTUpyeMbIXx KoMnoHoBok MI'PII Bene -
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cTBHE OOJbLIEH CTOMMOCTH M TEXHOJOTHMYECKOH CIIOKHOCTH HCIIOJIB30BaHMSI, KaK Mpu Oy-
peHnn CKBakWHBI, Tak u npu nposeneHur MIPIT [10]. OcHoBHast 0COOEHHOCTH paccMart-
puBaeMoii TexHojorun — npumeHenne mMydt I'PII ommHopasoBoro mmbo MHOTOPa30BOTO
JIEUCTBHSA, KOHCTPYKIMS KOTOPBIX MO3BOJIAET MPOBOJUTH 3aKadKy B 3alleMEHTHPOBAHHOM
XBOCTOBHKE. TaKKe CyIIEeCTBYET TEXHOJIOTUs IEMEHTUPOBAHNUS XBOCTOBUKA C BBIIIOJTHEHHEM
nepdopanuy 1 UCHOIB30BAHUEM CHCTEM M30JLIIUH HHTEPBAJIOB. JlaHHAS TEXHOJIOTHS MOXKET
OBbITh peay3oBaHa ¢ Mcnosb3oBanneM komrutekca ruokux HKT u BeimonHsATECS Opurazamu
KaluTalIbHOTO peMOHTa ckBaxkuH. [Ipu ucnonb3oBanun rubkux HKT, kak npasuito, mpoBo-
JWTCS THApOTECKOCTpyiHas nepdoparus. [yt pa3oOimeHns MHTEPBAIOB 3aKayKH B CTBOJIC
CKBaXMHBI TPUMEHSIOTCS MO0 makep-npoOku, 6o makepsl. I'PIT Taxke MoxkeT mpoBo-
JIMTHCS 3aKaUYKOW JKHIKOCTH I10 MaloMy 3aTpyOHOMY npocTpaHcTBy rudkoit HKT.
OTpOMHBI OTBIT, HAKOIUIEHHBIH B pe3ynbraTe ucrons3oBanns MIPII B Poccun u 3a
pyOexoM, criocoOOCTBOBAN Pa3BUTHIO ITOTO METOJAA M, KaK CIEICTBHE, HEOTHOKPATHOMY
YBEJIMYCHUIO YKClIa TPOBEACHUH omepanuii Mo MHTCHCU(HUKALUKN CKBOXUH. TexXHONIOTHs
MI'PII nponemoHCTpHpOBaja BBICOKYIO 3KOHOMHYECKYIO pPEHTaOelIbHOCTh. Bemymiue
HedTenoObIBatONINE CTPAaHbI MIPOJODKAIOT PACIIMPSTh OONIACTH NMPUMEHEHHS, IPUMEHATH
MI'PII B cBEpXHU3KONPOHMUIIAEMBIX IUIACTaX, YKCIEPUMEHTUPOBATh C TEXHOJIOIUSAMU He-
TPaAWIIMOHHON 3aKaukW (KJIACTEpHAas TEXHOJOIHWsA), a TAKKE MCCIIEA0BAaTh aKTyaJbHBIC
poOJIEMBbI, CBSI3aHHBIC C HCIOIb30BaHNEM MHOTOCTAIMIHOTO THAPOPA3PhIBA ITACTA.

Cnucox JuTepaTypbl

1. Shipilov, N. V. Babkina, I. A. Menshikov «Research of technological composition for hy-
drofracturing based on viscoelastic surfactants» Oil Industry Journal Volume, 2018, Issue 03, March
2018.

2. Gian F. Callarotti, Steven F. Millican. "Openhole Multistage Hydraulic Fracturing Systems
Expand the Potential of the Giddings Austin Chalk Field", paper SPE 152402, presented at the SPE
Hydraulic Fracturing Technology Conference held in the Woodlands, Texas, USA, 6-8 February
2012.

3. Yongping Li, Yonghui Wang, Xingsheng Cheng, Mingguang Che, et al. "Propped Fractur-
ing in High Temperature Deep Carbonate Formation", paper SPE 118858, presented at the SPE Hy-
draulic Fracturing Technology Conference held in the Woodlands, Texas, USA, 19-21 January 2009.

4. Aguilar-Razo, R. "Propped Fracturing in Gas Formation in Mexico". Paper SPE 58987 pre-
sented at 2000 International Petroleum Conference and Exhibition in Mexico, Villahermosa, Mexico,
1-3 February 2000.

5. Che Mingguang, Zhang Fuxiang, Wang Yonghui, Yang Xiangtong, et al. "Openhole Multi-
stage Acid-Fracturing Increases Hydrocarbon Production in Deep Naturally Fractured Carbonate
Horizontal Wells in Ta-zhong Gasfield of Tarim Basin, West China", paper SPE 176334, presented at
the SPE conference SPE/IATMI Asia Pacific Oil & Gas Conference and Exhibition held in Nusa
Dua, Bali, Indonesia, 20-22 October 2015

6. Yunhong Ding, Yongping Li, Yun Xu. "Propped Fracturing with a Novel Surface Cross-
linkedAcid in High Temperature Deep Carbonate Formation", paper SPE 127312, presented at the
SPE conference North Africa Technical Conference and Exhibition held in Cairo, Egypt, 14-17 Feb-
ruary 2010.

7. Rafael Rozo, et al. "Combining Acid- and Hydraulic Fracturing Technologies Is the Key to
Successfully Stimulating the Orito Formation", paper SPE 104610, presented at the SPE conference
Hydraulic Fracturing Technology conference held in College Station, Texas, USA, 29-31 January
2007.

8. Wang Yonghui, Fuxiang Zhang, Mingguang Che, et al. "Proppant Fracturing for Ultra-
High-Pressure Deep Gas Reservoir”, paper SPE 130905, presented at the conference Deep Gas Con-
ference and Exhibition held in Manama, Bahrain, 24-26 January 2010.

9. Che Mingguang, Wang Yonghui, Yuan Xuefang, et al. "Research and Application of Cross-
linked Acid-adding Proppant Fracturing Technology[J]", Chemical Engineering of Oil & Gas, 2014,
43(4):413-415,435.

99



Geologiya, Geografiya i Globalnaya Energiya (Geology, Geography and Global Energy)
2020. No. 4 (79)
Hydrogeology (Geological and Mineralogical Sciences)

10. Jose G. Flores, Yuri de Antunano Munoz. "Stimulation Solutions for the High-Pressure
High- Temperature Naturally Fractured Carbonate Reservoirs in Mexico", paper SPE 144183, pre-
sented at the SPE European Formation Damage Conference held in Noordwijk, The Netherlands, 7-
10 June 2011.

References

1. Shipilov A. I., Babkina N. V., Menshikov I. A. Research of technological composition for
hydrofracturing based on viscoelastic surfactants, Oil Industry Journal Volume, 2018, Issue 03,
March 2018.

2. Gian F. Callarotti, Steven F. Millican. Openhole Multistage Hydraulic Fracturing Systems
Expand the Potential of the Giddings Austin Chalk Field, paper SPE 152402, presented at the SPE
Hydraulic Fracturing Technology Conference held in the Woodlands, Texas, USA, 6-8 February
2012.

3. Yongping Li, Yonghui Wang, Xingsheng Cheng, Mingguang Che, et al. Propped Fracturing
in High Temperature Deep Carbonate Formation, paper SPE 118858, presented at the SPE Hydraulic
Fracturing Technology Conference held in the Woodlands, Texas, USA, 19-21 January 2009.

4. Aguilar-Razo, R. Propped Fracturing in Gas Formation in Mexico. Paper SPE 58987 pre-
sented at 2000 International Petroleum Conference and Exhibition in Mexico, Villahermosa, Mexico,
1-3 February 2000.

5. Che Mingguang, Zhang Fuxiang, Wang Yonghui, Yang Xiangtong, et al. Openhole Multi-
stage Acid-Fracturing Increases Hydrocarbon Production in Deep Naturally Fractured Carbonate
Horizontal Wells in Ta-zhong Gasfield of Tarim Basin, West China, paper SPE 176334, presented at
the SPE conference SPE/IATMI Asia Pacific Oil & Gas Conference and Exhibition held in Nusa
Dua, Bali, Indonesia, 20-22 October 2015

6. Yunhong Ding, Yongping Li, Yun Xu. Propped Fracturing with a Novel Surface Cross-
linkedAcid in High Temperature Deep Carbonate Formation, paper SPE 127312, presented at the SPE
conference North Africa Technical Conference and Exhibition held in Cairo, Egypt, 14-17 February
2010.

7. Rafael Rozo, et al. Combining Acid- and Hydraulic Fracturing Technologies Is the Key to
Successfully Stimulating the Orito Formation, paper SPE 104610, presented at the SPE conference
Hydraulic Fracturing Technology conference held in College Station, Texas, USA, 29-31 January
2007.

8. Wang Yonghui, Fuxiang Zhang, Mingguang Che, et al. Proppant Fracturing for Ultra-High-
Pressure Deep Gas Reservoir, paper SPE 130905, presented at the conference Deep Gas Conference
and Exhibition held in Manama, Bahrain, 24-26 January 2010.

9. Che Mingguang, Wang Yonghui, Yuan Xuefang, et al. "Research and Application of Cross-
linked Acid-adding Proppant Fracturing Technology[J]", Chemical Engineering of Oil & Gas, 2014,
43(4):413-415,435.

10. Jose G. Flores, Yuri de Antunano Munoz. Stimulation Solutions for the High-Pressure
High- Temperature Naturally Fractured Carbonate Reservoirs in Mexico, paper SPE 144183, present-
ed at the SPE European Formation Damage Conference held in Noordwijk, The Netherlands, 7-10
June 2011.

100



