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AxkmyanbHocmb uccnedogaHusi 0bycrnosneHa Heobxodumocmeio onmumu3ayuu npoyecca npogedeHus MHozocmaduliHozo 2udpopas-
pblea niacma, Komopas no3sonum obecneyums COOMBEMCMBUe Napamempos 3aKOHYEHHbIX C MHO20CMaduliHbIM 2udpopasphbieoM
nrmacma cKkeaxuH UX OXudaeMbIM napamempam NymeM CeneKkmuBHO20 U30UpoBaHUs nponnacmkos Onsi NPOBEOEHUS CEeKMUBH020
2udpopa3pbiga nnacma KaxOool 30HbI CKeaxuHbl. Mo nossonum HeGPONOIb308amensiM NoBbICUMb PeHMabensHOCMb NPo8edeHUs
npouedypbl, @ makxe ysenuyums Cymoy4HbIli debum cK8aXuH, Ymo makxe npusedem K NOMOXUMEbHOMY 3KOHOMUYECKoMy aghchexmy.
Lenw: npoaHanusuposams pe3ynbmambi MEXHOM02UU U NPUMep NPUMEHEHUs NOMOKOOMKIIOHAWUX wapos BioBalls e ckeaxuHe
Ne 9101 LLlaumckozao mecmopoxdeHus, ebidenums npeumywjecmea daHHo20 Memoda 05151 nposedeHuUst MHo20cmaduliHo20 2udpopasphbl-
8a nnacma.

06BekmbI: nepghopayLoHHbIe NOMOKOOMKIIOHSIOWUE 2epMemusupyrouiue wapsi BioBalls u ux aghgpekmugHocmb Ons U30AUPOBaHUS
nepghopayuoHHbIX omeepcmudl.

Memodbi: onpedeneHue npoghuneli npueMucmocmu yenesbix UHMepPsasnos, CPagHEHUE 20pHO20 AagneHust NPoOyKMUBHbIX niacmos
0ns1 onpedeneHuss MOYKU UHUYUAayUU paspbiea, aHanu3 napamempos aghhekmusHocmu MHoeocmaduliHoeo eudpopaspbiea ninacma 0ns
yCMaHoB/IeHUs1 coomeememeusi NPOeKMHbIM OaHHbIM, cpasHeHue napamempos pabombi ckeaxuHbl Ne 9101 do u nocne nposedeHus
2udpopa3spbiea 05 ycmaHoeneHus aghghekmusHocmu nposodumoll npouedypbi, HabmodeHue 3a pabomoli ckgaxuHbI On1si onpedeneHust
pexumos paboms| cnycmsi mpu Mecsiya nocie npogedeHust npouedypbI.

Pesynbmamel. [JaHa xapakmepucmuka wapos BioBalls; npedcmasneHa 2e0n020-gusuyeckas xapakmepucmuka 06bekmos usonsayuu;
onpedeneH npogub NPUEMUCMOCMU LenesbiX UHMepsanos nod 3akaykol; nomyyeHo coomeemcmeue 3ghghekmusHOCMU NPoUedypbI
MHo20cmaduliHoeo audpopaspsiea nacma ¢ NPOEKMHbIMU napamempamu; onpedesieHo epemst npogedeHus npouedypbi udpopaspbiea;
nomyyeHbl pesynbmambl npogedeHusi npouedypsl 2udpopaspbiea ¢ NPUMEHEHUEM NOMOKOOMKITOHSIOWUX Wwapos BioBalls, komopbie
csudemenbcmeyom 06 3ghchekmueHOCMU NPUMEHEHUS Memo0Oa 8 OaHHbIX yCo8usiX, a UMEHHO nepesol ckeaxuHbl Ne 9101 8 deticmay-
towuli hoHd, ysenudeHue debumos no Heghmu u yMeHbWeHUe 06800HEHHOCMU.

Knroyeenie crniosa:

CkgaxuHa, npodykmusHbIl nnacm, MHo20cmaduliHbIli 2u0popa3pbI8 nracma, NOMOKOOMKITOHSIOWUE wapbl, Bioballs.
Beepnenue HOcTH 0T nposogumoi omnepauyu MIPII, Beneznctsue vero

KOMIIAaHMHM HECYT 3HAuYMTeNbHble (PMHAHCOBBIE YOBITKH. [lo-

3TOMY BO3HHMKAET HEOOXOIMMOCTh B COBEPIICHCTBOBAHHM

['unpasnmaeckuit pa3psiB wiacta (I'PIT) sBusiercs ox-
HHM U3 CTI0COO0B MHTCHCH(HKAIINK PabOThl HEYTAHBIX U

ra3osbix ckBaxuH. ['PII MoxxeT mpoBoauTCs Kak B OJHY,
TaK U B HECKOJIBKO CTaJIuH.

MuorocraauitHelii ruapopaspeiB wiacta (MIPII) — mu-
POKO WCTIONBE3YeMBIi U 3(PEKTUBHBIN CIOCO0 YBETMUCHHS
He(hTeOTHaun TPOAYKTHBHBIX IUIACTOB, PACCMATPHBAEMBIN
KaK TEXHOJIOTHS IOOBIYH TPYXHOU3BIEKAEMOi He(TH.

Texnonorus nposenenus I'PII 3axnouaercs B cozna-
HUM TpELIUHBl BBICOKOH NPOBOAMMOCTH B MHTEpBAie
IIacTa Mo AeUCTBHEM 3aKauMBaeMOU B HETO IIOJT JIaBlie-
HHEM XXHAKOCTH, 9TO 0OECIIEUNT B CBOIO 0Uepe/ib MPUTOK
¢monia x 320010 CKBaKHHEI.

IIponenypa I'PII naer BO3MOXKHOCTH «pEaHMMHPO-
BATh» CKBaXHUHBL, 100bIYa (IIIOMAA B KOTOPBIX MAJOPEH-
TabeNbHa MK BOBCE HeBO3MOsKHa [1-3].

B To ke Bpemst KoMITaHUAM-HEPONOb30BaTeNsM He BCe-
IJla yHAeTcs JOCTHYb MPOCKTHBIX TOKA3aTeNel i peHTa0eb-
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texHonorun MI'PIL, a Takxke B COXpaHEHUH SKOIOTUYECKON
CUTYaIlMH B 30HE TIPOBEICHNS OTIEPAIIH Ha BHICOKOM YPOBHE.
PemerneM 31oii mpoOneMsl SBISETCS MPUMEHEHHE TOTOKO-
OTKJIOHSFOLIX TepMETH3UpYIOMMX mapos BioBalls.
Konctpykims noTokooTknonstonumx mapos BioBalls
MpeICTaBIseT co00H HENpo3payHble MAPHKH IPaBHIIb-
HOH (OPMBI C TIIaIKoi OoBEepXHOCTHIO (puc. 1). Bee kom-
TIOHEHTHl — OHMOpasaraeMble BOJOPACTBOPHMBIE BeIle-
cTBa. B cocraB jaHHOH KOHCTPYKUMH BXOIAT: MOJMBH-
HHUJIOBBIH CIUPT, MOMIAKTHI, MOMH3pUPHAs cMona [4, 5].
Kaxnas Bapramust OToIM9aeTCsl TEMITEPATYPHBIM JTHa-
TIA30HOM M 00IaCTHI0 IPUMEHEHHUS:
¢ BioBalls L mpumeHnstotcs B TeMmepaTypHOM JAuarna-
30He 24-93 °C, pekoMeHIyeTcs HCIOb30BaTh C
slickwater, TUHEHHBIM TeNeM, CIIUTBIM TENeM U MPH
KHUCIOTHOH 00paboTke [6];
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¢ BioBalls H npumeHstoTcs B TeMIEpaTypHOM auamna-
30He 79-149 °C, pexoMeHIyeTcs HCIONBb30BATh C
slickwater, THHEHHBIM M CHIUTBIM TENEM, HE PEKO-
MEHJIyeTcs TIpH KUCIOTHOH oOpabotke [7];

¢ BioBalls X npuMeHSI0TCS B TeMIepaTypHOM JHara-
30He 93-149 °C, pexomeHIyeTcs HCIONb30BATH C
slickwater, THHEHHBIM TeNieM, CIIMTBIM TEEM U MPH
KHCIOTHO#H 00padoTke [8].

1

3

Puc. 1. Koncmpykyus nomoxoominonsiowux wiapog BioBalls komnanuu Covia ¢ mpex eapuayusx [1]: 1) BioBalls L;

2) BioBalls H; 3) BioBalls X

Fig. 1. Covia BioBalls flow diverting design in three variations: 1) BioBalls L; 2) BioBalls H; 3) BioBalls X

[TpuMeHeHre TOTOKOOTKIOHSIONIMX IIAPOB BO3MOXKHO
Kak B IIMPOKOM HHTEpBale TEMIEparyp, Tak U B LIMPO-
koM uHTepBaine 3naueHnit pH — ot 0 g0 12 eaunm.

[lapsr BioBalls pacTBopsitoTcst B MOJSAPHBIX PACTBOPH-
TemsX (BOJa, paccoibl U T. JI.) U HEPACTBOPUMBI B HETO-
napHbIX pactBopuTersix (BTX, nusens, kepocu) [9-12].

HenocpenctBenHoi 3ajjauell  MOTOKOOTKJIOHAIOIIMX
MapoB SBISETCS 3aKyNOPHBAHHE Mep(OPAIHOHHBIX OT-
BEPCTHIA, 32 CYET YETo MPOMCXOAUT OTKIOHEHHE MOTOKA
xuakoctu ['PIT k crenyroneMy uHTepBaty nephopauuu.
[aps! K0CTaBISIOTCA B MHTEPBAJN Mephopamud sKUAKO-
CcTbI0 paspbiBa. [Ipu 3TOM MpH mEepeKpHITUN IapaMu HH-
TepBaja Mephoparuy IPOUCXOAUT POCT NABJICHHS W TO-
CIEAYIONIMHA THAPOPA3PHIB ITaCTa Ha CIEAYIONHH Iene-
BOU UHTEPBAIL

B 2015 r. Ha cxkBaxxmne No 9101 Illammckoro HedTs-
HOTO MECTOPOKICHHS BBIMOIHEHBI PA0OTHI 110 M30JISIHNH
o0bektoB FOK, 1 PZ, BekpbiTne 00bekToB HOK), IOK3 1
mpoBezieHre Ha Hux moodepenno aByx cramuid ['PIL Tlo
reoQu3MYecKUM [JaHHBIM TIUIACTBI OOMLIEH TONIIMHOM
33,3 M UMEIOT CPEIHIOK HE(PTEHACHIIEHHOCTD U CadyIo
npoHMIaeMocTh. HadanpHas mmacToBas Temmeparypa
92 °C. Texymiee mwiacToBoe qaBneHne — 192 atm.

Jns ompeneneHuss Hawboiee BEPOSTHOTO pAacIpo-
crpanenys nepsoil craguu I'PII u pacuera xonmuecTsa
NOJAaBAEMbIX C YCTbSl CKBaKHHBI MOTOKOOTKIOHSIOIMX
mapoB BioBalls, a Takxe oTceueHus JaHHOTO MHTEpBaIia
nepdopanuy U OTKIOHEHMS TOTOKA XXHAKOCTH pasphiBa
BO BTOPOH MHTEPBAJ, BEITIOIHEHO ONpEieeHNE TTPOdHILs
NPUEMUCTOCTH 1IENIEBBIX MHTEPBANOB MOJ 3aKaukoi. Pe-
3yJbTaThl MoKa3anu, 4To 60 % 3axaunMBaeMOi KUIKOCTH
Oyzmer mpunnMatbes miactom FOKj,, octansusie 40 % —
mnactoM FOK3. YunthiBas (hakT MEHbIIETO TOPHOTO JIaB-
JIeHWs! U HATpSHKEHUS HAa BEPXHHH ILUIACT, OMPEeNeHo,
YTO TOYKA MHUIMAIMK Pa3pbiBa pacIionaraercs B IUIACTe
IOK,. Mcxons u3 3T0r0, KOMMYECTBO IIAPOB JOJDKHO TIpe-
BBIIIATh KOJMMYECTBO MEPPOPAIMOHHBIX OTBEPCTHH CO-
T7IaCHO TEXHOJIOTHH (C TIPEBBIICHAEM KOJIMIECTBA OJIOKH-
pyembix mephopaimonnbix otBepetuid Ha 20...100 % ms
obecrieyeHns1 KaueCTBEHHOM M30JSLHUH LENeBOr0 HHTEP-

100

BaJa B CIly4ae He MOCAIKH OTACIBHBIX MIAPOB), MOITOMY
B MPOrpamMMy 3akayku Obu1o 3anoxkeHo 290 MOTOKOOT-
KIoHsromux 1rapos BioBalls.

[laper BioBalls mogaBamuchk ¢ ycTbsl B TIOTOK 4epe3
CIICHHATM3UPOBAHHBIE 3KEKTOPHl C  JIUCTAHIMOHHBIM
yIpaBlieHHEM MPH 3aBEPLICHUH TTOCIEIHEN NPOMAHTHOM
CTaJUi M B 00BEM KHUAKOCTH IIPOJABKH C OJHOBPEMEH-
HBIM CHIDKCHHEM TeMmra 3akauku. [locie ckadka ycTheBo-
r0 JIABICHHS, XapaKTEPH3YIOIIETO MOCAJKy IIapoB B
nepopaloHHbIe OTBEPCTHS U OTKIOHEHHE MOTOKA
KUJKOCTH Pa3pbiBa, TEMIT 3aKaUKU MOBBILIAJICS 10 pado-
4ero.

Anamuz ['PIT nokaszan cosmagenue 3¢QeKTHBHOCTH
3aKaunBaeMOM KHUJIKOCTH, TPaJUEHTa pa3pbiBa U dPQek-
THUBHOTO JIABJICHHUS C TIPOCKTHBIMHU [ApaMETPaMH.

B nepsoiii 06bexT FOK, 3akayano 30 T NpoNMaHTa
HpH MaKCHUMalbHOM KOHUEHTpaLIHH 900 kr/™® n Temme
3aKavky ot 2,6 10 3,8 M ®/vun. C YCThSI CKBaXKHHBI 1101~
HO PACteTHOE KOHYECTBO LIApOB. Temn 3akauku cHU-
suest 710 2,2 MY/, Tlocite 5Toro GbUT 3aperHCTPHPOBAH
CKa4OK YCTHEBOTO NABJICHUS 3aKAUKH, CBHACTENBCTBYIO-
i 00 M30IAIMK TIep(HOPAIMOHHBIX OTBEPCTHH IapaMu
BioBalls, u BeimonneHa Bropas craaus ['PI1.

Bo BTopoii oosekt HOK; 3akavano 14,8 T mpommanTa
IPU MAaKCUMAJIbHOU KOHLEHTpaLHH 1200 xr/™” u Temme
3aKa4Kh OT 2,6 710 3,8 M/MHH.

Bcero B 00wexts1 FOK; 1 FOK3 Ob110 3akauano 44,8 1
TPOTIIAHTA.

Best onmepamust MI'PII 3ansna nBoe cytok 0e3 yuera
NpeIBAPUTENbHBIX HCCIICIOBAHMM, MOATOTOBKH CKBAXH-
HBI 1 [I0CTIE0NepaoHHbIX pabor [13-20].

WHTepnpeTHpoBaHHbBINA MPO(HIL CO3MAHHBIX TPEIIUH
M pacupereNeHie NPONIAanHTa B TPEIIHHE MPeICTaBICHE]
Ha pHuC. 2.

PesynbraTsl npoBenenus npouexypsl MIPIT u cpas-
HeHue pexxnuma paboTsl ckBaxuubl Ne 9101 (Tabmmira):

1. o mposenenns mpouexypst MI'PII ¢ npumenennem
BioBalls ckaxuna Ne 9101 Illanmckoro He(TsHOTO
MECTOPOXKICHNS HAXOAMIACh B IIbE30METPHUCCKOM
(oHze, mocne MPOBECHUS ONEPALMH PEXUM CKBa-
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KUHBI 32 | Mecsi cocTaBui: 1eOUT HepTH 5 T/CyT,
neout sxuakoctd S1 T/cyT, oOBomHEHHOCTH 90 %.
dakTHyeCcKui MPUPOCT COCTABUI MO HEPTH 5 T/CYT,
o xuakoctd 51 T/cyT. CkBaXXHHa MepeBe/ieHa B Nei-
CTBYIOIIUH (HOHI.

2. PexuM CKBaXHUHBI CITYCTS TPH MeCSIa COCTABHIL: Jie-
out HeptH 12,9 T/cyT, nebut xumxoctu 41,7 T/cyT,
00BomHEHHOCTH 69 Y%. DakTHUECKHil MPUPOCT cocTa-
BuI mo Hedtu 12,9 1/cyt, mo xuaxoctu 41,7 T/CyT.
CxBakuHa BBICOKOICOMTHAS U MaJI0OOBOIHCHHAS.

=RV
100 500 |CBOACTBA Np.... KoHLeHTpaLusa nponaxTa B TpelyuHe (Krim2) Mpoguns ..
o | ‘1;0‘ T T3 w0 e e 70 e w100 Mo 120 130 |arw)| O
— WuTepean Mo 1 |MHTepaan Mo 2
== 1’IS.C]3FOPTD LnuHa Tpewyutel (M) 110.9 119.3
== 3akpenneHHan AnuHa (M) a7 106.4
= OBwan BeIcOTa TPELLHHLI (M) 30.0 40.6
== QBu,an 3akpenneHHan BeICOTa (M) 26.4 362
= CpefiHAA LWHpWHa TPeWHE! (CM) 0.132 0.200
== CpeiHAA KOHUEHTPAUWA nponanTa (Kr/m2) 259 392
= BespasmepHan NpOBOAMMOCTE 0.615 0997
= 2325 2325
;1-|>—t2350 2350 — @t
= ¢
=l osrs 2375
E KoHueHtpauna nponakta (Kr/m2)
=t 2400 12400
= 8
Npodinnb TpewmnHbI 14.06.2015)

Puc. 2. Ilpogpunv cozdannvix mpewun 6 ckeagicure Ne 9101
Fig. 2. Created fracture profile in well no. 9101

Taonuua. Peocum pabomor cxeadxcunst Ne 9101
Table. Well no. 9101 operating mode

Pexumpo OITP
Pilot operating mode

Pexum gepes 1 mecsing
Operating mode in a month

TIpupoct dakTryeckuii
Actual growth

Pexxum gepes Tpu mecsina
Operating mode in three months

TIpupoct dakTrdeckuii
Actual growth

Qul Qx[onlQu [ Qe [0 Qu Qx Qu Qx % H,0 Qu Qx
T/CyT T/CyT T/CyT T/CyT
00700 0 50 [ 51,0 90 50 [ 510 [ 129 [ 417 69 129 | 47
HOJ'Iy‘IeHHBIe PE3YJIBTATHI MTOKA3aJIk BHICOKYIO 3(1)(1)CK-
3akntoueHue

TUBHOCTb NMPUMEHEHHUS TEXHOJOIUM B JJAHHBIX YCIOBUSAX
npu MI'PIT ckBaxkunbr Ne 9101 Illaumckoro HedTsHOTO
MECTOPOXKICHHS.

Ha ocHoBe BBINIECKAa3aHHOTO MOXHO CAENAaTh CIETy-

IOLIUE BHIBOJBI:

1. OrHocuTenpHas MPOCTOTA TPOBEACHHS — OTCYTCTBUE
OOJIBIIIOTO YHCITA CITYCKOTMOTEEMHBIX OTIepALIHii 1 0TI
HHUTEBHBIX 3aTPaT 10 KAIMTATbHOMY PEMOHTY CKBAKHH.

2. Ckopoctb pabot, 3atpayeHHas Ha MIPIl ckBaxuHbI
Ne 9101 Iarmvckoro HehTSHOrO MECTOPOYKICHIA, B 3,5 paza
BBILIE, YeM TpH IpoBeieHnH cTangaptHoro MIPIL

3. B0O3MOXHOCTH KOMIUIEKCHOH pa3pabOTKH IM3aiiHa
MIPII nnst Gombiieid ero 3G eKTHBHOCTH.
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The relevance of the study is caused by the need to optimize multistage hydraulic fracturing that will ensure correspondence of the pa-
rameters of completed wells with multistage hydraulic fracture and its expected parameters by selective isolation of interlayers to conduct
selective hydraulic fracturing of each well zone. This will allow subsurface users to enhance the process profitability and increase wells
daily production rate that will also lead to a positive economic effect.

The main aim is to analyze the technology results and application example of flow diverting balls BioBalls on well no. 9101 of the Shaim
oilfield, highlight the advantages of this method for multistage hydraulic fracturing.

Objects: perforation flow diverting sealing balls BioBalls and its effectiveness for perforations isolation.

Methods: determining the injectivity profiles of target intervals, comparing the rock pressure of the productive formations to determine the
fracture initiating point, analyzing the hydraulic fracturing performance parameters to establish correspondence with the design data, com-
paring operation parameters of well no. 9101 before and after the multistage hydraulic fracturing to determine the effectiveness of the pro-
cess, monitoring of well operation to determine operating modes in three months after the process.

Results. The paper presents the characteristic of balls BioBalls and geological and physical characteristics of isolation objects; the injectiv-
ity profile of the target intervals under the injection is determined; correspondence of the multistage hydraulic fracturing effectiveness and
design parameters is obtained; the time of the multistage hydraulic fracturing process is determined; the results of the multistage hydraulic
fracturing process using flow diverting balls BioBalls are obtained, which demonstrates the effectiveness of the method in these conditions,
namely the transfer of well no. 9101 to the existing well stock, an increase in oil production rates and a decrease in water cut.

Key words:
Well, productive formation, multistage hydraulic fracture, flow diverting balls, BioBalls.
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