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[Fa3npom HedbTb: ONTMM3aumMa TEXHOJSIOMNA
MHOrocTaauMHOro rmapopaspbisa rnJjiacrta B
KoJuleKkTopax ¢ 6JIM3KMM pacrnosioXKeHnem
ra3oHedoTAHOro n BOAOHEePTAHOrO KOHTAKTOB
N HaJTIM4YmMem cnaboBbipaXXeHHbIX 6apbepoB C
HU3KUM KOHTPACTOM Hanpsi>KeHUn

Gazprom Neft: Optimising Multistage Hydraulic
Fracturing in Challenging Reservoirs

[ns athheKTVBHON CTUMYNALIMN CKBEDKUH METOAOM

P Heobxoauma rybokas UHXXEHepHas 1
TeEXHOMorn4eckas npopaboTtka. B paboTe nokasaHb!
pasnu4Hble Nyt ontummndaumn MIMPI B mnacTax co
CnaboBbIPaKEHHbIMY BapbepamMm N HASKUM KOHTPACTOM
HanpsbkeHnn. OgHMM 13 PELLIEHNIA MOCTaBAEHHbBIX
3a4a4 SBFETCA ONTUMM3AUMS CYLLIECTBYHOLLMX
MyapoBbIX CUCTEM XXMAOKOCTM 151 KOHTPOS BbICOTbI
TPELMHbI. 15 OOCTUKEHUS MakCUMalbHOTrO adhdekTa
MPOBOAMIOCH MOCTENEHHOE CHKEHE KOHLIEHTPALIN
nosMMepa, 1 NCMOMb30Ba/TNCH MaSIOBA3KME XKNOKOCTA U
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ffective well stimulation with hydraulic fracturing

requires indepth engineering and technological
research. This paper shows various ways of optimizing
multistage fracturing operations in reservoirs with weak
barriers with low stress contrasts. One of the solutions
is to optimize the existing guar fluid systems to control
the fracture height. The following solutions were applied
to achieve the maximum effect: gradual decrease of
polymer concentration, application of low-viscosity fluids
and combined «pad» stages. Additional operations were
carried out in order to optimize the pumping schedule and

www.rogtecmagazine.com



FRACTURING M

KOMOWHMPOBaHHble BydhepHble cTaamn. JonoaHNTENBHO
NpPOBOAMINCE PaboTbl MO ONTUMM3ALM PaCTMCaHKS
3aKa4yKy U MOBbILLIEHNS M0 arpeccUBHOCTU. C LIESbIO
OOCTVKEHWNST HAMOOMbLLEro ahdekTa Mo OUNCTKE
TPELUMHBI MPOUCXOOMIIO MOCTENEHHOE MOBbILLEHNE
KOHLIEHTPaUMM hepMeHTHOrO AeCTpykTopa. B kavecTee
a/lbTePHATVIBHOIO NMoaxoda B CTUMYILMM Bbina BbibpaHa
»uokocTb [Pl Ha 6ecnonmmepHon ocHose (NAB).

[nst MUHMN3aUMM PUCKOB, CBA3AHHBIX C MOJTyYEHNEM
CTOIla, BHeapeHO NprMeHeHre komMnoHoBok MITPIT ¢
MHOropasoBbIMU MyddTamm, YNPaBASEMbIMU KITOHOM

C npvBneYeHnem ycTaHoBku MHKT 1 MOHUTOPUHIOM
3abonHOro JaBneHns. B kadecTBe JONONHUTEbHBbIX
METOZOB KOHTPOJIA MPUMEHSINICH MUKPOCENCMUYECKIN
MOHUTOPUHI 1 pa3finyHble reodranyeckme NCCeaoBaHums.
AHanm3 hakTU4ecKoro aebuta nokasas yCreLHOCTb
MPVIMEHEHHBIX MOAXOO0B 4719 LOCTVIKEHVS MaKCMaUTbHOM
3O PEKTNBHOCTU PabOoTbl MPOCTUMYIMPOBAHHBIX CKB2XKMH.

BeeneHue

B noptdene aktnBoB «[ a3npom HeEPTU» UMEETCH pPAg,
MECTOPOXOEHWI, NMNACTbI KOTOPLIX XapaKTeprnayroTCs
OTCYTCTBUEM APKO BbIPKEHHBIX JTINTONOMYECKNX
BapbepoB A4 rada v Bodpl. [poBeaeHve rmapopaspbiea
nnacta (FPIM) 6e3 raybokom HXEHEPHOM NPOPabOTKN

W BHEOPEHNSA TEXHOIOTUM He aDdeKTMBHO. s
YCMELLHOrO BBEAEHWS B SKCMlyaTaLmio OObEKTOB —
n-oBa AMau TpebyeTcs MOUCK ONTUMasTbHBIX PELLIEHNN.

B oaHHowM paboTe pacCMOTPEHbI pasfidHble CLEHapU
NPOoPaboTKX NyTer oNTUMU3aLIMN TexHoorm TPT.
AHanm3a hakTU4ecKkon paboTbl NPOCTUMYNPOBAHHBIX
CKB2XKMH MOKAa3bIBAET, YTO B UTOME YAAOCh HANTK
yCMeLHoe peLleHre. brarogaps KOMMIEKCHOMyY NoOXoay
CMeUManmcToB KOMMaHu Gbliia NpoBedeHa 6obLLas
paboTa no ontumusaumm P, 4To NO3BOMNIIO NOBLICUTH
NPOV3BOANTENBHOCTb CKBEXKMH.

Anpob6auysa oNnTMMmn3aummn XXUOKoCcTu

n gun3sannHa MPrl

Ha mecTopoxxaeHunsx 3anagHon Cubuvpy ans KOAIEKTOPOB
¢ 6/MBKMM pacnoioXkeHemM razoHedTaHoro (MHK) n
BoaoHedTaHOrO (BHK) KOHTakToB 11 CliaboBbIpayKeHHBIMI
Bapbepamm C HU3KVMM HAMPSHKEHNSM OIHOM 13 3afad
ABISETCH HEOOXOAMMOCTb KOHTPOJISA BbICOTbI TPELLMHbI
P ons nckmtoYeHnss MPUOBLLIEHVS HEMPOEKTHbBIX
NHTEPBASIOB. B CBSA3W C TeM, YTO TEXHOMOMUN C
HM3KOMOIMMEPHbBIMM MOANDULIMPOBAHHBIMM N

MAB peuenTypamMu noka He Noayumv LMPOKOro
pacnpoCTpaHeHns 13-3a 60s1ee BbICOKMX CTOVMOCTA U
TpeboBaHW K 0OOPYA0BaHNIO, OHEBUOHBIM PELLEHVEM
NPEOCTaBNSETCS ONTUMN3ALINSA CYLLIECTBYHOLLIMX
ryapoBbIX »XXuakocTer [P B HanpaBneHUN CHYKEHNS
KOHLIEHTpaLMN (3arpy3Kkim) NosmmMepa 1 MCnob30BaHMS

B KauecTBe OyhepHON 1/ NECKOHECYLLIEN XXMOKOCTU
MasIoBA3KMX >uakocTer [1]. B paccmaTprBaeMom
cnyydae onTUMM3aLms Oblnia HavaTa C XKUOKOCTEN U
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make it more rapid. To achieve the maximum clean out
of the fracture, the concentration of the enzyme breaker
was gradually increased. Hydraulic fracturing with a non-
polymer fluid system (surface active agent) was chosen as
an alternative stimulation approach. To minimize the risks
associated with screenout, multistage completion system
with reusable sleeves have been used. The system is
controlled by a special CT-deployed key and bottomhole
pressure monitoring. Additional control methods included
microseismic monitoring and different logging operations.
The analysis from the actual oil production rate showed
that these approaches maximized the efficiency of the
stimulated wells.

Introduction

Gazprom Neft’s asset portfolio includes several fields
which are characterized by the absence of distinct
lithological barriers for gas and water. Hydraulic fracturing
is not efficient without in-depth engineering studies

and utilizing the latest technologies. Successful field
commissioning in the Yamal region requires implementing
the optimal solutions. This paper describes the various
scenarios for the optimization of hydraulic fracturing. The
analysis of the actual performance of the stimulated wells
showed that a successful solution was finally identified.
The integrated approach developed by the company’s
specialists allowed the company to optimize hydraulic
fracturing and thus increase the wells productivity.

Fluid and Fracturing Design

Optimisation Testing

In Western Siberia, one of the tasks for reservoirs with close
proximity to oil-gas and water-oil contacts and low stress
barriers is the need to control the height of fracture in order
to avoid the fracturing of non-target intervals. Technologies
with low-polymer modified agents or surfactants have not
yet become widespread due to the higher costs and harsh
equipment requirements. Therefore, the obvious solution

is to optimize the existing guar fluids in order to reduce

the concentration of the polymer and to use low-viscosity
fluids as a buffer and/or sand-bearing fluid [1]. In the
present case, it was decided to start optimizing the fluids
and fracturing design by a gradual decrease the polymer
concentration and increasing the pump rate (reduction of
the buffer volume, increase in the maximum concentration
of proppant and decrease in fluid rate). The first tests

were carried out in directional wells. The design of these
wells prevents the risk of an accident due to the proppant
settling in the liner in the horizontal section. After obtaining
positive results, it was decided to perform an injection in
the horizontal wells completed with multistage fracturing
assemblies [2]. The polymer concentration and main
reservoir characteristics before and after the optimization
are presented in the table. Initially, the viscosity of the cross-
linked fluid was 800 mPa-s, which is due to the high fluid
loss into the formation matrix.
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omaanHa 'Pl1, a IMeHHO C MOCTErneHHoro
CHVDKEHNST 3arpy3Kku (KOHLEHTPALMM)
noJimMepa M NMoBbILLEHVS! arpecCUBHOCTM
rpaduka-3akadk (YyMeHbLLEHE 00U

obbema bydepa, yBeMYEHE MaKCMaTBHOM
KOHLIEHTPALIMW MponmnaHTa 1 CHYDKEHE
pacxofa »MaKocTy). NepsBble oNpoboBaHMS
MPOBOAMIM B HAK/IOHHO HarpaB/ieHHbIX
CKBaXXMHAX, KOHCTPYKLIMS KOTOPbIX
NPeOoTBPAaLLAET PUCK aBapun U3-3a OCedaHnst
nponmnaHTa B XBOCTOBMKE FOPU30OHTaSIbHOM
cekummn. locne NonyYeHnst MOAOXKUTEbHbIX
pe3y/IbTaToB Oblfia BbIMOSIHEHA 3aKayvka B
FOPU30HTASTbHbIX CKBaXKMHAX C 3aKaHYMBaAHMEM
KOMMOHOBKamMm MHoroctaguinHoro Pl
(MIPI) [2]. KoHugHTpaums noavmepa,
OCHOBHbIE XapaKTePUCTVKI MiacTa o
rnocJie oNTUMU3aLUMM NPVBEAEHbI B TabNMLIE.
MNepBoHaYasIbHO BA3KOCTb CLUMTOM XXUOKOCTU
cocTtaenana 800 MlMa ¢, 4TO OOBACHANIOCH

[MapameTpbl gusanHa P

Fracturing design parameters

Lo onTummsauymn
Before optimization

Mocne ontummsaummn
After optimization

LaBneHve 3akpbiThs 3aboiHoe, MIMa B ;
Closing pressure at bottom hole, MPa 25,0-33,0 25,0-330
OdbdekTnBHOE fasnerHne, MlMa _ )
Effective pressure, MPa 1.8-30 1.8-30
AdbhekTnBHOCTL XuakocTn, %

Fluid efficiency, % 35-60 35-60
3arpyska nonnmepa, Kr/m?

Polymer concentration, kg/m? 276-36 20-24
O6bem »xungkocTu, m?

Fluid volume, m@ e 25-70
Dons o6bema bycepa B cmMecn, %

Share of buffer volume, % 25-30 13-18
Macca nponnaHTa, T

Proppant volume, t 25-50 5-35
®pakuum nponnaHTa

Prgppgm i 20/40,16/20 | 20/40, 16/20, 12/18
MakcumanbHas KoHUeHTpaums, Kr/m?

Maximum concentration, kg/m? 800 - 900 900 - 1200
Pacxop, »xuvpkocTtn, M3/MUH

Fluid flow rate, m%min 28-30 1.8-22

6OMBLUMMI YTEUYKAMM XKUOKOCTV B MaTRULLY
nnacra.

Bbicokas BA3KOCTb CUCTEMbI XKNOKOCTM MO3BOSSIA
na3bexxarb prck nostydeHms CTOlMNa n rapaHTupoBaia
OOCTaTOYHOCTb MMAPaBANYECKOrO PACKPbITUSA
TRELLMHbI, OAHAKO NPV 3TOM YBENNYMBAIACH €€ BbICOTa,
YTO MHOIOKPATHO MOBbILLIAIO PUCK MPUOBLLIEHNS

rasa v Bogbl. Ontummnzaupms PN nporcxoguna no
HampaBNEHWIO CHIPKEHNS 3arpy3KM MomMMepa, a

TakKe YBEeIMYEHNS KOHLIEHTPALMN DEPMEHTHOMO
(aH3MMHOrO) Bpenkepa A9 OYNCTKY TPELLUMHBI OT
OCTaTKOB MOJSIMMEPa 1 COOTBETCTBEHHO MOBbILLEHNS
OCTaTO4HOM MPOBOAMMOCTY TPELLMHBI. [TpoBEAEHHbIE
pPaboTbl NO3BONNM BE3 YBENUUYEHUS aBAPUIMHOCTU
CYLLIECTBEHHO CHU3WTb 3arpy3ky noammepa — ¢ 3,6 1o
2,2 kr/M8. B pesynbtarte 6b110 JOCTUMHYTO CHYDKEHME
BSIBKOCTW CLUMTOMO rensd B cpeaHem oo 400-450

Mla -c. B uenom Ha npoekTe 6bino nposeaeHo 370
CKBaXKMHO-oMepaummn, gons ocnoxxHenun (CTOMN)
cocTaBuia MeHee 5 %, YTO SBUIOCh O4EHb XOPOLLINM
rnokasaTenem. B OCHOBHOM OCOXXHEHMS CBSI3aHbI C
TEXHUYECKUMUN MPpUHnHaMmy (paboTon 06opyaoBaHNS),
TaKVMW Kak OTKJIOHEHUS! B MoJade NponnaHTa (Ckaqku
KOHLEHTPaLWM NPOMMaHTa) U XMMUYECKMX peareHToB. [ns
NOATBEPXOEHNSA MPaBUIBHOCTY BbIBpaHHOrO MOAXOAa
MPOBOANIICS MHCTPYMEHTaSTbHbIA KOHTPOSIb BbICOT!
TPELMHBI — MUKPOCENCMUYECKNIA MOHUTOPUHI (MCM),
KOTOPbIV MO3BOJISIET OLIEHUTL 3PHEKTVUBHOCTL PadoT
dmranyeckm, a He TOIBKO MO NapameTpam Jo0bIHK 1N
pesybTataMm MofevpoBaHug B cumynatope MNP, Ha
pvc. 1 NPUBEAEHO CPaBHEHME BbICOTbI TPELLMHbI MO
amsanHy P n noumpoBaHHbIM cobbimisM MCM. [JaHHble
MogenvposaHug 1t MCM 6binn noaTBep>XaeHb! paboTow
CKB2XXMH 6E3 MPU3HAKOB MPOPbIBA B HEMPOEKTHbIE
rOPU30HTHI [3].
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The high viscosity of the fluid prevented the risk of screen-
out and guaranteed the conductivity of the fracture.
However, the height of the fracture also increased which
led to the risk of gas and water infiltration. Hydraulic
fracturing was further optimized by reducing the polymer
concentration and increasing the concentration of the
enzyme breaker to clean the fracture from the polymer
residues and, consequently, increased the residual
conductivity of the fracture. This enabled a significant
reduction in the polymer concentration without increasing
the accident rate - from 3.6 to 2.2 kg/m?®. As a result,

the viscosity of the cross-linked gel has been reduced

to an average of 400-450 mPas. In total, 370 well
operations were performed in the project, the share of
complications (screen-out) was less than 5%, which was
a very good indicator. Most of the complications were
related to technical propblems (equipment operations),
such as deviations in the injection of the proppant
(proppant concentration spikes) and chemical agents.
Facture height control was carried out to validate the
chosen approach - micro-seismic monitoring, which
physically evaluates the efficiency of the operation, not
only in terms of the production parameters or the results
of the hydraulic fracturing simulation. Figure 1 shows the
comparison of the fracture height calculations via the
fracturing design and micro-seismic monitoring. The data
from the simulation and the micro-seismic monitoring have
been validated in well operation without signs of fracture
breakthrough into non-target layers [3].

Pilot Operations for Optimising Fluid and
Fracture Design

In addition to the testing of the fluid and fracturing design
optimization, pilot operations injecting viscoelastic
surfactants were also conducted. Viscoelastic surfactant

www.rogtecmagazine.com
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Non-reservoir rock

HedTb Bopa
- Oil - Water

Pvc.1: PegynbTaThbl CpaBHEHWS BbICOTbI TRELLMHBI MO AN3ariHy 1 0LMPOBaHHbIE CobbITis MCM
Fig.1: Outcome of compared fracture height according to its design and MSM located events

OI'IbITHO-I'IpOMbILIJﬂeHHbIe pa60Tb| no
onTMMM3auum XXuokoctm n ausaviHa Pl
IMNomMrmo anpobaLyn ONTUMN3ALN XKNOKOCTU W An3anHa
[P npoBOoAWMCE OMbITHO-MPOMbILLNIEHHbIE PabOThI
(OINP) ¢ 3akadkon Baskoynpyrmx NAB. XKnaokocTs Ha
OCHOBe BA3KOYNpyrmx NAB Mo cpaBHEHNIO C XXNOKOCTHIO
Ha NyapOBOM OCHOBE MMEET XOPOLLIYKO MECKOHECYLLYHO
CMNOCOBHOCTb MPK MOHXEHHOW BA3KOCTM (0k010 250 Mlarc),
HO MW 3TOM NPEOBSBNSIOTCS 04EHb BbICOKME TPeboBaHMS
K TEXHOJTOMMHECKMM CPEOCTBAM €€ MPYIMEHEHNS 1, KDOME
TOrO, XKNOKOCTb Ha OCHOBE BA3KOYMPYrx [AB nmeeT
3Ha4YMTENBbHO BOJIEE BBICOKYHO CTOUMOCTb.

[MpoBeaeHb! OEBATE CKBaXKMHO-OMepaLmn, 4o
ocnoxHerHun (CTOTM) no gaHHOM TEXHOOMAM COCTaBMIa
25 %, OCHOBHOW UX MPUYMHON MOCY>Ka HEFOTOBHOCTb
noapsaYMKa K NpPoBEAeHWUIO PaboT MO TEXHOIOMM C
MPUMEHEHVEM OaHHOM PELLenTypbl XKNOKOCTN. PegynstaTsl
pPabOoTbl CKBXKMH OLIEHVBATNCH MO 6e3pasMepHOMy
NHOEKCY NPOAYKTVNBHOCTU, MPVBEOEHHOMY K OEOUTY
CKBaXXVHbI NOC/IE BbINOMHEHWNST ogHOV cTaaun [P,
BhdexkTnBHOCTL TexHONOrUK Pl ¢ NpUMeEHeRHreM
>KMOKOCTW Ha OCHOBE Bs3Koynpyriix MNAB nosyymna csoe
MOATBEPXXAEHNE, OAHAKO 13-3a BbICOKOM CTOMMOCTU

11 6ONBLLIOIrO MPOLIEHTA OCMIOXHEHWI MO CPABHEHMIO C
TEXHOIOMVEN C NCMOIb30BaHNEM XXUAKOCT Ha MyapoBOW
OCHOBE He MOJTyHIIIa LUMPOKOIrO PacnpOoCTPaHEeHs.

58 | ROGTEC

fluids have good sand-bearing capacity at a reduced
viscosities (about 250 mPa-s), but very high demands are
then placed on the equipment. In addition, viscoelastic
surfactants are much more expensive.

Nine well operations were carried out, the share of
complications (screen-out) with this technology was
25%. The main reasons for the complications was the
unwillingness of the contractor to perform the operations
with this fluid. The well’s performance was evaluated

by a dimensionless productivity index normalized to the
production rate after one fracturing stage. This fracturing
technology with viscoelastic surfactant fluid has been
proven to be efficient. However, this technology is not
widely used due to the high cost and high percentage
of complications as compared to the guar-based fluid
technology. In order to minimize the risks of breakthroughs
during hydraulic fracturing when injecting 8-10 tons of
proppant, a ball-drop tool has also been utilized. This
tool enabled eight stage fracturing without stopping the
injection, which has proved its efficiency. As a result,

the unproductive volume of the fluid pumped into the
formation is reduced by several times (the fluid volume is
reduced by 30-40% due to the cancellation of pumping
tests for each fracturing stage and the reduction of the
fluid volume during pumping). The duration of eight
fracturing stages is also reduced (duration from the time

www.rogtecmagazine.com
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s [laBneHVEe C OyOnVpytoLLero aatunka
Pressure value from backup gauge

3atpybHoe aaBneHve
Annular pressure

Single fluid flow rate (magnetic)

= Pacxopf cMecy (MarHuTHbIN) - Blend flow rate (magnetic)
Pacxop cmecu (cymma 060poTOB HacOCOB)
Blend flow rate (total pump rotation)
Pacxop, YncTol XnAKOCTU (MarHUTHbIN)

KoHueHTpauyst nponnaHTa (nioTHoMep)
Proppant concentration (densimeter)

KoHueHTpauws nponnaHTa (nepecyeTHas)
Proppant concentration (converted)

KoHueHTpauyst nponnaHTa (Ha 3aboe)
Proppant concentration (at bottom hole)

Punc.2: MNpadvk npoeaeHns BocbMcTaauinHOro NPl ¢ 3akaydkom NponnaHTa B MOTOK XXKUAKOCTU
Fig.2: Schedule of the eight-stage hydraulic fracturing operation with proppant injection in the fluid flow

Lns MuHAMM3aLM PUCKOB MpopbIBa npn PN ¢ 3akaqkomn
nponnaHTa Maccon 8-10 T Takke NPUMEHEHO YCTPOWCTBO
019 cHpoca LWapoB, MO3BOMSIOLLEE MPOBOAUTL NSIAHOBbIE
Bocemb cTaaumin MITPI'T 6e3 0CTaHOBKM 3aKauqKi, YTO
[0Ka3a/10 CBOK 3DPEKTNBHOCTL. B pesynbTarte KpatHO
CHPKAETCH HEMPOU3BOOUTESbHBIN OOBEM 3aKa4MBAEMON
>KOKOCTU B M1ACT (YMEHBLLIEHNE OO bEMA XKNAKOCTU Ha
3040 % 3a cHET OTMEHbI TECTOBbIX 3aKa4YEK Ha KEDKYHO
ctaguo MITPTT 1 cokpallieHrst obbema XXOKOCTU Ha CTaaun
NPOOaBKY), YMEHBLLIAETCH BPEMS Ha MPOBEAEHNE BOCEMI
ctagun [P (¢ momeHTa 3ae3na chnota [P npakTniecku

B 2 pasa). [JOCTUMHYTO 3HAaYUTENBbHOE YCKOPEHME,
HanpumMep, 3akadka nponnaHTa Maccor 10 T Ha cTaguo Npw
BocbMUCTaauiHOM [PI Bbina 3aBeplLueHa 3a 2 Y (puc. 2).

OpHako Npuy 3akadke B MOTOK NponnaHTa Maccon 8—10

T Ha MyddTy P MMeeTcst prcK NOYHEHNST OCTOMHEHS
13-3a TOro, YTO BO BPEMS MPOXOXAEHMS MponnaHTa

B CTUMYJIMPYEMYIO 30HY MiacTa Luap /19 akTBauym
nocnedyroLLEero nopTa y>e COPOLLEH B CKBaDKMHY. B
cnyyae nonydeHnst CTOlMNa HaxokagHNe Lwapa B KOMOHHE
HKT cepbe3HO 3aTpyaHSeT OanbHeNLIee NPOBEAEHNE
paboT B ckBavkmHeE [3]. 19 MUHMN3aLMM OaHHbBIX
PUCKOB BHEAPEHBLI KOMMOHOBKW MITPI'T ¢ MHOropa3oBbiMM
MydTamu, ynpasiseMbIMm KH0HOM Ha mbkor HKT
(MHKT). 3akauka »uaxkocTtn [Pl ocylecTBnseTcs no
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the fracturing fleet arrives at location is reduced by almost
half). A significant overall time reduction has also been
achieved. For example, pumping of 10 tons of proppant
per stage as part of eight-stage fracturing was completed
in 2 hours (Fig. 2).

However, when pumping 8-10 tons of proppant per
fracturing sleeve, there is a risk of complications from
the activation ball for the subsequent sleeve which has
already been dropped into the well during proppant
injection into the stimulated formation interval. In case of
screen-out, the presence of the ball in the tubing string
seriously hampers further work in the well [3]. In order
to minimize these risks multistage fracturing completion
configurations with reusable CT-operated sleeves have
been implemented. Fracturing fluid is pumped through
the annular space between tubing and coiled tubing
with a CT-deployed key below the target frac port. This
dispensed the “unnecessary” runs for each stage and
provided the unique ability to monitor the bottomhole
pressure inside the coiled tubing in real time (Fig. 3).

This made it possible to evaluate the efficiency of
proppant pack in the fracture during operations and
to propose well-reasoned optimization changes to the
pumping program. After fracturing the port is closed,
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3aTpy6Hoe - in the annulus

. THKT - in coil tubing 8 MHKT - in coil tubing
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nnotHomep - density meter
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Puc.3: pachmk nposeaeHns ocHoBHoro NPl 6e3 nogbema MHKT 1 ¢ BO3MOXXHOCTBEIO MOHUTOPWHIA 3a00MHOIO AaBEHNS B PeXXKUME

peasibHOro BPeMeHu

Fig.3: Schedule of main hydraulic fracturing job without coil tubing trip, with possibility to monitor bottom hole pressure in real time

MaJsioMy 3aTpyBHOMY MPOCTPAHCTBY CO CMYCKOM KJlroda
Ha MHKT Hwke nopTa, Ha KoTopbii nposoauTtes [PI. 9to
MO3BOSINIO N36aBUTLCA OT «JIULLHKX» CMYCKOMOObEMOB
KOMMOHOBKM NPV MPOBEAEHUN K&XKO0W CTaaun, B CBS3N C
YeM NosIBUSIACH YHUKaTbHash BO3MOXKHOCTb MOHUTOPWHIa
3abonHOro gaeneHuns no gasneHnto B MHKT B pexxnme
peasibHOro BpemeHu (puic. 3).

3TO a0 BO3MOXHOCTb OLEHMBATb YMaKOBKY TPELLMHbI
NPOMNaHTOM MPY NPOBEAEHNM OnepaLnii  06OCHOBaHHO
npegiaratb OMTMUSALMOHHBIE UBMEHEHWS K MTaHy

3akadku. [ocne BbINOMHEHWS OnepaLyn NopPT 3aKPbIBAETCH,
YTO UCKITKOYAET OOMOSHUTEBHYHO KOSTbMaTaLKO TOSTbKO

YTO 06PabOTaHHOM 30HbI, & TAKKE CMOCOOCTBYET BbIHOCY
nponnaHTa 13 NPOCTUMY/IMPOBAHHOMO NOPTa B CTBOS
CKBaXKVHbI NP MPOJOMKEHM PabOT MO CTUMYIALMAM
CrenyroLMx CTaguin. Ha Yacty MecTopoXXagHUS MpUHATO
peLLeHme O TUPEXKMPOBAHW AaHHOW TEXHOOMM.

BHeapeHvie BCcex OnMcaHHbIX STarnoB ONMTUMM3ALMN >XUOKOCTU
1 TexHonorn PN no3BO/MI0 AOCTUYb MAPAMETPOB 3aKadeK
npuv Pl npreeaeHHbIX Ha prc. 4. NOMUMO CHIKEHNS
CofepxaHns nonmmMepa B >kuaxoctu [Pl B «[asnpom
HedTV» PeanM30BaH METOA, 3aKaqk KOMOVHNPOBAHHbBIX
BydhepHbIX CTaauA (MMHEMHBIN + CLUWTBIA Freqn) C
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which eliminates additional clogging of the newly treated
interval and facilitates the proppant removal from the
stimulated frac port into the wellbore during the next
stages. It was decided to replicate this technology within
one area of the field. Implementing all the described
stages of fluid and fracturing optimization technologies
resulted in the fracturing injection parameters shown

in Fig. 4. In addition to reducing the polymer content in
the fracturing fluids, Gazprom Neft has implemented the
method of pumping combined buffer pills (linear + cross-
linked gel) with a constant decrease in the concentration
of the cross-linked fluids without changing the volume of
the buffer fluid. It is possible to pump fully linear buffer fluid
for reservoirs that do not have the risk of a breakthrough
in the non-target interval. In Western Siberia operations,
the fluid was injected into low porosity and permeability
reservoirs at a depth of 2350-2650m. The efficiency of the
cross-linked fracturing fluids in these reservoirs reached
more than 60%. The positive results and experience were
subsequently adapted and transferred to reservoirs with a
risk of a breakthrough in gas-oil and water-oil contact. These
resernvoirs are characterized by relatively high porosity and
permeability, depth 750-780 m. The efficiency of cross-linked
fluid in these reservoirs reached 45%.
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MOCTOSIHHBIM YMEHBLLIEHNEM 100
KOHLIEHTPALMI CLUVTOM 90

YKUOKOCTU 6€3 BMEHEHMS

obbema BydepHon cTagnm 2 80

BMJI0Tb [0 3aKaqKW MOSTHOCTBIO *ﬂg 10

JTWHEMHBIX ByhepHbIX CTaauin § &0

AN KOJUIEKTOPOB, B KOTOPBIX 50

OTCYTCTBYET PUCK MPOopbIBa 5 a0

B HEMPOEKTHbIN MHTEPBaT. g 10

PaboTbl BbInn pean3oBaHbl 5

B 3anagHon Crbnpu, = 20

3aKaYka rMpoBoaMsiach B 10

naacTsl, 3asieratoLe Ha 0

rnybuHe (a.0.) 2350-2650 M, 2015

XapaKTEPN3YHOLLMECS HN3KMI
®EC, aththeKTBHOCTb
MPUIMEHEHNS CLLUWTOW
>KNOKOCTU pa3pbia

B KOTOPbIX JOCTUFAET

6onee 60 %. MonyyeHHble
MONIOXKUTESTbHbBIE PE3YIbTAThI M OMbIT BOCAEACTBAM Obln
adanTVPOBaHbl U NepeHeceHbl Ha OOBEKTDI, IOE ECTb PUCK
npopbiea B [HK 1 BHK. Takre 06bexTbl 419 NpoBeagHs
[P xapakTeprayroTCs OOBOSIBHO BbICOKUMM 3HAYEHSIMIA
®EC, rnybuHa 1x 3aneranns (a.0.) coctaensgeT 750-780

M, 3PIEKTUBHOCTb MCMOSI530BaHNSA CLUNTON XNOKOCTA
nocturaet 45 %. [1ns AaHHbIX KOMIEKTOPOB B AaUTbHENLLIEM
OMTVMM3ALIMS 3aKaYKM HA OCHOBE NIMHENHOMO rens AoBeaeHa
00 KOHUeHTpaLwmm nmponnaHTa 200 kr/M® bpakumen 16/20, Ha
OCHOBE CLUUTON XumaKocT — Ao 1400 kr/m® dopaxupen 12/18.

[MNepBasi rOpUSOHTaUIbHAA CKBaDKMHA, B KOTOPOW

Obl/1 oNPOBOBaH AaHHBIM MOAXOA, Oblia ocHaLLEeHa
KOMMOHOBKOW 3aKaH4MBaHKs ¢ NaTbio MydbTamum MCITPIT,
aKTUBMPYEMbIMI LLIapaMK, C O/IMHON FOPUSOHTAIbHON
cexkumm npumepHo 1000 M. YBENMYEHME NNHENHOM

YyacTu BydepHor CTagum NPOBOAMNIOCE NOSTArHO.

[Npu npoBeneHun ocHoBHoro Pl Ha naTon cTagum
MCMONb30BaIM JIMHEMHYIO XKNUOKOCTb Kak Ha BydepHon,
Tak 1 Ha NPOMMAaHTHOM CTaaMsIX 3aKaykm A0 KOHLEHTpaLMN
nponnanTta 200 /M8, danbHenias 3akaqka ¢ Habopom
KOHLIeHTpaumm nponnaxTa Ao 1400 kr/m® ocyLlecTBAsNach
Ha OCHOBEe CLUMTOrO refis, MCMob30Baiach 3arpy3ka reng
KOHLeHTpaLwen 2,4 kr/m3. Kpome Toro, pacxom, 3aKaqkim
ObIST CHWKEH C 2,4 M3/MUH Ha BydepHom YacTu oo 2,0
M3/MUH K KOHLLY paboTbl. CpeaHsst Macca nponnaHTa
cocTaBwia 30 T Ha cTaguto. [NokasaTtenn JodbI4n

Hedb TV MPEBLICUNN OXXMAAEMbIe Ha 25 %. OnTuMmn3aums
XKnokocTy, TexHonorvm Pl v rpadvika 3akadky B
HacTosILLiee BPEMS ELLIE HE 3aKOHYEHA U B Aa/TbHENLLIEM
OyOeT pasBMBaTbCs, B HANPaBeHNM NOUCKa COOTHOLLEHNS
JIMHEMHOM 1 CLUMTOWM YacTen rens (puic. 5).

ﬂﬂaHVIpyeTCﬂ CHW>KEHE KOHLUEHTPpauUnn noanMepa oo

1,8 Kr/M2, NOBBbILLEHNE MaKCUMaITbHOM KOHLIEHTpaLIMN
nponnanHTa 0o 1600-1800 kr/M®, a Takxe npMeHeHne
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arpyska nonvmepa, Kr/m? - Polymer load, kg/m
3 /M - Pol load, kg/m®

400

KoHLEeHTpaumsa nponnaxTa, Kr/m®
Proppant concentration, kg/m®

200

2016

2017

[ Cpepnnuin o6bem noaywku, M° - Average buffer volume, m*

[ CpenHuin o6bem rens, Mé/cTap, - Average gel volume, m¥/stage === MaKcumasnsHasi KOHLEHTpaLvs nponnaxTa, Kr/m®

Maximum proppant concentration, kg/m?*

Puc.4: MapameTpbl 3akavexk npu [P Fig.4: Hydraulic fracturing injection parameters

Fluid injection optimization in these reservoirs enabled a
proppant concentration of 200 kg/m?, fraction 16/20 for
fluid based on linear gel, and proppant concentration of
1400 kg/m3, fraction 12/18 - for fluid based on cross-
linked gel.

The first horizontal well to test this approach was completed
with five ball-drop sleeves with a horizontal section length of
approximately 1000m. The increase of the linear gel content
in the buffer stage was carried out gradually step by step.
During the fracturing of the fifth stage, linear fluid was used
both at the buffer and proppant pumping stages up to the
proppant concentration value of 200 kg/m?®. Further injection
with gradual increases of proppant concentrations up to 1400
kg/me was carried out with the fluid based on cross-linked gel
with a concentration of 2.4 kg/m?®. In addition, the pumping
rate was reduced from 2.4 m®/min during the buffer stage to
2.0 m3/min by the end of the operation. The average proppant
volume was 30 tons per stage. Oil production exceeded
expectations by 25%. The optimization of fluid, fracturing
technology and injection program is yet to be completed

and will be further developed to determine the optimum ratio
of linear and cross-linked components of the gel (Fig. 5).

It is planned to reduce the polymer concentration to 1.8
kg/m?, increase the maximum proppant concentration
up to 1600-1800 kg/m?®. It is also planned to use larger
proppant fraction 10/14.

Conclusion

Gazprom Neft’s specialists provided a successful
technological approach for the development of hard-to-
recover reserves in Western Siberian fields with reservoirs
with close proximity to oil-gas and water-oil contacts and low
stress lithological barriers. Solutions for hydraulic fracturing

in reservoirs with close proximity to oil-gas and water-oil
contacts were tested and implemented while maintaining
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Fig.5: Further optimization of the fluid injection schedule for the main hydraulic fracturing job

Bonee KpynHOro NponnaHTa gpakunen 10/14.

3akntoyeHne

CreupanmncTbl KoMMaHu «[asnpoM HepTb» B 061acTu
pas3paboTK/ 1 OCBOEHUS TRYOHOM3BIEKAEMbIX 3aracoB
MECTOPOXKaeHNIN 3anaaHon Crbupn ¢ 6AMSKM
pacnonoxenvem 'HK 1 BHK 1 cnaboBbipaykeHHbIMM
JINTONOMMHECKVIMM Bapbepamm HaLLI yCELLHbIA
TexHonorndeckn noaxod. OnpoboBaHb! 1 BHEAPEHD!
peLLeHnst No nposeaeHno [Pl B yenoBmsx 6nM3Koro
pacnonoxenua 'HK 1 BHK ¢ coxpaHermem
TEXHOTOMYECKON YCMELLHOCTU 6€3 YBENMYEHS CTOUMOCTU
pPaboT, Takme Kak CHIPKEHWE 3arpy3ki NyapoBoro
nosIMMeEPa, NPUMEHEHNE YCTPOMCTBA 419 cOpoca LLapoB

B MOTOK, MbpuaHoro amsanHa P, paBHOMPOXOOHbIX
BecLLapOoBbIX TEXHOSIOMN 3aKaHYMBaHWS. SHHEKTUBHOCTb
OMTYMM3NPOBAHHBIX TEXHOMOM MOATBEP>KAAETCSH
hakTHeCKom PaboToM MPOCTUMYTNPOBAHHBIX CKBAXKWH.
3TO OTKPbIBaET NEPCMNEKTVBLI /19 TUPKNPOBAHUS TaKMX
TEXHOJIOMA Ha OpYre OOBEKTbI OHEPHVX ODLLIECTB
KOMMaHNM C aHANIOMUHHBIMU LI BAISKUMM YCIIOBUSIMA.
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technological success without increasing the cost of

the operations. These solutions include reduction of

the concentration of guar polymer, the application of a
ball-dropping tools, hybrid fracturing design and full-
bore ball-free completion technologies. The efficiency of
the optimized technologies is confirmed by the actual
production of the stimulated wells. This enables the
prospect to replicate these technologies at fields with the
same or similar conditions.
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