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[[@a3npomM HEdTbL: MAep No HaINYMKO KOMMETEHLUUI B
npoBeneHnn NOBTOPHbLIX MHOrocTaaumnHblx Pl

Gazprom Neft: the Competency Leader in Multi-stage
Hydraulic Refracturing Operations

BeeneHue

B komnanum MAQO «"a3npom HedTb», Ha4YMHas ¢

2011 roga, 60/bLUNHCTBO BHOBb BBOAUMbIX CKBaXKNH
13 BypeHns SBNAOTCA roprdoHTabHbiMK (TC) ¢
MHOFOCTaaMMHBIM TMAPABINYECKMM Pa3pbiBOM niacta
(MIPIM). Ha Tekywwmin MOMEHT Ha MECTOPOXOEHNSX
KomnaHum npobypeHo nopsaka 2700 ropn3oHTasbHbIX
ckBakvH ¢ MIPT1, obopyaoBaHHbIX «MakepHO-
MOPTOBbLIMU» KOMMOHOBKaM1 XBOCTOBWKOB
(HeueMeHTMPYEMbIMW), aKTUBMPYEMbIE NMyTEM cOpoca
«LLIapOB-0TCEKATENEN», N3 KOTOPbLIX 0KOJ10 800

o6opyaoBaHbl MydhTamm [Pl MHOFOKpaTHOro AeNCTBUS.
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Introduction

Since 2011, most of the newly-commissioned wells
delivered by Gazprom Neft’s drilling units have been
horizontal wells (HW) with multi-stage hydraulic fracturing
(MSHF). To date, about 2,700 horizontal wells with
MSHF, equipped with ball-drop-activated “packer-and-
port” liner assemblies (uncemented), have been drilled

in the Company’s fields, out of which about 800 are
equipped with reusable frac sleeves.

Over time, the productivity of such wells tends to
decrease gradually under the influence of various
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BBop HoBbIx ckBaxkuH 'C ¢ MITPI1 no rogam
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Puc. 1: JuHammnka BBoAa ropusoHTasbHbIX ckBaxxmH ¢ MITPT B MAO «["a3npom HedbTb» Mo rogam
Fig. 1: Changes in the number of horizontal wells w/MSHF commissioned by Gazprom Neft, broken down by year

C TeueHnem BpPeEMEHU, N0, AENCTBMEM Pa3/INYHbIX
re0I0MMHECKNX 1 TEXHOIOMMYECKIX (DaKTOPOB (BbIHOC
MeX. NpUMecei, nepechinaHne ropHOM NoOpPoaon
VHTEPBaOB Nepdopaumm, KofbMaTaumst NponnaHTHON
HabWBKM («BMATME» B MIACTUYHbIE MOPOM4bI, PaspyLUeHe
noa oencteuem ctpeccos), ACINO, conm n 1.4.),
MPONCXOONT MOCTENEHHOE CHYDKEHME MPOOYKTVMBHOCT
TakMX CKBaXKWH. [/l Ha cerogHaLHui aeHb, npobaema
BbIpaboTKKM 3anacos n yBenundeHna KVIH, 3a cuet
MOBTOPHOW CTUMYMSILMN FOPU3OHTAsTbHBIX CKBaXKMH C
MIPIT - oguH 13 Hanboee akTyasibHbIX BbI3OBOB [A/15
cneynanncToB «[a3npom HedTb».

OCHOBHbIMM MOBOAAMM NPOBEAEHNSA MOBTOPHbBIX [ PI1

(pedpakoB) aBnsaeTcs:

e CHWKeHMEe NPOOYKTUBHOCTM CKBaXXMH B MPOLIECce
aKcnayaraumm (ykazaHo paHee);

e [lofly4yeHHble NPeXXaeBPEMEHHbIE OCTAHOBKM 3aKaykM
— «CTOlMbl», cnyyan npexxaeBpemMeHHOro

MOBTOPHbIA MIPIM - REPEATED MSHF

=) TpeLwmHbl nepsoro MIPT1

geological and technological factors (withdrawal of
solids, perforations filling with loose rock fragments,
fracture clogging with proppant pack material (due to

its embedment into plastic rocks and crushing under
stresses), asphaltene deposits, salts, etc.). It is, thus,
apparent that one of the most pressing challenges facing
Gazprom Neft’s specialists today is how to develop more
reserves and increase oil recovery through repeated
stimulation of horizontal wells with MSHF.

The main reasons for carrying out repeated HF

operations (refracs) are:

e A decrease in well productivity during the production
phase (as indicated earlier);

¢ |nstances of premature injection termination (screen-
out alerts) and other premature work completion
scenarios (with deviations from the program);

e Stimulation of ports skipped during the initial
treatment.

TpeLwmHbl nosTopHOro MIrPr1

Fractures from the first-time MSHF Fractures from the repeated MSHF

-

=

Puc. 2: CxematunyHoe naobpaxkeHne nostopHoro MIPI  Fig. 2: Schematic diagram of a refrac operation
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3aBepLUEHUsT paboT (C OTKIOHEHNEM OT MPOrpamMmbl);
e CTUMYNALUMS MOPTOB, MPOMYLLEHHBIX MNP NEPBUYHOM
noaxome.

PexkomeHgyemble KpuTepun nogbopa kaHauaara nog,

pedpak:

1. MNMnacTtoBoe gaeneHune Prnn He Hxe 0,6°Pnn
HaYa/IbHOE;

. MpoueHT 06B0gHEHHOCTU NpoayKumn He bonee 80%;

. OcTarto4Hble 3anackl 6onee 5 Tbicad T;

. Tekywmn cknH-chakTop 6onee -3;

. [AVHUCTBIE NEPEMBIYKN HE MeHee 15M 00 raso- u
BOJOHACHILLEHHbIX MPOMNMIACTKOB;

. YOoaneHHoCTb OT (DPOHTa HarHeTaHns BOApl;

7. Hanmume HeCTMyIMpOBaHHOIO MHTEpBana npu

[©) IS GV \V)

()

TexHONOrMYeCKNIN BbI30OB 3aK/IIOHAETCH B TOM,

YTO TUMOBAs KOHCTPYKLWSA CKBaXKMH, MOYHYUBLLINX

LUMPOKOE PacnpOCTPaHeHNe («LLapOBble» KOMMOHOBKM

XBOCTOBUMKOB ¢ MydhTamm MITPIN ogHOoKpaTHOro

[encTeus), He NpegycMaTpMBaoT NPOBeAeHne

MOBTOPHbIX CTUMYSLMIA, YTO CO30AET TRYOHOCTV Npwn

noabope TEXHOMOMIA MOBTOPHOW CTUMYNSALNN:

* YnpaBseHne NopTamMy HEBOSMOXKHO;

e OTCyTCTBYET BOSMOXHOCTb CEMEKTUBHOM 06PabOTKM
NHTepBaa 6e3 NPUMEHEHNS OOMOSTHUTENBHbIX
TEXHONOINI;

® He NporHosMpyeTcs Touka nHMUmaLmm u
HampaBeHVe Pa3BUTUSA BTOPUYHOM TRELLMHDI;

* Hanunuve NHTEePBasIOB CyXXeHWs anameTpa
KOMIMaHOBKM XBOCTOBUKA.

Takoe NosoXKeHVEe e onpenenseT aga nytu

[anbHeNnLIero passuTus:

1. MNopbop TexHoNoruM NOBTOPHbIX P Ha TekyLLmX
KOMMOHOBKaX.

2. Mopbop anbTepHaTVBHbIX METOA0B 3aKaHYMBAHMWS
CKBaXKH.

Ha cerogHaWHMA AeHb PbIHOK HE(DTECEPBUCHbBIX YCAYT
B 06n1acTv rmapopaspbiBa Nnpensaraet 4OCTaTOHHO
B01bLIOE KOIMYECTBO TEXHOIOTUN 11 MOAXOA0B

K NMpoBegeHuto NoBTopHbIX MITPT1. Bce oHu, 6e3
NCKITIIOYEHNS, 3aCTY>XNBAIOT JO/HKHOMO BHUMAHWS, HO
BCE /I OHW PaBOTOCMOCO6HbI 1 YHUBEPCATbHDBI?

[ns oTBETa Ha 3TOT BOMPOC 1 NoAdopa onTyMasIbHOM
TEXHOJIOrMM NPOBEAEHNS PepakoB Mo, yCNoBUS
mMecTopoxxgenuit MAQO «[a3npom HedTb» HaYaIMCh
paboThl elle B 2014r.(cm. cTaTbto .11, Kptokos,
MvmanetanHoB P.A., JokTop C.A., ®ansynnmH

W.I"., Lankamanos P.I". «OnTumMmsaumsa TeXHO0rmn
MOBTOPHbIX MHOFOCTaAMMHbBIX MMAPOPa3pbIBOB NnacTa»//
HedhTaHoe xo3amcTBo. — YK 622.276.66.02 — 2015. -
Ne12. — C. 64-67).

16 | ROGTEC

The following criteria are recommended for refrac

candidate selection:

1. Reservoir pressure PR — not lower than 0.6 x PR (initial);

2. Water cut percentage — not more than 80 %;

3. Residual reserves — more than 5,000 tonnes;

4. Current skin factor — higher than -3;

5. Shale barriers at least 15 m thick separating gas- and
water-saturated sublayers;

6. Remoteness from the water-injection front;

7. Existence of an interval which has not been stimulated
during the first-time frac treatment.

The technological challenge lies in the fact that the

typical well designs that have become common (“ball-

type” liner assemblies with non-reusable MSHF sleeves)

do not provide for repeated stimulations, which creates

the following difficulties in the selection of re-stimulation

technologies:

e Port control functions are not available;

e Selective interval treatment is not possible without the
use of additional technologies;

e No predictions are made for the secondary fracture
initiation point and propagation direction;

e Existence of intervals at which the liner assembly
diameter narrows.

This status quo dictates the following two paths for

further development:

1. Selection of refrac technologies that will work on
currently-used assemblies;

2. Selection of alternative well completion methods.

Today’s market for oilfield services related to hydraulic
fracturing offers a fairly large number of technologies and
approaches for carrying out repeated MSHF operations.
All of them, without ex-ception, deserve due attention,
but are they all workable and versatile?

Work aimed at answering this question and selecting a
refrac technology optimized for the condi-tions specific
to Gazprom Neft’s fields began as early as in 2014 (see
P. I. Kryukov, R. A. Gimaletdi-nov, S. A. Doktor, I. G.
Fayzullin, R. G. Shaykamalov. Optimizing the repeated
multi-stage hydraulic fracturing technology // Neftyanoye
Khozyaystvo. — UDC 622.276.66.02. — 2015. — No. 12. —
pp. 64-67).

This line of work is ongoing to this day and is
continuously enhanced with new experience, tech-
nologies, and solutions for carrying out re-stimulation
operations on HWs with MSHF. Pilot tests are being
carried out to identify the optimal technology for refrac
projects.

This work has made it possible to select several solutions
that can be used on the producing well stock as well as

www.rogtecmagazine.com



Cucrembl noaBecokK
XBOCTOBUKOB

-

B TeKyLMX peanusax MHOYCTPUM KpaliHe BaXKHO ynydwmnTb 3hheKTUBHOCTb
N HafeXHOCTb KOHCTPYKLMUN CKBAXMHbI, COXPaHSIS SKOHOMUYECKYHO
3(pheKTUBHOCTb. B pa3nnyHbIx oTpacnsix, BKtoYas 4obblyy HedpTH 1
rasa, FopHyto NPOMBILLIEHHOCTb, XPaHEHWE Fa3a U FTMAPO3HEPTETUKY,
CUCTEeMbl NMOABECKM XBOCTOBMKOB CMOCO6HbBI CIKOHOMUTb BPEMS 1 IEHBTU,
a TakKe 06eCcneYnTb NMOBbIWEHHYH 3KCMyaTaLMOHHYH M’MOKOCTb

Npyv 3aKaHYMBAHMUN CKBAXXMH. Hall MOMHbIV KaTanor CUCTEM MOABECKU
XBOCTOBMKOB 1 BCOMOTraTe/lbHOro 060pyf0oBaHUs MpeaHa3HayeH ans
COCTaB/IeHWUS UHAMBUAYANbHbIX PeLleHuid Mo BallMM 3agayaMm, HaunHas
CO C/IOXHbIX, FY6OKMX ra30BbIX CKBAXKMH C BbICOKVM M/1aCTOBbIM
[aB/eHMEM, 3aKaHYMBasi NPOCTbIMU HEDTAHBIMU CKBXKMHAMU C HU3KUM
NAacToBbIM AABIEHNEM.

Y3HanTe 60nbLue Ha hov.com/completiontools .
Kg Completion &
© 2019 National Oilwell Varco | All Rights Reserved PI’Oducthl‘l SOII.ItIOI‘IS
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PaboTa B 4aHHOM HanpaB/ieHUM BEOETCH U B HACTOSLLEE
BPEMS C Y4ETOM HOBOIO OnMbITa, TEXHOIOTUIA U PELLEHWI
019 NPOBeAeHNSA MOBTOPHbLIX CTUMYMIALMIA HA CKBaXKMHAX
C ¢ MIPT1. TpoBegdaTcs OnbITHO-MNPOMbILLAEHHbIE
VCMbITAHNS C LUENbIO BbISIBIEHNS OMTUMAaSIbHOWN
TEXHOOMMM NPoBeaeHV peddpPaKoB.

B pesynbTaTte nogobpaHbl PeLleHWs, Kak 15t CKBaKMH
JencTeytolero oHaa, Tak 1 4ia BBoAa HOBbIX.

TexHonorum nposeneHnsa NnosTopHbix MIPI Ha
CcnyLLeHbIX («L1apOoBbIX») KOMMNOHOBKAaX

OOHVM 13 BaXKHENLLMX 3TanoB AN peannaaumm

NoBTOPHbIX [Pl 9BASeTCa NOAroTOBKA CKBaKMHb,

BKJtOYatoLLas B cedbs:

e (Dpes3epoBaHne cemen v LWapoBs (eCav faHHble

paboThbl He BblV NPOBEAEHbLI NMEPEL, 3aryCKOM

CKBaXKMHbI B paboTy);

e PanbunpoBaHmne CTBOIA CKBaXKMHbI;

e QOuucTka CTBOJ1A CKBaXKMHbI LLITAMOY/IOBUTESEM;

¢ [TpOMbIBKa CKBaXKMHbI O BbIXOA4A Ha MOBEPXHOCTb
pacTBopa TpebyeMOro Ka4ecTBa,;

e OnuyoHanbHO, BO3MOXKHA OYMCTKA CTBOJ1A CKBAXKMHbI
C 1NCMNOJ/Ib30BAHMEM MMAPOMOHUTOPHOM MPOMbIBKOW:
yaaneHue necka, TBepablx

oTnoxeHu n3 HKT (napaduHoB, —_—

in new well projects to be commissioned.

Repeated MSHF Technologies Using Run-in-
Hole (“Ball-Type”) Assemblies

One of the most important stages in refrac
implementation is the preparation of the well, which
includes:

e Miling the seats and balls (if this work had not been
performed before the well was put into production);

e Reaming the wellbore;

¢ Cleaning the wellbore using a junk basket;

e Flushing the well until the fluid reaching the surface is
of the required quality;

e Optionally, the wellbore can be cleaned using the
jet-flushing technique: it removes the sand and solids
present in the tubing (paraffins, asphaltenes, soluble
solid impurities, and cement);

e Frac projects that involve additional run-in-hole
operations require that the liner section of the well
be drift-tested using a simulator of the assembly (to
verify the diameter and length conformity with a view
to avoiding accidents during the run-in-hole/pull-out-
of-hole (RIH/POOH) operations performed on the dual-
packer assembly).

achasibTEHOB, PaACTBOPUMbIX
TBEPObIX

OTNOXEHUI U LIEMEHTA); CBT 60,3 mm Paiibep Tna «apbys» 95 MM CET (9 m) ®KK
e B criyyae crycka B CKBaXKMHY [0, Steel (Zsr(;llépﬁ?n(SDP), Watermelog—gyrainreamer mill, SDP (9 m) FCC unit

WHCTPYMeHTa a9 npoeenenus Pl
HeobxoaMMo caoenatb
WabNoHMPOBKY XBOCTOBMKA
CKB&XXWNHbI MIMUTATOPOM
KOMMOHOBKM (COOTBETCTBUE
avameTpa 1 OJvHbl, BO n3bexxaHne
aBapu npu CIMO aByxnaxkepHomn
KOMMOHOBKW).

1.TexHonorusa c ANHaAMN4YeCKUM OTKJTIOHEHnem

OnpoboBaHa TexHONOMS NPOBEAEHWST MOBTOPHOIO
[Pl ¢ NPUMEHEHMEM «ANHAMNYECKOTO OTKIIOHEHUST».
TexHonornsa No3BOMSET NPON3BOAVTE MOBTOPHYHO
VMHTEHCUMDMKALMIO Ha FOPU30OHTaIbHbIX CKBabKMHAX
MIPI gencTBytoLLero oHaa (HeueMeHTpyemble
XBOCTOBUKMN). E€ CcyTb 3ak/touaeTcst B 610KMPOBaHNN
CYLLECTBYIOLLVIX, PaHee MPOCTUMYTNPOBAHHbBIX TPELLWH,
pasnaraemMbiM MaTepuasiom 1 NocneaoBaTenbHON
cenekTuBHOM 3akadke [Pl B cyLlecTBylOLLME
VMHTEePBaUbl. B crydae NpuHATUS peLleHns O CTUMYASLAN
HOBbIX 30H BOO/b FOPU3OHTAIBHOIrO CTBONA,
npoBOANTCA raponeckocTpyHasa nepdopaums (M),

PaboTta cocTtaBa grHaMU4eCKOro OTK/IOHUTEeNs:

18| ROGTEC

Puc. 3: O6opynosaHne a1st NpopaboTky CTBOSIA CKBaXKUHbI
Fig. 3: Borehole conditioning equipment

1. Dynamic-Diversion Technology

One of the refrac technologies that have been tested
uses the so-called “dynamic diversion” method.

This technology makes it possible to carry out re-
stimulation projects on the existing HW stock with MSHF
(uncemented liners). Its key idea is to block the existing,
previously stimulated fractures with degradable material
and then to start selectively injecting frac fluid into the
existing intervals, one by one. If a decision is made to
stimulate new zones along the horizontal wellbore, this is
achieved using the hydro-sandblasting perforation (HSP)
method.

The fluid used in the dynamic diversion process works as
follows: large particles are blocked at the mouth of the
fracture, small particles reduce the permeability of the pill

www.rogtecmagazine.com
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- ECKEL

5Vﬁ$w
2 47453.6Hm

Oco6eHHOCTU rMapPaBNNYeCcKoro Knro4a
- 5% HS UHT-35 dkkenb:

B Kpytawwit momeHT 35000 doyTo-GoyHTOB (47453.6 HMm)

W [16kui BLIGOP 3HAYEHWI KPYTALLErO MOMEHTA M CKOPOCTH

i BpaLLeHVs Npy NCMONb30BaHWM TMAPABINYECKOTO MOTOPa

e ¢ TexHonoruei Hydra-Shift B coueTaHnm ¢ MexaHU4eckom

ﬁ [BYXCKOPOCTHO NepegaYeit, YeTbipe Anana3oHa KpyTALLero

Praitie,, MOMEHTa 1 CKOPOCTU BPaLLEHMS.

B BricTpasi CMeHa CKOMb3SLLMX FONIOBOK

B PabotaeT ¢ 6ypunbHbIMK TpyHamm

W Hydra-Shift (ruopaBnnyeckoe nepeknioyYeHne YacToThl BPALLEHUS U &
KpYTALLEro MoMeHTa) =

B [wgpasnuyeckoe ctonopHoe ycrpoiicteo WD Tri-Grip.

B PagnanbHblid 3aMOK ABEPKM

[vapaBnuyeckme Knoum JKKenb 3alyuiaroT
BalUM TPYyOHble coeaMHEHNS OT JOPOroCTOALLMX
nospexaeHnn. NposepeHoO No BCEMY MUPY.

Yxe bonee 60 net JkKenb ABNAETCH MUPOBbLIM NTIMAEPOM
B MOCTaBKE BbICOKONPOU3BOAUTENbHBLIX MMApPaBINYeCcKnx
Kntoyen. Jkkenb NpegnaraeT pasHooOpasHbie Mogenu
rMapaBnMyeckux Krnodern ansa padbotbl ¢ BypunbHbIMK,
o6cafHbIMU N HACOCHO-KOMMNPECCOPHbIMK TpyBamu,
rmgpaBriMdeckmMe CTONopHLIE YCTPONCTBA U CUIOBbIE
rmgpasnuyeckme ctaHuuu. MNpegnaraeTcs BHUMaHUIO NOSHbIN
MOZENbHbIN psag rmapaBnUYecKnx KIoden ans pabotsbl ¢

Tpy6amu ot 2-1/16 (52,4 mm) oo 36 aoinmos (914,4 Mm) Explorer Il - KomnbloTepusnposaHHas  PazHooGpasHble Tunbl
W KPYTALLMM MOMeHTOM Ao 135000 dyTo-cpyHTOB (183035 Hm) ~ CI€TeMa KOHTPONA M perncTpatini BKMnaaiien AnA
z KpyTALEero MOMeHTa 1 CKOPOCTH KaXgoro npuMeHeHua
An§ camblx BOCTPeBoBaHHbIX YCIMOBUA Ha CyLle 1 Ha Mope. BpaLLEHs
B 4yem Bala ocHoBHas npobnema ¢ TpyOHbIM coeanHeHnem? .
V3HaiiTe Gonbue Ha WWW.ECKEL.COM/RU ECKE'- PREMIUM
. : . : _ SOLUTIONS
| HYDRAULIC POWER TONGS high performance power tongs

eckel.com | sales@eckel.com
OKCKMIO3MBHLIN pPerMoHarnbHbIn NpeacTaBUTensb:
KopanainHa NHXUHUPUHT:

_ Coralina Engineering:
coralina.ru | oil-gas@coralina.ru
MapaBnuyeckne CTaHUUM An3enbHble U AneKTpudeckue GE Tﬂn | oilg
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KPYMHble YacTULbl OOKUPYHOTCS NPY BXOAE B TPELLMHY,
MESKNE YacTULpl YMEHbLLAKOT NPOHMLAEMOCTb MaqkK
0151 BDEMEHHOW N3015UMM TPELLMHBI, BOSTOKHA
KOHCONMAMPYOT Navky, BPEMS Pa3NoXXeHNs 610K-Naykm
3aBMCUT OT ee 06bema 1 NacToBOW TeMMepaTypsb!.

TvnoBol NopsaoK NpoBeaeHNs PabdoT:

e [lpoBeneHVe TEPMOMETPUM A5 BbISBIEHUS
BbIpabOoTaHHbIX 30H — MPUHVMAIOLLMX NHTEPBAaIOB
(nccnepoBaHme TeMnepaTypHOro Npogmas
FOPW30HTa/IbHOMO CTBOJ1A CKBaXMHbI);

e 3akadka OTK/IOHUTENS 1 BIIOKMPOBAHME
CYLLECTBYIOLMX TPELLMH (MPVIHUMAIOLLMX
VHTEPBAJIOB);

e [TIM (onumoHabHo);

e [PIT,

¢ [lpoBeneHne TEPMOMETPUM 0115 BbISBIEHUS
MECTOPAaCMNONOXKEHWS HOBOW TpeLwHbl [Pl 3a cueT
BbISB/IEHUSI TEMMNEPATYPHbLIX aHOMaNNIA
(nccnepoBaHne TeMnepaTypHOro Npodus
FOPU3OHTAIBHOMO CTBOJ1a CKBaXKMHbI);

e [lpoBeneHne Unkia TpebyeMoe KOMMYECTBO pas;

e (OCBOEHME CKBaXKUHbI;

e [lemoHTaXX 1 gemobunusaumsa gpnotos Pl n rubkomn
HACOCHO — KoMMpeccopHown Tpydbl (THKT).

material for tempo-rary isolation of the fracture, the fibers
consolidate the pill; the time it takes for the blocking pill
to decompose depends on its size and on the reservoir
temperature.

The typical work procedure is as follows:

e Carrying out thermometry testing to identify the
depleted zones, i. e. recipient intervals (studying the
temperature profile of the horizontal wellbore);

¢ Injecting the diverter fluid and blocking the existing
fractures (recipient intervals);

e HSP (optional);

e HF;

e Carrying out thermometry testing to identify the
location of a new fracture obtained via HF by
iden-tifying temperature abnormalities (studying the
temperature profile of the horizontal wellbore);

e Completing the cycle again as many times as required;

¢ Bringing the well on-line;

e Dismantling and demobilizing the frac fleets and coiled
tubing (CT).

The Company has implemented this technology:

e At 3 wells drilled in the Vyngapurovskoye field operated
by Gazpromneft-NNG (5, 4, and 4 stages, respectively)
— Phase 1;

LRI O

)KI/I,D,KOCTb C nponnaHTomMm [ -
ProppantUid e o & #e e e v _.t;‘

XVMUYECKINI 3an0NTHATESb 3aMONTHSET TPELLMHbI
Chemical filler material is filling the fractures

TpewwHbl nepsoro MIPI [ TpewwHbl nepsoro MIPI

TpelUyHbl noBTOpPHOro MIrPI

Fractures from the repeated MSHF

Puc. 4: MNposeaeHme noBTopHOro NPl ¢ NPUMEHEHNEM «XUMUYECKOTO OTKIOHUTENS»

Fig. 4: Refrac operations using a “chemical diverter” unit

20 [ ROGTEC
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Pwnc.3. TposeneHre nostopHoro Pl ¢ npuMeHeHnem
«XUMNYECKOrO OTKIIOHUTENS>.

TexHonornsa B KomnaHum Gblna peansoBaHa:

® Ha 3 CKBaXKMHax BbIHranypoBCKOro MeCTOPPOXKAEHUS
OAO «aznpomMHedTb-HHI> (5, 4 1 4 cTaguv) - daza 1;
Ha 2 ckBaanHax FOXHO-T1probCKOro MecTopoXXaeHs
000 «[a3npomHedTb-XaHToC» (Mo 4 cTaguw) - hasa 2;
Hambonee ycrnelHbI onbIT Ha 3 ckBaxknHax B OAO
«CnaBHedTb-MervoHHedTeras» (3, 2 u 3 cragum).

[aHHasa TexHonornsa noarsepanaa CBOW
pPaboTOCMOCOBHOCTb, OHAKO, BbISBIEH U PSAL,
OrpaHnNYeHUI:

® MPUCYTCTBME pUCKa Pa3BUTUS TPELLMHbI B HTepBase
pasmMeLLeHns BI0K-MayKuy;

PVICK PasBUTUS TPELLMHbI B BblipaboTaHHbIE 30HbI
njacTa;

BbICOKasi CTOMMOCTb NpoBeaeHus paboT B CBS3M C
HEeoOX0ONMOCTLIO NpUBAeYeHNS komnnekca MHKT
019 MPOBeaeHVS TEPMOMETPUM;

HeopgHo3HauHble peaybTaTbl MO A0ObLI4e TPebytoT
nepecMoTpa KpUTepreB BbiDOpa CKBaXKWH-
KaHOuoaToBs.

2.TexHonoruns ¢ NpUMeEHeHNeMm
manorabaputHoro nakepa Ha HKT u oTcbinku
nponnaHTom

[poBeneHe NOBTOPHbLIX CTUMYISILMIA NMPY MOMOLLN
MasiorabapuTHoro nakepa Ha HKT 1 oTChbINKu
NPOMMaHTOM.

TunoBOV NOPSAOK NPoBeAeHNs pPaboT:

e KayeCcTBeHHas NOAroToBKa CKBaXKMHbI, MPOBEAEHNE
LWabNoOHNPOBKN ONs 3bexxaHust aBapuin Npu CryCcKo-
noabeMHbIx onepauusx (CrNO) manorabapuTHOro
nakepa;

e [locagka ManorabapnUTHOro nakepa AJ/1s OTCeYeHMs

e At 2 wells drilled in the Yuzhno-Priobskoye field
operated by Gazpromneft-Khantos (4 stages each) —
Phase 2;

e The greatest success was achieved at 3 wells
operated by Slavneft-Megionneftegaz (3, 2, and 3
stages, respectively).

This technology has proven to be a workable solution,

but at the same time has demonstrated the following

limitations:

¢ Risk of fracture propagation in the interval where the
blocking pill is located;

e Risk of fracture propagation into the depleted zones of
the reservoir;

¢ High cost of work due to the need to use a CT system
for thermometry;

e |nconsistent production results call for a revision to the
candidate well selection criteria.

2. Technology Using a Small Tubing Packer and
Proppant Filling

Re-stimulation operations using a small tubing packer
and proppant filling.

The typical work procedure is as follows:

e High-quality well preparation, drift testing to avoid
accidents during the RIH/POOH operations per-formed
on the small packer;

Setting the small packer to cut off the upstream frac
ports that are open;

Carrying out the “substitution” operation, determining
the injection capacity;

Injecting the minifrac fluid;

Carrying out the main frac treatment with proppant
under-flushing (at the final stages, the concen-tration
should be quite high — 2000 kg/m3);

Waiting for the fracture to close and compacting the
proppant pack;

MAKEP MHoropasosblii
MeXaHN4ecKuin
Reusable mechanical PACKER

HKT 89 mm Makep NoABECKN KOMMOHOBKM MYDTA — OPAK-TIOPT
Tubing, 89 mm Assembly hanger packer SLEEVE — FRAC PORT
o iTH

\|

NPOMAHTHAS MPOBKA

PROPPANT PLUG

/]

MAKEP KOMIMOHOBKI
ASSEMBLY PACKER

MAKEP KOMIMOHOBKI
ASSEMBLY PACKER

I\

HKT 50,8 mm
Tubing, 50.8 mm

XBOCTOBUWK HKT 114 mm
TUBING LINER, 114 mm

Puc. 5: MNpoBenenne nosTopHoro Pl ¢ ncnonb3oBaHnem manorabaputHoro nakepa Ha HKT 1 OTCbINkm nponnaHToMm
Fig. 5: Refrac operations using a small tubing packer and proppant filling
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OTKPbITbIX (PPaK-NOPTOB, PACMONIOXEHHbIX BbILLE;

e [lpoBeOeHne onepaummn «3aMeLLeHne», onpeaeneHme
NPUEMUCTOCTU;

e 3akadka MuHn PIT;

e BbinosHeHne ocHoBHOro Pl ¢ HegonpoaaBkom
nponnaHTa (NocnegHne CTaaun C BbICOKOWM
KOHLeHTpaumen - 2000kr/m3);

e OXXmaaHve 3aKkpbITUS TPELUVHbI U YMJIOTHEHWE
MPOMMNaHTHOM OTCbINKW;

e [lepenocagka nakepa (bpuragon KannuTasabHOro
pemoHTa ckBaxkvH — KPC) B crnenytolmin nHTepeas,

e [loBTOpeHME UnKIa TpebyeMoe KONMYeCcTBo pas.

HecMoTps! KaxkyLLytoCst MPOCTOTY U UCMOSIb30BaHMeE
«CTaHOapTHOro» 0O0OPYAOBaHNS, AaHHas TEXHOMNOMS
NMEET Psif, CYLLLEECTBEHHbBIX OrPaHNYEHNIA.

e Bbicokune TpeboBaHWs K Ka4eCTBY NOArOTOBKM CTBOJ1A
CKBaXKMHbI ((ppe3epoBaHne cefen 1 WapoBs);

* Puck npuxBaTa 1 NoBpPeXaeHns ManorabaputHoro
nakepa, U3HOC 31acToMepa Npw NPOBEAEHUN CMYCKO-
noabeMHbIX onepaumii (CrO);

e [lonosHuTenbHble 3atpaTthl Ha padoTy MHKT 1 CINO KPC.

[Mpy 3TOM HET rapaHTMPOBAHHOM U30NALNMN CTaanin
(BOSMOXKHbI YTEYKM B paHee NMpOCTUMYIMPOBaHHbIE
NHTEepPBaJsIbl, pUCK nosydeHns «CTOMa»).

3.TexHonorua nposepgeHua NPl c
NMPUMEHEHNEM OBYXMaKEePHOW KOMMNOHOBKM

icnonb3oBaHnemM OBYXNakepHOM KOMMOHOBKMU.
VIHCTpYMEHT NpeacTaBnseT CoOOM KOMMOHOBKY
MHOrOPa30BOro AENCTBMS, BEPXHUM Nakep YalleyHoro
Tuna, ocHalleH dopcyHkamm aaa M (onums), n
NPOBEAEHNS HEOMPAHNYEHHOIO KOIMYECTBA CTaaNN.

TunoBow NOPSAOOK NPOBEAEHNS PaboT:

e [logroToBka CTBOJIA CKBaXKMHbI;

e Cnyck MHCTPYMeHTa B TpebyeMbli MHTepBaJT,
NO3NLNOHNPOBAHNE;

e [lakepoBKa VHCTPYMEHTa,;

e [IpoeneHue [TII;

e AKTMBaUMS YallleyHOro nakepa;

e TecT Ha MPUEMNCTOCH;

e [IpoBeneHne ocHosHOro IPrT;

e PacnakepoBka, NepeBOd MHCTPYMEHTA B
TPaHCMOPTHOE MOJSIOXEHWE;

e [loobem K cnenytoLlemMy UHTEPBaTY.

e [locagka nakepa,;

e [loBTOpEHME LKA TPEDBYEMOE KOMMYECTBO paa.

Bnarogapst HanM4uno OByXNakepHOWM CUCTEMbI,
MO3BONISAIOLLEN U30NNPOBATL HY>XKHbI MHTEPBaUT, AaHHbIN
NHCTPYMEHT MOXXHO MCMONb30BaTh A1 MPOBEAEHVIS
pedpakoB Ha UMEILLIMX «LLIaPOBbIX» KOMMOHOBKAX.
Takve paboTbl ObIN YCAELHO peann3oBaHbl Ha
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¢ Resetting the packer (by the well workover crew,
WWO) to the next interval,
¢ Repeating the cycle as many times as required;

Despite the apparent simplicity and the use of “standard”
equipment, this technology has a number of significant
limitations.

e High requirements for the wellbore preparation quality
(milling of seats and balls);

e Risk that the small packer will get stuck and damaged;
wear and tear of the elastomer material used in the
RIH/POOH operations;

e Additional costs associated with the use of coiled
tubing and RIH/POOH operations by the WWO crew.

At the same time, there is no guarantee that any stage will
be properly isolated (leaks into the previously-stimulated
intervals are possible, screen-out risk is a concern).

3. Frac Technology Using a Dual-Packer Assembly

Using a dual-packer assembly. The tool is a reusable
assembly, the upper packer is a cup-type device
equipped with nozzles for HSP operations (optional),
suitable for handling an unlimited number of stages.

The typical work procedure is as follows:

e Preparing the wellbore;

e Running the tool into the required interval, positioning;

e Sealing the tool;

e Carrying out HSP;

e Activating the cup-type packer;

e Testing for injection capacity;

e Conducting the main frac treatment;

e Unsealing the tool and switching it to the transport
position;

e Going up to the next interval.

e Setting the packer;

¢ Repeating the cycle as many times as required.

Thanks to to the availability of a dual-packer system
making it possible to isolate the desired in-terval, this tool
can be used to carry out refrac operations on existing
“ball-type” assemblies. Such work was successfully
implemented at three wells drilled in the fields operated
by Slavneft-Megionneftegas:

e 1 well — 3 frac stages preceded by HSP operations,
25 tonnes of proppant each (114 mm cemented liner
of constant cross-section).

e 1 well — 3 frac stages using existing ports, 25 tonnes
of proppant each (114 mm, uncemented liner, drilling
through “ball couplings” was required);

e 1 well — 3 frac stages using existing ports, 15
tonnes of proppant each. A sidetracked well (102 mm,
uncemented liner, drilling through “ball couplings”
was required).
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- PasbennHuTenbHbIin BepxHuin yaweyHbIn YOnMHUTENbHbIN Makep EZ-Trieve
nepeBogHNK nakep ~ natpybok EZ-Trieve packer
Safety joint Upper cup-type Extension piper

packer

MexaHunyeckuin |
nokartop Myt

Mechanical sleeve I LleHTpaTop HVKHWA
— Lower centralizer

locator

LleHTpaTop BepxHuii
Upper centralizer

Puc. 6: Cxema AByxnakepHO KOMMOHOBKM

TPEX CKBaXKMHAX MeCTopoxxaeHun «CnaBHedTb —

MernoHHedTeras»:

e 1 ckBaxxuHa - 3 ctagun [Pl nocne MM no
25T nponnaHTa kaxxaas (114mMm paBHONPOXOQHOW
LEMEHTNPOBAHHbBIV XBOCTOBYIK).

e 1 ckBaxxuMHa - 3 ctagumn [Pl B CyLLECTBYIOLLME NMOPThI
no 25 T nponnanHTa (114MM, HELLEEMEHTVPOBAHHbIN
XBOCTOBUK, NOTPeOOBa/IOCH pa3dypmBaHne «LLIAPOBbIX
MypT>);

e 1 ckBaxuHa - 3 ctagum Pl B cyllecTsytoLme
nopTbl Mo 15 T nponnaHTa. CKBaXKMHa C BOKOBLIM
CTBOSIOM - 102MM., HELIEMEHTMPOBAHHbLIV XBOCTOBUK,
noTPeboBaIOCh Pa3bypunBaHME «LLIAPOBbLIX MydT»).

B «CnaBHedTb — MernoHHedTeraze» aHanorn4Has
KOMMOHOBKA DObl/1a yCMeLHO UCNONb30BaHa npu
npoBeaeHnn nepBryHoro NPl B paBHOMPOXOOHbIX
XBOCTOBUKax, 060pyaoBaHHbIX MydhTamum [PT1
«PaspbIBHOro» TMna (cpabatbiBaHne MydTbl 1
OTKpPbITUE NepdOpPaLOHHbIX OTBEPCTUN NPOUCXOONT
npwY co30aHnn ONPEeneneHHOro AaBAeHns) Ha TPeX
CKBaXKMHaxX Mo 8 ctagui (5-7T nponnaHTa Ha CcTagwio).

Takke MMeeTCH OnbIT MOBTOPHOW CTUMY AL
OBYXMNaKePHOW KOMMOHOBKOM Ha ABYyx ckBaxKmHax OO0
«["a3npomMHedTb-AMart», KOHCTPYKLMS XBOCTOBMKA B
KOTOPbIX MPEACTaBNEHa CEKLMSIMM 3aKOJTOHHBIX MakepoB
1N PUNBTPOB.

PaboTbl MO cnycko-nogbemHbiM onepaumsam (ClO)
NHCTPYMeHTa ocyLlecTBNannck cunamu KPC: ckBaxkmHa
npegBapuTenHO NoaroTaenMBanack (panbupoBaHue,

C NMPOopPaboTKON NHTEPBAIOB NO3NLMOHMPOBAHKS YalLll

1 NOCaA0K CaMOM KOMMOHOBKM, LLIABOHMPOBaHNE
rOPU3OHTasIbHOW YaCTW CTBOJA CKBaXKMHbI, MPOMbIBKA
rMOPOMOHUTOPHOM HACaaKOW NPOTUBOMECOYHbIX
UNBTOPB 1 yaasieHe KOibMaTaLUVMOHHOMO SKpaHa

B I3I1). Janee, nepen Ha4a oM paboT KOMMOHOBKA
pacrnosioraeTcs Bbillle BCeX MUNbTPOB B YACTU «I1yXOM

www.rogtecmagazine.com
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Fig. 6: Dual-packer assembly schematic

Slavneft-Megionneftegas successfully used a similar
assembly during the initial frac treatment in constant-
cross-section liners equipped with “burst” frac sleeves
(the sleeve is activated and the perforation holes open
when a certain pressure is created) at three wells, 8
stages each (5-7 tonnes of proppant per stage).

Dual-packer assemblies have also been used for re-
stimulation projects at wells operated by Gaz-promneft-
Yamal, whose liner designs comprised sections of
annular casing packers and filters.

The tool run-in-hole and pull-out-of-hole (RIH/POOH)
operations were carried out by the WWO crew: the
wellbore was prepared in advance (reaming and
conditioning of the intervals where it was planned to
position the cups and to set the assembly itself, drift-
testing of the horizontal por-tion of the wellbore, flushing
the sand screen using a jet-flushing nozzle, and removing
the wall packing layer in the bottom-hole zone of the
formation). Next, before the commencement of the work,
the assembly is located above all the filters in the “dead
string” section (to prevent any cross-flow through annular
casing packers), and its cups are pressure tested. If

the pressure test is successful, the assembly is then
lowered to the required interval, its cups are positioned
between the filter sections, and the frac operation is
carried out. This experimental project was unique in how
the assembly was put together in such a way that the
distance between the cups was equal to the length of
the filter section (which, in this case, matched the length
of the perforation interval for hydraulic fracturing) —i. e.
140 and 170 m.

RIH/POOH operations for the dual-packer assembly can
be performed on both conventional and coiled tubing.
The use of this technology is associated with a high risk
of the assembly getting stuck and damaged; also, the
elastomer material used in the RIH/POOH operations is
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TPYyObl» (051 UCKTFOYEHNS BOSMOXXHOCTW MeEpPETOKa Mo
3aKOJIOHHbIM Makepam) 1 MPOBOAUTCHA ONPECCOBKA
Yalllek - «kar». B cnyqae ycnewHom onpeccoBke
MPOV3BOANTCS CMYCK KOMMOHOBKM B TREDYEMBIN
VHTEPBaJT, JIOLUMPOBaHNE «Kar» B MPOMEXYTKax

MexXxay pubTPOBbIMK CEKUMAMN 1 npoBeaeHne [PI.
YHUKaNBHOCTb AaHHBIX OMbITHO- MPOMbILLNEHHBIX PaboT
3aknovasiacb B COOPKE KOMMOHOBKE TakiM 06pasom,
YTO PaCCTOSHVE MEXAY «Karnamu» 6bl10 PaBHO OJIMHE
PUALTPOBOM YacTK (YTO B AAHHOM Cly4ae SBNSI0Ch
mHTepBanom nepdopaumm ans I'PM) — ato 140 n 170m.

Pabota no ClNO ¢ apyxnakepHOW KOMMOHOBKOWM,
BO3MOXHbI, Kak Ha HKT, Tak 1 Ha T'HKT [NpumeHeHne
OaHHOWM TEXHOIOTUN COMPSIXKEHO C BbICOKNM PUCKOM
npuxearta 1 NoBPeXXAeHUST KOMMOHOBKM, M3HOC
anacTtomepa npw nposeaeHun CIO. B cnyyae
nonyyeHns «CTOMMa»- BbICOKME PUCKM, CBA3AHHBIE C
pacnakepOBKOM ABYXMaKEPHOM CUCTEMbI 1 BbIMbIBOM
nponnaHTa.

4.TexHosorus nposeneHUs NOBTOPHbIX
CTUMYJIALIUIN B «LLAPOBbIX» KOMMOHOBKAaXx C
mydpotamu MIPI mHOropasoBoro nencrTesusa

[Mpy NoAHOMACLUTABHOM TUPAXKMPOBAHUM TEXHOMOMN
nposefeHuns MIMPIN ¢ «LLapoBbIMY KOMMOHOBKaMW», B
OTBET Ha HalLW NEPEXNBAHNSA KacaeMO NPEACTOSALLMX
paboT MO MOBTOPHbLIM CTUMYMALIMSIM CKB2XKUH C
«LLIapOBbIMU» (hpaK-NopTamMy OOHOKPATHOrO AENCTBUS,
4acTb NPOU3BOOUTENEN ONEPATUBHO OTPEearnpoBav 1
cpaboTanu Ha onpexeHue. Okono 30% nocTaBeHHbIX
1 CyLEeHHbIX Mo KoMnaHum KOMMOHOBOK, noce 2015r.
oKasaMCb C BO3MOXKHOCTbIO MOBTOPHOIO 3aKpbITHS/
OTKPbITUS.

Mo ncteyeHwto Tpex et pabotbl B OO0
«[a3npoOMHEdTb-XaHTOC»» NPULLNIO BPEMS NMOBTOPHbIX
Pl Ha paHHbIX ckBaxkmHax ['C ¢ MITPT1, n Takne paboTsl
Havasmce B 2018 roay.

Bbina nogrotoBaeHa CkBaxkuHa ¢ 7Mu ctaguinHbiM MITPTT
(1 rmoponopT 1 6 hpak-nopToB), OTPHPEIEPOBAHDI
nocagoyHble cegna (ons Wapos), OYNLLEH U
OTLWabAoOHMPOBaH CTBOJI.

VI3Ha4aibHO NNaHNpPOBaioCh 3aKpbITUE BCeX MydT,
NpoBepKa repMeTUYHOCTW, Janee No o4epenHoe
OTKPbITUE, NpoBegeHne NoBTOPHOro [Pl 1 3akpbITne
MydhT: 1, 3,51 7.

[NepBas nonbiTka 3aKpbITUA MydOT OCYLLECTBASIACh
crneuyanbHOM OaHOMaKepHOM KOMMOHOBKOW Ha MHKT.
He cMOTps Ha Ka4eCTBEHHYO MOArOTOBKY CKBaXKWHbI, B
Xo[e BeaeHVst paboT He OOHOKPATHO Dbl MOJyYeHb!
3aTSHKKN 1 MPUXBAaThI, TAKXKe B paboTe KOMMOHOBKM

24| ROGTEC

exposed to high wear and tear. Where a screen-out alert
has been received, there are high risks associated with
possible unsealing of the dual-packer system and the
proppant being washed out.

4. Re-stimulation Technology Involving “Ball-
Type” Assemblies with Reusable MSHF Sleeves

With the full-scale rollout of the MSHF technology using
“ball-type assemblies,” as we voiced our concerns about
the upcoming work involving the re-stimulation of wells
with non-reusable “ball-type” frac ports, some of the
manufacturers promptly responded and went proactive.
About 30 % of the assemblies delivered and distributed
down the Company’s supply chain after 2015 turned out
to be equipped with reclosing/reopening functionality.

After three years of work at Gazpromneft-Khantos, the
time has come to refrac these HWs with MSHF, and such
work began in 2018.

A well previously subjected to a 7-stage MSHF treatment
(1 hydraulic port and 6 frac ports) was prepared, the
seat pockets (for the balls) were milled, the borehole was
cleaned and drift-tested.

The initial plan was to close all the sleeves, test them for
leak-tightness, then to open them one by one, carry out
the refrac operation, and then close the sleeves in the
following order: 1, 3, 5, and 7.

The first attempt to close the sleeves was carried out
using a special CT-deployed single-packer assembly.
Despite the high-quality preparation of the wellbore, work
progress was hindered mul-tiple times due to dragging
and sticking problems; also, the assembly demonstrated
numerous operational abnormalities associated with
inadequate leak-tightness of the reusable packer. Out of
the 6 frac ports, it was found possible to close only 2: 7
and 6.

Next, an attempt was made to replace the assembly
with a special impact-action hydraulic wrench capable
of delivering large loads to the port and producing
shock action. However, these attempts also proved
unsuccessful.

According to the manufacturer, the reason why the
wrenches have failed to produce the desired action on
the frack ports was most likely that this equipment is
quite sensitive to the presence of proppant and foreign
objects (various fragments that emerged during the
milling of the assembly and exploitation of the well) in the
wellbore. Yet another factor that may have contributed
to the failure is a design defect in the reusable sleeves
themselves (jamming of the sleeve cylinder).
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HabOaNIMCb MHOMOUMCTIEHHbIE MPOBAEMbI B B1AE
HEerepMeTUYHOCTU Nakepa MHOropasoBoro genctengd. /13
B6TU (hpak-nopPTOB 3aKPbITb YAANOCH TONBKO: 7 1 6.

Janee 6bina npegnpuHsaTa NomMbITKa CMEHbl KOMMOHOBKM
Ha creumanbHbli KoY C MMOPOMOJIOTOM, NO3BOJISOLLIAIA
nepenaBaTh Ha NOPT BosbLUNE HArPY3KX 1 cO3aaBaThb
yaapHoe BosaencTtane. OQHaKo, 1 3TV NOMbITKA He
YBEHYaJIMCb YCTEXOM.

[0 3a9BAEHNIO MPON3BOAUTENS, BEPOSATHOW NPUHNHON
Heygad Npu paboTe KtoYern ¢ hpak-nopTaMm — BbiICOKas
YYyBCTBUTENBHOCTb K HA/TNYMIO B CTBOJIE CKBaXKWHbI
nponnaHTa, a Takxe NOCTOPOHHUX NPeaMETOB
(PasnmyHble hparmMeHTbl OT (hPE3EPOBaAHNS KOMMOHOBKM
W SKCMIyaTaumy CKBaXKVHbI). Takke K BO3MOXKHbIM
NpUYMHaAM MOXHO OTHECTU HEAOPabOTKY CamMKX
MHOropasoBbIX MydT (3aKIMHMBaHME UnnHapa MydqThbl).

Mo CKBaXKMHE BbINO MPUHATO PELLEHVE NPOAOIKNTD
paboTy MO MOBTOPHbBIM CTUMYJIALIMAM C UCMONIb30BaHNEM
MOCTOBbIX MPOBOK OJ151 OTCEHEHNSA OTKPbITBIX HYXKHIX
WHTepBano. Ha TekyLImMin MOMEHT paboTbl MO CKBaXKMHE
NPOOOJHKAOTCS U 3TO TONBKO MEPBbIN OMbIT NPOBEAEHNS!
NoAoBbHbIX PabOT, MO 3TOM MPUYMHE CTaBUTb TOYUKY

1 OenaTb BbIBOAbI O pabOTOCMOCOBHOCTI LWAPOBbIX
MHOropa30BbIX Pak-NoPTOB ELLE paHo.

TexHonorun MIPI1 npu anbTepHaTUBHbIX
MeToOax 3aKkaH4YMBaHuUs

Taknm 0B6pas3oM, HaKOMIEHHbIN OMbIT PaboT Mo
pedpakam Ha CKBaXKMHax OeNCTBYLLmMero doHaa
MO3BOIN CAENATb BbIBOA, YTO HEOBXOAMMO U3MEHUTH
caM noaxomn K CTPOUTENBCTBY CKBaXKMH, & UMEHHO:
nepexom, Ha PaBHOMPOXOAHbIE LEMEHTUPOBAHHbIE
XBOCTOBUKM ¢ MybTamu 'PI MHOroKpaTHOro gencTeus.

[MpaKTyeck OAHOBPEMEHHO C NEPBbIMM MNOMbITKaMM
NpoBeaeHNs PedpPaKkoB Ha «LLIAPOBbLIX» KOMMOHOBKAX,
HaunHas ¢ 2014r. B MAO «[a3npomM HedTb» CTapTOBaTU
pabOoTbl MO CTPOUTENBCTBY FOPU3OHTAIBHBIX CKBaXKMH
HOBOIO MOKOJIEHUS!, KOTOPbIE MOMYT CHATb OCHOBHbIE
CYLLIECTBYIOLLME OrPaHnyeHns Npyv NpoBeaeHUn

pedpakos.

BeclwiapoBas TexHonoruna nposeneHus MIPIM c
paBHOMPOXOOHbIMU MyddoTammM MHOFOpPa3oBOro
OencTeuns

OoHVM 13 MPUMEPOB HOBOMO Noaxoaa

SABNAETCS CTPOUTENBCTBO FOPU3OHTASbHbBIX

CKB2XXWH, 0O0PYLAOBaHHbBIX PaBHOMPOXOOHLIMMN
LIEMEHTNPOBAHHLIMM XBOCTOBMKaMKM ¢ MydTamm MITPT
MHOrOpa30BOro AeCTBUS. YnpasneHne Mydramm
OCYLLECTBASETCA cneunanbHbiM Katodom Ha MTHKT.

www.rogtecmagazine.com

The decision made regarding this well was to continue
the re-stimulation work using bridge plugs to cut off
the lower intervals that were open. Work on this project
is currently still in progress, and these are just the first
steps in doing this kind of work, so it is too early now
to call it a day and draw any conclusions about the
functional capability of reusable ball-type frac ports.

MSHF Technologies Applicable for Alternative
Completion Configurations

In view of the foregoing, it can be concluded that the
lessons learned from the refrac operations carried out
on the producing well stock have made it clear that we
need to change our very ap-proach to well construction,
namely, to switch to cemented liners of constant cross-
section with reusable frac sleeves.

As early as in 2014, at almost the same time that the
first attempts were made to carry out refrac operations
on “ball-type” assemblies, Gazprom Neft pioneered the
construction of next-generation horizontal wells which
can eliminate the main restrictions that are currently in
the way of refrac projects.

Ball-Free MSHF Technology with Reusable
Sleeves of Constant Cross-Section

One example of the new approach is the construction
of horizontal wells equipped with cemented liners of
constant cross-section with reusable MSHF sleeves.
The sleeves are controlled via a special CT-deployed
wrench.

The typical work procedure is as follows:
¢ Closing all the ports in the course of one RIH/POOH
operation;

e Opening the required frac sleeve;

e Raising the CT or lowering it below the stimulated
interval;

e Conducting the frac treatment;
e Closing the sleeve;

e Switching to the next sleeve and repeating the
work cycle.

The main advantages of this approach are as follows:

e The number of stages is conditionally “unlimited” (if
there is a risk that the fracture will break into closely
located gas- or water-bearing zones, the developer
can reduce the tonnage and increase the number of
stages to achieve the planned production parameters);
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1) Mo3unumoHpoBaHne 1 MMOPaBINYECKS aKTUBaUms Kitoya nog, MydTon
1) Positioning the wrench under the sleeve and hydrau-lically activating it

2019 Schlumberger, Bce NpaBa 3aLLyiLLeHb!
2019 Schlumberger Rights Reserved
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2) OTKpbITVE MY(DThI ABMXKEHNEM KOMMOHOBKYM BBEPX
2) Opening the sleeve by moving the assembly upward

3) PacuienneHuie kntoya ¢ MydToi nocse NosIHOro OT-KPbITHS

3) Disengaging the wrench from the sleeve when the latter is fully open

4) AKTvBaupWsi nakepa npy ABMXXEHUN BHU3
4) Activating the packer while moving downward
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5) MposepneHwve PI1. MNakep NpensTCTBYET BO3OENCTBMIO Ha HUDKENeXallme 30HbI
5) Conducting the frac treatment. The packer prevents exposure to underlying zones
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6) CHsATVe nakepa OBukeHneM BBepx. [lepexon Ha Bbl-LUeNeXalLyo 30Hy

6) Releasing the packer by moving it upward. Switching to the overlying zone
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Puc. 7: Mpoeenerve Pl ¢ ncnonbaosaHnem MydT PN MHOrOpa3oBoro AenCTBUS (KtoH+npodusib MydhTbl)
Fig. 7: Frac operation involving reusable frac sleeves (wrench + sleeve section)

TrnoBon NopsOoOK NPOBeaeHNS PaboT:

3akpbITie Bcex NopToB 3a ogHy Cl10;
OTkpbITne Tpebyemon mydTol PIT;

MNogbem MHKT nav cnyck HUXXe CTUMYIMPYEMOrO
NHTEepBana;

MNpoBenerue MPIT;
3akpbITne MydThl;

[Nepexoq K cnenytoLen Mydte 1 NoBTOP LKA paboT.

Puc.6. MNposepenne Pl ¢ ncnonssosaHviem mydT Pl
MHOIrOpasoBOoro AeNCTBUS (KIMKoY+Npodusb MydTbl).

naBHble JOCTOMHCTBA AaHHOro noaxoa:

YCNoBHO «HeorpaHn4eHHoe» KoJin4eCTtBo cTagun

(B cnyyae prcka Npopbisa B GM3KO PACTONOXKEHHbIE

r

a30- NN BOOOHOCHbIE TOPN30HTLI CyLLEeCTBYET

BO3MOXXHOCTb CHKEHUST TOHHaXKA 1 yBENHEHNS
KOJIMYECTBA CTaaMiA NS OOCTVPKEHWUS 3amn/1aHMPOBaHHbIX
000bI4HBIX MapamMeTpoB);

e Hanunume paBHONPOXOOHOro CTBONA (CHYDKEHME

pucKa aBapuii, NMPUXBATOB, BO3MOXHOCTb
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e A wellbore of constant cross-section (reducing the risk
of accidents and sticking problems, the abil-ity to
analyze the functioning of the frac ports);

e Because the liner is cemented, the fracture will be
initiated opposite the frac sleeve within a
predetermined interval (no cross-flow behind casing);

e Selective stimulation of the required interval is possible;

e Well control (closing the reusable sleeves) is possible if
there is a water or gas breakthrough;

e No restrictions on the frac design (concentration, flow
rate, tonnage, etc.).

The following risks exist:
e Possible sticking problems during CT operations;

¢ High costs associated with the use of CT.

The technology was implemented at four wells operated
by Gazpromneft-Yamal:

e 2 wells, 27 and 30 MSHF stages, respectively;

e 2 wells, 8 MSHF stages each;

www.rogtecmagazine.com
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NPOBEAEHNS UCCNEAOBaHM PaboTbl (hpaK-nopTOB);

e bnarogaps LEMEHTUPOBAHHOMY XBOCTOBUKY
MHUUVaUMs TpelwmHbl Pl nponcxognt HanpoTus
MybThl Pl B 3agaHHOM nHTepBasne (0TcyTcTeme
3aKOJIOHHbIX MEPETOKOB);

® B03MOXXHOCTb CE/IEKTUBHOM CTUMYIALMM TPebyeMoro
NHTEPBaNg;

* B03MOXXHOCTb YNpaB/IEHNS CKBAXXMHOW (3aKpbITUE
MHOropasoBbIX MydT) B C/ly4ae NpopbiBa BoApb!
nnn rasa;

e OTCyTCTBME OrpaHnyeHnn no ausanny Pl
(KOHUEHTpauVsl, pacxo, TOHHaK W T.1.).

CyLLEeCTBYOLLME PUCKU:
e B0O3MOXXHbIV MPYXBAT NPV BbINMOSIHEHWM Onepauui Ha
MHKT;

¢ Bbicokue 3atpatbl Ha paboTty MHKT.

TexHonorus 6eina peannaoraHa B8 OO0
«[agnpomMHedTb-AMarn» Ha YeTblpex CKBaXKMHAX:
e 2 ckBaxKMHbI Mo 27 n 30 ctagum MITPIT;

e 2 ckBaxKUMHbI MO 8 cTagun MITPT1

8 ckBaxkuH (Mo 8, 12 1 21 cTaguin) B oXXnagaHum
npoBeaerHns PI1. B 6nvkaniiee BpeMsi o OaHHOM
TEXHOOMMM 3anaHMPOBaHO MPOBEAEHME MOBTOPHbIX
rPri.

He cMOTpsa Ha TO, YTO peaysibTaThbl YCrewHoro pepgaxka
Ha MHOropa3oBbIX MopTax B KoMnaHum OTCYTCTBYHOT, Ha
TEKYLLNN MOMEHT — 3TO OVH N3 CaMbIX NEPCNEKTUBHBIX
NOOXOAOB K CTPOUTENBCTBY CKBaXKMH U MPOBEOEHNIO
P, 4TO NOATBEPXKAAETCS, KaK TEXHOOMMYECKOW, TaK 1
SKOHOMUYECKOW SPPEKTUBHOCTLIO.

BbiBogbl

Ha cerogHawHnin AeHb MOUCKN NHCTPYMEHTa ANs
npoBeaeHNs pedpakoB Ha TeKYLLMX KOMNoHoBKax [C ¢
MIPI He 3aBepLUEHbI.

Ha TekyLmin MOMEHT BOMPOC paboToCMOCOBHOCTH
MHOropasoBbIx MydpT MIPIT npu nosTopHOM PT1
yepesd 3- 5 neT ocTaeTcs oTKpbITbIM. poBeaeHmne Ol
«pedpak Ha MHOropasoBbIX MOPTax» OXNOAETCH B
bavkaniLee Bpemsl.

CpaBHeHME 3KOHOMUYECKOW 3PHEKTUBHOCTY OT
peannsaumm NnoBTOpHbIX MITPI, Takxe, nokasbiBaeT
NPEeBOCXOACTBA BEeCLIapOBbIX TEXHOIOMUIA 3a CHET
NCKJTOHEHNST HEOOXOAMMOCTI BbICOKOaBaPUIHbBIX
paboT No pas3dypmnBaHUIO OCHACTKM XBOCTOBMKA U

www.rogtecmagazine.com

8 wells (8, 12, and 21 stages) are awaiting frac
treatment. A number of refrac projects using this
technology have been planned for the near future.

Despite the fact that the Company has no history of
successful refrac implementations with reusable ports,
this technique is currently one of the most promising
approaches to well construction and hydraulic
fracturing, which is confirmed by its technological as
well as economic efficiency.

Conclusions

The search for a refrac tool that can work on
assemblies currently used in HSs with MSHF is in
progress to this day.

The question of whether reusable MSHF sleeves can
reliably be used in refrac operations, 3-5 years later, is
still open. Pilot testing of a refrac technology involving
reusable ports is expected in the near future.

A comparative analysis of economic efficiencies
derived from the implementation of repeated MSHF
operations has also demonstrated the superiority of
ball-free technologies inasmuch as they obviate the
need for accident-prone work required to drill through
the liner accessories and to normalize the bottom-hole
environment using a CT system.

For the existing HW stock with MSHF, the technology
we can highlight as one of the sensible solutions on
the market is:

the MSHF technology using a CT-deployed dual-
packer assembly.

An analysis of technologies that can be used on
newly-commissioned HWs with MSHF has shown that
the most promising avenues for the implementation
of repeated MSHF operations on HWs are the
construction of cemented liners of constant cross-
section equipped with reusable slider-type sleeves

as well as the transition to ball-free technologies

and assemblies based on soluble elements, which
suggests a revision to the current well completion
approaches.
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HopMasIM3aLmnm 3a604 C MPUMEHEHNEM KOMIIEKCa
HKT.
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