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CrnocoObl BCKPbITUA KONOHHbI Npy MITPTT
B 3aLleMeHTUPOBaHHbIX XBOCTOBMKAX

Techniques for Casing Opening during
Multi-Stage Hydraulic Fracturing

iIn Cemented Liners

P.M. AXMETIIHH, 3amecTHTEeIb ZHpekTopa OO0 TarpaC-PemCepBHC> — HAYANIBHHK IPEAIPHATHA <AKTIOOHHCKPemCepBHC>

R.AHMETSHIN, Deputy Director at TagraS-RemService and Director at AktubinskRemService

Ihyonurxavusa no020moeierd Ha OCHO8e
npesermauuit, 036)4eHHOlL 8 NPOZPAMME
cexyuu <Iexrono2uu 1 060pyoosanue 0s
BbLCOKOMEXHONIOUTHO20 HePhIMe2a306020
cepsucar, Op2aru308arHOIL 10O 2U00LL
poccuiickoz2o omoenenus Accoyuaruu
CReUUATIUCINO08 1O KOJIMIOOUH20BbIM
MEXHONLO2UAM U BHYMPUCKBANCUHHBIM
pabomam (ICOTA-Poccus) 8 pamrax
MexXHuUecKoll npozpammos 14-ti
Mexncoyrapooroti esicmasku JHEDPTH H
IA3»/MIOGE—2017.

Publication is prepared on the basis of
Ppresentation given in the framework of
section “Technologies and equipment for
bigh-tech oilfield service” organized under
the aegis of the Russian Chapter of the

Intervention and Coiled Tubing Association (ICOTA-Russia). The section ilself was organized in
the frame of the 14" International Exhibition “OIL and GAS’/ MIOGE 2017,

[Ipeanpuarue «AKTIOOMHCKPeMCepBrc»
BXO/JJUT B COCTAB OOIIECTBA C OTPAHUYEHHON
OTBETCTBEHHOCTHIO «I'arpaC-PemCepsuc» u
CHENUATU3UPYETCA HA KOJITIOOMHTOBBIX U
KAaHATHO-KOHTEMHEPHBIX TEXHOJIOTUAX. B padoTre
3a/1eMcTBOBAHO 6 1oTOB THKT, OCHAIIEHHBIX
YCTAHOBKAMH, IO3BOJISAIOMUMHU PA6OTATH B
CKBAKHMHAX INIYOMHOM 10 5500 M. BEINOTHAIOTCA
TexHonorundeckue onepanuu ¢ THKT guamerpom
254 MM, 31,75 MM, 38,1 mm u 44,45 mm. C HOMOIIBIO
KOJITIOOMHT'OBBIX YCTAHOBOK €3KETOZIHO ITPOBOJUTCS
oonee 1200 CKBaXKMHO-ONEPALIUH, IPUMEHSAIOTCS
6onee 30 TEXHONOTUH OT IPOCTBIX POMBIBOK U OI13
JIO CJIOKHBIX padoT nipu MI'PIT 1 6ypeHNU CKBAKIH
MaJIOro AUAMETPA.

C pa3BUTHEM TEXHOJIOTUH TOPHU3OHTAIBHOTO
OypeHus U MHOTOCTaAuUHOro I'PIT MBI HAYaIH1
AKTHUBHO IPUMEHSATD KOITIOOUHT J151 BCKPBITUSA U
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AktyubinskRemService is a part of TagraS-
RemService LLC and specializes in coiled tubing
(CT) and wireline-container technologies. The
company owns six (6) CT fleets equipped with
units allowing to work in wells with depths up to
18,000 ft (5,500 m). It operates CT with the OD of
17, 1-1/47,1-1/2” and 1-3/4”. With the help of CT
units we perform 1,200 jobs annually, more than
30 technologies are used, ranging from simple
cleanouts to complex multi-stage fracturing and
slim-hole drilling jobs.

With the development of horizontal drilling and
multi-stage fracturing technologies, our company
started to actively use CT for opening and zonal
isolation of production intervals, milling of bridge
plugs and well cleanouts.

We have tried various technologies of casing
opening:



MIFM + TN 8 crBa®EmHa ¢ JaueMaHTHPOBAHRBIMH XBOCTOEWKAMH

Ppa30611eH1sI UTHTEPBAJIOB, PA30yPUBAHUS ITAKEP-
IIPOOOK, TIPOMBIBKH 1 OCBOCHU S CKBAYKHH.

JU1s1 BCKPBITHSI KOJIOHHBI OIIPOGOBAHBI PA3TMYHBIC
TEXHOJIOT U

TexXHOJOTHA THAPONECKOCTPYHHOM
nepdopammu (1).

JaHHas1 TEXHOJIOTUS NIUPOKO U3BECTHA U
TIPUMCHACTCA MHOT'MIMY KOMITAHUAMH.

Hononbayemoe ofopynoBanme ONA NPOBLREHMA TEXHONOTHH

et frroban vernretang £ THAT

Hydraulic jet perforation technology (1).

This technology is well-known and is widely used by
multiple companies.

We started from performing hydraulic jet perforation
operations with the application of proppant plugs for
zonal isolation. But this technique was not providing
full structural integrity of proppant bridge. That is why
we started using drillable bridge plugs.

A perforator equipped with a sliding collar covering
jet nozzles was manufactured by the company. Below
the perforator we installed a setting device for a bridge
plug and the bridge plug itself. Ball for activation of
the setting device was inserted prior to lowering of the
assembly into well.

The following actions are:

» Lowering of abrasive jet perforator into well and
performing of hydraulic jet perforation;

» Hydraulic fracturing of the first zone is performed
(injection through production string);

* Well cleanout and wiper drifting is performed;

» Setting of a bridge plug and jet perforation of the
casing are performed in the second zone in one trip;

* Hydraulic fracturing of the next zone is performed
(injection through production string);

* Andsoon.. (depends on the number of zones to be
fractured).

TECHNOLOGIES

Surface complex for hydraulic jet perforation
(2) comprises a CT unit equipped with 1-1/2” (1-3/4”)
CT and hydraulic fracturing fleet (blender, control
station, pumping unit, manifold unit and gel tank).

Among the drawbacks of hydraulic jet perforation
one can find the following:

» High cost of operations due to the necessity of
hydraulic fracturing fleet utilization (partially);

2 * CT string deprecation;

Mp1 HaunHau ¢ nposenenusa I'TITN u ana * The number of holes is limited by the lifetime of
Pa300IIEHU OCTABIISJIN IPOMAHTOBbIE NPOO6KU. HO nozzles.
JIAHHBIN METOJ] pa300IIICHUS HE OOCCIIEYUBAT HAM
CTONPOIEHTHYIO TEPMETUIHOCTD TPOMAHTOBOTO m‘:ﬁmw PR TN B UL ST R ¢
MOCTA. [I03TOMY MBI CTAJIH IPUMCHSTH
pa30ypUBaEMBIE ITAKEP-TIPOOKH. L= =

H3rotosuu neppopaTop, KOTOPLIA
HMIMEJI CABIKHYIO BTYIIKY, 3AKPBIBAIOITYIO
T'UJIPOMOHHUTOPHBIC HACA/IKH, HHKE ITepdopaTopa T e | [Tt
CMOHTHPOBAHO MOCA/IOYHOE YCTPOMCTBO MaKep- A SOUUUUIITS + 2o imieear:
MPOOKHU 1 cama mpo6ka. lIap /it akTUBau — : i
ITOCAIOYHOTO YCTPOMCTBA BCTABIISICTCS CPA3y IEPE],
CITyCKOM OOOPYJIOBAHUSL.

JaneIne Bce IPOBOJINTCS MO CIEAYIONIEH CXEME:
* TIPOU3BOANTCS CITYCK I'H/IPOIIECKOCTPYHHOTO

nepgoparopa u nposoguTc npouecc I'TIT;

* mpousBoaunTcs I'PIT 1-i1 30HEBI (3aKa4YKa 1O KOJIOHHE); 3 In order to decrease the duration, lower

* IIPOUBBOJUTCS IPOMBIBKA CKBAXKUHBI OT IIPOIAHTA
U MaOJIOHUPOBKY;

* 32 OJVH CITYCK-TIOJ'bEM KOMITOHOBKHU IIPOU3BOISATCS
YCTAHOBKA ITAKEPA-IIPOOKU U TH/IPONECKOCTPYHHAS

the expenses and increase the success rate of
casing opening during multi-stage fracturing
operation we tried the technology of casing
opening using cumulative perforation (3). }
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nepgopanus KOJIOHHBI BO 2-H1 30HE;

e nposoaurcd I'PIT ciepyromert 30HbI (3aKa4Ka 110
KOJIOHHE);

* U TAKJAJIEE, B 3aBUCUMOCTH OT KOJIMYECTBA 30H.

Ha3eMHBI¥F KOMIIJIEKC 11 mpoBeaenus I'TIII
(2) cocTouT U3 KONTIOOUHTIOBOM YCTAHOBKM C THOKOU
Tpy60It fuamMeTpoM 38,1 (44,45) mm u (prota I'PIT,
COCTOSIIETO U3 OJIEHEPA, CTAHLINY YIIPABIECHHUS,
HA4COCHOT'O arperara, 6;10ka MaHHUMOJIb/IOB U EMKOCTU
JULSL TEJISL
HenpocraTku npoBeAeHN A TN POIECKOCTPYHHON
nepdopanmu:
¢ BBICOKASI CTOUMOCTb HU3-34 HEOOXOJUMOCTU
NIPpUBJIEYEHUS 9aCTU (priota I'PIT;

¢ usHoc 'HKT;

* KOJIMYECTBO OTBEPCTUU OTPAHUYEHO PECYPCOM
HAaCaJIOK.

J1A CHHKEHH A IPOSO/IKHTEIBHOCTH,
COKPAIEHHUA 3ATPAT H IIOBBINICHH A
YCHENTHOCTH BCKPBITHSA IIPH MIPOBETCHUH
pa6oT 1o MI'PII MBI OIPOGOBAIH TEXHOIOTIHIO
BCKPBITHA KOJIOHHBI KYMY/JISATHBHOM
nepdopanueri (3).
OCOOEHHOCTH IPOBEJEHUA KYMYIATUBHOM
nepdopanuu Ha THKT:
¢ cryckoM niepgoparopa Ha 'HKT nposoauTcs
nepgopanus 1-11 30HbI;

* nposoauTca I'PIT no KonoHHE;

* NPOU3BOAUTCA IMIPOMBIBKA CKBA’KMHBI OT IIPOITAHTA
U aOJIOHUPOBKY;

* CITYCKAETCS MAKEP-IIPOOKA JJ1s PA30OIICHU S
1-11 30HBI;

* NPOBOAMNTCS KyMyIaTUBHAA ntepdopanusa Ha THKT
2-11 30HBI;

* nposoauTca I'PIT cnenyromen 30HbL

JaHHaA TEXHOJIOTHA IO3BOJIAET IIPOBOAHUTH
nep@opanuio Ha NPOTAKEHHOM ydacTKe (4).
V HAC TAKOM Y4ACTOK COCTABUII 70 METPOB. MOHTAX
KyMYJIATUBHOTI'O ITep(popaTopa MPOU3BOJAUTCA Ha
YCTBE CKBAKUHBI ITyTEM CITYCKa KAXK/IOU CEKIIUHU B
CKBaKMHY U ITOCIEAYIOMUM MOHTAKOM HAa THKT.

B pericTBue nep@dopaTop Ha 3aJAHHOM [NTyOUHE

IIPUBOJINTCS C IOMOIIBIO I'U/IPABINYECKON I'OJIOBKHU

«JCKPA-50» co3ganuem gasaeHus B 'HKT.

V IaHHOI'O METOA TAKKE HAOIONACTCS P
HE/IOCTATKOB:

* MOXKET BBI3BATH PA3PYIICHNUE OO6CATHON KOJIOHHBI
U IIEMEHTHOT'O KAMHSI HE TOJIBKO B UHTEPBAJIE
nepgopanuy;

* BO3HHKHOBEHME 3aKOJIOHHBIX IIEPETOKOB;

e OOJBIIASI BEPOSITHOCTD IOJTYUCHUS
HCKAYECTBEHHBIX OTBEPCTUH U3-34 OTCYTCTBUSA
CHUCTEMBI LICHTPHUPOBAHUS;

e CpabaTBIBAIOT HE BCE KYMY/IITHBHBIE 3APSI/IbI;
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The actions taken during CT-conveyed cumulative

perforation include:

» Perforator is lowered into well using CT and
perforation of the 1st zone is performed,

» Hydraulic fracturing of the first zone is performed
(injection through production string);

* Well cleanout and wiper drifting is performed;

» Bridge plug is lowered into well to isolate the first
ZOng;

¢ CT cumulative perforation of the second zone is
performed;

» Hydraulic fracturing of the next zone is performed.

MIPT] + rapoMe X SHHYECKEA NPOKANBIBMOWAR NepopalHMa B CHBAKWHAX
€ 2AUEMEHTHROBAHHLIMH XBOCTOBMKAMN

5

Mentioned technology allows to perform
perforation along the extended intervals (4).
In our case such an interval was 230 ft. long. Rig-up
of cumulative perforator is done on the wellhead
by means of lowering each section into well and
subsequence fitting on a coiled tubing. The activation
of perforator on a certain depth is performed using
ISKRA-50 hydraulic head by means of pressure
increase in CT.
Such technique has also a number of drawbacks:
» It may cause damage to the casing string and cement
stone not only within the perforation interval;
It may generate behind-the-casing flows;
» There is a high probability of getting low-quality
perforations due to the absence of alignment system;
» Not all shaped charges get fired,
* High cost of shaped charges.



Nepchopauma KONoHHB! W HAMBIE KABEDH

¢ BBICOKAsA CTOUMOCTD 3apAI0B.

Tak>Ke HAMH ONIPOOOBaHA TEXHOJIOTHA
BCKPBITHA KOJIOHHBI THAPOMEXAHHUIECKOH
npoxaneiBaronieri nepdgopanueri (FMIIII) Ha
THKT (5).

Oco6eHHOCTD NTpoBeAeHUs Iporiecca TMIIIT:

e cmryckoM I'MIIIT 1a THKT npoBOAUTCSA BCKPBITHE
1-11 30HBI;

e nposoautcs I'PI1 110 KOJIOHHE;

* CKBAXXMHA IIPOMBIBAETCA OT OCTATKOB
IIPOIAHTA U MIA0JIOHUPYETCS;

* CITyCKAETCA MAKEP-TIPOOKA I
pas3obiieHus 1-i1 30HbI;

o nposoautcs I'MIIIT na THKT 2-11 30HE,

e nposoauTCs I'PIT 2-11 30HBI 11O KOJIOHHE.

I'nmapoMexaHHIECKHH
IIPOKAJIBIBAIOUIH I Tepdoparop
COCTOHT U3 THAPOIMIHHIPOB,
IIPHBOJANIHNX B JEHCTBHUE HOXKH, X
CAMHX HOXKEH C THAPOMOHHUTOPHBIMH
BcTraBKkaMH (6). TuppoMexaHndecKkas
nep@opanus IPOU3BOJUTCA CJIEAYIOMINM
ob6paszoM: B kosionHe 'HKT cozpaercsa 7
JIaBJIEHNE, HOXKMU O[] AECMCTBUEM JIABIIEHU A
MPOKAJIBIBAIOT KOJIOHHY, 4 ITOCJIE IPOKOIA KOJIOHHBI
TUAPOMOHUTOPHBIE COILIA IPOU3BOJAT PA3MBIB
LEMEHTHOTI'O KAMHS U MOPOABI 34 KOJIOHHOM.
I'MIpOMOHHUTOPHBIE HACATKU OPUEHTUPYIOT
CTPYH B INIOCKOCTAX, MPOU3BEJEHHBIX ITPOKOJIOM
1oz 90° OTHOCHUTEIBHO OCU ITEPdOpaTOpPA.
ITpOAOIKUTENBHOCTD HAMBIBA KABEPHBI COCTABIIAET
5—-30 MUHYT B 3aBUCMMOCTHU OT KOJUIEKTOPA.

Ha cnarige npeacTaBI€H MAKET 3aKOJTOHHOTO
IPOCTPAHCTBA C IPOKOJIOTOM 00CATHOM TPYyOO¥t
H Pa3MbBITOM KaBEePHOH (7). TakKe NPONU3BEJCHBI
MCIIBITAHWUA HOXKENM HA U3BHOCOCTOUKOCTD ITYTEM
IIPOKOJIA OO6CATHOM TPYOBI C TOJIIUHON CTEHKU
10 mMm. Hox nmocte nposegenus 100 mpoKonoB
MPAKTUYECKUUI HE UMEET U3HOCA.

[IpenmyiecTBa JAHHOU TEXHOJIOTHUH:
e He HapymaeTcs HeJIOCTHOCTD LIEMEHTHOI'O KOJIbIA }

We also used the technology of casing
opening using hydraulic-mechanical piercing
perforation (HMPP) on a CT (5).

The actions taken during HMPP process include:

* HMPP is lowered on a CT and perforation of the first
zone is performed;

* Hydraulic fracturing of the first zone is performed
(injection through production string);

* Well cleanout and wiper drifting is performed;

* Bridge plug is lowered into well to isolate the first
ZOong;

» Perforation of the second zone is performed using
HMPP on a CT;

* Hydraulic fracturing of the second zone is
performed.

Hydraulic-mechanical piercing perforator
consists of hydraulic cylinders that set blades
into action and the blades themselves equipped
with jet nozzles (6). Hydraulic-mechanical

MakeT 3aKONOHHOMND NPOCTPaHCTRA
€ ApoKonoToil 0GcanHof TPYGOA M PasMLITOR KaBepHoH
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perforation is performed in the following way: pressure
in the CT is increased, the blades are pressure activated
and pierce the casing string, after the piercing is
performed jet nozzles wash out cement stone and
formation rock behind the casing. Jet nozzles are
orienting the jets in the plane that is at right angle to
the perforator axis. The duration of cavity creation is
5-30 mins depending on the formation type.

On the slide there is 2 model of the annulus
with pierced casing string and jet-broken cavity
(7). We have also tested the wearing capacity of the
blades by means of piercing the casing string with the
length thickness of 10 mm (0.4 in). After more than
100 of piercings made the blades have little to no wear.

Among the benefits of this technology one can find
the following:

» The integrity of the cement sheath below and
above the perforation interval is maintained. This }
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BBIIIE U HUXKE 30HBI IEP(HOPALIUH, YTO UCKIIIOUAET
BO3MOKHOCTD 3d4KOJIOHHBIX IIEPETOKOB;

* IUIOIIAJb BCKPBITUSA 1 OTB. 3/KOJIOHHHI (8 CM?)
BBIIIIE 110 CPABHEHUIO C APYIUMHU TEXHOJIOTUAMU
niepoparuu (BKITO-TITT-30-BO — 26 Mm);

* COXPAaHAETCA LEJIOCTHOCTD KOJIOHHBI, €€
YCTOMYUBOCTD U TEOMETPHS,

* T'MJPOMOHUTOPBI PACIIOIOKEHBI
HEIOCPEACTBEHHO B CAMUX HOXAX, YTO
IIO3BOJIACT PA3MBIBATDH KABEPHBI YK€ 34 KOJIOHHOM,
BCJIEACTBUE YEro Pa3MepP KABEPH CYLIECTBEHHO
YBEJIMYUBACTCS;

OCHOBHBIM HEJIOCTATKOM JAHHOM TEXHOJOI'NU
ABJIAETCSI HEBO3MOXKHOCTb COBMECTUTD PAOOTHI IO
PA306IIEHUIO U IPOKAIBIBAHUIO 32 OAUH cITycK THKT.
Mgzl paboTaem HaJ| 3TOH NPpOOIEMOM, U, IyMAIO, B
ONMMKANUIIEE BDEMS €€ PEIINM.

Kakaprit meTon nepgopamumu nMeeT CBOH
IIPEHMYIIECTBA H HEJOCTATKH (8).
B COBOKYITHOCTH 3aKa3YUKY MIPEJIIATAETCI

eliminates behind-the-casing flows generation;

* The square of the opening is higher (8 sq. cm.) in
comparison to other perforation technologies;

» The integrity of the casing string is preserved, as
well as its stiffness and geometry;

» Jetnozzles are located directly in the blades
which allows to create cavities behind the casing
string. This increases significantly the size of
cavities.

The main drawback of such technology is the
inability to combine zonal isolation and piercing
perforation in one trip. We are working on that issue
right now and plan to fix it in the nearest future.

Each perforation technique has its own pros
and cons (8). We always offer our customers the
best solution in terms of price and quality.

CpagHeHHE NPOKANBIBARKILSH NEPPOPALHK ¢ APYTHMH METOAAMK
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U T'HJIPOINECKOCTPYUHOTO nieppoparopa. JJanHas
TEXHOJIOT'HS IO3BOJINT BBINONHUTE MIPIT 6e3
noabema 'HKT Ha TOBEPXHOCTB.

7151 pa300MEHN UHTEPBAJIOB B CKBAXKMHAX
C 321IEMEHTUPOBAHHBIMUA XBOCTOBUKAMHU
UCHOJB3YIOTCS pa3byprBAEMBbIE TAKEP-TIPOOKHU
OTEYECTBEHHOT'O IPOU3BOJCTBA, IPEUMYILIECTBOM
KOTOPBIX SABJIAAETCA HAJIE)KHOCTD ITOCAKH,
CIIOCOOHOCTD BBIJIEPKUBATH BBICOKME JIABJICHUS,
BBICOKA5I CKOPOCTbB Pa30ypHUBAHHNS U HEOOIbIIAS
CTOUMOCTbD I1O CPABHEHUIO C UMIIOPTHBIMU
4AHAJIOI'AMU.

KonTioOMHI Ha peIHKE Poccuy npruo6peTaeT Bce
OOJIBIINE BO3MOKHOCTH, ITOSIBJISIIOTCS THOPHUHBIE
YCTAHOBKH, [IO3BOJISIIONINE BBITIOIHATH PA06OTHI
10 6yPEHHIO CKBAXKUH U OTEIbHBIC BU/IbI PA60OT
10 PEMOHTY CKBAKHH, PAHEE IPOU3BOAUBIINECS
TPAJULIIOHHBIM CIIOCOOOM.

DPPEKTUBHOCTD KOITIOOMHI'OBBIX TEXHOJOT U
HE BBI3bIBAET COMHEHHUH. 1 MbI MEJIJIEHHO UEM T10
IIyTH OCBOEHUSI BCE OOJIEE CIIOKHBIX OIIEPAIINH,
BBIIIOJIHSIEMBIX C IIOMOIIIBIO KOJMTIOOUHTIA. B Hamen
CTPAaHE BpeMs KOJITIOOHMHI'Y, O€3YCIOBHO, HACTYIIUT,
IOTOMY YTO AJIBTEPHATUBBI IAHHOM TEXHOJIOI'UHU
PEMOHTA CKBAKHH B HEPTAHO, 4 OCOOCHHO B
Ira30BOU IPOMBINZIEHHOCTH, HET. ©

CONCLUSION

At the moment we are preparing multi-stage
fracturing operation with no drillable plugs. We
plan to use packer and hydraulic jet perforator. This
technology will allow us to do multi-stage fracturing
without CT pull out of hole.

For zonal isolation in wells completed with
cemented liners we use drillable bridge plugs of a
domestic manufacturer. The benefits of such plugs
include reliability, the ability to withstand high
pressures, high speed of drilling out and low cost in
comparison to foreign analogues.

On the Russian market CT is expanding its
possibilities. Hybrid CT units that allow to perform
drilling and workover operations are appearing on
the market.

The effectiveness of coiled tubing technologies
is also practically assured. We slowly embark on a
course of introducing more complex CT operations.
Coiled tubing time in our country will, for sure,
come since there is no alternative to this technology
in terms of well workover for both oil and especially
gasindustry. @
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