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©e3 nogbema MHKT Ha noBepxHOCTb. Ha cerofHsLLHUIA ieHb 3aKOHYeHbI [IBe CKBaXXMHbI MO JaHHOM TEXHOIOTN.

TexHonorus 3akaH4mBaHus MIPIM «Premium Port + Jackal» no3sonsieT ontnmmnsmpoBats npouecc P ¢

MNCMOb30BaHWEM MOSTHOMPOXOAHbIX CABUXKHbIX MyhT 1 BKIIOYAET B CEO:

-+ MHoropa3soByto My Ty FPI Premium Port (NonHonpoxofHas, C BO3MOXHOCTbIO LIEMEHTUPOBAHWS, NMO3BONAET
NPOBOANTL MOBTOPHbIE OTKPLITUS HEOrPAHNYEHHOE YMCIIO Pa3);
3aKOJIOHHbIE NMaKepbl, aKTUBMpPYeMble faBneHneM (MpefHa3Ha4yeHbl A5 N30MSLMM 3aKONOHHOTO MPOCTPAHCTBA
mexay mycdtamm MPM);

- Knioy-Tonkatens Harrier (npegHasHayeH Ans MaHunynsumm Mydtamm MPI1 1 ncnonb3osanus ¢ THKT/HKT);

- [lononHuTensHO MexaHuydeckiin nakep Jackal (onumoHanbHo, NpUMeHSeTCs B CJlyHae HEBO3MOXHOCTU 3aKpPbITh
OAVH 13 NopToB). CNPOEKTMPOBAH A5 MHOrOPa3oBOro UCMOb30BaHWs, akTUBMPYETCS OCEBbIM NepemeLleHneM
IHKT B ntobom MecTe XBOCTOBMKA, paccHmTaH Ha AnddepeHumansHoe agasneHue 680 atm.

Schlumberger and GPN-Yamal first time performed 20-stage fracturing with CT in the well. Two wells completed using
that MSF technology. Technology «Premium Port + Jackal» optimizes fracturing process while utilizing shifted closable
full bore sliding sleeves/ports and consist of:
- Reclosable CT Frac Sleeve (full bore cemented sleeve that could be opened/closed unlimited number of times)
- Open hole hydraulic packers that isolates zones in case of uncemented completion
CT Shifting Tool Harrier (CT/tubing conveyed)
- Multistage Mechanical Packer Jackal (optional, could be used in case of inability to close one of ports). Resettable
packer, could be activated in any part of liner with axial CT movements, 10 000 psi rated.

Bo3MOXXHOCTb npoBeAeHNs1 CesIeKTUBHOIo 1 | Knanan Premium |
noBTopHoro I'Pl1, a Takxe BbIGOPOYHO 3aKpbIBaTh el
nopTtbl rpyv BOJ4O- M ra3oriposiBJ/ieHNsIX
OTHOCUTENBHO HEJIaBHO B Poccyu HaYa/1u
IIPUMEHATH KOMIIOHOBKY XBOCTOBHKA C
HUCIIOJIb30BAHUEM Y PABIsAEMBIX MydT I'PIT.
OTKPBIBAEMBIE/3AKPbIBAEMBIE IIOPTHI, KOMIIOHOBKU
C IIOJIHOIIPOXOJHBIM CEYEHHEM (TIPUMEP AETAIBHOI'O
OIMMCAHUS MOXXET OBITh HAMIEH B CTaThe Kostoabl
U KoJuter, 2015), yripaBiisieMble C TIOMOIIBIO
T'MOKOU HACOCHO-KOMIIpeccopHO Tpyosl (ITHKT),
NO3BOJIAIOT IIPOBOAUTD ceseKTUBHBIE ['PIT Kak Ha
HOBBIX CKBAKMHAX, TAK U HA CKBAXKUHAX IIOCJIE
HEKOTOPOTI'O IIEPUOAA IKCIUIYyATALNH, OCBOUTD
U BBIBECTH Ha IIPUTOK KAXKJbIX IIPOAYKTUBHbBIN
MHTEPBAJI II0 OTAEJIbHOCTH U COBMECTHO.
MydTa I'PIT CIpOEKTUPOBAHA CHELTUATIBHO
JUIS OCYILECTBJIEHUS PA3JIMYHbBIX BUJOB

Pucynox 1 - KHKTHKT ona npoeeoenua MI'PIT
no mexunonozuu «Premium Port + Jackal»

Figure 1 — «Premium Port +jJackal» BHA

CTUMYJIMPOBAHUA IPOAYKTUBHBIX TOPU3OHTOB C
BO3MOKHOCTbBIO HEOI' DAHUYEHHOI'O KOJIMYECTBA
OIIEPALIMH 11O OTKPBITHUIO/3AKPBITUIO IIOPTA.
CoueTaHue Kapou/I-BOIb(PPAMOBBIX TIOPTOB
(OTBEPCTUIT) C OOIBIION IJIOMAABIO UX IIPOXOTHOTO
CEYEHUS IO3BOJIAET 3AKa4YUBATD Yepe3 My(PTy
JKUJKOCTD C BBICOKMMH PACXOAaMU. My(dTa COCTOUT
U3 KOPILyCa CO CKBO3HBIMH OTBEPCTUAMU U
BHYTPEHHEN BTYIKH, KOTOPAA BBIIIOIHAET (DYHKIIUIO
TAK Ha3bIBAEMOM JBepU. Brynka nepememaercs
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Opportunity to perform selective stimulations,
close ports if gas/water breakthrough

Controlled ports completion has been introduced
relatively recently to Russian operators.

Shifting port valves can be switched to different
positions by means of the shifting tool run on the
coiled tubing (for more information, refer to Koloda et
al. 2015). Technology gives an opportunity to perform
selective stimulations either at new wells or at wells
in production, perform kick-off, put into production
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Pucynok 2 — IIpumep KOHCMPYKUUU CKEAINCUHDBL
npu npoeeoenuu MI'PII no mexnonrozuu
«Premium Port + Jackal>»

Figure 2 — Example of well schematic while
performing «Premium Port + Jackal» operation

BHYTPHU KOPIYCa TAKMM OOPA30M, YTO OIHO KpariHee
IOJIOKEHUE OTKPBIBAECT OTBEPCTUA KOPITYC4, 4 IPYTOe
KpalfHee MOJNIOXKEHUE 3aKphIBacT. KpoMe Toro, My Thl
OCHAIIEHBI HAOOPOM CIIEIIUAJIbHBIX YIITIOTHEHUH,
YCTAHOBJIEHHBIX MEXK/Y BHYTPEHHEH BTYIKON U
KOPHOYCOM. [JaHHBIE YIIJIOTHEHHN S YCTOMYUBBI K
AIPECCUBHOM CPEJE U BBICOKHUM TEMIIEPATYPAM.
J1J151 TOTO 9YTOGBI BTYJIKY MOKHO OBIJIO CIBUT'ATh
KJIIOYOM-TOJIKATEJIEM, C/IEIAHBI CIIELINAIBHBIE
(HaCKU-yIIyoIeHNs C OOOUX KPAEB BTYJIKH.

JaHHAasA TEXHOJIOIUA AAET BO3MOXHOCTD
NPOBOJUTD CEJIEKTUBHBIE, TOBTOPHBIE I'PIT KaK
HA HOBBIX CKBAXKUHAX, TAK U HA CKBAKMHAX,
HAXOJANUXCA B IKCILIyaTAIIUH, 4 TAKXKE IPU
HEOOXOJUMOCTH BBIOOPOYHO 3aKPBIBATH
nopTel I'PIT 1pyu BOAO- U ra30IIPOABIEHUAX UIN
Pa3IMYHOTO PO/IA UCCIENOBAHUAX. TEXHONIOTUA
pesycMaTPpHUBAET COKPAILIEHNE BDEMEHU Ha
BBOJI, CKBAXKUHBI B 3KCILTYATAIIUIO, HCKJIIOYAET
HEOOXOUMOCTDb PA30YPUBAHUS CEJIEN/APOB,
MO3BOJIAET IPOBOJUTD IIPOMBIBKY CKBAXKUHBI
6e3 gononauTebHbIX CITO I'HKT, Torma xak
PaBHOIIPOXOAHOM BHYTPEHHUN JUAMETP UCKJIIOYAET
OTrPaHUYEHUA MO AAJTbHEUINUM BHYTPUCKBAKIHHBIM
pabdoTaMm. OTCYTCTBYIOT KAKHE-TUOO OIPAHUYCHHUS
o KonudecTBy craau I'PIT B ckBaxkune. [lpryeM
MHOPAJOK IPOBEJEHUA CTUMYJIALIMU MOXKET ObITh
BBITIOJIHEH IO CXeMe 3-1-2 (HM>KHUH — BEPXHUN —
cpeanuit). Heo6xXoaMOCTh UCIIOJIB30BAHUS TAKOU
MOCJIEJOBATENBHOCTH MOXKET OBITH OOYCIOBIEHA
NOTPEOGHOCTHIO MUHUMHU3UPOBATD HAXOXK/ICHUE
sxuaxocTy I'PIT B Hanbo1ee IPpOHUIAEMOM U
NEPCIIEKTUBHOM I'OPU30HTE (TIOPT 2) ¥ HAYATh
OTPABbOTKY CKBAXKUHBI CPA3Y XKE IOCJIE IPOBENCHUA
I'PIT. TeXHOIOT U IO3BOJIAET OOECIIEYUTD
3(pPEKTUBHOE U3BJIEYEHHNE 3ATTACOB YITIEBOJAOPOJOB
34 CYET MHOI'OKPATHOT'O YBEJTUYEHUA IO A TN
KOHTAKT4 TPEMWH, KOHTPOJISA 30HBI UHUITUAIITUNA
TPEIIUHEL, €€ PA3MePA U IPOBOAUMOCTH.

KomnnekcHbIvi nogxon K nNpoBefeHuo
MTrPI 6e3 nogbema FTHKT

Texnosorus «Premium Port + Jackal»
HO/IPA3yMEBAET YCTAHOBKY C/IBUKHBIX My(PT
PAaBHOIIPOXOAHOTO JIUAMETPA B KOJIOHHE 114 }

and test of one or several zones. Multi-position sliding
sleeves are designed in manner to withstand unlimited
number of open/close cycles. Combination of tungsten
carbide interior of ports and size of flow area allows
achieving high flow rates during stimulation. Sliding
sleeve consists of a body with through holes, and

the inner sleeve, which functions as a “door”. The
sleeve is moved within the housing so that at one end
position the housing hole opens, and closes at the
other end position. Furthermore, the seals between
the housing and the inner sleeve maintains form the
system integrity thus ensuring consistent and reliable
operation during multiple manipulations over the

life of a well. Inner sleeve is equipped with specially
designed cavities that make it possible to manipulate
ports with CT.

Such technology gives an opportunity to perform
selective stimulations either at new wells or at wells in
production, at the same time leaving an opportunity
for operator to close ports if gas/water breakthrough
identified or if well intervention/logging required.
Technology provides operational time shortening,
when there is no need in seat/ball milling, CT could
be used immediately for well CO without additional
runs, while full bore completion doesn’t restrict any
following well intervention, no limits in number of
stages. Treatment could be done in 3-1-2 sequence
(Upper zone-lower zone-middle zone). That could be
required in order to reduce time that the stimulation
fluids stay in the middle reservoir which has the
highest porosity and permeability. That service enables
maximized wellbore coverage and reservoir contact
to increase production and recovery by achieving
maximum control of fracture placement, sizing, and
conductivity.

Pucynoxk 3 — Cpaenenue pacnpeoenenusn
mpewjun 6 20PU3OHMANILHOM CINE0.e, Clle6a
mexHnonozusn «Premium Port + Jackal»,
cnpaéa cmanoapmuan mexunonozua MIPIT
Figure 3 — Comparison of fractures
distribution along borizontal well, left
«Premium Port + Jackal», right standard MSF
technology

Integrated approach in MISF with CT in the well
Technology «Premium Port + Jackal» implies full-
bore liners 4.5” or 5.5” and can be used both in the
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TEXHOJIOI'MU

unu 140 MM U MOKET OBITh UCIIOJIb30BAHA

K4K B IIEMEHTUPOBAHHOM CTBOJIE, TAK U C

Pa3rpaHUYEHUEM CTAAUI 3AKOJIOHHBIMU

nakepaMu. Myd ol aktuBupyroTcsa Ha THKT ¢

nocJeaylome 3akaukort I'PIT no Mmasaomy 3aTpyoy

HKT — I'HKT, Hann4yue CnenuaabHOU YCThEBOM

apmatypel FracGuard mo3BossieT NPOU3BOAUTD

COBMECTHBIN MOHTaX 06opynosanusa F'HKT u I'PIT.
M301111s TOC/IEJOBATECABHBIX CTATUN MOXKET

OCYIIECTBAATBCA ITYTEM 3AKPBITUS IPEABIAYILEH

My@ThI ['PIT. TAKMM 06Pa30M, HCIOIB30BAHUE

MHOTOPa30BOI'O MEXAHUYECKOTO Takepa Jackal

BO3MOXXHO B KA4ECTBE JJOIIOJTHUTEIBHOI'O

UHCTPYMEHTA B CJIY94a€ HEBO3MOKXHOCTH

uzonAauuu craguu I'PI1 myTem 3aKpbITUSA MY(DTBL

OTINYUTEIBHON OCOOEHHOCTBIO TEXHOJIOTUH

ABJISIETCSA €€ MOAYIBHOCTb U BO3MOXKHOCTD

OTKPBITHA U 3aKPbITHA My(PTEI I'PIT O1HUM 1 TEM

ske THCTPpyMeHTOM HARRIER to0l B KOMITOHOBKE

I'HKT nm HKT. Takum 06pa3oM, OTKPBITHE MOXKET

MPOBOAUTHCSA NPAKTUYECKU HEOTPAHUYEHHOE

KOJIMYECTBO pa3 u 6e3 nogbema 'HKT.

OCHOBHBIE IPEUMYIIECTBA TEXHOJIOTUH ITIPU
YCJIOBUU NPEJOCTABIEHNA KOMIIJIEKCHOTI'O CEPBUCA
1o ycayram 3akaguusanust, THKT u I'PIT koMnanuu
IImomoepxe»:

* OGIIMPHBIIT MUPOBOM OIBIT ITpOBeAeHua MI'PIT
10 JAHHOM TEXHOJIOI'UU U YCHEIIHBIH OIBIT B PO;

* TeXHOJIOTUYECKHU TPAKTUYIECKHU
HEOI'PAHUYEHHOE KOJINYECTBO cTaauii I'PIT;

* BO3MOXHOCTB IETATIBHOI'O BEHIOOPA TOYEK
nHuuyanuu Tpemud I'PIT B ciiydyae yCTaHOBKU B
LEMEHTUPOBAHHOM XBOCTOBHKE;

* Hanmn4gune paBHOIIPOXOAHOT'O XBOCTOBHKA,

B CJIy44€ 3aKAHYUBAHMUA CO CABUKHBIMH

Mmydramu I'PIT — OTCYyTCTBHE HEOOXOAUMOCTHA

pasbypusaHus cege1/npoo6ok I'PIT;

* BO3MOXHOCTB IIPOBEAEHUA CEJIEKTUBHOI'O
riosTopHOTO I'PIT. Peppak B paHee HE
CTUMYJIMPOBAHHBIX 30HAX;

* Hanuuue ycrbeBoro ooopyosanus FracGuard,
IIO3BOJIAIONIETO IPOU3BOANTH I'PIT 6€3 mogbeMa
T'HKT 13 CKBaKUHBI;

¢ BO3MOXXHOCTB 3aITMCU 3200MHBIX TaBJICHUIM HA
ABTOHOMHBIN IpU6Op npu nposeaeHuu I'PIT;

* Yrny6JieHHAA OLEHKA PUCKOB M KOMIIJIEKCHBIH
IIOJAXO/] K ITOAIOTOBKE COBMECTHOI'O IVIAHA PA60T
(BakanuuBanue + 'HKT + I'PIT), Kak pe3yabTar —
MHHUMM3AIIU PUCKOB IIPU IIPOBEAEHUU PAbOT;

* COBMECTUMOCTB OO0PY/I0BaAHUS (TIPUMED:
COBMECTUMOCTD TUIIOPA3MEPOB 3A00UHOIO
U YCTBEBOI'O OOOPYJOBAHUS [1O BCEM TPEM
CEPBHCAM; BBIBOJ] HEOOXOUMBIX ITAPAMETPOB C
I'HKT B I'PIT 11 0OpaTHO U IIp.);

* BO3MOXXHOCTB OBICTPOI'O COIVIACOBAHUS
M3MCHEHUI B IpoLecce paboT MEXy BCEMU
TPEMS CEPBUCAMHU (PE3Y/IBTAT: yMECHBIICHUE
BPEMEHHU BBIIIOJTHEHHUS padboT);

e OITUMH3ALIUS UCIIOJB30BAHUS
BCIIOMOI'aTEIBHOI'O OO0PYAOBAHUS HA KYyCTOBOM
momaake (AKH, 1P, TTITY, ITA, AITIM u 11p.)
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Pucynox 4 - Cneyuaivnan ycmoveeas
apmamypa FracGuard

Figure 4 — Specially designed FracGuard
WHCT protector

cemented or uncemented options. Sleeves are activated

with CT with following stimulation through CT-frac

string annulus. Presence of special FracGuard tree
saver allows simultaneous rig-up of coiled tubing and
fracturing equipment.

Isolation of consecutive stages could be performed
by closing of previous sleeve. Thus, the resettable
mechanical packer Jackal could be used as an
additional tool in the case of the impossibility of
isolation fracturing stage by closing the sleeve. A
distinctive feature of the technology is its modularity
and the ability to open and close the sleeve with the
same HARRIER tool CT or tubing conveyed. Thus, the
opening/closing cycles could be carried out unlimited
number of times without additional CT runs.

The main advantages of the technology achieved
by coordinating multiple services (completion,
coiled tubing and fracturing) into one offering by
Schlumberger:

* Are extensive international experience of MSF with
this technology and successful experience in the
Russian Federation

* Are technologically unlimited number of frac stages

* Possess an ability to select detailed Fracture initiation
points in case of utilizing of cemented liner

* Have fullbore construction - no need for drilling
seats/balls

* Give the possibility of selective re-fracturing in
previously unstimulated zones

» Have a FracGuard wellhead CT protector, allowing to
produce fracturing without CT POOH to surface

* Demonstrate ability to record BHP with memory
gauges while hydraulic fracturing

» Undertake in-depth risk assessment and integrated
approach in the preparation of a joint work plan



OnucaHue pabor no TexHonorun
«Premium Port + Jackal»
Pa6oTe 'HKT npu TexHonoruu «Premium
Port + Jackal» MOXXHO pa3fennTb Ha HECKOJIBKO
TEXHOJIOI'MYECKUX 3TAIIOB:
¢ CIIO Ne 1 — ITa6n0HNpPOBKa/PPE3EPOBAHNE
(OIILIMOHAJIBHO);
e CITIO Ne 2 — O4uCTKa CTBOJIA CKBAKUHBI
LIJIAMOYJIOBUTEJIEM (OILIMOHAJIBHO);
e CIIO Ne 3 — OnnepupOBaHHUE IPEMUYM-TIOPTAMY,
I'PIT;
bes nmakepa Jackal: TeCT HA FEPMETUYHOCTD —>
OTKPBITHE IIOPTA -> TECT HA IIPUEMHUCTOCTS -> I'PI1
-> 3aKPBITHE IIOPTA > IIPOMBIBKA > OTKPBITHUEC
CJIEJIIOIIETO IIOPTA;
C makepoM Jackal (OnIMOHAIBHO): OTKPBITHE IOPTA
-> [I0CaJIKa ITaKepa -> TECT HA IIPUEMUCTOCTD -> I'PIT
-> IIePENOCa/IKa MAKEPA BBIIIE IOPTA -> IPOMbBIBKA
-> OTKPBITHE CJICAYIOMEIO ITOPTA;
e CIIO Ne 4 — OcBoenue/IIpoMBIBKA (OIILIMOHAJIBHO)
KomMnionoska HHu3a KonoHHb! THKT npu
BBIIIOJTHEHUHU PaboT «Premium Port + Jackal»
MPEACTABIAET COOOU MOJYJIBHYIO CUCTEMY,
BKJIIOYAIOMIYIO B CEOA OCHOBHBIE KOMITOHEHTHI
U T€, KOTOPBIE MOTYT OBITh BK/IIOYEHBI B KHK
onyuoHaJIbHO (Tipumep KHK 114 KOJIOHHBI
114 MM nipuBeicH Ha PUC. 6). TaK, OCHOBHBIMHU
koM1nioHeHTamu KHK saBigroTcs:
— COEIMHUTEIb;
— PagpenunuTesb/ABAPUMHBIN LM PKY/IALUOHHBINA
TIOPT;
— Koy Harrier;
— [IpomMBIBOYHAA HACAAKA.
OnIoHaJIbHBIE KOMIIOHEHTHL:
— LenTtparop;
— fcc/akceneparop;
— Arurtartop;
— 3260MHBIN JATYUK JIABJICHUSI,
— ITakep Jackal ¢ HUPKYIALIMOHHBIM IOPTOM.
KT109-TONKATE b, IPEICTABICHHBII Ha PUC. O,
AKTHUBHUPYETCA IOTOKOM XKUAKOCTH, KOTOPAS,
pOXOAA Yepes3 (POPCYHKY-MITYLED, IPUBOAUT B
AKTHUBHOE ITOJIOKEHUE CIIEIUAIbHBIE CIIAPEHHBIE
IITUQTHL, PACTIONOXKEHHBIE C (PAZUPOBKOI B
120 rpapycos. IIpuHIUI Pa6OTHI 3AKJII0YACTCS
B CJIEAYIOMIEM: KJIFOU-TOJIKATEb CITYCKAETCA
HMXKe yrpasiageMmoro nnopra I'PIT. TIpoussogurca
34KA4YKa TEXKUJKOCTHU YE€PE3 KJIIOY-TOIKATEb
Ha UPKYJIALHMIO, YTO IIO3BOJISIET AKTUBUPOBATH
CIIEAIbHBIE IITUQTEI, BEIABUTAIOMINECA U3 TEJA
UHCTPYMEHTA. 3aTEM IIPOU3BOJUTCS IIEPEMELICHUE
KJIIOYa-TOJIKATENs Yyepes yrpasisgeMblii nopt I'PIT
CHH3Y-BBEPX, [IPH €I'0 IIPOXOXKAECHUHN Yepe3 MyPTy
nopra I'PIT mponcxoanT 3aLenieHue KIo4da, U MydTa
nopra I'PIT caBuraerTcs B IOJIOKEHHE «OTKPBITO»,
IIOCJIE OTKPBITUSA MY(PTHI IITUQTHI BEIXOAAT U3
3aLICIICHUS U HE LEIUISIOTCS IIPU IIOBTOPHOM
MNPOXOXKICHUU Yyepe3 MyPTY B JAHHOM HATIPABICHU.
AHAJIOr'MYHO IPOUCXOJUT €0 3AKPBITUE [IBHXKCHHUEM
CBEPXY BHUS3.
Heo6xoauMmbli fuaMeTp GOPCYHKN MHCTPYMEHTA
OIIPEJEJIACTCS HA IIOBEPXHOCTHU IIEPE] IIPOBEACHUEM

(Completion + CT + Stimulation), resulting in
minimizing of risks at work

* Provide hardware compatibility (example:
compatibility of dimension-types of downhole
and wellhead equipment for all three services,
compatibility of main job parameters acquisition
systems)

» Show ability to apply any management of change in
quick and safe manner during operation, agreed with
all three services (result: a reduction of operational
time)

* Reduce operational footprint by utilizing integrated
planning approach

Pucynox 5 — Coemecmmnoe pa3meujenue
ooopyoosanua I’'HKT, I'PIT na Kycmoeoii
naouiaoxe npu npoeeoenuu onepanuii no
mexnonozuu «Premium Port + Jackal»

Figure 5 — Wellsite layout while performing
«Premium Port + Jackal» operations

Description of work flow for «Premium Port

+ Jackal» technology
CT works with Premium Port + Jackal technology

can be divided into several process steps:

* RUN#1 — Drifting/Milling (optional)

* RUN#2 — Cleaning wellbore with junk basket
(optional)

* RUN#3 — Operating Premium ports, hydraulic
fracturing

» Without packer Jackal: integrity test -> opening port
-> injection test -> stimulation -> port closure -> CO
-> opening the next port

» With packer Jackal (optional): opening port ->
setting of packer ->i njection test -> stimulation ->
resetting of packer above the port -> CO -> opening
the next port

* RUN#4 — Nitrogen lifting/final CO (optional)

CT bottomhole assembly (BHA) for «Premium Port
+ Jackal» operation is a modular system that includes
the basic components and components that can be
included as optional (BHA sample for 4.5” liner shown
in Fig. 6). So the main components of the BHA are:

— Connector

— Disconnector/Emergency circulation port }
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Komnosonka FTHKT
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Pucynox 6 - Ilpumep KHK 015 KOIOHHBL
114 mm no mexnoanozuu «Premium Port +

Jackal», cheesa 6e3 naxepa, cnpasa c naxepom

Jackal (onuyuonanvto)
Figure 6 — Example of BHA schematic for4.5”

casing, left without packer, right with packer
Jackal (optional)

CITyCKa KOMITIOHOBKU. 1151 TOr'O IPOU3BOANTCS
LUPKY/ISIIMOHHBIN TECT HA PA3JIUYHBIX PACXOAX IO
JKMJIKOCTH C 3aIIUCHIO TUPKYIAIIMOHHOTO JABJICHUS;
OIPEAEIAECTCA MUHUMAJIBHBIN PACXO[T/OXKHUIAEMOE
pabouee 1aBICHUE, HEOOXOIUMOE JIJIs1 AKTUBAITUN
ITHUQTOB KJII0YA-TONKATEIA. [IpU OCYILIECTBIEHUN
MAaHUIYJIAIUANA II0 OTKPBITHUIO/3AKPBITUIO IIPEMUYM-
nopToB I'PIT OCHOBHBIM MHAMKATOPOM 341IETVIEHU S
IITUQTOB KJIIOUA-TOJIKATEIIS ABJISICTCS JATYUK
BECOBOH HATPY3KU HA IOBEPXHOCTHU. Hannpumep, B
MOMEHT OTKPBITHS HAOIIOJACTCS IPOAOJIKUTEIbHAS
3aTKKA Beca. Jlayiee mIpOBOJNTCS HECKOJIBKO
KOHTPOJIbHBIX TPOx0/10B 'HKT 1151 oA TBEPIKACHUS
OTCYTCTBUS 3ALEIVIEHUS C TIOCJIEAYIONIUM TECTOM
Ha IIPUEMUCTOCTD (B CJIy4a€ OTKPBITUS) MJIM HA
TEPMETUYHOCTD (B CIy4Ya€ 3AKPBITUS BCEX IOPTOB
I'PIT).

IIpu npoBeaeHnN paboT NOAOOHOI'O POJA BAXKHYIO
POJIb UTPAIOT NIOJITOTOBUTEIBHBIE PAOOTHI U
JIOTUCTUYECKOE OOECIIeYeHUE.

INepBOCTENEHHOI 32/1A49€N IPU ITOATOTOBKE
sapisieTcs BbIoop puamerpa THKT. [1ns aTux nenen
OBLJI UCTIOJIB30BAH CUMYJITOP ACUCTBYIOIINX CHUJI HA
I'HKT. JaHHBIA MOJYJIb IIO3BOJINJI CIIPOEKTUPOBATD
konoHHy 'HKT, KoTopas MOIJIa 6bITh CIYIEHA HA
MAaKCUMAJIbHYIO [NTYOURY. [Ipy IPOEKTUPOBAHUU
I'HKT 6511111 y4TEHBI CIEAYIONHUE (PAKTOPDBL:
 JKecTKOCTB TPyOBI HA U3IHO, KOTOPAS ITO3BOJINIIA

IPEAYIIPESUTD IIPEKIEBPEMEHHOE CIIUPAIBHOE

3anypaHue, 6blIa YBEJINYEHA 34 CYET IPUMEHEHM S

TEMIIMPOBAHHO! TPYOBI JUAMETPOM 2 IIONMA

W MaKCHMaJIbHOU TOJIIUMHOM CTEHKH 5,18 MM B

BEPXHEN CEKIIVU.

» THKT c ipeaeniom Tekydectu B 620 MITa

COOTBETCTBOBAJIA PAOOYHM NAPAMETPAM.

e OnrruManpHbIe TOMIUHB cTeHOK THKT 1 ee

pasmepel 0T 50,8 MM X 3,175 MM 10 50,8 MM X

5,18 MM C 6OIBITUMH I10 TOJIITUHE CEKITUSIMHU HA

Y4YACTKAX C HAOOJIBIINM HAIIPSIXKEHHUEM.

C ogHOT cTOpOoHHL, BEI6Op 'HKT 50,8 MM OBbL1T
C/IEJIAH C YYETOM 3HAYUTENBHOI'O TOPU3OHTAIBHOI'O
Y4aCTKA CKBAXKHUHBI H, C JPYI'O CTOPOHBI, ObLII
IIPOBEJICH AHAJIN3 CKOPOCTHU ITIOTOKA B MAJIOM
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— Harrier shifting tool

— Bull nozzle

Optional components:

— Centralizer

— Jar/accelerator

— Agitator

— Downhole pressure gauge

— Jackal packer with a circulation port

Shifting tool shown at pic.6 activates by pumping
fluid at the predetermined rate which triggers the
extendable latches (phased 120 deg). The bottomhole
assembly is the picked up (to shift open) or lower down
(to shift close) to engage the valve sleeve. The nozzle
selection is performed during function test at surface
by doing circulating test and recording pumping rates
vs. circulating pressures; then the required pumping
rates and expected surface pressure are determined to
activate the shifting tool latches. Coiled tubing surface
weight change is used as a main indicator during
shifting. During picking up CT (shift to open position),
the overpull is observed at surface. Then the pumping
rate is reduced and the tool is run below the valve
following by increasing the pumping rate expands the
latches following by CT pick up. This is done several
times to verify that the sleeve is shifted to the desired
position. Injectivity test is then performed (to verify
the premium-port is shift in open position) or pressure
integrity test (if all the valves are switched to close
position).

While performing such type of jobs it’s important to
pay attention to the preparation and possible logistic
constrains.

The primary objective of design phase is correct
determination of required coiled tubing size. CT tubing
forces simulator was used for accurate CT design. That
module allowed making a coiled tubing design to
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Pucynox 7 — IIpumep anaausa ckopocmu
nomoxa g maaom 3ampyoe THKT/HKT onn
MUNOBOIL CKBANCUHDBL, CEEPXY GHU3, ONA
T'HKT 1.75” 44,45 mm, onaT'HKT 2” 50,8 mm

Figure 7 — Example of annual flow velocity
analysis for standard well, top to bottom,
Jor 1.75” CT, for2” CT



3atpyoe THKT/HKT, HEOOXOAMMOTO /1151 BLIMBIBA
«CTOITa». Pe3yabTaTsl paCYeTOB B IPOrPAMME
(puc. 7) IOKAa3aJI1, 4YTO OIITUMAJIbHAA CKOPOCTD
[IOTOKA B 32TPy6E JI7Is1 BBIMbIBA poranTa 16/30 u
MeHbIIeH ppakiuu 76,2 m/muH (250 ft/min) mpu
ucnonb3oBaHuu THKT 1.75” 44,45 MM JOCTHUTA€TCS
pU pacxoje Kugkoctu 470 1/mMuH (295 bpm), a ipu
ucnonbzosanuu THKT 2”7 50,8 MM IOCTUTrA€TCA IPU
pacxope XKUIKOCTH 435 1/MUH (2.7 bpm).

Kak oTM€euan0oCh paHee, OTHUM U3 KPUTUYHBIX
(paKTOPOB NPU NPOBEJEHUH INTAHUPOBAHUA PA6OT
¢ 'HKT f10/12K€H OBITh ACTATIbHBIN PACYET U BBIOOP
ONTUMAJIBHBIX PEIICHUI IO 33/1a4€e JocTaBku [HKT B
CKBaKMHY C 60IBIIUM OTXO/IOM OT BEPTUKAIH, TAKUX
KA4K: OITUMAJIbHAS TONIIUHA CTEHOK U IUAMETP
I'HKT, NOHU3UTENDb TPEHUS, BEIIIPAMIIEHUE TPYOBI,
3a00VHBIE BUOPATOPHL, U3MEHEHUE IIABY4YECTH
TPyObl, IPOKAYKA )KUJIKOCTH PA3JIMYHOM IIJIOTHOCTH.

MogaynbHocTb cucteMbl KHK 11py BBIIOTHEHNU N
padot «Premium Port + Jackal» TO3BOISET BKIIOYATH
B cocTaB KHK B TOM unciie 3a00HbIE BUOPATOPHL.
Tak, Ha OTHOM U3 CKBAKHH CO CJIO’KHBIM TPO(MUIIEM
(puc. 8), ¢ IIMHOM I'OPU3OHTAIBHOIO YIaCTKA
6osee 1000 M pacyeT yCHIni Ha 3a00€ nepey
PaboTOM NOKA3aJ1 HEOOXOJUMOCTb UCIIOJIb30BAHU S
AruTaTopa (BUO6PATOPA), YTO MO3BOIHIIO
Ha CTAIUU TJTAHUPOBAHUSA BKJIIOYUTD €TO B
KOMITIOHOBKY U JIJOCTUYb 320051 €3 UCIIOJIb30BAHHS
JIOTIOJIHUTEJIBHBIX CPEACTB JJOCTABKM HUHCTPYMEHTA
H4 320011.

[ et

Schiumbeger

Pucynok 8 — 3d-unkaunomempusn
Munoe6oii cKkeadxcunvt 6 PO

Figure 8 — 3d bole survey for standard
well in RF

Bo Bpems nepsoro CITO I'HKT noce
3aKAHYMBAHUS CKBAXKUHBI ObLII TOATBEPK/ICH
CTAHJAPTHBIIN KO3(M(UILIMEHT TPEHUS, COBIAACHUE
(PaKTUUECKOrO U IPOrHO3HOTO BeCcoB 'HKT
HOATBEPAUINA BO3MOXKXHOCTD JOCTIKEHU S 320051
cxkBaxuHbI ¢ THKT 50 MM 6€3 3anupanus (puc. 9a).
OIHAKO ITOCJIE OCBOECHUS CKBAKHHBI, ITIOCJIE BBIXOJA
ITACTOBBIX (PIIIOM/IOB, KOA(PPUITUEHT TPEHUSA
HOBBICHJICS, YTO IIPUBEJIO K OCTIOKHEHHOMY IOXOAY
I'HKT 10 32604 € 3alIMPaHUEM HA HOCAEIHUX 250 M
(puc. 96). Takum o6pasoM, npu nocuenyomux CI1O
MOCJIE OCBOEHU A CKBA’KUHBI B 3300MHYIO KOMIIOHOBKY
OBLI JOOABJICH ATUTATODP.

achieve maximum reach in particular wells. A number

of important criteria were satisfied when designing the

CT string:

* Pipe bending stiffness, which postpones helical
buckling, was increased by using 2-in. CT with
maximum wall thickness (WT) of 0.204-in. in the
uppermost section.

* The chosen CT string yield limit (90,000 psi) was
inside the operational edge.

* Optimum taper and pipe size of 2 in. x 0.125 to 2 in. x
0.204 in. was chosen.

On the one hand, chose of 2” CT has been made in
view of the long horizontal section of the well and, on
the other hand, it was carried out the analysis of the
flow rate in the small annulus CT/tubing needed for
CO in case of SO. Software results (Fig. 7) showed that
the optimal flow rate for CO the annulus from 16/30
proppant fraction with annular velocity of 250 ft/min
in case of using 1.75" CT could be achieved at 295 bpm,
and using 2" CT is achieved at a flow rate of fluid
2.7 bpm.

As it was stated earlier, it is important to foresee
necessity of using of all available methods of getting

P
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e i 4l

Pucynox 9 — lloka3anus unouxamopa eéeca
THKT npu npoeedenuu paobom «Premium
Port +Jackal», ceepxy énu3: a) CIIO Ne 1
nocsie 3aKaniueanul CKEANCUHDL;

0) CIIO nocae 0c80eHUs CK8AMNCUNHBL 0e3
azumamopa, c) CIIO nocae oceoenus
CKBANCUHBL C AZUMANOPOM

Figure 9 — Weight indicator plot during
«Premium Port + Jackal» operation,
Jrom top to bottom a) RUN #1 after well
completion, b) RUN after N2 KO without
agitator, ¢) RUN after N2 KO with agitator
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aeion additional reach (optimal taper and CT pipe size,
- i friction reducers, straightening, downhole agitators,
buoyancy reduction, flowing fluid.
Modular BHA system when working with «Premium
| Port + Jackal» system allows including number of
| Ll additional modules such as agitators. For one of the
- J_AL‘ﬁm - ! - well with a complex profile (Fig. 8) and horizontal
S Se e section length of more than 1000 m, TFM calculation
showed the need of agitator (vibrator) usage. Usage of
— which allowed to reach TD without utilizing any other
. vl methods of getting additional reach.

During the first CT run after well completion standard
coefficient of friction (FC) was confirmed, matching of
predicted and actual weight indicator data confirmed

P the possibility of reaching TD with 2” CT without

- oy - lockup (Fig. 9). However, after nitrogen kick-off and
e —— well flowing FC increased, which led to complications
in reaching TD locking in the final 250 m (Fig. 9b).
Thus, during subsequent CT run after nitrogen kick-off
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Pucynox 10 — Yemanocmuwiii usnoc THKT npu
npoegeoenuu paoom «Premium Port + Jackal»,

ceepxy 6HU3! a) NPOZHO3HBLLL YCIMANOCINHBLLL agitator was added to BHA. _ .
u3noc 'HKT, 6) fhakmuueckuii ycmanocmuolii The graph (Fig. 9¢) shows that the CT easily reaching
u3noc 'HKT TD without lock up with indication of agitator working

Figure 10 - CoilLIFE plot during «Premium du;ng ﬁlst 220 m, efvin Wﬂi 1cheles§d FC. ¢ CT should
Port + Jackal> operation, from top to bottom nother objectof the analysis of the use of 1 shou

a) Predicted CoilLIFE, b) actual CoilLIFE be assessment of potential CT wearing during operation.
Integrated Schlumberger CT wear analysis system

CoilCADECailLife can accurately predict the fatigue CT

’“ e i __m__ . wear (Fig. 10), and an integrated approach to the work,
ﬂfﬂh in turn; helps reduce both fatigue and erosive wear of

mﬂ_ ™ w- CT. Therefore, after a 20-stage fracturing job CT wear
B AT ?4"-
IIZ'I"'_ 3175 h}u-u 17%
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Pucynox 11 — Paxmuueckuii 3PO3UOHHBLIL 2. g 3 5
u3snoc 'HKT npu nposedenuu padbom u : = =
«Premium Port + Jackal» ' =
Figure 11- Actual CT erosive wear after SR,
. . , Y4
«Premium Port + Jackal» operation Orwpoime
nopTa

Megroepeastne OTHELTIA NOPTa
Ha rpacuke (puc. 9¢) suano, uro 'HKT no 3a60s et M TR

JIOXOJIUT 6€3 3aAIIUPAHUA 32 CIET PAOOTHI ATUTATOPA
Ha ITOCIeTHUX 250 M JJa’Ke IPU HOBBIIIEHHOM

i
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I'HKT poskHa OBITh OLIEHKA N3HOCA TPpyoel THKT B 3 e | \ | N/ = b
- 1 3 i 4 x
[IPOIIECCE BBIIOIHEHHS PA60T. UHTErprpOBAHHAS £ |- N -l-lf’: Il =|/ , ; - F
= \ A1 ]
cucrema aHanuaa uzHoca Tpyoet THKT [ImiomGepixe =" 3 ) - R I’\_,/’ z S
) . | T ey z L
CoilCADECoilLife mO3BOET TOYHO PEACKA3ATD "l 1 /,.' ——
ycTanocTHbd n3HOC THKT (puc. 10), a KOMITJIEKCHBIA = \,, =
TIO/IXO/] K BBITIOJTHEHU IO p2.6OT, B CBOIO O4YEPE/b, Bpema, i
MO3BOJIAET CHU3UTD KAK YCTAJIOCTHBIN, TAK U Ceg e Hauano recta na
Ta
3p0o3uoHHbIN U3HOC THKT. Tak, HOCJIE BHITIOHEHUS g Nocaixa nanepa wiwe T O
o . OTHPRTOND NOpTa
20-CcTaJUIHON PabOTHI U3HOC TPYOBI B MECTE
HauOOJIBIIETO A6pPa3UBHOTO 3 deKTa (32601HAS Pucynox 12 - Ipagpux ocCHOGHBIX
gactb 'HKT) cocrasun ne 6onee 3,3% (puc. 11). noxazameneti THKT npu onepupoeanuu
Premium Port, céepxy 6Hu3 0e3 npumenenus
OribIT pUMeHeHUNSs1 TeXHosTorum «Premium naxepa Jackal, c npumenenuem naxepa Jackal
Port + Jackal» B Poccuiickon ®enepaumm Figure 12 — CT operational plot during
C TedeHreM BpEMEHN POCCUHICKHE operating of Premium Port, from top to bottom
HedTEra30106bIBAONIE KOMITAHUH IPEIbABISIOT without Jackal packer, with Jackal packer
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BCE 60JIBIIIE TPEOOBAHUN K TEXHUYECKUM U
TEXHOJIOI'MYeCKUM napamerpam MI'PIL riae ne
IIOCJIEIHIOIO POJIb UI'PAIOT KOJIMYECTBO CTA/IUM, JIJIMHA
TOPU3OHTAIBHOM Y4CTU CKBAXKUHBI, BO3MOKHOCTH
HOBTOPHOIO I'PIT 1 yipaBieHUsA UHTEPBAIAMU/
MOPTAMHU JJ151 OTCEYEHU I OOBOJTHEHHBIX UHTEPBAJIOB

II0CJIE BBO/IA €€ B AKCIIYATAIIHIO.

Ha kowery 2016 rosa Ha TeppuTOpUEr POCCUICKOI
degepanu IPOBEJEHO ABE OIBITHO-IIPOMBIIIICHHBIE
pa6oTsl IO TexHOOruu MI'PIT «Premium Port»:
—Yucno craguri/mopToB 6€3 CMEHBI MHCTPYMEHTA —

20 T,

— Macca nponmnaHTa 6€3 CMEHBI MTHCTPYMEHTA —

120,5 TOHHBH,

— Kon-Bo CTOIIOB OTMBITO 6€3 IOTIOTHUTETEHOTO

CIIO — 2 cTagui/opToB;

— MaxkcumanbHoOe KonuuecTso I'PIT B cyTKHU —

6 cTagumn.

JaHHBII OITBIT TOKA3aJI IPUMEHUMOCTD U
3KOHOMHYECKYIO 3(P(PEKTUBHOCTD JAHHOM
TEXHOJIOI'MH, OCOOEHHO B CKBAXKUHAX, ITIE TPEOYETCS
3HAYUTEJIBHOE KOJIMYECTBO CTaani I'PI1, BO3MOXKHBI
B OyZlyIIIEM IPOPBIBBI BOZIbI/Ta33 UIH TPEOYIOTCA
rmoBTOpHBIE ['PIT.

Mo Bepcmn Accoumannm cneumanncToB No KONTIOUHIFOBLIM TEXHO-
NOTUAM U BHYTPUCKBaXXUHHbIM paboTam (ICOTA), Npu3HaH yHLwmnm
nepunoanyeckum nigaHuem s Poccuum u CHI, ocselaowum TeMaTuky

HedTerasoBoro cepBuca.

XypHan aBnsieTcs reHepasnbHbIM
NH(POPMaLMOHHBIM MAPTHEPOM POCCUI-
CKoro otaeneHus Accoupmaumm cneum-

Coiled tubing

DH did not reach more than 3.3% (Fig. 11).

Experience of «Premium Port + Jackal»
technology application in Russian Federation

Opver the time, Russian oil and gas companies are
making more demands for technical and technological
aspects of MSF, where determinant factors became
number of stages, length of horizontal part of the well,
possibility to re-frac and open/close ports after well
put into production.

At the end of 2016, two wells completed at Russian
Federation with «Premium Port + Jackal> MSF
technology:

— Number of stages/ports without change of

BHA -20ea
— Proppant quantity without change of BHA — 1205 t
— Number of SO cleaned out without additional CT

run — 2 stages/ports
— Maximum frac stages per 24 hours — 6 stages/ports

This experience has shown the applicability and
cost-effectiveness of this technology, especially in the
well where a significant number of frac stages required,
possible water / gas breakthroughs, or wells that could
require re-frac in future.

aNINCTOB MO KONTIOOUHIOBbIM TEXHOMO-
rMSM U BHYTPUCKBAXKMHHbBIM paboTam
(ICoTA-Poccus), a TakXXe OCHOBHbIM
opraHu3aTopom exerogHon MexayHa-
POAHOW Hay4YHO-MPaKTUYECKOW KOHpe-
peHuMn «KonTioOMHIroBble TEXHONOTUN,
PI, BHYTPUCKBaXXMHHbIE PaboThbI» —
cTapenuwero B Poccum npodeccmoHanb-
Horo popyma Ans cneuuanmncTos co-
BpeMeHHOoro HedTerasoBoro cepeuca,
3aKa34MKOB BbICOKOTEXHONOTUYHbIX

AFLME EOTTEORAHT A
[ Ea vt

mn

HedbTecepBUCHbIX YCNYT 1 NPOM3BOAUTENEN COOTBETCTBY-
towero obopyaoBaHus. MporpaMmmMa TEXHUYECKUX CEKLIUIA
KOHepeHLMM TPaaMLMOHHO hoKycnpyeTcs Ha camblX

nepenoBbiX TEXHONOTUAX.

NHTepHeT-nopTan www.cttimes.org ctan ogHUM U3
CaMbIX U3BECTHbIX arperatopos MHMopMaLnmn B chep

BbICOKOTEXHONOMMYHOro HeTerasoBoro cepBuca.

XypHan «Bpems konTiobuHra. Bpems [PI1»
HSIEeTCA No NoAnucKe, NyTeM afpecHon pa
TNYECKN POACTBEHHBIX MEXAYHapo,
BbicTaBKax B Poccun, EBpone, A

bl
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Coiled tuhing
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